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OZ: igme suyu dagitim sistemlerinde meydana gelen arizalar sonucunda yillik olarak 6nemli miktarda su
kaybolmaktadir. Bu sizintilarin azaltilmasi ve yonetilmesi icin gesitli yontemler uygulanmaktadir. Bu
calismada dagitim sistemlerinde sizintilarin azaltilmas igin uygulanan temel yontemler dikkate aliarak
en uygun Onlenebilir sizint1 hacminin belirlenmesi amaglanmistir. Bunun igin aktif s1zint1 kontrolii, basing
yonetimi, sebeke rehabilitasyonu ve ekip yonetimi gibi temel yontemler goz 6niinde bulundurulmustur.
Bu yontemler icin maliyetler ve potansiyel faydalar belirlenmistir. Bu fayda maliyetler kullanilarak
optimizasyon tabanli bir model gelistirilmistir. Gelistirilen model pilot izole bolgede uygulanmistir. izole
bolgeden alinan veriler dikkate alinarak optimizasyon algoritmasi ile her bir yontem icin 6nlenebilir s1zint1
hacimleri analiz edilmistir. Bolgede baslangicta toplam kayip miktar1 3,68 1/s (%36,01) olarak
hesaplanmistir. Optimizasyon modeline gore bolgede en uygun kayip miktar1 1,36 1/s (%13,27) olarak
belirlemistir. Buna gore bolgede ekonomik olarak azaltilabilecek toplam kay1p miktar1 2,32 1/s olarak tespit
edilmistir. En fazla fayda 1,53 1/s ile basing yonetiminden elde edilmektedir. Analiz sonugclarina gore
uygulanmasi gereken yontemler ve bu yontemlerden elde edilecek faydalar siralanmistir. Elde edilen
sonuglarin 6zellikle sahada teknik personel igin 6nemli katkilar sunacag: diisiiniilmektedir.

Anahtar Kelimeler: fgme Suyu Dagitim Sistemi, Sizint, Onlenebilir Sizint1 Hacmi, Ekonomik Analiz

Determining the Most Appropriate Recoverable Leakage Volume and Rate in Water Distribution
Systems

ABSTRACT: A significant amount of water is lost annually as a result of malfunctions in drinking water
distribution systems. Various methods are applied to reduce and manage these leaks. In this study, it is
aimed to determine the most appropriate preventable leakage volume by considering the basic methods
applied to reduce leakages in distribution systems. For this, basic methods such as active leakage control,
pressure management, network rehabilitation and team management have been considered. Costs and
potential benefits have been identified for these methods. An optimization-based model was developed
using these benefit costs. The developed model was applied in the pilot isolated region. Considering the
data taken from the isolated area, the preventable leakage volumes for each method were analyzed with
the optimization algorithm. The total loss amount in the current situation is calculated as 3.68 1/s (36.01%).
The most appropriate loss amount in the region was determined as 1.36 1/s (13.27%) by the optimization
model. The total amount of loss that can be economically reduced in the region has been determined as
2.32 1/s. It was seen that the most benefit will be obtained from pressure management with 1.53 1/s.
According to the results of the analysis, the methods to be applied and the benefits to be obtained from
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these methods are listed. It is thought that the results obtained will make important contributions
especially to the technical personnel in the field.

Keywords: Water Distribution System, Leakage, Preventable Leakage Volume, Economic Analysis
GIRIS aNTRODUCTION)

Icme suyu dagitim sistemleri en temel alt yap1 sistemleridir. Bu sistemlerde cesitli faktorlere bagl
olarak meydana gelen arizalar, isletme kosullarin1 bozmakta, maliyetleri arttirmakta, abone sikayetlerinin
artmasina ve hizmet kalitesinin diismesine neden olmaktadir (Farley ve Trow, 2003; Lambert, 2002; Farley
ve Liemberger, 2005). Siirdiiriilebilir kentsel su yoOnetiminde, ariza oraninin ve sizinti miktarimin
azaltilmasi, su ve enerji verimliliginin saglanmasi ve yatirim ve isletme maliyetinin azaltilmas: agisindan
oldukca 6nemlidir. Bu nedenle bu sizintilarin 6nlenmesi, kontrol altina alinmasi ve yonetilmesi i¢in en
uygun yontemin belirlenmesi gerekir. Literatiirde, sizint1 yonetiminde uygulanan temel yontemler, izole
bolgelerin olusturulmas: (Alvisi ve dig., 2019; Creaco ve Haidar, 2019; Liu ve Lansey, 2020), minimum
gece debisi analizi (Amoatey ve dig., 2018; Al-Washali ve dig., 2019; Negharchi ve Shafaghat, 2020), s1zint1
yerinin tespiti ve ariza onarim hiz1 ve kalitesinin iyilestirilmesi (AL-Washali ve dig., 2018; Savic ve
Kapelan, 2019), sebeke yenileme ve boru malzemesi yonetimi (Lakehal ve Laouacheria, 2017; Salehi ve
dig., 2017) seklindedir. Bu yontemler uygulanarak sizintilarin izlenmesi, tespit edilmesi, kontrol edilmesi
ve yonetilmesi miimkiin olmakla birlikte, yontemlerin gereksinimleri, kisitlari, ilk kurulum ve isletme-
bakim maliyetleri 6nemli seviyelere ulasmaktadir. Bu nedenle, sistemin isletme bilesenlerinin dikkate
alinmasi, su kayip bilesenleri i¢in ekonomik analizlerin yapilmasi ve fayda ve maliyet analiz modelinin
tanimlanmasi, etkin, ve stirdiiriilebilir su kayip yonetimi agisindan oldukca Onemlidir (Ezbakhe ve
Foguet, 2019; Jensen ve Nair, 2019; Lopez ve dig., 2019). Bilindigi {izere her bir sistemin karakteristigi,
isletme ve gevresel Ozellikleri, su kayip oranlar1 farklilik gostereceginden dolay1 tiim sistemlerde su
kayiplarinin ayni seviyeye indirilmesi miimkiin degildir. Bundan dolayi, sizint1 oraninin azaltilmasi ve
kabul edilebilir seviyeye indirilebilmesi i¢in, sistemin mevcut kosullari, teknik ve personel alt yapis1 goz
oniinde bulundurularak en uygun stratejinin belirlenmesi gerekir. Sizint1 oraninin azaltilmast igin idareler
tarafindan bir¢cok uygulama gerceklestirilmektedir. Bununla birlikte, sizint1 yonetiminde genellikle belli
hedefler tanimlanmakta ve buna ulasmak icin yiiksek maliyet olusturan yatirimlar yapilmaktadir. Fakat
bir¢ok durumda fayda maliyet analizi esas alinmadig1 icin yapilan yatirimlar ekonomik olmamaktadir. Su
kayip yonetiminde sistemin mevcut kosullarinin géz oniine alinmasi, en uygun onleme stratejisinin
secilmesinde ekonomik analizlerin yapilarak ekonomik kacak seviyesinin tanimlanmasi gerekliligi
literatiirde yapilan ¢alismalarda vurgulanmistir (Wyatt ve Alshafey, 2012; Lim ve dig., 2015; Haider ve
dig., 2019; Yilmaz ve dig., 2021). Ayrica, ekonomik kacak seviyesinin tanimlanmasinda ve analizinde,
matematiksel ve istatistiksel yontemleri esas alan gesitli yaklasimlarin uygulandigi goriilmektedir
(Moslehi ve dig., 2019; Ahopelto ve Vahala, 2020).

Kentlerde niifus artisina bagl olarak su talebi artmakta ve sizintilarin énlenmesi ve kontrol altina
alinmasi oldukga kritik bir noktaya gelmistir. Bu nedenle idareler kayip oranlarini diisiirmek i¢in ¢ok fazla
yatirimlar yapmaktadir. Su kayiplarinin azaltilmasi i¢in kullanilacak her yontem bir maliyet doguracag:
gibi, sebekenin mevcut durum ve Ozelliklerine gore cesitli faydalar da saglayacaktir. Ancak su kayip
yonetiminde ve strateji gelistirmede en 6nemli bilesen ekonomik olarak ulasabilecek sizinti hedefinin
tanimlanmasidir. Bu hedef sistemin karakteristigine, isletme-tiiketim ve talep verilerine, su {iretim
maliyetine ve igletme faaliyetlerine bagh olarak tanimlanmalidir (Islam ve Babel, 2013).

Icme suyu dagitim sisteminde kayiplarin azaltilmasi igin harcanan birim maliyetin, su tiretim/satis
maliyetine esit oldugu nokta Ekonomik Kayip Seviyesi (EKS) olarak tanimlanabilir (Firat et al., 2021).
Dagitim sistemlerinde su kayiplarinin EKS degerinden daha diisiik seviyeye azaltilmasi, faaliyetlerin
maliyetinin elde edilecek faydalardan olmasi nedeniyle su idareleri i¢cin ekonomik olmayacaktr.

Su kayiplar: belirli bir seviyeye indirildikten sonra, bu genelde EKS olmali, eger bolgede su sorunu
yok ise su tasarrufu saglamak i¢in yapilan yatirimlar ekonomik olmayan sonuglar ortaya ¢ikaracaktir. Bir
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dagitim sisteminde sizintilarin daha iyi yonetilmesi ve sistematik analiz edilmesi i¢in izole 6l¢iim bolgeleri
olusturulmaly, giris debisi ve basing diizenli izlenmelidir (Molinos-Senante ve dig., 2016).

Ulkemizde Tarim ve Orman Bakanlig1 tarafindan 04 Ekim 2021 tarihinde “Igme Suyu Sistemlerinde
Su Kayiplarinin Azaltilmasina Yonelik Is Termin Plan1 Genelgesi” yayinlanmistir. Bu genelgeye gore,
Belediyeler tarafindan, su kayip oranlarin1 mevzuatin nihai hedefi olan %25 orani ve altina indirmek {izere
Is Termin Plan1 ve Detay Rapor hazirlanacaktir. Is termin planinda, veri toplama sistemleri (Cografi bilgi
sistemler (CBS), Merkezi Denetim ve Veri Sistemi (SCADA), Abone Yonetim Sistemi (ABYS), Ariza
Yonetim Sistemi ve Cagri Merkezi), fiziki kayiplarm onlenmesi (izole ol¢iim bolgelerinin ve basing
bolgelerinin tasarimi, Minimum Gece Debisi (MNF) analizi, sizint1 yerinin tespiti), idari kayiplarin
onlenmesi, altyap: sizinti indeksi ve ekonomik kagak seviye analizleri yer almaktadir. Yilmaz (2021)
tarafindan yapilan ¢alismada igme suyu dagitim sistemlerinde siirdiiriilebilir su yonetimi i¢in ekonomik
kacak seviye modeli gelistirmistir. Gelistirilen bu model yapay zeka optimizasyon algoritmasini temel
almaktadir. Bu modelde igme suyu dagitim sistemlerinde sebeke, abone ve kurum alt yapis1 gibi birgok
faktor dikkate alinarak analiz yapilmaktadir. Sizintilarin giinliik izlenmesi, aninda miidahale edilmesi ve
onarilmas: faaliyetlerini izole Sl¢iim bdlgeleri olusturmadan yapmak miimkiin degildir. Bu nedenle
biiyiik dagitim sistemlerinde bu tiir analizler i¢in 6ncelikle izole 6l¢iim bolgeleri olusturulmalidir. Ayrica,
su kayiplarini sifira indirmek ne ekonomik ne de teknik olarak miimkiin olmadig i¢in 6nleme yontemleri
dogru bir sekilde analiz edilmeli ve 6ncelikli uygulanmasi gerekenler belirlenmelidir (Al-Washali ve dig.,
2020).

Sizint1 yonetiminde sebeke bilesenlerini (ariza ve sizinti orani, ekip sayisi, basing limitleri, mevcut
durum), onleme yontemlerinin gereksinimlerini ve kisitlarini1 ve bunlarin maliyet analizlerini dikkate
alarak ekonomik kagak seviyesinin tanimlanmasi bir optimizasyon problemi olarak karsimiza
cikmaktadir. Ozellikle ekonomik kagak seviyesinin tanimlanmasinda, ariza ve sizinti {izerinde énemli
etkiye sahip olan basincin analiz edilmesi, sistem karakteristigine gore en uygun basing seviyesinin
tanimlanmasi, ariza onarim hizinin iyilestirilmesi i¢in en uygun ekip sayisinin tanimlanmasi, en énemli
optimizasyon bilesenleridir. Bu nedenle, ekonomik kagak seviyesinin tanimlanmasi i¢in, ariza ve sizintt
olusumuna neden olan tiim faktdrlerin dikkate alinmasi, etkisinin analiz edilmesi, maliyet bilesenlerinin
tanimlanmasi, fayda maliyet analizinin yapilmasi ve optimizasyon tabanli modelin gelistirilmesi
gerekmektedir. Bundan dolay1, bu calismada, siirdiiriilebilir su kayip y&netiminde, sistem ve su kayip
bilesenleri, ©onleme yontemlerinin gereksinimleri, kisitlar1 ve maliyet bilesenleri gz Oniinde
bulundurularak, en uygun 6nlenebilir s1zint1 hacminin ve oraninin belirlenmesi ve bu orana ulasmak icin
uygulanmas: gereken yontemlerin tanimlanmasi amaglanmistir. Bunun i¢in Yilmaz (2021) tarafindan
gelistirilen ekonomik kagak seviye analiz modeli esas alinmustir.

SIZINTI YONETIM MODELI (LEAKAGE MANAGEMENT MODEL)

fcme suyu dagitim sistemlerinde ekonomik olarak 6nlenebilecek sizint1 hacminin belirlenebilmesi igin
oncelikle su kayiplarini 6nleme yontemleri iyi anlasilmali ve analiz edilmelidir. Fiziki kayiplarin
azaltilmasi igin yapilan uygulamalar su kayiplarini azaltmanin yani sira gesitli isletme ve uygulama
maliyetleri de ortaya c¢ikarmaktadir. Bu nedenle kayip azaltma galismalar1 yapilirken aynmi zamanda
segilen ilgili yontemler i¢in ayr1 ayr1 fayda/maliyet analizlerinin yapilmas: gerekmektedir. Bu ¢alismada,
sizint1 azaltma yontemlerinden biri olan izole bolge tasarimi, basing kontrol yontemi, aktif kagak kontrolii,
sebeke yenileme i¢in boru malzemesi gibi 4 farkli maliyet hesabinda etki eden yap1 kullanilmigtir. Bu
yapilarin matematiksel temelleri Yilmaz (2021) tarafindan yapilan calismada detayli bir sekilde
sunulmustur.

Yilmaz (2021) tarafindan matematiksel temelleri ve algoritmik diizenleri verilen olan 4 adet maliyet
hesab1 terminolojisi dikkate alinmistir (Sekil 1). Icme suyu kayiplarinin azaltilmasi amactyla kullanilan bu
dort farkli yontem birbirlerinden bagimsiz degerlendirilecegi gibi, sizintilarla planli bir miicadele
kapsaminda birlikte degerlendirilmesi daha dogru olacaktir. Kurulan algoritmalarda her bir yontem igin
ortak degiskenler birlikte tanimlandiginda sistemin ve kurulan algoritmalarin ortak ¢oztimleri de
miimkiin hale gelmektedir.
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Bir izole bolgenin su kayip yonetiminde kullanilabilmesi icin yapilmasi gereken kontroller ve maliyet
bilesenleri su sekilde verilebilir, (i) giris sayisina gore debimetre ve basing 6lcer ekipman, iscilik ve montaj
maliyetleri, (ii) giris debimetre odasi, elektrik, veri transfer maliyetleri, (iii) izolasyon vana yerlerinin
belirlenmesi ve saha imalatlar1 maliyetleri, (iv) sifir basing testi maliyetleri, (v) sizint1 tespiti igin, ekip,
ekipman ve isletme maliyetleri (kullanilan ekipmana goére maliyetler degismekte), (vi) tespit edilen
arizalarin bakim-onarim maliyetleri seklindedir. Bu maliyetler, Kayseri Su ve Kanalizasyon Idaresi
(KASKI) ve Malatya Su ve Kanalizasyon Idaresi (MASKI) hizmet alanindaki saha uygulamalar1 esas
alinarak gercek veriler {izerinden belirlenmistir. Ayrica, Cevre ve Sehircilik Bakanligi 2020 yili Insaat ve
Tesisat Birim Fiyatlar1 ve 6zel piyasa arastirmalarindan da faydalanilmistir. Boylece analiz yapilacak tiim
bolgeler icin kullanilabilecek fiyatlar elde edilmistir.

Basing kontrol yonetiminde elde edilecek faydalarin ve basing yonetimi uygulamak i¢in harcanacak
tutarlarin analizlerinin detayli bir sekilde yapilmas: gerekmektedir. Sebekenin mevcut durumu ¢alisma
yapilmadan 6nce analiz edilmeli, olas1 basing yonetimi uygulamasinin senaryolar1 belirlenmelidir. Bu
kapsamda elde edilecek faydalar ve kurulum maliyetleri kiyaslanarak basing kontrol yontemi icin
ekonomik fayda maliyet analizi yapilmalidir.

DMA Maliyeti Basing Yonetimi
Hesapla Fayda ve Maliyeti
Hesapla
4 A 4
ALC Yontemi Ekip Yonetimi ve
Fayda ve Maliyeti Rahabilitasyon
Hesapla Fayda ve Maliyeti
Hesapla

>
hacmi)

Hesapla (En uygun énlenebilir sizinti |

Sekil 1. Sebeke Genel Maliyet Analizi I¢in Akis Diyagrami (Yilmaz, 2021)
Figure 1. Flow Chart for Network Overhead Cost Analysis

Aktif kagak kontrolii yonteminde, yontemin fayda-maliyet analizinin ortaya konulmas1 ¢ok giigtiir.
Sebekelerin farkl: fiziksel ve gevresel dzelliklere sahip olmasina, akustik ekipmanlari kullanan ve sizinti
yeri tespiti yapan ekiplerin saha tecriibesine ve cihazlarin ve malzemelerin kalitesine bagli olarak
yontemin etkin faydalari bolgeden bdlgeye degisim gostermektedir. Ekonomik kagak seviyesinin
tanimlanabilmesi i¢in aktif kagak kontroliinde uygulanan yontemin fayda/maliyetlerinin hesaplanmasi
gerekmektedir. Boylelikle ekonomik olarak aktif kagak yontemiyle kurtarilacak su miktar1 belirlenecektir.
Bu kapsamda literatiir calismalar1 ve saha tecriibeleri referans alinarak birim su kaybinin azaltilmasi icin
bilesenler ve maliyetleri hesaplanmuistir. Sekil 1’de verilen dort farkli yontem icin fayda maliyet bilesenleri
ve hesaplamalar1 Yilmaz (2021) tarafindan yapilan ¢alismadan alinmistir.

Su kayiplari ile miicadele stratejisi igin tiim teknik ve ekonomik degiskenler dikkate alinarak bir
model Onerilmelidir. Bu nedenle, 6nlenebilir sizint1 hacminin olugturulmasi igin algoritmik yap1 ve bu
denklemlerin matematiksel arka plani ve ¢6ziim yontemleri dikkate alinmistir. Eszamanli ¢oztimler igin
ortak degisken tamimlanmis ve bu degiskenlerin su kayiplarinin etkisi matematiksel olarak ifade
edilmistir. Bununla birlikte problem, analitik olarak ¢oziilebilen basit bir denklemin ¢ok otesinde bir
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problemdir. Ozellikle problemin ¢evresel etkilere maruz kalmasi, bazi durumlarda problem ¢oziimlerinde
sayisal degerlerin olmamas: vb. nedenlerle 6nerilen 6nlenebilir sizint1 hacminin belirlenmesi modelini
analitik olarak ¢6zmek son derece zordur. Bundan dolay: farkli yontemler icin zit etkileri oldugu
degiskenler bu kapsamda belirlenip ve optimizasyon algoritmalar1 yardimiyla ekonomik olarak
azaltilabilecek minimum su kaybi seviyesi hesaplanmustir. Onerilen algoritmik yapz ile temel olarak alt1
degisken hesaplanir (Yilmaz, 2021); i Sebekede kalan faydali 6miir, ii- Birim izole 6l¢iim bolgesi (DMA)
olusturma maliyeti, iii- Basing Yonetimi ile elde edilecek faydali debi, iv- ALC Yontemi ile elde edilecek,
faydali1 / ekonomik debi v-ekip sayis1 optimizasyonu, vi- Sayag rehabilitasyonu ile elde edilecek faydali /
ekonomik debi.

Su kayip yonetiminde su kayiplarini azaltmak icin temel yontemler uygulamadan 6nce, mevcut
sebekenin ekonomik analizi gereklidir. Ekonomik émriinii tamamlamus bir sebeke i¢in su kay1p azaltma
yontemlerinden ve dolayisiyla ekonomik kagak seviyesinden bahsetmek miimkiin olmayacaktir. Bu
nedenle, onerilen algoritma ile énce agin kalan faydali 6mrii hesaplanir. Basing ve aktif kagak kontrolii
yonetimi, su kayiplariyla miicadelede kritik 6neme sahiptir. Bu iki yontemin uygulanabilmesi igin
oncelikle izole bolgenin tanimlanmasi gerekir. Ancak, izole bolgelerde uygulanabilen bu iki yontem igin,
yontemlerin temel maliyet bilesenlerinden biri olan DMA olusturma maliyeti optimizasyon oncesinde
hesaplanir. Onerilen bu algoritmada, tiim ortak degiskenler, ekonomik kagak seviyesi hesaplamasinin her
seviyesinde tanimlanmis ve adlandirilmistir. Boylelikle tiim su kaybi yontemlerinin uygulanmasi
sirasinda ortak ¢dziimler elde edilebilir. Onerilen algoritmada, "basing degeri" ve 'ekip sayisi"
degiskenleri, her dongii igin EKS degerini hesaplamak i¢in optimize edilir ve nihayet ulasilan en diisiik
Onlenebilir sizint1 hacmi, sistemin ekonomik noktast olarak tanimlanir (Yilmaz, 2021).

ANALIZLER (ANALYSIS)

Icme suyu dagitim sistemlerinde en uygun onlenebilir sizinti hacminin ve oraninin belirlenmesi
amaciyla pilot izole 6l¢iim bolgesinde analiz yapilmistir. Oncelikle pilot izole bolgede (DMAT1) 2021 yilina
ait temel veriler temin edilmis ve modele tanimlanmistir (Cizelge 1). Bu veriler, analiz edilecek bolgenin
temel Ozelliklerini temsil etmektedir. Bu kapsamda doldurulan tablo ile sebekenin hizmet verdigi niifus,
toplam sebeke uzunlugu, abone sayis1 ve baglantilarin yan sira sistem giris debisi ve tahakkuk miktari,
sebeke basinci, sayag bilgileri, yillik ariza sayilar1 ve DMA 6zellikleri gibi sebekenin temel 6zellikleri
ayrica algoritmaya islenmektedir (Cizelge 2). Ayrica su iiretim maliyeti, su satis fiyati, ekip kurulum
maliyeti gibi temel ekonomik bilesenler de sistemde tanimlanir (Cizelge 3). Bu sekilde, analiz icin gerekli
olan degiskenler algoritmaya tanumlanmis olacaktir.

Cizelge 1. Pilot izole Ol¢iim Bolgesi Icin Temel Sebeke Verileri (Yilmaz, 2021)
Table 1. Basic Network Data for Pilot Isolated Measurement Area (Yilmaz, 2021)

Cahisma Alam ile lgili Genel Bilgiler Birim Deger Temin Edilen Veri tabani
Hizmet Edilen Toplam Niifus kisi 5680 ABYS
Toplam Sebeke Uzunlugu km 5 CBS
Toplam Abone Sayisi adet 1420 ABYS
Toplam Ticari Abone Sayisi adet 120 ABYS
Toplam Konut Abone Sayisi adet 1300 ABYS
Toplam Abone Baglantis1 Sayisi adet 529 CBS
Ortalama Abone Baglantis1 Uzunlugu m 8 CBS
Sistemin Bolgesel Ortalama Gece Basinci m 60 SCADA
Minimum Isletme Basinci m 20 SCADA
Maksimum Isletme Basinci m 65 SCADA
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Cizelge 2. Pilot izole Olgiim Bolgesi Igin Isletme Verileri (Yilmaz, 2021)
Table 2. Operational Data for the Pilot Isolated Measurement Area (Yilmaz, 2021)

Parametreler Birim Deger
Sistem Giris Debisi I/s 10,22
Tahakkuk Edilen Su Miktari I/s 6,54
Ortalama Birim Su Maliyeti (Uretim ve Isletme Giderleri Dahil) TL/m3 2,91
Ortalama Birim Su Satis Fiyati TL/m3 3,40
DMA var ise Toplam DMA sebeke uzunlugu m 5000
Yillik Ariza Miktar1 (Abone ve Sebeke Arizasi Toplami) adet 40
Yillik Abone Arizasi Miktari adet 14
Yillik Sebeke Arizas1 Miktari adet 26
Toplam Ariza Ekibi Sayisi adet 4
Ariza Ekibi Kurulum Maliyeti TL/ekip/ay  $19.500,00
Ortalama Ariza Coziim Siiresi saat/adet 8

Cizelge 3. Pilot izole Olciim Bolgesi Icin Sebeke Yenileme Verileri (Yilmaz, 2021)
Table 3. Network Renewal Data for the Pilot Isolated Measurement Area (Yilmaz, 2021)

Sebeke Yenileme ve Boru Malzemesi ile ilgili Bilgiler Birim Deger
Sebekenin Mevcut Agirlikli Boru Cinsi - Pik
@ 150 mm Kiigiik Boru Uzunluklarinin Yiizdesi % 65
@ 150 mm - 300 mm Arasi Degisen Boru Uzunlugu Yiizdesi % 35
@ 300 mm - 500 mm Arasi Degisen Boru Uzunlugu Yiizdesi % 0
@ 500 mm - 700 mm Arasi Degisen Boru Uzunlugu Yiizdesi % 0
@ 700 mm Biiyiik Boru Uzunluklarmin Yiizdesi % 0
Ortalama Sebeke Yast Yil 12
Sebeke Yenilenmesi Durumunda Yeni Yapilacak Boru Cinsi - HDPE

Daha sonra, izole bolge yaklasimu ile ilgili veriler Cizelge 4'te gosterildigi gibi girilmelidir. Yukarida
belirtilen verilerle, izole bdlge olusturma igin temel maliyet bilesenleri tanimlanir ve ihtiya¢ duyulan izole
bolge sayisi belirlendikten sonra, toplam izole bolge olusturma maliyeti hesaplanir.

Cizelge 4. izole bolge Maliyetlerinin Tanimlanmasi (Y1lmaz, 2021)
Table 4. Definition of Isolated Zone Costs (Yilmaz, 2021)

Parametre Birim Maliyet
Debimetre Odas1 ve Mekanik Techizat | TL/Adet 70.000,00
Sinir Vanalarin Tespiti ve Konulmasi TL/Adet 1.850,00
Sifir Basing Testi Yapilmasi TL/Adet 750,00
Izleme ve Isletme Giderleri TL/Adet 25.000,00

Temel sebeke verilerinin algoritmaya tanimlanmasinin ardindan izole bdlge icin 6nlenebilir en uygun
sizintt hacmi belirlenmistir. Bu kapsamda algoritma sebeke i¢in optimum basing seviyesini ve ekip sayisini
optimize etmektedir. Ayrica aktif kacak yontemiyle elde edilecek faydali debi, sayag rehabilitasyon ile
elde edilecek faydali debi ve sebeke kalan 6mrii hesaplanir. Yapilan optimizasyon sonucunda 4 temel su
kayb1 azaltma yontemi icin ekonomik analizler yapilmis ve her yontemin ekonomik faydalari m3 / birim
olarak hesaplanmigtir. Bu baglamda optimizasyon sonucunda elde edilen degerler Cizelge 5'te
gosterilmektedir.
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Cizelge 5. [zole bolge icin Optimizasyon Sonuglart
Table 5. Optimization Results for the isolated region

Yontem Birim Sebeke 1k Degeri Optimizasyon Sonucu
Basing m 60 28,55
Ekip Sayisi Adet 4 4

Sistem i¢in hesaplanan en uygun degerlerde basincin 60 m'den 28,55 m'ye diisiiriilmesi gerektigi ve
ornek sistem i¢in optimum ekip sayisinin 4 oldugu hesaplanmistir. Cizelgede verilen optimum basing
degeri optimizasyon tabanli EKS modelinin calistirilmasi ile elde edilmistir. Bu basing degeri, dagitim
sisteminde sizintilarin azaltilmas: i¢in uygulanan aktif sizinti kontrolii ve basing yonetiminin
uygulanmast durumunda en fazla faydanin elde edilebilecegi seviyeyi ifade etmektedir. Bunun igin
detaylar1 Yilmaz (2021) tarafindan yapilan calismada verilen matematiksel altyapi temel alinmistir.
Hesaplanan optimum degerlere bagli olarak sebekenin ilk ve optimum kayip miktarlar1 ve ytizdeleri
Cizelge 6'da verilmektedir.

Cizelge 6. [zole bdlge icin en uygun kay1p oranlart
Table 6. Optimal leakage rates for the isolated area

Bilesen Birim  Sebeke ilk Degeri Sebeke En Uygun Seviye
Kayip Miktar1 I/s 3,68 1,36
Kayip Orani % 36,01 13,27

Cizelgede verilen sizint1 miktarinin ilk degeri DMA1’deki mevcut kosullarda hesaplanan degeri ifade
etmektedir. Bu degerin hesaplanmasinda standart su dengesi tablosu esas alinmistir. Bu degerin
hesaplanmasi icin idarede abone bilgi yonetimi sistemi (ABYS) veri tabanindan yasal abone tiiketimleri,
SCADA sisteminden sistem giris hacmi, abone dairesinden kagak kullanimlar ve saya¢ hatalarindan
kaynaklanan kayiplar temin edilmistir. Cizelgede 6nlenebilir sizint1 parametresi ise optimizasyon tabanli
EKS modeli tarafindan sebeke 6zellikleri ve sistemin mevcut sizint1 orani gibi degiskenleri dikkate alarak
ekonomik olarak azaltilabilir seviyeyi temsil etmektedir. Yani bu bolgede sizintilar bu seviyeye kadar
ekonomik olarak azaltilabilecegini ifade etmektedir. Boylelikle sistem icin ekonomik 6nlenebilir sizintt
seviyesi ve hacmi 1,36 /s, yiizde olarak %13,27 olarak hesaplanmistir. S6z konusu sistemde optimum
degere ulasmak icin gereken ¢alismalarda belirlenmistir. Bu kapsamda hesaplanan degerler Cizelge 7’de
gosterilmektedir.

Cizelge 7. [zole bdlge icin dnlenebilir sizint1 oranlari
Table 7. Recoverable leakage rates for the isolated area

Yontem Birim Optimizasyon Sonucu
Basing Yonetimi I/s 1,53
Aktif Kagak Yontemi I/s 0,64
Ekip Yonetimi I/s 0,00
TOPLAM 2,17

Cizelgeden de goriildiigii EKS analizi ile tanimlanan en uygun sizinti seviyesine ulasmak igin
uygulanmast gereken yontemler belirlenmistir. Bu yontemlerin uygulanmasina bagli olarak
azaltilabilecek s1zint1 oranlar1 da hesaplanmustir. Cizelgede verilen bu degerler optimizasyon tabanli EKS
modeli ¢alistirilarak elde edilmistir. Yapilan calismalar neticesinde sistemin kayip miktar1 3,53 1/s’den,
kayip azaltma yontemleri ile 2,17 1/s sisteme kazandirilabilecegi goriilmektedir. Ekip sayis1 optimal
seviyede oldugu i¢in bu yontemle sisteme ekonomik olarak getirilebilecek su bulunmamaktadir.
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Sekil 2. Pilot Bolgede Analiz Sonuglar:
Figure 2. Analysis Results in the Pilot Region

Bolgede baslangicta (mevcut kosullarda) kayip miktar1 3,68 1/s olarak hesaplanmistir. Sekil 2
incelendiginde, bolgede mevcut sebeke 6zellikleri dikkate alinarak ekonomik olarak azaltilabilecek kayip
miktar1 2,32 1/s olarak belirlenmistir. Bu kayip, sizintilar1 ve saya¢ hatalarindan kaynaklanan idari
kayiplar1 icermektedir. Bolgede ekonomik olarak azaltilabilecek sizinti miktar1 ise 2,17 1/s olarak
hesaplanmistir. Buna gore baslangicta 3,68 1/s olan kayip miktar: bolgede sayag rehabilitasyonu, aktif
kacak kontrolii ve basing yonetiminin uygulanmasina bagli olarak ekonomik olarak en fazla 1,36 1/s
seviyesine azaltilabilir. Bilindigi iizere bir bélgede kayiplar sifir (0) seviyesine indirmek miimkiin degildir
ve en onemlisi ekonomik degildir. Bu nedenle bu bélgede ekonomik 6Slgtiiler dikkate alinarak kayiplar en
azla 1,36 1/s seviyesine indirilebilir.

Calisma sonucunda kay1p azaltma ¢alismalarinda ilgili su idaresinin izleyecegi yol su sekildedir (Sekil
3);

Adim 1: Bolgenin ortalama basinci 60 m'den 28,55m'ye diisiiriilmelidir. (1,53 1/s su sisteme ilave
edilecektir)

Adim 2: Aktif sizint1 yontemi ile sisteme 0,64 1/s su ilave edilene kadar ¢alisma yapailabilir. Bu miktarin
tizerindeki suyu sisteme getirmek artik ekonomik olmayacagindan bu deger iist limit olarak alinmalidir.

Adim 3: Alandaki ariza ekip sayis1 korunmalidir.
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Baglangigta toplam Basinci 28,55 m ayarla
kay1p miktar: *Kazang : 1,53 1/s
3,68 I/s EKkip sayisini 4'de tut

*Kazang : 0 I/s
Aktif Kacak Yontemi Uygula
*Kazang : 0,64 /s

Saya¢ Rehabilitasyonu Uygula
*Kazang 0,15 1/sn

EKS = 1,36 I/s (%13,27)

Sekil 3. Ekonomik dnlenebilir sizint1 oranlari
Figure 3. Economically recoverable leak rates

Sekil 3 incelendiginde optimizasyon EKS modeli ile belirlenen en uygun seviyeye (%13,27 veya 1,36
1/s) ulasmak i¢in uygulanmas: gereken yontemler siralanmistir. Buna gore bolgede en fazla faydanin
basing yonetiminin uygulanmasi ile elde edilecektir. Bolgede optimizasyon algoritmasi ile belirlenen en
uygun basing seviyesi (28,55 m) i¢in ekonomik olarak azaltilabilecek kay1ip 1,53 I/s olarak elde edilmistir.
Diger taraftan idarede mevcut kosullarda sizintilarin yonetilmesi igin ekip sayisinin yeterli oldugu ve ekip
sayisinin daha fazla arttirllmasinin ekonomik olmayacag: goriilmiistiir. Buna gore idarede ekip sayisi
mevcut sayida (4) ile sabit tutulmast durumunda bile ekonomik olarak azaltilabilecek kayip degeri O
belirlenmistir. Ayrica bolgede aktif kacak kontroliiniin uygulanmasi onerilmis bu yontem ile ekonomik
olarak azaltilabilecek kay1p miktar1 0,64 1/s olarak tespit edilmistir. Son olarak optimizasyon modeli idari
kayiplarin azaltilmasi i¢in sayag rehabilitasyonu yonetiminin uygulanmasini 6nermistir. Bu yontemin
uygulanmasina bagh olarak bolgede 0,15 1/s’lik kayip ekonomik olarak azaltilabilir. Bu sonuglara gore
bolgede kayiplarin ekonomik olarak azaltilabilecegi seviye tanimlanmis ve bu seviyeye ulasmak icin
uygulanmasi gereken yontemler optimizasyon modeli ile belirlenmistir.

Haider ve dig. (2019) tarafindan yapilan calismada EKS analiz yapis1 dnerilmis ve ALC y6nteminin
uygulanmast durumu igin test yapilmistir. Calismada, EKS analiz sonuglarina gore ALC yOonteminin
uygulanmasina bagli olarak su kayip oraninin %43 oraninda ve alt yapi s1zint1 indeksinin 20’den 7,28’
ekonomik olarak azaltilabilecegi ifade edilmistir. Benzer sekilde Moslehi ve dig. (2019) tarafindan yapilan
calismada EKS analizi i¢in Onerilen metodoloji saha verilerine gore test edilmis ve EKS degerini birim
servis baglanti basina kayip orani seklinde hesaplamistir. Sebekenin 6zelligine gére ALC ve basing
yonetiminin uygulanmasina bagli olarak EKS degeri 27 m3/baglanti/yil olarak belirlenmistir. Literatiirdeki
calismalardan da gorildiigii gibi bir sistemde EKS degeri sebekenin mevcut 6zelliklerine bagh olarak
sisteme analiz edilmekte ve her bir sistem 0zgiin bir sekilde belirlenmektedir. Ayrica EKS degerine
ulagmak i¢in uygulanmasi gereken yontemlerin yine sebeke kosullarina uygun olarak onerilmektedir.

Elde edilen sonuglar degerlendirildiginde, izole bolgede sizintilarin en ekonomik bir sekilde
yOnetilmesi icin yol haritast sunulmustur. Bu yol haritas: esas alinarak uygulanmasi gereken yontemler
ve bunlardan elde edilecek potansiyel faydalar siralanmaktadir. Bu ¢alismada Onerilen yaklasimin
Ozellikle sahada karar vericiler i¢in referans olusturacag: diistiniilmektedir.
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SONUCLAR (RESULTS)

Bu ¢alismada, siirdiiriilebilir igme suyu dagitim sisteminin bilesenlerini, gereksinimlerini ve maliyet
bilesenlerini dikkate alarak en uygun basing seviyesini ve ekip sayisini belirlemek ve 6nlenebilir sizint1
hacmini tanimlamak igin optimizasyona dayali yeni bir model gelistirilmistir. {lk olarak, optimum
onlenebilir s1zint1 hacmini hesaplamak i¢in kayiplar: ve maliyetleri etkileyen tiim degiskenler ve yapilar
belirlenmistir. Daha sonra bu bilesenlerin hesaplanmasi igin gerekli altyap: olusturulmus ve tiim ortak
degiskenlerin aymi anda ¢alismas: saglanmistir. Elde edilen tiim yapilar Matlab ortamina aktarilmis ve
EKS analizinde kullanilan tiim sistem ve yonlendirme kisitlamalarin1 dikkate alabilen, Matlab ortaminda
uzman bir sistem olarak hareket eden algoritmik bir yapi gelistirilmistir. Uzman sistem sonucunda, EKS
degerinin hesaplanmasinda sebeke basincinin ve ariza ekip sayisinin optimize edilmesi gerektigi
bilindiginden, bu iki deger, hesaplama karmasikligi az olan ve Onerilen uzman sistemle aym anda
caligabilen gelismis bir optimizasyon algoritmas: tarafindan optimize edilmistir. Onerilen yapilarin gergek
zamanli caligabilirligini gostermek icin KASKI veri tabanindan elde edilen veriler, ilgili uzman sisteme ve
algoritmik yaprya uygulanmistir. Sistem icin hesaplanan optimal degerlerde basincin 60 m'den 28,55m'ye
diistiriilmesi gerektigi hesaplanmis ve 6rnek sistem icin ekip sayis1 4 olarak hesaplanmistir. Boylece sistem
i¢in EKS hacim olarak 1,56 1/s ve yiizde olarak %13,27 olarak hesaplanmistir. Sonug olarak, dnerilen yeni
uzman sistem ve optimizasyon algoritmasi, su dagitim sistemleri i¢in Onlenebilir sizinti hacmini
hesaplamak icin sistemde yapilmasi gerekenleri kolayca belirleyebilir ve idareye Onerilerde
bulunabilmektedir. Her olcekte su kayip yoOnetiminin saglkli bir sekilde yapilabilmesi Onerilen
algoritmalar ile miimkiin olmaktadar.
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OZ: Zeytin iilkemizin belirli bolgelerinde yetisen oldukga &nemli bir iiriindiir. Giimriik ve Ticaret
Bakanligi'nin verilerine gore 2019 yilinda yaklasik 420 bin ton sofralik zeytin tiretimi ile diinyadaki toplam
iiretimin %14 'ten fazlasi lilkemizde yapilmistir. Boylece, zeytin yapragindaki hastaliklarin erken teshisi
ve tedavisi iiretim kapasitesinin artmasma yol agabilir. Gliniimiizde bir¢ok alanda oldugu gibi bitki
hastaliklarinin teshisi icin derin dgrenme algoritmalar1 yaygin olarak kullanilmaktadir. Bu ¢alismada,
AlexNet, SqueezeNet, ShuffleNet ve GoogleNet gibi siklikla tercih edilen 6n egitimli derin 6grenme aglar:
ile zeytin yapragindaki hastaliklarin simiflandirilmasi gerceklestirilmistir. Ag vyapilari, zeytin
yapragindaki hastaliklarin etiketlerine gore egitim igin yeniden diizenlenmistir. Veri setinde, veri
¢ogaltma islemi uygulanarak hem ham veri seti hem de ¢ogaltilmis veri seti igin ayr1 ayr performans
sonuglar1 alinmistir. Elde edilen sonuglar dogruluk, duyarlilik, 6zgiillitk, kesinlik ve F1-Skor gibi
performans Olgiitleri ile degerlendirilmistir. En iyi performans iyilestirmesi %7,56 ile AlexNet'in dogruluk
degeri icin elde edilirken, en diisiik iyilestirme orami %0,63 ile ShuffleNet'in 6zgiillitk degerinden elde
edilmigtir.

Anahtar Kelimeler: On-egitimli aglar, Derin 6grenme, Hastalik siniflandirma, Zeytin yaprag:

Performance Investigation of Pre-Trained Convolutional Neural Networks in Olive Leaf Disease
Classification

ABSTRACT: Olive is a very significant crop grown in specific regions of our country. According to the
data of the Ministry of Customs and Trade, with the production of approximately 420 thousand tons of
table olives in 2019, more than 14% of the total production in the world was made in Turkey. Therefore,
early diagnosis and treatment of diseases in olive leaves can lead to increased production capacity. Today,
as in many fields, deep learning algorithms are widely used for the diagnosis of plant diseases. In this
study, the classification of olive leaf diseases was carried out with the frequently preferred pre-trained
deep learning networks such as AlexNet, SqueezeNet, ShuffleNet, and GoogleNet. In the data set,
performance results were obtained for both the raw data set and the augmented data set by applying the
data augmentation process. The obtained results were evaluated with the performance criteria as
accuracy, sensitivity, specificity, precision, and F1-Score. While the best performance improvement was
obtained for the accuracy value of AlexNet with 7.56%, the lowest improvement rate was obtained from
the specificity value of ShuffleNet with 0.63%.

Keywords: Pre-trained networks, Deep learning, Disease classification, Olive leaf
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GIRIS (INTRODUCTION)

Modern tarimsal teknolojiyle birlikte sinirli miktarda olan tarimsal araziler ve su kaynaklar1 7 milyar1
askin diinya niifusuna yetecek yemek ihtiyacini karsilayabilmektedir (Mohanty ve dig., 2016). Ancak, bu
kaynaklarin bilingsizce kullanilan kimyasal giibrelere ve zirai ilaglara maruz kalmas: kirlilige sebep
olmaktadir. Bundan dolay:1 tarimsal iiretimde elde edilen iiriin kalitesi ile birlikte verim de azalmaktadur.
Ote yandan, her gegen giin artan insan niifusu ile orantili olarak gida ihtiyaci da artmaktadir. Bu yoniiyle
tarim konusu iilkelerin kendi ihtiyaglarini karsilamada yeterliligi konusunda stratejik olarak 6nemli bir
yere gelmistir. Nitekim tarimsal iiretimde verimliligi diistirdiigii bilinen zirai hastaliklar ile miicadelede
glinlimiiz teknolojisinin daha etkin kullanilmasi iirtin verimliligini pozitif yonde etkileyecegi
diistiniilmektedir. Bitkilerde goriilen hastaliklarin erken tespitinin yapilmasi ile yeterli miktarda ve etkin
bir sekilde zirai ilaglama programlarinin yapilmasinin oniinii agacaktir. Bu durumun gevre kirliliginin
oniine gecilmesine ve {iriin verimliliginin artirilmasinda olumlu katki saglamasi diisiiniilmektedir.

Zeytin, lilkemizin 6zellikle batisinda ve giineyinde onemli bir alanda yetistirilmektedir (Erilmez ve
Erkan, 2014). Bu bitkinin iiretimini negatif yonde etkileyen bazi zirai hastaliklarin teshisinin erken ve
ekonomik olarak yapilmasi gerekmektedir. Zeytin yapragindan hastaligin erken teshisi ile iiriin
kalitesinin ve verimin artirilmasi hedeflenmektedir. Ulkemizin potansiyeli de goz oniine alindiginda
ilerleyen yillarda bu alanda tiretimde atilim yapabilmesi ve ekonomiye daha ¢ok katki saglamasi olasidir.

Son yillarda bilgisayar teknolojisinin gelismesiyle birlikte bitki hastaliklar: teshisinde derin 6grenme
tabanli bir¢ok ¢alisma yapilmistir. Uguz ve Uysal calismalarinda zeytin yapragi hastaliginin
siniflandirilmasi i¢in evrisimli sinir ag1 (ESA) tabanli bir model 6nermislerdir. Tiirkiye’de zeytin bitkisinde
yaygin olarak goriilen iki ayri hastalikli yapraklardan olusan goriintiiler ile saghikl goriintiilerin
toplanmasiyla veri seti olusturmuslardir. Onerilen model VGG-16 ve VGG-19 yontemleri ile
karsilastirilmistir. Elde edilen goriintiilere uygulanan farkli veri artirimi yontemlerinin smiflandirma
performansina olumlu etki ettigi vurgulanmistir. Ayrica bu c¢alismada farkli kayip fonksiyon
optimizasyon yoOntemlerinin simiflandirma sonucuna etkisi deneysel sonuglar ile gosterilmistir.
Performans degerlendirme 6lclitlerine gore onerilen model karsilastirma yontemlerine gore daha tistiin
siiflandirma performans: gostermistir (Uguz ve Uysal, 2020). Uysal calismasinda zeytin yapraginin tig
farkli hastaligini onerdikleri ESA tabanli bir yontem ile smiflandirmislardir. Farkli optimizasyon
algoritmalari ile farkli iterasyon sayilarinin siniflandirmaya etkisi arastirilmistir. Yapilan tez ¢alismasinda
veri artirim islemi uygulandiginda dnerilen modelin en iyi siniflandirma performansi sergiledigi deneysel
sonuglar ile gosterilmistir (Uysal, 2020). Korkut ve arkadaslar1 ¢alismalarinda bitki yapraklarindaki
hastaligin tespiti igin destek vektdr makinasi (DVM) tabanli bir makine oOgrenmesi yontemi
kullanmislardir. Birgok bitkinin hastalikli ve saglikli fotograflarindan veri seti olusturulmustur.
Olusturulan veri setinin 6zellik ¢ikarimi yapilmistir. Daha sonra Onerilen modelden ve karsilastirma
metodu olarak kullanilan farkli yontemlerden saglikli ve hastalikli olmak {izere iki kategoride
smiflandirma islemi yapilmistir. Smiflandirma problemlerinde yaygin olarak kullanilan performans
metrik degerlendirme sonuglarina gore dnerilen makine 6grenmesi modeli ve karsilastirma metotlarindan
bir tanesi olan lojistik regresyon algoritmas: iyi sonuglar vermistir (Korkut ve dig., 2018). Liu ve
arkadaslari ¢alismalarinda elma yapraginin dort farkl hastalig: icin siniflandirma konusunda ESA tabanl
bir yontem Onermislerdir. Olusturduklar1 veri setini artirmak icin elde ettikleri fotograflar1 90 ile 270
derece arasinda dondiirerek {ii¢ kat artirmislardir. Onerdikleri modelin siniflandirma performansi farkl
makine Ogrenmesi ve derin Ogrenme metotlar1 ile karsilastirilmistir. Elde edilen performans
degerlendirme sonuglar1 siniflandirma konusunda onerilen derin 6grenme modelinin karsilastirma
metotlarindan daha {istiin oldugunu ortaya koymustur (Liu ve dig., 2018). Tiirkoglu ve arkadaslar:
calismalarinda ¢cogunlukla Malatya ili ve cevresinde rastlanan kayis1 meyvelerinde bulunan hastaliklarin
siniflandirilmasi amaciyla ESA tabanli bir derin 6grenme metodu Onermislerdir. Kayis1 meyvesinde
yaygin olarak goriildiigii belirtilen dort farkli hastalik ile veri seti olusturulmustur. 18 katman ve gesitli
evrigim filtrelerinden olusan Onerilen ESA modeli ile deneysel sonuglar alinmistir. Ayrica siiflandirma
problemleri konusunda yaygin olarak kullanilan AlexNet ve SqueezeNet gibi ESA temelli modeller
karsilastirma yontemleri olarak kullanilmistir. Elde edilen sonuglar onerilen derin 6grenme modelinin
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kayis1 hastaliklarinin siniflandirilmasinda daha iistiin basar: sagladig: belirtilmistir (Tiirkoglu ve dig.,
2020). Geetharamani ve Pandian ¢alismalarinda domates, patates ve kiraz gibi 39 farkl bitkilerin hastalikli
ve saglkli yapraklarindan elde ettikleri veri setinin smiflandirilmasinda dokuz katmanli olarak
gelistirdikleri ESA modelini 6nermislerdir. Veri setinde goriintiilerin artirilmasi igin ise alt1 farkli yontem
uygulanmistir. Yapilan calismada saglikli ve hastalikli olmaz tizere iki simiflandirma bulunmaktadir.
Makine 6grenmesi temelli modeller karsilastirma yontemleri olarak kullanilmistir. Deneysel sonuglar veri
artirma yonteminin siniflandirma problemi sonuglarina pozitif yonde etki ettigini gostermistir. Ayrica
Onerilen modelin bu problemin ¢oziimiinde makine 6grenmesi temelli siniflandirma yontemlerinden gok
daha istiin oldugunu gostermistir (Geetharamani ve ArunPandian, 2019). Upadhyay ve Kumar
calismalarinda ¢eltik bitkisinin yapraklarinda goriilen hastaliklarin simiflandirilmast amaciyla derin
6grenme tabanli bir ESA yontemi 6nerilmistir. Veri seti olarak saglikli celtik yapraklar ve ii¢ ayr1 hastalikl
yapraklarin goriintiileri toplanmistir. Dort ayr1 siniftan olusan problemin ¢oziimiinde 6nerilen yontemin
basarili oldugu performans metrik sonuglari ile ortaya konulmustur (Upadhyay ve Kumar, 2021). Jadhav
ve arkadaslar1 calismalarinda bezelye bitkisinin yapraklarinda goriilen hastaliklarin siiflandirilmasinda
derin 6grenme tabanli 6nceden egitilmis modeller olan AlexNet ve GoogleNet modellerini 6nermislerdir.
Ug farkli hastalik ile saglikli yaprak goriintiilerinden olusan veri seti toplanmistir. Deneysel calismalar
onerilen derin 6grenme modellerinin makine &grenmesi modellerinden daha iistiin smiflandirma
performansi gosterdigi belirtilmistir (Jadhav ve dig., 2021). Pawar ve arkadaslar1 ¢alismalarinda salatalik
bitkisinin yapraklarinda goriilen hastaliklarinda siniflandirilmasinda yapay sinir ag1 (YSA) tabanl bir
yontem Onermislerdir. Salatalik yapraklarinda goriilen iki farkli hastalik ile saglikhi yapraklardan elde
ettikleri goriintiiler ile veri seti olusturulmustur. Gériintiilere 6zellik ¢tkrami uygulanmustir. Oncelikle
onerilen modelin test asamasinda yapragin hastalikli veya saglikli olduguna karar verdigi belirtilmistir.
Eger yaprak saglikli degil ise hastaliginin simiflandirilmasinin yapildigr ikinci asama bulunmaktadir.
Performans degerlendirme sonuglarina gore onerilen model salatalik yapraklarinin simiflandirilmasinda
%80.45 dogruluk basarisi gostermistir (Pawar ve dig., 2016).

Bu calismada, zeytin yapragindaki hastaliklarin teshisi ve simiflandirilmasi igin derin 6grenme
algoritmalarinin performanslar1 incelenmistir. Ag yapilari igin literatiirde siklikla kullanilan 6n egitimli
AlexNet, GoogleNet, ShuffleNet ve SqueezeNet aglar1 secilmistir. Calismalarda zeytin yapragindaki
hastaliklar1 kapsayan halka acik bir veri seti kullanilmistir. Veri setindeki goriintii sayisinin az olmasindan
dolay1 ag performanslarini artirmak igin orijinal veri setinde veri ¢ogaltma islemi gerceklestirilmistir.
Daha sonra, deneysel calismalar igin egitim ve test verileri hazirlanmigtir. On egitimli derin 6grenme
yontemlerinin her biri i¢in deneysel ¢alismalar yapilarak sonuglar performans degerlendirme Slgiitleri ile
analiz edilmistir. Elde edilen sonuglar 1s1ginda 6n egitimli derin 6grenme yontemlerinin performanslari
degerlendirilmis ve en iyi siniflandirict ag yapist belirlenmistir.

Calismanin diger kisimlari ise su sekilde organize edilmistir. On egitimli derin Ogrenme
yontemlerinin genel 6zellikleri 2. kisimda detayli bir sekilde sunulustur. 3. kisimda veri ¢ogaltma islemi
hakkinda genel bilgiler verilmistir. 4. kisimda deneysel ¢alismalar gergeklestirilmistir. Bu ¢calismadan elde
edilen sonuglar ise 5. kissmda degerlendirilmistir.

EVRISIMLI SINIR AGLARININ OZELLIKLERI (FEATURES OF CONVOLUTIONAL NEURAL NETWORKS)

Yapay zekanin alt kolu olarak goriilen derin 6grenme giiniimiizde oldukca énemli bir yere sahiptir.
Yapay zeka kisi olarak adlandirilan ve yapay zekanin iizerindeki ilgisini kaybettigi donemlerden sonra,
gelisen teknoloji ve veri sayisinin artmasiyla 2010’1u yillarin basinda tekrar oldukga popiiler bir hal almaya
baslamistir (Floridi, 2020). Bu ilginin en biiytiik etkenlerinden biri ise oldukga basarili performans sonuglari
veren ESA modelleridir. ESA yapilari, en az bir katmaninda matematiksel bir islem olan konvoliisyonun
kullaruldig1 ¢ok katmanli bir YSA olarak ele alinabilir. Konvoliisyon katmaninin disinda dogrusal
olmayan, havuzlama, diizlestirme katmanlar1 ve son olarak YSA ile ayr isleve sahip olan tam baglantili
katman bulunmaktadir (Albawi ve dig., 2017). Sekil 1'de 6rnek bir ESA yapis1 gosterilmistir.
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Sekil 2: On-egitimli evrigimli sinir aglarinin katmanlari
Figure 2: Layers of pre-trained convolutional neural network

Ozellik ¢ikarimu icin konvoliisyon ve havuzlama katmanlari kullanilmaktadir. Bu kisminda kullanilan
filtreler yardimiyla goriintiiye ait onemli bilgiler iceren pikseller 6n plana ¢ikarilarak goriintiideki
gereksiz bilgiler atilmaktadir. Secilen filtrelerin giris resmini yatayda ve dikeyde tamamen taramasi
sonucunda 6zelik haritas: ortaya ¢tkmaktadir. Havuzlama katmaninda da yine boyutsal bir azalma s6z
konusudur. Bu sayede parametre sayisi ve hesaplama maliyeti azaltilabilir. Maksimum havuzlama en sik
tercih edilen havuzlama metodudur (O’Shea ve Nash, 2015).

2006 yilinda olusturulan, yaklasik 15 milyon yiiksek ¢oziintirliiklii goriintii ve 22 bin sinuf bulunduran
ImageNet veri seti ile ilk defa 2010’da diizenlenen ImageNet Biiyiik Olgekli Gorsel Tanima Yarigmasi'nda
(ILSVRC) kullanilmistir (Deng ve dig.,2009). Ik iki yil kullamlan makine 8grenmesi metotlarinin
ardindan, 2012 yilinda AlexNet derin 6grenme ag1 kullanilmigtir. AlexNet ile hata oranini yiizde 26’dan
ylizde 15’e diisiiriilmiistiir. Bu basarinin ardindan derin 6grenme modelleri biiyiik bir ivme ile yiikselise
gecmistir ve ilerleyen yillarda ShuffleNet, SqueezeNet ve GoogleNet gibi aglar da yarismada Snemli
dereceler elde etmistir. Sekil 2’de bu ¢alismada kullanilan ShuffleNet, SqueezeNet, AlexNet ve GoogleNet
aglarin katmanlar1 gorsel olarak sunulmustur. Ayrica, Cizelge 1’de ¢alismada kullanilan derin 6grenme
modellerinin ag yapilar1 verilmistir.
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Cizelge 1: Calismada kullanilan 6n egitimli modellerin ag yapilari
Table 1: Network structures of the pre-trained models used in this study

Method Giris Boyutu Filtre Boyutu Kaydirma Adimi ~ Katman Sayis1 ~ Toplam Agirlik
GoogleNet 224x224 1,357 1,2 22 7™
ShuffleNet 224x224 3,7 1,2 50 1.4M
SqueezeNet 227x227 1,3,7,13 1,2 18 1.24M

AlexNet 227x227 3,511 1,4 8 61M

AlexNet, 2012 ILSVRC’ de gosterdigi basar1 ile ESA’'nin yeniden popiilerlesmesinde 6ncii bir rol
tistlenmistir. Bu agin yapisinda besi konvoliisyon katmani ve iigii tam baglantili katman olmak {izere
toplam sekiz adet katman bulunmaktadir. Ayrica tanh yerine ReLU fonksiyonu kullanarak daha hizli bir
model elde edilmistir. Kullanilan diigiim seyreltme katmani sayesinde asir1 6grenmenin de oniine
gecilmistir. Modelde ii¢ tane de havuzlama katmam bulunmaktadir. Bu katman i¢in maksimum
havuzlama metodu kullanilmistir (Krizhevsky ve dig., 2012).

1x1Conv 1x1GConv 1x1GConv
lBN ReLU } BNReLU } BNReLU
Channel Shuffle Channel Shuffle
3x3 DWConw
¥ ¥
l BN RelLU 3x3 DWConw 233 3x3 DWConw
1x1Conv | BN AVGPool | BN
1x1GConv 1x1GConv
lBN ‘ BN ‘ BN
Add Add Concat
lReLU IReLU lReLU

Sekil 3: ShuffleNet'in icyapist (Zhang ve dig., 2018)
Figure 3: Internal structure of ShuffleNet

ShuffleNet 2017 yilinda sunulmustur. Bu model elli adet katman igeren dar bogaz yapisina sahip artik
bir yapidadir. Diger modellerle karsilastirildiginda daha az parametre ve karmasikliga sahiptir. Bu
sebeple daha ¢ok diisiik gii¢lii mobil cihazlar i¢in de uygun bir model olarak diisiiniilebilir (Zhang ve dig.,
2018). Sekil 3’de ShuffleNet'in igyapis1 gosterilmistir.

( N\

1x1 Konvoliisyon Filtresi

1x1 ve 3x3 Konvoliisyon Filtreleri

Sekil 4: SqueezeNet'in fire boliimlerinin genel gosterimi (Iandola ve dig., 2016)
Figure 4: General view of Fire parts of SqueezeNet
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SqueezeNet modeli ise 2016 yilinda ortaya ¢ikmistir. Bu ag toplam on sekiz adet katman igermektedir.
IIk ve son tabakasi konvoliisyon katmaniyken sekiz adet de atesleme (fire) katmani icermektedir.
AlexNet’e kiyasla 50 kat daha kiigiik toplam agirlik sayisina ve 31 kat daha yiiksek hiza sahiptir. Bu yap1
ile kiiclik ag1 modelleri olusturulabildiginden, mobil ya da gomiilii sistemlere kolaylikla entegre
edilebilmektedir (Iandola ve dig., 2016). Sekil 4’de, “fire” olarak belirtilen SqueezeNet modelinin igyapisi
verilmigtir.

A

t

3x3 Konvoliisyon 5x5 Konvoliisyon 1x1 Konvoliisyon

1x1 Konvoliisyon T T T

3x3 Maksimum
Havuzlama

m | ]

1x1 Konvoliisyon 1x1 Konvoliisyon

Onceki Katman

Sekil 5: Baslangi¢c modiiliiniin igyapisi (Szegedy ve dig., 2015)

Figure 5: The internal structure of inception module

Calismada kullarulan diger bir 6n egitimli derin 6grenme ag1 GoogleNet, yirmi iki adet katmana
sahiptir. Bu modelde bulunan baslangi¢ modiilleri sebebiyle karmasik sayilabilecek bir mimariye sahiptir.
Baslangi¢c modjilleri sayesinde art arda konvoliisyon ve havuzlama katmanlari siralanip, onlara filtre
uygulanmamistir. Bunun yerine agirlikli olarak birbirine paralel bagli birka¢ katman grubundan
olusmaktadir. Bu sayede hesaplama ve bellek maliyeti asag1 cekilmistir ve asir1 6grenmenin de 6niine
gecilmistir. 2014 yilinda %5,7 hata orani ile ILSVRC’de oldukca iyi sonuglar elde etmistir (Szegedy ve dig.,
2015). Baslangi¢ modiillerine ait yapi ise Sekil 5'de gosterilmistir.

VERI COGALTMA YAKLASIMI (DATA AUGMENTATION APPROACH)

Olusturulan herhangi bir derin 6grenme modelinin iyi egitilmesi, bu algoritmalar icin oldukga kritik
bir 6neme sahiptir. Egitim asamasinin basarili bir bigimde gergeklesebilmesi igin veri setinin yeterince
zengin orneklere sahip olmas: gerekmektedir. Veri setindeki goriintii sayis: arttikca gelistirilen ag modeli
daha iyi egitilebilecek ve test asamasinda daha yiiksek performans sonuglar elde edebilecektir. Ote
yandan, veri setindeki smiflarda esit sayida goriintii bulunmas: genelde miimkiin olmamaktadir ve
smiflarin sahip oldugu goriintii sayilarinda miktar bakimindan dengesizlikler olabilir. Ancak, model
egitilirken her sinif i¢in esit miktarda goriintii kullanilmasi da agin performansini artiran unsurlardandir
(Buda ve dig., 2018). Bu sebeple, veri setindeki siniflar arasindaki dengesizligi gidermek ve daha fazla
goriintii verisi elde etmek igin veri ¢ogaltma yontemi kullanmak oldukga etkili sonuglar verebilir (Bloice
ve dig., 2017). Bu metot, ¢evrim ici ya da ¢evrim dis1 olmak {izere iki sekilde uygulanabilmektedir. Cevrim
ici olarak uygulandiginda elde edilen goriintiiler diske kaydedilmezken, ¢evrim disi olarak
uygulandiginda ortaya ¢ikan goriintiiler diske kaydedilmektedir. Ayrica, ¢evrim igi veri arttirma modeli
kullanildiginda, her dongiide farkli goriintiiler goriilecektir. Cevrim disinda ise, elde edilen goriintiiler
egitim setinin bir parcasi olacaktir. Bu yiizden goriintiiler dongii sayisina bagli olarak ag tarafindan bircok
kez goriintiilenecektir (Shorten ve Khoshgoftaar, 2019).
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Bu calismada ¢evrim disi veri ¢ogaltma metodu kullanilmistir. Gergeklestirilen deneysel ¢alismalarda,
halka agik bir veri seti kullamilmistir (https://github.com/sinanuguz/CNN_olive_dataset). Orijinal veri
setindeki goriintiilere; aynalama/yansitma, bulaniklastirma, dondiirme, kesme-kaydirma islemleri
uygulanarak veri setinin genisletilmesi amaciyla veri ¢ogaltma yontemi uygulanmistir. Bu yontem
kullamilarak veri setindeki her bir goriintii icin bes adet yapay goriintii daha elde edilmistir. Boylece,
baslangigta 3300 olan goriintii sayis1 16500 adet arttirilarak 19800’e ¢ikarilmistir. Sekil 6’da her bir siniftan
secilen 0rnek goriintii ile ¢ogaltma yontemi sonucunda artirilmis gortintiiler sunulmustur.

VERI COGALTMA YONTEMLERI
Orijinal Goriintiiff ~ Aynalama Bulaniklastirma ||  Dondiirme Soldan Kesme || Sagdan Kesme

£
O

2

Sekil 6: Veri ¢cogaltma Srnekleri
Figure 6: Examples of data augmentation

Saglikli

HASTALIK
Pas Akar1

Kus Gozii

Sonug olarak ham veri setine veri ¢ogaltma isleminin uygulanmasiyla birlikte, miktar olarak alt1 kat
daha biiytik bir veri seti elde edilmistir. Kullanilan modellerin performans sonuglar1 her iki veri seti igin
de ayr1 ayr1 elde edilmis ve sonuglar devam eden béliimde sunulmustur.

DENEYSEL CALISMALAR (EXPERIMENTAL STUDIES)

Bu boliimde, 6n egitimli aglarin, zeytin yapragindaki hastaliklarin teshisindeki siniflandirma
performanslarini analiz edebilmek i¢in kiyaslama g¢alismalar1 gergeklestirilmistir. Bunun i¢in dogruluk,
duyarhlik, kesinlik, 6zgiillilk ve F1-Skor gibi degerlendirme Olgiitleri hata matrisi yardimiyla elde
edilmistir. Dogruluk, dogru tahmin edilen 6rneklem sayisinin veri setindeki tiim G6rneklem sayisina
oranidir. Duyarlilik, dogru tahmin edilen hastalikli drneklem sayisinin gercekte hastalikli olan tiim
orneklem sayisina oranidir. Kesinlik, dogru tahmin edilen hastalikli 6rneklem sayisinin hastalikli olarak
tahmin edilen toplam &rneklem sayisina oramudir. Ozgiilliik, dogru tahmin edilen hastalik olmayan
orneklem sayisinin gercgekte hastalik olmayan tiim 6rneklem sayisina oranidir. F1-Skor ise duyarlilik ve
kesinlik parametrelerinin agirlikli ortalamasidir. Eger veri setini olusturan érneklemler dengesiz dagilmis
ise tercih edilmektedir. Belirtilen bu degerlendirme Olgiitleri asagidaki formdiillerle ifade edilebilir
(Darwish ve dig., 2019; Deepak ve Ameer,2019).

Dogruluk = — 2220 N
DP+DN+YP+YN
_ DP
Duyarlilik = e )
Kesinlik = —2f— .
DP+YP
Ao aiillily — 2N
Ozgulluk = DN+YP “
F1 — Skor = 2 % 2uyarilik«Kesinlik .

Duyarlilik+Kesinlik
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Yukarida verilen denklemlerde dogru pozitif, dogru negatif, yanlis pozitif ve yanlis negatif DP, DN,
YP ve YN olarak simgelenmistir. DP, gergekte pozitif sinifinda yer alan ve dogru tahmin edilen say1y1
ifade etmektedir. DN, gercekte negatif sinifinda yer alan ve dogru tahmin edilen say1y1 ifade etmektedir.
YN, gercekte pozitif sinifta yer alan ve yanlis tahmin edilen say1y1 ifade etmektedir. YP, gercekte negatif
sinifta yer alan ve yanlis tahmin edilen say1y1 ifade etmektedir.

AlexNet 4 AlexNet
S 100 TTETT
= &
=] >
) 50 Q 2
»ah
S
A 0 L L L L . | 0 L
0 0.5 1 1.5 2 2.5 3 35 0 0.5 1 1.5 2 2.5 3 35
x10* x10*
GoogLeNet GoogLeNet
2 100
é/ [TII!
E
= 50
=
»ah)
o)
a9 . . . . . ]
0 0.5 1 1.5 2 2.5 3 35 1 1.5 2 2.5 3 35
x10* x10*
ShuffleNet ShuffleNet
’;100 T T =T T TITT 4
c\ TIII
= &
= >
= 50 22
)?{) M
o)
(a) 0 L L L 1 l 1 ! 0 Ll a aaled
0 0.5 1 1.5 2 2.5 3 35 0 0.5 1 1.5 2 2.5 3 35
x10% x10%
SqueezeNet 4 SqueezeNet
S
-~ &
3 g2
»50) Training 2 1 Training
8 """"""" Validation ~ [Elddelly 00 e Validation
| | | | ! ) 0 N
1 1.5 2 2.5 3 35 0 0.5 1 1.5 2 2.5 3 35
x10% x10*

Sekil 7: Egitim ve kayip egrileri
Figure 7: Training and loss graphs

Deneysel ¢alismalar, Intel (R) i7-10750H CPU @2.60 GHz, NVIDIA Quadro P620 GPU ve 16 GB RAM
bellege sahip bir is istasyonu kullanilarak Matlab R2020a ortaminda gerceklestirilmistir. Sonuglar, ham
veri seti ile ¢ogaltilmis veri seti analizleri olmak {izere iki kisma ayrilmustir. Ik olarak ham veri seti
tizerinde karsilastirmalar yapilmistir. Ham veri setinde pas akari, kus gozii mantar: ve saglikli olarak
siniflandirilan 6rneklerden sirasiyla 890, 950 ve 1460 goriintii bulunmaktadir. Veri setini dengeli bir hale
getirmek i¢in en az sayidaki goriintiiden olusan pas akar1 sinifindaki 6rnek sayisina diger siniflarin sayisi
esitlenmistir.

Sekil 7’de her bir derin 6grenme modeli igin egitim ve kayip egrileri verilmistir. Egitim sonucunda
AlexNet, GoogleNet, ShuffleNet ve SqueezeNet i¢in kayip degerleri sirasiyla 3.51e-5, 9.61e-7, 1.2e-5 ve
1.16e-7 degerlerine ulasmistir. Cizelge 2’de ise her bir modelin egitim ve test siireleri verilmistir. Burada,
SqueezeNet en 115.44dk ile en diisiik egitim siiresine sahip iken GoogleNet 257.85dk ile en yiiksek egitim
siiresini vermistir. Ayrica, AlexNet bir goriintii igin 0.00309sn ile en hizli test performansini saglamigtir.
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Cizelge 2: Derin 6grenme modellerinin egitim ve test siireleri
Table 3: Training and test times of the deep learning models

Model Egitim Stiresi (dk) Test Siiresi (sn)
AlexNet 120.61 0.00309
SqueezeNet 115.44 0.00374
ShuffleNet 231.68 0.00524
GoogleNet 257.85 0.00670
AlexNet GoogleNet
Pas
Pas Akari Akart
Saghkh Saghkh
Kus Gozi Kus Gozij
Mantart Mantar1
Pas Akar1  Saghkl Kus Gozii Pas Akar1  Saglikli Kus Gozi
Mantar1 Mantar1
SqueezeNet ShuffleNet

Pas Akari Pas Akari

Saghikh Saglikli

Kus Gozi
Mantar1

Kus Gozi
Mantar1

Pas Akari  Saglikl; Kus Gozii Pas Akar1  Saglikli Kus Gézii
Mantar1 Mantari

Sekil 8: Ham veri setinden elde edilen hata matrisi
Figure 8: Confusion matrix obtained from raw dataset
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Deneysel ¢alismalardan elde edilen hata matrisi her bir model i¢in ayr1 ayr1 Sekil 8’de sunulmustur.
Ayrica, performans degerlendirme Sl¢iitlerinin sayisal degerleri Cizelge 3’de verilmistir. Cizelge 3’den de
goriilecegi tizere ShuffleNet tiim performans metriklerinde en iyi sonuglar1 saglamaktadir. ShuffleNet’ in
ortalama dogruluk, duyarlilik, 6zgiilliik, kesinlik ve F1-Skor olclitlerindeki degerleri sirasiyla %98.51,
%98.51, %99.25, %98.52 ve %98.51 olarak hesaplanmustir. Ikinci en iyi sonuglari ise kus gozii mantarinda
dogruluk i¢in %99.25, duyarlhilik icin %99.25, 6zgiilliik icin %99.25, kesinlik i¢in %98.51 ve F1-Skor icin
%98.88 degerlere sahip GoogleNet saglamistir. GoogleNet diger smiflarda da yine en iyi ikinci
performansi gostermistir. Bu deneysel ¢alismada tiim performans degerlendirme 6lgiitlerinde en diisiik
smiflandirma sonuglarini AlexNet gostermistir. AlexNet’ in sirasiyla dogruluk, duyarlilik, 6zgiilliik,
kesinlik ve F1-Skor ol¢iitlerindeki ortalama degerleri ise %92.04, %92.04, %96.02, %92.12 ve %92.05"dir.
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Cizelge 3: Ham veri setinden elde edilen degerlendirme 0lgiitlerinin karsilastirilmasi
Table 3: Comparison of performance metric results obtained from the raw dataset

Model Hastalik Dogruluk Duyarhilik Ozgiillitk Kesinlik F1-Skor
Kus Gozii Mantar1 0.9402 0.9402 0.97014 0.94029 0.94029
AlexNet Saglikli 0.9253 0.9253 0.94029 0.88571 0.90510
Pas Akari 0.8955 0.8955 0.97014 0.93750 0.91603
Ortalama 0.9204 0.9204 0.9602 0.9212 0.9205
Kus Gozii Mantar1 0.9925 0.9925 0.9925 0.9851 0.9888
GoogleNet Saglikli 0.9701 0.9701 0.9962 0.9923 0.9811
& Pas Akari 0.9776 0.9776 0.9813 0.9632 0.9703
Ortalama 0.9801 0.9801 0.9900 0.9803 0.9801
Kus Gozii Mantar1 0.9925 0.9925 0.9888 0.9779 0.9851
Saglikli 0.9925 0.9925 0.9925 0.9851 0.9888
ShuffleNet
Hiene Pas Akari 0.9701 0.9701 0.9962 0.9923 0.9811
Ortalama 0.9851 0.9851 0.9925 0.9852 0.9851
Kus Gozii Mantar1 0.9477 0.9477 0.9776 0.9548 0.9513
SqueezeNet Saglikli 0.9776 0.9776 0.9776 0.9562 0.9667
Z,
q Pas Akari 0.9552 0.9552 0.9850 0.9696 0.9624
Ortalama 0.9602 0.9602 0.9801 0.9603 0.9602
AlexNet GoogleNet
Pas Akari 5 1 Pas Akart 1 2
Saglikh 3 6 Sagliklu 2
Kus Gozii 5 4 Kus Gozi ) s
Mantart Mantari
< Kus Gozi . K ozl
Pas Akar1  Saglikli ]\l/llzm;)rz]u Pas Akar1  Saglikl I\l/lliri:rzlu
SqueezeNet ShuffleNet
Pas Akar1 1 3 Pas Akart 3 4
Saglikli 2 1 Saglikli 1
Kus Gozi 3 s Kus Gozi 1 4
Mantart Mantar1
Pas Akart  Saglhkl Kl\l/llirigrzlﬁ Pas Akart  Sagliklh KI\L/ES:?

Sekil 9: Cogaltilmis veri setinden elde edilen hata matrisi
Figure 9: Error matrix from the augmented dataset

Ikinci asamada, her bir hastalik tiiriindeki drnekler icin veri ¢ogaltma islemi gergeklestirilmistir. Her
hastaliktaki bir goriintiiye aynalama/yansitma, bulaniklastirma, dondiirme, kesme-kaydirma islemleri
uygulanarak 6rnek sayisi arttirilmistir. Boylece veri setindeki toplam goriintii 19800 olarak elde edilmistir.
Deneysel ¢alismalardan elde edilen hata matrisi her bir model i¢in Sekil 9’da sunulmustur.
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Cizelge 4: Cogaltilmis veri setinden elde edilen degerlendirme 6l¢iitlerinin karsilastirilmasi
Table 4: Comparison of performance metric results obtained from the augmented dataset

Model Hastalik Dogruluk Duyarhilik Ozgiilliik Kesinlik F1-Skor
Kus Gozii Mantar1 0.9925 0.9925 0.9950 0.9900 0.99127

AlexNet Saglikli 0.9887 0.9887 0.9943 0.9887 0.98876
Pas Akari 0.9887 0.9887 0.9956 0.9912 0.99000

Ortalama 0.9900 0.9900 0.9950 0.9900 0.9900

Kus Gozii Mantar1 0.9975 0.9975 0.9988 0.9975 0.9975

GoogleNet Saglikli 0.9988 0.9988 0.9988 0.9975 0.9981
Pas Akari 0.9963 0.9963 0.9988 0.9975 0.9969

Ortalama 0.9975 0.9975 0.9988 0.9975 0.9975

Kus Gozii Mantar1 0.9975 0.9975 0.9988 0.9975 0.9975

Saglikli 0.9963 0.9963 0.9988 0.9975 0.9969

ShuffleNet Pas Akari 0.9988 0.9988 0.9988 0.9975 0.9981
Ortalama 0.9975 0.9975 0.9988 0.9975 0.9975

Kus Gozii Mantari 1 1 0.9993 0.9987 0.9993

SqueezeNet Saglikli 0.9962 0.9962 0.9993 0.9987 0.9975
Pas Akari 0.9987 0.9987 0.9987 0.9975 0.9981

Ortalama 0.9983 0.9983 0.9992 0.9983 0.9983

Cizelge 5: On egitimli aglarin iyilestirme sonuglart
Table 5: Improvement results of pre-trained networks

Model Performans Olciitii Iyilestirme Oram (%)
Dogruluk 7,56
Duyarhilik 7,56
Ozgiillitk 3,62
AlexNet Kesinlik 7,47
F1-Skor 7,55
Dogruluk 1,78
Duyarlilik 1,78
Ozgiilliik 0,88
GoogleNet Kesinlik 1,75
F1-Skor 1,78
Dogruluk 1,26
Duyarlilik 1,26
Oz giillitk 0,63
ShuffleNet Kesinlik 1,25
F1-Skor 1,26
Dogruluk 3,97
Duyarhilik 3,97
Ozgiilliik 1,95
SqueezeNet Kesinlik 3,96
F1-Skor 3,97

Veri ¢ogalta sonucu elde edilen performans degerlendirme 0lciitlerinin sayisal degerleri Cizelge 4’de
verilmistir. Cizelge 4’'de goriildiigii lizere veri ¢ogaltma isleminin ardindan en iyi performans sonucu
SqueezeNet ile elde edilmistir. SqueezeNet'in ortalama dogruluk, duyarlilik, 6zgiilliik, kesinlik ve F1-Skor
Olctitlerindeki degerleri sirasiyla %99.83, %99.83, %99.92, %99.83 ve %99.83 olarak hesaplanmistir.
GoogleNet ve ShuffleNet birbirine oldukga yakin sonuglar vermistir. GoogleNet'in pas akar: sinifindaki
dogruluk, duyarlilik, 6zgiilliik, kesinlik ve F1-Skor oOlgiitlerindeki degerleri sirasiyla %99.63, %99.63,
%99.88, %99.75 ve %99.69 iken, ShuffleNet i¢in bu degerler sirasiyla %99.88, %99.88, %99.88, %99.75 ve
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%99.81’dir. AlexNet veri ¢ogaltma isleminden sonra ortalama dogruluk, duyarlilik, 6zgiilliik, kesinlik ve
F1-Skor degerleri sirastyla %99.00, %99.00, %99.50, %99.00, %99.00 olarak elde edilmistir.

Yapilan veri arttirma isleminden sonra derin 6grenme modelleri daha fazla goriintii ile egitilmistir.
Bunun sonucunda, her bir model yonteminin performans metrik Ol¢iitlerindeki sayisal degerlerde
iyilesme oldugu goriilmiistiir. Bu iyilestirme sonuclar Cizelge 5'de detaylica sunulmustur. Cizelge 5’e
gore veri arttirma islemi ile AlexNet'in degerlendirme 6lgiitlerinde dogruluk igin %7.56, duyarlilik icin
%7.56, 0zgiilliik icin %3.62, kesinlik %7.47 ve F1-Skor icin %7.55’lik bir artisin oldugu goriilmektedir. Bu
degerler GoogleNet icin sirasiyla %1.78, %1.78, %0.88, %1.75 ve %1.78 olarak elde edilmistir. ShuffleNet
ve SqueezeNet icin ise dogrulukta %1.26-%3.97, duyarlilikta %1.26-%3.97, ozgiilliikte %0.63-%1.95,
kesinlikte %1.25-%3.96 ve F1-Skorda %1.26-%3.97 olarak iyilestirme yiizdeleri hesaplanmistir

SONUCLAR (RESULTS)

Bu calismada, zeytin yapragindaki hastaliklarin teshisi ve siiflandirilmas: gerceklestirilmistir. Veri
setinde bulunan her hastalik sinifindaki 6rnekler veri ¢ogaltma yontemi ile arttirilmistir. Boylece daha
fazla sayida Ornekten olusan bir veri seti hazirlanarak derin 6grenme modellerinin basarimlarmin
arttirillmasi amaglanmistir. Veri seti dengelenerek olusturulan egitim 6rnekleri en ¢ok kullanilan AlexNet,
GoogleNet, ShuffleNet ve SqueezeNet gibi 6n egitimli modellere uygulanmistir. Calismada kullanilan
her bir derin 6grenme modeli i¢in deneysel calismalar gerceklestirilmis ve elde edilen sonuglar
degerlendirme Olgiitlerine gore analiz edilmistir. Zeytin yapragindaki hastaliklarin teshisi i¢in ham veri
setinde en iyi sonuglar1 dogruluk igin %98.51, duyarlilik i¢in %98.51, 6zgiilliik i¢in %99.25, kesinlik icin
%98.52 ve F1-Skor icin %98.51 degerleri ile ShuffleNet saglamistir. Arttirilmis veri setinde ise en iyi
sonuglari SqueezeNet gostermistir. Ayrica, arttirilmis veri seti sayesinde ham veri setindeki sonuglar
AlexNet icin %3.62 ile %7.56, GoogleNet i¢in %0.88 ile %1.78, ShuffleNet i¢in %0.63 ile %1.26 ve
SqueezeNet i¢in %1.95 ile %3.97 arasinda iyilestirilmistir.

Ileriki calismalarda ise farkli ESA yapilar gelistirilip 6zellik se¢im ve ¢ikarim islemleri ile kombine
edilerek daha dogru ve giivenilir siniflandirma sonuglarinin elde edilebilecegi diistiniilmektedir.
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ABSTRACT: Today, energy is accepted as the most indicator of economic development. However, the
use of fossil fuels as energy sources is caused the depletion of the ozone layer, global warming and climate
change. Therefore, using renewable energy systems called sustainable energy is a remarkable step in terms
of both minimizing fossil fuel consumption and the effects of the environment on human health. In this
study, solar chimneys, one of the solar-assisted electricity generation systems among renewable energy
sources, are analyzed. A solar chimney power plant (SCPP) has been designed by considering the
environmental conditions of the Iskenderun region in Hatay province. The facility consists of collector,
chimney, turbine and generator. Sun rays entering the solar chimney from the transparent collector heat
the air. The heated air leaves the solar chimney with the effect of the pressure difference. The turbine is
placed in the chimney section where the air velocity is high. The mechanical power obtained from the
turbine is converted into electrical energy through the generator. The energy source of the system is the
sun, and the working fluid of the system is air. In the calculations, the average irradiance value of the
Iskenderun region was used and optimization of the designed SCPP was made using these values. The
optimization of the SCPP designed for the Iskenderun region is performed using numerical analysis
programs.

Keywords: Solar chimney, Renewable energy, Solar energy, CFD

iskenderun Bolgesi icin Tasarlanan Giines Baca Santrali Sayisal incelemesi

OZ: Giiniimiizde enerji, ekonomik gelismisligin en 6nemli gostergesi olarak kabul edilmektedir. Ancak
fosil yakitlarin enerji kaynag: olarak kullanilmas: ozon tabakasinin incelmesi, kiiresel issnma ve iklim
degisikligine neden olmaktadir. Bu nedenle siirdiiriilebilir enerji olarak adlandirilan yenilenebilir enerji
sistemlerinin kullanilmas1 hem fosil yakit tiiketimini en aza indirmek hem de gevrenin insan saghigina
etkileri acisindan dikkate deger bir adimdir. Bu ¢alismada yenilenebilir enerji kaynaklarindan giines
enerjisi destekli elektrik iiretim sistemlerinden biri olan giines bacalar1 incelenmistir. Hatay ili Iskenderun
bolgesinin ¢evre kosullar: dikkate alinarak giines bacali elektrik santrali (SCPP) projelendirilmistir. Tesis
kollektor, baca, tiirbin ve jeneratérden olusmaktadir. Seffaf kollektorden giines bacasina giren giines
1sinlar1 havayi 1sitmaktadir. Isinan hava, basing farkinin etkisiyle giines bacasini terk etmektedir. Tiirbin,
hava hizinin yiiksek oldugu baca boliimiine yerlestirilmektedir. Tiirbinden elde edilen mekanik giig,
jeneratOr vasitasiyla elektrik enerjisine doniistiiriilmektedir. Sistemin enerji kaynag1 giines, sistemin
calisma akiskani ise havadir. Hesaplamalarda Iskenderun bolgesinin ortalama 1s1nim degeri kullanilmis
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ve bu degerler kullanilarak tasarlanan SCPP'nin optimizasyonu yapilmistir. Iskenderun bélgesi igin
tasarlanan SCPP'nin optimizasyonu sayisal analiz programlar: kullanilarak gerceklestirilmektedir.

Anahtar Kelimeler: Giines bacasi, Yenilenebilir enerji, Giines enerjisi, HAD
1. INTRODUCTION

Considering today's climatic conditions and the fluctuating epidemic process, energy constitutes the
lifeblood of economies for developed or developing countries. In addition, the closure of countries and
the disruption of supply processes, the increasing population density cause an increase in the burden on
e-commerce, and therefore, the dependence on technology is constantly increasing. As a result of this,
problems in energy supply and the inability to meet the demand are seriously on the agenda. Also, a
bigger problem is the depletion of fossil fuels and the inability to fully improve energy sources that can
replace them (Mert et al., 2020). For this reason, serious studies are being carried out on the variety of new
systems suitable for non-traditional renewable energy sources such as solar, wind, hydroelectric and
biomass (Karami et al., 2021; Tan et al., 2022; Nassar et al., 2021; Roy and Samanta, 2021; Kog et al., 2020).
However, the most remarkable sustainable energy source among these energy sources is solar energy.
Many serious studies continue on solar energy such as solar towers, parabolic trough systems,
photovoltaic systems and combined systems. In this study, the solar chimney, which is one of the solar-
assisted electricity generation systems, is discussed. SCPP is enabled carbon-free electricity generation
leading to sustainable growth and development towards a green economy and a safer environment. It is
also used for other applications such as air conditioning, desalination, electrical power generation and
agri-food processing (Das and Chandramohan, 2020). SCPP has three basic components. These are the
absorbing ground layer, the solar collector and the solar chimney. In addition, a turbine connected to the
generator is required to convert the kinetic energy of the air into electrical energy (Das and
Chandramohan, 2020). The theoretical concept of the solar chimney plant was first developed by Hanns
Gunther at the beginning of the 19th century and the first plant was built in 1981 in Manzanares, Spain
under the supervision of J. Schlaich, and the theoretical description of the solar chimney was provided by
Haaf et al. (Haaf et al., 1983). Later, Schlaich et al. investigated the commercial and economic viability of
a large-scale plant (up to 200 MW). Apart from these, there are many studies on solar chimneys. Sing et
al. performed the CFD analysis of the hybrid PV and solar chimney, taking into account the solar radiation
of 850 W/m?, assuming zero inlet and outlet pressures. They used a solar chimney height of 3 meters and
a collector radius of 1.5 meters. They made 4 different mesh improvements and reached the maximum
number of 225820. Ultimately, the solar chimney power output of 2.258 W was obtained as the best result
(Singh et al., 2020). Nasraoui et al. designed a conventional, parallel and counter-flow solar collector to
increase the efficiency of the solar chimney. During the CFD analysis, a maximum of 300746 mesh was
used and the solar chimney inlet and outlet pressures were accepted as zero. They also accepted the solar
radiation as 880 W/m2. As a result of their studies, they claimed that they increased the system efficiency
up to 28% (Nasraoui et al., 2020). Kebabsa et al. investigated the solar chimney in two dimensions. A
power of 0.34 W was obtained from the solar chimney with a height of 12.3 meters and a radius of 12.5
meters, and they claimed that the optimum collector inlet angle was 9.1 degrees (Kebabsa et al., 2020).

Considering all these studies, there is almost no study that used the working fluid that is accepted as
compressible fluid. Besides, in most of the studies, the sun was not defined as well as the pressure
difference that would occur due to the height difference between the chimney inlet and outlet was not
defined. In this study, the working fluid was accepted as an ideal gas. The location of the Iskenderun
region, the date and time were selected and the sun was defined, the solar chimney outlet pressure was
identified to the system by calculating the pressure drop depending on the height of the chimney.
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2. SYSTEM DESCRIPTION

When designing SCPPs, the design should be made by considering many variables. Within the scope
of this study, the parameters in Table 1 were accepted as constant.

Table 1. Beginning parameters for solar chimney
h (m) R (m) a(®) B () r (m) a(m) I (W/m?2)

0.6 20 5 2 2.75 2 700

The main variables in the geometric design of the SCPP are; collector inlet height (h), collector radius
(R), collector angle (), divergent angle ({3), chimney radius (r), radius of the curve between collector and
chimney connection (a), solar radiation (I) and chimney height (H). The parameters in Table 1 were
considered constant and optimization were performed for different chimney heights. The schematic
outlook of the SCPP is shown in the Figure 1.

Figure 1. The schematic outlook of the SCPP

After the design parameters of the SCPP are identified in the numerical analysis program, it needs to
be divided into many small parts. These parts are called meshes. As the number of mesh elements
increases, the system is divided into smaller parts and more accurate results are obtained in the numerical
analysis. The mesh structure of the solar chimney is shown in Figure 2.
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Figure 2. The mesh structure of the solar chimney

On the other hand, it is as important as the number of mesh elements in which regions the mesh is
more frequent. The parameters such as velocity or temperature are shown rapidly changes in the regions
near the surface. Therefore, the mesh should be tightened in the regions near the surface. In Figure 3, it is
seen that the mesh applied on the SCPP becomes denser in a way that it consists of 3 layers in the regions
near the chimney surface.

Figure 3. Mesh structure on the chimney outlet surface

This dense mesh structure consisting of 3 layers on the chimney surface continues throughout the
collector. On the ground, the number of these dense layers has been increased to 4. The reason for this is
that high temperature differences will occur at unit distances perpendicular to the ground, unlike the
adiabatic chimney surface. The mesh structure in the air inlet area is given in the Figure 4.
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Figure 4. Mesh structure in the air inlet area

Considering the mesh properties above, for an SCPP with a chimney height of 50 m, the number of
mesh elements and the number of nodes applied on the SCPP were carried out as 1384905 and 400394,

respectively.

After the mesh structure was completed, the problem was defined in the numerical analysis program.
While making these definitions, several different methods from the literature were used. The first of these
differences is fluid selection. In many publications, the fluid has been chosen as an incompressible fluid,
but in this study, the fluid has been accepted as an ideal gas. The second difference is that in many
publications, the heat source was applied from the ground by determining an average heat flux or a
constant temperature was determined for the ground. Another difference is related to the boundary
conditions, the pressure of the air in the inlet and outlet regions of the system is defined as 101325 Pa in
many publications. Table 2 shows the boundary conditions of the system.

Table 2. Boundary Conditions

Boundary Conditions

Model features

SCPP Inlet Pressure
Ambient Temperature
SCPP Output Pressure
Ground

Collector

Chimney

P, = 101325 Pa
T, = 300K

Pout = Pin —p.g. H
Opaque
Transparent

Opaque and insulated

3. MATHEMATICAL MODEL

The energy equations should be chosen considering the boundary conditions. In this study, Navier-
Stokes and continuity equations are used to explain the flow in the x, y and z directions. The y-direction
is opposite to the direction of the gravitational force (Cable, 2009).

The momentum in the x-direction;
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a a a d P 8%u | 9%u | 9%u

57 (pw) +—(puu) + p (pvu) + —(pwu) = ——+u (ﬁ 2 @) 1)
The momentum in the y-direction;

] a ] a %y | 8%

2 (o) + 2 (o) + = (o) + 2 (pwn) = - L4 w+v) (24 22+ 2Y) ()
The momentum in the z-direction;

a a a 9 _oP a?w | 9%w | 9%w

5 (ow) + (puw) + p (pvw) + Py (pww) = — T v +v) (ﬁ t52 g) 3)
Continuous flow equation;

] ] ] _

o (ow) + 7 (pv) + - (pw) =0 4)

Shih's Realizable model is lately the most remarkable model among the three k-¢ variations for the
SCPP. This model has two important differences from the standard k-e model. It is used novel equality
for turbulent viscosity, and the dissipation rate equation is obtained from the equality for transporting the
mean square eddy fluctuation. The form of the eddy viscosity equations is dependent on feasibility
constraints and the positivity of normal Reynolds stresses as well as the Schwarz inequality for turbulent
shear stresses. The realizable k-¢ model is more suitable and accurate than standard or RNG k-& models
in predicting flows like discrete flows and flows that have complex secondary flow characteristics (Shih
et al,, 1995). In this study, the realizable k-& turbulence model was applied as a turbulence model.
Transport equations for realizable k-& turbulence model;

% (0k) + 5 (k) = ngﬁﬂ+@+%—m—m ©)

_(pg) +o- (pke,) =— [(u + £t ] +pCiSe — pCr = J_ +Cre £ €3Gy (6)

While Gk represents the generation of turbulent kinetic energy due to mean velocity gradients, Gb is
the generation of turbulent kinetic energy because of buoyancy. Also, Ywm refers to the fluctuating dilation
incompressible turbulence that contributes to the overall dissipation rate. In addition, Sc and Sk are
parameters defined by depending on the study performed. Moreover ax and a: are indicated the turbulent
Prandtl numbers for the turbulent kinetic energy and its dissipation. The eddy viscosity p; is calculated
from equation 7 (Shih et al., 1995);

te = pCu— )
The value of C,is calculated from equation 8 (Shih et al., 1995);

1

Cp=—%wr (8)

AgtAg z
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Qij = Qi — &ijpw — 264500y (10)

In the above equation, (;; is the average rate of rotation tensor which is observed in a rotating
reference frame that has an angular velocity wy,. The constants A, and Ay are as follows (Shih et al., 1995);

Ay = 4.04, A, =/6cos ¢ (11)
1 _ SiiSikSki ~ 1(0u; Ay
(p = ECOS 1 (\/g%fk) ) S = SijSij ) Sij = E(a_xi-l_%) (12)

It is seen that the €, value is a function which is depended on the angular velocity, the rotational rates
and the mean strain, its dissipation rate and the turbulent kinetic energy when considered the rotating
system. The standard value of Cp =0.09 is obtained from the solution of equation 8 for an inertial sublayer
in the equilibrium boundary layer (Shih et al., 1995):

C, = max (ﬁ (0.43)) (13)

k
v=5() (14
Cie=1.44 C:=19 ok=1.0 oe=12

Gp value for ideal gases;

_ g e 0p
Gy = ~g1 o 3% (15)
v
3¢ < -
Cse = tanh |*] (16)

k and ¢ are turbulent kinetic energy and dissipation rate, respectively.

p=po(1- BT —Ty)) (17)
0 and {3 are reference density and coefficient of thermal expansion, respectively.

The discrete coordinate model (DO) is chosen to calculate the solar radiation coming into the system.
The following equations are used in this model;

- =\ = - = s (4 - = - = ’
V-(IL(7,s)5s)+ (o, 0L (T, s)=a;\n21b;\+:—nfonl;\( r,s)®(T,s")dQ'(18)

ar, 0s, n and A are absorption coefficient, reflection coefficient, refractive index and wavelength,
respectively. The total luminous intensity in the 5™ direction is equal to the amount of spectral luminous
intensity over the wavelength bands and is written as;

I(?v?)=2kl)\(?v?)A}\k (19)
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In the SCPP, the Grashof number is expressed as;

5
Gr = 57 ATH® (20)

AT =Toy — T; (21)

Y and g represent kinematic viscosity and gravitational acceleration, respectively. The Richardson
number is the ratio of the Grashof number to the square of the Reynolds number. If the Richardson number
is over 10, forced convection; If it is below 0.1, natural convection can be neglected. Between 0.1 and 10, it
represents a mixed convection flow in which both types of convection cannot be neglected (Shih et al.,
1995).

Gr

Ri=-1 (22)
P = ~Brav? (23)
m = pAv (24)

m, p and A values are mass flow rate, density and cross-sectional area, respectively. P refers to the
power obtained from the turbine. According to Betz's law, not all of the air coming into a turbine can be
converted into kinetic energy. Up to 59.25% of the air coming into the turbine can be converted into kinetic
energy. This value is called the Betz constant and is referred to B (Setia et al., 2021).

A = R? (25)

n== 26)

IA

A and 7 represent the surface area of the floor of the SCPP and the efficiency, respectively.

Neor = -2 (27)
The commonly used expression of collector efficiency is expressed as 7.,

Menim = 5, (28)
For the efficiency of the chimney, the expression 7., is used.

Nscpp = McotMlchim (29)

Nscpp = it (30)

TIAToyut
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The expression nscpp is used for the efficiency of the SCPP.
4. RESULTS And DISCUSSIONS

Numerical analyzes were made for the SCPP with 4 different chimney heights. As a result of the
analyzes made, the velocity gradients formed in the SCPP with a chimney height of 50 meters are seen in
the Figure 5.

[mis]

Figure 5. Velocity gradient
As seen in Figure 5, the velocity reaches its highest level in the narrow section of the chimney. Again,
the pressure gradients formed in the SCPP with a chimney height of 50 meters are seen in the Figure 6.
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Figure 6. Pressure gradient
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In many studies, since the inlet and outlet pressures are the same, pressure gradients are measured as
atmosphere pressure on the ground and at the chimney outlet, and some negative pressure occurs in the
narrow section of the chimney (Nasraoui et al., 2020). In this study, a pressure difference of 575 Pa occurs
between the inlet and outlet points of the air. In Figure 6, it is seen that the pressure decreases regularly
from the floor toward the chimney outlet. These pressure values read in Figure 6 are relative pressure
values. The velocity vectors formed in the SCPP with a chimney height of 50 meters and in the narrow
section of the chimney are comprehensively shown in the Figure 7.

vector
Velocity Magnitude

712

[mis]

Figure 7. Velocity vectors

As the air enters the system at very low speeds at the collector inlet, its velocity increases rapidly as it
moves towards the collector center. As the air enters the narrow section of the chimney, it changes
direction and moves upwards. Since the air cannot change its direction suddenly at the junction of the
collector and the chimney where this direction change is experienced, the vortex is occurred and energy
losses are observed. In order to prevent these energy losses while designing, a curve with a radius of 2 m
was formed on the chimney and collector connection area. In this way, all velocity vectors are aligned
upwards in the narrow section of the chimney Since the SCPP is expanded an angle of 2 degrees towards
the chimney outlet, the air velocity decreases as one moves towards the solar chimney outlet. The
temperature distribution formed in the cross-section of the SCPP which has a chimney height of 50 meters
is shown in the Figure 8.
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As solar radiation is absorbed by the ground, an increase in temperature is observed on the ground.

Due to the increase in the temperature difference between the air and the ground, the heat transfer rate is
increased and the air temperature is started to increase in the regions near the ground.

As the air is transmitted into the center of the collector, its temperature continues to increase until it

reaches the chimney inlet. In the region below the chimney inlet, this temperature reaches the highest
value. Then, as the air rises from the chimney, the temperature is distributed homogeneously and the
average temperature remains constant throughout the adiabatic chimney. The numerical analyzes are
performed for 4 different SCPPs which have 50, 100, 150 and 200 meters height. As a result of the analyzes
made, the velocity, mass flow rate and chimney outlet temperature values formed in the narrow section
of the chimney are shown in the Figure 9.
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Figure 9. The velocity, mass flow rate and chimney outlet temperature values formed in the narrow
section of the chimney
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The narrow section of the chimney is where the speed is highest throughout the entire system and
therefore the turbine is placed in this region. Basically, there are two main parameters that increase the
speed value. While the first of these is the collector diameter, the second is the height of the chimney.
Firstly, as the collector diameter increases, the total amount of radiation entering the system also increases.
Also, the high amount of radiation is increased the floor temperature and therefore the heat transfer rate
is heightened. In this way, after the air temperature increases, the heated air is swiftly raised. In addition,
the density of the heated air on the ground decreases and it is subjected to a force along the chimney due
to the density difference. Secondly, as the height of the chimney increases, it is observed that it is more
exposed to this force and the velocity of the working fluid increases. The lowest and highest velocity
values in the narrow section of the chimney were calculated as 6.22 m/s and 21.46 m/s for 50 and 200 m
chimney heights, respectively.

As soon as the air enters the system, the velocity of the working fluid is varied depending on the cross-
sectional area, but the mass flow rate is constant. The measured mass flow rate values at the collector inlet,
chimney outlet and narrow section of the chimney are the same. As the height of the chimney increases,
negligible changes are observed in the density value, on the other hand, although the cross-sectional area
is not changed, and the velocity value changes dramatically. Therefore, considering equation 24, it is seen
that the mass flow rate and velocity value are increased in direct proportion to each other. In Figure 9, it
is seen that the mass flow rate values formed in the narrow section of the chimney are directly proportional
to the height of the chimney. When evaluated the mass flow rate results in the graph, while the lowest
mass flow rate in the narrow section of the chimney was calculated as 172.45 kg/s at the 50 m chimney
height, the highest mass flow rate is found as 596.22 kg/s at 200 m at chimney height.

As the height of the chimney increases, it is clearly seen that the speed and flow values are increased
with the effect of the pressure difference, but the temperature values decrease. The reason for this is that
the amount of air in contact with the ground increases thanks to the rising air velocity, and more air mass
shares the heat transferred from the ground. For this reason, the amount of increase in the temperature of
the air decreases as the height of the chimney increases. The lowest and highest temperature values at the
chimney outlet are calculated as 300.45-301.54 K for 200 and 50 m chimney heights, respectively. The
power and efficiency values calculated depending on the changing chimney heights are shown in the
Figure 10.
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While calculating power and efficiency values of the SCPP, equation 23 and equation 26 are used,
respectively. Starting from equation 23, it can be said that power is proportional to the cube of the velocity
when the changes in density are ignored. As the height of the chimney increases, the velocity value is
increased and therefore the power value of the SCPP obtained is also increased in direct proportion to the
cube of the velocity. The efficiency value of the SCPP is the ratio of the obtained power to the total solar
radiation entering the system. Since the total solar radiation is not changed as the height of the chimney
increases, the efficiency value of the SCPP is changed directly proportional to the power. For this reason,
the efficiency value of the SCPP is increased in direct proportion to the cube of the speed as the height of
the chimney increases, just like the power value. Among the designs, the lowest and highest power and
efficiency values were calculated as 1.97 kW, 81.38 kW and 0.22%, 9.25% for 50 and 200 m chimney heights,
respectively. In the Table 3, some efficiency values obtained in this study are compared with the efficiency
values obtained from other studies in the literature.

Table 3. Efficiency values

Study H (m) 1 (%) Neot (%) Nchim (%) Nscpp (%)

50 0.22 30.3 0.16 0.049

This study 100 1.07 29.9 0.32 0.097
150 3.85 29.5 0.49 0.144
200 9.25 30.8 0.65 0.200

Sivaram et al., 2020 0.45 - 26.4 0.45 0.0012

Das and Chandramohan, 2019 6 - 60.5 0.025 0.0018

Al-Kayiem et al., 2019 6.65 - 64.0 - -

Xu and Zhou, 2018 194.6 - 29.4 - -

Zuo et al., 2020 194.6 - 13.5 - -

In the Table 3, it is seen that when a few studies focusing on the SCPP is evaluated, the efficiency
values of the SCPP are calculated by using different equations. In some studies, giving the collector
efficiency is sufficient, while in others, this value is multiplied by the chimney efficiency to obtain the solar
chimney efficiency. When the obtained values are compared to each other, it has been determined that the
collector efficiency is an independent value from the chimney height, but the chimney efficiency is directly
proportional to the chimney height. For this reason, as the height of the chimney is increased, although
the collector efficiency remained constant, the efficiency of the chimney and solar chimney increased.

5. CONCLUSION

The SCPP generates power thanks to the rays of the sun, which is one of the renewable energy sources.
The amount of the generated power and efficiency of the SCPP is directly related to the geometric design
of the system. In this study, the SCPP was designed for 4 different chimney heights and the design was
analyzed by means of a numerical analysis program. As a result of the analyzes:

e It was determined that as the height of the chimney increases, the velocity, mass flow rate, power
and efficiency values increase, but the temperature difference decreases.

e Another efficiency value was defined because efficiency expressions stated in other studies were
insufficient since the main reason is that the collector efficiency and solar chimney efficiency
expressions are not dependent on the power to be obtained from the system.
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e In order to obtain maximum power from the system, a turbine was placed in the narrow section
of the chimney.

¢ The highest velocity, mass flow rate, power and efficiency values obtained from the SCPP are
found to be 21.46 m/s, 596.22 kg/s, 81.38 kW and 9.25%, respectively.

NOMENCLATURE

CFD = computational fluid dynamics
SCPP = solar chimney power plant

B = Betz constant

SYMBOLS

Cp = specific heat (kJ/kgK)

m = mass flow rate kg/s)

P = pressure (Pa) and power (W)
T = temperature (K)

T, = ambient temperature (K)

v = velocity (m/s)

p = intensity (kg/m?3)

n = efficiency (%)

k = kinetic energy

e = rate of dissipation of kinetic energy
I = solar radiation (W/m?2)
SUBSCRIPTS

in =inlet

out = outlet

col = collector

chim = chimney
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ABSTRACT: Servo systems are used extensively in many industrial applications that require precise
position control. However, parameter uncertainties, matched and unmatched disturbances encountered
in most of these applications adversely affect the controller performance. Therefore, in industrial control
applications, robustness is at least as important as precision. In this study, an Extended State Observer-
based Sliding Mode Controller (GDGKKK) design is presented for precise position control of a rotary servo
system having parameter uncertainties and disturbance input. The performance of the proposed controller
has been tested by performing simulation studies for five different uncertainty and disturbance input
scenarios and compared with the traditional Sliding Mode Control (SMC) and Proportional Derivative
(PD) control to evaluate its effectiveness. The mathematical model of the Quanser SRV02 rotary servo unit
was used in the simulation studies in MATLAB/Simulink software. The simulation results show that the
PD control is very sensitive to load changes and disturbances and while the traditional SMC control is
insensitive to load changes and matched disturbances, it is sensitive to mismatched disturbances. On the
other hand, the results clearly showed that the proposed GDGKKK controller offers extremely successful
disturbance rejection performance against both load changes and matched and unmatched disturbances.

Keywords: Observer, Robust Control, Sliding Mode Control (SMC), Position Control, Servomotor

Belirsizlik ve Bozuculara Sahip Bir Servo Sistemin Konum Kontrolii i¢gin Gézlemci Tabanli Kayan
Kipli Kontrolcii Tasarimi1

OZ: Servo sistemler, hassas konum kontrolii gerektiren bircok endiistriyel uygulamada yogun olarak
kullanilmaktadir. Ancak bu uygulamalarin ¢ogunda karsilasilan parametre belirsizlikleri, eslesen ve
eslesmeyen bozucu etkenler, kontrolcii performansini olumsuz yonde etkilemektedir. Dolayisiyla
endiistriyel kontrol uygulamalarinda giirbiizlitkte en az hassasiyet kadar onem tagimaktadir. Bu
calismada, parametre belirsizlikleri ve bozucu girise sahip bir doner servo sistemin hassas pozisyon
kontrolii i¢in Genisletilmis Durum Gozlemcisine dayali Kayan Kipli Kontrolcii (GDGKKK) tasarimi
sunulmustur. Onerilen kontrolciiniin performansi, bes farkli belirsizlik ve bozucu giris senaryosu igin
benzetim calismalar1 yapilarak test edilmis ve etkinliginin degerlendirilebilmesi i¢in klasik Kayan Kipli
Kontrol (SMC) ve Oransal Tiirevsel (PD) kontrol ile kiyaslanmistir. MATLAB/Simulink yaziliminda
benzetim ¢aligmalarinda Quanser SRV(02 doner servo tinitesine ait matematiksel model kullanilmistir.
Benzetim sonuglari, PD kontroliin yiik degisimlerine ve bozucu girislere karsi oldukca duyarl oldugunu,
klasik SMC kontroliin ise yiik degisimleri ve eslesen bozuculara karsi dayanikli olmakla birlikte
eslesmeyen bozuculara kars: duyarli oldugunu gostermistir. Diger yandan sonuglar, 6nerilen GDGKKK
kontrolciiniin hem yiik degisimlerine hem de eslesen ve eslesmeyen bozuculara kars: son derece basarili
bir bozucu reddetme performansi sundugunu agik¢a gostermistir.

Anahtar Kelimeler: Gozlemci, Giirbiiz Kontrol, Kayan Kipli Kontrol (KKK), Konum kontrolii, Servomotor
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1. INTRODUCTION

Servo systems are widely used in many fields of industry, especially in applications requiring precise
motion control due to their advantages such as light weight and small structure, high performance and
efficiency, high torque/inertia ratio, reliability and low noise. Traditional PID control has been used
intensively in servo motor control due to its simple structure and easy application. The PID controller can
guarantee a robust and suitable control performance if an accurate dynamic model and detailed
information about the disturbances can be obtained (Cheon et al., 2004). However, in most practical
applications, servo systems have kinds of disturbances and uncertainties because of nonlinear friction,
measurement noise, load variations, external disturbances, etc. (Wang et al., 2017). The presence of the
system uncertainties, parameter changes and external disturbances results in poor control performance
for conventional linear control methods.

In recent years, researchers have focused on servo systems affected by uncertainties and disturbances
and they have proposed many different control methods to increase the robustness of the systems. Among
all these control methods, SMC has stand out as one of the most effective methods in terms of robustness
due to its invariance property against the external disturbances and parameter variations. SMC uses a
discontinuous control action to force the state trajectories of the system to a predefined sliding surface.
After the system states reach the sliding surface, the stability and dynamic characteristics of the system is
independent of certain perturbations including external disturbances and only depend on the sliding
surface parameters.

Although the SMC provides fast response and good robustness features, it has some disadvantages
such as chattering and sensitivity to mismatched disturbances. Chattering is the high frequency
oscillations that occur near the sliding surface due to the discontinuous control law. In addition to
decreasing control performance, chattering can cause actuator failure in practical applications.
Researchers have proposed many methods for eliminating or reducing the effect of chattering. A novel
exponential reaching law for the conventional SMC was presented in (Wang ef al., 2013), a boundary layer
around the switching surface which replace the discontinuous control law with a continuous one is used
in (Kachroo and Tomizuka, 1996; Baik et al.,2000), second order and higher-order SMC methods are used
in (Bartolini et al., 1998; Levant, 2003) and low-pass filtering is used in (Tseng and Chen, 2010). Fuzzy-
logic based SMC (Ha et al., 2001) and Nonsingular Terminal SMC (Zheng et al., 2014) are some other
methods proposed to avoid chattering by using continuous functions instead of classical switching
functions. In order to ensure robustness, the switching gain must be selected to be greater than the upper
bound of the disturbance. But in most of the practical applications, it is difficult to measure or estimate the
upper bound of the disturbance and so the switching gain could be much large. Because of the large
switching gain cause large chattering, adaptive SMC and neural-network based SMC methods are used
to tune proper switching gains in (Bao et al, 2010; Wang et al., 2009).

Besides the chattering phenomenon, the most of the existing traditional SMC approaches are
insensitive only to matched disturbances and cannot attenuate mismatched disturbances which act in a
different channel than the control input, effectively. Some researchers have proposed integral SMC and
global SMC methods in (Rubagotti et al., 2011; Liu et al., 2014) to improve the disturbance rejection
performance of the SMC for the systems effected of matched and mismatched disturbances. Some
researchers have combined SMC control with other robust control techniques such as backstepping in (Li
and Hu, 2011) and adaptive control in (Chang, 2009).

On the other hand, disturbance observer-based SMC is one of the most effective approach used to deal
with mismatched disturbances. Besides increasing the robustness, it can also reduce the chattering since
the switching gain can be reduced to small values after the disturbance is estimated and compensated in
control input.

In (Cheon et al.,2004) a disturbance estimator-based SMC controller was proposed for position control
of AC servomotor subjected to external disturbance, in (Shao et al., 2021) recursive SMC combined with
an adaptive disturbance observer was used for position control of a linear motor deteriorated by payload
variations, friction and external disturbances, a nonlinear disturbance observer-based SMC was used for
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systems with matched and mismatched uncertainties in (Hou ef al., 2017). A SMC based on an unknown
system dynamics estimator was proposed in (Wang et al., 2020) for a servomechanism having unknown
system dynamics. A nonlinear disturbance observer based terminal SMC was proposed for nonlinear
systems subjected to both matched and mismatched disturbances in (Nguyen ef al., 2021) and Extended
state observer-based SMC was used for a class of nonlinear systems subjected to matched and mismatched
disturbance in (Shi et al., 2018). All these studies show that the disturbance observers reduce the chattering
problem as well as increasing the disturbance rejection property of the SMC control effectively.

In this study ESO based SMC control of a rotary servo system having parameter uncertainties and
disturbances is realized. While traditional SMC control is a robust control method against parameter
changes and matched disturbances, it is sensitive to mismatched disturbances. So, in the proposed control
scheme, an ESO was added to the control scheme to improve the disturbance rejection capability of the
SMC control against mismatched disturbances. The performance of the proposed controller was tested on
simulation model of Quanser SRV02 servo unit for five different conditions consisted of different
uncertainties and disturbances and compared with the traditional SMC and PD control in order to
evaluate its effectiveness. The results showed that the proposed ESOSMC controller provided much better
performance against load variations, matched and mismatched disturbances compared to both PD and
traditional SMC control.

2. MATHEMATICAL MODEL OF THE ROTARY SERVO SYSTEM

In this study, mathematical model of SRV02 rotary servo base unit of Quanser Inc. was used as
simulation model. Schematic of the DC motor armature circuit and the gearbox of the SRV02 is shown in
Fig. 1.

Figure 1. Armature circuit and gear train of the SRV02 rotary servo system

The equation of the armature circuit can be obtained by using Kirchoff's Voltage Law as

Vn(®) = Rl (t) — kpwp, () = 0 1)

where V,,(t), R, and I, (t) is the input voltage, armature resistance and armature current of the motor
respectively, w,, (t) is the angular velocity of the motor shaft and k,, is the back-emf constant of the motor.
Motor inductance Lm is neglected since it is much less than resistance. The equation of motion of the load
can be derived by using Newton's Second Law of Motion as

dw,(t)
dt

Ti + B, (t) = 7, (1) (2
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where J; is the moment of inertia of the load which includes the inertia of the gearbox and the inertia of
the attached external loads, B; is the viscous friction coefficient of the load shaft, w;(t) is the angular
velocity of the load shaft and 7,(t) is the total torque applied on the load. The equation of motion of the
motor shaft can be written as follows by the same way,

dwp (t)
m™odt

+ Bmwm (t) + Tmi (t) =Tm (t) (3)

where J,,, is the moment of inertia of the motor shaft, B, is the viscous friction acting on the motor
shaft, 7,,,;(t) is the resulting torque acting on the motor shaft from the load torque and 7,,(t) is the total
motor torque. The resulting torque 7,,,;(t) transferred from the load torque to the motor shaft can be found
as follows.

7,(t)
NgKq

T (t) =

4)

where 7,4 is the gearbox efficiency and K, is the gear ratio. The relationships between the positions and
angular velocities of the load and motor shaft can be defined as follows.

gm(t) = Kggl(t) (5)
wp(t) = Ky, () (6)

Equation of motion of the load shaft with respect to applied motor torque can be obtained by substituting
Eq. 2, 4 and 6 into Eq. 3 as follows.

da,(t)
dt

Jeq + Bpgw; = ngKng(t) )

In this equation, the equivalent moment of inertia /., and the equivalent damping coefficient of the motor
B,q can be defined as,

]eq = ngKgZ]m + /i (8)

Beq = ngngBm + B, )
The relationship between the motor torque and the current can be defined as

Tm () = Minkeeln (1) (10)
where k, is the current-torque constant and 7,, is the motor efficiency. The motor torque can be expressed
with respect to the input voltage V;,, (t) and the angular velocity of the load shaft w;(t) by subtracting I,,, (t)
from Eq. (1) and substituting it in Eq. (10).

Nk (Vn(8) — ki Kgw,(£))
R

T, () = (11)

If we substitute Eq. (11) into Eq. (7), we can obtain the expression of the angular velocity of the load shaft
with respect to input voltage,
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d
]eq (E wl(t)) + Beqvwl(t) = AV (B) (12)
In this equation the total equivalent damping term B, and the actuator gain A,, can be defined as follows.

K*n,.k.k,, + B,,R
Beqv _ NgBgMm tRm eq'm (13)
m

_ NgKgNmk:

A
m Rm

(14)

In most of the practical applications of the electromechanical systems have parameter uncertainties and
disturbances because of the mass variations, actuator saturation, external forces, damping, friction, sensor
noises, etc. So, the system defined in Eq. (12) can be considered as

6, =f(6,t) + au(t) +d(t) (15)

where 0,(t) is the load shaft angle, u(t) is the control signal, a is a constant, f(6,t) is a function of 6,(t)
and d(t) is sum of the disturbance and uncertainty of the system. We assume that the total disturbance is
bounded and |d(t)| < D. By defining the states and the outputs of the system as x(t) = [x,(t) x,(t)]" =
[6,(0) él(t)]T and y =[y;, ¥,]" =[x, x,]" respectively, the system given in Eq. (15) can be written as
follows.

%1 () = x2(t)
%) = f(6,t) + au(t) +d(t) (16)

3. SLIDING MODE CONTROL OF THE SERVO SYSTEM

Traditional SMC control scheme of the servo system is given in Fig. 2. The SMC control law consist of
two parts as equivalent control and switching control. The equivalent control drives the system states to
sliding surface and the switching control keeps the system states on the sliding surface.

- +

(-

Figure 2. Traditional SMC control scheme
The total control input of the SMC is defined as;

u(t) = Ueq (t) + usy (t) (17)
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where u,,(t) denotes the equivalent control and us, (t) denotes the switching control. In order to obtain
equivalent control signal u,,(t), the plant is described as below by ignoring the external disturbance and

uncertainty.

%1 () = x2(t)
%, (8) = f(6,8) + au(t) (18)

If the desired load shaft angle is denoted by 8,,, the state error can be defined as e, (t) = 8,(t) — 6.
So, the error system can be written as

é1(t) = ez(0)
é,(t) = f(6,t) — 6, + au(t) (19)

Sliding surface can be selected as,
s(t) = ce(t) + ey(t) (20)
where, ¢ > 0 is a positive constant. Derivative of the sliding surface can be obtained as
$(t) = ceé(t) +é,(t) = cey(t) + f(0,t) — 6y + au(t) (21)

The equivalent control signal can be found by setting the derivative of the sliding surface equals to
zero.

Ueq (L) = %(élr = f(6,t) — cex (1)) (22)
Lyapunov function can be selected as,

V(t) = %s(t)2 (23)
According to Lyapunov stability theory, reaching condition of the sliding mode can be defined as

V(t) =s)s(t) <0 (24)

In order to satisfy the reaching condition, the switching control can be chosen as below by using
exponential reaching law.

1
Usw () = —— (ks(8) + 7 sgn(s(6))) (25)

where, k¥ and 7 are positive constants. Thus, total control input can be obtained by using Eq. (17) as

1 .
u=—(6r = f0,t) = ce;(t) — k s() =1 sgn(s())) (26)

Stability Proof:

Derivative of the sliding surface can be written as
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$(t) = ceé(t) + é,(t) = cey(t) + f(6,t) — B, + au(t) +d(t)
If we substitute Eq (26) into Eq (27),
$(t) = —ks(t) — nsgn(s(t)) +d(t)
From Eq (24),
s(t) s(t) = S(t)[—KZS(t) - nsgn(s(t)) + d(t)]
= -k s(t)? —n s(O)sgn(s@®)) + Ds(t)
= —ks(t)? —n|s(t)| + Ds(t)

So, the system is asymptotically stable in case of > D.
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(27)

(28)

(29)

Although the SMC control has invariance property against the external disturbances and parameter
changes, this feature is only valid after the sliding surface is reached. However, before reaching to the
sliding surface, the invariance property cannot be guaranteed and the system performance is sensitive to
perturbations. One of the best ways to overcome this problem is to use a disturbance observer. The total
disturbance which including the disturbances and the parameter variations is estimated by the observer

and compensated by the controller.

4. EXTENDED STATE OBSERVER BASED SLIDING MODE CONTROL OF THE SERVO SYSTEM

In this study an extended state observer (ESO) is used as a disturbance observer. The general structure

of the proposed Extended State Observer Based Sliding Mode Control strategy is shown in Fig. 3.

A

%, |Extended State
Observer

Observed Sliding | §
Surface u

Figure 3. Extended state observer-based SMC control scheme

If the system in Eq. (12) is considered as

6, = f(6,t) + a u(t)

(30)

where, f(0,t) is a function which includes the external disturbance and uncertain parameters, the state-

space model can be written as

%1 () = x,(t)
%) =f(6,t) + au(t)

If we define an additional state variable as x3(t) = f(0,t), the state-space model can be extended as

@31
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Xy (t) = x(t)
X, (t) = f(6,t) + a u(t)

3(t) = £(6,0) (32)

Now, the ESO can be designed as

2 () = %(t) — Pre(t)

3?2 () = %3(t) — B2e(t) + ap u(t) (33)

X3(t) = —P3e(t)
where %, (t), X,(t), X3(t) are the approximated values of x; (t), x,(t), x3(t) respectively, 5;, B,, [ are the
observer gains, €(t) = x;(t) — %, (t) is the approximation error of x; (t). The observer gains f5;, f,, 5 can
be computed from the characteristic polynomial of the ESO. The observer pole wgs, is usually placed 3 to

10 times to the left of the closed loop pole w. to ensure that the observer dynamics are fast enough. The
respective solutions for fB,1, f,2, Bo3 are as follows.

wgso = 3 —10)we, Bor = 3Wes0, Poz = 3Weso®, Bos = Weso® (34)
The observing sliding surface can be defined as
$(6) = céy(t) + & (1) (35)

where é,(t) = £,(t) — 6, and é,(t) = %, (t) — 6. We can select the control signal as

u= %(élr = %3(t) — cex(t) — K 8(t) — 1 sgn(3(1))) (36)
Stability Proof:
Sliding surface for the system given in Eq. (31) can be selected as,
s(t) = ce(t) +ey(t) (37)
Derivative of the sliding surface is,
$(0) = céy(t) + é,(t) = cey(t) + f(6,8) — b, + au(t) (38)
If we substitute Eq. (36) into Eq. (38) and Eq. (38) into Eq. (24),

V() = s[f(8,1) = £3(8) + c(ez(t) — &,(t) — k8(t) —n sgn (3(D))]
=@ +s=90,t) = 23(8) + c(ey(t) — é,(t) — k8(t) —n sgn (8(1))]
= (f(6,8) = %:(O)| + clex(t) — &;(ODISD)] (39)
+(If(0,8) = 23(0)| + clex(8) — &,()DIs(t) — S(D)

= 5(0) [ (3(6) + 1 59n (3(0))] = Is(®) = 5O [re (8€0) + 1 sgn (5(1)) )]

Due to convergence of the ESO,

(1£(6,8) = Z3()] + clex (t) — &,(ODIS(D)] (40)
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+(F(6,8) = 23 ()] + clex(t) — &,(O)DIs (@) — $(0)|
—|s(t) — $()] [K (§(t) +1nsgn (§(t)))] =0

is bounded and close to zero. So,

V() = —5(t) (K (3 +nsgn (§(t)))) = k8D —8(6)] < 0 (41)
5. RESULTS AND DISCUSSION

The performance of the proposed ESOSMC controller was examined for five different conditions
according to different disturbance inputs affecting the system. The control results of the ESOSMC are
compared with the traditional PD and SMC control results to evaluate its effectiveness. A square signal
with 0.4 rad amplitude and 0.4 Hz frequency was used as reference input. The parameters of the SRV02
rotary servo unit are given in Table 1 and the parameters of the PID controller are taken as kp = 1.79, k4 =
4.66x107* and k; = 0. These values are the optimum values determined by the manufacturer. The
controller parameters are chosen as, ¢ = 85, 7 = 30 and x = 20 for the SMC and ¢ = 85, = 1, k = 20 and
w, = 100 for the ESOSMC. The signum function in the control signal has been replaced by the saturation
function to reduce the chattering.

Table 1. Parameters of the SRV02 rotary servo unit

Symbols | Definitions Value
Jm Moment of inertia of the motor shaft 4.6 x 107 (kgm?)
i Moment of inertia of the load shaft 1.6 x 105 (kgm?)
Jeq Equivalent moment of inertia 9.8 x 10 (kgm?)
Beq Equivalent Viscous Damping Coefficient | 15 x10% (Nms/rad)
K, Gear ratio 14
ke Current-torque constant 0.0077 (Nm/A)
ko, Back-emf constant 0.0077 (Vs/rad)
Ng Gearbox efficiency 0.9
NMm Motor efficiency 0.69
Ry Armature resistance 2.6 (ohm)

1+t condition: The performances of the controllers were evaluated under ideal system conditions
without parameter variations and disturbances. The controller responses and the control voltages are
given in Fig.4 and Fig.5 respectively. As seen in Figure 4, ESOSMC gives better results than other
controllers in terms of response speed. Also, an overshoot occurred in the PD control response and a small
steady-state error was observed in the traditional SMC response.

2nd condition: The equivalent moment of inertia of the servo system was increased by 500% by
connecting a load to the motor shaft in order to examine the robustness of the controllers against the
parameter variations. The controller responses and the control voltages are given in Fig.6 and Fig.7
respectively. Accordingly, it is seen that the SMC and the ESOSMC are completely insensitive to parameter
variations, while the PD controller is greatly affected and its response shows large deviations from the
desired response.
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Figure 4. Controller responses in case of ideal conditions (no parameter variations or disturbance)
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Figure 5. Controller voltages in case of ideal conditions (no parameter variations or disturbance)
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Figure 6. Controller responses in case the equivalent moment of inertia is increased by 500%
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Figure 7. Controller voltages in case the equivalent moment of inertia is increased by 500%
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3 condition: A time dependent d,(t) = 25 sin (5t) disturbance input was applied to the input
channel of the system in order to examine the disturbance rejection performances of the controllers against
the matched disturbances. The controller responses and the control voltages are given in Fig.8 and Fig.9
respectively. It can be clearly seen from Fig. 8 that the PD control is highly sensitive to matched
disturbances and its response shows large deviations from the desired response. As mentioned earlier, the
traditional SMC control has invariance property against the matching disturbances. In accordance with
this, the SMC control has generally given a successful response against the matched disturbance except
some deviations shown in the zoomed part of the Fig. 8. On the other hand, it is also seen that the proposed
ESOSMC controller has provided a better disturbance rejection ability against the matched disturbances

then SMC.

Figure

Figure 9. Controller voltages in case of d; = 25 sin(5t) matched disturbance input

8. Controller responses in case of d; = 25 sin(5t) matched disturbance input
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4% condition: A time dependent d; (t) = 0.5 sin (5t) disturbance input was applied directly to system
in order to examine the disturbance rejection performances of the controllers against the mismatched
disturbances. The controller responses and the control voltages are given in Fig. 10 and Fig. 11
respectively. As mentioned earlier, although the traditional SMC control is insensitive to matched
disturbances, this feature is not valid to mismatched disturbances. It can be seen from Fig. 10; both the PD
and SMC control are extremely sensitive to mismatched disturbances and the controller responses have
deviated considerably from the desired response. On the other hand, it can be clearly seen that the
proposed ESOSMC controller is completely insensitive to mismatched disturbances and it has provided a
perfect disturbance rejection ability.

L~ — Ref K

——ESOBSMC

Angle (rad)

-0.2

-0.4

-0.6 !
0 0.5 1

Time (s)

Figure 10. Controller responses in case of d, = 0.5 sin(5t) mismatched disturbance input
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Figure 11. Controller voltages in case of d, = 0.5 sin(5t) mismatched disturbance input

5t condition: As the last condition, the parameter variation and the matched and unmatched
disturbance inputs given in the previous conditions were applied to the system at the same time. The
controller responses and the control voltages are given in Fig. 12 and Fig. 13 respectively. It is clearly seen
from Figure 12 that the proposed ESOSMC controller can offer a superior performance compared to other
controllers in terms of both response speed and disturbance rejection, even if parameter changes and
matched and unmatched disturbances affect the system at the same time.
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Figure 12. Controller responses in case of increasing the equivalent moment of inertia by 500% and at the
same time applying d, = 25 sin(5t) matched disturbance and d, = 0.5 sin(5t) unmatched disturbance
inputs to the system
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Figure 13. Controller voltages in case of increasing the equivalent moment of inertia by 500% and at the
same time applying d; = 25 sin(5t) matched disturbance and d, = 0.5 sin(5t) unmatched disturbance
inputs to the system

On the other hand, while the PD control provides a smooth control signal for all conditions, both SMC
and the proposed ESOSMC controllers showed chattering, although it is not critical level. The amount of
the chattering in control signal was slightly reduced by using the saturation function instead of the sign

function, but it is seen that the extended state observer cannot provide a significant improvement in the
chattering phenomenon.

6. CONCLUSION

In this study, extended state observer-based sliding mode control scheme has been proposed for
precise position control of a rotary servo system. The proposed control scheme is tested via simulation
studies for five different conditions consisted of different uncertainties and disturbances and its
performance were compared with the PD controller and the traditional SMC controller. The simulation
results showed that the PD control is sensitive to parameter changes and disturbances while the SMC
control is sensitive to mismatched disturbances. However, it has been seen that the proposed control
scheme is much more successful than the PD and SMC control in terms of both the response speed and
the ability to reject disturbances including mismatched disturbances.
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OZ: Giiniimiizde tek frekansli GNSS alicilari ile konum belirleme uygulamast bir¢ok alanda (savunma
sanayi, navigasyon cihazlari, akilli kisisel cihazlar vb.) yogun sekilde tercih edilmektedir. Diger taraftan,
yliksek dogruluk isteyen miihendislik amagli uygulamalarda (haritacilik, deprem tahmini ve deformasyon
analizi ¢alismalari, sayisal hava tahmini vb.) genel olarak ¢ok frekansl: alicilar ve faz gozlemleri tercih
edilmektedir. Dolayisiyla, giintimiizde artik akilli telefonlar, akilli saatler ya da konum tabanl her tiirlii
gercek zamanli navigasyon hizmetleri diisitk maliyetli alicilarla donatilmaktadir. Bu baglamda tek
frekansli GNSS alicilariyla yalnizeca sivil (C/A:Coarse Acquisition) kod gozlemlerinin kullanildigr Tek
Nokta (Mutlak) Konum Belirleme (SPP: Single Point Positioning) tekniginden elde edilen dogrulugun
iyilestirilmesi gerekliligi soz konusu alanlarda oldukga 6nemli hale gelmistir.

Tek frekansta kod Olgiileri ile mutlak konum belirleme uygulamalarinin gittik¢e artan kullanim
alanlar1 nedeniyle, bu makalenin temelini olusturan ve makale yazarina ait bir yiiksek lisans tez calismasi
kapsaminda KTUN_SPP (Konya Teknik Universitesi_Tek Nokta Konum Belirleme) isimli GPS+Galileo
ozellikli bir yazilim hazirlanmistir. Yazilim kapsaminda GPS ve Galileo uydularina ait L1 ve El
frekanslarindaki C1 kod gozlemleri kullanilarak tek nokta konum belirleme ile elde edilebilecek
dogruluklar arastirilmistir. Ayrica kullanici dostu bir ara yiiz tasarlanarak kullaniciya diledigi hesaplama
senaryolarini gerceklestirebilme olanagi da sunulmaktadir. KTUN_SPP yaziliminin performansini test
etmek amaciyla 7 adet IGS istasyonuna ait 24 saatlik veri setleri kullanilarak GPS, Galileo ve GPS+Galileo
SPP senaryolar1 olusturulmus, elde edilen sonuglar global dlgekte gercek zamanli konum belirleme igin
kullanilan “CenterPoint RTX Post-Processing” hizmetinden elde edilen sonuglarla karsilastirilmistir.

Anahtar Kelimeler: GPS, Galileo, KTUN_SPP

Single Point Positioning Software with GNSS Code (Pseudorange) Observations: KTUN_SPP

ABSTRACT: Nowadays, positioning application with single-frequency GNSS receivers is heavily
preferred in many areas such as defense industry, navigation devices, smart personal devices, etc. On the
other hand, multi-frequency receivers and phase observations are generally preferred in engineering
applications that require high accuracy such as cartography, earthquake prediction and deformation
analysis studies, numerical weather forecasting, etc. Therefore, today, smart phones, smart watches or any
location-based real-time navigation services are equipped with low-cost receivers. In this context, it has
become very important to improve the accuracy obtained from the Single Point Positioning (SPP)
technique, where civilian (C/A: Coarse Acquisition) code observations are used.

Due to the increasing use of single point positioning using single-frequency code observations, a
GPS+Galileo-enabled software named KTUN_SPP (Konya Technical University_Single Point Positioning)
has been prepared within the scope of a master's thesis that forms the basis of this article.


mailto:eayso@ktun.edu.tr
mailto:mkahveci@ktun.edu.tr
https://orcid.org/0000-0002-8775-3149
https://orcid.org/0000-0001-5380-7164
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Within the scope of the software, the accuracies that can be obtained by single point positioning were
investigated by using C1 code observations at L1 and E1 frequencies of GPS and Galileo satellites. In
addition, a user-friendly interface is designed to provide the user with the opportunity to perform any
computation scenarios they wish. In order to test the performance of the KTUN_SPP software, GPS, Galileo
and GPS+Galileo SPP scenarios were applied using 24-hour data sets from 7 IGS stations. And the results
were compared with the results obtained from the "CenterPoint RTX Post-Processing" service used for
real-time location determination on a global scale.

Keywords: GPS, Galileo, KTUN_SPP
GIRIS INTRODUCTION)

Yirminci ytizyilin baslarinda uzay ¢alismalarindaki énemli gelismeler 1980°1i yillarda Global Konum
Belirleme Sistemi’nin (GPS: Global Positioning System) giinliik yasama girmesini saglamistir. GPS’in sivil
amagcli kullanima acgildigr bu ilk yillarda gercek zamanli {i¢ boyutlu konum belirlemede C/A (Coarse
Acquisition/ Clear Access) kod gozlemleri ile yaklasik 150-300 metre, askeri kod olarak nitelendirilen P
(Protected/Precise) kod ile ise yaklasik 15-30 metre dogruluk elde edilebilmekteydi. Bu sekilde kod
gozlemleri kullanilarak tek bir noktada es zamanli en az dort uyduya yapilan gozlemlerle gercek zamanh
ve li¢ boyutlu konum belirleme yontemine tek nokta (mutlak) konum belirleme adi verilmektedir
(Kahveci ve Yildiz 2022). 1980°li yillarda elde edilen bu dogruluklarin giiniimiiz standartlarina gére bu
kadar diisiik olmasinin en 6nemli nedenleri, kullanilan y&riinge bilgisinin (C/A kod igin yayin efemerisi
ve P kod i¢in NGS hassas efemerisi) dogrulugunun oldukca diisiik olmasi ve atmosferik etkilerin ¢ok genel
modellerle giderilmesi veya hi¢ dikkate alinmamasi olarak sayilabilir. Aradan gecen zaman igerisinde,
ozellikle Avrupal1 bilim insanlarinin da bu konuda ¢alismalara dahil olmasiyla GPS gozlemlerini etkileyen
hata kaynaklar1 daha iyi modellenmeye baglamis, yoriinge bilgileri ise ¢cok daha yiiksek (giiniimiizde IGS
yayin efemerisi ~100 cm ve IGS Final ~2,5 cm (IGS, 2022)) dogruluklarla belirlenmeye baslanmis ve boylece
GPS mutlak konum belirleme ile elde edilen gergek zamanli dogruluklar 1990'l1 yillarin sonlarindan
itibaren kod gozlemleri icin 20-30 metrelere yiikselmistir. Baslangicta navigasyon amaglh kullanim igin
gelistirilmis olan GPS sisteminin konum dogruluklar arttikca, bilim insanlar1 bu olanagin basta jeodezi
olmak iizere diger yer bilimlerinde de kullanilmasinin olanaklarini arastirmaya baslamislardir. Bu amagla,
yiiksek dogruluk isteyen miihendislik ¢alismalarinda faz gozlemlerinin kullanilmas: iizerine
yogunlasilmigtir. Ug boyutlu konum belirlemede uzun gozlem siireleri ile statik olgiiler yapilarak
kaydedilen faz g6zlemi ve 6l¢ii sonrasi biiro hesaplamalari ile elde edilen dogruluklar hata kaynaklarinin
giderilebilme oranina ve dogruluguna bagl olarak 1-10 cm arasinda degismekteydi. Zaman icerisinde
teknolojisi ve kaynaklar1 yeterli diger tilkeler tarafindan gelistirilmis konum belirleme sistemleri (Rus
GLONASS, AB Galileo, Cin Beidou vb.) ile GNSS genel tanimi kullanilmaya baslamistir (Kahveci, 2017).
Bu tilkelerin konum belirleme ve navigasyon sistemi farkl: frekans, dalga boyu ve datuma sahip oldugu
igin GNSS ile konum belirleme daha da karmasik ve zorlu bir konu haline gelmistir.

Miihendislik amagli calismalarin gerektirdigi dogruluklara goreli GNSS teknikleri ile ulagilirken, bir
diger konum belirleme teknigi olan GNSS ile mutlak konum belirleme dogruluklarinda da Snemli
iyilestirmeler yapilmustir. Tek frekansl alicilarla yalnizca kod 6lgiilerinin kullanildig: tek nokta konum
belirleme (SPP: Single Point Positioning) teknigi ve cift frekansl alicilarla hem kod hem de faz dlgiilerinin
birlikte kullanildig1 hassas nokta konum belirleme (PPP: Precise Point Positioning) teknigi, mutlak konum
belirleme y&nteminin iki farkli uygulamasidir ve tek nokta konum belirleme teknigi ile ti¢ boyutlu konum
belirleme bu makalenin temelini olusturmaktadir. Bu nedenle, s6z konusu iki teknikle ilgili bilgiler GNSS
ile konum belirleme yontemleri adli baslik altinda verilmistir.

Bu makale ile, Konya Teknik Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Harita
Miihendisligi Boliimiinde gerceklestirilen yiiksek lisans tez ¢alismasi ile olusturulmus olan yerli ve milli
bir “GNSS Tek Nokta Konum Belirleme (KTUN_SPP)” yaziliminin ilk asamas: hakkinda bilgi verilmesi
amaglanmistir. S6z konusu yazilim uzun siireli GNSS kod gozlemlerinin 6l¢ii sonras: biiro hesab1 (post-
process) teknigi ile calismakta olup, MATLAB (R2020a) programlama dilinde (Mathworks, 2022)
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hazirlanmistir. Yazilim, GPS ve Galileo uydularina ait L1 ve E1 frekans bantlarindaki C1 kod gozlemlerini
kullanarak ii¢ boyutlu alicr anteni koordinatlarinin hesaplanmasi esasina dayanmaktadir (Ayso, 2021).
KTUN_SPP yazilimi algoritmasina, belirli atmosferik modeller, yayin ve hassas yoriinge verileri de
entegre edilerek SPP teknigi ile elde edilebilecek dogrulugunun ne kadar daha iyilesebileceginin
arastirmast yapilmistir. Ayrica, MATLAB (App Designer) platformunda kullanici dostu bir ara yiiz
tasarlanarak, kullanicinin istedigi uydu sistemini (GPS, Galileo, GPS+Galileo) ve diledigi yoriinge bilgisini
(yayin efemeris, hassas efemeris) secerek tekli hesap ya da ¢oklu hesap yontemleri ile hesaplamalarini
yapabilmesi olanag1 da bulunmaktadir. Kullanicilar yapilan hesaplarin ¢iktilarimi ise 6zet ¢ikti ya da
ayrint1 ¢ikt1 olarak (.txt) formatinda alabilmektedir. Ayrica ek paneller olan zaman hesaplar1 ve jeodezik
hesaplamalar1 da kullanabilmektedir.

Bu calismada GPS, Galileo ve GPS+Galileo SPP senaryolarinda yoriinge bilgisi olarak yayin efemerisi
ile olan sonuglar1 incelenmistir. Yukarida da ifade edildigi gibi KTUN_SPP, yoriinge bilgisi olarak hassas
(IGS) efemeris verileri ile de hesaplamalar yapabilmektedir. Ancak SPP tekniginin dogas1 geregi yayin
efemerisleri ile kullanim1 daha anlamli olup, konu biitiinliigiinti bozmamas1 adina bu ¢alismada hassas
efemeris senaryosuna yer verilmemistir.

UYDULARLA KONUM BELIRLEME SISTEMLERI (GLOBAL NAVIGATION SATELLITE SYSTEMS)
Global Konum Belirleme Sistemi (GPS: Global Positioning System)

GPS, herhangi bir yer ve zamanda, her tiirlti hava kosulunda, yiiksek dogrulukta, ortak bir koordinat
sisteminde ve ekonomik olarak {i¢ boyutlu konum, hiz ve zaman belirlenmesine olanak veren uydu
tabanli bir radyo navigasyon sistemidir (Seeber, 2003; Kahveci ve Yildiz, 2022). GPS uydular,
yeryliziinden yaklasik 20200 km yiikseklikte, ekvatora gore 55 derecelik egim ile 6 tane orta uzaklikli
diinya yoriingesine (MEO: Medium Earth Orbit) yerlestirilmislerdir. Her GPS uydusunun diinyay1 tam
bir dolanim siiresi 11 saat 58 dk olup, yeryiiziindeki bir gozlemci bulundugu enlemde ayn1 uyduya bir
giin igerisinde iki kez gez gozlem yapabilme olanagina sahiptir. 12 Nisan 2022 itibariyle 30 adet GPS
uydusu aktif olarak hizmet vermeye devam etmektedir (GPS, 2022).

GPS ile iki temel biiytiiklitk gozlenmekte olup, bunlar kod ve tasiyicr faz gozlemleridir. Diisiik
dogruluk isteyen (~ 1-10 metre) ve navigasyon amagh gercek zamanli uygulamalarda kod 6lctileri tercih
edilirken, ¢ok daha yiiksek dogruluk isteyen uygulamalarda ve bilimsel amagh ¢alismalarda ise faz
olctileri tercih edilmektedir. Diger taraftan uydulara ait yoriinge ve saat bilgileri de dogru ve hassas bir
konum belirleme icin olduk¢a dnemlidir. Baska bir deyisle, uydu koordinatlarinin veya uydu saatlerinin
hesaplanmasinda yapilacak herhangi bir hata yeryiiziindeki noktanin konum dogrulugunu onemli
derecede etkileyecektir. Bu baglamda, gercek zamanli konum belirleme uygulamalarinda yoriinge
parametreleri ve saatlerle ilgili veriler navigasyon mesaji araciligiyla yayin (Broadcast) efemerisi olarak
yayinlanirken, GPS verilerinin 0l¢ii sonras: degerlendirilmesi (post-process) isleminde ise cogunlukla IGS
hassas yoriinge ve saat bilgileri kullanilmaktadir (Kahveci ve Yildiz, 2022).

Galileo Uydu Sistemi (Galileo Satellite System)

Galileo; Kamu-Ozel sektdr (Avrupa Komisyonu, Avrupa Uzay Ajanst ve Avrupal &zel sirketler) is
birligi ile gerceklestirilmis bir Avrupa uydu navigasyon sistemi olup diger uydu sistemleri ile birlikte
calisabilecek sekilde tasarlanmaistir (Seeber, 2003; Xu ve Xu, 2016). Galileo uydulari, yeryiiziinden yaklasik
23200 km uzaklikta, orta yiikseklikli (MEO) ti¢ ekliptik yoriinge diizleminde ve ekvatorla 56 derecelik bir
egim yapacak sekilde konumlandirilmiglardir. Nisan 2022 itibariyle 22 adet Galileo uydusu aktif olarak
hizmet vermeye devam etmektedir (Galileo, 2022). Galileo navigasyon sinyalleri, Galileo sinyallerinin
iletimi i¢in genis bir bant aralif1 saglayan E1, E6, E5 (E5a ve E5b) bantlar1 olmak iizere dort frekans
bandindan yayinlanmaktadir (Galileo OS SIS ICD, 2021).

Galileo uydulari ile sunulan hizmetler Simirsiz Hizmet (OS: Open Service) ve Sifrelenebilir Yiiksek
Dogruluklu Kullanim Hizmeti (HAS: High Accuracy Service) olarak belirtilmektedir. Ayrica, Kamu
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Kullanum1 Hizmeti (PRS: Public Regulated Service) ve Arama-Kurtarma Hizmeti (SAR: Search and Rescue
Service) ‘de sunulan hizmetler arasindadir. Galileo sistemi mesaj tiirleri ve servislere iligkin ayrintih

bilgiler (Galileo OS-SIS-ICD, 2021)'de verilmektedir.
GNSS HATA KAYNAKLARI (GNSS ERROR SOURCES)

Giiniimiizde her sistemde oldugu gibi GNSS gézlem ve sinyallerini de etkileyen hata kaynaklar1 s6z
konusudur. Bu hata kaynaklari; uydu yoriinge bilgisi hatasi, atmosferik etkiler, sinyal yansima etkisi, alic1
anteni faz merkezi hatasi, tasiyic1 dalga faz belirsizligi (ambiguity), faz kesiklikleri (cycle-slips), vb. olarak
sayilabilir. Bu hata kaynaklarindan tek nokta konum belirlemede ¢ok 6nemli olan atmosferik hata
kaynaklar1 troposferik ve iyonosferik etkilerdir.

GNSS uydulary, yeryiiziinde ya da diger uydularda bulunan alicilara elektromanyetik dalgalar (siniis
dalgalar1) halinde sinyaller gondermektedir. Bu elektromanyetik dalgalar iyonosfer ve troposferden
gegcerek sinyallerin gecikmesine ve kirilmasina neden olmaktadir (Hobiger ve Jakowski, 2017).

Iyonosfer, Diinya atmosferinin yaklagik 70 ile 1000 km arasindaki {ist kismini olusturmaktadir. Bu
katmanda sinyaller serbest yiiklii pargaciklardan etkilenmektedir. Iyonosfer, dagitict bir ortam goérevi
gordiigii icin iyonosferik gecikme frekansa bagimhidir. Bu etki, tek frekansl alicilarda belirli iyonosferik
diizeltme modelleri (Klobuchar, NeQuick) kullanilarak %50 oraninda (en dogru modelde bile %80’e
kadar) giderilebilirken (Karaim ve dig., 2018), cift frekansl alicilarda iyonosfer bagimsiz kombinasyonlar
kullanilarak etkinin %99,99'u giderilebilmektedir (Klobuchar, 1987; Nava ve dig., 2008; Kahveci ve dig.,
2021).

Troposfer, yeryliziinden yaklasik 40 km'ye kadar ulasan Diinya atmosferinin alt kismin
olusturmaktadir. Bu katmanda sinyal yayilimi1 su buhari igerigine ve sicakliga baglidir. Troposfer dagitici
bir ortam gorevi gormedigi igin troposferik gecikme frekans bagimli degildir. Bu etki bilimsel ve ticari
yazilimlarda kullanilan belirli troposferik diizeltme modelleri (Saastamoinen, Hopfield, Niell, VMF ve
GMF) ile giderilebilmektedir (Hopfield, 1969; Saastamonien, 1972; Niell, 1996; Kirtil, 2022).

GNSS iLE KONUM BELIRLEME YONTEMLERI (GNSS POSITIONING TECHNIQUES)

Uydularla konum belirleme yontemlerini temel olarak iki bashikta toplamak olanakhidir. Bu
yontemlerden ilki mutlak konum belirleme digeri ise goreli konum belirleme yontemidir (Sekil 1).

Mutlak konum belirleme, yeryiiziindeki tek bir alici ile en az dort uydudan elde edilen uydu alicl
uzakliklar1 (kod ve/veya faz) kullanilarak, alicit anteni koordinatlarinin ve alici saat hatasinin
hesaplanmasi esasina dayanmaktadir (Van Sickle, 2008; Kahveci ve Yildiz, 2022). Bu yontem kendi i¢inde
Tek Nokta Konum Belirleme (SPP) ve Hassas Nokta Konum Belirleme (PPP) olarak ikiye ayrilmaktadir.

SPP yontemi ile konum belirlemede tek frekansh alicilar ve C/A kod gozlemleri kullanilmaktadir.
Iyonosferik etki coklu frekansli alicilardaki gibi giderilemedigi icin elde edilecek olan konum dogruluklar
onemli Olclide diismektedir. Diger bir ifadeyle, giiniimiizde SPP ile gercek zamanli olarak elde
edilebilecek dogruluk 1-10 metre arasinda olup, yiiksek dogruluk isteyen miithendislik amagli kullanimlar
icin uygun degildir. S6z konusu yontemin kullanildig1 alanlar ¢ok genel olarak ara¢ navigasyon
uygulamalari, cep telefonu navigasyon uygulamalari, nokta kesfi vb. olmakla birlikte bu konuda yapilan
bilimsel ¢alismalar devam etmektedir (Pan ve dig., 2016; Pan ve dig, 2021; Guan ve dig., 2021; Zhang ve
Pan, 2022).

PPP yontemi ise hassas konum belirleme yontemi olup, bu yontemde tagiyici faz ve kod gozlemleri,
hassas yoriinge ve saat parametreleri birlikte kullanilmaktadir. Dolayisiyla, PPP ile elde edilen sonuglar
SPP yontemine gore ¢ok daha yiiksek dogruluklu olup, bir¢ok miihendislik amagh uygulamada
kullanilmaktadir. Ayrica, PPP’de kullanilacak alicinin ¢ift frekansli olmasi sebebiyle olusturulacak
iyonosfer bagimsiz kombinasyonlar, biiyiik bir hata kaynag: olan iyonosferik gecikmeyi biiyiik oranda
ortadan kaldirilmakta ve kullanicilara cm mertebesinde dogruluklar saglayabilmektedir (Zumberge ve
dig., 1997)
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Sekil 1. Uydularla konum belirleme yontemleri (Kahveci ve Yildiz, 2022)
Figure 1. Methods of positioning with GNSS (Kahveci and Yildiz, 2022)

RTK

Goreli konum belirleme ile mutlak konum belirleme yontemleri arasindaki en temel fark ise goreli
konum belirleme y6nteminde koordinati bilinen bir referans noktasina ihtiyag duyulmasidir. Diger bir
ifadeyle bu yontemde, koordinat: bilinen bir referans noktasina gore koordinati bilinmeyen noktalarin
koordinatlarinin belirlendigi geleneksel bir konum belirleme yontemidir (Kahveci ve Yildiz, 2022). Kod
ya da faz gozlemlerinin kullanilabildigi bu yontemde hem referans hem de koordinati aranan noktada
eszamanli gozlemler yapilmas: gerekmektedir (Hofmann-Wellenhof ve dig., 2008).

GPS+Galileo OZELLIKLI TEK NOKTA KONUM BELIRLEME YAZILIMI (KTUN_SPP)
(GPS+Galileo ENABLED SINGLE POINT POSITIONING SOFTWARE (KTUN_SPP))

Bu calisma kapsaminda GPS+Galileo 6zellikli uzun siireli statik kod gozlemleri kullanilarak konum
hesab1 yapan tek nokta konum belirleme (SPP) yazilimi hazirlanmis olup yazilima iliskin &zellikler
Cizelge 1'de, yazilima ait algoritma ise Sekil 2’de verilmistir.

Cizelge 1. Tek nokta konum belirleme yazilimi (KTUN_SPP) 6zellikleri
Table 1. Single point positioning software (KTUN_SPP) properties

Kullanilan Platform MATLAB (R2020a)

Desteklenen Uydular GPS ve Galileo

Frekans Bantlar1 ve Gozlem Tiirii | L1 ve E1 (C1 Kod Gozlemi)

Ol¢iim Yéntemi Tek frekansta SPP

Atmosferik Diizeltmeler Iyonosfer ve Troposfer

Coziim Yapilan Yoriinge Dosyas1 | Yayin Efemerisi ve Hassas Efemeris
Kullanic1 Arayiizii MATLAB (R2020a) App Designer

Dosya Secimi (Hesaplama i¢in) Tekli Dosya ve Coklu Dosya

Cikt1 Se¢imi Ozet Cikt ve Ayrint1 Cikt1 (.txt)

Ek Hesaplar Zaman Hesaplari-Jeodezik Hesaplamalar

Algoritma kapsaminda oncelikle, ilgili istasyona ya da ol¢iim noktasina ait RINEX (Receiver
Independent Exchange Format) gozlem dosyasi ile secilecek efemeris tiiriine gore yayin efemerisi ya da
IGS hassas efemeris dosyalarinin okunmast islemi gerceklestirilmektedir. Secilen efemeris tiirii yayin
efemerisi oldugunda, uydu koordinatlarinin daha hassas elde edilebilmesi igin olduk¢a 6nemli olan
zaman diizeltmesi ve rolativistik saat diizeltmesi getirilmektedir. S6z konusu diizeltmelerin ardindan,
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ilgili olan her bir epoktaki her bir uydunun yoriinge diizlemindeki koordinatlar1 (ECI: Earth Centered
Inertial) ve yer merkezli yer sabit koordinatlar1 (ECEF: Earth Centered Earth Fixed) hesaplanmaktadir.
Ardindan, hesaplanan koordinatlara yer dénme etkisi de getirilerek kesin uydu ECEF koordinatlar1 elde
edilmektedir. Secilen efemeris tiirti IGS hassas efemeris oldugunda, koordinatlar ve zamanlar igin
trigonometrik enterpolasyon islemi yapilmakta ve yayin efemerisi akisinda oldugu gibi koordinatlara
rOlativistik saat diizeltmesi ve yer donme etkisi getirilerek kesin uydu ECEF koordinatlari elde
edilmektedir.

YORUNGE BILGISI OKUMA GOZLEM DOSYASL OKUMA YORUNGE BILGIST OKUMA
(Yayn Cfemeris) (Hussas Eleneris)
T 7
L] v
ZAMAN DUZELTMES| TRIGONOMETRIK ENTERPOLASYON

t +
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v
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KOORDINATLARI

TYONOSFERIK MODEL l
:H L

EKK YONTEMI ILE OLCT
NOKTASINDA MUTLAK KONUM
BELIRIEME HESABT

KABA HATALL OLCT YUKSEKLIK ACTST
EsIK TESTI { ESIK TESTE

ISTATIK TIKSEL HESAPLAMALAR
- RMS, STANDART SAPMA, DOGRULUKLAR, GRAFIKLER vd

Sekil 2. KTUN_SPP yazilim algoritmast
Figure 2. KTUN_SPP software algorithm

Uydu-alict uzakhiginin hassas bicimde hesaplanmasi igin gerekli olan iyonosferik ve troposferik
modeller, Konya Teknik Universitesi Miihendislik ve Doga Bilimleri Fakiiltesi Harita Miihendisligi
boliimiinde bagka bir yiiksek lisans tezi kapsaminda hazirlanmis olup, KTUN_SPP yazilimina entegre
edilmistir (Kahveci ve dig., 2021; Kirtil, 2022). S6z konusu modellerden iyonosferik etki hesabi icin
Klobuchar modeli (Klobuchar, 1987), troposferik etki hesab1 igin ise Niell troposferik modeli (Niell, 1996)
kullanilmigtir. Bu diizeltmelerin ardindan elde edilen veriler kaba hatali 6l¢ii esik testine, yiikseklik acis1
esik testine ve PDOP (Position Dilution of Precision) esik testine tabi tutulmaktadir. Test sonucuna gore
uyusumlu olmayan olgiiler ayiklanmakta ve kalan olgiilerle 6l¢ii noktasinda En Kiiciik Kareler (EKK)
yontemiyle dengeleme hesabi yapilmaktadir.

KTUN_SPP yazilimi bes ana pencereden olusacak sekilde tasarlanmistir. Bunlar; “ZAMAN
HESAPLARI”, “KTUN FORMAT”, “MUTLAK KONUM BELIRLEME (SPP)”, “YARDIMCI HESAPLAR”,
ve “CIKTI INCELEME” penceresi olarak siralanabilir. Ancak bu makale kapsaminda calismanin odak
noktasi olan “MUTLAK KONUM BELIRLEME (SPP)” penceresi ve bu pencerede yapilan hesaplamalarin
¢iktisinin alinacag “CIKTI INCELEME” penceresi agiklanmistir. Bu pencerelere ait goriintiiler Sekil 3 ve
Sekil (4.a. ve 4.b.)’de verilmistir.
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4 KTUN_SPP - O X
ZAMAN HESAPLARI KTUN FORMAT MUTLAK KONUM BELIRLEME (SPF) YARDIMCI HESAPLAR CIKTI INCELEME
Uydu Sistemi Secimi Efemeris Bilgisi Secimi Gozlem Tipi Secimi | | Dosya Secimi
®) GPS ) {ayin Efemeris s C1 Tek Dosya (®) Coklu Dosya
Galileo a—
Hassas Efemeris Kac tane RINEX Dosyas Yukleyeceginizi Giriniz: | 5 w | Max-5
GPS+Galileo —
1. GPS Icerikli Gozlem Dosyasi Giriniz: N Kaba Hatali Olcu Esik Degeri: o
1. GPS Navigasyon Dosyasi Giriniz: N Yukseklik Acisi Esik Degeri: Derece
2. GPS lcerikli Gozlem Dosyasi Giriniz: Kaba Hatali Olcu Esik Degeri: o
2. GPS Navigasyon Dosyasi Giriniz: N Yukseklik Acisi Esik Degeri: Derece
3. GPS Icerikli Gozlem Dosyasi Giriniz: N Kaba Hatali Olcu Esik Degeri: o
3. GPS Navigasyon Dosyasi Giriniz: . Yukseklik Acisi Esik Degeri- Derece
4. GPS Icerikli Gozlem Dosyasi Giriniz: N Kaba Hatali Olcu Esik Degeri: m
4. GP3 Navigasyon Dosyasi Giriniz: N Yukseklik Acisi Esik Degeri: Derece
5. GPS lcerikli Gozlem Dosyasi Giriniz: N Kaba Hatali Olcu Esik Degeri: o
5. GPS Navigasyon Dosyasi Ginniz: N Yukseklik Acisi Esik Degeri: Derece
TUMUNU TEMIZLE HESAPLA

Sekil 3. MUTLAK KONUM BELIRLEME (SPP) penceresi GPS-yayin efemerisi-coklu dosya (5 adet)

ekran goriintiisii
Figure 3. Screenshot of ABSOLUTE POSITIONING (SPP) window GPS-broadcast ephemeris-multi file (5 pcs)

“MUTLAK KONUM BELIRLEME (SPP)” penceresinde uydu sistemi secimi kisminda GPS, Galileo ya
da GPS+Galileo secenekleri bulunmaktadir. Diger taraftan efemeris bilgisi se¢imi kismindan yayin
efemerisi ya da hassas efemeris segimleri yapilabilmektedir. Gozlem tipi se¢imi kisminda, calisma
kapsaminda yalnizca C1 kod 6l¢iileri kullanildig1 icin C1 butonu aktif hale getirilmis, L1+L2 butonunun
ise daha sonraki ¢alismalarda faz ol¢tilerinin de dahil edilmesi ile aktif hale getirilmesi planlanmaktadir.
Dosya se¢imi kismindan tek dosya ya da maksimum 5 adet olacak sekilde coklu dosya secimi
gergeklestirilebilmektedir. Istenilen segimler yapildiktan sonra ilgili gozlem dosyalari, navigasyon
dosyalari, kaba hatal1 6l¢ii esik degeri ve yiikseklik agis1 esik degeri girilerek “HESAPLA” butonu ile
hesaplama islemi yapilmakta “TUMUNU TEMIZLE” butonu ile de yapilan yiikleme islemleri
temizlenebilmektedir.

Sorunsuz bir hesaplama yapilabilmesi igin yiiklenecek goézlem ve navigasyon dosyalar1 RINEX
standardinda, hassas efemerisi dosyalar: ise (.sp3 ya da .eph) standardinda olmalidir. Diger taraftan
yiiklenecek gozlem dosyalar: ve yoriinge dosyalar: birbiri ile uyumlu olmalidir. Bagka bir ifadeyle 6l¢iim
noktasinin 4 karakterli nokta adlari, yilin giinii (doy, day of year), oturum numaralar1 ayni olmalidir. Aksi
halde KTUN_SPP, ilgili hata mesajlarini vererek kullanicinin dogru bir sekilde yiikleme yapabilmesi icin
kullaniciy1 yonlendirecektir. Ornek olarak yiiklenebilecek gozlem dosyasi, yayin efemerisi ve hassas
efemeris dosyalar1 Cizelge 2’de verilmistir.
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Cizelge 2. KTUN_SPP igin yiiklenebilecek 6rnek dosya tiirleri (23 Nisan 2021 ANKR istasyonu)
Table 2. Sample file types that can be uploaded for KTUN_SPP (April 23, 2021 ANKR station)

Gozlem Dosyas1 Yayin Efemerisi Dosyasi Hassas Efemeris Dosyas1

ankr1130.21n 1gs21545.sp3

ankr1130.210 brdc1130.21n cod21545.eph

ankr1130.211 esa21545.sp3
ANKROOTUR_R_20211120000_01D_EN.rnx jp121545.5p3 vd.

“CIKTI INCELEME” penceresi, daha once de ifade gibi “MUTLAK KONUM BELIRLEME (SPP)”
penceresinde yapilan hesaplamalarin sonug ¢iktisinin (.txt) alinacagi penceredir. Bu pencerede kullaniciya
Ozet ¢ikt1 ve ayrinti ¢iktt olmak tizere iki farkhi gikti tiirii sunulmaktadir. S6z konusu ¢iktilarin igerigi
Cizelge 3’de, yazilima ait ekran goriintiileri ise Sekil (4.a. ve 4.b.)’de verilmektedir.

Cizelge 3. KTUN_SPP “CIKTI INCELEME” penceresi igerigi
Table 3. Contents of the KTUN_SPP “OUPUT REVIEW” window

Ozet C1kt1 Dosyasi Icerigi

Ayrint1 Cikt1 Dosyasi Icerigi

Secilen Uydu Tipi (GPS, Galileo, GPS+Galileo)
Gozlem Dosyas1 Adi

Navigasyon Dosyas1 Adi ya da Yoriinge Dosyasi
Ad1

Iyonosferik Diizeltme I¢in Yiiklenen Navigasyon
Dosyas1 Ad1

Hesaplama Parametreleri

Datum ve Tarih

X, Y, Z Kartezyen Koordinatlar1 ve Standart
Sapmalar1

Hesaplanan Kartezyen Koordinatlar ve Yaklastk
Koordinatlar Farki

Enlem, Boylam, Elipsoidal Yiikseklik
Hesaplanan Cografi Koordinatlar ve Yaklasik
Cografi Koordinatlar Farki

Toplam RMS (Dengeleme Sonrasi Karesel
Ortalama Hata)

Referans Uydu Saat Kayiklig1

Hesaplanan Toplam Epok Sayis1

Atilan Toplam Epok Sayisi
Toplam  Gozlem  Sayist
GPSt+Galileo)

Toplam Atilan Goézlem Sayis1 (GPS, Galileo,
GPS+Galileo)

Atilan Gozlem Orani

(GPS, Galileo,

Ayrintili ¢iktt dosyast igeriginde Ozet ¢ikt1
dosyasi igerigine ek olarak, secilen uydu tipine
gore 24 saatlik 6l¢tim siiresince (2880 epok) hangi
uydularin toplam kag¢ epokta atildigr ve hangi
epoklardan c¢ikarildigi sonuglar: yer almaktadir
(Sekil 4.b.). Ornegin; 2 numarali GPS uydusu
toplam 108 epoktan atilmistir ve bu uydunun
atildig1 epoklar sirasiyla 1, 2, 303, 304, 305, ....
1527, 1528.... 2860, 2861 seklinde devam
etmektedir. Diger taraftan 11 numarali GPS
epoktan atilmamustir.
uydular igin ve tiim uydu sistemi secimleri icin
bu istatistikler KTUN_SPP (.txt) ¢ktisinda
verilmektedir.

uydusu  higbir Tim
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(4] KTUN_SPP - O X
ZAMAN HESAPLARI | KTUN FORMAT | MUTLAK KONUM BELIRLEME (SPP) | YARDIMCI HESAPLAR  CIKTI INCELEME

Cikti Paneli

Hangi Cikti Turunu Sececeginizi Belirleyiniz: Ozet Cikti Ayrinti Cikfi

Ozet Cikli Dosyasinin Adimi ve Yerini Belifleyiniz: | | |_| | TUMUNU TEMIZLE | COKLU OZET CIKT

Ayrinti Gikti Dosyasinin Adini ve Yerini Belirleyiniz: | | (] [soMucLarivazoir | | cokLu avainT cikr

Sekil 4.a. “CIKTI INCELEME” penceresi ekran goriintiisii

Figure 4.a. Screenshot of “OUTPUT REVIEW” window

@ gps_yayin_tek_ozet - Not Defte 71 gps.yayin_tek_aynnts - Not Defteri

Dosya Diizen Bigim Gorunam Yardim Dosya Dizen Bicim Géranam Yardim

1 . RINEX Dosyasinin Hesaplanmis Sonuc Koordinatlari (Yayin Efemerisi) 1 Numarala Uydu: Atilan Toplam EPOK= 32

5 w = 1 Numarali Uydu: Atilan EPOKLAR= 1 2 3 4 5 6 7 8 9 10 11 12 13 286
Secilen Uydu Tipi: Sadece GPS 2 Numaral1 Uydu: Atilan Toplam EPOK= 108
Gozlem Dosyas1 Adi: ankr1120.210 2 Numarala Uydu: Atilan EPOKLAR= 303 304 305 309 310 311 312 313 314 3
GPS Navigasyon Dosyasi Adi: brdc1120.21n % Mumaralu lydu: Atilan Toplom EROKS 23
3 Numarali Uydu: Atilan EPOKLAR= 206 207 208 209 210 211 212 213
4 Numarala Uydu: Atilan Toplam EPOK= 43
4 Numarali Uydu: Atilan EPOKLAR= 342 343 344 345 346 347 348 349 350 3
5 Numarali Uydu: Atilan Toplam EPOK= 86

Hesaplama Parametreleri: L1 C1

Datum:: WGs84 5 Numaral: Uydu: Atilan EPOKLAR= 228 229 230 231 232 233 234 235 236 2
. . 6 Numarali Uydu: Atilan Toplam EPOK= 76

Tarih(Yil Ay Gun): 2021 4 22 6 Numaraly Uydu: Atilan EPOKLAR= 279 280 281 282 283 284 287 289 290 2
7 Numarali Uydu: Atilan Toplam EPOK= 53

x= T0121947:482526 (metre 2.7 metre 7 Numarala Uydu: Atilan EPOKLAR= 657 658 659 660 661 662 663 664 665 6

y=  2652187.211638 metre + 2.1 metre 8 Numaral Uydu: Atilan Toplam EPOK= 109

z=  4069023.451620 metre + 2.9 metre 8 Numarali Uydu: Atilan EPOKLAR= 256 257 258 259 260 261 262 263 264 2
9 Numarali Uydu: Atilan Toplam EPOK= 35

Hesaplanan Kartezyen Koordinatlar(XH)-Yaklasik Kartezyen Koordinatlar(XY)= 9 Numaral: Uydu: Atilan EPOKLAR= 528 529 53@ 543 544 545 546 547 548 5
10 Numarali Uydu: Atilan Toplam EPOK= 59

dX(XH-XY) = 13.222326 metre 10 Numarala Uydu. Atilan EPOKLAR= 2418 2419 2420 2421 2422 2423 2424 242

dY(XH-XY) = -2.600362 metre 11 Numarali Uydu: Atilan Toplam EPOK= @

dZ(XH-XY) = -11.459380 metre 11 Numarala Uydu: Atilan EPOKLAR= @
12 Numarali Uydu: Atilan Toplam EPOK= 32

Enlem (Derece Dakika Saniye) = 39 53 14.5547 12 Numarala Uydu: Atilan EPOKLAR= 1595 1596 1597 1598 1599 1600 1601 16@;

Boylam (Derece Dakika Saniye) = 32 45 30.4908 13 Numaraly Uydu: Atilan Toplam EPOK= 187

Elipsoidal Yukseklik = 974.872 13 Numarala Uydu: Atilan EPOKLAR= 1026 1027 1028 1029 1030 1031 1032 103

1910 1911 1912 1913 1914 1916 1917 1918 1919 1920 1921 1922 1924 19
14 Numarala Uydu: Atilan Toplam EPOK= 76

14 Numarali Uydu: Atilan EPOKLAR= 234 235 236 237 238 239 242 243 244
15 Numarali Uydu: Atilan Toplam EPOK= 99

15 Numarali Uydu: Atilan EPOKLAR= 1090 1091 1092 1093 1094 1095 1896 109
16 Numarali Uydu: Atilan Toplam EPOK= 108

16 Numaraly Uydu: Atilan EPOKLAR= 267 268 269 270 271 272 273 274 275
17 Numarala Uydu: Atilan Toplam EPOK= 90

Hesaplanan Cografi Koordinatlar-Yaklasik Cografi Koordinatlar=

dEnlem = -0.000135 sn
dBoylam = -0.000109 sn
dYukseklik = ©.103671 metre

Toplam RMS (Dengeleme Sonrasi Karesel Ortalama Hata)= £ 2.07 metre 17 Numarala Uydu: Atilan EPOKLAR- 498 499 500 561 502 503 584 505 506
. . 18 Numarali Uydu: Atilan Toplam EPOK= 53
Referans Uydu Saat Kayikligi= 0.0000000062582792 saniye 18 Numaral: Uydu: Atilan EPOKLAR= 2149 2150 2151 2152 2153 2154 2155 215
19 Numarali Uydu: Atilan Toplam EPOK= 110
Hesaplanan Toplam EPOK Sayisi = 2879 19 Numaral: Uydu: Atilan EPOKLAR= 579 580 581 582 584 585 586 587 588
20 Numaral1 Uydu: Atilan Toplam EPOK= 90
Atilan Toplam Epok Sayisi= 1 20 Numarali Uydu: Atilan EPOKLAR= 746 747 748 749 750 751 752 753 754
21 Numarali Uydu: Atilan Toplam EPOK= 20
Toplam GPS Gozlem Sayisi = 26196 21 Numarali Uydu: Atilan EPOKLAR= 2787 279@ 2793 2794 2795 2797 279
22 Numarali Uydu: Atilan Toplam EPOK= 39
Toplam Atilan GPS Gozlem Sayisi = 2403 22 Numaraly Uydu: Atilan EPOKLAR= 88 89 90 91 92 93 94 95 96 97 98 9
23 Numarali Uydu: Atilan Toplam EPOK= 165
Atilan Gozlem Orani = % 9.17 23 Numaral: Uydu: Atilan EPOKLAR= 719 720 721 722 723 724 725 726 727

24 Numarala Uydu: Atilan Toplam EPOK= @
___________________________________________________________________________ 24 Numaraly Uydu: Atilan EPOKLAR= @
<

St1,Stn1

Sekil 4.b. GPS yayin efemerisi 0zet ¢ikt1 ve ayrinti ¢ikti dosyasinin igerigi (.txt)
Figure 4.b. Ccontents of GPS broadcast ephemeris summary output and detail output file (.txt)

Daha once de ifade edildigi gibi KTUN_SPP mevcut durumda GPS ve Galileo uydu sistemlerini
desteklemektedir. GPS uydu sisteminin farkli uydu sistemleri ile entegre edilmesi birtakim sorunlari da
beraberinde getirmektedir. Baska bir ifadeyle farkli GNSS sistemleri farkli zaman ve koordinat
sistemlerine sahiptir. Bilindigi tizere GPS, Galileo, GLONASS ve BDS uydu sistemleri sirasiyla “WGS84”,
“GTRF”, “PZ90.11”, “CGCS2000” datumlarinda yayin yapmaktadir. Bu nedenle farkli sistemlerin birlikte
kullanulabilmesi igin bu sistemlerin aym: datuma ve ayni zaman Olgegine dayandirilmasi oldukga
onemlidir. Diger taraftan, (Montenbruck ve dig., 2015) yaptig1 calismada GPS, GLONASS, Galileo ve BDS
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koordinat sistemleri arasinda sadece santimetre diizeyinde farkliliklar oldugunu goz 6niine sermis ve bu
durumun metre diizeyinde dogruluga sahip SPP yonteminde ihmal edilebilecegini belirtmistir.
Dolayisiyla hesaplanacak uydu koordinatlari herhangi bir doniisiime tabi tutulmadan dogrudan
kullanilabilmektedir.

GPS, Galileo, GLONASS ve BDS uydu sistemlerinde sirasiyla “GPS zamani”, “Galileo sistem zaman”,
“GLONASS zamani” ve “BDS zaman1” kullanilmaktadir. Buradan hareketle, farkli zaman 6lgeklerine ait
GNSS sistemlerinin birlikte kullanilabilmesi i¢in belirlenecek referans zaman sistemine 6l¢eklendirilmesi
gerekmektedir. Ek olarak farklt GNSS sistemlerinden gelen sinyallerin alict donanim gecikmesi, tek bir
alic1 saat parametresi tarafindan absorbe edilemez. Bu nedenle GNSS sistemlerinden gelen farkli alic1 saat
parametreleri tahmin edilmelidir. Bunun icin alternatif bir yol olarak herhangi bir uydu sistemi referans
olarak (0rn. GPS) secilir. Ardindan GPS ile diger uydu sistemleri arasindaki sistemler aras1 sapma (ISB:
inter-system bias) parametreleri tanitilir. Sonugta; GPS sistem saatine getirilecek diizeltme (GPS receiver
clock offset) ve ISB parametreleri ayn1 anda bilinmeyen olarak tahmin edilir (Zhang ve Pan, 2022).

KTUN_SPP hesaplamalarinda nokta bagimli olan ve modellenemeyen hatalar (6rn. sinyal giiriiltiisii,
sinyal yansima etkisi vb.) Olclilere diizeltme olarak getirilmemektedir. Bunun sebebi bu hata
kaynaklarinin noktadan noktaya degiskenlik gostermesi nedeniyle ayr1 bir analiz yapilmas: gerekliligidir.
Diger taraftan, hesaplamalarda GNSS olgiileri birim agirlikli olarak ele alinmistir. Bu konuda bugiine
kadar genel kabul gormiis ve referans olarak alinabilecek bir ¢alisma bulunmasa da stokastik model
cercevesinde yapilan bazi uygulamalarda GPS kod gozlemlerinin duyarliigmin yaklasik 0,3 metre,
Galileo kod gozlemlerinin duyarliliginin ise yaklasik 0,6 metre olarak ele alindig gériilmektedir (Cai ve
dig., 2014, Montenbruck ve dig., 2015, Pan ve dig., 2016).

KTUN_SPP’de kullanilan kod gozlemi denklemleri (1 ve 2) esitliginde verilmektedir.

P¢ =p§ +cx (At —AtS) + 1§ + TS + ¢« TGDC + £¢ 1)
PE = pf + ¢« (At§ + ISBSE — AtE) + IE + TF + ¢ x TGDE + £F ()

Bu esitliklerde iist indisler olan (G, E) sirastyla GPS ve Galileo uydularing, alt indisler (0, R, sys) ise
sirastyla yaklasik koordinatlari, aliciyr ve uydu sistemleri arasindaki zaman sistemi farkliligini temsil
etmektedir. P¢F olgiilen uydu-alict uzakligini (metre), po”* geometrik uydu-alici uzakligini (metre), ¢
bosluktaki 1sik hizin1 (metre/sn), At§ alici saat zamarn ile GPS zamani arasindaki saniye biriminde farki,
At®F uydu saati zamani ile GPS zamarnu arasindaki saniye birimindeki farki, ISB&;; GPS ve Galileo uydu
sistemleri arasindaki saniye biriminde zaman sistemi farkliligini (ISB), I5* uydu ve 6l¢ii noktasindaki
iyonosferik etkiyi (metre), T uydu ve olcii noktasindaki troposferik etkiyi (metre), TGD®F
toplam/zamanlama grup gecikmesini (sn) ve €% §l¢iim giirtiltiistinii ve modellenemeyen diger hatalar
ifade etmektedir.

S6z konusu esitliklerde yer alan pS*, 6lcii noktasindaki alicinin yaklagik koordinatlari ve yaym
efemerisleri aracihigiyla hesaplanan uydu koordinatlarindan elde edilmektedir. At®, yayin efemerisleri
icerisinde yayimnlanan polinom katsayilar1 kullamlarak hesaplanip GPS sistem saatine senkronize
edilmektedir. I3, Klobuchar iyonosferik modeli kullarularak giderilmektedir (Klobuchar, 1987). Tg"*,
Niell troposferik modeli kullanilarak giderilmektedir (Niell, 1996). TGD®* ise yayin efemerisi dosyalari
araciligiyla elde edilebilmektedir. Boylece (1 ve 2) esitliklerinden geriye alici koordinatlari, alici saat hatas:
ve GPS-Galileo uydular arasindaki sistem farklilig1 olmak iizere bes bilinmeyen kalmaktadir. Dolayisiyla
bu bes bilinmeyenin ¢oziilebilmesi icin (1 ve 2)'de verilen kod gozlemi denklemlerinin lineerlestirilmesi
gerekmektedir. S6z konusu esitlikler lineerlestirildiginde (3) genel esitligi elde edilmektedir.

V=A4X-1 3)

Esitlik (3) te yer alan V diizeltme vektoriinii, A katsayilar matrisini, X bilinmeyenler vektoriinii ve L
gozlenen-hesaplanan vektoriinii ifade etmekte olup bunlar esitlik (4)" de gosterilmektedir.
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+ katsayilar matrisinde yer alan X", Y6", Z6" ve XEk yEK 7EK jfadeleri (n=GPS uydu say1si, k=Galileo
uydu sayist) olmak {izere GPS-Galileo uydularinin ECEF koordinat sistemindeki kartezyen
koordinatlarini, X,,Y,, Z, ifadesi yeryiiziindeki alicinin yaklasik koordinatlarini, p§" ve p£* GPS-Galileo
uydulari ile alict arasindaki geometrik uzunlugu ifade etmektedir. L matrisinde yer alan p§" ve pE¥
ifadeleri gozlem dosyasindan okunan gdzlem (pseudorange) degerlerini, P ve PE¥ ifadeleri diizeltme
getirilmis uydu-alic1 uzakliklarin (1 ve 2) ifade etmektedir. Son olarak X matrisinde yer alan Ay, Ay, A,
ifadeleri sirastyla alicinin yaklagik koordinatlarina getirilecek diizeltmeyi, c. At§ alici saat zamanu ile GPS
zamanu arasindaki farki ve ¢. ISB&); GPS ve Galileo uydu sistemleri arasindaki zaman sistemi farkliligini

ifade etmektedir.
SAYISAL UYGULAMA (COMPUTATIONS)

KTUN_SPP yaziliminin performansini test etmek amaciyla calisma kapsaminda 7 adet IGS
istasyonuna ait veri setleri kullanilmistir. S6z konusu istasyonlarin cografi olarak dagilimi Sekil 5'de
gosterilmektedir.

Calismada; 2022 yilin 31-37'nci giinlerinde 30 saniyelik gozlem araligina sahip 24 saatlik gozlem
dosyalar: ile yine aym giinlere ait navigasyon dosyalar1 (yayin efemerisi) kullanilarak hesaplamalar
yapilmigtir. S6z konusu istasyonlarin secilmesinde bir haftalik periyot boyunca istasyonlara ait gerekli
tim RINEX dosyalarmnin mevcut olmasina ozellikle dikkat edilmistir. Hesaplamalarda kullanilan
parametreler Cizelge 4’de verilmistir.
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Cizelge 4. KTUN_SPP hesaplamalarinda kullanilan veri, model ve parametreler
Table 4. Data, models and parameters used in KTUN_SPP computations

Ad1

Kullanilan veri/model/parametre

Gozlemler
Frekans Bantlan
Ol¢iim Yontemi
Hesap Senaryosu
Uydu ydriinge ve saat bilgisi
Iyonosferik gecikme
Troposferik gecikme
Kaba hatal1 6l¢ii esik degeri
Yiikseklik a¢is1 esik degeri
PDOP esik degeri
Gozlem araligy
ISB
Dengeleme Yontemi

Fark alinmamis (undifferenced) kod gozlemleri

GPS L1 ve Galileo E1
Tek frekansta SPP
GPS, Galileo, GPS+Galileo
Yayin efemerisleri
Klobuchar (1987)
Niell (1996)

30 metre
10°
4
30 saniye
Uygulandi
En Kiciik Kareler (EKK)

75°N F —
FAIR
60°N |- .
BREW Hhots pate
(AR » € KITG
30°N |- -
0ok
VACS

30°S

5000 km

2000 mi

| | | | | | Esri HERE
180°W 135°W 90°W 45°W 0° 45°E 90°F 135°E 180°F

Sekil 5. Segilen istasyonlarin cografi dagilim
Figure 5. Geographical distribution of selected stations

Diger taraftan calisma icin segilen 7 istasyonun hassas koordinatlar1 “CenterPoint RTX Post-
Processing” degerlendirme servisi kullanilarak elde edilmistir (Trimble, 2022).

Bu ¢alisma kapsaminda KTUN_SPP’den elde edilen sonuglar ile “CenterPoint RTX Post-Processing”
degerlendirme servisinden elde edilen sonuglarin yerel jeodezik (toposentrik) koordinat sisteminde
karsilastirmasi yapilmistir. Bu karsilastirmalarda kullanulan esitlikler (5-9)’da verilmektedir. Burada RMS

Root Mean Square, AE,AN, AU sirasiyla dogu, kuzey, yukar bilesenlerini, n ise toplam epok sayisini

belirtmektedir.

3-D konum hatast (RMS) = \/% Y™ (AE? + AN? + AU?) (5)

2-D yatay bilegenler (dogu ve kuzey) hatas1 (RMS) = J % Y, (AEF + AN?) (6)
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Dogu bileseni hatast (RMS) = | % n L AE? @)
Kuzey bileseni hatas1 (RMS) = ’ % m L AN? (8)

Yukari bilegeni hatasi (RMS) = % n, AU? (9)

KTUN_SPP, GPS ve Galileo uydularini farkh filtreleme testlerine tabi tutmakta ve bu testlerden
gecemeyen uydular1 ya da epoklari dengeleme hesabina dahil etmemektedir. Baska bir ifadeyle
KTUN_SPP; sagliksiz uydulari, deneme asamasinda (bazen aktif bazen pasif durumda) olan Galileo
uydularini, 30 giiven araligimin disinda olan uydulari, belirlenen esik degerine gore kaba hatal1 6l¢tileri,
sinyal ytiikseklik agisinin belirlenen esik degerinden yiiksek olan uydular1 ve PDOP degerinin belirlenen
bir esik degerinden yiiksek olan epoklar1 kullanmamaktadir. Bu baglamda istasyonlara iliskin bir haftalik
siire boyunca kullanilan toplam gozlem sayis1 ve s6z konusu filtreleme teknikleri ile atilan toplam gozlem
sayilar1 Sekiller (6-8)'de verilmektedir.

BULGULAR VE SONUCLARIN IRDELENMESI (RESULTS AND DISCUSSION)

Yapilan sayisal uygulamaya iliskin sonuglarin Ortalama (Ort.) Maksimum (Maks.) ve Minimum
(Min.) degerleri Cizelgeler (5-10)'de verilmektedir.

Cizelge 5. Dogu, kuzey ve yukar bilesenlerindeki GPS SPP sonuglar1 (metre)
Table 5. GPS SPP results in the east, north and up components (meters)

Istasyon | Ort. Maks. Min. Ort. Maks. Min. Ort. Maks. Min.
Adlarn Dogu Dogu Dogu | Kuzey | Kuzey | Kuzey | Yukart | Yukar1 | Yukan
FAIR 0.78 0.99 0.67 0.93 1.04 0.82 2.82 3.08 2.61
KITG 0.56 0.71 0.42 0.78 0.85 0.68 1.85 2.16 1.61
MADR 0.73 0.84 0.66 1.06 1.25 0.93 2.18 2.61 1.65
VACS 0.79 1.16 0.64 1.93 2.39 1.49 2.26 3.39 1.66
ZECK 0.62 0.80 0.50 0.98 1.09 0.90 2.84 3.39 2.19
BADG 0.51 0.62 0.44 1.04 1.20 0.92 2.79 3.13 2.27
BREW 0.72 0.89 0.57 1.20 1.78 0.81 1.92 2.18 1.73

Cizelge 6. RMS3D ve RMS2D GPS SPP sonuglar: (metre)
Table 6. RMS3D and RMS2D GPS SPP results (meters)

Istasyon | Ort. Maks. Min. Ort. Maks. Min.
Adlar1 | RMS3D | RMS3D | RMS3D | RMS2D | RMS2D | RMS2D
FAIR 3.07 3.40 2.84 1.22 1.44 1.06
KITG 2.09 2.42 1.87 0.96 1.08 0.80
MADR 2.54 2.91 2.14 1.29 1.51 1.14
VACS 3.10 4.24 2.59 2.09 2.55 1.68
ZECK 3.07 3.61 2.45 1.17 1.25 1.09
BADG 3.02 3.35 2.61 1.16 1.30 1.03
BREW 2.39 2.86 2.00 1.40 1.99 0.99
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Sekil 6. Istasyon bazinda kullanilan ve atilan GPS gozlemi sayisi (7 giin)
Figure 6. Number of GPS observations used and discarded per station (7 days)

Cizelge 7. Dogu, kuzey ve yukar: bilesenlerindeki Galileo SPP sonuglari (metre)
Table 7. Galileo SPP results in the east, north and up components (meters)

Istasyon | Ort. Maks. Min. Ort. Maks. Min. Ort. Maks. Min.
Adlar1 | Dogu Dogu Dogu | Kuzey | Kuzey | Kuzey | Yukar: | Yukar: | Yukar

FAIR 0.77 0.96 0.63 0.71 0.83 0.65 2.64 3.07 2.50

KITG 0.44 0.67 0.35 0.63 0.74 0.47 1.35 1.62 0.98

MADR 0.61 0.68 0.55 1.02 1.32 0.85 2.08 2.55 1.72

VACS 0.84 1.13 0.54 1.79 2.23 1.36 2.50 3.73 1.47

ZECK 0.42 0.48 0.36 0.85 0.93 0.68 2.68 3.16 2.02
BADG 0.47 0.56 0.42 0.77 0.83 0.68 2.51 2.82 1.93
BREW 0.63 1.17 0.43 1.05 1.56 0.68 1.83 2.01 1.54

Cizelge 8. RMS3D ve RMS2D Galileo SPP sonuglari (metre)
Table 8. RMS3D and RMS2D Galileo SPP results (meters)

Istasyon | Ort. Maks. Min. Ort. Maks. Min.
Adlar1 | RMS3D | RMS3D | RMS3D | RMS2D | RMS2D | RMS2D
FAIR 2.85 3.29 2.46 1.05 1.20 0.90
KITG 1.56 1.79 1.19 0.77 1.00 0.62
MADR 2.41 2.76 2.20 1.19 1.49 1.02
VACS 3.21 4.48 2.07 1.98 2.48 1.46
ZECK 2.84 3.31 2.26 0.95 1.01 0.81
BADG 2.67 2.97 2.14 0.91 0.97 0.82
BREW 2.23 2.61 1.82 1.24 1.72 0.86
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Sekil 7. Istasyon bazinda kullanilan ve atilan Galileo gzlemi sayisi (7 giin)
Figure 7. Number of Galileo observations used and discarded per station (7 days)

Cizelge 9. Dogu, kuzey ve yukar bilesenlerindeki GPS+Galileo SPP sonuglari (metre)
Table 9. GPS+Galileo SPP results in the east, north and up components (meters)
Istasyon | Ort. Maks. Min. Ort. Maks. Min. Ort. Maks. Min.
Adlar1 | Dogu Dogu Dogu | Kuzey | Kuzey | Kuzey | Yukari | Yukar1 | Yukan
FAIR 0.65 0.86 0.57 0.70 0.76 0.63 2.48 2.68 2.18
KITG 0.46 0.56 0.35 0.64 0.75 0.53 1.54 1.82 1.29
MADR 0.54 0.68 0.46 0.95 1.19 0.83 1.87 2.42 1.30
VACS 0.72 1.04 0.52 1.89 2.28 1.48 2.08 3.27 1.41
ZECK 0.47 0.61 0.37 0.85 0.93 0.71 2.73 3.32 2.05
BADG 0.39 0.51 0.32 0.86 0.99 0.75 2.60 2.94 2.00
BREW 0.57 0.71 0.45 1.05 1.60 0.65 1.65 1.91 1.52

Cizelge 10. RMS3D ve RMS2D GPS+Galileo SPP sonuglari (metre)
Table 10. RMS3D and RMS2D GPS+Galileo SPP results (meters)

Istasyon | Ort. Maks. Min. Ort. Maks. Min.
Adlar1 | RMS3D | RMS3D | RMS3D | RMS2D | RMS2D | RMS2D
FAIR 2.66 291 2.38 0.95 1.13 0.85
KITG 1.73 2.05 1.52 0.79 0.94 0.64
MADR 2.18 2.63 1.80 1.10 1.37 0.95
VACS 2.94 4.07 2.51 2.03 2.42 1.65
ZECK 2.90 3.48 2.27 0.98 1.05 0.86
BADG 2.77 3.09 2.26 0.95 1.05 0.85
BREW 2.06 2.35 1.72 1.20 1.75 0.81
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Sekil 8. Istasyon bazinda kullanilan ve atilan GPS+Galileo gdzlemi sayisi (7 giin)
Figure 8. Number of GPS+Galileo observations used and discarded per station (7 days)

Cizelgeler (5-10) incelendiginde, baska bir ifadeyle 7 giinliik siire boyunca her 24 saatin sonunda elde
edilen GPS SPP, Galileo SPP ve GPS+Galileo SPP senaryolarindan elde edilen sonuglar tiim istasyonlar
g0z Oniline alinarak karsilagtirildiginda elde edilen sonuglarin sivil (C/A) kod olgiilerinden beklenen
dogruluk sinirlar1 (1-10 metre) icerisinde kaldig1 goriilmektedir. Bilindigi iizere tek frekansta kod 6l¢iisii
kullanarak navigasyon mesaji (yaymn efemerisi) ile gercek zamanli konum belirlemede elde edilecek
dogruluklar 1-10 metre arasinda degismektedir. Ancak KTUN_SPP'nin uzun siireli GNSS kod
gozlemlerinin kullanilmasi, belirli atmosferik diizeltme ve filtreleme tekniklerini de hesaba katmasiyla bu
dogruluklar ii¢ boyutlu konum hatas1 (RMS 3D) cinsinden + 1-3 metre seviyesine indirmis baska bir
ifadeyle s6z konusu dogruluklar: iyilestirmistir. Bu baglamda GPS SPP ve Galileo SPP senaryolarindan
elde edilen Ort. RMS 3D dogruluklar1 Sekil (9)da verilmistir. Sekil (9) incelendiginde, Galileo SPP
senaryosundan elde edilen Ort. RMS 3D degerlerinin GPS SPP senaryosundan elde edilen Ort. RMS 3D
degerlerinden (VACS istasyonu hari¢) daha yiiksek dogruluga sahip oldugu goriilmektedir.
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Sekil 9. Istasyonlara iliskin RMS3D grafikleri (GPS-Galileo)
Figure 9. RMS3D graphics of stations (GPS-Galileo)

Diger taraftan Cizelgeler (5-8) goz 6niine alindiginda Dogu, Kuzey ve Yukar bilesenlerinin (VACS
istasyonu harig) diger tiim istasyonlarda Galileo SPP sonuglarinin GPS SPP sonuglarindan daha yiiksek
dogruluga sahip oldugu goriilmektedir. S6z konusu sonuglar Sekiller (10-12)'de grafikler seklinde
gosterilebilir.
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Sekil 10. Istasyonlara iliskin RMS Dogu bileseni grafikleri (GPS-Galileo)
Figure 10. RMS East component graphics of stations (GPS-Galileo)
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Sekil 11. Istasyonlara iliskin RMS Kuzey bilegeni grafikleri (GPS-Galileo)
Figure 11. RMS North component graphics of stations (GPS-Galileo)
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Sekil 12. istasyonlara iliskin RMS Yukari bileseni grafikleri (GPS-Galileo)
Figure 12. RMS Up component graphics of stations (GPS-Galileo)

Istasyonlar incelendiginde tiim bilesenlerde RMS (3D, Dogu, Kuzey ve Yukari) sadece VACS
istasyonunda GPS SPP sonuglarmnin Galileo SPP sonuglarindan biraz daha yiiksek dogruluga sahip
oldugu goriilmektedir. Baska bir ifadeyle VACS istasyonunda, GPS ve Galileo SPP senaryolar1 RMS
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(Dogu, Kuzey ve Yukari) bilesenleri agisindan incelendiginde aralarindaki farklarin sirasiyla (+5 cm, -14
cm ve +24 cm) oldugu goriilmektedir. Diger taraftan VACS istasyonuna ait RTX’in {irettigi rapor dosyasi
¢oztimleri incelendiginde RTX'in bu istasyon i¢in yaptig1 hesaplamaya Galileo uydularini dahil etmedigi
gorilmiistiir. RTX rapor dosyasinda Galileo uydularinin neden elimine edildigine dair herhangi bir bilgi
olmasa da yapilan ayrintili inceleme sonucunda bunun nedeni VACS istasyonunda gozlenen Galileo uydu
sayisinin yetersiz olmasi, buna bagh olarak uydu geometrisinin bozulmasi ve yiiksek PDOP degerine
sahip olmasi olarak belirlenmistir.

Diger taraftan, KTUN_SPP yaziliminin Galileo SPP senaryolarinda ayni GPS SPP senaryosunda
oldugu gibi Klobuchar iyonosferik modelini kullanmasi, Galileo SPP’den elde edilen dogrulugu belirli bir
seviyede azalttig1 diisiiniilmektedir. Bu konuda yapilmis ve yayinlanmis ¢alismalar dikkate alindiginda
(Oladipo ve Schiiler, 2012; Pan ve dig., 2016), Galileo uydular1 i¢in NeQuick iyonosferik diizeltme
modelinin kullanilmasinin daha uygun olacag: belirtilmektedir.

Yukarida anlatilan ¢alismaya ilave olarak GPS uydularina Galileo uydularinin da entegre edilmesiyle
GPS+Galileo SPP senaryolar: olusturulmus ve bununla ilgili sonuglar asagida verilmistir.

Cizelgeler (5-10)'a gore GPS, Galileo ve GPS+Galileo SPP senaryolar1 ort. RMS 3D agisindan
incelenmis ve Sekil (13)’deki grafik olusturulmustur. Sekil (13)’de GPS SPP ve GPS+Galileo SPP {izerinden
bir karsilastirma yapildiginda GPS+Galileo SPP’nin yalnizca GPS SPP’ye gore daha kiigiik konum hatasina
sahip oldugu goriilmektedir. Diger taraftan ZECK ve BADG istasyonlarinda ise Galileo SPP ve
GPS+Galileo SPP sonuglarinin birbirine hemen hemen yakin sonuglar (~6-10 cm) verdigi goriilmektedir.
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Sekil 13. Istasyonlara iliskin ortalama RMS3D grafikleri
Figure 13. Average RMS3D graphics for stations

Sonug olarak; Galileo uydularinin da katkisiyla GPS+Galileo SPP sonuglarinin sadece GPS SPP veya
Galileo SPP sonuglarina gore iyilesme gosterdigi agiktir. Ancak bazi istasyonlarda Galileo SPP'nin
GPS+Galileo SPP sonuglarina cm mertebesinde yakin olmasi metre seviyesinde dogruluga sahip SPP
yonteminde detayli olarak incelenmesi gereken bir konu olarak goriilmemektedir. Diger taraftan KITG
istasyonunda Galileo SPP sonuglart hem GPS SPP hem de GPS+Galileo SPP sonuglarindan daha kiigiik
konum hatasina sahiptir. Bu durumun olusmasinda 6l¢iim yapilan giinlerin yani sira Galileo uydularinin
belirli bir cografi bolge ve dlgiim anindaki uydu geometrisine bagli olmasi etkili olmustur. Bagka bir
ifadeyle, Galileo uydularinin mevcut durumu baz: istasyonlarda konum dogrulugunu arttirirken bazi
istasyonlarda ise diistirmektedir. 56z konusu durumun olusmasinda Galileo uydularinin tam operasyonel
kapasiteye (FOC: Full Operation Capability) ulasmamis olmasi da etkili olmaktadir.

Cizelgeler (5-6 ve 9-10) incelendiginde; GPS+Galileo SPP sonuglarinin GPS SPP sonuglarina gore daha
diisitk konum hatalarina sahip oldugu goriilmektedir. Bagka bir ifadeyle GPS+Galileo SPP senaryosu ile
elde edilen sonuglarin sadece GPS SPP senaryosu ile elde edilen sonugclari iyilestirdigi aciktir. S6z konusu
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iyilesme oranlari (Galileo uydularinin sonuglara katkist) RMS (3D, 2D, Dogu, Kuzey ve Yukari) bilesenleri
i¢in Cizelge (11) ve Sekil (14)'de verilmektedir.

Cizelge 11. Galileo uydularinin RMS (3D, 2D, Dogu, Kuzey ve Yukar1) bilesenlerine katkisi
Table 11. The contribution of the Galileo satellites to the RMS (3D, 2D, East, North and Up) components

Istasyon RMS 3D (%) | RMS2D (%) | RMS Dogu (%) | RMS Kuzey (%) | RMS Yukar1 (%)
FAIR 13,36 22,13 16,67 24,73 12,06
KITG 17,22 17,71 17,86 17,95 16,76

MADR 14,17 14,73 26,03 10,38 14,22
VACS 5,16 2,87 8,86 2,07 7,96
ZECK 5,54 16,24 24,19 13,27 3,87

BADG 8,28 18,10 23,53 17,31 6,81
BREW 13,81 14,29 20,83 12,50 14,06
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Sekil 14. Galileo uydularinin RMS (3D, 2D, Dogu, Kuzey ve Yukar1) bilesenlerine katkis:
Figure 14. The contribution of the Galileo satellites to the RMS (3D, 2D, East, North and Up) components

Cizelge (11) ve Sekil (14) incelendiginde 6rnek olarak FAIR istasyonunda GPS+Galileo SPP'nin
yalmizca GPS SPP’ye gore konumlandirma dogrulugunu RMS (3D, 2D, Dogu, Kuzey ve Yukar:)
bilesenlerinde sirastyla %13,36, %22,13, %16,67, %24,73 ve %12,06 oraninda arttirdig1 seklinde yorum
yapmak olanaklidir. Kalan istasyonlarla ilgili yorumlar da benzer sekilde yapilabilir.

Diger taraftan tim bilesenler goz oniine alindiginda, toplam iyilesmenin en yiiksek FAIR
istasyonunda oldugu, en diisiik iyilesmenin ise VACS istasyonunda oldugu goriilmiistiir. Ayrica yine tim
bilesenler géz Oniine alindiginda en yiiksek katki oran1 MADR istasyonu Dogu bilesenin de olup, en
diisiik katki oran1 VACS istasyonu Kuzey bilesenindedir. Diger taraftan tiim istasyonlar goz oniine
alindiginda, Galileo uydularinin 6zellikle Dogu bileseninde katkisinin daha fazla oldugu goriilmektedir.

SONUCLAR VE ONERILER (CONCLUSIONS AND RECOMMENDATIONS)

Tek Nokta Konum Belirleme (SPP) yonteminde tek frekansli alicilarla yalnizca kod Olgiilerinin
kullanilmasi, iyonosferik etkinin %50-60 oraninda giderilebilmesi, alici anteninin cevre kosullarindan
kolayca etkilenebilmesi nedenleriyle gercek zamanli konum dogrulugu yaklasik olarak 1-10 metre
arasinda degismektedir. Dolayisiyla bu yontem yiiksek dogruluk isteyen miithendislik amagh kullanimlar
i¢in uygun degildir. Diger taraftan yeni uydu sistemlerinin ortaya ¢ikmasi, GPS modernizasyonundaki
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yenilikler, kod 6l¢ii ve yayin efemerislerinin kalitesinin iyilestirilmesi, atmosferik modellerdeki gelismeler
ile birlikte SPP yonteminden elde edilebilecek giincel dogruluklar da iyilesmistir. Buradan hareketle, SPP
yonteminden elde edilebilecek dogruluk, Konya Teknik Universitesinde yiiksek lisans tez galismasi
kapsaminda hazirlanan KTUN_SPP isimli tek nokta konum belirleme yazilimi ile test edilmistir. GPS ve
Galileo uydularina ait L1 ve E1 frekanslarindaki C1 kod gozlemlerinin kullanildig1 yazilimda GPS SPP,
Galileo SPP ve GPS+Galileo SPP senaryolarina gore hesaplamalar yapilmistir. Hesaplamalardan elde
edilen sonuglar, “CenterPoint RTX Post-Processing” degerlendirme servisinden elde edilen sonuglar ile
yerel jeodezik (toposentrik) koordinat sisteminde RMS (3D, 2D, Dogu, Kuzey ve Yukari) bilesenleri
acgisindan karsilastirilmistir.

Calismadan elde edilen sonuglar incelendiginde, KTUN_SPP’de uzun siireli GNSS kod go6zlemlerinin,
belirli atmosferik diizeltme ve filtreleme tekniklerinin kullanilmasiyla {i¢ boyutlu SPP dogrulugu + 1-3
metre seviyesine inmis bagka bir ifadeyle s6z konusu dogruluklar iyilesmistir. Diger taraftan dogruluklar
RMS (3D, Dogu, Kuzey ve Yukar1) bilesenleri icin ayr1 ayr1 incelendiginde, Galileo SPP sonuglarinin GPS
SPP sonuglarindan daha yiiksek dogruluga sahip oldugu goriilmiistiir. Ayrica tiim bilesenler géz dniine
alindiginda, GPS+Galileo SPP sonuglarinin sadece GPS SPP veya sadece Galileo SPP sonuglarina gore
¢ogu istasyonda daha kiiciik konum hatalarina sahip oldugu goriilmdiistiir.

Diger bir karsilastirma ise GPS+Galileo SPP ve GPS SPP arasinda olmustur. Bu baglamda GPS+Galileo
SPP sonuglarinin sadece GPS SPP sonuglarina kiyasla iyilesme oranlari, baska bir deyisle Galileo
uydularinin “RMS 3D” agisindan sonuglara katkisi; FAIR, KITG, MADR, VACS, ZECK, BADG ve BREW
istasyonlarinda sirasiyla yaklasik %13, %17, %14, %5, %8 ve %14 olarak gézlenmistir. Diger bilesenler i¢in
iyilesme oranlari ise Cizelge (11)’de detayli olarak verilmistir.

Ayrica, KTUN_SPP'nin Galileo SPP senaryosunda Klobuchar iyonosferik diizeltme modelini
kullanmas1 Galileo SPP ile elde edilen dogrulugu belirli bir seviyede azalttif1 diistintilmektedir. Diger
taraftan, bu konuda yapilan ¢alismalar da dikkate alindiginda Galileo uydular: i¢in NeQuick iyonosferik
diizeltme modelinin kullanilmasimnin daha uygun olacagr ongoriilmektedir. Sonug olarak calisma
kapsaminda hazirlanmis olan KTUN_SPP yazilimmin tek nokta konum belirleme uygulamalar1 igin
giivenle kullanilabilecek bir yazilim oldugu yapilan deneysel testlerle ortaya konmustur.
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ABSTRACT: Nanofluids have been considered as new potential heat transfer fluids, but there are
controversial results about the stability and thermophysical properties of nanofluids in literature. In this
experimental study, nanofluids at different aluminium oxide (Al20s) volume fractions (0.3-1.1%) and
sodium dodecyl sulfate (SDS) surfactant weight fractions (0.2-0.8%) were prepared by utilizing the two-
step method. Stability of the obtained nanofluids was determined according to the sedimentation method,
zeta potential and average particle size analysis. Density, viscosity and thermal conductivity of the
nanofluids were measured experimentally from 298 K to 338 K. According to the results, the nanofluids
prepared with 0.2% SDS began to collapse within a few minutes. However, it was observed that the
stability of nanofluids prepared with 0.4% SDS, 0.6% SDS, and 0.8% SDS changed with the particle
concentration. Besides, relative density values of nanofluids were found to be independent of temperature
for each particle concentration. While relative viscosity of nanofluids increased with temperature, the
highest relative thermal conductivity values of nanofluids with different weights of SDS were achieved at
different temperatures. In general, relative thermal properties tend to increase with an increase in particle
concentration. It has been observed that the stability and dispersion of nanofluids have a high effect on
thermophysical properties.

Keywords: Nanofluid, Aluminium Oxide, SDS, Stability, Thermophysical Properties

SDS Yiizey Aktif Maddesinin Al20s-Su Bazl1 Nanoakiskanlarin Kararlilig1 ve Termofiziksel
Ozellikleri Uzerine Etkileri

OZ: Nanoakigkanlar, yeni potansiyel 1s1 transfer akigkanlari olarak kabul gormektedir; ancak literatiirde
nanoakiskanlarin kararlilig1 ve termofiziksel 6zellikleri hakkinda tartismali sonuglar bulunmaktadir. Bu
deneysel calismada, farkli hacim oranlarinda aliiminyum oksit (Al2Os) (%0,3-1,1) ve farkli agirlik
oranlarinda sodyum dodesil siilfat (SDS) ylizey aktif madde (%0,2—0,8) iceren nanoakiskanlar, iki adiml
metot kullanilarak hazirlanmistir. Elde edilen nanoakiskanlarin kararliliklari, sedimantasyon yontemi,
zeta potansiyel ve ortalama boyut analizlerine gore belirlenmistir. Nanoakiskanlarin yogunlugu,
viskozitesi ve 1s1l iletkenligi 298 K ile 338 K sicaklik araliginda deneysel olarak dl¢iilmiistiir. Elde edilen
sonuglara gore, %0,2 SDS ile hazirlanan nanoakiskanlar birka¢ dakika icerisinde ¢okmeye baslamistir.
Bunun yani sira %0,4 SDS, %0,6 SDS ve %0,8 SDS ile hazirlanan nanoakiskanlarin partikiil konsantrasyonu
ile kararliliklarinin degistigi gozlemlenmistir. Nanoakiskanlarin temel akiskana gore bagil yogunluk
degerlerinin her bir partikiil konsantrasyonu igin sicakliktan bagimsiz oldugu bulunmustur.
Nanoakigkanlarin bagil viskozitesi sicaklikla artarken, farkli SDS agirliklar1 ile hazirlanan
nanoakiskanlarin en yiiksek bagil 1s1l iletkenlik degerlerine farkl sicakliklarda ulasilmistir. Genel olarak,
bagil termal Ozellikler, partikiil konsantrasyonundaki artisla artis egilimi gostermektedir.
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Nanoakiskanlarin kararlilig ve dispersiyonunun termofiziksel 6zellikler {izerinde yiiksek bir etkiye sahip
oldugu gozlemlenmistir.

Anahtar Kelimeler: Nanoakiskan, Aliiminyum Oksit, SDS, Kararlilik, Termofiziksel Ozellikler
1. INTRODUCTION

The advancement of nanofluids, which are prepared with nanoparticles and a base fluid, has become
a significant topic in nanotechnology, microelectronic technology, and processes requiring high heat flux.
Nanofluids present better thermophysical properties than conventional fluids, not including particles
(Sezer et al., 2019). However, not providing the stability of nanofluids is a critical problem that prevents
the development of this field. Having high surface areas and energies, nanoparticles tend to form clusters.
Due to the forming of particle clusters, volume ratio, hydrodynamic properties, density, viscosity, and
thermal conductivity of fluids can be changed (Ali and Salam, 2020). To obtain long term stable nanofluids,
chemical and physical treatments are applied to suspensions. High energy applications to disperse
agglomerated particles such as ultrasonication, homogenization and ball milling are among the physical
processes, while pH change, surface modification of nanoparticles and addition of surfactants are
identified as the chemical processes (Sezer et al.,, 2019). Surfactants are formed of hydrophilic and
lipophilic parts, and according to their hydrophilic parts, they are separated into four groups: amphoteric
surfactants, cationic surfactants, nonionic surfactants, and anionic surfactants. In solution, surfactants
form self-forming molecules that belong to micelles and help decrease the surface tension between the
two phases (Ali and Salam, 2020). Micellization is significant for colloid chemistry. Surfactants have been
widely used for the preparing stage of nanofluids. Increased interparticle repulsive (electrostatic and
steric) forces will improve particle dispersion stability in fluids. With the addition of nanoparticles, strong
bonds are formed between the surfaces of nanoparticles and polar groups of surfactants, and the effects
of electrostatic repulsion and steric barriers inhibit aggregation of particles (Nair et al., 2018). When an
adequate quantity of surfactants is added, a surface film surrounding nanoparticles forms as a
consequence of surface adsorption. If the thickness and intensity of the surface film are sufficient, the
aggregation of nanoparticles can be prevented (Zareei et al., 2019).

There are many studies about nanofluids prepared by using surfactants in the literature, and one of
the most commonly used surfactants at the preparing stage of nanofluids is sodium dodecyl sulfate (SDS)
surfactant (Sezer et al., 2019). Sing et al. prepared carbon nanotube (CNT) nanofluid with SDS surfactant,
and investigated the stability of nanofluids by changing the surfactant/CNT concentration ratio from 1 to
3. They concluded that nanofluids with SDS surfactant were stable for long-duration, and the best
dispersion was obtained when the surfactant/CNT ratio was 1 (Singh et al., 2020). Hwang et al. studied
the dispersion stability of nanofluids. The nanofluids were obtained using carbon black (CB) and Ag,
water, and SDS and oleic acid as nanoparticles, base fluid and surfactants, respectively. According to the
results, adding SDS to CB nanofluids enhanced stability due to strong electrostatic repulsion (Hwang et
al., 2008). Rao and Babu reported that the suspensions, including SDS and Al2Os particles, were stable for
a long time without settling (Rao and Babu, 2019). Even though the results of these studies are compatible
with each other, Das et al. and Ma et al. noted controversial results with these papers. Al:Os-water
nanofluid was prepared using different surfactants, cetyl trimethyl ammonium bromide (CTAB), sodium
dodecylbenzenesulfonate (SDBS) and SDS by Das et al. Stability of obtained nanofluids was determined.
They reported that Al2Os-water nanofluid with SDS did not show satisfactory stabilization (Das et al.,
2017). Ma et al. investigated the effect of SDS on stability of Al20s-CuO/Water and Al2Os-TiO2/Water
nanofluids by applying UV-Vis, TEM, and sedimentation methods. Results show that agglomeration and
particle clusters occurred by adding SDS (Ma et al., 2021).

Surfactants affect not only the stability but also the thermophysical properties of nanofluids. Xia et al.
investigated the thermal conductivity ratio of nanofluids with SDS and polyvinylpyrrolidone (PVP)
individually. They observed that with the addition of surfactants, the thermal conductivity ratio of
nanofluids first increased and then decreased (Xia et al., 2014). Jha et al. used SDS and Tween 20
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surfactants for preparing water-alumina nanofluids and measured thermal conductivity and viscosity
values of the obtained nanofluids. According to the results, the values of water alumina with SDS were
higher than those of water alumina and water alumina with Tween 20 (Jha et al., 2015). Shah et al. carried
out a study on the rheological properties and thermal conductivities of reduced graphene oxide
(rGO)/ethylene glycol (EG) nanofluids with SDS. They discovered that when SDS concentration was
varied, inconsistent trends for thermal conductivity ratios were observed. Also, the viscosity variation of
nanofluids at constant particle concentration was dependent on temperature and SDS concentration. Both
enhancement and reduction in viscosity compared to base fluid were observed (Shah et al., 2020). In
contrast to these studies, it was reported by Assael et al. that significant variation in thermal conductivity
of nanofluids, including carbon-multiwall nanotubes (C-MWNT) with SDS concentration was not
obtained (Assael et al., 2004).

As mentioned above, there are conflicting and inconsistent results for nanofluids prepared by using
SDS surfactant. Therefore, this study aims to analyze the stability and thermal properties of nanofluids.
The density, viscosity, and thermal conductivity measurements of nanofluids prepared at different
concentrations of SDS and nanoparticles are conducted in the range of 298 K to 338 K.

2. MATERIAL AND METHOD
2.1. Materials

Al:Os has been preferred for preparing nanofluids because it is cheap and nontoxic. AlOs
nanoparticles were procured from Nanografi Co. Inc. and their properties are given in Table 1. SDS, an
anionic surfactant, was utilized as a stabilizer and it was purchased from Merck. Any further purification
was not applied to the chemicals.

Table 1. Properties of used chemicals.

Properties Values
Molecular weight (g/mol) 101.96
Phase Gamma
Morphology Nearly
spherical
ALO: Purity (%) 99.5+
Nanoparticles - :
Average particle size (nm) 18
True density (g/cm?) 3.9
Specific heat capacity (J/g.K) 0.89
Specific surface area (m?/'g) 140
CAS number 151-21-3
Molecular weight (g/mol) 288.37
SDS Density (g/cm?) 1.01
Critical micelle concentration 2.74
CMC (g/dm?3)

2.2. Preparation of Al20s-Water Nanofluids with Surfactant

The two-step method was applied to prepare nanofluids. Firstly, different weight ratios of surfactants
(0.2%, 0.4%, 0.6%, and 0.8%) and water were mixed with a magnetic stirrer at 500 rpm for one hour. A
high precision electronic balance (Mettler Toledo) with an accuracy of 0.0001 g was utilised for weight
measurements. Then, Al2Os particles at 5 different volume ratios (0.3%, 0.5%, 0.7%, 0.9%, and 1.1%) were
added to the solution directly. After mixing at 1000 rpm for 30 min (magnetic stirrer), ultrasonic agitation
(NanoLinker NL400) with 300 W was applied to the solution for one hour to increase the dispersion rate.
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2.3. Stability Analysis

Sedimentation method, particle size and distribution analysis and zeta potential measurement were
utilised to evaluate the stability of the nanofluids. The sedimentation method is easy and economical, and
it is based on observing the precipitation of suspensions by taking photographs at regular intervals.
Malvern Nano ZS90 was used for particle size and distribution analysis. Zeta potential and particle size
analyses were carried out at Cankir1 Karatekin University.

2.4. Measurements of Density, Viscosity, and Thermal Conductivity

For density measurements, a calibrated pycnometer with a volume of 25 ml was utilized. Viscosity
measurements were carried out by a rheometer (Anton Paar). The thermal conductivity of fluids was
determined based on the transient hot-wire method. This method is based on the measurement of the
metallic wire's temperature/time response to an immediate electrical signal. The wire is both a
thermometer and a heater. The wire is submerged in tested liquid and heated as the current passes through
it. The thermal conductivity of the fluid influences the temperature increase of the metallic wire. The
device (Thermtest THW-L2) uses Fourier heat conduction equation to calculate the thermal conductivity
coefficient (Altun and Sara, 2021). The temperature was adjusted with a sensitivity of 0.1 °C. Before the
measurements of the thermal properties of nanofluids, those of pure water were executed. Maximum
deviations for water were calculated as 0.3%, 2.1% and 1.2% for density, viscosity and thermal
conductivity measurements, respectively.

3. RESULTS AND DISCUSSION

Nanofluids were prepared as described in the method. Precipitation of nanoparticles was observed
for analyzing the stability of nanofluids. The density, viscosity, and thermal conductivity of the nanofluids
with 0.2%, 0.4%, 0.6%, and 0.8% by weight of SDS were measured experimentally for 298 K, 308 K, 318 K,
328 K, and 338 K. The SDS weight percent of 0.2 is below the CMC point, which is defined as the surfactant
concentration at which micelles begin to form (Singh and Tyagi, 2014). However, the other concentrations
are above the CMC value, but it is also reported that temperature has an effect on the CMC point (Mohajeri
and Noudeh, 2012). In this study, the base fluid term is referred to as water-surfactant solutions. The
thermal properties of base fluids were obtained from our previous study (Altun and $Sara, 2021).

3.1 Stability of nanofluids

Figure 1 shows pictures of nanofluids using 0.3% AlOs and SDS in different concentrations
immediately after preparation, 30 minutes after preparation and 24 hours after preparation. According to
Figure 1, nanofluids prepared with 0.2 SDS settled in 30 minutes. The highest stability was achieved with
nanofluids prepared at a weight percentage of 0.8 SDS.

Pictures of nanofluids with 1.1% Al20s and SDS in different concentrations immediately after
preparation and 4 hours after preparation are given in Figure 2. It has been observed that the higher the
particle concentration of the nanofluid, the shorter the precipitation time. When SDS concentration was
increased, the stability of nanofluids enhanced. However, nanofluids at the Al20s particle concentration
of 1.1% remained stable for a maximum of 4 hours. After 4 hours, transparent solutions occurred. This
behavior is thought to be due to the hydrophile-lipophile balance (HLB) value. The HLB value gives
information about the functionality and usage areas of surfactants (Galioglu Atici, 2016). The HLB value
of SDS is 40 (Schramm et al., 2003), and a clear solution can be obtained at this HLB value. Ma et al.
investigated the stability of AlOs-TiO2/water nanofluids with SDS by TEM, particle size, and
sedimentation analysis. TEM images show that nanofluids with SDS have large agglomerates and clusters.
Besides, the average nanoparticle sizes of nanofluids with and without SDS are quite close to each other.
It can be seen from sedimentation photographs that the nanofluid with SDS sediment in one day (Ma et
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al., 2021). In a study by Shabh, the stability of rGO/EG based nanofluids with different SDS concentrations
was analyzed. According to the visual inspections of nanofluids, 0.04 vol% nanofluid without SDS
surfactant is the most stable, and it was seen that nanofluids sediment 24 hours later (Shah et al., 2020).
Zhai et al. investigated the stability of Al:Os-EG based nanofluids with SDS. They observed phase
separation in nanofluids with SDS after three days, and pure Al203-EG nanofluid is more stable than the
nanofluid with SDS (Zhai et al., 2019).

A e R,
Figure 1. Visual inspection of nanofluids prepared using 0.3% Al:Os and SDS in different
concentrations a) immediately after preparation b) 30 min after preparation c) 24 hours after preparation.

Figure 2. Visual inspection of nanofluids prepared using 1.1% Al:0s and SDS in different
concentrations a) immediately after preparation b) 4 hours after preparation.

Zeta potential and average particle size of nanofluids prepared with SDS are given in Table 2. It is
known that if the zeta potential is close to +30 mV, nanofluids can be reasonably stable, and collapse with
little stability when it is around +15 mV (Choudhary et al., 2017). Around the isoelectric point, interparticle
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repulsive interactions diminish, and when the attractive forces between particles surpass the repulsive
forces, unstable highly agglomerated particles occur. If the zeta potential is distant from this point, the
attractive force is decreased, and as a result, the average particle size is reduced (Sayan et al., 2009). When
the zeta potential values measured 0.30 h after preparation were examined, the minimum and maximum
zeta potential values of nanofluids were obtained using 0.2 wt% and 0.8 wt% surfactant ratio, respectively.
Obtained nanofluids have little stability but settle lightly according to the zeta potential. Nanofluids with
low Al2Os particle concentrations have greater zeta potential values than nanofluids with high AlOs
particle concentrations. These results are also compatible with visual analysis. Because of agglomeration,
bigger particle clusters accumulate over time and precipitate, while smaller particles stay suspended in
solution. As a result, particle size changes with time (Altun et al., 2021). Zeta potential and average particle
size measurements of the nanofluids that settled down were not performed.

Table 2. Zeta potential and average particle size of nanofluids with SDS.

AlOs SDS Zeta potential (mV) Average particle size (nm)
volume weight
fraction fraction 0.30 h 4h 48h  030h 4h 48 h
(%) (%)
0.0 17.2 24 33.6 355 1887 227
0.3 0.2 -3.5 - - 1659 - -
0.4 -18.0 -37.1 -34.8 429 563 531
0.8 -27.8 1.9 - 2971 1517 -
0.0 5.9 - - 877 - -
1.1 0.2 -3.6 — - 825 - -
0 3500
. 0.2 0.4 0.8 m0.30vol% 1.10vol%
— 3000
5 g
< g 2500
:E' 10 é 2000
8 £
g -15 -3 1500
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Figure 3. The graphs of a) zeta potential and b) particle size values of nanofluids prepared after 0.30
h versus surfactant concentrations at 298 K.

3.2 Density

The ratio of the nanofluid density to the base fluid density, o, is referred to as the relative density in
this paper. In Figure 4, or values for nanofluids prepared with different SDS surfactant ratios are plotted
against solid particle volume percentages. It is seen that density ratios increase with particle concentration
and do not have an important change with temperature for all SDS concentrations. The relative densities
of nanofluids prepared with 0.7% Al2Os and different surfactant concentrations at 298 K and 338 K are
graphically given in Figure 5. The maximum difference between the relative density values is around
0.17%. Besides, it is observed that relative density tends to increase slightly with surfactant concentration.
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Figure 4. Effects of particle concentration on relative densities of nanofluids at different temperatures a)
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Figure 5. Effects of surfactant concentration on relative densities of nanofluids prepared with 0.7%
Al20s at 298 K and 338 K.

3.3 Viscosity

The ratio of the nanofluid viscosity to the base fluid viscosity, s, is referred to as the relative viscosity
in this paper. In Figure 6, the effects of nanoparticle volume percentages on - values of nanofluids
prepared with different SDS surfactant ratios are given.
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Figure 6. Effects of particle concentration on viscosity of nanofluids at different temperatures a) 0.2%
SDS, b) 0.4% SDS, c) 0.8% SDS.

In this section, the effects of surfactant amount, temperature and particle concentration on the relative
viscosities of nanofluids have been investigated. It was observed that viscosity values changed nonlinearly
with the amount of surfactant. Similar results were found in a study by Khairul et al. Accordingly, it was
reported that the viscosity values of the nanofluids depend on the weight fraction of the SDBS surfactant
in the suspensions, and the viscosities of the nanofluids change with SDBS irregularly. Zhai et al. analyzed
the stability of Al2Os-EG nanofluids prepared with SDS and PVP surfactants. According to the study, it
was determined that the nanofluids prepared with SDS are less stable and have a higher viscosity than
those with PVP (Zhai et al., 2019).

There are different results regarding the rheological behavior of nanofluids in the literature. The
reason for this is that various factors, such as concentration, temperature, surface charge, nanoparticle and
base fluid properties, dispersants, aggregation degree and ultrasonication time have an effect on the
rheological behavior of nanofluids (Sharma et al., 2016; Wang et al., 2013). It is believed that the
aggregation of nanoparticles and Brownian motion are probably mechanisms that affect the rheological
properties (Wang et al., 2013). The addition of surfactant affects parameters such as pH, conductivity, zeta
potential, suspension stability, and particle aggregation. It has been reported that the relative viscosity is
independent of temperature for low particle ratios but is dependent on temperature for higher particle
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ratios (Meyer et al., 2012; Meyer et al., 2016). Temperature and particle concentration are significant factors
that affect the viscosity of the nanofluid. In this study, the relative viscosity values of nanofluids increased
with temperature. Zhai et al. stated that higher relative viscosity was obtained at high temperatures since
when the temperature increases, the contribution of the hydrogen bonding network to the viscosity
decreases, but the viscous dispersion is dominant (Zhai et al., 2019). Besides, surfactants may not prevent
the formation of agglomeration at high temperatures in nanofluids prepared using surfactants. This can
cause an increase in viscosity at high temperatures (Suganthi and Rajan, 2017). However, there are
controversial results in the literature about the effect of temperature on the viscosity of nanofluids. Many
researchers have asserted that the relative viscosity is independent of temperature (Jarahnejad et al., 2015;
Longo and Zilio, 2011; Vajjha et al., 2010). On the other hand, there are also studies including that relative
viscosity decreases as the temperature increases (Lee et al., 2011; Sundar et al., 2014). In this study, the
relative viscosity of nanofluids changes nonlinearly with particle concentration. Although many
researchers have claimed that viscosity values increase systematically with particle concentration
(Batchelor, 1977; Wang et al., 1999), it was asserted in a study that since the increase in viscosity ratio with
the concentration is usually found for nanometric size distributions, it does not follow the classical
dependence on the volume fraction (Pastoriza-Gallego et al., 2011).

3.4 Thermal conductivity

The ratio of the thermal conductivity of the nanofluid to the base fluid thermal conductivity, k:, means
the relative thermal conductivity. Figure 7 and Figure 8 show the change of relative thermal conductivity
with the particle concentration for different temperatures. In Figure 7a and Figure 7b, the lowest value is
obtained at 338 K, while the highest value is obtained at 298 K. However, the relative thermal conductivity
values of nanofluids prepared by using weight surfactant concentration of 0.6% SDS and 0.8% SDS change
with temperature, independently in Figure 8a and Figure 8b. Besides, to understand the effect of surfactant
addition on relative thermal conductivity, the change of relative thermal conductivity values of nanofluids
containing different particle concentrations against surfactant concentration at 308 K is shown in Figure 9.
According to the figure, relative thermal conductivity values first improve to a certain point and then
decrease with an increase in surfactant concentration.

Instead of a single mechanism related to the mechanisms for improving the thermal conductivity of
nanofluids, a combination of many effects such as high conductivity paths formation with a higher thermal
conductivity as a consequence of the aggregation of particles, the alteration in the thermodynamic
properties of the fluid at the solid-fluid interface, the electric charge at the surface, Brownian motion of
the particles (Michaelides, 2013), "nano-convection" caused by particle motion (Azizian et al., 2009) are
considered. When using different concentrations of surfactant, the rate of thermal conductivity was found
to be different for each temperature in a study conducted by Zhai et al. (Zhai et al., 2019). In the literature,
it has been stated that with the contribution of Brownian movements and the increase in temperature,
molecules and particles become more active and energy transfers from one point to another. Therefore,
thermal conductivity values generally increase with temperature linearly or non-linearly. However, there
are also studies involving the fact that the relative thermal conductivity decreases as the temperature
increases (Kleinstreuer and Feng, 2011; Suganthi and Rajan, 2017). In another study, it was stated that
relative thermal conductivity is almost independent of temperature, and the liquid phase is more
dominant than the solid phase in the temperature-dependent feature of the nanofluid (Zhang et al., 2006).

The highest relative thermal conductivity value was obtained to be approximately 1.058 at 318 K with
nanofluid prepared with the weight surfactant concentration of 0.6% SDS and Al2Os nanoparticle
concentration of 0.9%. A similar study was carried out by Xia et al. In this study, the relative thermal
conductivities of nanofluids prepared with different particle and surfactant concentrations were
investigated. It was reported that the relative thermal conductivity of nanofluid changes depending on
surfactant ratio, and optimum values for each particle concentration are achieved with different surfactant
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ratios (Xia et al., 2014). It has been suggested by Li et al. that the use of the optimized amount of surfactant
to the nanofluid is an important method among the enhancement techniques considered in terms of
dispersion behavior and thermal conductivity efficiency (Li et al., 2008). When the amount of surfactant is
insufficient, the surfactant cannot completely cover the surfaces of particles, causing the electrostatic
repulsion between the particles to be weakened and flocculated. On the other hand, if the amount of
surfactant is excessive, supersaturated adsorption occurs and plays a significant role in the formation of
flocculations that will weaken the heat transfer between the particles. The narrowing of the heat transfer
area because of the high surfactant concentrations may also be a reason for poor thermal conductivity
(Wang et al., 2009).

There are controversial results in the literature about the effect of the stability of nanofluids on thermal
conductivity. It has been suggested that stability is related to the increase in thermal conductivity of
nanofluids. By increasing the distance between particles, the possibility of aggregation decreases, and the
dynamism of nanoparticles increases. Thus, the heat transport process is improved (Khairul et al., 2016).
On the other hand, Meibodi et al. (Meibodi et al., 2010) claimed that more stable nanofluids do not have
higher thermal conductivity values.

As seen in the figures 7 and 8, relative thermal conductivity tends to increase with the particle
concentration, but nonlinear change has been observed. In many studies, it has been concluded that the
thermal conductivity of nanofluids increases approximately nonlinearly with the nanoparticle weight
ratio, the values are close, and the thermal conductivity ratios of nanofluids prepared with higher particle
volumes are less than the predicted values. One of the reasons may be that particles in nanofluids with
high volume concentrations form agglomerates more quickly than low volume concentrations (Khairul et
al., 2016; Wang et al., 2009; Xia et al., 2014; Zhang et al., 2006).
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4. CONCLUSIONS

Investigations about nanofluids have been continued for nearly three decades. However, there are
contradictory results about nanofluids using SDS surfactant as a dispersant agent. In this paper, Al20s-
water nanofluids by SDS addition were obtained by using a two-step method. While Al20s volume
fractions were changed from 0.3% to 1.1%, surfactant weight concentration was changed in the range of
0.2% to 0.8%. The sedimentation method, zeta potential and average particle size analyses were used for
evaluating the stability of nanofluids. Moreover, the effects of SDS surfactant concentration and
temperature on the thermophysical properties of nanofluids were evaluated. According to the results,
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nanofluids using SDS surfactants remained stable for a few hours. The relative densities of nanofluids at
all studied Al2Os particle concentrations varied with particle concentration but not with temperature.
Besides, the relative viscosity values of nanofluids are enhanced as temperature increases. At different
temperatures, the optimal relative thermal conductivity values of nanofluids with different weights of
SDS were obtained. It has been observed that relative thermal properties generally tend to increase with
particle concentrations, and the stability and dispersion of nanofluids affect the thermophysical properties

substantially.
NOMENCLATURE
Al20s Aluminum Oxide
SDS Sodium Dodecyl Sulfate
CNT Carbon Nanotube
CB Carbon Black
CTAB Cetyl Trimethyl Ammonium Bromide
SDBS Sodium Dodecylbenzenesulfonate
PVP Polyvinylpyrrolidone
rGO Reduced Graphene Oxide
EG Ethylene Glycol
C-MWNT Carbon-Multiwall Nanotubes
CMC Critical Micelle Concentration
HLB Hydrophile-Lipophile Balance
Or Relative Density
oE: Relative Viscosity
ke Relative Thermal Conductivity
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ABSTRACT: In this paper, a distributed sensing method relying on the principle of pressure
dependencies of relative change in electrical resistance, gage factor and Poisson’s ratio of the bare optical
fiber core has been proposed. Using this method, besides the pressure information, relations between
pressure and relative change in electrical resistance, gage factor and Poisson’s ratio of the bare optical fiber
core have been examined and then the temperature dependencies of these parameters have been
mathematically analyzed and matching simulations have also been carried out in Matlab R2021b and
Simulink environments. Moreover, first-order equations expressing the relations between these
parameters and their temperature dependencies have been derived benefiting from the curve-fitting
method. For pressure variations in the range of 2.2 x 107 Pa — 12 x 107 Pa, relative changes in electrical
resistance of the fiber core have been obtained in the range of 0.41 x 103 — 2.13 x 10°. In other words, the
pressure dependence of relative change in electrical resistance of the fiber core can be expressed as
1.841 x 102Rw(GPa)™, i.e. 1 GPa pressure variation occurring along the fiber core causes about 0.01841 unit
of Rr variation. Furthermore, pressure dependencies of the gage factor and Poisson’s ratio have been
acquired as 2.924 x 102 GF(GPa)! and 1.462 x 102 o(GPa), respectively.

Keywords: Distributed pressure sensing, Bare optical fiber, Relative change in electrical resistance of optical fiber
core, Pressure, Gage factor, Poisson’s ratio, Temperature

Kilifsiz Optik Fiberlerde Bagil Direng¢ Degisimi, Gage Faktorii ve Poisson Orani’nin Basing
Bagimliliklar

OZ: Bu makalede, kilifsiz optik fiber gekirdegine ait bagil diren¢ degisimi, gage faktorii ve Poisson
oraninin basing bagimliliklart prensibine dayali bir daginik algilama metodu Onerilmistir. Bu metot
kullanilarak, basing bilgilerinin yani sira, basing ile kilifsiz optik fiber ¢ekirdeginin bagil direng degisimi,
gage faktorii ve Poisson orami arasindaki iligki incelenmis ve ardindan bu parametrelerin sicaklik
bagimliliklar: matematiksel olarak analiz edilmis ve ayrica ilgili benzetimler Matlab R2021b ve Simulink
ortaminda gerceklestirilmistir. Buna ek olarak, bu parametreler ve bu parametrelerin sicaklik
bagimliliklar: arasindaki iligkileri ifade eden birinci dereceden denklemler, egri uydurma metodundan
yararlanilarak tiiretilmistir. Basincin 2.2 x 107 Pa — 12 x 107 Pa araligindaki degisimi i¢in fiber ¢ekirdegine
ait bagil direng degisimleri 0.41 x 103 — 2.13 x 102 aralifinda elde edilmistir. Diger bir ifadeyle, fiber
¢ekirdeginin bagil diren¢ degisiminin basing bagimlihigi 1.841 x 102 Rw«(GPa)! olarak ifade
edilebilmektedir, yani fiber ¢ekirdegi boyunca meydana gelen 1 GPa degerinde basing degisimi, R
degerinde yaklasik olarak 0.01841 birimlik degisime neden olmaktadir. Ayrica, gage faktoriiniin ve
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Poisson oraninin basing bagimliliklari, sirastyla 2.924 x 102 GF(GPa)! ve 1.462 x 102 o(GPa)? olarak elde
edilmistir.

Anahtar Kelimeler: Dagiik basing algilama, Kilifsiz optik fiber, Optik fiber cekirdeginin bagil direng degisimi,
Basing, Gage faktérii, Poisson orani, Sicaklik

1. INTRODUCTION

In the optical fiber-based distributed sensing and detection systems where the physical formations
such as pressure, temperature, acoustic and strain formations are detected, in particular Brillouin, Raman
and Rayleigh scattering schemes are exploited. In the last decade, applications of optical fiber-based
distributed sensing systems have been increasing due to the growing need for enhanced sensing systems
with accurate measurement capabilities. In this regard, scientific developments accomplished in the fields
of optical fiber sensing and detection systems give opportunities to detect all kinds of measurands,
simultaneously (Yu, 2006; Pehlivan, 2007; Chen ef al., 2015; He et al., 2016; Ding et al., 2018; Schenatoa et
al., 2020; Li et al., 2020; Arslan and Bayrak, 2022). Nevertheless, with the aid of innovative improvements
performed in the material science, utilization of the characteristic properties of optical fiber core has
become useful and favorable for getting information simultaneously about the physical measurands such
as temperature, pressure, vibration and acoustic formations occurring in the working medium (Gu et al.,
2012; Boydak and Yiicel, 2017; Gokbulut et al., 2017; Giinday et al., 2018; Bilsel and Navruz, 2020).

In this paper, relations between pressure formations along the bare optical fiber and relative change
in electrical resistance of the fiber core have been theoretically analyzed and hereby a different alternative
approach in terms of sensing principle to the pressure transducers like strain-gage, load cell and
piezoresistive pressure detectors has been proposed. In other words, a novel sensing method for
measurements of distributed pressure formations which in principle is based on the pressure dependence
of relative change in electrical resistance has been put forward. The pressure induced by the force applied
to a substance causes the longitudinal and lateral stresses and strain formations on the substance and leads
to variations in its elasticity modulus, as well. For this reason, pressure effects arising along the optical
fiber can cause to stretch the optical waveguide and hence induces the strain formations through the bare
optical fiber and thus vary the relative change in electrical resistance, gage factor and Poisson’s ratio of the
fiber core. Therefore, pressure dependencies of relative change in electrical resistance, gage factor and
Poisson’s ratio of the bare fiber core have been investigated and the mathematical equations have been
derived in Matlab 2021b and Simulink environments in this study.

2. MATERIAL AND METHOD

The pressure applied to a matter is defined as the ratio of the force applied on a matter and the surface
area influenced by the force. In other words, pressure formations can be stated as a function of the elasticity
modulus which is the ratio of stress, below the proportional limit, to the corresponding strain formations
as given with (Sokkar, 2012; Giinday et al., 2014; Irsel, 2021)

F
P=-=E.ze ey

where P is the pressure formation, F is the external force acting on the object, A is the cross-sectional
area of the object, E is the elasticity modulus and ¢ is the mechanical strain formation, respectively.

The mechanical strain is generally caused by external loads and constraints. In this context, the
combined effect of thermal formation in the medium and the mechanical strain which is a geometrical
measurement of deformation describing the relative displacement between particles in a matter causes a
relative change in the electrical resistance of the matter. The relative change in electrical resistance AR/R
(Rr) is a characteristic parameter that can be formulated by (Tuttle and Brinson, 1984)
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R,. = &.GF + . AT @)

where GF denotes the gauge factor or strain factor of a strain gauge, a and AT denote the temperature
coefficient and temperature difference, respectively. Temperature coefficient o of the bare optical fiber
core used in the sensing model in this study has been taken as 5.5 x 107/°K.

The gage factor shows a change depending on Poisson’s ratio which is an important material
characteristic utilized for determining the elasticity of the substance and the strain formation for the
materials having strong resistive properties. When a substance is compressed in one direction, Poisson’s
ratio generally tends to enlarge in the other two directions perpendicular to the direction of compression.
This event is called the Poisson’s effect in the literature and Poisson’s ratio (o) is stated as a measure of the
Poisson’s effect (Wang, 2012; Carneiro and Puga, 2018).

The change in resistivity (Ag) for the materials such as optical fiber is assumed as zero, i.e. Ap =0, for
this reason gage factor (GF) of a given material is expressed with

GF=1+20 3)

where o is the Poisson’s ratio of the substance (Wang 2012).

On the other hand, the gage factor or strain factor can be described as a ratio of the relative change
in electrical resistance to the mechanical strain. For the temperature value of the optical fiber at 293 °K,
Poisson’s ratio (o) is 0.165 and the change in resistivity (Ag) is zero, thus GF is computed as 1.331,
approximately (De Souza 1999; Irsel, 2021; Sanchez et al., 2022).

Since the Poisson’s ratio changes linearly due to the temperature variations (De Souza 1999), both the
gage factor and the pressure formations occurring along the bare optical fiber core vary with ambient
temperature, linearly. In other words, as the temperature varies in the medium, the gage factor and the
pressure formations are influenced by thermal variations of the medium. If there are no temperature
gradient (AT = 0) and temperature effects in the medium or sensing system, the gage factor changes only
with strain formations. However, if temperature variations occur in the sensing system, making use of (1)
and (2) pressure formations P(Rx) occurring along the entire length of the bare optical fiber core can be
formulated as

P(Ryc) = —.E. (Ryc — @ AT) )

where P(Rrc) is the pressure formations along the bare optical fiber core and E is the elasticity modulus
of the fiber core in terms of GPa.

In this paper, the relative change in electrical resistance of bare optical fiber core, gage factor, Poisson’s
ratio and temperature variations depending on the pressure effects have been analyzed and the
simulations related to their dependencies have been performed utilizing the optical fiber-based
distributed pressure sensing (DPS) model shown in Figure 1. In this DPS model exploiting the BOTDR
principle which is based on the interaction of photons propagating inside the sensing fiber with acoustic
waves, optical pulses launched into the sensing fiber are produced by distributed feedback laser (DFB-
LD) with the output power of 2 mW and pulse duration of 10 ns. The sensing fiber used in the model
constructed for getting pressure information is bare optical fiber, i.e. standard communication single-
mode fiber (SMF) operating at 1550 nm.

The sensing fiber, i.e. bare optical fiber is exposed to pressure effects generated by the sensing
equipment used in the model for producing pressure formations along the fiber. The optical signal
pumped by the laser into the bare optical fiber is amplified via EDFA (Erbium-doped fiber amplifier) and
then routed towards the AOM (Acousto-optic modulator) to suppress the ASE noise at the output end of
EDFA and modulate the signal via acousto-optic effect. The directional coupler positioned in the sensing
model has two arms that are connected to the AOM and photodetector. It is used for directing the optical
signal towards the fiber under pressure (FUP), i.e. bare optical fiber with the length of 900 m and routed
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the backscattered optical signal to the photodetector to detect pressure formations occurring along the
fiber. Finally, a photodetector is employed to convert incident light into the electrical signal and then the
spectrum analyzer and the oscilloscope visualizer are exploited for getting frequency information and
monitoring the output signal to accomplish the computational analysis, consecutively. Afterward, using
the output electrical signal, corresponding simulations relevant to all the parameters are obtained in
Matlab R2021b and Simulink environments.

DEFB-LD FUP

Directional SME
= Pulse M Coupler @ L =900m
L

Modulator “4—  Backscattered
Po=20mW EDFA AOM Optical Signal
Backscattered
* Optical Signal

Photodetector

_

Oscilloscope Spectrum
Visualizer Analyzer

Figure 1. Optical fiber-based distributed pressure sensing (DPS) model

3. RESULTS AND DISCUSSIONS

Mathematical analysis and the simulations concerning the pressure variations, relative change in
electrical resistance, gage factor, Poisson’s ratio and ambient temperature have been performed via Matlab
R2021b utilizing the sensing model shown in Figure 1. Parameters of the sensing fiber, i.e. bare optical
fiber in the model for making analysis and getting simulations are given as the following: wavelength of
the optical signal (A) pumped by distributed feedback laser (DFB-LD) is 1550 nm, the core and the cladding
refractive indices (n1 and n2) are 1.475 and 1.455, respectively. Rayleigh and Brillouin scattering coefficients
(aR and aB) at 1550 nm are 3.5686 x 10°m™" and 1.1071 x 10-*m™, respectively. The spatial resolution (Az)
of the DPS model is 1.01625 m, the length of the bare optical fiber (L) is 900 m and the number of distributed
measurement points (R = L/Az) along the fiber length is 886.

Figure 2 shows the linear relation between pressure variation and relative change in electrical
resistance of the bare optical fiber core. As is seen in Figure 2, as the pressure effect existing along the fiber
increases, the relative change in electrical resistance of the fiber core shows tendency to increase linearly.
This linearity between pressure effects and the relative changes in electrical resistance of the fiber core is
caused by the dielectric property of the fiber core and so is important for designing the possible fiber-
based pressure transducers in practical applications.
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Figure 2. Relative change in electrical resistance versus pressure variation

Using (3), both the pressure dependence of relative change in electrical resistance (R:(P)) of the bare
optical fiber core and the pressure variation as a function of relative change in electrical resistance (P(Rr))
can be formulated as given in (5) and (6)

R,c(P) = 1.841x107'!P + 3.815x10~° @)
P(R,.) = 5.433x10%°R, + 2.073x10° ©)

respectively, where P and Rr denote the pressure variation and the relative change in electrical
resistance of the fiber core, respectively.

From (4), it can be stated that the relative change in electrical resistance (R«) dependence of the
pressure variation is 54.33 GPa(R«)!. In other words, a change in the R value of 1 unit, induces the
variation in pressure value of 54.33 GPa, approximately. From another point of view, 1 GPa pressure effect
occurring along the fiber core causes about 0.01841 unit in value of Rr. For the relative change in electrical
resistance of the bare optical fiber core in the range of 0.4 x 10 — 2.2 x 103, pressure values show a change
in the range of 20 MPa — 120 MPa. Pressure formation along the bare optical fiber core gets its average
value of about 65 MPa for the relative change in electrical resistance (Rx) value of 1.2 x 103,

The pressure formations occurring along the bare optical fiber core with varying gage factor values
are obtained using (4) as shown in Figure 3.

1.335 T T T

1.3345

1.334

1.3335

1.333

GAGE FACTOR

1.3325

1.332

1.3315
2 8 9 10 " 12

3 4 5 6 7
PRESSURE (Pa) 107

Figure 3. Gage factor changes versus pressure variations in the range of 1.3316 —1.3345

There is a linear relation between pressure and gage factor variations as unambiguously seen in
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Figure 3. The gage factor gets its minimum and maximum values of 1.3316 and 1.3345, respectively for
pressure variations in the range of 2.2 x 107 Pa — 12 x 107 Pa.

Making use of the simulation represented in Figure 3 and the curve-fitting tool in Matlab R2021b, first-
order equations describing the relations between pressure variations occurring along the bare optical fiber
and change in the gage factor of the fiber core can be written by (7) and (8)

GF(P) = 2.924x10"''P + 1.331 )
P(GF) = 3.420x10%°GF — 4.552x1010 (8)

respectively, where GF(P) is the gage factor of the bare optical fiber and P(GF) is the pressure variation
depending on the gage factor of the fiber core in terms of Pa.

The plot representing the changes in Poisson’s ratio due to the pressure formations occurring along
the optical fiber is indicated in Figure 4.
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1 | | | | | | 1 1
3 4 5 6 7 8 9 10 1 12
PRESSURE (Pa) <107

Figure 4. Poisson’s ratio versus pressure variation

0.1658
2

As is seen in this figure, there is a linear relationship between pressure variation and Poisson’s ratio,
similar to that of pressure variation with the relative change in electrical resistance and gage factor of the
fiber core. In other words, an increase in the value of pressure causes the increase in the values of Poisson’s
ratio, gage factor and relative change in electrical resistance of the fiber core due to the material
compositions both of the core and the cladding of the bare optical fiber.

First-order equations expressing both the Poisson’s ratio as a function of pressure variation and the
Poisson’s ratio dependence of pressure variation can be written in (9) and (10)

o(P) = 1.462x107'P + 0.1655 9)
P(0) = 6.839x10'%0 — 1.132x10%° (10)

respectively, where o is the Poisson’s ratio of bare optical fiber.

Using Figure 4 and (9) and (10), for Poisson’s ratio variations in the range of 0.1658 — 0.1673, pressure
values change in the range of 2.2 x 107 Pa — 12 x 107 Pa.

The pressure variations depending on the temperature formations occurring along the bare optical
fiber are plotted as illustrated in Figure 5. It is obvious in Figure 5, thermal effects generated in the
medium, i.e. temperature formations occurring along the bare optical fiber induce the pressure variations
through the entire length of the fiber core.

The linear equation pointing out temperature dependence of pressure variation is derived from the
simulation shown in Figure 5 as stated in (11).
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P(T) = 1.974x10°T — 5.827x108 (11)

For temperature variations in the range of 300 °K — 500 °K, pressure formations change in the range of
0.095 x 108 Pa — 4.5 x 108 Pa, approximately.

8
45 10 : , ,

4

3.5

w

PRESSURE (Pa)
N
o

0 1 1 1 1 1 1 1 1 1
300 320 340 360 380 400 420 440 460 480 500
TEMPERATURE (°K)

Figure 5. Pressure variations for temperature changes in the range of 300 °K — 500 °K

Using the simulation illustrated in Figure 5, the temperature dependence of pressure is computed as
about 1.974 x 106 Pa/°K. In other words, a 1 °K variation in the temperature of the fiber core causes a 1.974
GPa variation in pressure formation occurring along the bare optical fiber.

The simulation result obtained for the correlation between relative change in electrical resistance and
the temperature of the fiber core is shown in Figure 6.

s %107

»

RELATIVE CHANGE IN ELECTRICAL RESISTANCE (R )

0 | | | I | I I | |
300 320 340 360 380 400 420 440 460 480 500

TEMPERATURE (°K)
Figure 6. Relative change in electrical resistance of the fiber core with varying temperature

As obviously seen in the figure, relative change in electrical resistance of the bare optical fiber core
changes linearly with temperature variation.

Using data of the parameters obtained from the simulation represented in Figure 6, a linear equation
expressing temperature dependence of relative change in electrical resistance of the fiber core can be
written as

R.(T) = 3.634x107°T — 0.01072 (12)

where R is the relative change in electrical resistance of the fiber core and T is the temperature of the
fiber core, respectively.
For temperature variations in the range of 300 °K — 500 °K, changes of Rr are obtained in the range of
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0.0109 x 103 —7.45 x 10~ along the bare optical fiber.

Figure 7 illustrates the gage factor variations in the range of 1.33132 — 1.34287 due to the temperature
formations changing from 300 °K to 500 °K. In other words, for temperature values of 300 °K and 500 °K,
the gage factor reaches to its minimum and maximum values with 1.33132 and 1.34287, respectively.
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Figure 7. Gage factor versus temperature variation.

1.33 ! !

Using the mathematical method employing the curve-fitting tool in Matlab R2021b, the gage factor is
expressed as

GF(T) = 5.774x1075T + 1.314 (13)

where GF is the gage factor and T is the temperature of the core in terms of Kelvin.

Taking the first-order derivative of (10), the temperature dependence of the gage factor is found as
5.774 x 10%° GF(K). It is useful for evaluating the sensing system performance depending on the gage
factor or strain factor of the fiber core and well suited to the findings and the research studies accomplished
in the literature.

4. CONCLUSION

This research paper presents a method for distributed measurements of pressure formations utilizing
the relations between pressure and particularly the relative change in electrical resistance of the bare
optical fiber core. To perform this method a model has been constructed and then both the pressure
dependencies of relative change in electrical resistance, gage factor, Poisson’s ratio of the fiber core and
the relations between these parameters and temperature variations in the range of 300 °K — 500 °K have
been mathematically analyzed and thus corresponding simulations have been performed in Matlab
2021b/Simulink environment. Within this scope, linear equations related to these parameters have also
been derived by exploiting the curve-fitting method.

Benefiting from the equations and the simulation results obtained in this study, pressure dependence
of relative change in electrical resistance of the fiber (R«) has been found as 1.841 x 101! Rr(Pa)! whilst Rrc
dependence of pressure variation has been computed as 5.433 x 1019 Pa(Rr)". On the other hand, pressure
dependencies of the gage factor and Poisson’s ratio have been acquired as 2.924 x 102 GF(GPa)! and
1.462 x 10 o(GPa)", respectively. Furthermore, for temperature variations between 300 °K and 500 °K,
pressure changes, gage factor and Poisson’s ratio have been obtained as a function of temperature as
1.974 x 106 Pa/°K, 3.634 x 10 R/°K and 5.774 x 10> GF/°K, respectively.

Moreover, this research provides an innovative and different approach from the similar studies
fulfilled in the literature in terms of the sensing method used for distributed measurements of the pressure
variations and getting information about the relative change in electrical resistance, gage factor and
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Poisson’s ratio of the bare optical fiber. Consequently, it may form an important and valuable background
for future investigations and empirical applications to be performed in the field and can be considered to
be the best candidate to meet the requirements both in distributed sensing systems and strain gauge
implementations in electronics so far.
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ABSTRACT: In this study, the influence of straight edge tangential restraints on the nonlinear response
of symmetrically laminated and balanced composite cylindrical panels subject to a pinching force is
investigated. An 8-node degenerated nonlinear shell element, formulation of which is based on the Total
Lagrangian Formulation, is employed for geometrically nonlinear analysis and the Arc-Length Method is
used to trace the nonlinear path. First, the element is validated for geometrically non-linear analysis by
solving two verification problems. Then, numerical results for different rotational boundary conditions
are presented for two different stacking sequences, and thickness values. The numerical results presented
show that there is no significant difference between the tangentially unrestrained and restrained clamped
panels when only one edge is tangentially unrestrained. However, it is observed that the simply supported
panels demonstrate a much less stiff behavior when one of the straight edges is tangentially unrestrained.

Keywords: Laminated composite, Panel, Post-Buckling, Tangential edge Rrstraints

Teget Sinir Sartlarinin Ortasindan Tekil Yiiklii Katmanli Kompozit Silindirik Panellerin Nonlineer
Davranislarina Etkisi

OZET: Bu calismada, ortasindan diisey tekil yiik ile yiiklii simetrik ve dengeli katmanli kompozit
silindirik panellerin nonlineer davranislarinda diiz kenar teget sinir sartlarinin etkisi incelenmistir. Bu
maksatla, toplam Lagrange formulasyonuna dayanan sekiz diigiimlii, dejenere ve dogrusal olmayan bir
kabuk sonlu elemaru kullanilmistir. Nonlineer davranisi gozlemleyebilmek igin kiris uzunlugu yontemi
kullanilmigtir. Oncelikle bazi dogrulama problemleri ¢oziilerek eleman geometrik agidan dogrusal
olmayan analiz i¢in dogrulanmistir. Daha sonra problem farkli donel sinir sartlari, kalinlik ve katman
diizenleri icin incelenmistir. Ankastre paneller icin elde edilen neticeler teget dogrultuda her iki kenar
veya sadece bir kenar tutulu oldugunda davranista énemli bir fark olmadigini gostermektedir. Ancak,
basit mesnetli paneller igin elde edilen neticeler rijitli§inin sadece bir kenar tegetsel dogrultuda
tutuldugunda 6nemli nispette diistiigiinii gostermektedir.

Anahtar Kelimeler: Katmanli kompozit, Silindirik panel, Nonlineer davrams, Tegetsel sinir sartlar:
1. INTRODUCTION

In this study, the influence of straight edge tangential restraints on the nonlinear response of
symmetrically laminated and balanced composite cylindrical panels subject to a pinching force is
investigated. Perfect geometry is assumed and ply failure is not considered.

Almroth (1966) has examined the influence of tangential edge restrainsts on buckling of cylindrical
shells in an attempt to explain the discrepancy between theory and test data. The analytical results
presented by Almroth (1996) show that setting the edges free in the tangential direction results in drastic
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reductions of the critical load. The influence of the tangential edge restraints on the nonlinear response
and post-buckling of cylindrical shell panels has first been studied by Librescu and Lin (1997). In a more
recent study, Tung (2013) has stated that the tangential constraints at the straight edges have extremely
sensitive influences on the nonlinear response and postbuckling of cylindrical panels made up of
functionally graded materials. The influence of tangential edge constraints on the nonlinear stability of
CNT reinforced cylindrical panels has been studied by Trang and Tung (2018) and Hieu and Tung (2019).
In short, it is stated in the cited studies that cylindrical panels demonstrate a highly unstable post-buckling
response without the presence of tangential edge restraints. However, there are no studies in the literature
on the influence of rotational boundary conditions.

Especially for shallow panels, it is of great importance to be able to predict bifurcation buckling or the
snap-through buckling load. A linear stability analysis may be helpful if stability loss is of bifurcation
type. However, snap-through type instability can only be determined by conducting a geometrically
nonlinear analysis. The main difficulty related with nonlinear analysis is tracing the post-buckling path
and to overcome this difficulty, the Arc-length Method developed by Crisfield (1981) is used in this study.
However, the sign criteria proposed by Crisfield (1981) and the one by Bergan et al. (1978) are found out
to be problematic and not reliable. Therefore, the sign criterion proposed by Neto ef al. (2011) is selected,
which includes the deformation history. A slight modification to the Arc-length Method is made here to
increase the rate of convergence.

A degenerated composite shell element based on the shell element developed by Mallikarjuna and
Kant (1992) is used to conduct the related structural analyses. This same element was used by Cagdas and
Adali (2012(a), 2012(b)) for linearized stability analysis and design optimization of composite panels.
Modification of this element for geometrically nonlinear analysis is made here by making use of the
incremental total Lagrangian formulation defined by Bathe and Bolourchi (1980) and Chao and Reddy
(1984). Ram and Babu (2002), Panda and Singh (2009), Bakshi and Chakravorty (2014), Singha et al. (2006),
Barbosa and Ferreira (2009), and Sit and Ray (2019) have used similar composite shell elements for
nonlinear analysis of composite panels.

First, the results obtained for two verification problems are presented and then geometrically
nonlinear finite element analysis results are presented for 2 different thickness and 4 different rotational
boundary conditions. Finally, the influence of tangential edge restraints on the nonlinear response is
investigated.

2. THE NUMERICAL SOLUTION PROCEDURE
2.1. The Incremental Total Lagrangian Formulation

The linearized form of the equation of motion for the it iteration according to Total Lagrangian (TL)
formulation is given below in Eq. (1).

{J. (BBLO +:JBL1)T OC (tOBLO +E)B|_1)Odv + I(BBNL)T (E)S)(BBTNL)O dV}Au(i) T
Oy Ov

. ' o
At J‘ (10+At B(Ll—l)) (B+Ats(|—1)) odv
Ov

where, the B matrices are the strain-displacement matrices defined by Bathe and Bolurchi (1980), ;S
denotes the 2nd Piola-Kirchoff stresses at time t referred to the configuration at time t=0, ,C denotes the
components of the elasticity tensor at time 0, R denotes the load vector, and the displacement increment
AU is defined below;

Au(i) _ t+Atu(i) _ t+Atu(i—1) . (2)
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Note that, reduced (2x2) integration is used in this study to avoid shear locking; see Pawsey and
Clough (1971).

2.2. The Displacement Components

The shell element is based on the following displacement field;

X X
nn 1 nn

y :Z y Si(f:ﬂ)""izsigve,i
i=1 i=1

z z

mid

3)

where, nn, S; (f , 77) , Vsi denote the total number of nodes, the value of the it shape function at (5, 77)

, and the unit surface normal vector at node i. The ranges of +~and+~~—~are -1 to 1 and the range of +~
is —t/2 to t/2, where t denotes the thickness of the element. The nodal rotations v, and +i are shown in

Fig. 1, see Cagdas and Adali (2012(a)) for details of derivation.

N2

Figure 1. The global, and nodal coordinate systems

2.3. Solution of the Nonlinear Problem

The Arc-Length Method developed by Crisfield (1981) is used to solve the non-linear problem and the
sign criteria proposed by Neto et al. (2011) is employed and a slight modification is made in the application
of the Arc-Length Method. If the unbalanced loads tend to increase at a certain iteration step, then
iterations are stopped to prevent divergence and the unbalanced load vector is added to the internal force
vector of the next iteration. This problem may occur especially if the arc-length chosen is not suitable. This
way, divergence is prevented, favorable results are obtained and it is found out that the unbalanced load
diminishes rapidly.

2.4. Problem Definition

The geometry of the cylindrically curved composite panel considered in this study is shown in Fig. 2.
The panel length, width, and thickness are denoted by 4, b, and ¢ respectively. The panels analyzed have
a symmetrical stacking sequence and are constructed of six orthotropic layers of equal thickness ¢/6 and
with fiber orientations 8, where k =1,...,3. The lamination angle 6 is shown in Fig. 2. The panels are subject
to a pinching force P and no other loads are applied. The material properties and the selected geometry
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are defined in Sections 3.1 and 3.2.

The in-plane displacement components are restrained at the curved and straight edges, i.e.
u=v=w=0. The rotational boundary conditions of the panel are defined in Table 1. The boundary
conditions considered are; SSSS: all edges simply supported, CCCC: all edges clamped, CSCS: curved
edges clamped-straight edges simply supported, SCSC: curved edges simply supported-straight edges
clamped. For the problem under consideration, V,; is selected as the outward unit normal and the unit

vector V,; is calculated by multiplying V,; with the unit vector in y direction, e,;i.e. V,, =V, xe,.

Figure 2. Cylindrical panel subject to a pinching force

Table 1. The rotational boundary conditions considered (1: free, 0: restrained)

. 5558 CCCC SCSC CSCS
Edge p I o P« B« B
AB 0 1 1 0 0 1 1 0
curved CD 0 1 1 0 0 1 1 0
, AC 1 0 0 1 0 1 1 0
straight BD 1 0 0 1 0 1 1 0

3. NUMERICAL RESULTS AND DISCUSSION

First, two verification problems are solved in this section. Then, for the same geometry and material
properties, the influences of the tangential and rotational edge boundary conditions on the nonlinear
response are investigated. A total of 16 sample load-displacement values obtained for the boundary
conditions considered are presented in Tables 2 and 3 given in the appendix. A 6x6 finite element mesh is
found out to yield accurate results and therefore all of the numerical results presented are obtained using
the same finite element mesh.

3.1. Verification Problems

Numerical results, obtained here using a 6x6 finite element mesh for a cylindrical panel with R=2540
mm, +=0.2 rad, =508, are compared with the numerical results presented by Sze (2004). The material
properties are taken as Eu=3300 MPa, E»=1100 MPa, G12=660 MPa, ©.=0.25 and it is assumed that
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G13=G23=660 MPa. The curved edges are free and the straight edges are hinged. This boundary condition
is named as FSFS, where letters F, and S denote “free”, and “simply supported”.

The numerical results obtained for +=12.7 mm and stacking sequence [90°/0°/90°] are presented in Fig.
3(a) and in Fig. 3(b) for t=6.35 mm and stacking sequence [0°/90°/0°]. It can be observed form Fig.3 that the
numerical results obtained for both thickness values are in excellent agreement with the reference results.
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Figure 3. Load-deflection curves for FSFS cylindrical panel subject to a pinching force (a) =12.7 mm

[90°/0°/90°] (b) +=6.35 mm [0°/90°/0°]

3.2. The Influence of Rotational Boundary Conditions

Numerical results are presented in this section for the boundary conditions described in Table 1 and
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the geometry, and the material properties given in Section 3.1. The following cases are considered;

Case 1: +=12.7 mm, and stacking sequence [90°/0°/90°]
Case 2: +=6.35 mm, and stacking sequence [0°/90°/0°]

The load-displacement curves for the selected cases and for all of the boundary conditions considered
are presented in Fig. 4(a) and 4(b). It can be observed from Fig. 4(a) that, for Case 1, all of the boundary
conditions other than FSES B.C. yield a softening-stiffening behavior and CCCC panels are much stiffer
than the SSSS panels. As expected, the nonlinear deflections for the SCSC and CSCS panels are in between
the CCCC and SSSS panels, respectively. Similar deductions can be reached for t=6.35 mm panels by
examining Fig. 4(b) the main difference being that the load-displacement behaviour the CSCS panel is
almost identical with that of the CCCC panel. Therefore, if the straight edges are clamped, then restraining
the curved edges against rotation for =6.35 mm may not be necessary. Similary, there is no significant
difference between the SSSS and SCSC panels for t=6.35 mm which implies that clamping the straight
edges is not necessary if the curved edges are simply supported.
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Load-deflection curves for the selected B.C. (a) {=12.7 mm [90°/0°/90°] (b) t=6.35 mm [0°/90°/0°]
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3.3. The Influence of Tangential Edge Restraints

It’s observed during this study that transforming the related dof (degrees of freedom) corresponding
to the corner nodes makes the nonlinear response extremely unstable and no numerical result could be
obtained for this case. Similarly, unstable nonlinear response is observed when tangential displacement is
set free at both straight sides. Therefore, only one of the straight edges is set free to displace in the
tangential direction and no transformation is made at the corners of the panel. The numerical results
obtained are presented in Figures 5(a) and 5(b) for the “SSSS*” and “CCCC*” rotational boundary
conditions respectively. The superscript “*” means that one of the straight edges of the panel is set free in
the tangential direction. Comparison is also made for the FSFS B.C.

It can be observed from Figures 5(a) and 5(b) that, the results obtained for the SSSS* and CCCC*
boundary conditions are very close to the results obtained for the SSSS and CCCC boundary conditions.
The only difference is that, the tangentially restrained panels are slightly stiffer. Thus, it is shown that if
at least one of the edges is tangentially unrestrained, the nonlinear response is stable. It can also be
observed from Figures 5(a) and 5(b) that, the SSSS* panels unexpectedly have less initial stiffness
comparing with the FSFS panels, which may be due to the fact that the boundary conditions are not
symmetrical.

It should also be noted that the arc-length used should be selected carefully when one of the edges is
unrestrained in the tangential direction as using high arc length values may cause numerical stability
problems.

4. CONCLUSIONS

In this study, the influences of tangential edge restraints and rotational boundary conditions on the
nonlinear response of symmetrically laminated perfect cylindrical panels subject to a pinching force are
investigated.

A degenerated shell element formulation of which is based on the Total Lagrangian Formulation is
used to conduct the required geometrically nonlinear analyses and the arc length method is used to trace
the nonlinear path. The sign criterion proposed by Feng et al. (1995, 1996) is used and excellent results are
obtained for the verification problems solved. It should be mentioned here that a the method is slightly
modified here and if the unbalanced loads tend to increase at a certain iteration step, then iterations are
stopped to prevent divergence and the unbalanced load vector is added to the internal force vector of the
next iteration. This approach may be followed especially if the arc length selected is not suitable.

Then the numerical results obtained are presented. First, the nonlinear shell finite element used is
verified for geometrically nonlinear analysis and then numerical results are presented for 4 different sets
of rotational boundary conditions and 2 different thickness values. A softening-stiffening stable nonlinear
response is observed for all of the considered rotational boundary conditions. The results also show that
restraining either one of the curved or straight edges against rotation may yield the same load-
displacement behavior for some panel thickness values. This means that, rotational restraints at some of
the edges may not be required for some thickness values. The rotational restraint at an edge is proportional
to the torsional rigidity of the stiffener and therefore, some of the stiffeners may be eliminated from design
or stiffeners having low torsional rigidity may be used for some cases.
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Figure 5. Load-deflection curves for SS55* and CCCC* boundary conditions
(a) =12.7 mm [90°/0°/90°] (b) t=6.35 mm [0°/90°/0°]

Finally, numerical results are presented for simply supported and clamped panels with one straight
side tangentially unrestrained. The numerical results presented show that there is no significant difference
between the tangentially unrestrained and restrained clamped panels when only one edge is tangentially
unrestrained. However, it is observed that the simply supported panels demonstrate a much less stiff
behavior when tangential displacements of one of the straight edges are unrestrained. It is also determined
that the nonlinear response is unstable when both straight edges are tangentially unrestrained, which may
cause catastrophic failure if not taken into account. A simple solution of this problem may be to use
stiffeners at the straight edges, which are rigid enough to prevent failure.
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Appendix

Table 2. The P (N)-§,,; (mm) values obtained for Case I ({=12.7 mm, [90°/0°/90°])

SSSS
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SCSC

CSCS
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cccex
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mid

P
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mid

)

S,

mid

P

0,

mid

)

S,

mid

P

0,

mid

)
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0,00

0.00

0.00

1.33

339.04

1.56

489.12

1.50

456.79

1.42

382.47

0,48

92,47

0.60

170.69

2.64

631.19

3.10

930.76

2.98

864.56

2.81

719.44

1,45

266,57

1.20

336.42

3.91

884.29

4.62

1339.01

443

1235.05

4.17

1020.80

2,40

428,11

1.80

497.87

5.14

1105.64

6.11

1727.07

5.85

1579.20

5.51

1295.75

3,35

579,38

240

655.69

6.36

1302.05

7.59

2107.22

7.25

1907.13

6.82

1552.86

4,29

722,64

3.58

963.05

7.54

1479.92

9.04

2490.84

8.63

2228.27

8.12

1800.14

5,22

860,12

4.18

1113.88

8.70

1645.32

10.48

2888.50

9.98

255141

9.40

2045.09

6,15

994,07

5.36

1413.04

9.85

1804.17

11.91

3310.06

11.32

2884.89

10.66

2294.88

7,08

1126,70

5.94

1562.60

10.98

1962.25

13.32

3764.79

12.65

3236.72

11.91

2556.38

8,92

1396,94

7.11

1864.69

12.09

2125.35

14.72

4261.51

13.96

3614.68

13.15

2836.31

9,84

1539,04

7.69

2018.38

13.21

2299.31

16.12

4808.69

15.27

4026.46

14.39

3141.30

10,76

1688,81

8.85

2333.86

14.32

2490.08

17.52

5414.51

16.57

4479.68

15.62

3477.99

11,68

1848,55

9.43

2496.73

15.43

2703.79

18.91

6086.95

17.87

4981.99

16.86

3853.05

12,60

2020,57

10.59

2835.33

16.55

2946.76

20.30

6833.83

19.18

5541.07

18.09

4273.23

13,52

2207,22

11.16

3012.07

17.68

3225.49

21.70

7662.88

20.49

6164.63

19.34

474541

14,45

2410,86

12.31

3382.79

18.82

3546.72

23.09

8581.70

21.80

6860.46

20.59

5276.58

16,32

2878,66

12.88

3577.70

Table 3. The P (N)- 6,;; (mm) values obtained for Case II (#=6.35 mm, [0°/90°/0°])
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OZ: Giines kollektorleri kullamim suyu 1sitma uygulamalarinda siklikla kullanilmaktadir. Tasarim
asamasinda giines kollektdrlerinin en uygun egim agisinda konumlandirilmasi giines enerjisinden verimli
faydalanilmasi i¢in 6nemlidir. Bu ¢alismada, Erzincan ilinde konumlandirilan bir giines kollektoriiniin
egim acisinin aylik/giinliik ortalama 1sinim degerlerine, su ¢ikis sicakligina, enerji ve ekserji verimlerine
etkisi teorik olarak incelenmistir. Optimum giines kollektorii egim agisinin en yiiksek ve en diisiik
degerlerinin Aralik ve Haziran aylarinda sirasiyla 63° ve 0° oldugu goriilmiistiir. Erzincan igin 6nerilen
(27.14°) ve hesaplanan egim agcilari i¢in giinliik ortalama saatlik 1stnim degerleri karsilastirilmis olup en
biiyiik degisimin Ocak ayinda %26 oldugu goriilmiistiir. Buna ek olarak, giines kollektoriiniin enerji ve
ekserji verimleri hesaplanmis olup optimum egim agilari igin en ytiiksek verimleri sirasiyla %74.2 ve %9.7
olarak belirlenmistir.

Anahtar Kelimeler: Giines kollektérii, Optimum egim acisi, Enerji Analizi, Ekserji Analizi

Energy and Exergy Analysis of Solar Collectors Having Different Tilt Angles: Case Study of
Erzincan City

ABSTRACT: Solar collectors are frequently used in domestic water heating applications. In the design
stage, the positioning of solar collector with suitable title angle is important in order to utilize from sun
energy efficiently. In this study, the effect of tilt angle of a solar collector located to Erzincan city on
monthly/daily average radiation values, water outlet temperature, energy and exergy efficiencies are
theoretically investigated. It is seen that the maximum and minimum values of optimum tilt angles are 63°
ve 0° for December and June, respectively. Tilt angles which are suggested for Erzincan (27.14°) and
calculated are compared for daily average hourly radiation values and it is seen that the maximum
variation is 26% for January. In addition, energy and exergy efficiencies of solar collector are estimated
and the maximum efficiencies are determined as 74.2% ve 9.7% for optimum tilt angles.

Keywords: Solar collector, Optimum tilt angle, Energy analysis, Exergy analysis
GIRIS INTRODUCTION)

Glines enerjisi kullanimi, stirdiiriilebilirligi saglamak ve konvansiyonel enerji kaynaklarimin
kullanimini azaltmak i¢in hayati onem tasimaktadir. Giines enerjisi, tiim yenilenebilir enerji kaynaklar:
arasinda en biiyiik potansiyele sahiptir ve bu yenilenebilir enerji kaynagmin kiiclik bir miktar1 bile
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diinyanin toplam enerji talebini karsilamak igin yeterlidir. Bu enerjinin %5'i kullanilabilirse, diinyanin
enerji ihtiyacinin 50 kat1 karsilanmis olacaktir (Kumar ve dig., 2012; Kumar ve Kim, 2016; Kumar ve Kim,
2017). Tirkiye bulundugu cografi konum itibariyle yiiksek giines enerjisi potansiyeline sahiptir. Tiirkiye
Glines Enerjisi Potansiyeli Atlasina (GEPA) gore, ortalama yillik toplam giineslenme siiresi 2741.07 saat
olup ortalama yillik toplam 1smnim degeri 1527.46 kWh/m? olarak hesaplanmustir. Aralik 2020 sonu
itibariyle giines enerjisine dayal1 elektrik kurulu gii¢ 6.667 MW olup, toplam elektrik iiretimi icerisindeki
giines enerjisi pay1 ise %3.6 ‘dir (T.C. Enerji ve Tabii Kaynaklar Bakanligi, 2022a; T.C. Enerji ve Tabii
Kaynaklar Bakanlig, 2022b).

Glines enerjisinden, gilines kollektorleri kullamilarak i1sitmada yararlanilabilir, binalar veya
endjiistriyel gereksinimler i¢in uygun maliyetli bir sekilde sicak su iiretilebilir (Feliniski ve Sekret, 2017;
Sokhansefat ve dig., 2018). Giines enerjisinin kullanildig1 giines kollektorlerin enerji ve ekserji analizine
ait literatiirdeki bazi ¢alismalar soyle 6zetlenmistir:

Ge ve dig. (2014), diiz plakali kollektorler i¢in ortam sicakligy, giines 1s1n1mi, akiskan giris sicaklig: ve
akiskan kiitlesel debisinin faydali 1s1, faydali ekserji ve ekserji kayip hizlari iizerindeki etkilerini
incelemislerdir. Maksimum faydali ekserji hizini elde etmek i¢in hesaplanan optimal akiskan giris sicaklig1
69°C'dir ve maksimum faydali ekserji 101.6 W'dir. Ortam sicakligi 20°C, giines radyasyonu 800 W/m?,
akigkan Kkiitlesel debisi 0.05 kg/s ve akigkan giris sicakligi 50°C’ye ayarlanarak ekserji analizi
gergeklestirilmistir. Ekserji verimi %5.96 olarak hesaplanmis ve toplam ekserjinin %72.86'sin1 olusturan
en biiytiik ekserji kaybinin, sogurucu plaka yiizeyi ile giines arasindaki sicaklik farkindan kaynaklandigi
belirlenmistir.

Moosavian ve dig. (2021), her biri farkli bir iklimin temsilcisi olarak Iran'm 5 sehrini (Rasht, Siraz,
Tahran, Abadan ve Sanandaj) se¢gmis ve bu sehirlerin her birinde parabolik giines kollektoriiniin enerji,
ekserji, ekonomik ve ¢evresel agidan performansini belirlemislerdir. Yapilan ¢alisma sonucunda, Akdeniz
iklimine sahip olan Siraz sehrindeki parabolik giines kollektorlerinin %71.97 ile diger sehirlere gore en
yiiksek termal enerji verimliligine sahip oldugu goriilmiistiir. Ote yandan, ekserji analizine bakildiginda
nemli kita iklimine sahip Sanandaj sehri, %22 ile en yiiksek ekserji verimliligine sahip il olarak 6n plana
¢itkmaktadir. Enerji bazli gevresel ekonomik analiz goz 6niinde bulunduruldugunda ise 0.75 $/giinCO2
maliyeti ile giines kollektorii i¢in en uygun iklim olarak nemli bir subtropikal iklime sahip Rasht sehri
belirlenmistir. Ekserjiye dayali gevresel ekonomik analiz sayesinde, yine Rasht sehri 0.16 $/giinCO:
maliyeti ile giines kollektorii i¢in en uygun ¢evresel iklim olarak segilmistir.

Caliskan (2017), giines kollektoriiniin enerji, ekserji, cevre, cevre ekonomik, eksergocevresel,
eksergocevresel ekonomik analizlerini yapmistir. Calismada, kollektoriin enerji ve ekserji verimleri
sirastyla %25.40 ve %0.732 olarak hesaplanmistir. Eksergogevresel sonucu (0.0727 kg CO2/giin), cevresel
sonugctan (0.0777 kg CO2/giin) daha diisiik iken gevresel ekonomik sonug (0.00112 $/giin), eksergogevresel
ekonomik sonucundan (0.00105 $/giin) daha yiiksektir. Calismanin sonucu olarak, giines kollektor
sistemlerinin ekserji ve ekonomi tabanli eksergocevresel ve eksergogevresel ekonomik yontemleri
kullanilarak daha etkin bir sekilde degerlendirilebilecegi ifade edilmisgtir.

Lakhdar ve dig. (2019), Cezayir’'in Sahra bolgesinde yer alan Adrar kosullarinda termosifonlu bir diiz
plakali giines kollektoriin ekserji yikimini en aza indiren hem ekserjiyi hem de enerji verimliligini en ist
diizeye ¢ikaran optimal ¢alisma parametrelerini elde etmek icin ekserjetik analizini yapmiglardir. Diiz
plakal1 giines kollektorii 27° egimle giineye yonlendirilmistir. 7 Nisan 2005 tarihinde 6lgiilen sicaklik ve
giines 1s1um1 degerleri ile boyutsuz sicakliklar iliskilerin bir fonksiyonu olarak MATLAB yazilimi
kullanilarak hesaplanmistir. Hem Olgiilen hem de hesaplanan degerler karsilastirilmistir. Sonuglar,
optimal ekserji verimliliginin %8.28 ve optimal kiitle akis hizinin 0.06 kg/s oldugunu ortaya koymustur.

Jafarkazemi ve Ahmadifard (2013), akiskan debisi ve sicakligi, calisma akiskani tipi ve arka yalitim
kalinhigr gibi tasarim parametrelerinin kollektdriin enerji ve ekserji verimliligine etkisini deneysel ve
teorik olarak incelenmislerdir. Diiz plakali giines kollektorii Iran'n Tahran sehrinde bulunan Islami Azad
Universitesi giines enerjisi arastirma merkezinde acik bir alanda 40° egimle giineye yonlendirilmistir.
Sonuglarin analizi ve karsilastirilmasi ile giris suyu sicakliginin ortam sicakligindan 40°C daha fazla ve
giris suyu debisinin diisiik olmas1 durumunda sistemin genel performansmin arttigini belirlemislerdir.
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Ayrica 5 cm'den daha kalin bir arka yalitim kullanilmasinin, kollektdriin enerji ve ekserji verimliligi
tizerinde Onemli bir etkisinin olmadigini ifade etmislerdir. Teorik sonuglara gore, diiz plakali giines
kollektoriiniin maksimum enerji ve ekserji verimliligini sirasiyla yaklasik %80 ve %8 olarak
hesaplamislardir.

Kouhikamali ve Hassani (2014), Iran'in kuzey kesimlerinde yiiksek nem nedeniyle, daginik
radyasyon, dogrudan radyasyondan daha 6nemli bir rol oynadigini ve kollektoriin en iyi egim agisinin
degistigini ifade etmisler ve Rasht sehrinde diiz plakali giines kollektoriiniin kullanimini aragtirmislardir.
Rasht'ta her ay i¢in en iyi egim acilar1 hesaplanmis ve degerler Zahedan ve Birjand sehirleri ile
kargilagtirmislardir. Farkli uygulamalarda kollektdr uzunlugunu belirlemek igin Iran'da iiretilen tipik
kollektor 6zelliklerini kullanmislardir. Yatay kollektore gore egim agisinin degistirilmesi ile giinliik, aylik,
mevsimsel ve yillik olarak verilen giines enerjisinin sirasiyla %16.58, %15.84, %15.31 ve %10.79 oraninda
arttigini belirterek birkag kollektor i¢in egim agisinin mevsimsel olarak degistirilmesini 6nermektedirler.
Diistiniilen diiz plakali kollektérde su sicakliginin Aralik ve Eyliil aylarinda sirastyla 60°C ve 85°C'ye
ciktigim hesaplamislardir. 10 adet seri kollektorden olusan sistemde verimlerin birinci ve son kollektdrde
sirasiyla yaklagik olarak %60'tan fazla ve %10'dan az oldugunu belirtmislerdir.

Bu calismada, Erzincan ilinde konumlandirilan ve 1sitma amagh kullanilan bir giines kollektoriiniin
egim agisinin performansi teorik olarak arastirilmistir. Meteoroloji Genel Midiirliigii'nden temin edilen
veriler kullanilarak hesaplama yonteminin gegerliligi test edilmis olup, egim acisinin (0-90°) ortalama
1sinim degerleri tizerine etkisi yilin her ayi igin incelenmistir. Yilin her ayi igin belirlenen optimum ve
onerilen egim acilari kullanilarak su giris debisinin (0.01-0.03 kg/s) su ¢ikis sicakligina etkisi belirlenmistir.
Bunlara ek olarak, yilin her ayinda giines kollektoriiniin optimum ve 6nerilen egim agilar1 icin enerji ve
ekserji verimi degerleri hesaplanmstir.

HESAPLAMA YONTEMI (CALCULATION METHOD)

Giines kollektorlerinin tasariminda giinesten gelen 1sinimdan ne kadar yararlanildig ve buna bagh
olarak sistemin veriminin belirlenmesi 6nemlidir. Giines kollektorlerinde enerji ve ekserji analizleri
yapabilmek icin Sekil 1'de verilen giines kollektorii ve Cizelge 1’de verilen sabit veriler goz oniine
alinmistir.

Tfo

Qu

Tfi

Sekil 1. Giines kollektoriiniin sematik gosterimi
Figure 1. The schematic representation of solar collector

Giines kollektorlerinde enerji ve ekserji analizleri yapabilmek igin ilk 6nce analiz yapilmak istenen
ylizeye gelen giines 1stnim1 miktari hesaplanir. Yiizeye gelen toplam giines 1sinimi miktari yiizeye direkt
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gelen, gokyliziinden yansiyan ve yeryiiziinden yansiyan 1simimi enerjisinden olugsmakta olup su sekilde
hesaplanir (Ge ve dig., 2014; Dulffie ve dig. 2020):

Yiizeye direkt gelen Gokyuzinden yansiyan Yeryiizinden yansityan

= TorRy Lo [FEE] 4 Lepge [ )

Burada yiizeye direkt gelen, gokyiiziinden yansiyan ve yeryiiziinden yansiyan giines 1s1nim1 enerjisi
su sekilde hesaplanir:

b =1x[1-7 @)
1—0.249 * kp 0<kp <035

ITd =11.557 — 1.84 * k¢ 0.35 < ky < 0.75 3)
0.177 kp > 0.75

Yiizeye direkt gelen gilines 1s1nim1 miktarinin hesaplanmasinda kullanilan iki saat arasindaki ortalama
geometrik faktor su sekilde hesaplanr:

Rport = % ®)

Burada kullanilan a ve b degerleri su sekilde hesaplanir:

a= (sinS*sincp*cosB—sinS*coscp*sinB*cosy)*Elo*(ooz—u)l)*n+

(cos & * cos @ * cos 3 + cos S * sin @ * sin  * cosy) * (sinw, — sinw;) — (cos & * sin  *
siny) * (cos w, — cos w;) (6)

b = (cos @ * cos 8) * (sin w, — sin w;) + (sin ¢ * sin §) * 1710 * (Wy — W) * T (7)

Yiizeye direkt gelen giines istnumi miktarinin hesaplanmasinda aylik geometrik faktor su sekilde
hesaplamnr:

R_b _ cos(qp—B)*cos 8xsin w' +(1/180)*w’ *sin(@—pB)*sind ®)

cos @x*cos §xw+(1/180)*w=sin @+*sin §

Burada kullanilan ' degeri su sekilde hesaplanir:

cos~l(—tane * tand

@ = [cos_l(— tan(¢p — B) * tand

©)
Giines 1s1n1mu enerjisi aylik ortalama giinliik 151nim ve giinliik ortalama saatlik 151n1m olmak tizere iki
farkli denklemle hesaplanmakta olup bu denklemler su sekildedir:

Iozw*[1+0.33*cos(

360+n :
Py )] * [cosS*coscp*smoo+

m*w*sin § sin (p]

180 (10)
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12+3600+Igg

* [1 + 0.33 * cos(
T*(wp—w1)*Sin 8 sin (p]
180

360*n
6

v )] * [cosS*coscp* (sinw,; —sinw;) +

10:

(11)

Giines 1s1umi enerjisini hesaplamak icin kullanilan deklinasyon agisy, saat agisi ve herhangi bir andaki
saat agis1t denklemleri su sekildedir:

§ = 23.45 * sin [% « (284 + n)] (12)
w = cos”}[—tan ¢ = tan §] (13)
w1, = 15 = (saat — 12) (14)

Giines enerjisinden elde edebilecegimiz toplam kullanilabilir enerjisi miktar1 su denklemler yardim
ile hesaplanabilir:

Qu=G6-Qr —Qu (15)

Qu = * ¢ * (To — Tr) (16)
Giines enerjisinden kaybedilen enerji miktari su sekilde hesaplanur:

Eng = Qr + Qev’ (17)
Enerji verimi de ytizde cinsinden su sekilde hesaplarnr:

n =24 100 (18)

Burada kullanilan kullanilabilir giines enerjisi miktari, 1s1n1m ve tasinim enerji kayiplari ise su sekilde
hesaplanir:

G=axIpxA (19)
Qr =Ax hr * (Tg - Ta) (20)
Qey = Axhey * (T — T,) (21)

Isinim ve tasinim enerji kayiplarinin belirlenmesinde yardimct olan 1s1 transferi katsayilar: ise su
sekilde hesaplanmaktadir:

h . [6*0’*(Té+T§ky)*(Tg+Tsky)]*(Tg_TSky)
r (Tg—Ta)

(22)

he, =5.7+3.8%V
(23)
Kollektore gelen giines 1stim ekserjisi, kollektore giren suyun ve kollektérden ¢ikan suyun ekserjisi

su sekilde hesaplanur:
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Ex'sunzG*[1+§*(%)4—§*%] (24)
Exq = 1 * ¢, * [Tﬁ — Ty =T, *In (I,—Z)] (25)
Exgo = I * Cp * [Tfo —Ty—T, *In (Tr—fo)] (26)

Ekserji verimi yiizde cinsinden su sekilde hesaplanir:

i = [M] %100 27)

Xsun
Giines kollektoriiniin toplam ekserji kaybi su sekilde hesaplanir:
Exy = Ex, + EXcy (28)

Burada 1s1nim ve tasinim ekserjisi ise su sekilde hesaplanr:

. . T
Ex; = Qp * [1 - T_O (29)
sis
) . T
Excy = Qey * [ - T_O] (30)
S1s
Istnim ve tasimim ekserji hesaplamalarinda kullanilan ortalama kollektor sicakligi su sekilde
hesaplamnr:
Ta+T
Tsis = az £ (31)

Sistemin ekserji yikimi su sekilde hesaplanur:
Exq = Exq + Exgun — Exgo — Exi (32)
Sistemin toplam entropi iiretimi ise su sekilde hesaplanir:

. Exq
Sgen = Ty (33)

BULGULAR ve TARTISMA (RESULTS and DISCUSSION)

Cizelge 1’deki kabuller, Cizelge 2’deki giin say1si, giines dogus saati, giines batis saati ve bulutsuzluk
orani degerleri ve Denklem (1)-(14) kullanilarak Erzincan ilindeki bir giines kollektoriiniin yiizeyine gelen
toplam 1simim degerleri farkli aylar icin hesaplanmistir. Elde edilen sonuglar Meteoroloji Genel
Miidiirliigii Erzincan Meteoroloji Istasyonu’'ndan temin edilen sonuglarla karsilagtirilmistir. Meteoroloji
Istasyonu’ndan temin edilen riizgar hizi, hava sicakligi ve 1sinim degerleri 2010 yili igin elde edilmis olup,
bu degerlerin yillara gore ciddi oranda degismedigi goz oniine alinmistir. Bu karsilagtirma hesaplamalar
i¢in dogrulama niteliginde olup sonuglarin biiyiik ¢cogunlugunun +%10 hata band araliginda kaldig Sekil
2’de goriilmiistiir.
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Cizelge 1. Hesaplamalarda kullanilan kabuller
Table 1. Assumptions used in the calculations
Parametre Degeri
Boltzman sabiti (o) 5.6704*10® W/m2K+*
Enlem acis1 () 39.75°
Glines sabiti (Igs) 1367 W/m?2
Giines sicaklig1 (Tsyy) 5778 K
Kollektor yiizey alani (A) 8 m?2
Kollektor ylizeyi gecirgenligi () 0.92
Kollektor yiizeyi yayiciligi (€) 0.92
Olii hal sicakligi (T,) 273.15 K
Ozgiil 1s1 (Cp) 4186 J/kgK
Yerylizii yansitma katsayisi (pg) 0.20
Cizelge 2. Erzincan iline ait veriler
Table 2. Data belonging to Erzincan city
Gln Gﬁ?es Gilines Sebeke Stlyu Riizgar Fz: Slljaijl?gl Bulutsuzluk ngeli‘rlrelri
Dogus . Sicakligt (m/s)
Aylar Sayl.s1 Saati Bang saatl (K) (Erzincan (I,<) Ora.m (]/@2)
(Klein, . (Duffie ve .. (Erzincan (Duffie ve (Erzincan
1977y Quffieve . gy (Cevlan o Meteoroloji - roloji dig, 2020)  Meteoroloji
dig., 2020) 2010) Istasyonu) . .
Istasyonu) Istasyonu)
Ocak 17 6:37 16:27 279.65 1.11 274.95 0.3741 7267608
Subat 47 6:10 17:03 278.25 1.36 277.71 0.4211 10543680
Mart 75 5:28 17:34 279.25 1.33 281.61 0.4334 14535216
Nisan 105 4:41 18:04 282.55 1.37 284.28 0.4768 18125088
May1s 135 4:04 18:33 286.45 1.15 289.40 0.4959 21497392
Haziran | 162 3:50 18:54 290.35 1.29 295.56 0.5512 21802824
Temmuz | 198 4:04 18:52 293.75 1.25 298.89 0.5788 22660544
Agustos | 228 4:31 18:21 295.65 1.18 299.67 0.5736 21288192
Eyliil 258 4:59 17:34 294.85 0.98 295.47 0.5403 17953544
Ekim 288 5:28 16:47 291.55 0.84 286.36 0.495 11434872
Kasim 318 6:02 16:11 286.85 0.55 280.45 0.4381 10313560
Aralik 344 6:28 16:02 282.35 1.29 277.12 0.373 6723688

Sekil 3'te kollektor egim acisindaki degisimin aylik ortalama giinliik 1s1nim degerleri {izerindeki etkisi
goriilmektedir. Beklendigi {izere, tiim kollekt6r egim agilarinda aylik ortalama giinliik 1stnim degerleri
yaz aylarinda (Haziran-Temmuz) en yiiksek degerlere ulasirken kis aylarinda (Aralik-Ocak) ise en diisiik
degerlere ulasmaktadir. Tiim aylarda aylik ortalama giinliik 1sinim degerlerinin kollektdr egim agisi
arttikca Once arttig1 daha sonra ise azaldig1 goriilmiis olup bu artigin en yiiksek oldugu nokta (maksimum
aylik ortalama giinliik 1sim degerlerine karsiik gelen) optimum kollektér egim agisi olarak
tanimlanabilir. Cizelge 3’te Erzincan ili i¢in yil igerisindeki tiim aylar i¢in giinliik ortalama 1sinim
degerlerinin maksimum oldugu kollektor egim acilar1 verilmistir.
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Sekil 2. Meteorolojiden alian ytizeye gelen 1s1num degerlerinin hesaplanan degerler ile karsilastirilmasi
Figure 2. The comparison of calculated and obtained from Meteorology surface radiation values
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Sekil 3. Aylik ortalama giinliik 151n1im degerlerinin kollektor egimi ile degisimi
Figure 3. The variation of monthly average daily radiation values with collector tilt angle

Cizelge 3. Farkli aylar i¢in optimum kollektor egim agilari

Table 3. Optimum collector tilt angles for di

fferent months
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Figure 4. The variation of monthly average daily radiation values with optimum and suggested collector tilt angle according to months

Sekil 5. Giinliik ortalama saatlik 151n1m degerlerinin optimum ve Onerilen kollektor egimi ile aylara gore
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Aylik ortalama giinliik 1s1n1m degerlerinin her bir ay i¢in belirlenen optimum kollektor egim agilarina
gore ve yerlesimde onerilen 27.14° kollektdr egim agisina (Eren, 2019) gore degisimi Sekil 4’te verilmistir.
Mart, Nisan, Mayis, Agustos ve Eyliil aylarinda 6nerilen kollektor agisinin kullanilmas: giinliik ortalama
1stim degerlerinde biiyiik oranda (%5’ten az) degisiklik gostermezken, Ocak, Subat, Haziran, Temmuz,
Ekim, Kasim ve Aralik aylarinda ise 6nerilen kollektor egim agisinin kullanilmasi sirasiyla %13.36, %7.19,
%7.08, %5.56, %5.83, %12.76 ve %15.55 daha az aylik ortalama giinliik 151n1im degerlerinin elde edilmesine
sebep olmaktadir.

Giinliik ortalama saatlik 15111m degerlerinin giin saatine gore degisimi optimum ve 6nerilen kollektor
egim acilar1 kullanilarak mevsimlerin orta aylar1 olan Ocak, Nisan, Temmuz ve Ekim aylar1 i¢in sirasiyla
Sekil 5a), Sekil 5b), Sekil 5¢c) ve Sekil 5d)’de verilmistir. Nisan, Temmuz ve Ekim aylar icin giinliik
ortalama saatlik 1s1nim degerlerinde onemli bir degisim olmazken (%5’ten az), Ocak ayinda %8 ile %26
arasinda degismektedir.

Kollektore giren farkli debilerdeki suyun ¢ikis sicakliginin aylara gore degisimi optimum ve onerilen
kollektor egim acgilarina gore Denklem (16) kullanilarak hesaplanmis ve sirasiyla Sekil 6a) ve Sekil 6b)’de
verilmistir. Sekilde goriildiigii {izere, su debisi arttik¢a kollektor cikis sicakliklari tiim aylarda
diismektedir. En yiiksek su ¢ikis sicakliklarina ulasilan Temmuz ayinda 0.01 kg/s, 0.02 kg/s ve 0.03 kg/s
debileri icin optimum kollektor egim acisinda sirasiyla 56.25°C, 38.45°C ve 32.45°C sicakliklari elde
edilmistir. Ayrica, 6nerilen ve optimum kollektor egim acilar1 karsilastirildiginda su ¢ikis sicakliklarinda
%18.02"ye varan artiglar goriilmektedir.
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Sekil 6. Su debisinin kollektor ¢ikis sicakligr etkisinin farkli aylar ile degisimi a) Optimum kollektor

egim acisi, b) Onerilen kollektor egim agist
Figure 6. The effect of water flow rate on water outlet temperature with different months a) optimum tilt angle, b) suggested collector tilt angle

Kollektordeki toplam enerji dengesinin aylara gore degisimi optimum ve Onerilen kollektor egim
acilaria gore Denklem (15) kullanilarak hesaplanmis ve sirasiyla Sekil 7a) ve Sekil 7b)’de verilmistir.
Sekilde goriildiigii tizere tagimim ile kaybedilen enerji miktar: 1snim ile kaybedilen enerji miktarindan
fazla olmustur. Ocak ve Aralik aylar1 disinda kullanilabilir enerji miktari toplam kaybedilen enerji miktar:
ile karsilastirildiginda optimum ve onerilen kollektor egim acilarina gore sirasiyla %11.91-%65.37 ve
%1.86-%62.56"ya kadar fazla oldugu goriilmiistiir. Ocak ve Aralik aylarinda ise toplam kaybedilen enerji
miktar1 kullanilabilir enerji miktari ile karsilastirildiginda optimum ve 6nerilen kollektor egim agilarina
gore sirasiyla %20.00-%35.62 ve %7.53-%61.18 arasinda fazla oldugu goriilmiistiir.
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Sekil 7. Kollektor enerji dengesinin aylara ile degisimi a) Optimum kollektdr egim agisi, b) Onerilen
kollektor egim acist
Figure 7. The variation of energy balance with different months a) optimum tilt angle, b) suggested collector tilt angle

Kollektore giren farkli debilerdeki suyun kollektordeki ekserji yikimina etkisinin aylara gore degisimi
optimum ve Onerilen kollektor egim acilarina gore Denklem (32) kullanilarak hesaplanmis ve sirasiyla
Sekil 8a) ve Sekil 8b)’de verilmistir. Sekilde goriildiigii tizere, su debisi arttik¢a kollektorde olusan ekser;ji
yikimi tiim aylarda artmaktadir. Kollektore giren suyun debisinin 0.03 kg/s oldugu durumlarda debinin
0.01 kg/s ve 0.02 kg/s oldugu durumlara gore ekserji yikiminda optimum kollektor agisina gore sirasiyla
%0.36-%2.94 ve %0.10-%0.76 arasinda, Onerilen kollektor acisina gore sirasiyla %0.16-%2.67 ve %0.05-
%0.68 arasinda artis goriilmiistiir.
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Sekil 8. Su debisinin kollektor ekserji yikimina etkisinin farkli aylara gore degisimi a) Optimum

kollektor egim agisi, b) Onerilen kollektor egim agisi
Figure 8. The effect of water flow rate on collector exergy destruction according to different months a) optimum tilt angle, b) suggested collector
tilt angle

Kollektor enerji veriminin aylara gore degisimi optimum ve onerilen kollektor egim agilarina gore
Denklem (18) kullanilarak hesaplanmis ve Sekil 9’da verilmistir. Mart, Nisan, May1is, Temmuz, Agustos,
Eyliil ve Ekim aylarinda onerilen kollektor agisinin kullanilmasi enerji veriminde biiyiik oranda (%5'ten
az) degisiklik gostermezken, Ocak, Subat, Kasim ve Aralik aylarinda ise 6nerilen kollektor egim agisinin
kullanilmas: enerji veriminde sirasiyla %19.26, %6.83, %9.20 ve %28.62 azalmaya sebep olmaktadir.

b)
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Sekil 9. Kollektordeki enerji veriminin farkli aylar ile degisimi
Figure 9. The variation of collector energy efficiency with different months
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Sekil 10. Su debisinin kollektor ekserji verimine etkisinin farkli aylar ile degisimi a) Optimum kollektor
egim acis1, b) Onerilen kollektor egim agist
Figure 10. The effect of water flow rate on collector exergy efficiency according to different months a) optimum tilt angle, b) suggested collector
tilt angle

Kollektore giren farkli debilerdeki suyun kollektordeki ekserji verimine etkisinin aylara gore degisimi
optimum ve Onerilen kollektdr egim agilarina gore Denklem (27) kullanilarak hesaplanmis ve Sekil 10a)
ve Sekil 10b)’de verilmistir. Sekilde goriildiigii tizere, su debisi arttikca kollektorde olusan ekserji verimi
tiim aylarda azalmaktadir. Kollektore giren suyun debisinin 0.01 kg/s oldugu durumlarda debinin 0.02
kg/s ve 0.03 kg/s oldugu durumlara gore ekserji veriminde optimum kollektdr egim agisina gore sirasiyla
%13.73-%27.68 ve %18.40-%37.15 arasinda, onerilen kollektor egim acisina gore sirasiyla %9.42-%27.42 ve
%12.58-%36.82 arasinda artis goriilmiistiir. Ekserji veriminin en yiiksek oldugu 0.01 kg/s’de Mart, Nisan,
Mayis, Temmuz, Agustos ve Eyliil aylarinda onerilen kollektor egim agisinin kullanilmasi ekserji
veriminde biiyiik oranda (%5’ten az) degisiklik gostermezken, Ocak, Subat, Haziran, Temmuz, Ekim,
Kasim ve Aralik aylarinda ise onerilen kollektor egim agisinin kullanilmas: ekserji veriminde sirasiyla
%28.65, %13.64, %6.80, %5.91, %15.41 ve %36.37 azalmaya sebep olmaktadir.
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SONUCLAR (CONCLUSIONS)

Yenilenebilir enerji kaynaklarindan biri olan giinesten faydalanilmasi konvansiyonel enerji
kaynaklarinin  kullanimini azaltmak adina &nemlidir. Ulkemizin yiiksek giineslenme potansiyeli
sebebiyle giines kollektorleri siklikla kullanilmaktadir. Bu ¢alismada, Erzincan ilindeki bir giines
kollektoriiniin egim acisinin performansa etkisi enerji ve ekserji analizleri ile parametrik olarak
belirlenmis olup asagidaki sonuclara ulagilmistir:

o Aylik ortalama giinliik 1s111m degerlerinin kollektor egim agisina gore degisimi incelendiginde en
diisiik ve en yiiksek optimum egim acilar1 sirasiyla 0° (Haziran) ve 63° (Aralik) olarak belirlenmistir.
. Mayis, Haziran ve Temmuz aylarinda Onerilen ve hesaplan optimum egim acilariin

kullannminda diger aylara kiyasla aylik ortalama giinliik 1s1mum degerlerinde 6nemli degisiklige sebep
oldugu gozlemlenmistir.

° Ocak, Subat, Mart, Nisan, Agustos, Eyliil, Ekim, Kasim aylarinda ise Onerilen ve hesaplan
optimum egim acilarinin kullaniminda diger aylara kiyasla aylik ortalama giinliik 1s1mim degerlerinde
bliyiik oranda degisiklik olmadig gbzlemlenmistir.

. Giinliik ortalama saatlik 151n1m degerlerinin giin saati ile degisiminin Nisan ve Ocak aylarinda
sirastyla en az ve en fazla oldugu goriilmiistiir.

] Kollektor su debisi arttik¢a cikis sicakliginin azaldigr ve beklenildigi tizere en ytiiksek degerlere
Temmuz ve Agustos aylarinda ulastig1 goriilmiistiir.

. En yiiksek kollektor enerji verimine hesaplanan optimum ve Onerilen egim acilar1 igin sirasiyla
%74.20 ve %72.76 olarak ulagilmistir.

] En yiiksek kollektor ekserji verimine hesaplanan optimum ve Onerilen egim agilari igin sirasiyla

%9.70 ve %9.36 olarak ulasilmustir.
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SIMGELER DIiZINI (NOMENCLATURE)

A Kollektor yiizey alani (m?)

Cp Ozgiil 1s1 (kJ/kgK)

Eny Kaybedilen enerji miktar1 (W)

Ex,,  Kollektoriin taginim ekserji kayb1 (W)

Ex;  Kollektore giren suyun ekserjisi (W)

Ex¢,  Kollektorden ¢ikan suyun ekserjisi (W)
Exy Kollektoriin toplam ekserji kayb1 (W)

Ex, Kollektdriin 1gtnim ekserji kaybi (W)

Exg,n Kollektdre gelen giines 1stnim ekserjisi (W)

G Kollektore gelen toplam kullanilabilir giines enerjisi (W)
hev Tasinim 1s1 transfer katsayis1 (W/m?2K)

hr Istnum 1s1 transfer katsayisi (W/m?2K)

I Yeryiiziinden yansiyan giines 1stnim1 miktar1 (J/ m?)

Io Atmosfere giren giines 1stnimi1 miktari (J/ m?)

Iv Yiizeye direkt gelen 1s1nimi1 miktari (J/ m?)
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Tg
Tsis
Tsky
Tsun
\Y

Gokytiziinden yansiyan 1stnimi miktari (J/ m2)
Glines sabiti (W/ m2)

Aylik geometrik faktor

Iki saat arasi ortalama geometrik faktor
Entropi Uretimi (W/K)

Olii hal sicakligi (K)

Hava sicaklig1 (K)

Kollektore giren suyun sicakligi (K)
Kollektorden ¢ikan suyun sicaklig1 (K)
Kollektor yiizey sicakligr (K)

Cevre ve kollektor yiizey sicakliklarinin ortalamasi (K)
Gokytizii sicakligr (K)

Giines sicaklig (K)

Riizgar hiz1 (m/s)

Yunan Harfleri (Greek symbols)

Kollektor yiizeyi gecirgenligi
Kollektor egimi (°)

Azimut agis1 (°)

Denklinasyon agisi (°)

Kollektor yiizeyi yayicilig
Toplam giines 1s1nim1 miktari (J/ m2)
Bulutsuzluk oram

Kiitlesel debi (kg/s)

1 Ocaktan itibaren giin sayist
Tasinim enerji kayb1 (W)

Isinim enerji kayb1 (W)
Kullanilabilir giines enerjisi (W)
Enerji verimi

Ekserji verimi

Yeryiizii yansitma katsayisi
Boltzman sabiti (W/m2K¢*)

Enlem agis1 (°)

Saat acist (°)

Herhangi bir andaki saat agist (°)
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KENTSEL HAVA TASIMACILIGINDA KULLANILACAK DiKEY iNiS-KALKIS KABILIYETINE
SAHIP BiR HAVA ARACININ KAVRAMSAL TASARIMI VE MENZIL HESABI
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OZ: Son zamanlarda meydana gelen trafik yogunlugu ve ulagim ihtiyaci nedeniyle kentsel hava
tasimaciligina ilgi giderek artmaktadir. Bir¢ok firma kentsel hava tasimaciliginda kullanilmak tizere
araclar tasarlayarak bu sektore yon vermek istemektedir. Buna bagli olarak sehirlerde, hava taksiler ve
ucan ara¢ konsept fikirleri yayginlasmaktadir. Hem kisisel hem de kamu alanlarinda kullanimi
yayginlasacak olan bu hava aracglarinin elektrikli motorlar ile ¢alisarak karbon salinimini en alt seviyelere
tasimas: diisliniilmektedir. Bu ¢alismada sehir icinde yaygin sekilde kullanima sunulabilecek bir hava
aracinin tasarimi ve ulasabilecegi maksimum menzil degerinde iyilestirmeler gerceklestirilmistir.
Tasarlanan arag, sehir iginde hem kargo hem de saghk alaminda giivenli ulasim olanag:
saglayabilmektedir. Aracin yaklasik 45 km menzili ve 30 dakika havada kalma siiresine sahip oldugu
belirlenmistir. Bu degerler orta 6lgekli bir sehirde tasimacilik yapilabilmesi i¢in uygundur.

Anahtar Kelimeler: Dikey inis-kalkis, Elektrikli motor, Menzil, Sehir i¢i hava tasimaciligi, Tasima+seyir
konsept

Conceptual Design and Range Calculation of a Vertical Landing-Takeoff Aircraft to be Used in
Urban Air Mobility

ABSTRACT: Due to the recent traffic density and the need for transportation, interest in urban air
mobility is increasing. Many companies want to direct this sector by designing vehicles to be used in urban
air mobility. Accordingly, air taxis and flying vehicle concept ideas are becoming widespread in cities. It
is thought that these vehicle, which will be used in both personal and public areas, will work with electric
motors to bring carbon emissions to the lowest levels. In this study, improvements have been made in the
design of an aircraft that can be used widely in the city and in the maximum range it can reach. The
designed vehicle can provide safe transportation in the city, both in the field of cargo and health. It has
been determined that the vehicle has a range of approximately 45 km and an endurance of 30 minutes.
These values are suitable for transportation in a medium-sized city.

Keywords: Vertical take-off and landing, Electric motor, Range, Urban air mobility, Lift+cruise concept
GIRIS (INTRODUCTION)

Kentsel hava tasimaciligi (KHT) bu giinlerde tizerinde yogun ugraslar verilen bir alandir. Sehirler
arasinda gerceklestirilen hava tasimaciliginin sehir iginde kullanimin: giivenli olacak sekilde uyarlanarak
kiiciik yerlesim yerleri de dahil olmak {izere tiim yerlesim tiplerinde kullanilmasi ve trafik sorununu
azaltmas: tizerine caligilmaktadir (Afonso ve dig., 2021; Rothfeld ve dig., 2019; Thipphavong ve dig., 2018).
Temiz enerji kullanarak sehir i¢i ulasim kolaylig1 saglamak ve bunu yaparken zamandan kazang elde
edebilmek adina karadan yapilan ulagimin gokyiiziine tasinmasi hedeflenmektedir (Fu ve dig., 2019;
Holden & Goel, 2016). Dikey inis-kalkis 6zelligi ile sehrin her noktasinda konforlu ve giivenli ulasim
saglamasi icin istasyonlar veya Ozel park yerleri olusturularak, araca acil durumlarda giivenli inis
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yapabilme olanag1 olusturulur (Asmer ve dig., 2021; Patterson ve dig., 2018; Schuchardt ve dig., 2021) . Bu
gorev profiline uygun olacak olan aracin geometrisi, hem aerodinamik gereksinimleri karsilayacak hem
de sehir icinde park halinde bulunmaya uygun olacak sekilde dizayn edilmelidir (Silva ve dig., 2018).

Havacilikta ugus siiresinin veya menzilin arttirilabilmesi i¢in ¢ok fazla ¢alisma gerceklestirilmistir.
Hava-taksi veya ugan araba kavramlariyla tanimlanan bu araglarin en biiyiik problemi inis-kalkis
sirasinda harcadig1 enerji miktarinin aracin toplam enerji kapasitesinin yarisindan fazla olmasidir. Bunun
sonucunda aracin menzili veya havada kalma siiresi istenilen seviyelere ulasamamaktadir (Liu ve dig.,
2021). Aracin enerji kapasitesinin bu seviyelere diisiisiiniin 6niine gecilebilmesi i¢in aracin kanat yapisi
sayesinde iiretecegi tasima kuvveti ile minimum enerji tiiketimi ve diisiik itki kuvvet degerleri ile ugusu
gerceklestirebilmesi miimkiindiir.

Bu ¢alismada dikey inis-kalkis yapabilen ve sehir i¢i yolcu tasimaciliginda kullanilacak olan bir hava
aracinin, dinamik 6l¢eklendirme yontemi kullarularak olusturulan prototipi ile ugus sirasinda ihtiyaci
olan gii¢ seviyesi ve bu giiclin ugus siiresine etkisi tizerine ¢alisilmaktadir (Zhang ve dig., 2018). Aracin
ihtiyaci olan gii¢ degerinin karsilanabilmesi i¢in en uygun ugus durumu seviye (level flight) ucusudur. Bu
asamada hava araci gerekli aerodinamik kuvvetler yardimiyla motor sistemini kapatarak stiziilme
manevralar: yapabilir. Siiziilme manevrasi ile enerji korunumu saglamak adina yiiksek kanat alanina
ihtiya¢ duyulmaktadir. Bu sebeple ara¢ tandem cift kanath yaprya sahip sekilde tasarlanmistir. Bu konsept
sayesinde aracin tasima kuvveti i¢in ihtiyaci olan kanat ylizey alaninda artis saglanacak ve motor giiciine
en az seviyede ihtiya¢ duyularak batarya kapasitesi en verimli sekilde kullanilarak menzilin artist
saglanmistir. Ucus igin gerekli gii¢ miktar1 en diisiik seviyelere gekilerek dogrudan menzile etki
edilebilmesi miimkiin olacaktir (Zhang ve dig., 2018). Bu sinifa ait sehir i¢inde kullanilacak olan araglar
sadece ulasim degil acil durum kosullarinda medikal destek veya kurtarma operasyonlarinda da gorev
alabilecek uygunlukta sistemlerdir (Kim ve dig., 2020).

PROBLEM TANIMI (PROBLEM DEFINITION)

Yasanan teknolojik gelismelerin ardindan yasam alanlarinda artan ara¢ yogunlugu hem ses ve hava
kirliligine hem de ulasim sorunlarina yol agmaktadir. Dolayisiyla saglik sorunlar1 ve zaman kayb1 gibi
olumsuzluklarin artmasina neden olmaktadir. Bu olumsuzluklarin giderilmesine yonelik olarak 6nerilen
¢oztimlerden biri de kentsel hava tasimacilig1 olup bu alanda dikkat cekici ilerlemeler gerceklestirilmistir.
Kentsel hava tasimacilift ekosisteminin en Onemli unsuru ise insanlarin isterlerse sehrin en islek
noktasinda binebilecekleri bir taksi gibi ya da evlerinin oniinde park edilmis kisisel araglar1 gibi
kullanabilecekleri dikey inis kalkis kabiliyetine sahip hava araclaridir. Bilim kurgu filmlerinin
sahnelerinde izleyicileri heyecanlandiran bu araglar, giiniimiizde yasanan batarya ve elektriksel itki
sistemlerindeki teknolojik gelismelerin katkisiyla hayali bir fikir olmaktan ¢ikmistir (Federal Aviation
Administration, 2020).

Kentsel hava tagimaciligi sadece yolcu transferi alaninda degil saglik hizmetlerinden kargo
teslimatina kadar hizmet sektoriintin her bir alaminda tiim gereksinimleri karsilayacak potansiyele
sahiptir. Ozellikle medikal ve kargo teslimatlarinda sehir icinde olusan trafikler hem saglik agisindan hem
de ekonomik giderler konusunda dikkat ¢cekmektedir. Sehrin bir noktasindan diger noktasina gidebilmek
i¢in harcanan mesai ve kaynak goz Oniine alindiginda bilangosu ¢ok fazla ¢ikmaktadir. Kent icinde
kullanilmas: planlanan hava araglar1 sayesinde sehir i¢cinde meydana gelen yogunluktan etkilenmeden
hem zamandan hem de harcanacak olan kaynaktan tasarruf edilmis olacaktur.

Sehir i¢inde uygun bir hava trafik sistemi kurulabilmesi adina tasarlanacak olan araglarin boyutlar: ve alt
sistemleri 6nem arz etmektedir. Ozellikle motor sistemlerinin cevreci olmamas: durumunda mevcut trafik
sisteminde meydana gelen karbon saliniminin dniine gecilmesi zorlasir. Bu yiizden KHT aracinin tahrik
sistemi elektrikli motorlardan olusturulacak olup yakit hiicreleri de yeniden sarj edilebilir olan Lityum
Polimer (LiPo) pil olarak segilmesi fosil yakit kullaniminin dniine gecilmesini saglayabilir. Ayrica aracin
sehir igcinde rahatlikla manevra yapabilmesi adina uygun kanat ve kuyruk geometrisi ile boyutlarina sahip
olmasi 6nem arz etmektedir. Govde geometrisi yiik ve arag¢ bilesenlerinin tasinabilmesi bakimindan
uygun boyutlara sahip olmamasi durumunda aracin beklenen gorevi yiiksek verimlilikte
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tamamlayamama durumu meydana gelebilir.

MATERYAL VE YONTEM (MATERIAL AND METHOD)
Tasarim Metodolojisi (Design Methodology)

Kullanim igin gerekli olan gereksinimleri karsilayacak aracin tasariminda Analiz - Sentez -
Degerlendirme dongii metodolojisi takip edilmistir. Aracin bagarili bir sekilde tamamlamas1 gereken
gorevlerin detayli incelemesi yapilmistir. Bu incelemeler sonucunda aracin sehir i¢inde gorev alabilecek
boyutlarda ve yiiksek manevra kabiliyetine sahip bir yapida olmas: gerektigi belirlenmistir. Aracin yer
aldig1 sinmifa ait farkl: tasarimlar incelenmistir. Arag, Ulusal Havacilik ve Uzay Dairesi (National Aeronautics
and Space Administration-NASA) ve Uber tarafindan yiiriitiilen KHT projesi incelenip temiz enerji
kullanarak gorevlerini yiiksek performansta gerceklestirebilen ve sehir icinde ucusa elverisli olacak
sekilde uyarlanmistir. Yapilan bu 6n hazirlik ¢alismalariyla birlikte aracin kavramsal tasarim agsamalar:
adim adim belirlenerek sirasiyla takip edilmistir. izlenen adimlar asagida Sekil 1’de yer almaktadir.

) Hava Aracinin Gorev Profilinin Belirlenmesi (Performans, Tasarim)

Benzer siniftaki araglarin incelenmesi ve ilk kiitle tahmini

Performans gereksinimlerine gore kisit diyagrami olusturma ve performans
parametrelerinin belirlenmesi (T/W ve W/S)

Kanat alaninin belirlenmesi ve kanat, kuyruk, gévde ve motor
konfigiirasyonlarinin boyutlandirmalarinin belirlenmesi

(Pervane cap1 ve enerji hesabi)

) Secilen konsept konfigiirasyonuna gore motor tipi ve yerlesiminin belirlenmesi.

Aracin gorev profili igin gli¢ hesab1 ve elektriksel analiz ger¢eklestirilmesi

)

) Menzil ve ugus siiresi hesaplanmasi.

Sekil 1. Hava Aract Kavramsal Tasarim Asamalart
Figure 1. Air Vehicle Conceptual Design Phases

Oncelikle aracin gorev profili belirlenerek géreve uygun tasarim parametreleri belirlenmistir. Benzer
gorev profiline uygun araclarin siniflandirilmasi yapilarak kiitle verileri elde edilmistir. Belirlenen gorev
performans parametrelerinden faydalanilarak kisit diyagrami (Constraint Analysis) olusturulmustur ve bu
diyagram kullanilarak kanat, kuyruk govde ve motor gibi bilesenlerin boyutlar1 ve tasarimi
gerceklestirilmistir. Yine uygun pervane tipi se¢imi ve boyutlandirilmas: bu diyagrama gore yapilmistir.

Gorev Profili, Kiitle Tahmini ve Kisit Diyagrami Belirlenmesi (Determination of Task Profile, Mass Estimation
and Constraint Diagram)

KHT kapsaminda tasarimu yiiriitiilen hava araglarinin gerceklestirmesi planlanan toplu tagima, kargo
ve medikal ilag ulasimi gibi gorev profilleri Sekil 2’de gorsel olarak aktarilmistir. Bu ¢alisma kapsaminda
tasarimi gergeklestirilen hava araci, sehir icinde hizli ve gilivenilir sekilde tasimaciliga ¢6ziim olacak
sekilde tasarlanmistir.
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insansiz Hava Araglari Gérev Profilleri

e e

Sekil 2. Kentsel Hava Tasimaciligi Gorev Profilleri
Figure 2. Urban Air Mobility Mission Profiles

Sehir i¢inde kullanilmasi i¢in tasarlanan hava aracinin performans gereksinimlerini saglayan tasarim
noktalarinin belirlenmesinde NASA ve Uber ¢alismalarindan yararlanilmistir. NASA ve Uber sehir icinde
hava tagimacilig1 igin gerekli minimum parametre degerlerini belirledigi i¢in bu degerler uygun kabul
edilmistir (Booz Allen Hamilton, 2018). Cizelge 1’de bu performans parametreleri ve degerleri
bulunmaktadir.

Cizelge 1: Hava Araci Performans Gereksinimleri
Table 1: Air Vehicle Performance Requirements

Gereksinim Deger
Seyir Hiz1 25 m/s
Durak Hiz1 <23 KCAS
Tirmanma 4.6 m/s
Maksimum irtifa 250 m
Dikey Kalkis-inis 0.51 m/s
Doénme Acis1 45°
Faydal1 Yiik 0.850 kg

Tasarim parametreleri ve gereksinimlerinin belirlenmesinin ardindan gergeklestirilen birinci asama
ilk kiitle tahminidir. Aracin sehir i¢inde tasimasi beklenen medikal veya kisisel kargolarin sorunsuz bir
sekilde ulastirabilmesi adina kiitle analizi 6nem arz etmektedir. Belirlenen gorevi yapabilecek benzer
smiftaki hava araglar1 incelenerek bos kiitle oranindan hareketle toplam kalkis kiitlesi belirlenmistir.
Benzer siniflarda bulunan hava araglarinin detayl kiitle tablosu Cizelge 2’de yer almaktadir.
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Cizelge 2. Kentsel Hava Tasimacili§1 Hava Araglari Kiitleleri

(IHS Jane’s, 2014; Intelligence & Optional, 2015; Lockheed Martin, 2015; SLANTRANGE, 2015)
Table 2. Urban Air Mobility Air Vehicle Masss

Toplam Bos Kiitle  Bos Kiitle Orani
Kalkis (kg) Whos
Kiitlesi (kg) Whos Weoptam
Wtoplam
Desert Hawk IV 3.72 2.82 %75.8
Wasp III 1.3 0.8 %61.5
Stalker VTOL 10 7.6 %76
FireFLY6 PRO 3.8 3.1 %81.6

Cizelge 2'de de goriildiigli gibi benzer hava araclarinin operasyonel kiitlesi ile bos kiitlesinin
oranlarinin ortalamast %73.7 olarak belirlenmistir. Bu calismada da bu deger baz alinarak hava aracinin
tagimasi beklenen faydali yiike gore baglh olarak toplam kalkis kiitle Wiopiam hesaplanmistir. Aracin
tagimasi beklenen faydali yiik degeri ugus icin gerekli olup Wrayqai yux Olarak belirlenmistir ve yaklagik
0.850 kg olarak kabul edilmistir.

Wbos _ (1)
- talama
W, or
plam
2)
Wbos = Wtoplam - Wfaydallyijk
Wtoplam - Wfaydalt yik _ 3)
W, - ortalama
toplam

Denklem 3 kullanilarak aracin toplam kiitlesi tahmini olarak 3.23 kg olarak belirlenmistir ve bu deger
ilk tahmini kiitle degeri Wtoplam/ olarak g6z o6niinde bulundurulmustur.

flk toplam kiitle tahmini gergeklestirildikten sonra aracin boyutlandirilma kismina gegebilmek igin
kisit diyagrami olusturulmustur. Kisit diyagrami olusturulurken; hava aracinin performans parametreleri
kullanilmistir. Bu diyagram sayesinde aracin seyir ugusu, tirmanma, maksimum irtifadaki ugusu gibi
durumlarda ihtiyaci olan kanat yiiklemesi (Wing Loading) 2.80 Ibf/ft* ve Itki-Agirlik oraru (Thrust to
Weight Ratio) 0.12 olarak belirlenmistir. Kanat yiiklemesi diyagramda Ingiliz birim sistemi ile elde
edilmistir. Bu deger Uluslararasi Birim sistemine cevrilebilmesi adina 4.8824 degeri ile carpilarak
13.67 kg/m? olarak bulunmustur. Bu grafikten elde edilen ¢gikarimlar sonucunda toplam kiitle ve agirlik
degerleri de kullanilarak aracin gerekli kanat alani elde edilmistir. Hava aracinin tirmanma, seyir,
maksimum irtifada seyir ve donme performans: matematiksel ifadeler ile analiz edilip Sekil 3’de verilen
kisit diyagraminda gosterilmistir.

Kisit diyagrami ve konsept tasarimda kullanilan performans parametreleri Cizelge 1'de verilen
degerlerdir.
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Kisit Diyagrami

Dénds
Tirmanma
= = Seyir
= = +Maksimum iriifa
23 KCAS b

0.6

CLmax

0.1

WIS Ibflft?

Sekil 3. Hava Araci Kisit Diyagram
Figure 3. Air Vehicle Constraint Diagram

Hava Arac1 Konfigiirasyonu (Air Vehicle Configuration)

Performans parametreleri kullarularak aracin tasarim parametreleri belirlendikten sonra aracin
tasarim asamasina gecilmistir. Aracin detayli tasarimina baglanmadan 6nce aracin tiim bilesenleri ayr
ayr1 incelenmis ve degerlendirilmistir. Bu degerlendirmeler karar matrisleriyle detaylandirilarak ortaya
konulmustur.

Ik olarak NASA tarafindan belirlenen hava araci konseptleri detayl bir sekilde incelenmis ve bu
incelemeler sonucunda aracin sehir icinde yiiksek manevra kabiliyetine sahip, dikey inis kalkis
gerceklestirebilecek ve elektrik enerjisi kullanarak gorevlerini tamamlamasi goz oniine alinarak konsept
secimleri gerceklestirilmistir.

Aracin Genel Konsept Se¢imi: NASA isterleri dogrultusunda sehir i¢i tasimacilik operasyonlarinda
kullanilmas: en uygun konseptler, Multikopter, Tagima + Seyir, Tilt Motor ve DVT (Ducted Vector Thrust)
konseptleridir. Bu konseptler, Sekil 4’ de gorsel olarak verilmistir. Bu ¢calismada sehir i¢i yolcu tasimaciligi
icin bir hava araci tasarimi yapildigindan yolcu konforu ve giivenligi agisindan en uygun olan
‘Tasima+Seyir’ konsepti belirlenmis ve se¢im bu yonde gerceklestirilmistir.

Multikopter Tasima+Seyir Tilt Motor DVT

Sekil 4. Hava Araci Konsept Cesitleri
Figure 4. Types of Air Vehicle Concepts

Kanat Konfigiirasyonu: Kanat konsepti olarak cift kanatli (biplane) tandem kanat se¢imi yapilmustir.
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Bunun sebepleri ise aracin stabil bir ucus gerceklestirmesi ve kanat tizerine etki eden devamli yiikler
sonucunda kirimin oniine gecebilmektir. Cizelge 3’te kanat konsepti karar matrisi yer almaktadir.

Cizelge 3. Kanat Konsepti Karar Matrisi
Table 3. Wing Concept Decision Matrix

Parametre Onem Tek Kanat Cift Kanat Delta Kanat
Orani (Biplane)
Yiik Kapasitesi 10% 2 1 3
Siiritkleme Kuvveti 10% 3 1 3
Stabilite - Kontrol 40% 2 3 1
Basing Direnci 35% 1 3 2
Uretilebilirlik 15% 3 1 2
Toplam 100% 2.10 2.60 2.00

Olusturulan karar matrisi ile en uygun kanat konseptinin ¢ift kanatli yap1 olmasina karar verilmistir.

Kanat konsepti se¢imi tamamlandiktan sonra c¢ift kanath (biplane) kanatlarinin govde tizerinde
konumlandirilmas: gergeklestirilmistir. Bu secim Cizelge 4’te yer alan degerlendirme sonucuna gore
gerceklestirilmistir. Degerlendirme asamasinda kanat secimi icin dikkate alinan en 6nemli parametreler
stabilite — kontrol ve giivenliktir. Aracin beklenen gorevi istikrarli bir sekilde yapabilmesi igin bu iki
parametre 6nem arz etmektedir.

Cizelge 4. Cift Kanatli (Biplane) Kanat Konumu Karar Matrisi
Table 4. Biplane Wing Position Decision Matrix

Parametre Onem Cift Kanat Cift Kanat Cift Kanat
Orani (Algak -Yiiksek) (Algak -Yiiksek (Algak- Algak
Tandem) Tandem)
Stabilite - 30% 1 3 2
Kontrol
Agirlik 15% 1 1 1
Giivenlik 35% 3 2 1
Uretilebilirlik  20% 1 3 2
Toplam 100% 1.70 2.35 1.90

Gergeklestirilen tiim incelemeler ve analizlerden sonra aracin kanatlariin konumuna gore en uygun
sistemin ¢ift kanat (algak — yiiksek tandem) tipi yapiya sahip olmasina karar verilmistir.

Itki Sistemi Konfigiirasyonu: Dort adet dikey ve bir adet seyir motoru olmak iizere arag iizerinde bes
adet elektrikli motor bulunmaktadir. Cizelge 5'te seyir motorunun yerlestirilebilecegi ti¢ farkli konumun
incelendigi karar matrisi yer almaktadir. Seyir motoru konumu se¢iminde {i¢ farkli parametre gbz 6niine
alinmigtir. Ug farkli seyir motoru konumunun mevcut sistemin iizerinde olusturacag yapisal agirlik,
motor verimlilii ve siirtiinmeye etkisi incelenmistir. Bu parametrelerin tigiiniin de 6nem orani motor
seciminde birbirine yakindir. Bu degerlendirmenin sonucunda arkadan itigli tahrik sisteminin parazit
stiriikleme dezavantajinin daha az oldugu goriilmiis, bunun yani sira diger seceneklere gore daha verimli
oldugu belirlenmistir. Bu degerlendirmeler sonucunda aracin seyir ugusunda kullanacag: itki sistemi
olarak secilmisgtir.
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Cizelge 5. Seyir Motor Konumu Karar Matrisi
Table 5. Level Flight Engine Position Decision Matrix

Parametre Onem Onden Cekisli Arkadan Ttisli Cift Motor

Orani
Agirlik 30% 3 3 1
Verimlilik 40% 1 3 2
Siirtiinme 30% 3 3 1
Toplam 100% 2.20 3.00 1.40

Kuyruk Takimi Konfigiirasyonu: Aracin uzunlamasina ve yanal stabilizesi kuyruk elemanlar:
tarafindan saglanir. Kuyruk yiizeyleri bu dengeyi saglayacak ve kuyruk takimini olusturacak sekilde
tasarlanmistir. Bu boliimde konvansiyonel kuyruk, V-kuyruk, T-kuyruk ve H-kuyruk modelleri
incelenerek karar matrisinde degerlendirilmistir. Kuyruk takimi konsepti belirlenirken dikkate alinan
parametreler kararlihk — kontrol, yapisal agirlik ve parazit siiriiklemedir. Bu parametreler aracin
performansina dogrudan etkili oldugu igin kuyruk bileseninde 6nem arz etmektedir. Cizelge 6’da kuyruk
takimi konsept karar matrisi goriilmektedir.

Cizelge 6. Kuyruk Takim: Konsept Karar Matrisi
Table 6. Tail Gear Concept Decision Matrix

Parametere Onem  Geleneksel T-Kuyruk  H-Kuyruk  V-Kuyruk
Oram Kuyruk

Agirlik 30% 2 1 1 3
Parazit 30% 2 1 1 3
Siiriikleme
Stabilite - 30% 2 2 3 1
Kontrol
Uretilebilirlik 10% 3 1 1 2
Total 100% 2.10 1.30 1.60 2.30

Cizelge 6'da yapilan degerlendirme sonucunda aracin kuyruk tipi V-kuyruk olarak secilmistir.
Hava Arac1 Boyutlandirilmasi (Air Vehicle Sizing)
Kanat Profili Se¢imi (Airfoil Selection)

Kanat profili se¢im asamasinda birden fazla profilin analizleri gerceklestirilmistir. Bu analizlerde aday
profillerin tamaminin kaldirma, siiritkleme ve yunuslama momentinin hiicum agisina gore degisimi
dikkate alinmistir. Bu analizler araci performans parametrelerine ve ucus kosullarina uygun olarak
gerceklestirilmistir. Aracin hizi 25 m/s ve seyir irtifasi ise 100 m olarak belirlenmistir.

M (4)
U

Re

p: Havanin yogunlugu (kg /m3)
V: Havanin (arac1 duragan kabul ettigimiz i¢in) huz degeri (")
[: Kanat veter uzunlugu (m)

u: Havanin dinamik viskozitesi (kg / ms)

Denklem 4'te verilen Reynolds sayis1 da ugus kosul bilgileri kullanilarak 300,000 olarak belirlenmistir
ve aerodinamik verilerin elde edilebilmesi i¢in kanat profillerinin analizleri XFLR5 ve OpenVSP (Asmer
ve dig., 2021; Nasir ve dig., 2021) analiz programlari ile tamamlanmustir.

Sekil 5'te ii¢ farkli kanat profilinin iki boyutlu analizlerinden elde edilen tasima katsayis1 — hiicum
acis1 egrisi yer almaktadir. Bu egriler karsilastirildiginda MH 114 kanat profili diger iki profile gore daha
fazla tasima degeri saglamaktadir. Kanatlarin aracin gévdesine oturma agist 0° oldugu icin bu hiicum
acisinda degerlendirmeye alinan kanat profilleri arasindan en fazla tasimayr MH 114 kanat profili
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saglamaktadir.
2
MH 114
E214
15 NACA 64a210
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Sekil 5. Hiicum Agisi- Tagt Katsayis: Grafigi
Figure 5. Angle of Attack- Lift Coefficient Chart

Sekil 6’da hava araci igin degerlendirilmeye alinan kanat profillerinin siirtiinme kuvveti katsayilari
icin yapilan analiz sonuglar1 yer almaktadir. Bu egri g6z 6niine aliminca ii¢ kanat profili arasinda net bir
fark goriilmemektedir. Yapilan analizlerde Sekil 6’da goriildiigii lizere oturma hiicum agis1 goz oniine
alindiginda en az siiriikleme katsay1 NACA 64a210 kanat profilinde meydana geldigi goriilmektedir.

0.12 T
MH 114
E 214
01 NACA 64a210

0.08

0.06

Siiriikleme Katsayisi

0.02

-10 5 0 5 10 15 20
Alfa

Sekil 6. Hiicum Agisi- Siiriikleme Katsayist
Figure 6. Angle of Attack- Drag Coefficient

Kanat profili seciminde degerlendirme admna 6nem arz eden bir diger parametre ise moment
katsayisidir. Sekil 7'de bu parametrenin tiim kanat profilleri i¢in hiicum agisina gore degisimi verilmistir.
Moment katsayisi aracin uzunlamasina momentinde 6nemli bir parametredir. Aracin seyir ugus rejiminde
burun kaldirarak yiikselme manevras: yapmasi gereken durumlar olacaktir. Dolayisiyla ara¢ burun
kaldirarak hiicum agisini arttirmis olacaktir. Bunun sonucunda hava aracinin hava ile arasinda tutunma
kayb1 (stall) riski artar. Kanat profilinin sifirin altinda moment katsayisina sahip olmasi nedeniyle
herhangi bir kontrol yiizey alaninin hareketine ihtiya¢ duyulmadan tekrardan hava aracinin hiicum
agisinin normale donmesini saglamaktadir. Bu durumda moment degeri matematiksel olarak ne kadar
diisiik degerde olursa hava aracinin moment dengesini saglamak icin tepkisi o kadar etkili olacaktir. Bu
parametreler goz oOniine alindiginda bu durum igin en uygun kanat profilinin MH 114 oldugu
anlasilmistir.
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Figure 7. Angle of Attack- Moment Coefficient
Cizelge 7'de ti¢ farkli kanat profili iizerinde yapilan analiz sonuglarinda elde edilen 6nemli parametre

15 20

Sekil 7: Hiicum Agisi- Moment Katsayist

Cizelge 7. Kanat Profilleri Aerodinamik Ozellikleri
Table 7. Airfoils Aerodynamic Properties

Profil Cloax Capin Cmy ag a; (C1/Ca) gy Stall Kalitesi
) ©
E214 1.62 0.005 -0.14 15 -14 122.24 Yumusak
NACA 64210 1.39 0.004 -0.04 15 -14 73.2 Keskin
MH 114 1.84 0.006 -0.20 15 -10 184.3 Yumusak

Yapilan analizlerde elde edilen Cizelge 7’deki iki boyutlu aerodinamik veriler degerlendirilerek
olusturulan karar matrisi Cizelge 8'de yer almaktadir. Kanat profili se¢iminde dikkate alnan ayirici
parametreler minimum siiriikleme katsayisi, tasima/siiritkleme orani, maksimum tasima katsayisi ve
moment katsayisidir. Kanat profili segiminde dikkate alinmasi gereken ¢ok fazla parametre oldugundan
secim gerceklestirilirken de dogru degerlendirmeler yapilmasina 6zen gosterilmistir.

Bu parametreler dikkate alinarak incelendiginde MH114 kanat profilinin yalnizca siiriikleme katsayis1
degeri bakiminda geride kaldig1 bu eksikliginde diger parametrelere gore kiyaslandiginda goz ardi
edilebilecek boyutlarda oldugu belirlenmistir.

Cizelge 8. Kanat Profili Secimi Matrisi

Table 8. Airfoil Selection Matrix

Parametre Onem E214 NACA 64A210 MH 114
Orani
Lmax %15 87 60 95
dimin %20 90 95 85
Comy %15 95 60 100
a, (°) %10 80 95 70
ag (°) %10 70 75 65
(€1/Ca)par %15 85 50 100
Stall %15 100 40 100
Kalitesi
Toplam %100  88.05 67.5 89.75

Olusturulan karar matrisi kullanilarak en uygun kanat profili MH 114 olarak belirlenmistir.



659 T.DAG, T. UNLER, E. H. COPUR, U. CAKIN

Digerlerine oranla daha fazla tasima katsayisi ve tasima/siiriikleme oranina sahip olmasi nedeniyle 6ne
¢ikan bir kanat profili oldugu goriilmektedir.

Hava Arac1 Bilesenleri Boyutlandirilmasi (Dimensioning of Air Vehicle Components)

Aracin  kanat profili se¢imi tamamlandiktan sonra aracin geometrik boyutlandirilmasi
tamamlanmistir. Aracin geometrik boyutlandirilmasinda kisit diyagramindan elde edilen kanat
yliklemesi degeri kullamilarak kanat ve kuyruk geometrisi olusturulmustur. Hava aracinin
boyutlandirilmasi ile ilgili detayli veriler Cizelge 9’da aktarilmistir. Kisit diyagramindan elde edilen kanat
alan1 degeri beklenmedik tasima kaybi olusabilmesi durumu goz oniine alinarak %15lik bir giivenlik
katsayisi ile carpilarak boyutlandirilmistir.

Cizelge 9. Hava Araci Geometrik Boyutlandirmas:
Table 9. Air Vehicle Geometric Dimensioning

Parametre Sembol Deger
Kanat Alan1 Stoplam 0.32 m?
Goriiniis Oran1 (Aspect ARsn& ARgra ARsn = 6
Ratio) ARgrrq = 5.8
Kanat A¢gklig: bsn & barka bsn = 1.00m
barra = 1.00m
Veter uzunlugu Con & Corra Cin = Carka = 0.17m
Govde uzunlugu lf 0.78 m
Kanat ile yatay dengeleyici lyr 039m
arasindaki mesafe
V kuyruk dengeliyicileri Syr 0.05 m?
kanat alam
V kuyruk dengeliyicileri byr 03m
kanat aciklig1
V kuyruk dengeliyicileri Crvr) 0.10m
kok veter uzunlugu
V kuyruk dengeliyicileri ug Cerm) 0.04m
veter uzunlugu
V kuyruk dengeliyicilerin - 36.3
diisey acis1

itki-Enerji ve Detayl1 Kiitle Hesaplamalari (Thrust-Energy and Detailed Mass Calculations)
Aracin itki sistemi hem dikeyde hem de seyir ugusunda kullanilacak sekilde iki sinifa ayrilmistir.
Dikey itki Sistemi (Vertical Propulsion System)

Dikey itki sistemi hava aracinin inis — kalkis1 veya aracin seyir ugusunda beklenmedik bir tasima kaybi
olusmasinda giivenli inig saglamasi i¢in devreye girer. Dort adet dikey motora sahip hava aracimizin inisg
— kalkis veya seyir u¢usunda herhangi bir motor arizasi sirasinda en az iki motor kullanarak giivenli inisg
yapabilmesi adina tiim motorlarinin saglayacagi toplam itki degerinin aracin toplam agirliginin 1.5 (T/W)
kat1 oraninda olmasi gerektigine karar verilmistir. Aracin dikey kalkisinda kullanacagi motor modeli ise
ilk asamada SunnySky X2814 fircasiz motoru tercih edilmis ancak yapilan testlerde sonucunda motorun
gerekli itki degerini verebilecek akim seviyesi ¢ok fazla oldugu fark edilmistir. Bunun igin ayni itki
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degerini daha diisiik akim degerlerinde verebilecek olan SunnySky X4108S fir¢asiz motoru dikey kalkis
motoru olarak se¢ilmistir.

Tercih edilen dikey motorlara en uygun pervane secimi olarak da ti¢ farkli boyutta ve hatve agisina
sahip pervaneler incelenmistir. Bu pervaneler arasindan yapilan degerlendirmelerde gii¢ kaynagindan
cekilen akim degeri, verilen itki ve gerekli gii¢ g6z oniine alinmustir. Cizelge 10’da uygun pervaneler ve
bu parametre degerleri yer almaktadir. Incelenen doért pervane sonucunda hem istenilen itki degerine
sahip olmasi hem de digerlerine kiyasla daha az akim ve gii¢ gerektiren APC 11x47 pervanesi tercih
edilmistir.

Cizelge 10. Benzer Sunif Hava Araglart Itki-Pervane Degerleri
Table 10. Thrust-Propeller Values of Similar Class Aircraft

Pervane Volt Amper Itki Gii¢ (Watt)
V) (A) (gr.)
APC 11x47 16.8 21.9 1620 324.12
APC 12x38 16.8 27.4 1870 405.52
APC 14*47 16.8 31.8 1970 470.68

Yatay Itki Sistemi (Horizontal Propulsion System)

Aracin yatay ucusta kullanmasi gereken motor igin itki — agirllk orami kisit diyagramindan
belirlenmistir. Aracin performans olarak yiiksek hizlara aniden ¢ikabilmesi ve yiiksek manevra
kabiliyetine sahip olabilmesi i¢in segilen motorlarin verebilecegi itki miktar1 agirligindan fazla olmalidir.
Seyir ucusunda itki degerinin en az siiriikleme kuvveti degeri kadar olmasi gerektigi kabulii yapilir. Bu
durum i¢in maksimum itkiye ihtiya¢ olmadigindan bu kosulda gerekli olan itki degerinin agirliga
oraninin kisit diyagramindan elde edilen deger gibi olmalidir.

Tyeq = D

1
D =ZpVSCy ®)

T: Seyir ugusu itki degeri (N)

D: Seyir ugusu siiriikleme degeri (N)

p: Havanin yogunlugu (kg /m3)

V: Havanin (arac1 duragan kabul ettigimiz i¢in) huz degeri (")
S: Kanat alan1 (m?)

Cp: Stiriikleme katsayzisi (-)

Seyir ucusunda motorun saglamasi gereken itki degeri Denklem 5’de gosterildigi gibi en az siiriikleme
kuvveti kadar olabilmeli ki ara¢ havada sabit hizda ugus gergeklestirebilsin.

Istenilen itki degerinin saglamasi ve agirlik agisindan da avantajli bir motor modeli olmasindan dolay1
Sunnysky X2820 920 KV motor kullanilmistir. Segilen motor, APC 11x5.5 boyutlarindaki pervane ile
istenilen T/W oranina ulasmamizi saglamaktadir.

Aracin tiim bilegenlerinin se¢imi tamamlandiktan sonra nihai kiitle tablosu olusturulmustur. Bu nihai
kiitle degerleri MATLAB yazilim dili kullanilarak her bir bilesen icin ayr1 ayr1 belirlenmistir ve Cizelge
11'de verilmistir.
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Cizelge 11. Hava Araci Detayl Kiitle Tablosu
Table 11. Air Vehicle Detailed Mass Table

Hava Arac1 Komponent Kiitle Degerleri [kg]

Govde 0.750
Kanatlar 0.800
Kuyruk Takimi 0.100

inis Takim1 0.050
Dikey Motorlar ve Bilesenleri 0.460
Seyir Motoru 0.115
Bataryalar Toplam 0.550
Pervaneler Toplam 0.060
Aviyonik-Kontrol Paneli 0.160
Faydal1 Yiik 0.600
Toplam 3.645

Aracin tiim bilesenlerinin kiitle degerlerinin belirlenmesi tamamlanip nihai kiitle degeri 3.645 kg
olarak belirlenmistir.

ELEKTRIKSEL ANALIZ (ELECTRICAL ANALYSIS)

Sistem dikey kalkis ve yatay seyir gibi iki farkli manevra yapabildiginden dolay: elektriksel analiz 2
farkli kisimda incelenecektir.

Dikey Kalkis (Vertical Take-off)

Toplam ucus agirligr belirlendikten sonra dikey motorlar icin secilen motorlarin hesaplamasi icin
asagidaki esitlik kullanilmistir (KNBS, 2021).
Toplam Agirlik x T /W (6)

Motor Itki =
Motor Sayist

T: Seyir ugusu itki degeri (N)
W: Aracin agirlik degeri (N)

Tasarimimizda kullanilan T/W orani 1.5 ve motor sayist 4 oldugundan dolay1 her bir motorun
tiretmesi gereken itki miktar1 1366.9 gram olarak hesaplanmistir. Sistemde 4S batarya ve APC11x47 bir
pervane kullanildiginda yaklasik 5.7 g/W verimle istenen gili¢ iiretilebilmektedir. Segilen pervane ile
istenen itki tiretimi i¢in gekilen akim motor basina yaklasik 13 Amper olmaktadir. Seyir esnasinda daha
az siiriikleme olusturmak igin aslinda daha biiyiik pervane ile daha biiyiik bir itki {iretilebilecegine
ragmen seyir esnasinda daha az siiriikleme i¢in kiigiik boyutlu pervane se¢imi yapilmistir.

Yatay Seyir (Level Fligth)

Yatay seyir esnasinda ihtiya¢ olan itki degeri aracin toplam siiritklenme degeri belirlenerek
bulunabilir (LEBLEBICIOGLU, 2016). Bunun icin OpenVSP {izerinde yapilan analizler sonucunda elde
edilen parazit siiriiklenme degeri 0.02543 dir. Bunun sonucunda toplam siiriikleme degeri ise 0.05336
olarak belirlenir. Denklem 5’te yerine yazilan bu deger sonucunda seyir u¢usunda ihtiya¢ duyulan en az
itki degeri 659.8 gram olarak hesaplanmistir. Bu degerin, motor kayiplar1 ve diger kayiplar goz oniine
alinarak %10 fazlasi alindiginda ihtiyacimiz olan itki degeri yaklasik 725.8 gram olarak hesaplanir. Se¢mis
oldugumuz motor i¢in katalog degerleri incelendiginde 11*5.5 pervane ile yaklasik 6.4 g/W verimle 725.8
gramlik itki iiretilebilmektedir. Bu itki iiretilirken 7.5 A akim ¢ekilecektir.

Toplam Ugus i¢in Gerekli Elektrik Giicili (Electric Power Required for Total Flight)

Hava araci hem dikey hem de yatay manevra yapabildiginden dolay1 elektriksel giig tiiketimi icin iki
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ayr1 hesaplama yapilmasi gerekmektedir.
Dikey kalkis i¢in yaklasik olarak 30 saniye siire igin gerekli giic hesab1 asagidaki denkleme gore

hesaplandiginda her bir motor i¢in yaklasik 1.6W oldugu goriilmektedir.

Pil Voltaji * Cekilen Akim Ucts Siiresi 7)
60+ 60 (sm) * Ucus Stresi(sn)

Harcanan gug¢ =

Toplamda 4 motor oldugundan dolayr dikey manevra igin toplam 6.4W gii¢ harcanacagi
hesaplanmistir. Dikey seyir hem kalkis hem de inis i¢in kullanilacagindan dolay1 toplam harcanan giig
12.8W olacaktir.

Yatay seyirde her bir dakika ugus i¢in harcanacak gii¢ asagidaki formiile gore hesaplanmaistir.
Pil Voltaji * Cekilen Akim (8)

60 dk

Dakikada Harcanan Glig =

Denkleme gore hesaplama yapildiginda hava aracinin yatay seyirde yaklasik 1.85 W giig tiiketecegi
hesaplanmaktadir.

Toplam Ugus Siiresinin Hesaplanmasi (Calculation of Total Flight Time)

Kullanmis oldugumuz Pil 4S ve 5000 mAh olarak secildiginde toplam giictimiiz asagidaki formiile
gore hesaplandiginda 74W olarak hesaplanmuistir.
Toplam Gig¢ = Pil Voltaji * Toplam Akim 9)

Toplam seyir siiresi hesab1 igin toplam iiretilen giicten dikey seyir esnasinda harcanan giig
cikartildiginda yatay seyir igin gerekli gii¢ bulunacaktir. Giivenli bir seyir ucusu igin kalan giictin %10’luk
kismi rezerv olarak birakildiginda kalan gii¢ 55W olacaktir. Yatay seyir siiresini bulmak i¢in bu giicii hava
aracimizin 1 dakikada tiikettigi giice boldiigtimiizde havada kalma siiresi dakika olarak bulunmus
olacaktir.

Bu hesaplamalar yapildiginda aracimizin havada kalma siiresi yaklasik 29.7 dakika olarak
hesaplanmuigtir.

Cizelge 12. Hava Aracinin Gii¢ Kaynag: Ozellikleri
Table 12. Air Vehicle Power Supply Features

Hava Aracinin Gii¢ Kaynags 6zellikleri

Tiir LiPo
Hiicre Sayis1 4S
Akim Degeri 5000 mAh
Toplam Gerilim Degeri 16.8V
Kiitlesi 0.550 kg

Toplam havadaki Seyir mesafesi igin seyir hizimiz olan 25m/s olarak alindiginda yaklasik 90km’lik
bir hizda 44.6km’lik bir menzil hesaplanmistir. Menzil hesaplanmasinda kullanilan esitlik Denklem 10’da
verilmistir.

Menzil (km) = Ugus Siiresi (dk) * 60 = SeyirHizt (m/s)/1000 )

Aracin tasarim metodolojisinin tamamlanmasi sonucunda ortaya ¢ikan tasarimin kritik parametreleri
Cizelge 12’de verilmistir.
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Cizelge 13. Hava Aracimin Tasarim Parametreleri
Table 13.Air Vehicle Design Parameters

Hava Aracinin Tasarim Parametreleri

Parametre Sembol Birim Deger
Tasima Katsayisi G - 0.89
Maksimum Tasima Katsayis1 Imax - 1.75
Kanat Alani N m? 0.32
Kanat Yiiklemesi w/s kg 11.39
2
Kanat Aciklig: b;n, m bs, = 1.00
barka barka = 1.00
Toplam Kiitle W toptam kg 3.645
Faydal1 Yiik Kapasitesi W raydan yik kg 0.850
Seyir Hiz1 Vseyir M/ 25
Durak Hiz1 V durak /s 12
Menzil R m 44.6
Maksimum Ucgus Siiresi tinaks s 29.7
SONUC (RESULTS)

Glintimiizde hizla artan trafik dolayisi ile kentsel ulasimda zorluklar yasanmaktadir. KHT araglar:
ortaya citkan bu trafik ve gevre sorunlarini en aza indirebilmek adina neredeyse sifira yakin karbon
salinimi ve sehir i¢inde hizli ulasim saglayabilmektedir. Aracin dikey inig-kalkis 6zelligi sayesinde sehir
icinde uygun her noktaya giivenli bir sekilde ulasabilmesi saglanmistir. Calismada elektrik motorlu ve
dikey kalkis yapabilen bu aracin iizerinde analizler yapilmistir. Sehir i¢inde kullanilabilecek 90 km/h
hizinda ve yaklasik 45 km menzile sahip bir ara¢ tasarimi yapilmis ve prototipi {iretilmistir. Bu tasarim
asamalarinda sirasiyla aracin gorev profili belirlenmis ve bu goreve uygun konsept tasarimi
gerceklestirilmistir. Calismada {iretilen prototip bilgisayar destekli teknik c¢izim programi ile
modellenerek 3D yazici kullanilarak iiretilmistir. Ilerleyen siiregler icin 6zellikle hafiflik ve saglamlik igin
kompozit malzemelerin kullanilmasi ile daha verimli bir hava araci tiretimi yapilabilecektir. Calismanin
gelistirilecek tasarimlarinda kanadin kaldirma kuvveti arttirilarak yatay seyir esnasinda motorun
tiiketecegi enerjinin azaltilmasini saglayarak seyir mesafesinin arttirilacag diistiniilmektedir. Ayrica kaza
kirim aninda giivenligi arttirmak adina 6 ya da 8 motorlu tasarimlarin yapilmasi planlanmaktadar.
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OZ: Dagitim sistemleri elektrik enerjisinin son tiiketiciye ulastigi sistemler oldugundan, sistemlerin
optimal calismas1 biiyiik 6nem tasimaktadir. Dagitim sistemlerinin maksimum fayda ile ¢alisabilmesi;
sistemin yeniden yapilandirilmasi, dagitik iiretim (DU) tesislerinin optimal baglanti noktalar: ve
boyutlarinin belirlenmesi gibi amaglar1 olan bir optimizasyon problemini ortaya ¢ikarir. Bu problemin
uygun ¢oziimii sebeke kayiplarinin azaltilmasi, gerilim profilinin iyilestirilmesi ve sistemin daha kararl
calismas gibi faydalarin maksimize edilmesinde ¢ok 6nemli bir rol oynar. Bu amagla problem; kayiplarin
azaltilmasi, gerilim profilinin iyilestirilmesi ve kararliligin artirilmasi ig¢in ¢ok amagh bir optimizasyon
problemi olarak modellenmistir. Gerilim kararliligini arttirmak i¢in Thevenin esdeger devre modeline
dayali bir gerilim kararlilik indeksi uyarlanmistir. Olusturulan denklemler civik mantar optimizasyon
algoritmasi ile ¢oziilerek, Radyal Dagitim Sistemi (RDS) yeniden yapilandirilmis ve DU tesislerinin
baglant1 noktalari ile boyutlari belirlenmistir. Onerilen yaklasim IEEE 33 barali test sistemine uygulanarak
sistem kayiplarinin azaldigy, sistemin bara gerilim degerlerinin arttig1 ve sistemin daha kararl hale geldigi
dogrulanmustir. Onerilen yaklasim, farkli kararlilik indeksi kullanilarak yapilan optimizasyon ¢alismalari
ile karsilastirilmis ve sonuglarin diger yaklasimlardan daha iyi ¢iktigr goriilmiistiir.

Anahtar Kelimeler: Dagitik iiretim (DU) tesisleri, crutk mantar algoritmas: (SMA), Thevenin temelli gerilim
kararlilik indeksi, Dagitim sistemleri optimizasyonu, Optimal Dagitik iiretim yerlesimi ve boyutlandiriimas:

Reconfiguration of Distribution Systems Using Thevenin Based Voltage Stability Index

ABSTRACT: The optimal operation of distribution systems is of great importance since the distribution
systems are ended with consumers. It generates an optimization problem to determine the ideal
distribution system reconfiguration, as well as the optimal location and size of distributed generation (DG)
facilities so that distribution systems can benefit the most. The optimal solution of the problem plays a
significant role in maximizing benefits such as reducing power losses, improving voltage profile, and more
stable operation of the system. So, the problem is formulated as a multi-objective optimization problem to
decrease power losses, improve voltage profile and increase stability. A voltage stability index based on
Thevenin equivalent circuit model has been adapted to improve voltage stability. The multi-objective
optimization problem has been solved by using the Slime Mould Optimization algorithm to obtain the
optimal location and size of DGs along with the reconfiguration of the radial distribution system. The
proposed approach has been tested on IEEE 33 bus test system. By applying the proposed approach to the
IEEE 33 bus test system, it has been verified that the power losses are reduced, the voltage profile of the
system is improved, and the system becomes more stable. The proposed approach has also been compared
with several studies using different optimization techniques and stability indexes. The results show that
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the proposed approach gives better results than the compared studies in terms of power loss, improvement
of voltage profile, and stability.

Keywords: Distributed Generations (DG), Slime mould algorithm (SMA), Thevenin-based voltage stability index,
Distribution systems optimization, Optimal distributed generation placement and sizing

GIRIS INTRODUCTION)

Elektrik dagitim sistemleri, elektrik enerjisinin son tiiketiciye ulastiran sistemlerdir. fletim sistemleri
ag yapida olmasina ragmen dagitim sistemleri radyal olarak isletilir. Dagitim sistemlerinde normalde agik
ve normalde kapali olmak iizere iki ¢esit anahtarlama vardir. Sistemin radyal olarak ¢alistirilabilmesi ve
yeniden yapilandirilmas: mevcut anahtarlarin pozisyonlar: degistirilerek yapilir (Syahputra ve dig., 2016).

Dagitim sisteminin yeniden yapilandirmasi belirli amag fonksiyonlar: ve kisitlar ile yapilir. Aktif gii¢
kayiplarinin azaltilmasi, gerilim dalgalanmalarinin azaltilmasi, sistem kararhiliginin arttirilmasi ve bara
gerilim degerlerinin belirli sinirlar iginde tutulmas: bunlardan bazilaridir (Mishra ve dig., 2017, Mahdavi
ve dig., 2021). Analitik ¢6ztim yontemlerinin, en iyi ¢oziime yakinsamayz kiigiik bir arama uzayiyla basit
ve dogrusal optimizasyon problemlerini ¢ozmede etkili oldugu bilinmektedir. Bazi ¢alismalarda yeniden
yapilandirma problemleri analitik ¢oziim yontemleri kullanilarak ¢oziilmiistiir [4]. Fakat analitik ¢oziim
yontemleri lineer olmayan problemlerin ¢oziimiinde daha az verimli oldugundan (Khodr ve dig., 2009),
sezgisel yontemler yeniden yapilandirma problemlerinin ¢oziimiinde yaygin olarak kullanilmaktadir.

Sezgisel yontemler lineer olmayan problemlerin ¢éziimiinde hizli olmasi, bulunan sonuglarin yiiksek
dogrulukta olmas: ve kolay uygulanabilirligi nedenleri ile yeniden yapilandirma problemlerinin
¢oziimiinde sikca kullanilmaktadir (Arun ve Aravindhababu 2009; McDermott ve dig., 1999). Dagitim
sistemlerine yenilenebilir enerji kaynaklari eklenmesi durumunda da belirli amag fonksiyonlar: ve kisitlar
ile yeniden yapilandirma problemi sezgisel algoritmalar kullanilarak ¢oziilmektedir (Imran ve dig., 2014).
Dagitim sistemlerinde yeniden yapilandirma problemlerinde sistemin kararlilik durumu VSI (Ranjan, ve
dig., 2003) indeksi ile belirlenmistir (Nguyen ve Truong 2015; Rawat ve Vadhera 2019).

Bu ¢alismada dagitim sistemlerinde yeniden yapilandirma problemi SMA optimizasyon algoritmasi
kullarularak ¢oziilmiistiir. Optimizasyon probleminin amag fonksiyonu olarak aktif gii¢ kayiplariin
azaltilmasi, bara gerilim profilinin iyilestirilmesi ve sistemin kararliligin iyilestirilmesi i¢in Thevenin
esdeger devresi temelli gerilim kararlilik indeksi kullanilmistir. Onerilen yaklasim IEEE 33 barali test
sistemine uygulanmistir. Onerilen yaklagiminin sistemin aktif gii¢ kayiplarini azalttig1, gerilim profilini
iyilestirdigi ve sistemin daha kararli hale getirdigi goriilmiistiir. Onerilen yaklagim ile elde edilen
sonugclarin farkli optimizasyon teknikleri ve farkli gerilim kararliik indeksi kullanilarak elde edilen
sonuglara gore daha iyi oldugu goriilmiistiir.

Civik Mantar Algoritmasi (Slime Mould Algorithm - SMA)

(Li ve dig., 2020)'de Onerilen civik mantar algoritmasi (SMA), dagitim sistemlerinde yeniden
yapilandirma ile dagitik iiretimlerin (DU) boyutlandirma ve baglant1 yerinin bulunarak kayiplar1 ve
gerilim profilini optimize etmek i¢in bu ¢alismada kullanilan yeni bir meta-sezgisel yontemdir.

Dogadaki civik mantarlarin hava kokulart yardimiyla besine erismesine dayali civik mantar
algoritmasi (SMA) yeni bir stokastik optimizasyon algoritmasidir (Abid ve dig., 2022). Civik mantarlar
genel olarak Soguk ve nemli bolgelerde yasayan Physarum polycephalum adi verilen tek hiicreli bir
mantar tliriiniin besin arama ve beslenme asamalarindan esinlenerek gelistirilmistir.

Bu boliimde, SMA'nin temel prosediirii agiklanmistir. Algoritma, civik mantarin yiyecek arama islemi
sirasinda davranigsal ve morfolojik 6zellikleri-degisiklikleri simiile ederek calisir (Li ve dig., 2020).

Algoritmanin akis semasi Sekil 1'de gosterilmektedir. SMA'min ilk adimi, diger meta-sezgisel
optimizasyonlar gibi, rastgele bir popiilasyon seti olusturmaktir. Bu durum asagidaki gibi ifade edilebilir:

X =rand(UB — LB) + LB (1)
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burada LB ve UB, parametre setindeki her parametrenin alt ve iist sinirlarini belirtir ve rand, [0,1]
arasindaki tek tip rasgele sayilar1 temsil eder. Sonraki adim, popiilasyon setindeki her birey i¢in uygunluk
fonksiyon degerini hesaplamak ve baslangi¢ konumlarini giincellemektir.

S = Amag(X)
Kokulndeksi = Surala(S) )

Sekil 2. de goriildiigii gibi bir damar bir besin kaynagina yaklastiginda, biyo-osilatoriin damar
boyunca sitoplazmik akisi artiran yayilan bir dalga (Nakagaki ve dig., 2000) iirettigini ve sitoplazma ne
kadar hizli akarsa damar o kadar kalinlasmaktadir. Boylelikle Crvik mantarlar, damarlardaki sitoplazmik
akis1 diizenlemek icin biyolojik osilatoriin yayilma dalgasina son derece bagimlidir ve onlar1 besin alimi
i¢in daha iyi bir konuma yerlestirir (Li ve dig., 2020).

([ ease .
i Basglangic popiilasyonunu

(Denklem 1), iterasyon
sayisin belide

l

—{ lterasyon=Iterasyon+1 |

l

Tim popllasyonun
uygunluk degerini hesapla

l

Uysunluk deSerlerini
siralayarak en iyi uygunluk
degerini belirle

l

En iyi konumu ve uygunl uk
deferini glincelle

]

Tim konumlara bakarsken |
yuksek ko ku konsantrasyo nunu
ve diger parametreleri guncelle|

l

Konumu gincelle

rteraswn say su

Bitir
Belirlenen iterasyon
sonunda en iyi uy gunluk
defern ve konumu yaz.

Sekil 1. Civik Mantar Algoritmasi
Figure 1. Slime Mold Algorithm

Civik mantarlarin damar genisligindeki varyasyonlari modelleyebilmek i¢in, ince ayar parametreleri
W, vb ve vc degisiklikleri gerceklestirmek icin kullanilir. W, gesitli gidalarin yakiminda civik mantarin
salinim hizini taklit ederek, onlarin daha kaliteli yiyecek buldugunda yiyecekleri daha hizli takip etmesine
olanak tanur, dolayisiyla optimal yiyecek kaynaklarini kesfetmedeki verimliligini artirir.



668 T.E.GUMUS, S.EMIROGLU, S.MERIC, M.TURAN

Besin Sy

Besin ”

/
Besin ‘4
» S -

Besin

W

En iyt uyguniuk Geger

Sekil 2. Civik mantarin yiyecek arama morfolojisi ve algoritmada uygunluk degerinin elde edilmesi (Li

ve dig,., 2020)
Figure 2. Foraging morphology of slime mold and obtaining the fitness value in the algorithm (Li et al. 2020)

Gida yogunlugu W asagidaki ifade ile gosterilir:

1+ rand * log(

1+ rand * log (%+ 1)

bF-5(j)
bF—wF + 1)

W (Kokuindeksi(j)) = Kosul Deger 3
g

Kosul iist yarida yer alan bireyleri belirtir. bF ve wF sirasiyla mevcut popiilasyonda en iyi uygunlugu
ve en kot uygunluk degerini gosterir.

Crvik mantarlarin besine yaklasma davranisini matematiksel olarak asagidaki gibi tanimlanmaktadir:
Yo X0+ vb- (W.X4 — XB)\rand <p @
1 ve - X, rand = p
burada t, parametresi mevcut iterasyonu temsil eder, X optimal bireyi- simdiye kadarki en yiiksek koku
konsantrasyonuna sahip olan bireyi-yeri ifade eder. Xe* ve X:&, t. iterasyonda popiilasyondan rastgele
secilen iki bireydir. vb ise - a ile a araligindaki bir parametredir. vc, 1'den 0'a azalan bir degiskendir. W,

cvik mantarin agirligini gosterir. p, asagidaki sekilde hesaplanan bir degiskendir.

p = tanh|S(j) — DF|,j =12, ..,n (5)

burada S(j), X'in uygunluk fonksiyonu degeridir. n, popiilasyon sayisidir. DF su ana kadarki en iyi
uygunluk fonksiyonu degeridir. a i¢in formiil asagidaki gibidir:

vb = [—a,a]
t

a = artanh(— +1) (6)

max
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Burada t mevcut iterasyon, tmax maksimum iterasyon sayisidir.

Kosul yiyecek kalitesine gore arama Oriintiisiinii ayarlamak i¢in civik mantar1 simiile eder. Besin
konsantrasyonu yeterli oldugunda, bolgeye yakin agirhik daha fazladir; gida konsantrasyonu diisiik
oldugunda, bolgenin agirligr azalacaktir, bu nedenle diger bolgeleri kesfetmeye yonelecektir. Boylelikle
cvik mantar, gida kaynaginin kalitesine gore dinamik olarak daha iyi bir gida kaynag: sececektir, bu da
algoritmada en uygun ¢6ziimii arayan civik mantara esdegerdir (Abid ve dig., 2022; Li ve dig., 2020).

Yukaridaki prensibe dayanarak, matematiksel formiil civik mantar yerini giincellemek asagidaki

gibidir:
rand - (UB —LB) + LB ) rand < z
X*={x0+vb-(W-XA—XE)prand <p )
ve - X, rand = p

SMA temel olarak sirasiyla baslatma, uygunluk fonksiyonu degerlendirmesi ve siralama, agirlik
giincelleme ve konum giincelleme bilesenlerinden olusmaktadir.

DAGITIM SiSTEMI YENIDEN YAPILANDIRMA PROBLEMININ TANIMLANMASI (DEFINING THE
DISTRIBUTION SYSTEM RECONFIGURATION PROBLEM)

Dagitim sistemlerinde bulunan anahtarlarin pozisyon se¢imi ve sisteme yenilenebilir enerji kaynaklar1
eklenerek dagitim sisteminin yeniden yapilandirilmasi miimkiindiir. Yeniden yapilandirma problemi
belirli amag ve kisitlar kullanilarak optimizasyon algoritmalari ile ¢oziilmektedir. Bu ¢alismada sistem
aktif gii¢ kayiplariin ve bara gerilimlerinde olusabilecek dalgalanmalarin azaltilmasi, bara gerilim
kararlilik indekslerinin maksimum yapilmasi ¢oklu amag fonksiyonu olarak kullanilmistir. Kisit olarak
sisteme eklenecek yenilenebilir enerji kaynaklarinin kapasitesinin mevcut yiiklerden kiiciik olmas1 ve bara
gerilim degerlerinin belirli seviyede tutulmas: amaglanmaktadir.

Bu calismada dagitim sistemlerinin yeniden yapilandirilmasi problemlerinde sistemin radyal
igletilmesi sart1 minimum Orten agac algoritmasi (Li ve Chang, 2011) ile saglanmistir. En az gii¢ kaybina
sahip olan hatlar secilerek sistem radyal hale getirildikten sonra optimizasyon problemi ¢oztilmiistiir.

Coklu Amag¢ Fonksiyonu (Multi-objective Function)

DU’ lerin dagitim sistemine eklenmesi ana trafo merkezinden gelen akimin azalmasina neden olur,
bu da gii¢ kaybinin azalmasini ve gerilim profilinin gelismesini saglar. Ama eklenen DU’lerin glictiniin
stirekli artmasi basta gii¢ kaybinin azalmasin saglarken belirli bir giicten sonra artis devam ettigi takdirde
giic kaybr azalmadan artis durumuna gegebilmektedir (Aliman, 2011). Bu sebeple bu calismada giig
kaybini azaltan (f1), gerilim profilini iyilestiren (f2) ve gerilim kararlilik indeksini (f3) iyilestiren ¢oklu amag
fonksiyonu kullanilmistir. Ug adet DU kaynaginin boyutu siirekli degisken ve baglanti baralar1 tam sayili
degisken olmak iizere ¢oklu amag fonksiyonu ile formiile edilen optimizasyon problemi asagida
verilmigtir. Optimizasyon problemindeki tiim amag fonksiyonlar1 pu olarak alinmisgtir.

min F =min(f; + f, + f3) = min {Ppka.yip + Zk=1(Vie = Viep)* + VSTV’ } ®)
KayipBaz 4

Kisitlar:
Giig akis1 denge denklemleri esitlik kisit1 olarak,
Baralarin gerilim limitleri ve eklenen DU’lerin kapasitesi esitsizlik kisiti olarak dikkate
alinmalidir.
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Aktif gii¢ kayiplarinin minimize edilmesi (Minimization of active power losses)

Dagitim sistemlerinde bulunan anahtarlarin pozisyon se¢imi ve sisteme yenilenebilir enerji kaynaklar:
eklenerek dagitim sisteminin yeniden yapilandirilmasi miimkiindiir. Yeniden yapilandirma problemi
belirli amag ve kisitlar kullanilarak optimizasyon algoritmalari ile ¢oziilmektedir. Bu ¢alismada birinci
ama¢ fonksiyonu olarak sistem aktif gii¢ kayiplarinin azaltilmasi amaclanmaktadir. Birinci amag
fonksiyonu Denklem 9’da verildigi gibi formiile edilir.

. Pkayi
fi = min(5 =22 9)
KaywpBaz

Npi o . o .. .. .
Burada Pkqyip = > killne Riine " 1 Linez - PxayipBaz dagitim sisteminin optimizasyon 6ncesi kayip

degeri olan 203 kW olarak alinmustir.

Bara gerilim dalgalanmalarinin azaltilmasi (Reduction of bus voltage deviation)

Ikinci amag fonksiyonu olarak optimizasyon probleminin sonucunda sistem baralarina ait gerilim
degerlerinin 1 pu ’ e olabildigince yakin olmas1 amaglanmaktadir. Bara gerilim degerlerinin iyilestirilmesi
i¢in Denklem 10 kullanilmigtir.

f2= Z?=1(Vk - VRef)2 (10)

Denklem 10 ‘da k bara numarasini Vzyise referans alinan bara gerilim degeri olan 1 pu “dir.

Gerilim Kararlilik indeks (VSMV) Degerinin Iyilestirilmesi (Improvement of the Voltage
Stability Index Value)

Ugiincii amag fonksiyonu olarak dagitim sisteminde sistemin tiim baralarindaki Thevenin Esdeger
devresi temelli gerilim kararlilik indeks (VSMv) degerlerinin arttirilmasi amaglanmistir. VSMv degerinin
maksimize etmek i¢in ¢oklu amag fonksiyonu minimizasyon mantigi ile ¢alistigindan 3. amag fonksiyonu
Denklem 11 de verildigi gibi kullanilmistir.

f3 = min (VSLV) 1)

THEVENIN ESDEGER DEVRESI TEMELLI GERILIM KARARLILIK iNDEKSi (THEVENIN
EQUIVALENT CIRCUIT BASED VOLTAGE STABILITY INDEX)

Giig sisteminin herhangi bir yiik barasindan goriinen Thevenin esdegeri, baradan yapilan 6lgiimler
ile kestirilmesi miimkiindiir (Hashmi ve dig., 2015; Tobdn ve dig., 2014; Vu ve dig., 1999; Yuan ve Li2014).
Sekil 3’'de giic sistemine ilgili baradan bakildiginda goriilen Thevenin esdegeri verilmistir.



Thevenin Temelli Gerilim Kararlilik Indeksi Kullanilarak Dagitim Sistemlerinin Yeniden Yapilandirilmast 671

URETIM YUKLER
1 1 ilgili
r

\

3 3 \

® DAGITIM |
SISTEML| | e
! \

| !

. \

ilgili
Bara

\
\
\
\
\
| Zyik
\
\
\
\

Sekil 3. Giig sistemi ve Thevenin esdeger devresi
Figure 3. Power system and Thevenin equivalent circuit

Sekil 3'de verilen Thevenin esdegerine ait Kirchhoff ¢evre denklemi yazilirsa;

Erpnsd =V + 1@ (Rrp + jX11) (12)

Denklem 12 elde edilir. Denklem 12 “ye ait fazor diyagrami Sekil 4'te verilmistir.

. fo—
\Q <0 \& F o ekseni
’2.{

I

Sekil 4. Thevenin Esdeger Devresi Fazor diyagram

Figure 4. Thevenin Equivalent Circuit Phasor Diagram

Sekil 4'te verilen fazor diyagramindan Thevenin geriliminin (Em ) o ve (3 eksenlerine iz diisiimleri
yazilirsa;

Vi + I * Rrp - Cos(@x) + I - Xrp - Sin(y) — Eq = 0 (13)

Iy - Xrp - Cos(@r) — I * Ryp - Sin() — Eg = 0 (14)

Denklem 13 ve Denklem 14 elde edilir. Elde edilen denklemlerde E., Eg, Rt ve X1 bilinmeyenler olup,
iki denklem ile dort bilinmeyenlerin hesaplanmasi miimkiin degildir. C6ziim i¢im k. baradan ardisik iki
Ol¢tim yapilarak asagida verilen denklem sistemi elde edilir.

Vi + Ikr * Ry Cos(@kq) + Iiq = Xrp - Sin(@pq) —Eq =0

Iy - X - Cos(@pq) — Iyq - Ryp - Sin(@yq) — Eg =0

Via + Iz * Ry Cos(@r2) + Iz * Xrp - Sin(@pz) —Eq =0

Lz * Xrp - Cos(@pz) — Iyq - Ryp - Sin(@yz) — Eg = 0 (15)

Denklem 15 “teki bilinmeyenleri hesaplamak i¢in matris formunda yazilirsa Denklem 16 elde edilir;
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—I1,Cos(9,) LiSin(p1) 1 07 [Rrn 4}
—1,Cos(¢z) 1,Sin(pz) 1 0 ) Xrn Vs

. = 1
—I; Sin(@y) —I,Cos(p,) 0 1| | Eq 0 (16)
~I, Sin(¢;) —I,Cos(p;) 0 1 Ep 0
Denklem 16 ters matris yontemi kullanilarak ¢oziiliirse, bilinmeyen vektorii hesaplanir.
A-x=b ; x=A1-b (17)

Denklem 17 ile hesaplanan parametreler kullanilarak Thevenin esdeger devresi parametreleri
asagidaki denklemler yardimi ile hesaplanr.

Erp = /Eg +EZ ; §=atan (g—‘;) (18)

Zon =\[RE, + X3, ; 6 =atan (22) (19)

Th

Denklem 16 verilen matrisin hesaplanmasi neticesinde elde edilen Et» degerinin gercek degerine ¢ok
yakin olarak hesaplandig: fakat Zm degerinin gercek degerden uzaklastig1 goriilmiistiir (Demircioglu,
2006). Bu nedenle Zm degerini dogru elde edebilmek igin ilave denklemlere ihtiya¢ vardir. Sekil 4’de
verilen fazor diyagrami yardimiyla Em denklemi yazilirsa;

Ern = (Vi - Cos(y) + I * Zzp, - Cos(0))2 + (Vi - Siney) + I * Z7p, - Sin(6))>  (20)

Denklem 20 elde edilir. Denklem 20’de bilinmeyen Zm ve 0 ‘dir. Dagitim sistemlerinde hatlarin X/R
orani 1'den kiigiiktiir (Alizadeh ve dig., 2016; Tonso ve dig., 2005).Bu ¢alismada X/R oran1 1’den kiigiik
alinmustir. Dagitim sistemleri icin 0 degeri 1” den kiigiik alindiktan sonra Denklem 20’de tek bilinmeyen
Zm kalir. Denklem 20 nin ¢éziimiinden elde edilen pozitif kok Zm‘1 verir. Denklem 16'y1 kullanarak
maksimum %1 hata ile elde edilen Em» Denklem 20’de yerine koyuldugunda gercek Zm degeri bulunur
(Demircioglu, 2006).

\/4--E72~h—2-sz+2-sz-COS(Z(pk—29)—2-Vk-COS((pk—6)

Zpy = — (21)
flgili baradan goriilen d agisi, Denklem 22 kullarularak hesaplanr.
5 = acos (W) (22)
2-ETn'Vi

Thevenin esdeger devresine dair bilinmeyenler hesaplandiktan sonra, maksimum gii¢ teoremi
yardimi ile baradan cekilebilecek maksimum gii¢ hesaplanabilir. Yiikiin empedans1 (Zvix), Thevenin
empedansina (Zm) esit oldugunda, ilgili baradan maksimum gii¢ ¢ekilir maksimum giiciin ¢ekildigi
esnada ilgili baranin gerilim ve akim degerleri kritik sinir degerleridir. Kritik anda bara gerilimi(Sun,
Zhou, and Li 2005);

E
Vk,cr = —TIh (23)

2Cosé
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Denklem 23 ile hesaplanan kritik gerilim ve bara gerilimi kullanilarak baraya ait gerilim kararlilik indeksi
gerilim kararlilik indeksi (Modarresi ve dig., 2016)) VSMv Denklem 24 kullanilarak hesaplanabilir.

vsM, = L Vikr (24)

Vikr

Kisitlar (Constraints)

Optimizasyon ¢oziiliirken amag fonksiyonunun hesaplanmasi i¢in gii¢ akis1 yapilmasi gerekmektedir.
Bu yiizden gii¢ akis1 denklemleri optimizasyon problemine esitlik kisiti olarak eklenmelidir. Aktif ve
reaktif gili¢ akis1 denge denklemleri asagida verilmistir.

[l

Ny
AP =P, -P, -V, Zvj (cosg;G; +sin;B,) =0
=0 (25)

AQ =Qs—Qu -V ivj (sin eijGij —Cos Hij Bij) =0
= (26)

Burada i. baradaki yiikiin aktif ve reaktif giic degerleri Pvi ve Qui'dir. Pci ve Qai ise i. baradaki aktif ve
reaktif gii¢ tiretim degerleridir. Gij and Bj ise admitans matrisi Yi nin reel ve imajiner kisimlaridir.

Optimizasyon probleminin ¢oziimiinde kisit olarak bara gerilim degerlerinin belirlenen araliklarda
kalmas1 ve dagitim sistemine eklenecek yenilenebilir enerji kaynaklarmin toplam giiciiniin mevcut
yiiklerden kiiciik olmasi amaglanmistir. Denklem 27 ve 28’ de esitsizlik kisitlar1 verilmistir.

VMin < Vi < VMaks (27)
ZPDU = ZPyuk (28)

Vimin 0.95 pu ve Vimas 1.05 pu olarak alinmustir. Poi sisteme eklenecek yenilenebilir enerji kaynaklarinin
kapasitesini, Prix sistemin yiiklerinin kapasitesini simgelemektedir.
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Sekil 5. IEEE 33 barali dagitim sistemi
Figure 5. IEEE 33 bus distribution system
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BENZETIM CALISMASI (SIMULATION STUDY)

Bu ¢alismada 6nerilen yaklasim IEEE 33 barali dagitim test sisteminde iizerinde uygulanmistir. Elde
edilen sonuglar farkli optimizasyon teknigi ve farkli gerilim kararlilik indeksi kullanilarak yapilan
calismalar ile karsilastirlmistir. Sekil 5te IEEE 33 barali test sistemine ait tiim hatlar goriilmektedir.
Kesikli ¢izgi ile gosterilen hatlar dagitim sistemindeki yedek hatlar1 (devrede olmayan) gostermektedir.

Onerilen yaklasim ile IEEE 33 barali dagitim sisteminin yeniden yapilandirma ve yeni eklenecek
dagitik iiretim (DU) tesislerinin boyut ve baglanti noktalarinin belirlenmesi problemleri ayni anda
coziilmiis ve sonuglar1 diger yontemler ile karsilagtirilmistir. Bazi dagitim sistemleri icin DU kapasitesi ve
sayisinin aktif gii¢ kayb1 ve gerilim profili {izerindeki etkisi arastirilmis (Rao 2013; Imran 2018). IEEE 33
barali test sistemi igin ekonomik agidan da incelenerek 3 adet DU kullanmanin optimal giig kaybina yakin
sonug verdigi belirtilmistir (Mahmoud 2017; Imran 2018). DU sayist Cizelge 1’de karsilastirma yapilan
calismalarda da oldugu gibi 3 olarak belirlenmistir. Cizelge 1’de optimizasyon 6ncesi durum, onerilen
yaklasim ve karsilastirilan yontem sonuglar1 verilmistir.

Cizelge 1. Yeniden yapilandirma i¢in karsilastirmali sonuglar
Table 1. Comparative results for reconfiguration

Kayip
Yontem Agk Bara/DU  Gii¢  Vmin  Viaks Amac fonksiyonu
Anahtarlar (MW) kW) (pu) (pu)
Optimizasyon Oncesi s33,s34,s35 - 203 | 0,913 1,0 -
Durum s36,s37
FWA (Fireworks s7, sll1, 18/0,5315 66,89 | 0971 | 1,0 |1- Aktif kayip minimizasyonu
Algorithm) (Imran ve | s14,s28, |29/0,6158 2- Bara gerilimlerinin
dig., 2014) s32 32/0,5367 iyilestirilmesi
3- Voltage Stability Index (VSI)
maksimizasyonu
UVDA (Bayat, s7, s10, 15/0,649 57,28 | 0,976 | 1,0 |1- Aktif kayip minimizasyonu
Bagheri, and s13,s27, [21/0,486 2- Bara gerilimlerinin
Noroozian 2016) s32 29/1,554 iyilestirilmesi
3- Voltage Stability Index (VSI)
maksimizasyonu
Onerilen Yaklasim sl4, s20, |4/0,833 47,5 10,984 | 1,0 [1- Aktif kayip minimizasyonu
s21,s28, |[8/1,236 2- Bara gerilimlerinin
s32 31/1,071 iyilestirilmesi
3- Thevenin Temelli indeks
(VSMv)maksimizasyonu

Cizelge 1’de optimizasyon dncesi durumdaki kayiplar 203 kW’tan 6nerilen yaklasimin uygulanmasi
ile 47,5 kW a diiserek %76,6 oraninda azalmistir. Ayrica en diisiik bara gerilim degeri 0,913 pu’dan 0,984
pu degerine yiikselmistir. Onerilen yaklasimin Cizelge 1’de verilen diger yaklagimlara gore daha iyi sonug
verdigi, hem gii¢ kayb1 hem de gerilim seviyesinden goriilmektedir.
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Sekil 6. Temel durum ve 6nerilen yaklasim sonrasi bara gerilim kararlilik indeks degerleri
Figure 6. Bus voltage stability index values for base case and proposed method

Sekil 6’da onerilen yaklasim uygulandiktan sonra sistem baralarma ait gerilim kararlilik indeks
degerleri verilmistir. Sistem baralarina ait gerilim kararlilik indeks degerleri 1’e yaklastikca sistemin
kararli oldugunu gostermektedir. Onerilen yaklagimin uygulanmast ile sistemin kararliliginin arttig
goriilmektedir.

Bara Gerilimleri
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=== OQptimal DG Baglantisi Sonrasi Bara Gerilimleri

Sekil 7. Optimizasyon &ncesi ve sonrasi bara gerilim degerleri
Figure 7. Bus voltage profile for base case and proposed method

Sekil 7’de optimizasyon Oncesi ve sonrasina ait bara gerilim degerleri verilmistir. Optimizasyon
sonrast bara gerilim degerlerinin 1 pu ‘e yaklastig1 ve optimizasyon Oncesi duruma gore gerilim
dalgalanmalarinin azaldig1 ve limitler i¢inde oldugu goriilmektedir.

Her amag fonksiyonunun agirhig: karsilastirma yapilan ¢alismalarda oldugu gibi ayni ve bir olarak
alinmistir. Esit ve bir olan agirlik degerleri ile elde edilen ii¢ amag fonksiyonun pareto ¢oziimleri Sekil
8’de verilmigtir.
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SONUCLAR (CONCLUSION)

Bu calismada dagitim sistemlerinin yeniden yapilandirmasi, DU tesislerin optimal yerlesimi ve
boyutlandiriimasi problemi ayni anda ele alinarak SMO algoritmasi kullanilarak ¢oziilmiistiir. Onerilen
yaklasimin dagitim sisteminin gii¢ kayiplarini ve bara gerilim dalgalanmalarini azalttig1 goriilmiistiir.
Ayrica oOnerilen yaklasimda Thevenin temelli kararlilik indeksi kullarularak farkli kararlilik indeksi
kullanan yaklasimlara gore dagitim sisteminin daha kararli ¢alismasi saglanmistir. Dagitim sistemi bara
gerilim degerlerinin optimizasyon oncesi duruma gore daha yiiksek degerler aldig1 benzetim g¢alismasi
sonucunda goriilmiistiir.

Bu calismada kullanilan DU tesislerinin giig faktorii 1 alinmistir. Calismanin sonraki asamalarinda
farkl giig faktdriine sahip DU tesisleri ve farkli optimizasyon teknikleri kullanilarak problemin ¢dziilmesi
ve sonuglarinin degerlendirilmesi amaglanmaktadir.
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ABSTRACT: The thermosiphons are wickless heat pipes which work under gravity force. Different
working fluids like water, engine oil, ethylene glycol are used in this equipments. Nanofluids including
various nano particles are also used in the thermosiphons. In this study, deionized water (DW)/ ethylene
glycol (EG) mixture based graphene nano platelet (GNP) nanofluid was charged in a thermosiphon and
thermal performance analysis was performed. The mixing rate of DW:EG was 95:5 while the particle
concentration was 1 %. Triton X-100 was added to the mixture as surfactant. To specify the effect of GNP,
a set of experiments for both DW+EG and DW+EG+GNP nanofluid were carried out at the same operating
conditions. The results show that GNPs had a positive effect on the performance of the thermosiphon. The
presence of GNP in the base fluid was decreased the thermal resistance while it was increased the thermal
efficiency of the thermosiphon. The maximum efficiency value was reached as 57.1 % when the nanofluid
used. At the same condition, the efficiency was 49.5 % when the working fluid was DW+EG mixture.

Keywords: Thermosiphon, Ethylene glycol, Graphene, Nanofluid, Efficiency

Deiyonize Su/ Etilen Glikol Karisim1 Bazli Grafen Nano Plaka iceren Nanoakiskan ile Sarj Edilen Bir
Termosifonun Performans Analizi

OZ: Termosifonlar yer gekimi altinda calisan fitilsiz 1s1 borularidir. Bu ekipmanlarda su, motor yag;, etilen
glikol gibi farkli ¢calisma akiskanlar1 kullanilmaktadir. Termosifonlarda gesitli nano parcaciklar iceren
nano akigkanlar da kullanilmaktadir. Bu ¢alismada, deiyonize su/etilen glikol karisimi bazli grafen nano
plaka iceren bir nano akiskan termosifona sarj edildi ve 1s1l performans analizi yapildi. Deiyonize su/etilen
glikol karigtirma orami 95:5 iken partikiil konsantrasyonu %1 idi. Karisima yiizey aktif madde olarak
Triton X-100 ilave edildi. Grafenin etkisini belirlemek i¢in, ayni ¢alisma kosullarinda hem DW+EG hem
de DW+EG+GNP nanoakigkani i¢in bir dizi deney yapilmigtir. Sonuglar grafenin termosifon performansi
tizerinde olumlu bir etkiye sahip oldugunu gostermistir. Baz akiskanda grafen bulunmasi, termosifonun
1s1l verimini artirirken 1s1l direncini azaltmistir. Nanoakigskan kullanildiginda maksimum verim degerine
% 57.1 olarak ulasilmistir. Ayni durumda, galisma akiskant DW+EG karisimi oldugunda verim % 49.5
olmustur.

Anahtar Kelimeler: Termosifon, Etilen Glikol, Grafen, Nano akigkan, Verimlilik
1. INTRODUCTION
Improving of nano technology in last decades has come up with different types of nano particles

which have various usage areas like food processing and packing, coatings, drug delivery, adsorption,
photocatalytic and thermal processes (Ghorabaee et al., 2021). Nanofluids which were first mentioned in
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1995 by Choi and Eastman (Choi & Eastman, 1995) are the suspension of nano particles and some base
fluids. The nanofluids have unique thermal properties while the base fluids don’t have. Two main
techniques are widely used in preparing of nanofluids in literature. One of them is “one step method” and
the other is “two step method” which was mostly preferred. In one step method, nano particles and
nanofluid were simultaneously produced. In two step method, nano particles are produced first. Than
nano particles are added to base fluid (Ghorabaee et al., 2021).

Different types of base fluids such as ethylene glycol, water, engine oil and different nano particles
such as graphene, metals, carbon nanotubes, metal oxides were utilized in nanofluid preparation in
literature. These nanofluids generally positively affected the thermal properties of base fluids. Some of the
studies about nanofluids are listed in Table 1.

In general, there are some parameters which affect the thermal properties of a nanofluid such as nano
particle, nanofluid concentration, base fluid, temperature and surfactant type (Ghorabaee et al., 2021).
Among these parameters, the base fluid and nano particle have the most important effect on the heat
transfer performance of nanofluid. While the base fluid can be a single liquid or the mixture of more than
one liquid, different nano particles can be used with these base fluids (Martin & Boran, 2021), (Filiz &
Yetisken, 2021), (Sun et al., 2021), (Kakavandi & Akbari, 2018), (O. Soltani & Akbari, 2016), (Dong et al.,
2022). In this experimental study Graphene Nano Platelet (GNP) was utilized as nano particle. The base
fluid of the nanofluid was the mixture of deionised water (DW) and ethylene glycol (EG). DW: EG mixing
rate was 95:5 by weight. Prepared nanofluid was performed in a thermosiphon heat pipe for different
experimental conditions. Evaporation temperature of EG is higher than DW. Although the use of ethylene
glycol and water in the thermosiphon is included in some studies in the literature, the use of graphene
nanoplatelets with these two fluids mixing ratio of 95:5 is not included. This is the novelty of current study.
The aim of this study is to investigate the working temperature range of the thermosiphon heat pipe in
case of the presence of 5% EG in DW. It was also investigated how the presence of GNP in the DW-EG
mixture affects the thermal performance of the heat pipe.

2. MATERIAL AND METHOD

GNPs having unique properties (i.e. thermal conductivity of 3000 W/mK and specific heat capacity of
1528 J/kgK), have a great potential of using in heat transfer applications. GNPs are also good at preparing
nanofluids.

2.1. Nanofluid Preparation

The nanofluid whose nano particle and base fluid were GNP and DW-EG mixture respectively was
utilized in a thermosiphon type heat pipe. DW-EG mixing rate was 95:5 by weight. Two step method was
performed to prepare the nanofluid. Particle concentration was 1% by weight. The surfactant Triton X-100
with a concentration of 0.2 % by weight was added to the mixture to prevent agglomeration. The mixture
was detained in an ultrasonic bath for 5 hours before the experiments. Therefore a more stable nanofluid
could be obtained. Preparation steps of the nanofluid can be seen in figure 1.
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Researchers Base Fluid Nano Particle Application Results
Arif et al. (Arif et al., . . M.olybd?num Oscillating ~ Vertical f[he heat transfer ra(l)te
Engine Oil Disulphide and . improved up to 23.17 %
2021) . Cylinder.
Graphene oxide
Aberoumand and Viscosity and thermal
Jafarimoghaddam Thermal conductivity
(Aberoumand & | Engine Oil Cu Conductivity and | improvements of 37%
Jafarimoghaddam, Viscosity Analysis and 49% were procured
2017) respectively.
Vasheghani et al. Thermal Z:srmiisco;onduff:s Z
(Vasheghani et al., | Engine Oil TiO2 Conductivity and | . vy
. . . increased about % 57
2013) Viscosity Analysis .
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Tungsten Oxide Thermal The maximum
Soltani et al. (F. Eneine Oil and Multi Walled Cofl duitivit increasing  rate  of
Soltani et al., 2020) & Carbon Nano Analvsis y thermal conductivity
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Heat transfer coefficient
and Overall heat
L
Sundar et al. (Sundar Water Nanodiamond Plate Heat Exchanger | transfer coefficient
etal., 2021)
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et al.,, 2021) .
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& Vinod, 2021) Water ? Analysis o770 a o Joowas
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al., 2020) Glycol Dolomite Heat Pipe from 44% to 65% thanks
to the nanofluid
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Suganthi et al . A
. Glycol and ZnO Performance improvement of 33.4%
(Suganthi et al., 2014) .
Water Analysis
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Figure 1. Nanofluid preparation steps

GNPs and Triton X-100 surfactant were procured from “Nanografi Company”. SEM image and
particle size distribution of the GNPs were shown in figure 2 and figure 3 respectively. GNP is a 2D nano
structure as can be seen in fig. 2. It can be understood from fig.3 (Blue line) that GNPs are thinner than 5
nm. Fig 3 also shows that the average particle size of the GNPs are 3 nm. Other properties of GNPs were

as follows:
e Purity: 99.9%

e Surface Area: 800 m?/g
Density: 2267 kg/m?

Figure 2. SEM image of GNPs
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Figure 3. Particle size distribution of GNPs

2.2, Experimental Setup

Prepared nanofluid was charged to the thermosiphon which was made of copper. Its length and inner
diameter were 1 m and 13 mm respectively. It consisted of 3 main part named as condenser, adiabatic and
evaporator sections whose lengths were 400 mm, 200 mm and 400 mm respectively. The thermosiphon
was well isolated by using glass wool to eliminate the heat losses. The evaporator section was heated by
an electrical resistance while condenser section was cooled by water passing through the jacket around it.
The wall temperatures of the thermosiphon were measured by the K-type thermocouples located in eight
different point as seen in fig. 4. Besides, two more thermocouples were utilized to measure inlet and outlet
temperatures of the cooling water.

Cooling Water
Outiet

Thermocoupie

Z

Cooling Water
inlet
———

Condencer Section

[Bunioee]

Adiabatic

Section

Heating
Resistance

]

Evaporator Section

Figure 4. Schematic view of the thermosiphon

44.2 ml nanofluid, which was corresponded to 1/3 of the total volume of the thermosiphon, was
charged into it. The experiments were performed with different heating powers (200 W, 300 W and 400
W) and flow rates (3 g/s, 6 g/s and 9 g/s) to see working range of the thermosiphon. Three working fluids
(DW, DW+EG (95:5) and DW+EG+GNPs) were tried separately and the results were compared.
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3. RESULTS AND DISCUSSIONS

Thermal efficiency, wall temperature distribution and thermal resistance can be considered as
performance indicators of a thermosiphon. These parameters which were mostly affected by working
fluid, cooling water mass flow rate and heating power were calculated as follow.

Thermal efficiency was calculated as the ratio of heat transfer rate in condenser to heating power
changing from 200 W to 400 W.

_ 0
n=2% M

Here, Q. was the heat transfer rate in condenser section while Q, was the heating power supplied from
the heating resistance in evaporator section. Thermosiphon was well isolated so heat transfer rate to the
atmosphere was negligible. Q. was calculated by using equation 2.

QC = mwatercp, WaterATwater (2)

The heat was transferred from thermosiphon wall surface to cooling water in condenser section. In
eq.2, Myqeer corresponded to mass flow rate of cooling water while ¢, \yqter and ATy, corresponded to
specific heat capacity and temperature difference between inlet and outlet temperatures of cooling water
respectively.

Average temperature difference between condenser and evaporator sections and thermal resistance
of the thermosiphon were calculated using equation 3 and 4 respectively. In eq. 3, T. values were the wall
temperatures of evaporator section measured from 4 different point. Similarly, T. values were the wall
temperatures of condenser section measured from 4 different point. In eq. 4, R was the thermal resistance
of the thermosiphon.

AT = (Te1+T22:Te3+Te4) _ (Tc1+T02:Tc3+Tc4) (3)
AT
R=5 4)

The tests were done for various working conditions for each working fluid (DW, DW+EG and
DW+EG+GNP). The results were illustrated as graphics to see the effect of working fluid and test
conditions to the performance of thermosiphon.

The temperature difference between evaporator and condenser sections specify the thermal resistance
of thermosiphon (Eq. 4). Fig. 5, 6 and 7 show the wall temperature distribution along the thermosiphon at
200 W, 300 W and 400 W respectively. Here, the heat pipe length from 0 to 40 cm corresponded to
evaporator section, 40 to 60 cm corresponded to adiabatic area and 60 to 100 cm corresponded to condenser
section. Higher evaporator temperature means higher thermal resistance. It is wanted that the
thermosiphon has low thermal resistance so it would have high efficiency value. When the graphs
examined, it can be seen that the presence of EG in the DW increased the evaporation temperature of the
fluid. This is because EG has a higher boiling temperature than DW. The aim of this study is to see the
effected of GNPs in DW+EG base fluid. The temperature distribution of DW was added to the graph to
show the difference of working temperature between DW and EG on thermosiphon. On the other hand,
the presence of GNP in the DW+EG mixture decreased the evaporation temperature. It means that adding
of GNPs to DW+EG mixture decreased the thermal resistance of thermosiphon and improved the thermal
efficiency.
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Figure 5. Wall temperature distribution of the thermosiphon under 200 W heating power
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Thermal resistance of a thermosiphon directly affects the thermal performance of it. It is desirable that
the heat pipe has low thermal resistance. The graphic in figure 8 shows the effect of working fluid on
thermal resistance of thermosiphon at different heating powers and mass flow rates. When the graph
analysed, it is seen that using of GNPs in base fluid decreased the thermal resistance value of
thermosiphon for all heating powers and mass flow rates. For example when the heating power and mass
flow rate were 200 W and 3 g/s respectively, thermal resistance was decreased from 0.24 K/W to 0.21 K/W
by adding GNPs to DW+EG. The minimum thermal resistance value was reached as 0.076 K/W when the
working fluid was DW+EG+GNP nanofluid at the conditions of 400 W heating power, 3 g /s mass flow
rate. At the same mass flow rate, increasing of heating power value decreased the thermal resistance for
each working fluid. For instance, when the working fluid and mas flow rate were DW and 6 g/s
respectively, while heating power increased from 200 W to 400 W, the thermal resistance values decreased
from 0.25 K/W, 0.11 K/W.
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Figure 9. Thermal efficiency values of thermosiphon in different mass flow rates
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The presence of GNPs in DW+EG mixture had a positive effect on efficiency of the thermosiphon for
all experimental conditions as seen in fig. 9. For example, in the experiments which DW+EG+GNP
nanofluid used and the mass flow rate was 3 g/s, maximum efficiency values were 56.4 %, 54.8 % and 53
% at the heating powers of 200 W, 300 W and 400 W respectively. The maximum efficiency value was
reached as 57.1 % when the working fluid, heating power and mass flow rate were GNP+DE+EG, 400 W
and 6 g/s respectively. The best improvement rate in efficiency was achieved as 35.5 % in condition of
mass flow rate of 6 g/s and heating power of 200 W. Besides, increasing of the mass flow rate from 3 to 9
had a negative effect on the efficiency values for almost all working fluids and heating powers. The
minimum efficiency values were reached in the mass flow rate of 9 g/s.
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Figure 10. Comparison of the results with similar studies in literature

Figure 10 shows the comparison of the results with similar studies. It indicates the maximum
improvement rates in thermal performance of the systems. When the graphic analysed it can be clearly
seen that the result of current study was very close to other studies. For example while Aydin et al (2020)
and Kumar & Kaushal (2020) had improvement rates as 33.4 % and 36.3 % respectively, the current study
had an improvement rate as 35.47%. Therefore figure 10 shows that the obtained results are in agreement
with other studies in the literature.

4. CONCLUSIONS

The usage of GNPs in thermal systems is rising nowadays. In this study thermal performance of the
thermosiphon type heat pipe charged with nanofluid including GNPs was investigated. The base fluid
was DW+EG (95:5) mixture. The results had a good agreement with other studies in the literature as
mentioned below:

¢ Adding of the GNPs to DW+EG mixture decreased the evaporating temperature. Therefore
thermal resistance of the thermosiphon was decreased.

e For the same mass flow rate, increasing in heater power decreased the thermal resistance.

e The lowest resistance value was reached as 0.076 K/W when the nanofluid, heating power and
mass flow rate were DW+EG+GNPs, 400 W, 3 g/s respectively.

e GNPs had a significant effect on thermal efficiency of the thermosiphon.

e The best value of thermal efficiency was achieved as 57.1 % when the working fluid was
DW+EG+GNP nanofluid at the conditions of 400 W heating power and 6 g/s flow rate.

e In further studies, effect of different mixing ratio of DW and EG can be investigated. The usage of
different nano particles and particle concentrations can be analysed as well.
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NOMENCLATURE

DW: Deionized Water

EG: Ethylene Glycol

GNP: Graphene Nano Platelet
SEM: Scanning Electron Microscope
n: Thermal Efficiency

Q.:Heat Transfer Rate (Condenser)
Q.:Heating Power

Myater: Mass Flow Rate of Water
Cpwater: Specific Heat Capacity of Water
ATy qter: Temperature Difference

Te: Wall Temperature of Evaporator
Te: Wall Temperature of Condenser
R: Thermal Resistance
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OZ: Bu arastirmada, arakritik Ostenitleme sicakliklarinda tavlama sonrasi, normalize 1sil islemlerinin
alasimsiz kiiresel grafitli dokme demirin (KGDD) mikroyapisal degisimine ve mekanik 6zelliklerine etkisi
incelenmistir. Y blok olarak dokiilen alasimsiz KGDD’den c¢ekme numuneleri tornalamayla
hazirlanmigtir. Cekme numuneleri farkli arakritik Ostenitleme sicakliklarinda (770°C ila 820°C) 60 dk
Ostenitleme sonrasi havada sogutulmustur. Optik mikroskop ve tarama elektron mikroskobuyla (SEM)
mikroyapilar karakterize edilmistir. Cekme ve sertlik testleriyle mekanik 6zellikler belirlenmistir. Belirli
bir kimyasal bilesimdeki KGDD’de arakritik dstenitleme sicakliklarindan normalize 1s1l islemiyle, % 8 ila
% 75 perlit hacim oranlarinda KGDD iiretilebilmektedir. Arakritik dstenitleme sicakliginin artisiyla perlit
hacim oraninin belirgin bir sekilde arttig1 belirlenmistir. Ayrica perlit hacim oraninin artisiyla sertlik,
akma ve ¢ekme dayaniminda belirgin artis tespit edilmistir. Buna karsin toplam uzama ve kesit alan
daralmasinin azalan 6tektoid oncesi ferrit hacim oraniyla azaldig: belirlenmistir. Perlit hacim oraninin %
8’den % 75 artmasiyla; sertlik 181 BHN’den 259 BHN'ye; akma dayanimi 348 MPa’dan 470 MPa’'ya; gekme
dayanimi 569 MPa’dan 790 MPa'ya belirgin bir sekilde artarken toplam % uzama % 12,6’dan % 8,3’e
azalmaktadir. Artan perlit hacim oraniyla kirik yiizeylerdeki ¢ukurcuklarin azaldig1 gozlenmistir.

Anahtar Kelimeler: Normalize 1s1l islemi, Kiiresel grafitli dokme demir, Arakritik dstenitleme, Mekanik ozellikler,
Perlit miktari

Effect of Intercritical Austenitization Temperatures in Normalizing Heat Treatment on
Microstructure and Mechanical Properties of Ductile Iron

ABSTRACT: In this investigation, the effect of normalizing heat treatments from annealing at intercritical
austenitization temperatures on the microstructural evolution and mechanical properties of ductile iron
was examined. Tensile specimens were prepared by turning from Y block castings made from unalloyed
ductile iron. The specimens were air-cooled from different intercritical austenitization temperatures at
(770°C to 820°C) for 60 minutes. Microstructural characterization was performed by optical microscope
and scanning electron microscope (SEM). Mechanical properties were determined by tensile and hardness
tests. Ductile iron containing different pearlite volume fractions (8 % to 75 %) can be produced by
normalizing heat treatment from intercritical austenitization temperatures in ductile iron with a certain
chemical composition. The pearlite volume fraction is significantly increased with increasing intercritical
austenitization temperatures. Moreover, the hardness, yield, and tensile strength are significantly
increased with increasing pearlite volume fraction. However, total elongation and reduction in area
decreased with decreasing volume fraction of proeutectoid ferrite. With increasing volume fraction of
pearlite from 8 % to 75 %; the hardness increased from 181 BHN to 259 BHN; yield strength increased
from 348 MPa to 470 MPa; and the tensile strength significantly increased from 569 MPa to 790 MPa, while
the total % elongation decreased from 12.6 % to 8.3 %. The fractographic analysis showed that the number
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of dimples zones decreased with increasing volume fraction of pearlite.

Keywords: Normalizing heat treatments, Ductile cast iron, Intercritical austenitization, Mechanical properties,
Pearlite volume fraction

GIRIS INTRODUCTION)

Kiiresel grafitli dokme demirler (KGDD), diger dokme demirlere kiyasla daha yiiksek dayanim ve
stineklige sahip olmalarindan dolay1 en ¢ok kullanilan dokme demirler arasinda yerini almistir [Jenkins
ve Forest, 1990]. KGDD'ler otomotiv/imalat sektdrii ve makine endiistrisinde yogun kullanim alanina
sahiptirler. KGDD'ler ¢ok iyi dokiilebilirlik ve sade karbonlu sicak doviilmdiis ¢eligin toklugunu bir araya
getirmenin yani sira, dokiilmiis halde ¢ok iyi ¢cekme dayanimi ve toplam uzama degerlerine sahiptir.
[Jenkins ve Forest, 1990; Elliot, 1988; Hughes, 1988; Karsay, 1979].

Arakritik Ostenitleme 1s1l islemleri, konvansiyonel dstenitlemeye gore daha diisiik sicaklikta yapilan
kismi Ostenitleme 1s1l islemleridir. KGDD’lerde arakritik Ostenitleme sicakliklardan su verme ile
ferrittmartenzit veya Ostemperlemeyle ferrit+osferritten olusan matris mikroyapilar: iiretilebilmektedir
[Erdogan ve dig., 2009; Kilicli ve Erdogan, 2010]. Arakritik Ostenitleme sonrasi, ostemperleme veya yagda
su verme 1s1l islemleriyle martenzit veya Osferrit gibi yapilarin miktar ve morfolojisinin kolaylikla
degistirilerek mekanik oOzelliklerin kontrol edilebildigi arastirmacilar tarafindan bildirilmektedir
[Erdogan ve dig., 2008; Sahin ve dig. 2007; Kilicli ve Erdogan, 2007; Panneerselvam ve dig., 2007; Konca
ve Tur, 2020,].

Aragtirmacilar arakritik Ostenitleme sonrasi ostemperleme 1s1l islemiyle iiretilen 6stemperlenmis ¢ift
fazli kiiresel grafitli dokme demirlerde Ostenitleme ve Ostemperleme sicaklik/siiresini degistirmek
suretiyle Osferrit hacim orani ve morfolojisini degistirerek mikroyap: ve mekanik 6zellikler iizerine
etkisini oldukg¢a genis bir sekilde arastirmistir [Rashidi, ve Moshrefi-Torbati, 2000; Putatunda ve
Gadicherla, 2000; Aristizabal ve dig. 2012]. Arakritik Gstenitleme sonras1 yagda hizli sogutma 1sil islemiyle
tiretilen cift fazli (a+martenzit) KGDD’de 1s1l islem parametrelerine bagli olarak mikroyapi-mekanik
ozellikler ve asinma direncine etkisi aragtirmacilar tarafindan incelenmistir [Sahin ve dig., 2007; Sogut ve
dig., 2019].

Arakritik Ostenitleme sicakliklarinda Ostenitlemeyi miiteakip su verme veya Ostemperlemeyle,
sirastyla ferrittmartenzit veya ferrit+osferrit matris mikroyapisinin mekanik ozellikler {izerine etkisinin
oldukga ¢ok detayli bir sekilde arastirilmistir [Erdogan ve dig., 2009; Kilicli ve Erdogan, 2010; Erdogan ve
dig., 2008; Sahin ve dig. 2007; Kilicli ve Erdogan, 2007; Panneerselvam ve dig., 2007; Konca ve Tur, 2020].
Buna karsin, KGDD’de arakritik Ostenitleme sicaklilarindan normalize 1sil isleminin mikroyap: ve
mekanik Ozellikler {izerine etkisiyle ilgili sinirh sayida ¢alisma mevcuttur [Sogut ve dig. 2019].

Bu calismada, arakritik dstenitleme sicakliginda Ostenitleme sonrasi normalize 1s1l isleminin KGDD'in
mikroyapt ve mekanik Ozellikleri {izerine etkisi arastirilmistir. Calismanin amacy;, aym: kimyasal
bilesimdeki alasimsiz bir kiiresel grafitli dokme demirde, arakritik Ostenitleme sicakliklarindan
Ostenitleme ve havada sogutma suretiyle farkli perlit ve ferrit miktarlarina sahip mikroyapilar elde ederek,
bu mikroyapinin mekanik 6zellikler {izerine etkisini belirlemektir.

MALZEME VE YONTEM (MATERIAL AND METHOD)
Malzeme (Material)

Kiiresel grafitli dokme demirin {iiretiminde 1 ton kapasiteli orta frekansh indiiksiyon ocag:
kullanilmistir. Ticari bir dokiimhaneden gergeklestirilen dokiim islemlerinde, indiiksiyon ocagindaki
sorel piki ve hurda karisiminin ergitilmesiyle elde edilen s1ivi metal 1500 °C’ye ulastiginda, 250 kg'lik islem
potasina alinarak % 6-7 Mg igeren ferro silikon alasimlar ilave edilmek suretiyle 1450 °C’de Mg ile
kiiresellestirme ve asilama islemleri ve uygulanmistir. Dokiime hazir s1vi metal 1400 °C - 1450 °C sicaklik
araliginda Y blok kum kaliplara dokiilmiistiir. Deneysel calismalarda kullanilan alasimsiz KGDD'’in
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kimyasal bilesimi Cizelge 1'de verilmistir. Calismalarda kullanilan alasimsiz KGDD’in mekanik 6zellikler
bakimindan EN-GJS-700-2 standardina uygun KGDD oldugu belirlenmistir. Kimyasal kompozisyon, Y
blok kaliba dokiim 6ncesi dokiilen ¢il numunelerden OBLF marka optik emisyon spektrometresi ile analiz
edilmistir.

Cizelge 1. Isil islemlerde kullanilan alasimsiz KGDD’in kimyasal bilesimi (agirlik¢a-%)

Table 1. The chemical composition of ductile cast iron used in the heat treatments (weight-%)
C Si Mn p S Mg Cr Ni Cu Ti Co Fe
3,68 2,49 0,3 0,025 | 0,012 0,04 0,02 0,015 0,52 0,01 0,02 Kalan

Isil i§1emler (Heat Treatments)

Isil islemlerde Heraeus marka elektrik direngli firin kullanilmistir. &12 x 100 mm boyutlarinda Y
bloktan tornalanmis ¢ubuklardan 5 adet 1s1l igslem i¢in hazirlanmistir.

Parcalarin iizerine elektrik diren¢ kaynagiyla K tipi 1sil ¢ift kaynatilarak arakritik Ostenitleme
sicakligimin kontrolii gergeklestirilmistir. Sekil 1'de gosterilen farkl arakritik dstenitleme sicakliklarinda
60 dk ostenitlenen KGDD pargalar havada sogumaya birakilmigtir.

7+G
o 60dak Ust Kritik Stcakiik|
810°C
800°C a+y+G
790°C
780°C
770°C Ac,
a+P+G

Sicaklik (°C)

ewjnfos epeAeH

——

Zaman (dak)

Sekil 1. Uygulanan 1s1l islemlerin sematik gosterimi
Figure 1. Schematically representation of applied heat treatments

Karakterizasyon Calismalar1 (Characterization Studies)

Isil islem sonrast KGDD cubuklardan ©@12x10mm boyutlarinda parcalar kesilerek metalografik
inceleme icin hazirlanmistir. Standart metalografik yontemlerle numune hazirligi yapilmis ve daglayici
olarak % 2 Nital ¢ozeltisi kullanilmistir. LAS (versiyon 4.6) goriintii analiz programi kullanilarak
nodjiilarite, nodiil sayis, ferrit ve perlit hacim oranlarinin hesaplatilmistir. 10 ayr1 bolgeden yaklasik 2,5
mm? alandan X100 biiyiitmede elde edilen optik mikroyapilar kullanilarak hacim orani olglimleri
gerceklestirilmistir. Optik mikroyapilar Leica DMI 5000 M model optik mikroskop kullanilarak elde

edilmistir. Kirik ylizey karakterizasyonu icin ¢ekme testi sonrasi yiizeyler Jeol JSM 6060 LV model tarama
elektron mikroskobunda (SEM) incelenmistir.
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Mekanik Testler (Mechanical Tests)

Cekme numuneleri ASTM E8M standardina [ASTM E8M/S8M-21] uygun boyutlarda tornalanarak
igletilmistir. Cekme testlerinde Instron 3369 model ¢ekme test cihazi kullanilmistir. Cekme testleri 1,2
mm/dk hareketli ¢cene hizinda ve oda sicakliginda yapilmistir. Numunelerin statik tokluk degeri ¢ekme
egrisinin altinda kalan alanin toplami1 BlueHill 2 yazilimi kullanilarak hesaplatilmistir. Benzer 1s1l islem
grubundan 5 adet numune test edilmis ve ortalama degerler verilmistir.

Sertlik degerleri Emcotest DuraVision 200 model sertlik 6l¢me cihazi kullanilarak, Brinell (BHN)
yontemiyle 2,5 mm WC bilya ve 187,5 kgf yiik altinda gergeklestirilmistir. Parlatilmis numunelerde 10
degisik noktadan 6l¢iim alinmis ve bu degerlerin ortalamas: verilmistir.

BULGULAR ve TARTISMA (RESULTS AND DISCUSSION)
Mikroyapisal Inceleme Sonuglar1 (Microstructural Examination Results)

Dokiilmiis kosullardaki KGDD'in optik mikroyapisi Sekil 2’de gosterilmektedir. Dokiilmiis haldeki
islemsiz KGDD numunenin ¢ogunlukla perlitik yapidan olustugu ve grafitlerin etrafinin ferritik yapi ile
cevrelendigi gozlenmistir. Bu yap1 KGDD'lerde tipik olarak dana gozii yap: adlandirilmakta olup, perlitik
KGDD mikroyapisi ile uyumlu bir mikroyapidir. Dokiilmiis haldeki KGDD’in 1 mm?deki grafit nodiil
say1s1 216 adet ve nodiilaritesi % 93 olarak goriintii analiz yazilimiyla hesaplanmistir.

Sekil 2. Dokiilmiis haldeki alasimsiz kiiresel grafitli dokme demirin optik mikroyapisi
Figure 2. Optical microstructure of as-cast unalloyed ductile cast iron

Arakritik Ostenitleme sicakliklarinda 60 dk tavlanmis ve normalize edilmis KGDD’in arakritik
Ostenitleme sicakligiyla degisen optik mikroyapilar1 Sekil 3.a ila Sekil 3.f'de gosterilmektedir. Artan
arakritik Ostenitleme sicakligiyla ferrit hacim orani azalirken, perlit hacim oraninin belirgin bir sekilde
arttigl gozlenmektedir. Arakritik Ostenitleme sicakliginda normalize edilmis KGDD’lerde arakritik
Ostenitleme sicakliginin arttirilmasiyla tipik dana gozii yapt bozunmus olup, grafit ¢evresindeki ferrit
miktar1 azalmigtir. Arastirmacilar artan Ostenitleme sicakligiyla perlit miktarinin arttigi ve dana gozii
yapinin bozundugunu rapor etmektedir [Kobayashi ve Yamamoto, 1988; Kobayashi ve Yamada, 1996;-20;
Coskun ve dig. 2008].
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Sekil 3. Degisik arakritik Ostenitleme sicakliklarinda 60 dk dstenitlenmis ve normalize edilmis KGDD’in
mikroyapilari; a) 770°C, b) 780°C, c) 790°C, d) 800°C, e) 810°C ve f) 820°C
Figure 3. Optical microstructures of ductile cast iron which austenitized at intercritical austenitization temperatures for 60 minutes
and normalized from; a) 770°C, b) 780°C, c) 790°C, d) 800°C, e) 810°C, f) 820°C

Arakritik Ostenitleme sicakligiyla perlit miktarindaki degisim Sekil 4'te verilmistir. Artan arakritik
Ostenitleme sicakligiyla perlit hacim orani % 8'den % 75’e artarken, 6tektoid Oncesi ferrit hacim orani %
81,7’den % 14,7'ye azalmaktadir (Cizelge 2). Bilindigi {lizere, a+y+G bolgesinde Ostenitleme esnasinda
arakritik Ostenitleme sicakligi arttikga, manivela kuralina gore Ostenit miktar: artarken ferrit miktar:
azalmaktadir. Arakritik Ostenitleme sicakliklarindaki Ostenit normalize edilerek havada soguma
sonrasinda iyi bilindigi tizere ince perlite doniismektedir. Tiim numunelerde grafit miktar1 ~% 10
oraninda oldugu tespit edilmistir (Cizelge 2). Arastirmacilar [Coskun ve dig. 2008; Sylvester ve Kenneth,
2020; Gonzaga, 2013], artan arakritik Ostenitleme sicakligiyla perlit hacim oranmin arttigini
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bildirmektedir.
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Sekil 4. Arakritik Ostenitleme sicakligiyla Stektoid Oncesi ferrit ve perlit hacim oraninin degisimi
Figure 4. Variation of the pearlite and proeutoctoid ferrite volume fractions with intercritical austenitization temperatures

Cizelge 2. Mikroyapisal bilesenlerin 6l¢tim sonuglari
Table 2. The measurement results of microstructural constituents

Perlit Otektoid 6ncesi Grafit Nodiil sayis1 | Nodiilarite
Numune hacim orani ferrit hacim orani hacim orani

(%) (%) (%) adet/mm? (%)

Islemsiz KGDD 70+3,1 199+2,1 10,1+1,2 216 93
770 °C 8+24 81,7+2,1 10,3+1,1 211 94

780 °C 29+28 60,5+2,2 105+1,3 205 95

790 °C 52,0 +3,0 37,8+2,3 102+1,2 210 93

800 °C 60+ 3,1 29,6 +2,2 104+14 215 94

810 °C 67 +3,4 22,8+24 102+14 213 95

820 °C 75+3,5 14,7 +2,5 10,3+1,5 212 93

Mekanik Test Sonuglar1 (Mechanical Test Results)

Arakritik Ostenitleme sicakliklardan normalize edilen KGDD numunelerin mekanik oOzellikleri
Cizelge 3'te verilmektedir. Arakritik Ostenitleme sicakliklarindan normalize edilmis alasimsiz KGDD
numunelerin akma dayanimi 347,9-470,9 MPa arasinda ve ¢ekme dayanimi 569,1-790,1 MPa arasinda
oldugu belirlenmistir (Cizelge 3). 810°C’den yapilan normalize 1s1l islemiyle {iretilen numunelerin akma
ve cekme dayanimi degerlerinin dokiilmiis haldeki numunenin akma ve ¢cekme dayanimi degerlerine ¢ok
yakin oldugu tespit edilmistir. Akma ve ¢ekme dayanimi artan arakritik dstenitleme sicakligiyla artarken
toplam % uzama degeri 6nemli 6l¢iide azalmaktadir. Bununla birlikte, artan arakritik ostenitleme sicakligi
ile kesit alan daralmasi ve statik tokluk azalmistir (Cizelge 3).
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Cizelge 3. Cekme ve sertlik testleri sonuglar:

Table 3. Tensile and hardness test results

Akma Cekme Kopma Sertlik Kesit alan Statik
Numune dayanimi dayanimi uzamast daralmasi Tokluk
(BHN
(MPa) (MPa) (%) 2,5/187,5) (%) (Joule)
Islemsiz
KGDD 4183+3,7 | 7378+34 | 765+09 | 204+15 6+1,1 33,7+54
770 °C 3479+9,7 | 5691+117 | 126+11 | 181,0+15 | 11,3+22 46,1+74
780 °C 3693+81 | 6039+22 | 11,3+05 | 1860+22 | 10,3+0,3 43,3+4,1
790 °C 382,643 | 6493+227 | 98+09 |191,0£20 80+09 421+22
800 °C 4141+125 | 7094215 | 9612 |1950+35 7,2+0,3 40,2+3,9
810 °C 4282+9,6 | 731,1+124 | 93+09 |2460+33 6,6+0,8 40,1+6,9
820 °C 4709+28 | 790,1+6,8 83+1,3 [2590+£4,0 58+0,2 395+34

Arakritik Ostenitleme sicakligiyla KGDD numuneleri mekanik 6zelliklerindeki degisim Sekil 5'de
sunulmustur. Arakritik ostenitleme sicakliginin artis1 sertlik, akma ve ¢ekme dayaniminda artisa neden
olurken, uzama ve alan daralmasi degerlerinde belirgin bir azalmaya neden olmaktadir. Arakritik
Ostenitleme sicakliklardan normalize edilen numunelerin sertlik degerleri 181-259 BHN arasinda
degismektedir (Cizelge 3). Arakritik sicakliginin artisi ile perlit miktarinin artis1 sertlik degerlerinde artisa
neden olmustur. Ozellikle 810°C ve 820°C arakritik stenitleme sicakliklarin yapilan normalize 1s1l iglemi
sonucu sertlik degerlerin belirgin bir artis gozlenmistir.
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Sekil 5. Arakritik dstenitleme sicakligryla mekanik 6zellikler arasindaki iliski
Figure 5. The relationship between mechanical properties and intercritical austenitization temperatures

Arakritik Ostenitleme sicakliklardan normalize edilen KGDD numunelerin perlit miktariyla mekanik
oOzelliklerinin degisimi Sekil 6’da gosterilmektedir. Sertlik, akma ve gekme dayanimi artan perlit hacim
oraniyla birlikte belirgin bir sekilde artmaktadir. Perlit miktarinin artmasi dagilim mukavemetlenmesine
neden oldugundan numunelerin mekanik 6zelliklerinde belirgin bir iyilesmeye neden olmustur. Perlit
miktarinin % 9’dan % 75’a artmasi, ¢ekme dayaniminda 569 MPa’dan 790 MPa’ya artisa neden olmustur.
Alasimsiz KGDD numunelerde, % 60 perlit miktarindan sonra mekanik 6zelliklerde belirgin artis tespit
edilmistir. Arastirmacilar perlit hacim oramimin artisiyla mekanik 6zelliklerin gelistigi bildirmektedir
[Sylvester ve Kenneth, 2020; Gonzaga, 2013].
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Sekil 6. Perlit hacim oraninin akma-¢ekme dayanimi ve sertlige etkisi

Figure 6. Effect of volume fraction of pearlite on yield-tensile strength and hardness
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Arakritik Ostenitleme sicakliklardan normalize edilen KGDD numunelerde perlit miktariyla toplam
% uzama, alan daralmasi ve statik tokluk degerlerinin degisimi Sekil 6’da verilmistir. Artan perlit
miktariyla toplam % uzama, alan daralmasi ve statik tokluk belirgin bir sekilde azalmaktadir. Perlit
miktarinin artmasi siinek ve yumusak ferrit miktarinda azalmaya neden olmasindan dolayr mekanik

ozellik degerlerinde belirgin azalmaya neden olmustur. Bu ¢alismaya benzer olarak, perlit miktarinin

artmast toplam uzama ve statik tokluk degerlerinde azalmaya neden oldugunu o6nceki yapilan bir
arastirmada rapor edilmektedir [Gonzaga, 2013].
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Sekil 7. Perlit hacim oraninin statik tokluk, kesit alan daralmas: ve toplam % uzama {izerine etkisi

Figure 7. Effect of volume fraction of pearlite on fracture energy, reduction in area, and total elongation %
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Arakritik Ostenitleme sicakliklardan normalize edilen KGDD numunelerin toplam uzama ve ¢ekme
dayanimi degerlerinin standartlarda verilen KGDD'ler ile karsilastirilmas: Sekil 8’de gosterilmektedir.
Ferrit + perlitik mikroyapiya sahip arakritik dstenitleme sicakliklarindan normalize edilmis KGDD’lerin
cekme dayanumi ve toplam % uzama degerleri ilgili ASTM A536 ve ASTM A897 standartlariyla
karsilastirildiginda, dokiilmiis kosullardaki ferritik/perlitik KGDD’ler ile ostemperlenmis KGDD'ler
arasinda ¢cekme dayanimi ve toplam uzama degerine sahip olduklar: gozlenmektedir. 820°C’den havada
sogutulmus KGDD'in (% 75 perlit miktar1) toplam % uzama degeri ve ¢ekme dayanimi, ASTM A897’de
verilen dstemperlenmis sinif olarak bilinen ve ¢cekme dayanimi 750 MPa ve toplam uzama degeri % 11
olan KGDD’den daha yiiksek toplam uzama ve ¢cekme dayanimi sergilemistir.
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Sekil 8. ASTM standart dokme demir siniflariyla bu ¢alismada {iretilen numunelerin toplam uzama ve

¢ekme dayanimlarinin karsilastirilmasi
Figure 8. Comparison of total elongation and tensile strength values of this study with ASTM standard cast iron grades

Kirik Yﬁzey incelemesi (Examination of Fracture Surfaces)

Tiim ¢ekme numunelerin kirik yiizeyleri SEM ile incelenmistir. Dokiilmiis haldeki KGDD numunenin
kirik yiizey SEM mikroyapisi Sekil 9'da verilmistir. Dokiilmiis haldeki KGDD’de nispeten yiiksek olan
perlit miktar1 (% 70) gevrek kirilmanin delili olan diizgiin yiizey ayrilma (quasi-cleavage) olusumuna
neden olmustur (Sekil 9).

Sekil 9. Dokiilmiis kosuldaki KGDD umuneni kirik yi.ize EM mikroyapisi

Figure 9. SEM fractography of as-cast ductile iron specimen
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Arakritik dstenitleme sicakliklarinda normalize edilmis numunelerin kirik ytizey SEM mikroyapilari
Sekil 10.a ila Sekil 10.f'de verilmistir. Stinek kirilmanin delili olan mikro ¢ukurcuklar (dimples) en fazla
770°C’den normalize edilen KGDD numunede gozlenirken, 820°C’den normalize edilen KGDD
numunede daha az oldugu belirlenmistir. Arakritik Ostenitleme sicakligindaki arttirilmasiyla mikro
cukurcuklar azalmistir. Gevrek kirilmanin delili olan diizgiin yiizey ayrilma (quasi-clevage) bolgeleri ise
en fazla 820°C’den normalize edilen KGDD numunede, en az ise 770°C’den normalize edilen KGDD
numunede gozlenmistir. Arakritik stenitleme sicaklifindaki artig diizgiin yiizey ayrilma bolgelerinde
artisa neden olmustur. Kirik yiizey incelemelerinde mikro g¢ukurcuklu bélgelerin stinek kirilmanin ve
diizgiin yilizey ayrilma kirilmasinin ise gevrek kirilmanin delili oldugu mevcut literatiirden iyi
bilinmektedir [Underwood ve Banerjee, 1988]. Arakritik Ostenitleme sicakliginin artisiyla KGDD
numunelerin kirilma modlari siinekten gevrek kirilmaya dogru degismektedir.

< Sn . 2] : i v’ '\. ‘

¢ekme numunelerinin kirik ytizey SEM mikroyapailari; a) 770°C, b) 780°C, c) 790°C, d) 800°C, e) 810°C ve
f) 820°C. (gevrek klivaj kirilmay1 beyaz oklar, siinek kirilma bolgelerini ise siyah oklar ise

gostermektedir)
Figure 10. Fracture surface SEM fractography of the tensile specimens which austenitized at different intercritical austenitization
temperatures for 60 min; a) 770°C, b) 780°C, c) 790°C, d) 800°C, e) 810°C, and f) 820°C. White arrows show brittle cleavage fracture
and black arrows show ductile fracture regions

SONUCLAR (CONCLUSIONS)

Bu aragtirmada, arakritik dstenitleme sicakliklarinin ve normalize 1s1l islemlerinin alagimsiz KGDD’in
mikroyap1 ve mekanik 6zelliklerine etkisi incelenmis ve elde edilen sonuglar asagida verilmistir;

e Alasimsiz KGDD’de arakritik dstenitleme sicakliklarindan normalize 1s1l islemiyle, % 8 ila % 75
arasinda perlit miktarina sahip KGDD'ler gelistirilebilmektedir.
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e Arakritik Ostenitleme sicakliklarindan normalize edilmis KGDD’de artan arakritik Ostenitleme
sicakligiyla birlikte Stektoid oncesi ferrit miktar1 % 81,7’den % 14,7’ye azalmaktadir.

e Perlit miktarindaki artis, sertlik degerini 181 BHN’den 259 BHN'ye; akma dayanimini 348
MPa’dan 470 MPa’ya; cekme dayanimini 569 MPa’dan 790 MPa’ya belirgin bir sekilde arttirirken toplam %
uzama degeri % 12,6’dan % 8,3’e azalmaktadir.

e  Arakritik 6stenitleme sicakliklarindan normalize edilmis KGDD’ler ASTM A536 ve ASTM A897
standartlariyla karsilastirildiginda, dokiilmiis kosullardaki ferritik/perlitik KGDD'ler ile 6stemperlenmis
KGDD'ler arasinda toplam uzama ve ¢cekme dayanimi sergiledikleri belirlenmistir.

e  Arakritik 6stenitleme sicakliginin artisiyla perlit miktarindaki artis KGDD numunelerde siinekten
gevrege dogru kirllma modunda degisime neden olmaktadir.

SEMBOLLER (SYMBOLS)

BHN: Brinell Sertlik Numarasi
KGDD: Kiiresel Grafitli Dokme Demir
LAS: Leica Application Suite

MPa: Mega Paskal

a: Ferrit

v: Ostenit

G: Grafit
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ABSTRACT: Photovoltaic (PV) panels are generally used for monofacial applications due to the back
surface coating materials. When the coating material is transparent, it is defined as bi-facial PV. In this
study, the variable albedo effects on bi-facial PVs in different ground conditions were examined. The
results were compared with monofacial PV panels in the same conditions for the Konya region. Bifacial
PV panels were analyzed under white, sand, and asphalt ground conditions. Simulations were made by
the PVsyst program, and the results were compared by global radiation value, the performance ratio (PR),
and the produced energy results. An installed capacity of 54,6 kWp bifacial and monofacial PV panels
with a horizontal angle of 35°, azimuth angle of 0°, and 6m intervals for roof installation is considered. It
has been observed that the yearly total solar radiation value of 1969 kWh/m? occurs on the monofacial PV,
which is higher as 6,4% for the white ground, 2,4% for the sand ground, and 0,8% for the asphalt ground
conditions. The annual energy generated in the Konya region is calculated as 91,197 MWh, 94,404 MWHh,
and 97,730 MWh for asphalt, sand, and white ground conditions. It was only 105,690 MWh for monofacial
PV panels. It has been determined that the performance ratio of the system in June, which is one of the
months of the highest radiation occurred, 7,0% higher than the sand ground conditions, 10,4% compared
to the asphalt ground, and 14,5% higher than the monofacial photovoltaic system. It was evaluated that
the ground conditions of the bi-facial panels contributed significantly to the panel efficiency and
performance ratio and could be applied with a small investment cost compared to the project's total cost.

Keywords: Albedo, Bifacial photovoltaic panel, Photovoltaic panel, PVsyst, Performance ratio

Cift Yiizlii Fotovoltaik Panellerin Farkli Zemin Kosullarinda Performansinin Iincelenmesi

OZ: Fotovoltaik paneller genellikle arka yiizey kaplama malzemelerinden dolay1 tek yiizlii olarak
kullanilmakta olup, kaplama malzemesi seffaf olarak kullanildiginda cift yiizlii panel olarak
tanimlanmaktadir. Bu ¢alismada, Konya bolgesinde cift yiizlii panellerin farkli zemin kosullarinda olusan
albedo etkilerinde incelenerek sonuglar aym kosullardaki tek yiizlii fotovoltaik paneller ile
karsilastirilmistir.  Cift yiizlii paneller beyaz, kum ve asfalt zemin kosullarinda incelenmistir.
Simiilasyonlar PVsyst programu ile yapilarak yiizeye gelen 1sitnim degeri, performans orani ve iiretilen
elektrik degerleri karsilagtirilmistir. Calismada 54,6 kWp kapasite i¢in yatayla agis1 35° azimut 0° ve 6m
aralikli olarak Konya bolgesinde ¢at1 kurulumu igin degerlendirilmistir. Tek yiizlii panele gelen yillik
toplam 1969 kWh/m? olan 1s1nim degerinin beyaz zemin i¢in %6,4, kum zemin icin %2,4 ve asfalt zeminin
icin %0,8 fazla oldugu goriilmiistiir. Konya bolgesinin yillik sebekeye aktarilan enerji degerleri
karsilastirildiginda tek yiizlii panellerde 91,197 MWh iken asfalt, kum ve beyaz zemin kosullarinda
sirastyla 94,404 MWh, 97,730 ve 105,690 MWh oldugu goriilmiistiir. Performans orani 1sinimin en fazla
oldugu aylardan olan haziran ayinda, beyaz zemin kosullarindaki sistemin kum zemine gore %?7,0 asfalt
zemine gore %10,4 tek yiizlii panel sistemine gore ise %14,5 fazla oldugu tespit edilmistir. Calismada cift
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ylizlii panellerin farkli zemin kosullarinin panel verimine ve performans oranina énemli katki sagladig:
ve proje toplam maliyetine gore az bir yatirimla uygulanabilir oldugu degerlendirilmistir.

Anahtar Kelimeler: Albedo, Cift yiizlii fotovoltaik panel, Fotovoltaik panel, PVsyst, Performans oram

1. INTRODUCTION

With the rapid development of science and technology in the world and Turkey, the energy demand
is increasing. It has become inevitable for countries to seek alternatives to meet their energy needs, follow
technological developments and monitor the energy sector's development. As a result of the
environmental and economic effects of fossil fuels such as oil, coal, and natural gas, the energy diversity
topic has focused on renewable energy sources (Allouhi et al., 2019; Ciftci et al., 2020; Bilcik et al., 2020).

The green deal, approved in 2020, is a set of policy initiatives by the European Commission to
minimize the global climate crisis and switch to net zero emissions by 2050. For this reason, using
renewable energy, energy management, and efficiency increases in energy systems have gained even more
importance. Solar energy systems, which have become very common today, draw attention as the fastest
growing renewable source of renewable energy (Yaniktepe et al., 2017; El-houari et al.,, 2021). Many
investments are made in solar energy systems in Turkey, especially in the Central Anatolia region. In the
PV sector, which is dependent on a few manufacturers in the world, studies for the increase in efficiency
in the systems are critical (Haon et al., 2019, Giiven and Mete, 2021).

Only 50% of the solar radiation reaches the earth's surface by passing through the atmosphere. It is
essential to use the radiation coming to the earth's surface effectively to obtain maximum efficiency from
photovoltaic systems. By the way, bifacial PV panels can produce solar power from both sides of the panel.

The solar energy potential of the Europe and Turkey region is shown in Figure 1 (Biikiin, 2017). It is
seen that the annual radiation of 1100 kWh/m? in Central Europe is considerably below the value of 1700
kWh/m? in Turkey which means a strong advantage (Kaya et al. 2017; Bulut et al. 2018; Cetinkaya, 2017).

SHA < Chlsl\lu
u
o~

| §

¥~

Bucuresti

~Valletta

0 250 500 km
<700 900 1100 1300 1500 1700 1900 > kWh/m2

Figure 1. Annual solar radiation map of Europe (Anonymous, 2022a)

Turkey's solar energy potential is shown in Figure 2. Turkey's total daily average radiation value is
3.6 kWh/m?, and the sunshine duration is 7.2 hours. (Kose et al., 2019; Vekil, and C)zyig“;it, 2020, Sancar and
Altinkaynak, 2021). The Turkish grid operator TEIAS has reported that around 992 MW of new PV systems
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were connected to the grid in Turkey in the first ten months of 2021 and increased the country's cumulative
installed solar power capacity to 7,658.6 MW.
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Figure 2. Turkey's annual solar energy potential map (Yilmaz et al., 2019)

The total daily average radiation duration of the Konya region is 7.94 hours, and the radiation value
is 4.41 kWh/m?. These values are well above Turkey's average daily radiation duration of 7.2 hours and
radiation value of 3.6 kWh/m? given in Figure 3 (Solmaz et al. 2014). For this reason, Konya attracts
attention as a suitable region for many roof and field PV applications (Aksoy, 2011). With the solar
potential, Konya is home to the Karapinar YEKA-1 Solar power plant, Turkey's largest solar energy field
with an installed area of 20 million m2. When this power plant is installed, it will be one of the largest solar
energy regions in the world, with a total installed power of 3,300 MW. When the project is completed, a
1-week energy need of a settlement with a population of 50 thousand will be produced in just 1 hour. In
other words, it will meet the annual electrical energy needs of approximately 2 million people. In addition,
1.5 million tons of fossil waste and carbon emissions will be prevented annually.
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Figure 3. The solar energy potential map of the Konya region (Anonymous, 2022c)

While the solar radiation of the Konya region is 1.98 kWh/m? in January, it reaches 6.81 kWh/m? in the
summer months when the electricity demand increases. It is imperative in terms of a large amount of land
not suitable for agricultural use and the fact that the region is close to most electricity consumption regions
(Ozcan, 2019; Sadikoglu, 2018).

In a bifacial panel, lost and reflected light has a chance to be reabsorbed by the PV. In this application,
where the light passes right through and collides with a highly reflective surface, this then bounces back
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towards the panels to be converted into solar energy. The additional power generation from the
transparent back surface in bifacial PV panels is mainly dependent on the ground albedo effect, the
module tilt angle, and the shadow effect from the structures holding the panels and the environment. In
addition, more power generation reduces the system balance costs (Lorenzo, 2021). The radiation received
by the bifacial solar panels from the sun and the surfaces and a sample series are shown in Figure 4
(Mamizadeh and Aslan 2019).
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Figure 4. Bifacial PV panels (left) (Anonymous, 2022d) and representation of reflected radiation on panel
surfaces (right) (Jinkosolar, 2022)

In recent years, there has been an increasing interest in bifacial PV technology as it promises a higher
performance rate and lower energy cost than conventional monofacial PV applications. However, the
studies are limited due to the difficulty of PV system modeling tools. Understanding the effect of different
parameters, such as height, tilt angle, the reflectivity of the floor, and array size of panels, on bifacial PV
system performance can help determine installation parameters for the system and provide an accurate
estimation of energy efficiency (Chen et al. 2021). Some studies on the subject are given below.

Lopez-Garcia et al. (2019) examined the factors affecting the radiation reflected on the back surface of
the panels in their study. He investigated the electrical performance of monofacial and bifacial PV modules
under different indoor mounting configurations. They found that additional backlighting increases the
electricity produced by up to 20% with current and voltage measurement in IEC TS 60904-1-2:2019
standards.

Matus et al. (2020) investigated the effects of 25° and 90° inclination angles of monofacial and bifacial
PV panels on the power balance at the Faculty of Education of Masaryk University, Czech Republic. It was
stated that the annual average performance of the PV module measured with a 90° tilt angle is 30% higher
than the values measured with a 25° tilt angle. In using bifacial PV panels, an efficiency increase of 7.6%
was investigated.

Asgharzadeh et al. (2018) examined the effect of installation parameters and system configuration on
the performance of bifacial PV arrays. They used simulation programs and laboratory measurement
results with tilt angles of 5°, 35°, and 65°. Three different ground materials were used: soil, beige, and
snow-covered white ground. It has been found that the optimum tilt angle for large-scale, south-facing
bifacial systems is higher than monofacial systems and can increase up to 20°. In addition, with a floor
albedo of 21%, the single application of PV panels was 7% higher than array efficiency.

Backside light distributions of bifacial PV modules were investigated according to the view factor
models by Wang et al. (2019). The albedo gains of bifacial PV modules with an inclination angle of 30
degrees were measured as 10.50% for meadow, 22.73% for cement ground, and 38.88% for snow ground.

Eremkere et al. (2020) conducted technical, economic, and environmental analyses of bifacial PV
panels. As a result of the research, the annual solar energy potential was determined as 1543 kWh/m? by
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taking the module angle as 20° and the azimuth 0°. The power ratios of single-crystalline silicon,
polycrystalline silicon, and amorphous silicon were calculated as 85.15% - 84.39% - 80.40%, respectively,
and annual electricity production was calculated as 1219 kWh/year, 1280 kWh/year, and 1291 kWh/year,
respectively.

It is seen in the literature that the studies examined in different ground conditions for bifacial PV
panels are limited. In this study, bifacial PV panels on different grounds were compared with conventional
monofacial PV panels in the Konya region. Solar radiation reflected on the panels, the energy production
of the system, and the performance rates are presented.

2. MATERIAL AND METHOD

Simulation programs such as PVsyst, PVSOL Expert, RETScreen, Homer, and PVGIS can be used to
analyze PV systems. In this study, The PVsyst, a program developed by the University of Geneva,
Switzerland, to study solar systems such as grid-connected or off-grid solar systems and solar irrigation
systems (Akcan et al., 2020), and also makes transferring the losses of the PV systems to the system in
detail, shading with 3D drawing feature, and economic analysis possible (Bolat et al. 2020, Cinaroglu et
al. 2021), is opted because the losses can be detected, the assumed selection conditions are compatible with
the literature, consistent results can be obtained between the real results.

In the study, the PV system installed on the roof of Konya Technical University Engineering and
Natural Science Faculty is evaluated. The satellite view of the region and its location in the PVsyst program
are shown in Figure 5. The geographical coordinates of the region are between latitude 38°1'35" and
longitude 32° 30'39" and the altitude is 1134 meters.
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Figure 5. Satellite view of the evaluated region and its position in the PVsyst program

The rate at which the surface reflects the striking light is called as albedo effect. The albedo values of
various surfaces may vary depending on the surface, color, material structure, and texture of these objects.
Generally, a white object has a high albedo and reflects most of the light it hits. In contrast, a black object
absorbs most of the incident radiation.
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Table 1. Albedo values of different surfaces (Anonymous, 2022b).

Surfaces Albedo Value
Sea (by angle) 0,05-0,25
Forest 0,10

City 0,15

Meadow 0,20

Desert 0,30

Cloudy 0,60-0,90
Clean Snow 0,80-0,90

2.1. Features of Simulation in PVsyst

The solar azimuth angle is defined as the angle between the projection of the sun's center onto the
horizontal plane and the due south direction. The distance between the panels or the feasible most
extended shadow length is calculated as follows (Cikla, 2020).

SR + cos o) ®

In Eq (1), L is the distance between panels or the most extended possible shadow length (m), a is the
panel length to be used (m), and Popt is the optimum panel tilt angle (°). GTC Solar Turkey, GG1H-300
bifacial PERC 60 cells PV module was used in the analysis. The characteristic curve of the bifacial PV
module is shown in Figure 6. The panel has a characteristic of approximately 30.7 V and 9.1 A at an
irradiance value of 1000 W/m2.
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Figure 6. Bifacial PV module characteristic curve

In any grid-connected system, an inverter is required to convert direct current to alternating current.
The inverter efficiency curve selected in the PVsyst program is shown in Figure 7. In the PVsyst program,
the installed power is calculated as 54.6 kWp for 300 m2. The number of modules is set to 180, serial
modules to 30, and the power ratio to 1.08.
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Figure 7. Inverter efficiency curve

The ground reflection is calculated as the sum of the reflection from the shaded area and the reflection
from the unshaded area. The radiation in the unshaded area is modeled with global horizontal radiation
(GHI). The radiation in the shaded area is modeled with diffuse horizontal radiation (DHI) and calculated
as follows:

pg*DHI*Al pg*GHI*AZ (2)

Gy = Fi+ F2

An An

Here pg is the reflectivity of the floor, A, is the shaded area of the floor, A: is the unshaded area of the
floor, Ax is the area of the modeled PV, Fi is the visibility factor from the shaded area of the floor to the
rear surface of the modules; F: is the visibility factor from the unshaded area of the floor to the rear surface
of the module. The diffuse radiation is calculated with the anisotropic model;

1—cos B

Gz =DHI* —— 3)

Where {3 is the installation slope angle of the PV module. The reflectivity of the PV modules in the
back row makes a minor contribution due to the low reflectivity of the PV modules can be calculated as:

Gs = Pm*iim*flm Fs 4)

Where Anm is the area of the rear PV module, pm is the reflectivity of the rear PV modules, and Gm is
the incident radiation in the plane of the PV module, Fs is the visibility factor from the rear PV module to
the rear surface of the module. Therefore, the total radiation received by the back surface of bifacial PV
modules can be calculated as follows: (Wang et al., 2019).

Grear= Gl + GZ + G3 (5)

The Performance Ratio (PR) is the ratio of the energy effectively produced with respect to the energy
produced if the system was continuously working at its nominal STC efficiency, defined in the norm IEC
EN 61724. In the Grid-connected systems, the available energy is defined as Ecria. The energy potentially
produced at STC conditions is equal to multiplication of Globme and Prompv, where Prompv is the STC installed
power. Therefore for a grid-connected system, the PR can be calculated as below.

PR = Earid / (GlObInc * PnomI’V) (6)

For bifacial PV Systems, the bifacial contribution from the rear side of the PV modules will become a
gain, increasing the PR. The revised IEC 61724 -1 standard introduces the concept of a bifacial PR. The
basic idea is that the additional irradiance contribution on the rear side of the PV modules is added to the
Global incident irradiance. In PVsyst, to calculate the bifacial PR, the rear side irradiance is approximated
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as the difference between Globs«x and Backsii, where Globsa is the effective irradiance on the rear side of
the PV modules, and Backsu are the losses induced by the 'Structure shading factor' in the bifacial model
definitions. The bifacial PRi becomes;

PRe= PR / (1 + (Globgak - Backshd)/(Globinc)) (7)

The following processes are used to simulate in PVsyst. A flowchart of the PVsyst simulation of the
suggested grid-connected project is shown in Figure 8.
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Figure 8. A flowchart of the PVsyst simulation of the proposed grid-connected system (Abagy et al.,
2021)

In this study an installed capacity of 54,6 kWp bifacial and monofacial PV panels with a horizontal
angle of 35°, azimuth angle of 0°, and 6m intervals for roof installation is considered (PVsyst, 2020). GTC
Solar Turkey, GG1H-300 bifacial PERC 60 cells PV module was used in the analysis. Albedo values of the
grounds of white sand and asphalt grounds are taken as 80%, 30% and, 10%.

3. RESULT AND DISCUSSION

The monthly variation of the global horizontal irradiation and horizontal diffuse irradiation values
for the Konya region are given in Table 2. Climatic conditions and radiation values are considered the
same for all analyzes. The annual total radiation value for the region is calculated as 1754.7 kWh/m?. It is
seen that the 594.3 kWh/m? of the total radiation is the diffuse radiation. The Linke turbidity factor, an
indicator of the number of clean, dry atmospheres that would be necessary to attenuate the extraterrestrial
radiation produced by the atmosphere (Chabane et al., 2021), is also calculated and given in Table 2.
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Table 2. Solar radiation and climate conditions of the Konya region

Glob. Hor. Hor. Diff. Temp. Wind Linke Relative
irradiation irradiation °C) speed turbidity humidity
(kWh/m?) (kWh/ m?) (m/s) [-1 (%)
January 69,2 28,60 -0,20 3,0 2,62 80,6
February 87,3 36,6 1,80 3,39 2,93 74,3
March 131,0 47,8 6,80 3,80 3,41 60,3
April 166,1 69,8 11,10 3,69 3,91 54,3
May 210,6 73,7 16,20 3,50 3,55 52,3
June 223,3 62,9 20,70 4,10 3,17 44,3
July 229,2 68,0 24,70 4,60 3,13 35,2
August 208,4 56,8 24,40 4,40 3,09 35,1
September 169,6 47,5 19,30 3,60 2,92 41,5
October 119,2 41,3 13,40 3,21 2,99 56,1
November 78,4 31,0 6,60 2,70 2,74 68,7
December 62,4 30,30 1,50 2,69 2,60 80,3
Year 1754,7 594,3 12,20 3,60 3,09 56,9

Table 3. Monthly values obtained on asphalt ground for Bifacial PV Panels and monofacial panels in the
Konya region

Bifacial on Asphalt Ground Monofacial PV
GlobInc GlobEff EArray E_Grid PR GlobInc GlobEff EArray E_Grid PR

Months | kWh/m? kWh/m2 MWh MWh kWh/m2 kWh/m?2 MWh MWh

1 111,9 106,9 5,72 5,648 0,935 | 111,2 106,7 5,579 5,508 0,917
2 124,2 119,6 6,34 6,268 0,935 | 123,4 119,3 6,159 6,088 0,914
3 1624 157,1 8,061 7,964 0,908 | 161,2 156,6 7,808 7,714 0,886
4 176,4 168,9 8,626 8,526 0,895 | 174,9 168,3 8,317 8,221 0,87
5 198,3 189,8 9,509 9,397 0,878 | 196,4 188,9 9,122 9,013 0,85
6 198,2 189,7 9,327 9,22 0,862 | 196,1 188,7 8,905 8,799 0,831
7 207,8 198,6 9,58 9,469 0,844 | 205,7 197,7 9,156 9,047 0,814
8 213,6 205,7 9,764 9,647 0,836 | 211,7 204,9 9,432 9,318 0,815
9 200,6 193,9 9,364 9,257 0,854 | 199,1 193,3 9,084 8,981 0,835
10 164,8 159,9 7,992 7,898 0,887 | 163,8 159,5 7,766 7,674 0,868
1 124,4 118,8 6,129 6,057 0,902 | 123,7 118,5 5,978 5,908 0,885
12 102,2 95,6 5,115 5,052 0,915 | 101,7 95,4 4,987 4,926 0,897
Total 1984,9 1904,2 95,527 94,404 0,881 | 1969 1897,9 92,294 91,197 0,858

The global radiation coming to the collector, the energy transferred to the grid, and the performance

ratios were calculated and compared for Bifacial PV panels on white, sand, asphalt ground conditions and

monofacial PV panels in the same conditions for the Konya region and given in Table 3 and 4. The result
of the transposition from horizontal radiation to tilted PV plane of the global Incident radiation (GlobInc)
for monofacial panels was found to be 1969.0 kWh/m?, while bifacial panels on asphalt, sand floors, and
white grounds were found to be 1984.9 kWh/m?, 2016.6 kWh/m? and 2095.9, respectively. The Effective
global Radiation (GlobEff) on the panels is the Globlnc, affected by the optical losses like far and linear
shadings, IAM, and soling losses. In this study, The Effective global Radiation (GlobEff) found 1897,9
kWh/m? for monofacial PV, 1904,2 kWh/m? for bifacial PV on asphalt, 1916,7 kWh/m? for bifacial PV on
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the sand, and 1948,1 kWh/m? for bifacial PV on white ground conditions. It has been observed that the
irradiance values are highly dependent on the albedo of the ground. It is also found that the global
radiation values reflected to the collector surface increase in the summer months. The maximum annual
average PR was found as 0.934 for bifacial on the white ground, whereas the others were below 0.9.

Tablo 4. Monthly values obtained on the white and sand ground for Bifacial PV Panels in the Konya

region

Bifacial on White Ground Bifacial on Sand Ground

Glob Glob

Inc Eff EArray E_Grid PR GlobInc GlobEff EArray E_Grid PR
Months | kWh/m2 kWh/m2 MWh MWh kWh/m? kWh/m2 MWh MWh
1 116,2 108,2 6,05 5,98 0,952 | 113,1 107,2 5,82 5,74 0,94
2 129,7 1214 6,88 6,8 097 | 125,8 120,1 6,5 6,42 0,946
3 170,7 160,1 8,87 8,77 0,951 | 164,7 157,9 8,31 8,21 0,922
4 187 173,1 9,71 9,6 0,951 | 179,4 170,1 8,95 8,85 0,913
5 211,6 195,6 11,03 10,9 0,954 | 202,1 1914 9,96 9,84 0,902
6 212,3 196,1 11,04 10,92 0,952 | 202,2 191,5 9,83 9,72 0,89
7 222,3 205,1 11,27 11,14 0,928 | 211,9 200,5 10,07 9,96 0,87
8 226,8 211,1 11,1 10,97 0,895 | 217,4 207,2 10,16 10,03 0,855
9 2114 197,9 10,35 10,23 0,897 | 203,7 195 9,66 9,55 0,868
10 172,4 162,5 8,71 8,6 0,924 | 167 160,6 8,21 8,11 0,899
11 1294 120,3 6,52 6,44 0,922 | 125,8 119,2 6,24 6,17 0,908
12 106,2 96,7 5,39 5,33 093 | 103,4 95,9 5,19 5,13 0,919
Year 2095,9 1948,1 106,93 105,69 0,934 | 2016,6 1916,7 98,89 97,73 0,897

In the PVsyst simulations, the loss diagram of the bifacial PV panel on the white floor and monofacial
PV panels installed in the Konya region are presented in Figure 9, and the losses in the bifacial PV panel
on the Asphalt ground and sand ground are presented in Figure 10. All systems' annual total radiation
value was calculated as 1755 kWh/m?. The albedo of the white floor was taken as 80%, and the global
radiation reflected on the floor was formed as 777 kWh/m? in 586 m?2. It is found that Array nominal Energy
is 121.7 MWh for bifacial PV panels on the white ground and 102.5 MWh for monofacial PV panels. When
the losses are subtracted, we see that the energy transferred to the grid is 105.7 MWh for the white ground,
while it is 91.2 MWh for the monofacial PV panel. The temperature has a significant effect on PV efficiency
with a value of 7%.

It is shown in Figure 10 that the albedo values of the sand and asphalt are 30% and 10%. It is seen that
albedo has a significant effect on the reflectivity of the total global radiation of 777 kWh/m? to the back
surface of the Bifacial PV (BF PV) and monofacial PV panels. Array nominal energy values were found to
be 110.8 MWh for sand ground and 106.4 MWh for asphalt ground. After all losses, the energy transferred
to the grid is 97.7 MWh for sand ground and 94.4 MWh for asphalt ground.
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s

+14.9%

’tl‘-&l%

-2.1%

i~ +0.5%

87.0%
/

+1168%
+1.5%

%-5.0%

1917 KWhim* * 267 m® coll.

efficiency at STC = 18.28%
110.8 MWh

Global incident on
777 KWh/m” on 588

-70.0% (0.30 Gnd. albedo)
Ground

Global horizontal irradiation
Global incident in coll. plane

Near Shadings: iradiance loss
IAM factor on global
Ground reflection on front side

reflection loss
View Factor for rear side

Sky diffuse on the rear side
Beam effective on the rear side

Shadings loss on rear side
8.5% Global Irradiance on rear side (163 kv

Wﬂ

1904 kWh/m* * 297 m* coll.

Global horizontal irradiation

+13.1% Global incident in coll. plane
-2.2% Near Shadings: irradiance loss
2.1% 1AM factor on global
|<+0.2% Ground reflection on front side
[~ Bitacial
Global incident on gfound
777 kWh/m*® on 588

-50.0% (0.10 Gnd. albedo) Ground reflection loss
3 87.0% View Factor for rear side

+347% Sky diffuse on the rear side
+37% Beam effective on the rear side
5.0% Shadings loss on rear side

3.5% Global Irradiance on rear side (67 kW
Effective irradiation on collectors

Effective irradiation on coll s

PV conversion, Bifaciality factor = 0.70

efficiency at STC = 18.38%

PV conversion, Bifaciality factor = 0.70

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature
Module quality loss

Mismatch loss, modules and strings
Mismatch for back irradiance

Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voitage threshold
Night consumption

Available Energy at Inverter Output

108.4 MWh

Energy injected into grid

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature
Module quality loss

Mismatch loss, modules and strings
Mismatch for back irradiance

Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation {efficiency
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voitage threshold
Night consumption

Available Energy at Inverter Output
Energy injected into grid

Sekil 10. Loss Diagrams of bifacial on sand (left) and bifacial on Asphalt Ground (right) PV Panels



Performance Investigation of Bifacial Photovoltaic Panels

—o— BFPV on white
BFPV on asphalt

——BFPV on sand
Monofacial PV

235

\

?
/

Globlnc (kWh/m?)
&
A

vl
A

115 @

95

Months

Figure 11. Monthly radiation reflected to PV surfaces

715

In Figure 11, the variation of global irradiance for bifacial PV panels and monofacial PV on different
ground conditions (white, sand, asphalt) for the Konya region is given. Radiation values are low in winter

and increase in summer. In August, which is one of the months with the highest radiation, 226.8 kWh/m?
radiation value was obtained was 217.4 kWh/m? for the white, 213.6 kWh/m?2for asphalt, and 211.7 kWh/m?

for monofacial PV panels. The radiation obtained on the white background was 7.1% higher than the
monofacial PV panel in August. It has been observed that different ground conditions are quite effective

on the radiation formed on the back surfaces of the PV panels. The radiation incident on the monofacial
panel is calculated by converting the horizontal radiation to the incident of the plane.
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Figure 11. Energy Transferred to the Grid by Months for different PV panels and ground conditions

The monthly variation of electricity generation of bifacial and monofacial PV panels in different
ground conditions for the Konya region according is given in Figure 12. It was observed that energy

transferred to the grid by bifacial PV panels installed on the white floor in July is 23.1% more than the

monofacial PV panels. While the annual energy transferred to the grid is 105.69 MWh by Bifacial PVs on
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white background, it is 91,197 MWh at monofacial panels. The annual energy transferred to the grid by
the Bifacial PV system installed on the white ground is 15.9% higher than the monofacial PV systems. It is
also seen that the energy production value of Bifacial PV panels installed on sand and asphalt surfaces is
higher than monofacial panels. However, it is pretty low compared to the white ground.

The PR values of bifacial and monofacial PV panels installed in different ground conditions in the
Konya region are given in Figure 13. According to the annual average values, the PR value of bifacial
panels is 0.934 for the white floor, 0.897 for the sand floor, and 0.881 for the asphalt floor. Furthermore,
the PR value for monofacial panels was calculated as 0.858. The performance ratio of bifacial PV panels
installed on the white floor was 0.928 in July, which is 14% higher than 0.814 for monofacial panels. The
most significant difference between the white floor and the monofacial PV panel occurred in June. When
the annual average performances of bifacial on the white floor and monofacial PV panels are examined, it
is seen that the PR value of the white floor is 8.8% higher.
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Figure 13. PR values for bifacial and monofacial PV panels

4. CONCLUSION

In this study, bifacial PV panel applications under different ground conditions were compared with
monofacial PV panels in Konya region. Although there are many studies on modeling photovoltaic
systems, studies modeling the comparison of monofacial and bifacial PV panels are very limited. Solar
radiation reflected on the panels, energy production of the system, and the performance rates are
presented.

e The annual total radiation value for the region is calculated as 1754.7 kWh/m?2. It is seen that the

594.3 kWh/m? of the total radiation is the diffuse radiation.

¢ The Bifacial system on white ground is the best choice compared to the sand and asphalt ground

conditions with an 80% albedo effect.

e The yearly total energy production is 121.7 MWh for bifacial PV panels on the white ground and

102.5 MWh for monofacial PV panels.

e The energy transferred to the grid is 105.7 MWh for the white ground, while it is 91.2 MWh for

the monofacial PV panel.

e The annual energy transferred to the grid by the Bifacial PV system installed on the white ground

is 15.9% higher than the monofacial PV systems.
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The performance of the models used in the PVsyst program can be compared by conducting the
current study experimentally and comparing the results with the simulations. In addition, a techno-
economic analysis can be done in future studies. In this study, the panel heights were assumed to be
constant. The effect of the height of the PV panels on the efficiency can also be examined. The effects of
the azimuth angle, another parameter, can also be evaluated. In addition, by modeling other variables
with an optimization algorithm, optimum installation conditions can be determined in different regions
and conditions. The study can also be repeated for different provinces, and the results can be compared
in different coordinates.

REFERENCES

Abagy, A., Emeara, M., AbdelGawad, A. 2021. "Orientation-Optimization Simulation for Solar
Photovoltaic Plant of Cairo International Airport" The Egyptian International Journal of Engineering
Sciences and Technology, 33, 45-68.

Akcan, E. Kuncan. M., Minaz. M. R. 2020, “PVsyst yazilim1 ile 30 kW sebekeye bagli fotovoltaik sistemin
modellenmesi ve simiilasyonu”, Avrupa Bilim ve Teknoloji Dergisi, (18), 248-261.

Aksoy, M. H., 2011, “Gtines ve riizgar enerjisi ile calisan su pompalama sisteminin deneysel incelenmesi”,
The Graduate School of Natural and Applied Science of Selguk University The Master's thesis
In mechanical Engineering.

Allouhi, A., Buker, M. S., El-Houari, H., Boharb, A., Amine, M. B., Kousksou, T., Jamil, A. 2019, "PV water
pumping systems for domestic uses in remote areas: Sizing process, simulation and economic
evaluation" Renewable Energy, 132, 798-812.

Anonymous, 2022a, Solar resource map Solargis. Solar resource maps of Europe. Available: https://
solargis.com [20.06.2022].

Anonymous, 2022b, Available: http://climatechange.boun.edu.tr/albedo-nedir/ [20.06.2022].

Anonymous, 2022c,Tiirkiye Gilines Enerjisi Potansiyeli Haritasi. https:// www.enerjiatlasi.com/gunes-
enerjisiharitasi/turkiye. Available: 2021-03-28

Anonymous, 2022d, Available: https://www.pv-magazine.com/2020/06/11/french-bifacial-standards-
measure-up/

Asgharzadeh, A., Marion, B., Deline, C., Hansen, C., Stein, J. S., & Toor, F. 2018, "A sensitivity study of the
impact of installation parameters and system configuration on the performance of bifacial PV
arrays", IEEE Journal of Photovoltaics, 8(3), 798-805.

Bil¢ik, M., Bozikova, M., Kotoulek, P., Kisev, M., Csillag, J., Petrovi¢, A. 2020, "Comparison of the annual
power balance of photovoltaic modules" Journal on Processing and Energy in Agriculture, 24(1), 18-
21.

Bolat, M., Arifoglu, U., Demiryiirek, H. K. 2020, “Lebit enerji giines santralinin PVsyst programu ile
analizi” Bitlis Eren Universitesi Fen Bilimleri Dergisi, 9(3), 1351-1363.

Biikiin, N., 2017, “Siirt yoresi igin tek eksenli giines takip sistemli giines panellerinin enerji verimliliginin
incelenmesi” Master's thesis, Graduate School of Natural and Applied Sciences.

Bulut N., Kuncan M., Horoz S., “Tiirkiye’de giines enerjisinin kullanim alanlar1 ve Siirt giines enerji
potansiyeli” Ahtamara 1st International Multidisciplinary Studies Congress Proceedings Book,
Gevas, Van-Tiirkiye, 2018.

Cetinkaya, N., 2017, “Improving of renewable energy support policy and a performance analysis of a grid-
connected 1 MWP PV power plant in Konya” Selcuk Universitesi Miihendislik, Bilim ve Teknoloji
Dergisi, 5(3), 251-261.

Chabane, F., Moummi, N., & Brima, A. 2021, "A New Approach to Estimate the Distribution of Solar
Radiation Using Linke Turbidity Factor and Tilt Angle" Iranian Journal of Science and Technology,
Transactions of Mechanical Engineering, 45(2), 523-534.

Chen, M., Zhang, W., Xie, L., He, B, Wang, W., Li, J., Li, Z.,, 2021, "Improvement of the electricity
performance of bifacial PV module applied on the building envelope", Energy and
Buildings, 238, 110849.


http://climatechange.boun.edu.tr/albedo-nedir/

718 M. H. AKSOY, M. K. CALIK

Ciftci, S., Solak, M., Kuncan, M., 2020, "Powered by the sun: designing and analyzing technical and
economic aspects of a school sustained by photovoltaics" Journal of Mechatronics and Artificial
Intelligence in Engineering, 1(1), 21-32.

Cikla, R. ,2020, “Samsun ilinde kurulu sebekeye bagli bir gilines enerji santralinin performansina
golgelenme etkisinin incelenmesi” Master's thesis, Graduate School of Natural and Applied
Sciences.

Cmaroglu. M. S., 2021, “Sebekeye Bagh Uc Adet Fotovoltaik Enerji Santralinin PVsyst Programi ile Analizi;
Kilis Ornegi” El-Cezeri, 8 (2), 675-687.

Dagtekin, M., 2012, “Etlik Pili¢ Kiimeslerinin Serinletilmesinde Giines Enerjisi Kullaniminin Tekno-
Ekonomik Analizi” Cukurova Universitesi Ziraat Fakiiltesi Dergisi, 27(2), 11-20.

El-houari, H., Allouhi, A., Buker, M. S., Kousksou, T., Jamil, A., El Amrani, B. 2021, "Off-Grid PV-Based
Hybrid Renewable Energy Systems for Electricity Generation in Remote Areas" In Advanced
Technologies for Solar Photovoltaics Energy Systems pp. 483-513, Springer, Cham.

Eremkere, M. Aktas. T. 2020, “Tekirdag Bagcilik Arastirma Enstitiisii Uziim Suyu Isleme Tesis Catisina
Uygulanabilecek Fotovoltaik Tasarimlarin Teknik. Ekonomik ve Cevresel A¢ilardan Analizi” El-
Cezeri, 7 (1) 275-294 .

Giiven, A. F. Mete, M. 2021, “Balikesir li Erdek Ilgesi icin Bagimsiz Hibrit Enerji Sisteminin Fizibilite
Calismasi Ve Ekonomik Analizi” Konya Miihendislik Bilimleri Dergisi , 9 (4) , 1063-1076 .

Haon, P., Oztiirk, A., Hajun, P., Khan, M. U., 2019, “Utilization of robotics for solar panel cleaning and
maintenance” Konya Miihendislik Bilimleri Dergisi, 7(4), 768-775.

Jinkosolar, 2022, available: https://www jinkosolar.com/uploads/5f0ed852/Swan%20Brochure.pdf
[20.12.2021].

Kaya, M. N., Aksoy, M. H., Kose, F., 2017, "Renewable energy in Turkey: potential, current status and
future aspects" Annals of the Faculty of Engineering Hunedoara, 15(1), 65.

Kose, F., Aksoy, M. H., Ozgoren, M., 2019, "Experimental investigation of solar/wind hybrid system for
irrigation in Konya, Turkey" Thermal Science, 23(6 Part B), 4129-4139.

Lopez-Garcia, J., Casado, A., Sample, T., 2019, "Electrical performance of bifacial silicon PV modules under
different indoor mounting configurations affecting the rear reflected irradiance” Solar
Energy, 177, 471-482.

Mamizadeh, S., Aslan, Z. 2019, “Yapay sinir aglari ile yiizey sicaklik ve albedo modellemesi” AURUM
Journal of Engineering Systems and Architecture, 3(2), 227-241.

PVsyst, 2020. https://www.pvsyst.com/help/:

Sadikoglu, F. 2018, “1 MWp sebekeye bagli giines enerjisi santrali performans analizi” Doctoral Thesis,

Necmettin Erbakan University Graduate School of Natural and Applied Sciences, Department
of Energy Engineering.

Sancar, M. R., Altinkaynak, M. 2021, “Isparta ili 1gin Farkli Cat1 Tiplerinde Tasarlanan Fotovoltaik
Sistemlerin Karsilastirilmas1” Avrupa Bilim ve Teknoloji Dergisi, (32), 1024-1028.

Solmaz, O., Ozgoren, M., Aksoy, M. H. 2014, "Hourly cooling load prediction of a vehicle in the southern
region of Turkey by Artificial Neural Network" Energy Conversion and Management, 82, 177-187.

Vekil, S., Ozyigit, F. Y. 2020, “Sivas ilinin farkl ilgelerinde sebeke baglantili giines enerji santrallerinin
tasarimi ve analizi” Avrupa Bilim ve Teknoloji Dergisi, (20), 425-437.

Wang, L., Liu, F,, Yu, S., Quan, P., Zhang, Z., 2019, "The Study on Micromismatch Losses of the Bifacial
PV Modules Due to the Irradiance Nonuniformity on Its Backside Surface" IEEE Journal of
Photovoltaics, 10(1), 135-143.

Yaniktepe, B., Kara, O., Ozalp, C., 2017, "The global solar radiation estimation and analysis of solar energy:
case study for Osmaniye, Turkey" International Journal of Green Energy, 14(9), 765-773.

Yilmaz, M., Kayabasi, E., Akbaba, M. 2019, “Determination of the effects of operating conditions on the
output power of the inverter and the power quality using an artificial neural
network” Engineering Science and Technology, an International Journal, 22(4), 1068-1076.


https://www.jinkosolar.com/uploads/5f0ed852/Swan%20Brochure.pdf

Konya Miihendislik Bilimleri Dergisi, c. 10, s. 3, 719-731, 2022
Konya Journal of Engineering Sciences, v. 10, n. 3, 719-731, 2022
ISSN: 2667-8055 (Elektronik)

DOI: 10.36306/konjes.1107037

KAVITE CIKIS KENARININ GURULTU SEVIYESINE ETKiSININ ARASTIRILMASI

1Sercan YAGMUR ", 2Sercan DOGAN

Konya Teknik Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Makine Miihendisligi Boliimii, Konya,
TURKIYE
Tsyagmur@ktun.edu.tr, 2 sercandogan@ktun.edu.tr

Gelis/Received: 21.04.2022; Kabul/Accepted in Revised Form: 27.07.2022

OZ: Calismada, dikdortgen kesitli kavite icinde akan akis nedeniyle olusan giiriiltii seviyesi ve kavite
etrafindaki akis yapilar1 sayisal olarak incelenmistir. Arastirma bulgularina gore kavite kesitinde
degisiklikler yapilarak giiriiltii seviyesinin azaltilmasi amaglanmistir. Oncelikle, dikdortgen kesitli kavite
uygulamasi icin sayisal analizler yapilarak elde edilen akis yapisi sonuglar literatiirdeki calismalarla
dogrulanmustir. Daha sonra, en yiiksek giiriiltii seviyesinin olustugu kavite ¢ikis kenari igin r/h=0.1, 0.2,
0.5, 0.75 ve 1.0 cap oranlarinda bes farkli geometri tasarlanmistir ve bu geometriler i¢in sonuglar:
dogrulanan SST k-w tiirbiillans modeli ile 10-35 m/s hiz aralifinda sayisal analizler yapilmigtir.
Dikdortgen kesitli ve ¢ikis kenar1 bes farkli ¢ap orami ile tasarlanmis kavite akis sonuglar1 gorsel ve
sayisal veriler halinde sunulmustur. Elde edilen sonuglara gore ozellikle artan ¢ap orami ile giiriiltii
seviyesinde azalma tespit edilmistir. Artan ¢ap oraniyla tiim hizlar igin giiriiltii seviyelerinde en ytiiksek
%26 en diisiik %15 oraninda azalmalar gozlemlenmistir. Calisma sonuglari, uygulamada kullanilan
kavite geometrilerinin tasarimina bagl olarak giiriiltii seviyesinin azaltilmasinda arastirmacilar icin yol
gosterici nitelikte olacaktir.

Anahtar Kelimeler: Desibel, Giiriiltii Seviyesi, HAD, Kavite, SST k-w
Investigation of the Effect of Cavity Trailing Edge on Noise Level

ABSTRACT: In this study, the noise level caused by the fluid flow in the rectangular cavity and the flow
structures around the cavity were numerically investigated. According to the findings, it aims to reduce
the noise level by making changes in the cavity section. First, the results of the flow structure obtained by
performing numerical analysis for the rectangular-section cavity application were validated by the
studies in the literature. Then, five different geometries with diameter ratios of r/h=0.1, 0.2, 0.5, 0.75 and
1.0 were designed for the trailing edge of the cavity where the highest noise level occurs and for these
geometries, numerical analyzes were done with the SST k-w turbulence model, the results of which were
validated, at the range of 10-35 m/s uniform velocity. Cavity flow results designed with rectangular
cross-section and five different diameter ratios on the trailing edge are presented as contours and
numerical data. According to the results obtained, a decrease in the noise level was determined,
especially with the increasing diameter ratio. With an increase in diameter ratio, noise levels decreased in
the range of 15%-26% for all cases. The results are recommendations for researchers in reducing the noise
level depending on the design of the cavity geometries used in practice.

Keywords: Cavity, CFD, Decibel, Noise Level, SST k-w
GIRIS INTRODUCTION)
Kat1 yiizeyler {izerindeki bosluk veya oyuklar iizerinden gegen akis olarak tanimlanan kavite

akislari, son yillarda bir¢ok arastirmaci tarafindan incelenen akiskanlar mekaniginin temel
konularindandir. Kavite geometrisi kiit bir tasarimda olmasi nedeniyle etrafinda karmasik bir akis
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yapisi olusmaktadir. Bu durum, basing, hiz, yogunluk ve ses seviyelerinde degisimlere neden
olabilmektedir. Ugak inis takimlari, denizalt1 araclar, trenlerdeki koriik baglantilari, otomobillerde agilan
cam ve tavan uygulamalar1 gibi gesitli aerodinamik ve hidrodinamik yiizeylerde kasitli veya tesadiifi
olarak kaviteler ile siklikla karsilasilabilir. Bu tiir kavite yiizeyleri kompleks akis yapisina bagl olarak
yiiksek siirtiinme kuvveti, giiriiltii ve titresime neden olmaktadir (Ozsoy ve Aslan, 2011).

Mach sayis1 (Ma) ve Reynolds sayis1 (Re) gibi parametreler kavite geometrisi (h/L) {izerinden ayrilan
akisin yapisini onemli Olclide etkilemektedir. Kavite icerisindeki kararsiz akis yapisi nedeniyle kavite
giris kenarindan kopan girdaplar, kavite ¢ikis kenarina carparak giiclii akustik dalgalanmalara sebep
olmaktadir (Rockwell ve Naudascher, 1978). Bu nedenle karmasik akis yapisinin zamana bagh
degisiminden kaynaklanan rahatsiz edici giiriiltiiniin, &zellikle giiriiltii olusturan yiizey {izerinde
yapilan degisiklikler ile sonlandirilmasi onemli arastirma alanlarindan biri olmustur. Literatiirdeki
calismalarin bir¢ogu sonik ve siipersonik hiz seviyelerinde yapilmistir. Buna karsin diisiik Ma sayisinda
sikistirllamaz akis yapist ic¢in yapilan calismalar oldukg¢a simirhidir. Krishnamurthy (1955), kavite
derinliginin sabit oldugu Ma sayisinun 0.2-1.5 araliginda farkhi kavite uzunluklarinda yapmis oldugu
deneylerde; kaviteye bagli olarak meydana gelen akustik basing dalgalanmalarinin, smir tabaka
bolgesindeki akis yapisina (laminer veya tiirbiilansh), kavite boyutlarina ve Ma sayisina bagli oldugunu
belirtmistir. Ayrica, akustik dalgalanma siddetinin laminer akis sartlarinda tiirbiilansh duruma gore
daha yiiksek ¢iktig1 ve bu durumun Ma sayisinin artisina da bagli oldugunu belirtmistir. Chen ve dig.
(2014) yapmus olduklar1 deneysel ¢alismada, Re sayisinin sabit derinlik boy oranina sahip dikdortgen
kavitedeki akis yapisina etkisini Parcacik Goriintiilemeli Hiz Olgme (PIV) yéntemiyle incelemislerdir.
Kavite bolgesindeki akis yapisi iizerinde Re sayisi degisiminin etkili oldugunu ve artmas: ile Re
gerilmelerinin arttigini belirlemislerdir.

Sciacchitano ve dig. (2021) uzunluk derinlik oraninin 8.4 oldugu kavite akisi Re=6.3-19x10°
araliginda PIV yontemi ile incelemistir. Ayrica, standart ve SST k-w tiirbiilans modelini kullandiklari
sayisal analiz sonuglar: ile kiyaslamislardir. Hem deneysel hem de sayisal analiz sonuglarinda giris ve
cikis kenarina yakin bdlgelerde ikincil girdap bilesenlerinin olustugu goriilmiistiir. Cikis kenar:
bolgesinde ise tiirbiilans kinetik enerji degerinin arttig1 belirlenmistir. Ayrica deneysel sonugclar ile
kiyaslandiginda, SST k-w tiirbiilans modeli sonuglarinin standart k-w sonuglarina gore daha uyumlu
oldugunu belirtmistirler. Noger ve dig. (2000) hizli trenlerin {istiinde yer alan elektrik direklerinin
yerlestirildigi dikdortgen kesitli kavite bolgesinin aerodinamik ve akustik 6zelliklerini deneysel olarak
incelemislerdir ve kavite ¢ikis bolgesinin biiyiik bir giiriiltii kaynagi oldugunu belirlemislerdir. Akis
hizinin arttikga ses siddetinin arttigini ve yiiksek ses siddetinin daha yiiksek frekanslarda gerceklestigini
belirlemislerdir. Ayrica kavite 6n kenarindan gelen kayma tabakasi ile kavite igerisindeki etkilesim
nedeniyle kavite asag1 akis bolgesinde daha yiiksek tiirbiilans yogunlugu tespit etmislerdir.

Literatlirde yapilan ¢alismalarda, akustik probleminin iistesinden gelmek icin en siklikla kullanilan
yontemler genellikle pasif akis kontrol yontemleridir. Bu yontem ile kavite akis 6n duvarinda ve arka
duvarinda yapilan geometrik degisiklikler ile akustik, basing ve titresim kaynakli durumlar kontrol
edilmektedir. Zhang ve dig. (1998) Hesaplamali Akiskanlar Dinamigi (HAD) yontemi kullanarak
yaptiklar: analizde; dikdortgen kesitli kavite geometrisinin ¢ikis kenar1 dairesel yuvarlatilarak ve farkl
acilarda egim verilerek akis karakteristigi tizerindeki etkisini Ma=1.5 durumu i¢in incelemislerdir. Cikis
kenar geometrisi {izerindeki dairesel ve egimli geometrik modifikasyonun salimimi ve yiiksek basing
kaynakli siiritklenmeyi azalttigini belirlemiglerdir. Ayrica, dikdortgen kesite kiyasla ses basing
seviyesinin egimli yiizeyde (SPL) 11.6 dB, dairesel kesitlide ise 6.3 dB diistiigiinii hesaplamislardir.
Vikramaditya ve Kurian (2009), siipersonik hizlarda kavite ¢ikis duvar modifikasyonunun ses basing
seviyesine ve akig karakteristigine etkisini deneysel olarak incelemiglerdir. Egim acismin 45° oldugu
durumda kavite igerisindeki ses basing seviyesini diisiirdiigiinii tespit etmiglerdir. Ancak, egimin 15° ve
30° oldugu durumda ses basing seviyesini arttirdigini belirlemiglerdir. Wang ve dig. (2012),
basitlestirilmis bir kavite modeline sahip bir otomobil acilir tavanindan gelen akustik siddetini HAD
kullanarak aragtirmiglardir. Ayrica, riizgar tiinelinde yaptiklar1 deney sonuglari ile HAD sonuglarini
karsilastirmislardir. Acilir tavanda meydana gelen carpma sesinin; akis ayrilmasinin periyodikligi,
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kavite 6n kenarindan olusan girdap kopmasi ve kavitenin arka kenarindaki girdap ¢arpmasi nedeniyle
olustugunu belirtmislerdir. Deneysel ve sayisal sonuglara gore; akis hizi yeterince yiiksek oldugunda
kavite 6n duvarina yerlestirilen bir saptiricinin ¢arpma giiriiltiistinii azaltmadigini tespit etmislerdir.
Ancak, bosluk kademeli bir saptirica kullamildiginda nispeten yiiksek akis hizlarinda carpma
giirtiltiisiiniin etkili bir sekilde kontrol edilmesini saglamiglardir. Zhang ve dig. (1999), Ma sayis1 1.5 ve
2.5 durumlarn icin kavite giris kenarinda dairesel rampa ve egim geometrisinin ses basing seviyesine
etkisini sayisal olarak incelemislerdir. Kavite giris kenar1 geometrisinin dairesel rampa oldugu
durumda, Ma= 2.5'te kavite duvarindaki ses basing seviyesini (SPL) azalttigini gormiislerdir. Ancak,
Ma=1.5'te SPL'deki degisimin ihmal edilebilir oldugunu belirlemislerdir. Giris kenarinin dairesel egimli
oldugu durumda ise kavite duvarindaki ses basing seviyesi her iki Mach sayisinda da azalmustir.
Malhotra ve Vaidyanathan (2016), kavite ¢ikis kenarini, girisi kenarina oranla %10 kisaltarak basing
dalgalanmas1 ve akustik seviyesine etkisini deneysel olarak incelemislerdir. Temel referans duruma
kiyasla, kisa kenarli geometrinin Rossiter modlar1 arasinda basing salinimlarinin tonal bilesenlerinde bir
azalmaya yol actigini belirlemislerdir. Mancini ve dig. (2019), dikdortgen kesitli kavite akis igerisinde
¢ikis duvar modifikasyonlarinin basing salinimlari tizerindeki etkilerini Ma=0.85 ve 1.35'te HAD yontemi
ile incelemislerdir. Cikis duvar rampa agist egiminin, kavite igindeki basing salinimlarini bastirmada
etkili oldugu ve 6zellikle 45° duvar agilarinda 15 dB kadar diistiigti goriiliirken, 15° egimde kayda deger
bir etkinin goriilmedigini belirtmislerdir. Kim ve dig. (2020) Ma=0.25"te yaptiklar1 analizlerde, kavite
giris ve cikis kenarlarina es zamanli dairesel ve dik egim vererek akis karakteristigi ve akustik etkileri
agisindan incelemislerdir. Kavite giris ve ¢ikis agzindaki geometri, dairesel kesitli oldugu durumda
tiirbiilans siddetinin azaldigini tespit etmigslerdir. Ayrica, giiriiltii seviyesinde yaklagsik %20 azalma
oldugunu belirlemislerdir.

Aragtirmacilar tarafindan kavite akis kontroliinde kullanilan yaygin pasif yontemler arasinda
riizgarliklar, girdap olusturucular, 6n ve arka duvar geometrisi degisiklikleri yer almaktadir. Akis
fizigini anlamak i¢in halen cesitli deneysel ve sayisal ¢alismalar yiiriitiilmektedir. Mevcut ¢alismamizda,
kavite c¢ikis kenarina 0.1-1.0 araliginda dairesel egim verilerek olusturulan bes farkli geometrik
modifikasyonun ve kavite serbest akim giris hizinin giiriiltii ve akis karakteristigine etkisi SST k-w
tirbtilans modeli kullanilarak incelenmistir.

MATERYAL VE YONTEM (MATERIAL AND METHOD)
Saylsal Modelleme (Numerical Method)

Sayisal analizler, Sekil 1’de gosterilen Ozsoy ve dig. (2005) tarafindan yapilan deneysel galismanin
referans test boliimiinii temsil eden iki boyutlu bir geometri tizerinde Reynolds ortalamali Navier-Stokes
(RANS) denkleminin ¢oziilmesine dayanmaktadir. Analizler, ticari bir yazilim olan ANSYS-Fluent
programi kullanilarak gergeklestirilmistir. Kavite tizerindeki akisin kararli, sikistirilamaz ve tiirbiilansh
oldugu kabul edilmistir. Akis ¢oziimii i¢in kullanilan kiitlenin korunumu ve momentum denklemleri
asagidaki gibi verilmistir.

Kiitlenin korunumu;

9 B 1)
O_xi (u;) =0
Momentum denklemi;
1dp d du;
.( ) = ;a*a(“*”f)a_xi) ®

Tirbiilansh akis yapisini modellemek icin farkli uygulamalarda da kullanilan en yaygin tiirbiilans
modellerinden biri olan Shear-Stress Transport (SST) k-w kullanilmistir. Menter (1994) calismasinda SST
k-w tiirbiilans modelinin, girdap-viskozite formiilasyonuna tasima etkilerinin dahil edilmesiyle akig
ayrilmasini ve ters basing gradyenlerini iyi bir sekilde modelleyecegini belirtmistir. SST k-w tiirbiilans
modeli, sinir tabaka bolgesinde k-cw modelini, serbest kayma bolgesinde k-¢ modelinin bir fonksiyonunu
kulland1g: hibrit bir modeldir. SST k-w tiirbiilans modeli i¢in tasinim denklemleri;
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d(pk) N d(puk)
ot 6xi
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5t ax, TP Bpw o, | T k) 5 ( 1)

Burada; p akiskanin yogunlugunu, xi ve xj konumu, u;; xi konumundaki hiz bilesenini, k tiirbiilans
kinetik enerji terimini, w tlirbiilans yaymim oranini, § ve o; denklem sabitini, F1 karisim fonksiyonunu, p:
tiirbiilans viskozitesini, S gerinim hizinin 6l¢iisiinii ve Pk {iretim terimini ifade etmektedir.

Akista meydana gelen akustik degisimler ise Navier-Stokes denklemlerinin ¢dziilmesiyle tamamen
karakterize edilebilir. Ancak, akiskanin akustik enerjisi dinamik enerjisinden ve akustik basing
degisimleri dinamik basing degisimlerinden ¢ok daha kiiciiktiir. Bu nedenle, temel akis dinamigi ve
akustigin zaman Olgekleri birbiriyle uyumlu degildir. Bu nedenle zaman bagimli analizlerin yapildig:
endiistriyel uygulamalardaki akustik problemlerin ¢oziimii oldukca zor olmaktadir (Mohamud ve
Johnson, 2006). Literatiirde yapilan ¢alismalar neticesinde {iiretilen sesin belirgin bir tonu olmadig kabul
edildiginde, kararli durum RANS ¢oziimiinden elde edilen tiirbiilans siddetleri, genis bant kaynak
giiriiltiistiniin (Broadband Noise Sources, BNS) oOl¢iisiinii saglamak igin yar1 deneysel korelasyonlarla
birlikte kullanilabilir. BNS oldukga pratik akustik tasarim modeli olmasina ragmen, alict konumlarinda
herhangi bir ton giiriiltii bilgisi veya giiriiltii spektrumu saglamamasi en biiyiik dezavantajlarindandir.
Bunun yerine, kaynaktan yayilan giiriiltiiniin sadece yaklasik bir 6l¢iistinii hesaplamaktadir (Horvath ve
Vad, 2009). ANSYS-Fluent modelinde birden fazla BNS modeli bulunmaktadir. Calisma kapsaminda
kullanulan Proudman'in modeli, Lighthill'in Navier-Stokes denklemlerine dayanan akustik teorisinden
tliretilmistir (Proudman, 1952). Proudman'in modeli esas olarak tiirbiilansh giiriiltii olarak da bilinen
akis ayrilmalarindan ve tiirbiilansli siur tabakast icindeki tiirbiilans calkantilarindan
kaynaklanmaktadir (Zhang ve dig., 2014). Birim hacim basina akustik gii¢ i¢cin Proudman tarafindan
asagidaki analitik ifade tiiretilmistir:

p ud\ u®
A = CPo ] a(5, ®)

Denklemde, ¢ Proudman tarafindan bulunan model sabitini, p, yogunlugu, a, ses hizin, [ tiirbiilans
uzunluk Olgegini ve u tiirbiilans hizini ifade etmektedir. Akustik gii¢ Lr ise desibel (dB) cinsinden
asagidaki denklem ile hesaplanmaktadir.

P
Lp = 10109( 4

B ref) (6)
Analizlerde referans akustik gii¢, P.; = 10~"*I¥ olarak alinmistir (ANSYS, 2009).
Akis Hacmi ve Sinir Sartlar1 (Flow Domain and Boundary Conditions)

Sayisal analizler igin olusturulan iki boyutlu akis hacmi Sekil 1'de gosterilmistir. Ozsoy ve dig.
(2005) tarafindan yapilan deneysel ¢alismanin geometrik oOlgiileri dikkate alinarak, kavite derinligi h=20
mm, kavite uzunlugu ise L= 4h olarak belirlenmistir. Kanal giris ile kavite giris kenar1 arasindaki
uzunluk 3h, kavite ¢ikis kenar1 ile kanal ¢ikisi arasindaki mesafe ise 15h uzunlugundadir. Kanal giris
yiiksekligi ise giristen ¢ikisa kadar sabit ve 5h yiiksekligindedir.

Dikdortgen kavite geometrisi referans model olarak alinmustir. Dikdortgen geometriye ek kavite
derinligi sabit tutularak, Sekil 1’de detay: goriilen kavite ¢ikis kenar1 1/h=0.1 ile 1.0 arasinda degisen bir r
yarigapi ile yuvarlatilmistir.
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5h Ak

3h L=4h 15h
Sekil 1. Akis hacmi ve sinir sartlari

Figure 1. Computational flow domain and boundary condition.

Iki boyutlu ¢6ziim alaninda kavite taban yiizeyine ve {ist duvarina kaymama sinir kosulu (no-slip)
tanimlanirken, cikis sinirinda basing ¢ikist siir sarti tanimlanmistir. Akis alaninin akis girisinde ise
tUniform hiz girisi simir sarti tamimlanmistir. Yapilan analizlerde model dogrulamas: igin Ren = 4x103
degerinde analizler yapilmistir. Daha sonra, her bir geometrik konfigiirasyon icin serbest akisin U~= 10-
35 m/s hizlar i¢in kavite derinligine bagh olarak Reynolds sayilari Ren=1.33-4.66 x 10* araliginda
degistirilmistir. Coziimde basing-hiz eslemesinde COUPLED algoritmast kullanilmistir. Basing ve
momentum denklemlerinin ayriklastirilmasinda ikinci mertebeden sonlu farklar semas: kullanilmistir.
Tiim akis alan1 degiskenleri i¢in 106 mertebesine kadar yakinsama saglanmistir.

Akis hacmi icin ANSYS-Meshing modiiliinde blok tipi yapisal ag Sekil 2°deki gibi olusturulmustur.
Kavite bolgesine yaklastikca kademe kademe hiicre boyutlart kiigiiltiilmiistiir ve yiiksek hiz
gradyenlerinin beklendigi kavite bdlgesi yakininda yogunlastirilmistir. Ayrica kanal zemin duvari
boyunca basing degisimlerinin dogru ¢oziimlenebilmesi igin ag yapisi, y+ degerinin tiim duvarlarda
1'den kiiciik olmasini saglayacak sekilde siklastirilmistir. Akis hacmi boyunca kanal taban duvarinda
0.005 mm baslangic yiiksekliginde 1.05 artirma oranina sahip 80 katmanli smir tabaka ag yapisi
olusturulmustur. Ag yapisindan bagimsiz ¢oziimler elde edebilmek igin farkli olgeklendirmeler ile
eleman boyutlar1 ve buna bagh olarak sayilar1 degistirilerek denemeler yapilmistir. Yapilan nihai
Olceklendirmeler ile olusturulan ag yapilarindan bagimsiz ¢oziimlerin saglandig1 yaklasik 251,473
elemandan olusan ag yapist kullanilmistir. Farkli geometrik modifikasyonlar igin de aymu olgekler
kullanmilmustir. Yarigapin artmasiyla birlikte akig alaninin artmasindan dolay:r eleman sayisinda da bir
miktar artis olmustur.

y/h

172 4 5 6

3
x/h
Sekil 2. Kavite bolgesi icin ag yapisi.

Figure 2. Computational grid system for the cavity model.
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Sayisal Analizlerin Dogrulanmasi (Validation of Numerical Analysis)

Mevcut calisma kapsaminda kullanilan yontemin dogrulanmasi igin referans alman dikdortgen
kesitli kavite akis alanina ait sonuglar Ren=4x10° degeri i¢in, Ozsoy ve dig. (2005) tarafindan PIV yontemi
ile yapilan deneysel akis karakteristiginin incelendigi sonuclarla ve Ozsoy (2010) tarafindan LES
tiirbiilans modeli kullanilarak yapilan analiz sonuglariyla karsilastirilmistir.

Sekil 3’te kavite bolgesindeki ortalama bileske hiz ve akim ¢izgileri karsilastirilmistir. Bileske hiz
degerleri serbest akis hizi ile boyutsuzlastirilmistir. Kavite boyunca ilerledik¢e kayma tabakasinin kavite
¢ikis kenarma dogru genisledigi goriilmektedir. Boylece, akis kavite ¢ikis kenarma carparak kavite
icerisinde saat yoniinde donen baskin bir girdap bolgesine sebep olmaktadir. Kavite giris kenarinda ise
saat yoniinde donen baskin girdabin altinda nispeten daha kiigiik saat yoniinde bir girdap olusmustur.
Birbirine gore ters donen bu girdaplarin boyutlar1 ve konumlari, kavite geometrisine ve akis kosullarina
baghdir. Mevcut calisma kapsaminda yapilan analiz sonucunda elde edilen, kavite igerisindeki
girdaplarin konumu, biiytikliikleri ve yayilimi referans almman hem deneysel hem de LES analiz
sonuglari ile nitelik olarak benzerlik gostermektedir. Saat yoniinde donen baskin olan girdabin merkezi,
deneysel sonuglarda yaklasik x/h=3.3 ve y/h=0.5"te olusurken, LES sonuglarinda x/h=3.2 ve y/h=0.5"te
olusmustur. SST k-w tiirbiilans modelinin kullanildifi mevcut analiz sonucunda ise x/h=3.18 ve
y/h=0.5"te tespit edilmistir. Yine aym sekilde kavite giris kenarinda saat yoniiniin tersine dénen ikincil
girdabin merkezi ise deneysel sonuglarda yaklasik x/h=1.7 ve y/h=0.3"te olusurken, LES sonuglarinda
x/h=2.0 ve y/h=0.35"te olusmustur. SST k-w modeli ile elde edilen sonuglarda ise x/h=1.65 ve y/h=0.3"te
belirlenmistir.

[ T
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Sekil 3. Rer=4x10? i¢in ortalama bileske hiz konturlar1 ve akim ¢izgilerinin karsilastirilmasi.
Figure 3. Comparison of mean velocity magnitude contours and streamlines at Ren=4x103.

2 3 4 5

Sekil 4’ te ise akis yoniindeki ortalama hiz bileseni ve 4 farkl: istasyondaki ¢izgisel hiz dagiliminin
karsilastirilmas: verilmistir. Hem literatiirde yapilan c¢alismalarda hem de mevcut analiz sonuglarinda
kayma tabakasi boyunca hiz profilindeki degisim belirgin bir sekilde goriilmektedir. Kayma tabakasi
boyunca kavite ¢ikis kenarina ¢arpan akis donerek geriye dogru yonelmektedir ve daha sonra kavite
giris kenarina hareket ederek tekrar kayma tabakasmna karismaktadir. Cizgisel hiz dagiliminda da
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goriildiigii tizere, her {i¢ sonugta da ters akislar en yiiksek degerine kavite tabanina yakin bolgede
yaklasik x/h=3.4 ve y/h=0.15"te ulasmuistir.

Kavite bolgesindeki hiz bilesenlerine ait sonuglar karsilastirildiginda kararli durum igin yapilan
mevcut analiz sonuclarimin hem deney sonuglari ile hem de kararsiz ¢oziimiin zaman ortalamali
sonuglar1 ile nicelik ve nitelik agisindan iyi bir uyum iginde oldugu goriilmektedir. Elde dilen
sonuglardaki farklar ise iiglincii boyuttaki akis bileseninden ve SST k-w tiirbiillans modelinin akis
yapisini dogrudan ¢dzmek yerine modellemesinden kaynaklanmaktadir. Ancak elde edilen sonuclar
hizli miithendislik sonuglar1 igin kabul edilebilir seviyededir. Bu nedenle referans alinan dikddrtgen
kesitli kavite geometrisi i¢in kullanilan yontem hem farkli Re sayilar1 i¢cin hem de kavite ¢ikis kenarinda
yapilan geometrik konfigiirasyonlar i¢in kullanilmistir.
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Sekil 4. Ren=4x10° icin akis yoniindeki hiz bileseni konturlar1 ve ¢izgisel hiz profilinin karsilastirilmasi.
Figure 4. Comparison of mean streamwise velocity contours and velocity profile at Ren=4x10.

BULGULAR (FINDINGS)

Sayisal calismalar, dik kenarli ve ¢ikis kenarinin bes farkli ¢ap orari icin tasarlandig: kavite akisi i¢in
oOzellikle gercek simir sartlarina karsilik gelen 10-35 m/s hizlar arasinda yapilmistir. Hava akisinin alti
farkl: tasarim igin sergiledigi akis yapilarina ait gorsel ve sayisal sonuglar sunulmustur. Ortalama bileske
hiz konturlan (||U]|/Us), akim cizgisi modelleri, tiirbiilans kinetik enerji (TKE) ve giiriiltii seviyesi
konturlaria (dB) ait gorsel sonuglar en diisiik ve en yiiksek Reynolds sayilar: igin Sekil 6, 7 ve 8'de
verilmigtir. Ayrica, farkli ¢ap oranlar1 ve Reynolds sayisina gore ¢ikis kenarindaki en yiiksek guriiltii
seviyesinin tespit edildigi degerler Cizelge 1’ de karsilastirilmigtir ve ayni zamanda Sekil 5'te grafiksel
olarak sunulmustur.



726 S. YAGMUR, S. DOGAN

Cizelge 1. Farkli hiz degerleri ve cap oranlari i¢in en yiiksek giiriiltii degerlerinin karsilastirilmast.
Table 1. Comparison of the highest noise values for different velocity values and r/h ratios.

r/h=0  r/h=0.1 r/h=0.2 1/h=0.5 1/h=0.75 1/h=1.0

3m/s 11.017 5445  3.102 0.004 O 0

10m/s 54358 48.711 45.804 42354 41.047  40.367

15m/s 68.557 62.846 59.899 56.367 55.082  54.398

20m/s 78589 72.828 69.853 66.289 65.016  64.334

25m/s 86.329 80.546 77.561 73974 72713  72.036

30m/s 92.654 86.844 83.835 80.254 79.013  78.330

35m/s 97.994 92169 89.139 85577 84324  83.653
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Sekil 5. Farkli akis hiz1 i¢in kavite ¢ikis kanar geometrisin akustik gii¢ seviyesine etkisinin
kargilagtirilmast.

Figure 5. Comparison of the effect of cavity trailing edge geometry on acoustic power level for different flow rates.

Cizelge 1'de hesaplanan degerler incelendiginde; farkli ¢ap oranlan igin tasarlanan ¢ikis kenar
geometrisinin giiriiltii seviyelerinde tiim durumlar i¢in azalma oldugu goriilmiistiir. Dik acgili kenar
tasariminda 3 m/s ve 35 m/s hiz degerleri i¢in giiriiltii seviyeleri 11 dB’den 97 dB’e kadar ¢ikmaktadir.
Ancak, artan cap oram ile giriiltii seviyelerinde diisitk ve yiliksek hizlarda sirasiyla %26 ve %15
seviyelerinde kayda deger azalmalar tespit edilmistir. Hiz degerleri arttiginda giiriiltii seviyesindeki
azalma ytizdesi diiglik hizlara gore daha az olmustur. En yiiksek hiz degeri 35 m/s igin 97 dB giiriiltii
seviyesi r/h=1.0 cap oraninda 83 dB seviyelerine inmistir. Literatiirde yapilan benzer ¢alismada; Kim ve
dig. (2020) yiiksek hizli trenin pantograf bolgesinde yaptiklari analizler de ise r/h=0 ile r/h=0.8 araliginda
giiriiltii seviyesinin %20 azaldigini belirlemislerdir.
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Sekil 6. Boyutsuz ortalama bileske hiz konturlar (||U]|/Us) ve akim ¢izgilerinin farkli ¢cap oranlar:

igin 10 m/s (sol siitun) ve 35 m/s (sag siitun) hiz degerlerinde karsilastirilmasi.
Figure 6. Comparison of mean streamlines with non-dimensional velocity magnitude contours (IIUII /U-) at 10 m/s (left
column) and 35 m/s (right column) for different r/h ratios.

Ortalama bileske hiz konturlarmin (||U]|/Us) ve kontur {izerine eklenmis akim ¢izgilerinin farkli cap
oranlar1 i¢in 10 m/s ve 35 m/s hiz degerlerindeki degisimleri Sekil 6’da gorsel olarak sunulmustur.
Sekilde verilen bileske hiz degerleri giris hiz1 (U-) ile x-y yoniindeki mesafeler ise kavite yiikseklik
degeri h ile boyutsuzlastirilmistir. Goriintiiler kavite akisin giris kenari, kavite boslugu, ¢ikis kenari ve
devamindaki akis icin verilmistir. Kavite bolgesinde giris kenariyla birlesik bir adet kiiciik girdap
olugsmustur. Artan hiz degeri ile kiiciik girdap boyutu kavite orta bolgesinden giris kenarma dogru
yonelmistir. Kavitenin kalan kisminda ise bir ucu ¢ikis kenarinda ve tist kismi tiniform hiz bolgesi ile
sinirlanmis biiyiik bir girdap daha meydana gelmistir. Hiz degerindeki artistan dolay: kiigiik girdap
bolgesinden bosalan alan: biiyiik girdap bolgesi doldurmustur. Biiyiik girdap bolgesi ¢ikis kenari icin
tasarlanan farkli ¢ap oranlarindaki dairesel kesitle siirekli etkilesim halindedir ve artan ¢ap orar ile bir
ucu akim yoniinde uzamaistir.
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Tiirbiilans kinetik enerji konturlarinin (TKE/UZ) farkli cap oranlari igin 10 m/s ve 35 m/s hiz
degerlerindeki degisimleri $Sekil 7’de verilmistir. TKE degerleri, ozellikle biiyiik girdap olusum
bolgesinde artmaya baslamistir ve en yiiksek degerlerini ¢ikis kenari ile serbest akis bolgesinin birlestigi
u¢ noktada almistir. Hiz arttik¢ca TKE konturlarinin dagilimi da kavite iginde yayilmaya baslamistir. Dik
kesitli ¢ikis kenarlarinda TKE konturlar1 pik degerlere ulasirken, ¢ap oraninin artmasiyla TKE degerleri
akis yoniinde azalmaya baslamistir. Bu durum yeni tasarimin kavite akis i¢in etkili oldugu bir pasif
kontrol teknigi olarak degerlendirilmistir. Azalan TKE degerlerine bagh olarak giiriiltii seviyelerinde de
azalmalar meydana gelmistir.
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Sekil 7. Turbiilans Kinetik Enerji konturlarimin (TKE /U%) farkli ¢ap oranlari i¢in 10 m/s (sol siitun) ve 35

m/s (sag siitun) hiz degerlerinde karsilastirilmasi.
Figure 7. Comparison of Turbulent Kinetic Energy contours (TKE/UZ2) at 10 m/s (left column) and 35 m/s (right column) for
different r/h ratios.

Sekil 8'de giiriiltii kontur degerlerinin (dB) farkli ¢ap oranlar1 igin 10 m/s ve 35 m/s hiz
degerlerindeki degisimleri gorsel olarak sunulmustur. Hiz degerlerindeki artisla birlikte giiriiltii
seviyelerinde de ciddi artislar meydana gelmistir. Diisiik hiz degeri 10m/s i¢in giiriiltii konturlarinin pik
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degerleri ¢ikis kenarinin en {ist kisminda olusurken, 35 m/s hiz degeri i¢in giris kenarinin {ist kismindan
itibaren gikis bolgesine dogru yayilan yiiksek giiriiltii seviyeleri tespit edilmistir. Ozellikle giiriiltii
konturlarinin tek bir noktada pik degerlere ulasmasinin engellenmesi i¢in tasarlanan dairesel kesitli ¢ikis
kenarlarinda artan ¢ap orani ile desibel degerlerindeki azalmalar tasarimlarin etkili oldugunu
gostermistir. Ayrica, yiiksek hiz degerinde artan ¢ap oranina bagli olarak giiriiltii konturlar: kavite icine

dogru bir yonelim sergilemistir.
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Sekil 8. Giiriiltii kontur degerlerinin (dB) farkli ¢cap oranlar: i¢in 10 m/s (sol siitun) ve 35 m/s (sag siitun)
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hiz degerlerinde karsilastirilmasi.
Figure 8. Comparison of noise contour values (dB) at 10 m/s (left column) and 35 m/s (right column) for different r/h ratios.

SONUC ve TARTISMALAR (RESULTS and DISCUSSIONS)

Dikdortgen kesitli kavite akislari igin en yiiksek giiriiltii seviyelerinin meydana geldigi cikis
bolgesine dairesel kesitli yeni kenar tasarimi yapilmistir. Tasarimda bes farkli ¢ap oramu igin kavite
etrafindaki akis karakteristikleri ve giiriiltii seviyeleri sayisal olarak arastirilmistir. Ozellikle dairesel
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¢ikis kenarinda olusan giiriiltii seviyelerinin azaltilmasina yonelik sonuglar detayli olarak sunulmustur.
Calismadan elde edilen belirgin sonugclar asagida 6zetlenmistir.

e Artan ¢ap orani ile tiim hizlar i¢in giiriiltii seviyelerinde azalma oldugu tespit edilmistir ve 10-35
m/s hiz araliginda %26 ile %15 arasinda diisiis hesaplanmistir.

e Tiirbiilans Kinetik Enerji degerleri, ¢cap oranindaki artisa bagl olarak dairesel kesit ile akis
boyunca yayilmistir ve degerleri azalmistir. Kavite ¢ikis kenarinin dik oldugu duruma gore, ¢ikis kenari
r/h=1.0"da Tiirbiilans Kinetik Enerji degeri yaklasik %30 azalmustir.

e Cikis kenar icin tasarlanan dairesel kesitler, akisin kaviteden ¢iktig1 bolgede meydana gelen
biiyiik 6lgekli girdaplarin yapisini bozmustur.

* Elde edilen sonuglara gore dairesel kesitli ¢ikis kenar tasarimi, 10-35 m/s hiz araliginda kavite
uygulamalari igin kullanilabilecek niteliktedir.

Kavite ¢ikis kenarimin hiz calkantilar1 ve giiriiltii seviyesi {izerinde 6nemli Olciide etkili oldugu
gortilmektedir. SST k-w tiirbiilans modeli kullanilarak 2-D analizler ile yapilan analiz sonuglarinin hem
deneysel hem de 3-D analiz sonuglar1 ile uyusmasi gelecekte arastirmacilarin zamandan tasarruf
saglayarak optimizasyon g¢alismalarinda hizli sonug elde etmelerine olanak saglayacaktir. Bu kapsamda
gelecekteki calismalarda c¢ikis kenarina bagli olarak akis ayrilmalarinin itki kuvvetine, giiriiltii ve
titregsimlere etkisinin incelenmesi hedeflenmektedir.
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ABSTRACT: This study aims to investigate the synthesis of gelatin (Gel) and gelatin-glucose (Gel-Glu)
mediated silver nanoparticles (AgNPs) and to investigate their synergies with different essential oils (EO)
for antibacterial activity as well as their effects on soil respiration and soil enzyme activities. The
antibacterial activities were evaluated using the agar diffusion test. The results of STEM analysis revealed
that Gel-Glu-AgNPs in the range of 5-25 nm had a smaller size than Gel-AgNPs. Furthermore, we found
that both AgNPs were positively charged by zeta analysis. In addition, at least one of the combinations of
Gel-AgNPs and Gel-Glu-AgNPs with EO increased the antibacterial activity. The results also showed that
AgNPs reduced soil respiration at the end of 120 h and that combinations of AgNPs and essential oils
caused a significant reduction in alkaline phosphatase activities of soil samples compared to
dehydrogenase activity, particularly at higher exposure times and concentrations. In conclusion, gelatin
played an important role as a reducing and stabilizing agent in the synthesis of AgNPs. Finally, it was
evaluated that combining nanoparticles and essential oil led to different results in the interaction of AgNPs
with bacteria, which was additionally confirmed by soil respiration and enzyme analysis. The results
justify further developing new strategies to uncover the effects of silver nanoparticles in different
applications.

Keywords: Silver nanoparticles, Gelatin, Essential oils, Antibacterial activity, Soil enzymes

Jelatin Kullanilarak Sentezlenen Giimiis Nanopartikiiller ile Esansiyel Yaglarin Antibakteriyel,
Toprak Solunum Ve Toprak Enzim Aktivitelerinde Sinerjistik Etkisi

OZ: Bu calisma, jelatin (Jel) ve jelatin-glukoz (Gel-Glu) aracili giimiis nanopartikiillerin (AgNP'ler)
sentezini aragtirmay1 ve bunlarin esansiyel yaglar (EO) ile sinerjilerinin toprak solunumu ve toprak enzim
aktiviteleri tizerine etkilerini arastirmay1 amaglamaktadir. Antibakteriyel aktiviteler, agar difiizyon testi
kullanilarak degerlendirildi. STEM analizinin sonuglari, 5-25 nm araligindaki Gel-Glu-AgNP'lerin Gel-
AgNP'lerden daha kiigiik bir boyuta sahip oldugunu ortaya koydu. Buna ilaveten, zeta analizi ile her iki
AgNP'nin de pozitif yiike sahip oldugunu bulduk. Ayrica, Gel-AgNP'ler ve Gel-Glu-AgNP'lerin EO ile
kombinasyonlarindan en az biri antibakteriyel aktiviteyi arttirdi. Sonuglar, AgNP'lerin 120 saat sonunda
toprak solunumunu azalttigin1 ve AgNP'ler ile ucucu yaglarin kombinasyonlarinin, 6zellikle daha yiiksek
maruz kalma siireleri ve konsantrasyonlarinda, dehidrogenaz aktivitesine kiyasla toprak numunelerinin
alkalin fosfataz aktivitelerinde 6nemli bir azalmaya neden oldugunu gosterdi. Sonug olarak jelatin,
AgNP'lerin sentezinde indirgeyici ve stabilize edici bir ajan olarak 6nemli bir rol oynamugtir. Son olarak,
nanopartikiiller ve ugucu yag kombinasyonunun, AgNP'lerin bakterilerle etkilesiminde farkli sonuglara
yol actig1 degerlendirilmis, ayrica bu toprak solunumu ve enzim analizi ile de dogrulanmistir. Elde edilen
sonuglar, farkli uygulamalarda giimiis nanopartikiillerin etkilerini ortaya ¢ikarmak igin yeni stratejilerin
daha da gelistirilmesini dogrulamaktadar.

Anahtar Kelimler: Giimiis nanopartikiiller, Jelatin, Ucucu yaglar, Antibakteriyel aktivite, Toprak enzimleri
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1. INTRODUCTION

Nanomaterials show distinctive physicochemical properties such as ultrasmall dimensions, high
surface area-to-mass ratio and high chemical reactivity, so their applications in many fields are attracting
attention (Song and Ge, 2019). Nanoparticles can be broadly classified as organic, inorganic, and carbon-
based. Nanoparticles synthesized from nanometer-sized metals by either destructive or constructive
methods are metal-based nanoparticles characterized by their small size and high surface area. Almost all
metals can be synthesized into nanoparticles (Ealia and Saravanakumar, 2017; Jeevanandam et al., 2018).
Thanks to their broad bactericidal activity and physicochemical properties against gram-negative and
gram-positive bacteria, silver nanoparticles (AgNPs) are one of the most widely applied metallic
nanoparticles for modern antimicrobial purposes (Burdusel et al., 2018; Gurunathan et al., 2014; Morones-
Ramirez et al., 2013). Cationic silver, Ag*, is a popular bactericide and its utilization in various fields also
generates increased negative effects on microscopic biota (Wijnhoven et al., 2009). Additionally, AgNPs
can eliminate multiple drug-resistant strains and inhibit biofilm formation, showing significant potential
for antibacterial applications (Yun'an Qing et al., 2018) On the other hand, studies on the toxicity of AgNPs
in terms of antibacterial activity have yielded mixed results. While most studies have found that Ag*
released from nanoparticles is the main chemical species causing toxicity, some studies have argued that
nanoparticles exert a toxic effect by causing precise effects such as oxidative stress (Aruguete and
Hochella, 2010; Fabrega et al., 2009).

Soil enzymes have biochemical and microbiological functions as soil health sensors (Caldwell, 2005).
The biological effects of nanoparticles in the soil largely depend on the physicochemical properties of the
soil(Cornelis et al., 2014). As a result of their existence and accumulation in soil, the effect of AgNPs on
the soil ecosystem is becoming an increasingly popular research area. It is important to understand activity
variation in soil enzymes, especially to unveil the effectiveness of nanoparticles on soil biology(Peyrot et
al., 2014). Microbial diversity can be expressed by soil enzymes, which have functional importance in
various biogeochemical processes and metabolic pathways(Nannipieri et al., 2002). Contamination soils
with AgNPs can affect many microorganisms in the soil directly but also lead to indirect effects through
their action on soil enzymes. The overall effects of AgNP contamination in soils may be seen in nutrient
cycling and many microbially mediated biogeochemical processes (Peyrot et al., 2014).

Green synthesis has attracted considerable interest in materials science as a reliable, sustainable, and
environmentally friendly protocol for the synthesis of a variety of nanomaterials, such as metal/metal
oxide nanomaterials (Erci and Cakir-Koc, 2021; Erci et al., 2020, 2018; Erci and Torlak, 2019). Therefore,
green synthesis is recognized as an important tool that is extensively used in laboratories and industry to
lessen the harmful effects associated with traditional nanoparticle synthesis methods(Singh et al., 2018). It
is important to synthesize the synthesized silver nanoparticles at cheaper rates for their effective use by
humans. An environmentally and economically viable synthesis method is needed to obtain these
nanoparticles (Prabhu and Poulose, 2012). Since the amino acids, proteins, or secondary metabolites
present in the biological synthesis of nanoparticles play an active role in preventing particle aggregation,
the additional steps required for this process might be eliminated (Zhang et al., 2016). Gelatin, a natural
biopolymer, is a preferred material for polymer implants due to its non-immunogenicity,
biodegradability, and biocompatibility (Rath et al.,, 2016). Gelatin is typically made up of non-polar
aliphatic amino acids such as glycine, proline, alanine, and hydroxyproline. The hydroxyl group of
hydroxyproline facilitates AgNOs reduction, while non-polar amino acids promote the stability of AgNPs
(Nagarajan et al., 2012; Yiwei et al.,, 2007). Herein we aimed to develop a framework to study the
production of silver nanoparticles (AgNP) synthesized using gelatin and the synergistic activities of
different essential oils against some bacterial strains. At the same time, as a further goal, the investigation
of the effect of synthesized AgNPs on soil respiration with soil enzymes was carried out.
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2. MATERIALS AND METHODS
2.1. Gelatin-mediated synthesis of silver nanoparticles

Gelatin (bovine skin, type B powder, catalog no. G6650), glucose (catalog no. G7528), and silver nitrate
(catalog no. 209139) used to synthesize AgNPs were obtained from from Sigma-Aldrich. Clove (Eugenia
caryophyllata) essential oil (CEO) and peppermint (Mentha piperita) essential oil (PEO) were purchased as
a commercial product in a volume of 10 mL (100%) (Mecitefendi, Turkey). All glass containers used in the
experiment were washed with distilled water before use. To prepare Gel-AgNPs, gelatin solution was
used to reduce AgNOs to AgNPs. Briefly, an aqueous gelatin solution (1 g, 100 mL) was prepared by
stirring on a magnetic stirrer for 30 min. To prepare Gel-Glu-AgNPs, 60 mg of glucose was added to the
gelatin solution. Then a solution of 27 mg AgNO:s (in 1 mL of ddH20) was added to the gelatin-glucose
solution. Synthesis of Gel-AgNPs was completed using a household microwave for 25 min (Argelik, MD
574, Turkey), while the synthesis of Gel-Glu-AgNPs was achieved at 80 °C for 90 min.

2.2. Characterization of AgNPs

UV-Visible (UV-Vis) spectra of the synthesized Gel-AgNPs were recorded with a Cary 60 UV-Vis
spectrophotometer (Agilent Technologies, Santa Clara, CA, USA) in the wavelength range of 200-800 nm.
The Fourier transform infrared spectroscopy (FTIR) examination was performed using a Shimadzu IR
Prestige-21 FTIR-ATR spectrometer in the 400-4000 cm'. An X-ray diffraction (XRD) system (PANalytical
Empyrean XRD) was used to determine the crystal structure of Gel-AgNPs in the range of 20-80 degrees
and a step size of 0.02. The chemical composition of the synthesized Gel-AgNPs was analyzed using an
EDS analyzer in conjunction with scanning electron microscopy (SEM, SU 1510, Hitachi High-
Technologies, Japan). Simultaneously, morphology and size analyses of AgNPs were investigated in
Scanning Transmission Electron Microscopy (STEM) mode on the ZEISS Gemini SEM 500 instrument (Carl
Zeiss Co., LTD, Shanghai, China). Furthermore, Gel-AgNPs were diluted 1:2 with ultrapure water to
define the average surface charge of Gel-AgNPs using a Malvern ZEN 3600 Nano ZS Zetasizer (Malvern
Instruments, UK) and the measurement was performed at 633 nm wavelength and 173° retroreflection
angle. The size distribution of the AgNPs synthesized on the same instrument was determined using
dynamic light scattering (DLS).

2.3. Antibacterial activity of AgNPs

The microorganisms used in the study (Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 11778,
Salmonella typhimurium ATCC 14028, Pseudomonas aeruginosa ATCC 15442, Escherichia coli ATCC 25922)
were obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA). Antibacterial
activity was evaluated using the agar diffusion test. Bacterial cultures were adjusted to 0.5 McFarland
standard, corresponding to a bacterial suspension of approximately 1 x 108 and 2 x 108 colony forming
units (CFU/mL). 50 pL of the nanoparticle samples (400 pg/mL) and essential oils were used in each of the
7 mm diameter wells made on Mueller Hinton agar (MHA, Lab M, UK) plates. The essential oils provided
were taken as 62.5 uL. and completed with 1 mL of deionized water to obtain the working concentration.
For synergistic activity, an equal volume of the mixture of nanoparticles and essential oils was mixed in a
magnetic stirrer for one hour, and 50 UL of this mixture was added to each well. The diameter of the zones
of inhibition (mm) was then measured using calipers after incubating the plates at 37° C. for 24 h. The
experiments were carried out in triplicate.

2.4. Preparation of test soil and determination of soil properties

The soil samples used in the study were taken from the surface (0-30 cm depth) from 20 different
locations on the campus area of Sel¢uk University in Konya Province, Turkey. After the soils were
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thoroughly mixed, the residues were removed. After sampling, the soil samples were kept at 4 °C for
biological analysis. Air-dried soil samples were passed across a 2 mm diameter sieve so that they were
used for some physical and chemical analyses. 1 kg of fresh soil samples were placed in pots.

Soil properties were analyzed according to established standards. The Bouyoucos hydrometer method
was used to determine the soil fractions as sand (50-2000 pm), silt (20-50 pm), and clay (<2 um) (Gee and
Bauder, 1986). The amount of organic matter was measured by applying Dumas dry combustion method
via a LECO CN-2000 instrument (Wright and Bailey, 2001). Scheibler Calcimeter was used to measure
calcium carbonate (CaCOs) in soil (Nelson and Sommers, 1982). The soil aggregate stability was
determined with artificial rainfall-simulation equipment (Gugino et al., 2009). Field capacity (FC) was
determined as the percentage of moisture retained in soil under 33 kPa pressure. In comparison, the
permanent wilting point (PWP) was calculated as a percentage of moisture retained in the soil at 1500 kPa
pressure using a pressure plate apparatus (Klute, 1986). Then the available water capacity (AWC) was
obtained by subtracting the PWP from the FC. Finally, pH and EC of the soil sample were measured in a
1:2.5 mixture (w/v) soil/pure water using a glass electrode on a digital pH meter and a conductivity meter,
respectively (McLean, 1983; Rhoades, 1982). Soil properties are summarized in Table 1.

Table 1. Physiochemical properties of the soil samples

Physiochemical Properties Soil Mixture
pH (1:2,5 soil: Water) 7.65

OM (%) 0.72

CaCOs (%) 16.20

EC (1:2,5 soil: Water) u mhos cm! 1756

AS (%) 17.70

FC (%) 24.60

PWP (%) 12.80

AWC (%) 11.80

Abbreviations: OM, organic matter; EC, electrical conductivity; AS, aggregate stability; FC, field
capacity; PWP, permanent wilting point; AWC, available water capacity

2.5. Measurement of soil respiration

Gel-AgNDPs, Gel-Glu-AgNPs, clove essential oil, and peppermint essential oils and their combinations
at a concentration of 0.2, 0.4, and 0.6 mL 250 g' dry soil were applied to soil samples in pots. The
nanoparticle concentrations for volumes of 0.2, 0.4 and 0.6 mL were 200, 400 and 600 pg, respectively. An
equal volume of the mixture of nanoparticles and essential oils was mixed in a magnetic stirrer for one
hour and applied to soil samples as the same concentration to study the synergistic effect. Later, the water
content of the soil was brought up to the determined field capacity and then mixed and incubated for the
indicated periods. Soil samples in pots were taken for enzyme analysis after 24, 120 and 240 h. Only
samples at the end of 120 h were evaluated for soil respiration. "The Cornell Soil Health Assessment
Training Manual” was followed to assess the effect of the applications on soil respiration (Moebius-Clune
et al.,, 2016). Briefly, the soil samples (20 g), air dried and sieved through a 2 mm sieve, were placed in a
perforated metal container with filter paper at the bottom of a jar. The soil was incubated at 28°C for 96 h
with 9 mL of 0.5 M potassium hydroxide (KOH) and 7.5 mL of deionized water. Only deionized water
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was added to the control samples. Electrical conductivity (EC) measurements were then taken using an
EC probe to determine the EC of the KOH trap for each sample, followed by a calculation in mg CO2-C g-
1soil.

2.6. Effect of nanoparticles on the activities of soil enzymes

To evaluate the effect of applications on soil dehydrogenase and alkaline phosphatase activities, soil
samples were first weighed and treated with samples in different doses of Gel-AgNPs, Gel-Glu-AgNPs,
clove essential oil, and peppermint essential oil and their combinations. At the same time, the control
group without samples was also incubated.

Enzyme activities in soil samples were assessed using colorimetric methods at the end of the 24, 120,
and 240 h. Dehydrogenase and alkaline phosphatase activities were analyzed based on studies in the
literature (Tabatabai and Bremner, 1969; Thalmann, 1968). Briefly, 1.0 g and 6.0 g of soil were transferred
to a glass tube for alkaline phosphatase and dehydrogenase activity, respectively, and then suspended in
buffered substrate solutions. To determine the alkaline phosphatase activity of the soils, 4 mL of MUB
buffer (pH 11) and 1 mL of substrate solution (0.025 M p-nitrophenyl phosphate) were added to a 1 g soil
sample and incubated at 37 °C for 1 h. After 15 min of centrifugation at 3500 rpm, 1 mL of 0.5 M CaClz and
4 mL of THAMNaOH solution were added. Then the alkaline phosphatase activity was determined as an
optical density in a spectrophotometer at 410 nm according to p-nitrophenol standard solutions. The
results obtained were expressed as ug p-nitrophenol g dry soil. For dehydrogenase activity, 6 g fresh soil
samples were mixed with 1 mL of substrate solution (3% TTC (2,3,5-triphenyl tetrazolium chloride) and
2.5 mL of glucose solution (1.2%) and then incubated at 25 °C for 24 h. At the end of the incubation, the
samples were completed with 10 mL of methanol, followed by filtration through Whatman 42 filter paper.
After washing 3-4 times, the tubes were filled with methanol to a final volume of 50 mL. The optical
densities of the samples were measured in a microplate reader using a spectrophotometer at a wavelength
of 485 nm corresponding to standard TPF (triphenylformazine solution). The data obtained were
expressed as pgTPF g dry soil 24 h''. All these applications were performed in 3 repetitions.

3. RESULTS and DISCUSSIONS
3.1. Synthesis and characterization of AgNPs

In the current study, the synthesis of silver nanoparticles (AgNP) was successfully achieved by using
gelatin as both a reducing and stabilizing agent. The reduction of AgNOsto AgNPs was confirmed by
forming a reddish-brown color, a unique optical property for AgNPs. To monitor the synthesis of gelatin
AgNPs, absorbance measurements were performed by UV-Vis spectroscopy at wavelengths between 200
and 800 nm. The synthesis of Gel-AgNPs carried out in the microwave was completed after 25 min, while
the synthesis of Gel-Glu-AgNPs was completed at 80 °C for 90 min. As seen in Figure 1, the obtained
characteristic peaks of Gel-AgNPs and Gel-Glu-AgNPs recorded at 446 and 435 nm, respectively,
confirmed the presence of Gel-AgNPs and Gel-Glu-AgNPs. Furthermore, when comparing the results of
this work with published data, good agreement was found (Behravan et al., 2019).
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Figure 1. UV-Vis spectra of Gel-AgNPs and Gel-Glu-AgNPs.

Characterization by FTIR was performed to detect functional groups present in Gel-AgNPs and Gel-
Glu-AgNPs (Figure 2). The bands of the FTIR spectra for Gel-AgNPs were recorded at 3338.78, 2987.74,
1643.35, 1504.48, 1226.73 and 1064.71 cm-'. The FTIR analysis of Gel-Glu-AgNPs revealed the spectrum at
3358.07, 1643.35, 1516.05 1192.04, and 1066.64 cm™. In the spectrum of Gel-AgNPs, broadband at 3338 cm-
1 corresponding to hydrogen bonding and NH stretching was observed (Aewsiri et al., 2009). The strong
absorption peak at 1643 cm™ indicated the C=O stretching vibration (Mahmoud and Abbo, 2013). Since
gelatin is a polyamide protein, the peaks at 1643 and 1504 cm™ indicated the existence of amide I and II
groups of the proteins. These arise owing to the electrostatic interaction between AgNP and gelatin. The
related peaks confirmed that the silver nanoparticles were coated with gelatin (Burt et al., 2004).
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Figure 2. FTIR spectra of Gel-AgNPs and Gel-Glu-AgNDPs.

In addition, the nanoparticles were characterized by XRD to reveal the crystal and nanostructure of
AgNPs. The characteristic peaks observed in the XRD analysis further confirmed the formation of Gel-
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AgNPs (Figure 3). Four different diffraction peaks of 38.51, 46.60, 64.78, and 77.72 corresponding to the
crystallographic planes (111), (200), (220), and (311) indicated that silver nanoparticles were crystalline (Su
et al., 2017). In addition, RD analysis showed a peak at 38.51 (20), indicating that the nanoparticles
consisted of pure silver (Yilmaz Oztiirk et al., 2020). Some unassigned peaks were also detected, indicating
that the crystallization of the organic phase occurred on the surface of the silver nanoparticles.
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Figure 3. X-ray diffraction patterns of Gel-AgNPs.

As seen in Figure 4, EDS analysis of Gel-AgNDPs revealed that the existence of high peaks indicates
elemental silver with traces of other elements. The typical optical absorption peak at 3 keV is characteristic
of metallic silver nanoparticles because of surface plasmon resonances (Gomaa, 2017). The appearance of
C, N, and O-specific peaks is due to different components playing a role as stabilizing or capping agents
in forming AgNPs (Galvez et al., 2021).
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Figure 4. Energy dispersive spectroscopy (EDS) characterization of silver nanoparticles.

The STEM analyzes allowed us to obtain information about the shape and size structure of AgNPs
(Figure 5). The size measurements determined that the sizes of Gel-AgNPs varied between 20 and 110 nm,
while the sizes of Gel-Glu-AgNPs varied between 5-25 nm. The addition of glucose into the gelatin
solution caused smaller silver nanoparticles. The results showed that the synthesized silver nanoparticles
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had a spherical shape with a homogeneous distribution. The results of the zeta potential measurement
showed that the synthesized Gel-AgNPs had a zeta potential of 5.21 (mV) (Figure 6a).

On the other hand, as shown in Figure 6¢, Gel-Glu-AgNPs were found to have a zeta potential of 6.35
(mV). The zeta potential value of gel AgNPs could be caused by positively charged fragments on the
gelatin surface. Also, the smaller zeta potential value of AgNPs showed chelating agents from cationic
groups and non-ionic chelating gelatin groups (Pourjavadi and Soleyman, 2011).

100 nm EHT = 30.00 kv Signal A= aSTEM4 A p— EHT = 30.00 kV Signal A = aSTEM4 A
s | WD= 29 mm Mag = 150.00 K % WD= 29 mm Mag = 450.00 K X

Figure 5. STEM micrographs of silver nanoparticles (a) Gel-AgNPs; (b) Gel-Glu-AgNPs.

The size and distribution of the Gel-AgNP and Gel-Glu-AgNPs were measured by dynamic light
scattering (DLS), as shown in Figures 6b and 6d. DLS analysis revealed that the Gel-AgNPs were 158.4 nm
in size and their polydispersity index (PDI) was 0.221. The polydispersity index is dimensionless and
values above 0.7 indicate that the sample may have abroad size distribution (Nasiriboroumand et al.,
2018). Gel-Glu-AgNPs were found to be 151.4 nm in size, and the polydispersity index (PDI) value was
0.224. The results of the DLS analyzes showed that Gel-AgNPs had a narrow size distribution compared
to Gel-Glu-AgNPs.
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Figure 6. Zeta potential and DLS analysis of AgNPS (a) Zeta potential of Gel-AgNPs (b) Size distribution
and PDI of Gel-AgNPs (c) Zeta potential of Gel-Glu-AgNPs (d) Size distribution and PDI of Gel-Glu-
AgNPs.
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3.2. Antibacterial activities of synthesized silver nanoparticles and synergistic effect with essential oils

The antibacterial activity of AgNPs against Gram-positive and Gram-negative bacteria was
investigated using the agar diffusion method. A total of 50 uL of the samples was added to the 7 mm
diameter well created on the agar plates. The diameter (mm) of the zone of inhibition formed around the
wells was measured.
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Figure 7. Inhibition zones of the silver nanoparticles. (1) Gel-AgNPs (2) Gel-Glu-AgNPs (A) CEO (B)
PEO.

As seen from Figure 7 and Table 2, Gel-AgNPs showed a zone of inhibition of 17.88 + 0.60 against S.
aureus, while CEO showed a zone of inhibition of 18.49 + 0.53. No inhibition was observed in PEO at the
relevant concentration. The gel AgNP and CEO combination was found to have a zone of inhibition of
18.18 £ 0.33. Gel-Glu-AgNDPs were found to show a synergistic effect with both clove and PEO with zones
of inhibition of 19.37 + 0.16 and 19.60 + 0.53, respectively. Gel AgNPs against B. cereus were found to have
a zone of inhibition of 16.79 + 0.27 at the indicated concentration, while CEO had a zone of inhibition of
18.67 + 0.28. It was shown that gel-AgNP-CEO and gel-AgNP-PEO formed a zone of inhibition of 20.04 +
1.72 and 18.81 * 0.46 and showed a synergistic effect against B. cereus. No inhibition against B. cereus was
observed at the appropriate concentration of PEO.

On the other hand, Gel-Glu-AgNPs have been found to have a synergistic effect on both CEO and
PEO. Gel-AgNPs were observed to show synergistic activity with CEO and PEO by showing 14.65 + 0.17
and 12.87 + 0.51 zones of inhibition against S. typhimurium, respectively. Furthermore, Gel-Glu-AgNPs
have been shown to have synergistic activity with both essential oils. On the other hand, PEO showed no
inhibition against S. typhimurium at the relevant concentration.
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Table 2. Inhibition zones of the silver nanoparticles against tested microorganisms by agar well
diffusion method. Each data point (diameter) in mm was expressed in terms of mean + standard
deviation (mean * SD). (1) Gel-AgNPs (2) Gel-Glu-AgNPs (A) CEO (B) PEO

Samples S. aureus B. cereus S. typhimurium  P. aeruginosa E. coli
1 17.86+0.61 16.80+0.28 12.39£0.17 15.80+0.19 12.09 £ 0.29
2 18.02+1.33 16.90+0.36 12.29 +0.15 14.78 +0.13 12.59 + 0.40
A 18.49+0.54  18.68 +0.29 15.20 + 0.40 20.02+0.34 16.64 +0.23
B ND ND ND ND ND
1A 18.19+0.33 20.05+1.73 14.65+0.18 18.70 + 0.49 13.72 + 0.38
1B 17.94+0.15 18.81+0.46 12.87 +0.52 16.11 +0.75 14.28 +0.21
2A 19.38£0.16  19.28+0.35 15.15+0.16 19.46 £ 0.25 15.63 £ 0.38
2B 19.60+0.54  18.10+0.38 13.02+0.16 16.36 + 1.11 13.28 +0.20

ND denotes no antibacterial activity

According to the obtained results, it was found that Gel-AgNPs performed better inhibition than Gel-
Glu-AgNPs with an inhibition zone of 15.80 + 0.19. It was found that CEO formed a zone of inhibition of
20.02 + 0.49, while PEO did not show any activity. While nanoparticles did not show a synergistic effect
with CEO against P. aeruginosa, they demonstrated a synergistic effect with PEO. Also, it was found that
Gel-Glu-AgNPs showed better inhibition than Gel-AgNPs with an inhibition zone of 12.59 + 0.39 against
E. coli. While both nanoparticles were observed to exhibit a synergistic effect with PEO, it was found that
the 16.64 + 0.23 zone of inhibition revealed by CEO alone was reduced with nanoparticles.

In the course of this work, we discovered that Gel-AgNPs and Gel-Glu-AgNPs showed the highest
antibacterial activity against S. aureus. In addition, it was found that Gel-AgNP and Gel-Glu-AgNPs
showed the lowest activity against E. coli and S. typhimurium, respectively. While CEO was observed to
show high antibacterial activity at the indicated concentrations, PEO was found to show no activity at the
same concentration. The synergistic antibacterial activity of Gel-AgNP and CEO was only observed
against B. cereus. Additionally, Gel-Glu-AgNPs were found to have a synergistic effect with CEO against
S. aureus and B. cereus. On the other hand, it was found that all nanoparticles showed synergistic activity
with PEO in antimicrobial activity against all microorganisms.

There have been several previous attempts to synthesize silver nanoparticles using gelatin. In a study,
facile synthesis of AgNPs using gelatin was performed. It was observed that the obtained Gel-AgNPs
showed high stability(Lee and Zhang®*, 2013). A report published by Lavanya et al., 2020, offered a
comparative analysis of chemically synthesized AgNPs and gelatin synthesized AgNPs. Their study
showed that gelatin AgNPs at a concentration of 80 pg/mL inhibited the growth of S. aureus. It has been
suggested that gelatin AgNPs lead to good bacterial inhibition even in low concentrations (Lavanya et al.,
2020). Our findings suggest that Gel-AgNPs can serve as a potential antibacterial agent against Gram-
positive and Gram-negative bacteria. Silver nanoparticles cause structural and morphological variations
in bacterial cells, leading to cell death (Erci and Torlak, 2019). Recent research has shown that using
essential oils and silver nanoparticles together produces a synergistic effect in antimicrobial activity. The
antibacterial activity of a combination of biosynthesized silver nanoparticles produced by Fusarium
oxysporum and essential oil of Oreganum vulgare against gram-positive and gram-negative bacteria,
including multidrug-resistant strains, has been demonstrated experimentally.

Their results showed that the combination of the two compounds produced a synergistic effect that
reduced MIC values and duration of action compared to AgNP used alone(Scandorieiro et al., 2016).
Another study examined the effect of using eugenol alone or in combination with silver nanoparticles
produced by Fusarium oxysporum on Streptococcus agalactiae. The overwhelming evidence showed that
eugenol has bactericidal activity against planktonic cells of all strains. When this activity was combined
with AgNPs, it resulted in a potent synergistic activity that significantly reduced the MIC values of both
compounds(Perugini Biasi-Garbin et al., 2015).
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3.3. Effect of AgNPs on soil respiration

Gel-AgNPs, Gel-Glu-AgNPs, CEO, PEO, and their combinations were applied to soil samples at 3
different volumes (0.2, 0.4 and 0.6 mL 250 g soil). On days 1, 5, and 10 (24, 120, and 240 h), the activity of
soil dehydrogenase and alkaline phosphatase and at the end of day 10, soil respiration was analyzed
compared to the untreated control group. The results of the treated samples measuring soil respiration are

shown in CO:z (mg g) in Figure 8.
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Figure 8. Respiration in soil affected by increasing sample doses. Values represent means standard
deviations from three independent replicates. 1) Gel-AgNPs (2) Gel-Glu-AgNPs (A) CEO (B) PEO.
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The soil respiration value in the untreated soil sample was 0.22 + 0.01. It was found that soil respiration
decreased most when applying the highest dose of Gel-Glu-AgNP (0.6 mL). An increase in soil respiration
was observed at the lowest dose (0.2 mL) of all samples compared to the control. The initially increased
effect of treatments on soil respiration is believed to be due to the death of hypersensitive species
(Rahmatpour et al., 2017). While the third dose of the Gel-AgNP-PEO combination caused an increase in
soil respiration compared to both AgNPs and PEQ, there was no synergistic effect with CEO. A synergistic
effect was observed at the third dose of the combination of Gel-Glu-AgNP with PEO and CEO. Results
showed that the respiratory reduction was dose-dependent in all samples.

3.4. Effect of AgNPs and essential oils on enzymatic activities in soils

In this study, concentration and time-dependent dehydrogenase and alkaline phosphatase activities
were examined to assess the effect of Gel-AgNPs, essential oils, and their combined effect on soil. By
applying the samples as 0.2, 0.4, and 0.6 mL 250 g soil, the enzyme activities were measured during the
exposure time of 24, 120, and 240 h and compared with the control group. Figure 9 shows the time-
dependent variation of dehydrogenase activity with increasing application doses of AgNPs and essential
oils (0.2, 0.4, and 0.6 mL 250 g dry soil). The values were given in pg p-nitrophenol g oven-dried soil 1.
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Figure 9. Dehydrogenase activity of soils treated by increasing the dose of the samples after incubation
at different times. Values represent the means of three independent replicates + standard deviations. The
asterisk (*) indicates a significant difference between the treatments and control (Tukey's test; P< 0.05). 1)

Gel-AgNDPs (2) Gel-Glu-AgNPs (A) CEO (B) PEO.

At the end of 24 h, it was observed that the Gel-Glu-AgNP-PEO combination reduced the
dehydrogenase activity the most. AgNPs and essential oils also increased dehydrogenase activity at high
doses compared to the control. Gel-AgNPs increased dehydrogenase activity with a dose increase at the
end of 24 h. For Gel-Glu-AgNPs, the enzyme activity was found to be close at the end of the 24 h in the
first two doses, while there was an increase at the highest application dose. For the first dose of Gel-AgNPs
(200 pg), there was an increase by the end of 120 h and a decrease in dehydrogenase activity by the end of
240 h. In addition, these nanoparticles have been shown to reduce dehydrogenase activity when the
application doses were increased at the end of 120 and 240 h. It was observed that this situation remained
the same in Gel-Glu-AgNPs. In particular, it was found that the dehydrogenase activity of nanoparticles
at the end of the 240 h was significantly lower than that of the control when high doses were applied.
Overall, the results show that high concentrations of AgNPs were more toxic to microorganisms in the
rhizosphere (Das et al., 2012). The effects of the samples on the dose- and time-dependent soil alkaline
phosphatase activity were shown in Figure 10.
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Figure 10. Alkaline phosphatase activity of soils treated by increasing the dose of the samples after
incubation at different times. Values represent the means of three independent replicates + standard
deviations. The asterisk (*) indicates a significant difference between the treatments and control (Tukey's
test; P<0.05). 1) Gel-AgNPs (2) Gel-Glu-AgNPs (A) CEO (B) PEO.

According to the results obtained, it was observed that the alkaline phosphatase activity increased at
higher doses at the end of 24 h. On the other hand, it was observed that enzyme activity was inhibited in
a time-dependent manner at all doses of nanoparticles and essential oils. In addition, it was found that the
activity decreased as a function of the increase in dose due to the increase in time in all samples except 24
h. Analysis using one-way ANOVA and Tukey’s test showed statistical significance (p <0.05) between Gel-
AgNPs (600 pg, 0.6 mL), Gel-Glu-AgNPs (600 pg, 0.6 mL), PEO (0.6 mL) and control for dehydrogenase
activity at the end of 240 h incubation. On the other hand, the dose of 0.6 mL at the end of 240 h incubation
was statistically different from the control in all samples (p <0.05). Especially, it has been observed that
alkaline phosphatase was most sensitive to AgNPs and essential oils. Exposure to high concentrations of
AgNPs and a long period showed an inhibitory effect on the activities of both enzymes tested. This
association has also been explored in prior studies (Mishra et al., 2021).

Several studies have explored the effects of nanoparticles on microorganisms and enzymes in pure
soil. Shin et al. (2012) found that AgNPs showed obvious inhibition of dehydrogenase and urease activities
at 100-1000 pg g dry soil concentrations. In another study, five soil exoenzymes (dehydrogenase, urease,
acid phosphatase, neutral phosphatase, and alkaline phosphatase) were examined in the rhizosphere of
wetland plants treated with silver nanoparticles (0, 0.024, 0.24, 4.80 and 9.60 ug g dry soil). AgNPs were
found to inhibit all exoenzyme activities tested in their study, especially at high concentrations of AgNPs
(4.80 and 9.60 ug g dry soil); significant inhibitory activity was observed (Cao et al., 2017).



Synergistic Effect of Essential Oils and Silver Nanoparticles Synthesized using Gelatin for Antibacterial, 745
Soil Respiration and Soil Enzyme Activities

4. CONCLUSIONS

In this study, silver nanoparticles were synthesized in an aqueous solution of gelatin, which acts as a
reducing and stabilizing agent. In addition, a second nanoparticle synthesis was performed by adding
glucose to the gelatin solution to reveal the role of gelatin. The nanoparticles obtained were characterized
by different analytical techniques. The study found that the nanoparticles were positively charged through
zeta potential analysis. In addition, the DLS analysis of nanoparticles allowed us to conclude that the PDI
values were below 0.3 and the AgNPs synthesized therein were quite stable; hence this helps to obtain
better results, especially regarding the stability of nanoparticles. In the study, the antibacterial activity of
the synthesized AgNPs and their synergistic effect with essential oils against both gram-positive and
gram-negative were carried out. The results showed that Gel-AgNPs and Gel-Glu-AgNPs exhibited
antibacterial activity against both gram-positive and gram-negative bacteria. In contrast, both AgNPs
showed the most potent antibacterial activity against S. aureus. Also, high antibacterial activity was
observed for CEO, while no antibacterial activity existed for PEO. The results also showed that the
synergistic activity in antibacterial activity depended on the type of essential oils, AgNPs, and bacterial
strain, and this should be considered in future experiments. To expand the scope of the study, soil
respiration and enzymes were also examined to understand the effectiveness of silver nanoparticles on
soil microorganisms. In the course of this work, we found that the lowest application dose (0.2 mL) of the
samples caused an increase in soil respiration compared to the control and that soil respiration decreased
in all samples with increasing application dose.

The enzymes represent one of the most active organic compounds in the soil. Therefore, the
dehydrogenase and alkaline phosphatase activities of the samples treated with AgNPs and essential oils
and their combinations were examined at different times and application doses. In the enzyme analysis,
an increase in enzyme activities was observed at the end of 24 h, while time-dependent enzyme inhibition
was observed at other incubation times. In addition, it was observed that the enzyme activity decreased
proportionally as the dose of the samples increased. It was also found that combinations of nanoparticles
and essential oils could synergistically affect enzyme activities.

Since there are no regulations and standards for using AgNPs in agriculture, especially for soil
treatment, the study can be particularly useful to evaluate such nanomaterials obtained and stabilized
with gelatin in different applications. As a result, the obtained nanoparticles are believed to be free from
toxic substances derived from other chemical or physical synthesis methods of nanomaterials. This could
create a new perspective on the use and evaluation of nanoparticles in environmental applications.
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ABSTRACT: The increasing usage of social media and internet generates a significant amount of
information to be analyzed from various perspectives. In particular, fake news is defined as the false news
that is presented as factual news. Fake news are in general fabricated toward a manipulation aim. Fake
news identification is in general a natural language analysis problem and machine learning algorithms are
emerged as automated predictors. Well-known machine learning algorithms such as Naive Bayes (NB)
and Random Forest (RF) are successfully used for fake-news identification problem. Turkish is a
morphologically rich language and it has agglutinative complexity that requires dense language pre-
processing steps and feature selection. Recent neural language models such as Bidirectional Encoder
Representations from Transformers (BERT) proposes an opportunity for Turkish-like morphologically rich
languages a relatively straightforward pipeline in the solution of natural language problems. In this work,
we compared NB, RF, Support Vector Machine (SVM), Naive Bayes Multinomial (NBM) and Logistics
Regression (LR) on top of correlation based feature selection and newly proposed Turkish-BERT
(BERTurk) to identify Turkish fake news. And we obtained 99.90 % accuracy in fake news identification
which is a highly efficient model without substantial language pre-processing tasks.

Keywords: Machine learning, Text mining, Bidirectional Encoder Representations from Transformers (BERT),
Fake news, BERTurk

Cift Yonlii Transformator Kodlayici Temsilleriyle Gelismis Tiirk¢e Sahte Haber Tahmini

OZ: Sosyal medya ve internetin artan kullanimy, gesitli agilardan analiz edilmesi gereken 6nemli miktarda
bilgi {iretmektedir. Bu baglamda yalan haber, gercek haber olarak sunulan asilsiz haber olarak
tanimlanmaktadir. Sahte haberler genellikle bir manipiilasyon amacina yonelik olarak {iretilir. Sahte haber
tespiti, genel olarak bir dogal dil analiz problemidir ve otomatik tahmin ediciler olarak makine 6grenmesi
algoritmalar1 kullanilmaktadir. Naive Bayes ve Rastgele Orman gibi iyi bilinen makine 6grenme
algoritmalari, sahte haber tanimlama sorunu i¢in basariyla kullanilmaktadir. Tiirk¢ce morfolojik olarak
zengin bir dildir ve yogun dil 6n isleme adimlar1 ve 6zellik se¢imi gerektiren sondan eklemeli karmasikliga
sahiptir. Transformer olarak bilinen Cift Yonlii Kodlayici Temsilleri (BERT) gibi son zamanlardaki sinirsel
dil modelleri, Tiirk¢e benzeri morfolojik olarak zengin diller i¢in dogal dil problemlerinin ¢6ziimiinde
nispeten basit bir metot firsat1 sunmaktadir. Bu ¢alismada, NB, RF, Destek Vektor Makinesi, Naive Bayes
Multinomial ve Lojistik Regresyon ile korelasyon tabanli 6znitelik se¢imi ve yeni 6nerilen Tiirkge-BERT
(BERTurk) ile Tiirkge yalan haberlerini tespit etmek igin karsilastirdik. On isleme adimlar1 olmaksizin
BERTurk ile sahte haber tanimlamada %99,90 dogruluk elde ettik.

Anahtar Kelimeler: Makina 6grenmesi, Metin madenciligi, Cift yonlii transformatdor kodlayici temsilleri (BERT),
Yalan haber, BERTurk,
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1. INTRODUCTION

Fake news identification problem has recently gained an increasing focus among researchers due to
the growing circulation of fake news through media platforms (D’Ulizia et al., 2021). Fake news issue is
continuously disseminating because of digitalization of information. Fake news is explained as “Fake
news is not simply false news. Its nature is determined by fraudulent content in news format as well as
by an ability to travel as much as, and in some cases, even more than, authentic news” in European
Commission report (Web1, 2018). From this point of view, as social media usage increases, the spread of
fake news increases and this becomes a critical problem. Since internet or social media users may trust in
digital platforms while accessing or exchanging information, there is a need to automated fake news
filtering tools. An interesting example of the influence of fake news on public opinion is the United States
presidential election in 2016. There was an intense debate that the public opinion manipulated through
social media (particularly Facebook) circulated fake news (Flynn et al., 2017).

Automated fake news detection systems are in general rely on machine learning algorithms. More
clearly, supervised learning policy is frequently used to develop various detection models on top of
numerous language processing techniques. In this context, machine learning algorithms are trained with
labeled fake news dataset and then tested on a data split to measure their performance (Alim et al., 2021).
For English-like analytical languages this task is relatively straightforward. More clearly, the fake news
detection pipeline requires the following steps for English-like analytical languages: First the labeled
dataset is encoded with a vector space model to be able to train a classifier and then it is pre-processed
with simple tasks such as stop-word removal. After this step, a feature selection mechanism may be
preferred or not (Conroy et al., 2015). Then the obtained dataset used to train various machine learning
algorithms such as NB, LR, SVM and RF. In case of morphologically rich languages the language
processing pipeline is similar. However, Turkish being an agglutinative language, requires heavy pre-
processing steps that effects the performance of classifiers (Uysal & Gunal, 2014). In more clear terms, the
morphological complexity of agglutinative languages need numerous pre-processing steps such as
stemming, lemmatization and feature engineering to obtain an efficient model. The difficulty in
computational model generation of agglutinative languages is studied in detail by Oflazer (Oflazer, 2014).
In this context, Turkish words take numerous inflectional and derivational suffixes and it is possible to
derive a Turkish word that correspond to an English sentence (Oflazer, 2014):

yap+tabil+ecek+se+niz -> if you will be able to do (it)

One of the main problem of Turkish morphology arises while obtaining vector space model for
machine learning classifiers. More specifically, Turkish words are in general composed of morphemes that
may result in data sparsity that may decrease performance of classifiers (Nuzumlali & Ozgiir, 2014). The
solution to this problem is relatively handled with stemming and lemmatization whose goals are obtaining
base forms of words with reducing inflectional forms. These language tasks require specialized software
or lexicons. We should emphasize that the mentioned tasks are required for traditional machine learning
algorithms such as NB or SVM. On the other hand, recent advances in neural language models such as
BERT (Devlin et al., 2019) (particularly BERTurk which is Turkish version of BERT) eliminate the need for
the underlined pre-processing tasks while generating successful models for many language tasks for
Turkish-like languages.

In this study, we made use of traditional classifiers on top of pre-processing tasks including feature
selection and we compared the outcomes with BERTurk (Schweter, 2020) for fake news identification
problem. One of the main contributions of this study is the usage of BERTurk model in detection of fake
news. The second contribution of this study is the experiments that enlighten comparison of challenging
Turkish language pipeline with that of BERTurk’s relatively straightforward path.

This study is structured as follows: We present literature survey in Section 2 and the overall workflow
is explained in Section 3. In Section 4, we make explanations of experiments and corresponding results. In
section 5, we underline results of the experiments and we conclude the paper with Section 6 as conclusion.
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2. RELATED WORK

Fake news detection is a frequently studied Natural Language Processing (NLP) problem in machine
learning literature. For the sake of convenience, we narrow the literature survey in two aspects: i) Recent
Turkish fake news studies and ii) Transformer based fake news literature.

Though Turkish is a widely spoken language, there are limited NLP studies in Turkish fake news
detection. In their study, Mertoglu et al. generated a lexicon that may be used for fake news identification
studies (Mertoglu & Geng, 2020). Tocoglu et al. made use of various machine learning algorithms and
feature selection engineering to generate an efficient fake news (satire) detection model. They obtained
accuracy of 97.72% with the recurrent neural network algorithm (Onan & Tocoglu, 2020). Another recent
study in Turkish is a clickbait dataset that is evaluated with Bidirectional Long Short-Term Memory
(BiLSTM) and the authors obtained a 97% prediction accuracy (Geng & Surer, 2021). For Twitter fake news
detection, the authors used RF algorithm to filter false news and they obtained 0.86 as average F1-score
(Tagkin et al., 2021). As it is observed from this survey, Turkish fake news studies are infrequent in the
literature.

We now present transformer based fake news detection literature that are conducted last two years.
While we present the related literature, we particularly focus on non-English languages. In their BERT-
base approach, Jwa et al. identified fake news stories in Korean (Jwa et al., 2019). For Urdu fake news
identification, the authors compared machine learning algorithms with BERT and they obtained 0.90 F1
score for BERT outperforming all classifiers (Amjad et al., 2021). In their study, Nagadeh et al. used BERT
with contextual speech information to analyze Persian fake news and they obtained promising results
(Jahanbakhsh-Nagadeh et al., 2020). For Arabic fake news detection, the authors compared deep neural
network models with BERT, and they found transformer model is superior to neural networks to detect
Arabic fake news (Al-Yahya et al., 2021). Furthermore, Ozbay and Alatas made use of advanced artificial
intelligence algorithm to analyze well-known fake-news datasets and they obtained efficient results in
terms of accuracy (Ozbay & Alatas, 2020). In their another study, Ozbay and Alatas used metaheuristic
optimization algorithms to identify fake-news automatically (Ozbay & Alatas, 2019). As a last study from
recent fake-news research domain, Bozuyla and Ozcift analyzed popular fake-news source, i.e. COVID-
19, with the use of neural transformers (Bozuyla & Ozcift, 2022). There are many studies in the literature
that use transformers in fake news detection. However for the sake of convenience we limit ourselves with
a few work from literature. As an overview, we can draw two conclusions from this survey: i) Turkish
fake news literature is limited in quantity and there is a research gap for researchers and ii) Transformer
based approaches are the new direction particularly in fake news identification domain.

3. METHODOLOGY

In this section, we present the proposed transformer based Turkish fake news detection framework.
The whole framework is divided into subsections and they are: data, pre-processing, feature extraction,
feature selection, experimental setup. The evaluation metrics is followed the mentioned sub-tasks.

3.1 Data

The data consists of two subsets as fake and real news. For Turkish a rich fake news source is Zaytung
web site which is famous in fabricating numerous types of fake data (Github, 2021; Web3, 2021). Fake
news subset is generated from Zaytung and real subset is from Hurriyet newspaper. In the dataset, there
are 2163 fake labeled samples and 2296 real labeled samples that consists of one or more sentences. The
real news were taken from Hiirriyet newspaper between dates of January and June 2019. The fake news
was collected from the news published on the famous fake news resource, Zaytung, before June 2019. The
collected news were in culture, politics, technology, sport, and science etc. domains. The average lengths
of fake news and real news sentences are 212, 368 words respectively. Sample sentences from collected
data for fake and real news are given in Table 1.
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Table 1. Sample sentences from dataset
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Turkish

English

Title

Hatay'da fren yerine gaza basan siiriicli kizim
ezdi. Hatay'da evinin bahgesine aracimi park
ederken fren yerine gaza basan siiriicii, kizini
ezdi. Minik kiz c¢ocugu olay yerinde hayatim
kaybetti.

In Hatay, the driver, who stepped on the gas
instead of the brake, crushed his daughter.
While parking his car in the garden of his
house in Hatay, the driver, who stepped on the
gas instead of the brake, crushed his daughter.
The little girl died at the scene of accident.

Real

DIE: "Tiirk Kadinlariin % 97'si Hep 1yi Niyeti
Yiiziinden Kaybediyor". DIE (Devlet Istatistik
Enstitiisii) tarafindan agiklanan rakamlara gore
"hep Tirk
kadinlarinin sayisi gegen yilin ayni donemine

iyi niyeti yiliziinden kaybeden"

gore 1 puan artarak %97'ye yiikseldi. Yine ayni
rapora gore Tirk kadinlarmin %94'tiniin tek
kusurlar1 fazla diriist olmalar1 ve diger Tiirk
kadinlar1 gibi rol yapmayi bilmemeleri. Geri
kalan %6'lik kismin ise herhangi bir kusuru

bulunmuyor.

TSI: "97% of Turkish Women Always Lose
Their Goodwill". According to the figures
announced by the TSI (Turkish Statistical
Institute), the number of Turkish women who
"always lose because of their goodwill"
increased by 1 point to 97% compared to the
same period of the previous year. they don't
know how to act like other Turkish women.
The remaining 6% do not have any defects.

Fake

3.2 Pre-processing

The generated dataset is pre-processed with the following steps: i) html tags are removed, ii) special
characters such as “*,@” are filtered, iii) noisy characters such as newlines, white-space are discarded, iv)
text is encoded in lowercase characters i.e. normalized and finally v) tokenization, i.e. conversion of text
strings into words. We provided the sample text before and after preprocessing in Table 2.
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Table 2. Sentences before and after preprocessing steps

Text before preprocessing

Text after preprocessing

Olimiinin ~ 14. yilinda Barigs Mango'yu
sarkilariyla anan sevenleri Kanlica mezarlgini
“haydi kizlar... aym” sesleriyle inlettiler. Tiirk
miiziginin unutulmaz seslerinden Baris Mango
aramizdan ayriisinin 14, yilinda ailesi ve
sevenleri tarafindan Beykoz Kanlica’daki kabri
basinda anildi. Anma téreninde Mang¢o'nun en
sevilen sarkilari her sene oldugu gibi yine hep bir
agizdan seslendirilirken bu yil repertuara
eklenen ay1 sarkisi sayesinde Kanlica mezarligi
renkli goriintiilere sahne oldu.

Oltimiiniin 14 yilinda baris mangoyu sarkilariyla
anan sevenleri kanlica mezarlgini haydi kizlar ayim
sesleriyle inlettiler tiirk miiziginin unutulmaz
seslerinden baris manc¢o aramizdan ayrilisinin 14
yilinda ailesi ve sevenleri tarafindan beykoz
kanlicadaki kabri basinda anildi anma toreninde
manconun en sevilen sarkilar1 her sene oldugu gibi
yine hep bir agizdan seslendirilirken bu yil
repertuara eklenen ay1 sarkisi sayesinde kanlica
mezarlig1 renkli goriintiilere sahne oldu

DIE (Devlet Istatistik Enstitiisii) tarafindan
aciklanan rakamlara gore "hep iyi
yliziinden kaybeden" Tiirk kadinlarinin sayisi
gecen yilin ayn1 dénemine gore 1 puan artarak
%97'ye yiikseldi.Yine ayni rapora gore Tiirk
kadinlarinin %94 {iniin tek kusurlari fazla diiriist
olmalar1 ve diger Tiirk kadinlar: gibi rol yapmay1
Geri kalan %6k kismun ise
herhangi bir kusuru bulunmuyor.

niyeti

bilmemeleri.

die devlet istatistik enstitiisii tarafindan agiklanan
rakamlara gore hep iyi niyeti yiiziinden kaybeden
tiirk kadinlarinin sayis1 gegen yilin ayni donemine
gore 1 puan artarak 97 ye ytikseldi yine ayni rapora
gore tiirk kadinlarinin 94 {iniin tek kusurlar1 fazla
diiriist olmalar1 ve diger tiirk kadinlar1 gibi rol
yapmay1 bilmemeleri geri kalan 6 lik kismin ise
herhangi bir kusuru bulunmuyor.

The whole preprocessing pipeline is presented in Figure 1.

Data Generation Pipeline

Sy

@ > Dataset

Collection
¢ I
Removal of Remov.a lot
HTML —> Special
Characters
\ 4
- Text

Removal of noise

»~ - .
Normalization

\ 4

Word
Tokenization

—>

Dataset

Figure 1. Data pre-processing framework.
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3.3 Feature Extraction and Feature Selection

Having tokenized the dataset, we need to obtain the weight of each word in the whole data. This is a
well-known concept in computational language processing literature. In this aspect, the frequency of
terms, i.e. Term Frequency (TF) and Inverse Document Frequency (IDF) concepts are used to obtain final
optimum weights of terms (words) in the dataset and this is calculated with Equation 1.

N
wi; = tfij* IOgd_fi (1)

In Equation 1, w;; is weight of a term { in the sample j, N is total sample size in the dataset, tf;;
corresponds to the frequency of term i in the sample j, and finally df; corresponds to the number of
samples that contain term i (Dadgar et al., 2016).

With this transformation the dataset is now encoded in terms of numerical values that is suitable for
machine learning algorithms.

After feature extraction, we obtained 1413 terms for two classes. We used WEKA machine learning
package to obtain feature extraction based on TF-IDF. Some example terms having highest TF-IDF score
and corresponding weights are given in Table 3.

Table 3. TE-IDF scores of words with highest weights

Word TF-IDF weight Word TE-IDF weight
tekstil 3.947 meslek 3.427
yapilacaktir 3.821 adaylar 3.422
O0deme 3.682 sanat 3.362
smav 3.491 sistem 3.321
kay1t 3.444 orug 3.285

It is also underlined in the literature that high dimensional nature of data may decrease performance
of machine learning algorithms. Feature selection is in general used to obtain the most discriminative
feature (term or word in text mining literature) that maximizes classifier performance. From this
perspective, we experimented Correlation-based Feature Selection (CFS) method with best first search
strategy. The feature (term) size before feature selection was 1413 and with the application of Correlation-
based Feature Selection (CFS) method with best first search strategy, we obtained feature size of 200. The
first twelve words with the highest weight (importance) are given in Table 4. The corresponding
experimental results are presented in Section 4.

Table 4. Some of the most important terms obtained with CFS

aslinda arkadas adeta bile
deneyimli | gergin halen ifade
itiraf komple resmen | zamaninda

3.4 Experimental Setup

In this work, we used five machine learning classifiers, NB, LR, RF, SVM, NBM and BERTurk from
literature (Sarker, 2021). The experimental setup is realized in three steps.

(1) Full data without feature selection: The dataset is first divided in 80% train and 20% test splits.
Then the classifiers are trained with 80% portion of data and then the performance of the models are
evaluated with the test-split in detecting fake news. In the literature, there are various data splits such as
70%-30% and 80%-20% for train test scheme. Also, a widely used train-test split is cross validation.
However, for BERT-like transformers cross-validation split requires huge computational load and we
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therefore selected 80%-20% for all the experiments carried in the study. This pipeline is shown in

Figure 2.
Preprocessing
| Dataset
v v
[ Training 80% Testing 20%
Y
I—Gllﬂ'ﬁﬁil—l
Support Vector Machine

Naive Bayes

Naive Bayes Multinomial

Logistic Regression

Random Forest

Figure 2. Fake news model generation without feature selection
(2) In this experimental setup, the data is first processed with CFS and then the reduced dataset is
then divided into 80-20 train test splits. Then the classifiers are trained and tested as shown in the

Figure 3.
Feature Selection (—[ Preprocessing

I
v v

Training 80% ] [ Testing 20% J
y
Classifiers
Support Vector Machine

Naive Bayes

Naive Bayes Multinomial

Logistic Regression

Random Forest

Figure 3. Fake news model generation with Correlation-Based feature selection

(3) BERTurk makes use of full feature set and it does not require dense pre-processing steps. The train
and test splits for BERTurk are the same and the framework is summarized in Figure 4.
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Trained Model Evaluation Metric
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Figure 4. BERTurk fake detection generation model pipeline

3.5 Evaluation Metrics

Comparing real-world performances of classifiers are realized on the basis of numerical metrics such
as accuracy. For balanced problems, i.e. number of samples in classes are distributed evenly, Accuracy
(Acc) is a preferred evaluation metric (Wardhani et al., 2019)(Sasikala et al., 2017). Acc is based on
confusion matrix and it is calculated as in Equation 2.

TP +TN

Acc =
TP+ TN+ FP+ FN

2)

In Equation 2, True Positives (ITP) and True Negatives (TN) are the correct
predictions. False Negatives (FN) and False Positives (FP) are the incorrect predictions in the equation.

Though Acc is efficiently used to compare classifier performances, statistical validation of models
require another metric such as Kappa (K,) [23]. Kappa is calculated with Equation 3 and it generates values

between [0,1].
__Po —Pe

o =T ©)
Where p, and p,
~ TP + TN W
Po=Tp TN + FP + FN
_ (TP FN). (TP + FP) + (PN +TN). (FN 4 TN)
Pe = (TP + TN + FP + FN)?

If the generated K, value of a classifier is above 0.8 then it is statistically validated. The K, and Acc
values of all classifiers are evaluated and discussed in Section 4.

4. RESULT AND DISCUSSION

In this section, we summarize the experimental results of used algorithms in terms of Acc, K, and
confusion matrix. The Acc and K,, metrics of all classifiers are given in Table 5 and confusion matrices
(Dagli & Oztiirk, 2021; Khorram & Baykan, 2021) of algorithms given in Table 6, Table 7 and Table 8 .
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Table 5. Experimental results of fake news classification models
. Full Dataset Dataset with Feature Selection
Classifier
Acc Kp Acc Kp
NB .891 .838 919 .783
NBM 967 .850 925 .935
LR .869 737 942 .883
SVM .985 .894 947 971
RF .937 .881 941 .874
BERTurk .999 .995 - -

Table 6. The confusion matrices of machine learning algorithms

Confusion Confusion Confusion Confusion Confusion
Matrix for Matrix for Matrix for Matrix for Matrix for
NB+FES NBM+ES LR+FS SVM+FS RF+FS
Actual Actual Actual Actual Actual
Real Fake Real Fake Real Fake Real Fake | Real | Fake
g 389 35 438 16 428 29 447 9 429 34
|®)
§
& 62 406 13 425 23 412 4 432 22 407
Table 7. The confusion matrices of machine learning algorithms with FS
Confusion Confusion Confusion Confusion Confusion
Matrix for Matrix for Matrix for Matrix for Matrix for
NB+FS NBM+FS LR+FS SVM+FS RF+FS
Actual Actual Actual Actual Actual
Real Fake Real Fake Real Fake Real Fake | Real | Fake
g 418 39 425 41 428 29 438 34 437 39
|®)
E
s 33 402 26 400 23 412 13 407 14 402

Table 8. The confusion matrix of BERT

Confusion Matrix for BERT
Actual
Real Fake

-]

2 451 1

=

o

[+P]

» 0 440

From confusion matrix evaluation point of view, we observe from Table 6, Table 7 and Table 8 that
most of the algorithms are more capable to identify real news compared to fake news. Furthermore, SVM
is able to determine real and fake news with only 13 mistakes in terms of FP and FN. The best performance
to discriminate real and fake news is achieved by BERTurk with only one mistake.

We can easily observe from Table 5 that BERTurk model generates an outstanding fake detection
performance in terms of accuracy. While BERTurk is able to identify fake news with 99.90 % accuracy, the
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fake news identification value of SVM is 98.50 %. Another point drawn from Table 5 is that CFS feature
selection may increase performance of some classifiers such as NB, LR, and RF, the Acc values of NBM
and SVM are decreased. As we underlined in the article, for Turkish an efficient model requires to
optimize various parameters (pre-processing, feature filtering etc.) at the same time to obtain an acceptable
model. For the sake of simplicity, we compare the performances of the algorithms in Figure 5.

Fake News ldentification Performances

100%
98%
96%
94%
92%
90%
88%
86%
84%
82%
80%

RF

NB NBM LR SVM BERTurk
E BERTurk @O Dataset with FS ©EFull Dataset

Figure 5. Comparison of performances of classifiers in terms of fake news identification accuracies.

As we obtained the best fake news identifier to be BERTurk, we now need to statistically validate the
classifiers. In order to visualize vaalues from Table 5, we draw Figure 6 as follows:

Kappa Evaluation

0.95
0.9 —
0.85 —
0.8

0.75

0.7 ﬂ

NB NBM LR SVM RF BERTurk
E BERTurk [ Dataset with FS @ Full Dataset

Figure 6. Statistical evaluation of classifiers with Kp values.

From Figure 6, we may first conclude that most of the models have K, values higher than 0.8 and they
are statistically validated. And finally, we also observe from Figure 6 that BERTurk has a K, value about
1 that is well acceptable.
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5. CONCLUSION

In general, Turkish computational language studies require language pre-processing steps and feature
selection mechanisms to obtain a relevant model. One of the main drawbacks of this approach is that the
mentioned tasks cannot be assembled into a well-defined pipeline and it requires lots of trial-error
approaches while obtaining an efficient model. On the other hand, BERTurk-like transformers do not
require mentioned processing tasks and they can process relatively raw data without feature selection. In
this study, we use two types of classifiers as traditional algorithms such as NB, RF and a recently
developed transformer, i.e. BERTurk, to detect Turkish fake news. And the experimental results show that
transformer based approach is relatively straightforward method with outperforming fake news
identification performance compared to the rest of the classifiers. As a research direction, we recommend
transformers to be a better choice for Turkish language processing tasks.
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ABSTRACT: Selection of input variables of the empirical models has vital effect on the prediction
performance, reduced overfitting and reduced computational load. Various trials and error and sequential
methods in the literature to deal with input selection for artificial neural networks (ANNs). However,
these methods are not considered as automatic and systematic. This study proposes a novel and efficient
mixed integer nonlinear programming-based approach to handle optimal input selection and the ANN
training simultaneously for classification problems. Such selection uses binary (0-1) variables to represent
the presence of the input variables and trains traditional continuous network weights simultaneously.
Two classification case studies are given to demonstrate the advantages by using widely used data sets
and statistical measures. The first data set is related to the characterization of the type of a tumor related
to breast cancer, the second data set is about predicting the type of a biotechnological product using
different features, the last one is related to heart failure prediction. Results show that better test
performance can be achieved with optimally selected inputs, resulting in reduced overfitting. The
proposed approach delivers a significant advantage during the design and training of the ANNSs and is
also applicable to other empirical models.

Keywords: Input selection, Artificial neural networks, Mixed-integer programming

Kesikli ve Siirekli Optimizasyon Kullanarak Yapay Sinir Aglar i¢in Sistematik Girdi Secimi
Yontemi

0OZ: Ampirik modellerin girdi degiskenlerinin segimi, tahmin performansi, azaltilmis fazla uydurma ve
hesaplama yiikiiniin azaltilmasi {izerinde 6nemli etkiye sahiptir. Literatiirde yapay sinir aglar1 (YSA) icin
girdi secimi ile ilgili cesitli deneme yamilma yontemleri mevcuttur ancak bu metodlar sistematik ve
otomatik olarak kabul edilmemektedir. Bu ¢alisma, siniflandirma problemleri i¢in optimal girdi sec¢imi ve
YSA egitimini ayn1 anda ele almak icin yeni ve verimli bir karma tamsayili dogrusal olmayan
programlama tabanl bir yaklagim 6nermektedir. Bu sec¢im, girdi degiskenlerinin varli§ini temsil etmek
igin ikili (0-1) degiskenleri kullanir ve geleneksel siirekli ag agirliklarini veya parametrelerini ayni anda
egitir. Yaygin olarak kullanilan veri setleri ve istatistiksel Ol¢timler kullanarak avantajlar1 gostermek
amactyla {i¢ siniflandirma vaka calismasi sunulmustur. Birinci veri seti meme kanseri ile ilgili timoriin
tipin-in karakterizasyonu ile ilgili olup, ikinci veri seti ise farkli 6zellikler kullanilarak bir biyoteknolojik
iirlintin tipinin tahmin edilmesi ile ilgilidir, son veri seti ise kalp saglig: ile ilgilidir. Sonuglar, optimal
olarak segilen girdiler ile diisiik fazla uydurma sayesinde daha iyi test performansinin elde edilebilecegini
gostermektedir. Onerilen yaklasim, YSA'larin tasarimi ve egitimi sirasinda 6nemli bir avantaj saglar ve
diger ampirik modellere de uygulanabilir.

Anahtar Kelimeler: Girdi Secimi, Yapay sinir aglari, Kesikli ve siirekli optimizasyon
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Mixed-Integer Nonlinear Programming

1. INTRODUCTION

Modeling of complex processes are primarily handled through mechanistic or empirical models. The
mechanistic models contain mathematical expressions with the actual physical dynamics. Thus, such
models have a more trustable nature to extrapolation. On the other hand, the derivation of such models is
a challenging task due to experimental challenges and the theoretical issues related to knowledge on
underlying mechanism.

Empirical models, with a high number of varieties, deliver an alternative to mechanistic models once
the data are abundant and the processing conditions are similar or within an acceptable extrapolation
region although they are constructed on tailored black-box mathematical formulations with no physical
background.

ANNSs are one type of empirical models and have obtained gradually obtained more attention over
the past decades both due to increased computational power and data availability. Feedforward ANNs
propagate the input information, which is represented by a vector for a particular sample, to succeeding
layers through linear and nonlinear operations, which incorporate the elements of input vector with
different weights. Traditionally, all ANN variables interact in a fully connected sense.

ANNSs have found different application areas both due to their flexibility to represent complex
interactions and theoretical modifications resulting in a different terminology despite underlying logic is
based on regression. In (Mutlu and Yucel 2018), artificial intelligence based methods have been used for
the prediction of biomass gasification reaction. (Akdag, Komur, and Ozguc 2009), used ANNs for the
calculation of heat transfer related parameters from an experimental apparatus. Furthermore, ANNSs have
found significant applications in time-series data both from the manufacturing processes and economics.
In (Kocak and Un 2014), gold price estimations were considered. An application on environmental studies
can be found in (Yetilmezsoy, Ozkaya, and Cakmakci 2011). Electricity consumption using ANNs is
applied by (Azadeh, Ghaderi, and Sohrabkhani 2008).

A major problem with the ANN is the scalability and the management in real time when high number
of inputs are candidates for the model development since measurements and advanced sensor technology
provide a significant amount of different data, some of which are redundant or correlated. There are
various trial and error and sequential input selection methods for the ANNs (Castellano and Fanelli 2000;
Leahy, Kiely, and Corcoran 2008; Verikas and Bacauskiene 2002) combine the tools from optimization and
statistics.

In theory, higher number of inputs, especially when they are redundant or do not carry additional
statistical insight, contribute to famous overfitting problem by introducing more weights to the
architecture and bringing about significant computational load with parameter identifiability issues
(Schittkowski 2007). A representative input subset selection has been a focus for the development of more
efficient and accurate predicting ANN architectures with improved computational performance.

In (Verikas and Bacauskiene 2002), an input reduction method is implemented on publicly available
benchmark problems and provides a similar performance with smaller input subspace. The input selection
might in turn delivering a better or a similar performance in the test data despite reduced training
performance. Such a performance drop in training is theoretically intuitive as less parameters are included
in the optimization problem with fewer inputs. However, the impact on the test instances is beneficial for
many cases (Ledesma et al. 2008; Sildir, Aydin, and Kavzoglu 2020).

There are various input selection algorithms in the literature (Castellano and Fanelli 2000; Van De Wal
and De Jager n.d.). Those methods usually handle the input reduction in a computationally simplified
domain by excluding the non-convex and non-smooth optimization problem, focusing on statistical
significance among variables or straightforward interactions between inputs and outputs. Next, the
resulting input subset is used for the development of ANNs. A major theoretical challenge with such
approaches is the compatibility of the inputs for the ANN development although they are obtained from
a simplified set of interactions rather than the actual ANN formulation during the selection. In addition,
those inputs are selected using a sequential manner, which requires the successive and recursive process
in which only one input is removed per iteration. Thus, any theoretical potential from the co-existence of
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inputs can not be exploited due to the heuristic nature of the approach. On the other hand, such sequential
input selection algorithms have found significant applications (Riickstiefs, Osendorfer, and Smagt 2011)
due to its practical usage and satisfactory performances once the data do not contain significant
nonlinearity and complexity. With many variations (Aha and Bankert 1996), the cross-validation score is
a popular approach to eliminate or add an input (Ferri et al. 1994). The method is also used in this study
for the comparison purposes.

One more typical solution to cope with overfitting is to include a regularization term to penalize larger
values of ANN parameters during the NLP (Non-linear programming) solution, which unfortunately
cannot regularize the hyper parameters (Manngard, Kronqvist, and Boling 2018). Dropout regularization
is an alternative and efficient method to include structure detection element into ANNSs, using random
sampling based techniques (Poernomo and Kang 2018). Another recent advancement related to feature
selection includes Bayesian optimization-based methods. These methods are not non-parallelizable, but
also often converge to suboptimal local solutions, which in turn brings about poor performance for feature
selection. On the other hand, efficient decomposition algorithms are present for larger search spaces,
integrating the derivate-based and blackbox optimization approaches for the solution of mixed integer
nonlinear programming (MINLP), (Diaz et al. 2017; Feurer and Hutter 2019; Stamoulis et al. 2018).

This study focuses on the development of an MINLP formulation for the simultaneous design and the
training of feedforward ANNSs by representing the selection of the inputs by a binary decision variable in
addition to traditional continuous ANN weights. This approach obtains the structure and the weights of
the ANN automatically and simultaneously, unlike sequential feature algorithms. Thus, resulting best
features are selected considering the ANN architecture, in addition to traditional concerns such as
accuracy, and ensures a satisfactory performance with the subset. Furthermore, in theory, MINLP
problems can be solved to global optimum in theory, guaranteeing to achieve the best possible feature
selection (Sahinidis 1996). Finally, the decomposable structure of the resulting mathematical optimization
formulations also increases the potential of the proposed methods for large-scale data sets, unlike the
cutting-edge Bayesian optimization or sequential feature selection methods.

The rest of the paper is organized as follows: Section 2 includes the theoretical background of the
approach. Section 3 provides the results and comparison to ANNs with all inputs. The last section
concludes the study.

2. Methodology
2.1 Theoretical Background

Traditional feedforward ANN applications comprise of fully connected networks where all inputs,
hidden layer neurons and outputs are connected completely, in a fully-connected manner. These ANNs
are typically defined as follows:

Y = for(Wor " fur(Why " u + By) + Bo,) (1)

where y is the vector of outputs; Wae and Bhr are the matrices of hidden layer weights and bias vector
respectively; Wor and Bor are the matrices of output layer weights and bias vector respectively; u is the
vector of inputs or features; fir and for are hidden layer and output layer activation functions respectively.
The mathematical representation given by Eq. 1 represents a fully connected feedforward artificial neural
network (FC-ANN) which transforms the information in input, 4, to the succeeding layers, and eventually
to the output vector, y. The dimensions of ANN weights in Eq. 1 depend on the number of inputs, outputs
and number of neurons (a hyper parameter), which are determined manually before training. In general,
as the dimensions get larger, higher number of connections and parameters are introduced, which in turn
provides higher capability of fitting to the training data. More parameters can also be introduced by
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adding more hidden layers, and thus connections. This task lies within the concept of deep learning,
providing beneficial application pathways in the literature (Alom et al. 2019).

2.2 Proposed Method

The hyperparameter management of ANNSs is a challenging task since it requires significant number
of trials. The common approach to especially decide on which input to select through ANN training is
trial and error, where sequential selection and training steps are followed. In practice, those
hyperparameters include the number of neurons, selection of inputs, and selection of activation functions.
For instance, fur has a wide range of functions to address the different dataset and training algorithm
needs, unlike for, which is restricted to some form of normalization function once the classification is under
consideration. In this case, a softmax activation used to calculate the probabilities of the outputs. Using the
softmax function, the probability of j** output, y;, based on a particular vector, v, is calculated from:

evi

Y= )

M v;
i=1 €

where M is the number of outputs. In ANN applications, the vector v for the calculation of the output
probabilities are delivered by the hidden layer, due to feedforward information flow throughout the
network.

ANNSs are traditionally trained using nonlinear optimization methods where the sum of squared
errors, or similar metrics, is minimized. As a result, optimal network parameters are obtained. Such a
nonlinear optimization problem assumes a fixed ANN architecture including all the inputs in the dataset,
in general.

In this study, the main idea is to represent the existence of the features using a binary variable and
embed the selection procedure into the training algorithm, which in turn results in an MINLP problem.
Accordingly, the training problem can be utilized simultaneously with the feature selection in a rigorous
way, unlike many other sequential feature selection methods. The MINLP problem formulated to address
both the input selection and training is given by:

N M
; _ __.,measurement -
MmNy o, Wy1,BoLBuLUs £ = § E Yij ln(yu)

Vi = forWor - fur Wy - wi + Buy) + Boy), € {1, ..., N}
W;JL < wihex -ug,i € {1, ...,neuron},j € {1, ..., inputs} 3)

WHli < W -ug,i € {1, ..,neuron},j € {1, ..., inputs}

U
§ Us,i = Udesired

i=1
u, € {0,1}

where z is the cross-entropy function, us is the binary vector includes the decision variable to select a
particular input to account for in the ANN architecture; where ui is the vector of i inputs; yi is the vector
of ith output. This way, the most statistically major inputs can be selected while minimizing the traditional
cross-entropy formulation. Please note that the major difference of Eq.3 to Eq.1 is the inclusion of the
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binary input selection vector, us, embedded into the ANN equation. This way, the optimization detects
whether or not to use the information from the particular feature value while training the ANN.
Computation of the output variable given by Eq. 3 for a particular input sample, u, requires both the value
of continuous weights (or parameters) and bias values, and binary input selection decision variables to be
computed during training. Thus, to detect the optimal inputs and train the ANN network systematically
and in a simultaneous fashion, a mixed-integer nonlinear optimization problem is formulated. Additional
linking constrains given by Eq. 3 ensure setting the weights for the columns, which correspond to the
eliminated inputs, to zero. On the other hand, the same constraints ensure the weight limits of the columns,
tightening the search space to favor computational efficiency. To the best of the author’s knowledge,
formulation of the presented method as a mixed-integer nonlinear programming for classification
problems in a systematic, where the nonlinearity of the ANN networks are considered, is still a scarce
subject. Eq.3, on the other hand, represents a highly non-convex mixed-integer nonlinear programming
problem, whose solution to global optimality is a quite challenging task. Solving MINLP problems
requires branching on binary variables and solving the corresponding NLP relaxations at the same time.
Derivative-based and derivative-free methods are available for the solution of the problem. For this work,
a derivative-based local MINLP solver (DICOPT) is used, but evolutionary algorithms (e.g. genetic
algorithm) may turn out to be useful for identifying a heuristic or initial solution. The major contribution
of this study includes the development of Eq. 3 to address the simultaneous input selection and ANN
training using rigorous optimization formulation, rather than evolutionary algorithms. Suggested
formulation is applied in PYOMO language and the related MINLP problem is solved using the DICOPT
solver (Hart, Watson, and Woodruff 2011; Kocis and Grossmann 1989). PYOMO is an internationally
recognized open-source algebraic optimization modeling language which provides a user-friendly
environment. Several useful open-source MINLP solvers can also be integrated in PYOMO (Kronqvist et
al. 2019). Optimal results were obtained in less than 30 seconds for all of the cases given in results section.

For detailed explanation of MINLP problems and related solution algorithms, the reader is referred
to (Krongqvist et al. 2019). Finally, a flowchart of the proposed method is represented below:

Problem

.

Initialize y

Fix y
Solve NLF subproblem

¢ I Y
Solve MILP Master Problem
1L' L

=% < threshold

.

Optimal solution is found

&

Add an integer cut

Mo

Figure 1: Flowchart of the solution of the MINLP problem using Outer Approximation (Duran and
Grossmann 1986).
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Here, y represents the set of binary variables comprised of the candidate features and the NLP subproblem
represents the standard ANN training. zU and z* are the upper and the lower bounds of the objective
function for the problem defined by Eq.3, respectively. MILP Master Problem stands for the linearized
version of the original MINLP problem and in this solution setting, the training problem and the MILP
Master problem are solved iteratively until the optimal values of both problems approach close to each
other. Convergence is assured by automatically including integer cuts to the training problem, which
stands for the optimal selection of the features or inputs, represented by the feature selection vector as
mentioned before. As opposed to selecting the features randomly and sequentially, the addition of the
integer cuts ensures the selection of the best features while training the ANN.

3. RESULTS

This section compares the training and the test performance of ANNSs for all inputs and selected inputs
obtained from the proposed optimization problem. The application includes three commonly used
datasets. All datasets are publicly available classification benchmarks but in addition to that, the first case
study also justifies the use of machine learning techniques for medical applications which is a relatively
new area. The second application is also associated with chemical engineering and biotechnology, which
is again a unique and interesting application area for engineering and the last dataset is related to heart
failure detection.

The performance criterion is the confusion matrix for the training and the test data. 50% training ratio
is used for two cases after shuffling the data randomly. Traditional fully connected ANN (FC-ANN) which
utilizes all the available inputs, without any input selection algorithm, is the first architecture for
performance evaluation. Secondly, SIS-ANN (Sequential Input Selection based ANN) results are
presented in which ANN is trained using selected inputs from sequential input selection algorithm.
Finally, MIP-ANN (Mixed Integer Programming based ANN) results, which demonstrate the
performance obtained the mixed-integer formulation in Eq. 3, is presented. All architectures use
hyperbolic tangent activation functions in two hidden layer neurons.

All Inputs

i

Seguential Input Selection

Algorithm
Selected
Inputs
¥ ¥ Y
Simultaneous Input Selection Traditional ANN Training Traditional ANN Training
and Training Algorithm

. . !

MIP-ANN SI5-ANN FC-ANN

Figure 2: Different ANN methodologies which are used for comparison

3.1. Breast Cancer Dataset

The breast cancer dataset is a popular classification benchmark which found significant attention from
the literature (Agarap 2018; Benbrahim, Hachimi, and Amine 2019; Lavanya and Rani 2011). The dataset
contains mean, standard deviation and worst values for 10 different structural properties to diagnose a
patient as cancer or not. The problem requires the measurement of high number of input variables once
the input reduction is not applied. On the other hand, the determination of an optimal subset is a
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challenging task with high number of combinations, hindering the use of trial and error procedures. Table
1 provides the available inputs from which dark market entries are selected based on the corresponding
algorithm. Note that, FC-ANN inputs are not included in Table 1 since all of them are used for the method.
In this case, a significant input reduction is required from the algorithms to observe the theoretical
contributions more clearly. Both sequential input selection and mixed-integer based approach focuses on
the worst values of particular inputs for diagnosis. Unlike sequential input selection algorithm, which uses
perimeter and symmetry for the decision making, mixed-integer formulation uses radius and concavity
to calculate the cancer status.

Table 1. Selected inputs for Case 1
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Table 2 includes the training and the test performances for FC-ANN, SIS-ANN and MIP-ANN. The
former delivers the best training performance, thanks to high number of weights in the ANN architecture.
However, a significant test performance drop is obtained for the FC-ANN architecture, which is not
desired in many cases and considered a measure of overfitting. SISSANN delivers a reduced test
performance compared to FC-ANN using two inputs shown in Table 1. However, overfitting is decreased,
as well, since a perfect classification is not observed in the training.

Table 2. Classification comparison of different ANN approaches for Case 1

FC-ANN SIS-ANN MIP -ANN

C1 C2 C1 C: C1 C2

: G 109 0 103 6 97 12

g C: 0 175 4 171 0 175
=" Accuracy 1.000 0.965 0.957

- G 94 9 89 14 84 19

K C 10 172 13 169 1 181
Accuracy 0.933 0.905 0.930

MIP-ANN delivers a similar test performance, compared to FC-ANN, with a convenient training
performance. Such similarity is an indication of eliminated overfitting. In addition, despite poor
performance compared to both FC-ANN and SIS-ANN in the training data, MIP-ANN outperforms in
test. Such a performance is possible due to tailored formulation in Eq. 3, which accounts for the ANN
architecture and the impact of the inputs simultaneously during the ANN development. As a major
practical advantage, only two measurements for real-time applications would deliver a satisfactory
performance besides its computational advantages, when a new prediction or model update is required.
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3.2. Wine Dataset
Wine dataset contains 178 samples of 13 inputs which are used for the prediction of 3 classes. The
dataset has found significant applications in the literature (Bredensteiner and Bennett 1999; Zhong and

Fukushima 2007). The available and selected inputs are presented in Table 3.

Table 3. Selected inputs for Case 2
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Four input samples out of 13 were selected using sequential input selection and mixed- integer based
selection algorithm. The last input is selected by both algorithms; however, other selected inputs are
different for the two approaches.

Table 4 includes the performances of FC-ANN, SIS-ANN and MIP-ANN based on the confusion
matrices.

:

Table 4. Classification comparison of different ANN approaches for Case 2
FC-ANN SIS-ANN MIP -ANN
CG |G |G |G |G |G |G| G| G
G 26 0 0 26 0 0 24 2 0
.g C 0 37 0 0 37 0 2 35 0
= GCs 0 0 26 0 0 26 0 0 26
Accuracy 1.000 1.000 0.955
G 32 1 0 32 1 0 32 1
3 C: 7 26 1 3 31 0 1 32 1
= GCs 0 1 21 3 3 16 0 0 22
Accuracy 0.887 0.887 0.966

FC-ANN and SIS-ANN have similar training and test performances, despite different samples are
misclassified in the test. Both ANN architectures have a similar performance drop based on their training
and test accuracies. The performance drop in the FC-ANN clearly stems from the overfitting problem since
all the available information is already present in the training. However, SIS-ANN suffers from the
selection of an inefficient input subset. MIP-ANN delivers a similar training and test performance. In
addition, the latter is the superior among three ANN architectures.

3.3. Heart Failure Clinical Records Dataset

Heart failure clinical records dataset (Chicco and Jurman 2020) includes 299 measurements, which
enable the prediction of death event under follow-up period based on 12 important and potential
indicators of current health status of a human. Unlike other cases, in order to show the superiority of the
proposed methodology under relatively small training ratio, only 10% randomly selected data of the data
set is used for the training. Such a small training ratio is also useful to demonstrate the generalization
capability of the method, which is an important and highly-encountered concern when data are limited
or measurements are challenging. Table 5 shows the selected inputs based on the methods.
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Table 5. Selected inputs for Case 3

age
anemia
diabetes
ejection fraction
platelets
sex
serum creatinine
serum sodium
smoking
time

high blood pressure
creatinine phosphokinase

SIS-ANN
MIP -ANN

,

- -

The impact of the input selection is observed on the prediction performance both from the point

selection of actual indicator, which drives or leads the complex and highly-nonlinear nature of the existing
interactions in the human body, and the reduction in overfitting thanks to eliminated connections from
the particular inputs to the hidden layer. The impact of the overfitting is observed on FC-ANN, which
suffers from significant performance difference in training and test despite all inputs are available in the
training set. On the other hand, SIS-ANN, although significant amount of connections and related weights
are removed from the ANN structure due to feature selection, delivers a relatively-low prediction
accuracy since a better input selection could not be performed with a simple input selection algorithm
without considering the architecture of the ANN formulation explicitly.

Table 6. Classification comparison of different ANN approaches for Case 3

FC-ANN SIS-ANN MIP -ANN

C1 C2 C1 C2 C1 C2

: C1 17 0 14 3 17 0

8 C 0 12 3 9 5 7
= Accuracy 1.000 0.793 0.827

» C1 133 53 132 54 174 12

K C 32 52 31 53 55 29
Accuracy 0.685 0.685 0.751

4. CONCLUSION

ANNSs are empirical models with high number of tuning parameters. They have flexible structure
which requires the pre-specification of inputs, neuron number, activation functions, training algorithm,
training data selection and many other issues with high theoretical complexity. In addition, the approach
to deal with such issues are usually data and case dependent; thus generalization of ANN design and
training methods is a challenging task. A major and commonly encountered issue is overfitting, which is
caused by the selection of high number of inputs and hidden neuron number in addition to lack of
statistically meaningful dataset.

This study focuses on the selection of the optimal inputs through an MINLP formulation and does not
explicitly address other aforementioned considerations during training of the ANN development. The
impact of the proposed approach is implemented on three publicly available and widely used datasets,
showing the contribution of the approach. The method delivers statistically sufficient and meaningful
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input subset, resulting in a desired training performance and good prediction performance despite
significant reduction in total number of inputs. This has several advantages over the traditional trial and
error based and sequential approaches. Once the number of features (or inputs) is decreased, the ANN
number of parameters for training also decreases together with the training computational load without
causing underfitting. In addition, model update when a new measurement becomes available gets faster.
Once those ANNSs are implemented on actual implementations with real-time prediction, a smaller input
space would enable a more robust functionality over ANNSs considering all inputs. At the same time,
please note that some inputs obtained from the sensors are exposed to failures in daily operation.

A particular input might be eliminated from input space both due to its correlation with other inputs
and its irrelevance to the output. The former consideration may show the multiplicity in ANNs which is
beyond the scope of this paper. In practice there are many less-dependent input subset combinations
among a dependent input set. Here, the optimization algorithm has a major role over the subset selection
among the correlated inputs. The solution of MINLPs is usually computationally expensive task for larger
networks and datasets.

Many other hyper-parameter related performance influencing architectural decisions exist in the
ANN formulation. Activation function selection, number of hidden neurons, optimization algorithm
tuning parameters, training ratio, scaling of the data and initialization of the optimization are only some
of those. Thus, a more comprehensive and ultimate comparison is out of the scope of the paper and limited
to the input selection only.

Our future works include the development of reformulations, which decompose the problem into
smaller and easier-to-solve problems for handling large datasets.
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ABSTRACT: Photobiomodulation (PBM) is a non-ionizing therapy that promotes faster wound healing
and cell proliferation/differentiation. It is recently understood that photodynamic therapy (PDT) may act
as PBM when applied at low-level. In this study, a comparative analysis between PBM and low-dose PDT
was performed on HUVECS to increase angiogenesis. HUVECs were irradiated at 808-nm of wavelength.
Indocyanine green was used as a photosensitizer in PDT applications. Single and triple treatments were
employed for both modalities. Their effects were analyzed with cell viability, intracellular ROS, MMP
change, NO release, and morphological analysis. The expressions of vascularization-related proteins
(VEGF, PECAM-1, and vWf) were determined through immunofluorescence staining and qRT-PCR.
Temperature changes during applications were monitored to determine any thermal damages. It was
observed that triple PDT application was more successful at increasing cell proliferation and tube-like
structure formation with a 20% rate. The level of ROS did not significantly change in all applications.
However, the amount of NO release in triple PDT application was nearly 5 times that of the control group,
which showed it acted as a key molecule. The vascularization-related proteins were more strongly
expressed in PDT applications. It was understood that low-dose PDT can exert a photobiomodulation
effect to accelerate vascularization through NO release.

Keywords: Photobiomodulation, Photodynamic therapy, 808-nm, Indocyanine green, HUVECs

Fotobiyomodiilasyon ve Diisiik Doz Fotodinamik Terapinin HUVEC Hiicrelerindeki
Anjiyogenez'e Yonelik Olas1 Terapotik Etkileri: Karsilastirmalr In Vitro Analiz

OZ: Fotobiyomodiilasyon (FBM), yara iyilesmesi, hiicre proliferasyonu/farklilasmasi mekanizmalarin
hizlandiran iyonlastirict olmayan bir 151k terapisidir. Son zamanlarda, fotodinamik terapinin (FDT) diisiik
dozlarda uygulandiginda FBM gibi davranabilecegi anlasilmistir. Bu calismada karsilastirmali bir analizle
anjiyogenezi artirmak icin HUVEC'ler iizerinde FBM ve diisiik doz FDT'nin etkisi arastirilmistir.
HUVEC’ler 808 nm dalgaboyu ile uyarilmistir. FDT uygulamalarinda fotosensitizan olarak indosiyanin
yesil kullanilmigtir. Her iki yontem tekli ve {iglii olarak uygulanmistir. Uygulamalarin etkileri hiicre
canliligi, hiicre i¢i ROS, MMP degisikligi, NO salinimi ve morfolojik analizler ile incelenmistir.
Vaskiilarizasyonla ilgili proteinlerin (VEGF, PECAM-1 ve vWf) ifadeleri, immiinofloresan boyama ve
qRT-PCR yontemleri ile belirlenmistir. Olas1 termal hasarlar: belirlemek i¢in 151k uygulamalar: sirasindaki
sicaklik degisimleri izlenmistir. Sonucunda, tiglii diisiik doz FDT uygulamasinin hiicre proliferasyonu ve
damar benzeri yap1 olusumunda %20 oraninda daha bagarili oldugu gézlenmistir. Biitiin uygulamalarda
ROS seviyesi onemli dlgiide degismezken, {icliit FDT uygulamalarinda NO saliniminin miktar1 kontrol
grubunun yaklasik 5 kat1 olmus, bu da NO saliniminin bu mekanizmada anahtar bir molekiil olarak
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hareket ettigini gostermistir. Vaskiilarizasyonla ilgili proteinler de FDT uygulamalarinda daha giiglii bir
sekilde ifade edilmistir. Sonug¢ olarak, diisiik doz FDT'nin NO salinimi yoluyla vaskiilarizasyonu
hizlandirmak i¢in fotobiyomodiilatif etki gosterdigi anlasilmistir.

Anahtar Kelimeler: Fotobiyomodulasyon, Fotodinamik terapi, 808-nm, Indosiyanin yesil, HUVEC hiicreleri
1. INTRODUCTION

Light therapies are important strategies to combat cancerous and non-cancerous diseases and also to
accelerate healing processes recently. Specifically, photodynamic therapy (PDT) is used to destroy cancer
or bacterial cells and photobiomodulation (PBM) is used to enhance cell proliferation/differentiation,
wound healing, and pain relief [Topaloglu and Bakay, 2022; Topaloglu et al., 2021a; Topaloglu et al., 2021b].
PBM is a non-ionizing and non-thermal light application that triggers some biochemical reactions inside
the cells via mitochondria at visible and near-infrared wavelengths [Amaroli et al., 2019; de Freitas and
Hamblin, 2016; Huang, 2009]. After the absorption of the low-level visible or near-infrared light by the
target tissue, numerous biological functions are enhanced without causing any harm to the target
[Hamblin, 2018]. The biological functions are associated with intracellular reactive oxygen species (ROS)
production, adenosine triphosphate (ATP) generation, nitric oxide (NO) release, DNA synthesis, etc.
[Hawkins et al., 2005]. Cytochrome c oxidase (COX) is an important part of the electron transport chain in
mitochondria [Hough et al., 2014] and acts as a chromophore for visible and near-infrared light during
PBM applications which results in a protein gradient across the cell and mitochondrial membrane [Zorov
et al., 2014]. This process causes an increase in mitochondrial membrane potential (MMP) change followed
by ATP synthesis, intracellular ROS generation, and nitric oxide (NO) release [Hamblin, 2018]. Released
NO molecules and produced intracellular ROS are key molecules that mediate the mechanism of PBM
and serve as signaling molecules to influence many physiological pathways that will end up with the
therapeutic outcome of PBM [Zhang et al., 2016; Mittal et al., 2014]. COX is inhibited by NO molecules.
When it is released from COX after light absorption, it will influence the respiration rate in the cells. This
is the reason why ATP synthesis increases and other therapeutic outcomes such as cell
proliferation/differentiation can be obtained in the cells treated with PBM [Beltran et al., 2000; Karu et al.,
2005; Borutaite et al., 2000].

PDT is also a therapeutic light application that is generally used to destroy pathogens or cancer cells
in the presence of a photosensitizer. Visible or near-infrared light is applied to excite the photosensitizer
and a chain of transfer reactions occurs to produce a high concentration of ROS that will exhibit photo-
cytotoxicity on unwanted cells [Castano et al., 2004]. The quantum oxygen yield of a photosensitizer upon
irradiation will determine the efficacy of PDT. Higher ROS yield will determine the degree of the killing
effect of PDT. Lower ROS yield may not exhibit cytotoxicity and may even induce cell survival
mechanisms in the cells [Topaloglu et al., 2016]. PDT which was used at low doses induced cell
proliferation and VEGF expression in nude mice brains in a previous study [Zhang et al., 2005]. Thus, it
was understood that the optimization of the light parameters in these light applications is very important
to obtain the desired outcome of the applications and PDT at a low level may be used to enhance cell
proliferation/differentiation and wound healing [Topaloglu et al., 2016; Topaloglu et al., 2015]. This
information has opened new perspectives to the use of PDT for different strategies, instead of antibacterial
or anticancer purposes. The biphasic dose-response of the cells towards PDT can be utilized and the
potential of PDT to produce ROS in a controllable way can be an advantageous tool to induce cell
proliferation/differentiation, wound healing, etc [Topaloglu and Bakay, 2022]. In PBM, the chromophore
is the COX in mitochondria and its prevalence may determine its effectiveness [Topaloglu et al., 2021a]. In
PDT, photosensitizers act as a chromophore which is administered exogenously. Thus, its concentration
can be easily adjusted depending on the application type and desired outcome [Topaloglu and Bakay,
2022].

Recently, there have been several studies that used PDT as a stimulative tool. Bolukbasi Ates and their
colleagues used 809-nm of wavelength in the presence of indocyanine green (ICG) to enhance the
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osteogenic differentiation at low energy densities and ICG concentrations [Ates et al., 2018]. Topaloglu
and Bakay used chlorin e6 (Ce6) and red light to enhance neural cell differentiation, again at low-level
light parameters and photosensitizer concentration [Topaloglu and Bakay, 2022]. Another study that was
performed on scratched wounds of fibroblasts showed that 660-nm of wavelength in the presence of 5-
ALA induces faster wound healing [Sibata ef al., 2000]. In light of these studies, it was understood that
low-dose PDT may serve a stimulative effect and may become more successful than PBM by choosing the
appropriate parameters more properly.

Endothelial cells have diverse functions and perform many important duties in the body. Mainly, they
are responsible for the repair of the biological tissue and new blood vessel formation depending on their
large capacity to divide, migrate, and differentiate for building vessels through angiogenesis. Human
umbilical vein endothelial cells (HUVEC) are obtained from the vessel of the umbilical cord and are good
sources to study the behavior of the endothelial cells [Terena et al., 2021]. It is also very valuable to analyze
the photobiomodulation effect of light on these cells to reveal their potential for angiogenesis upon
irradiation. Thus, the comparative analysis of PBM and low-dose PDT was performed on HUVECs in this
study. Besides, the potential of 808-nm of wavelength was analyzed in PBM and low-dose PDT because
of the deep penetration capacity of NIR light into the biological tissue. The most appropriate
photosensitizer that strongly absorbs the wavelengths around 800-nm is ICG [Topaloglu et al., 2015].
That’s why ICG was used in low-dose PDT applications to compare its stimulative potential with PBM.
To determine the effect of the PBM and low-dose PDT on HUVECsS, cell viability, intracellular ROS, MMP
change, NO release, and morphological analysis of HUVECs were performed. Besides, the expressions of
important vascularization-related proteins were determined through immunofluorescence staining and
qRT-PCR. Finally, the temperature change was monitored with a thermal camera to understand whether
there was a thermal effect of NIR light irradiation on the cells.

2. MATERIALS AND METHODS
21 Light Source

In this study, an 808-nm diode laser (Teknofil, Istanbul, Turkey) was used as a light source with a
maximum output power of 2 Watts. The optical fiber of the laser device was positioned vertically and the
fiber tip was 10 cm distant from the cell culture plates on an optical table. The illumination area was
adjusted to irradiate a definite area homogeneously on the cell culture plates. The output power was set
to 600 mW and 1 J/cm? energy density was applied whether the application was PBM or low-dose PDT
with an exposure duration of 5 seconds.

2.2 Cell Culture

Human umbilical vein endothelial cells (HUVECs) were kindly provided from the Animal Cell
Culture and Tissue Engineering Laboratory, Ege University and cultured in a humidified atmosphere with
5% CO2 at 37°C in Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma-Aldrich, St. Louis, MO, USA)
containing 5% fetal bovine serum (FBS, Gibco, Dublin, Ireland), 1% L-glutamine (Sigma-Aldrich, St. Louis,
MO, USA) and 1% penicillin. After they reached 90% confluency, they were trypsinized to dissociate them
from the flask, and then transferred to the wells of a 96-well plate where the cells received light irradiation.
For PDT applications, 1x105 cells were seeded in a single well of the 96-well plate to prevent a significant
amount of cell loss during the multiple washing steps after ICG incubation. For PBM applications, 1x10+
cells were seeded in a single well of the 96-well plate. They were cultured for 24 hours at 37 °C before light
applications.
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2.3 Photosensitizer

For low-dose PDT applications, ICG was used as a photosensitizer because of its strong absorption
band at around 800 nm of wavelength. 1.93 mg of ICG (Santa Cruz, Dallas, Texas, USA) was dissolved in
500 uL DMEM to prepare a stock solution with a concentration of 5 mM. Then it was diluted with DMEM
to the concentrations of 0.05, 0.1, 0.25, 0.5, 1, 2.5, and 5 uM to be used in the analyses.

2.4 Cytotoxicity of the Photosensitizer on HUVECs

Seven different concentrations of ICG (0.05, 0.1, 0.25, 0.5, 1, 2.5, and 5 pM) were prepared in serum-
free medium (DMEM) in the dark, incubated with HUVECs for 1 hour to observe the possible toxic effect
of the photosensitizer on the cells, and finally to determine the ideal concentration for the low-dose PDT
applications. After the incubation, the cells were washed once with phosphate-buffered saline (PBS,
Sigma-Aldrich, St. Louis, MO, USA) and endothelial cell growth medium (EGM, Lonza, Basel,
Switzerland) was added. After 24h, cell viability analysis was performed by 2, 5-diphenyl tetrazolium
bromide (MTT, Sigma-Aldrich, St. Louis, MO, USA) measuring the absorbance with a microplate reader
at 570 nm (Multimode Microplate Reader Biotek Synergy HTX, Biotek, Winooski, VT, USA).

2.5 Experimental Procedures of PBM and Low-Dose PDT

The effect of light applications in PBM and low-dose PDT therapies was investigated with two
different modalities: single and triple light treatments. In the single light treatment modality, the cells
were irradiated only once throughout the experiments. In the triple light treatment modality, the cells
received daily irradiation with a time interval of 24 hours three times. Before the light irradiations, the
cells were incubated with 0.1 pM ICG for 1 hour in low-dose PDT groups. When the incubation with ICG
was completed, the cells were washed with PBS twice and then EGM was added to them. In the meantime,
the cells in PBM groups were not incubated with ICG, only their medium was refreshed and EGM was
added. Before laser applications, the optical table and the laser device were sterilized for 30 min under UV
light. Then, the cells were irradiated by an 808-nm diode laser at 1 J/cm? energy density. To perform a
triple light treatment, this application was repeated three times at 24-hour intervals. Besides the control
group which did not receive any application, the ICG group was formed to investigate the effect of only
ICG application on HUVECs and angiogenesis. The cells in this group were incubated with 0.1 uM ICG
and were not irradiated with light. Similar to the light applications, ICG applications were performed as
single and triple treatments. A set of cells in this group was incubated with ICG once and they were
followed up for 7 days. The other set of cells in this group was incubated with ICG three times with a time
interval of 24 hours and they were followed up for 7 days, too. The medium of HUVEC cells was refreshed
with EGM every day.

2.6 Morphological Analysis of HUVECs

The morphology of HUVECs was evaluated microscopically throughout the experimental procedure
ondays 1, 2, 3,4, and 7. An inverted microscope (Olympus CKX41, Olympus Co. Ltd., Tokyo, Japan) was
used to capture microscopic images of the cells. For each sample at least 10 images were obtained with
20X magnification. When the tubular structures were formed during the follow-up period until day 7, the
total length of these structures was measured by using 3 randomly selected microscopic images and
analyzing them with the help of an “Angiogenesis Analyzer” plugin in ImageJ software (NIH, Bethesda,
MD, USA) as described previously [Carpentier et al., 2020; Onak Pulat et al., 2021]. The obtained data of
the experimental groups were normalized with the data of the control group and the change in the length
of the tubular structures was represented as a percentage.
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2.7 Cell Viability

At the end of the experimental procedures, the viability of HUVECs was analyzed by 3-(4,5-
dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) on day 7. First, a 5 mg/ml stock solution
was prepared. Then 10% of MTT solution and 90% of DMEM without serum were added to the cells. After
2 h of incubation, MTT solution was removed and 100 pL of Dimethyl Sulfoxide (DMSO) solution (Merck,
Darmstadt, Germany) was added to the cells. After 30 minutes of incubation with DMSQO, the absorbance
values of the samples were measured at 570 nm with the microplate reader. Finally, the data obtained in
this analysis were normalized with the data of the control group and the average percentages of the cell
viabilities were calculated.

2.8 Intracellular ROS Generation

Light therapies such as PBM or PDT induce ROS production intracellularly and these molecules play
a key role to provoke specific cellular functions inside the cells after these applications. For this, the
amount of intracellular ROS production was analyzed by using a non-fluorescent probe of 2',7'-
dichlorofluorescein diacetate (DCFH-DA, Sigma-Aldrich, St. Louis, MO, USA) after light treatments. The
available ROS molecules convert DCFH-DA into a fluorescent molecule of dichlorofluorescein (DCF).
Before the light applications, the cells were incubated with 0.01 mM of DCFH-DA for 45 minutes.
Afterward, the cells were washed twice with PBS and then the experimental procedures of PBM of low-
PDT were applied. At the end of the applications, the fluorescence intensity of DCF was measured using
the microplate reader directly with an excitation wavelength of 485/20 nm and an emission wavelength of
535/20 nm to determine the level of intracellular ROS production. The data obtained in each group were
normalized with the data of the control group and the average percentages of the ROS levels were
calculated.

2.9 NO Release

Light therapies, especially PBM, induce the release of NO molecules bound to mitochondria. For this,
Griess reagent (Biotium, Fremont, CA, USA) was used to assess the amount of NO released. Griess reagent
contains sulfanilic acid and N-(1-naphthyl)ethylenediamine and they react with nitrite, the breakdown
product of NO. At the end of this reaction, a dye molecule is formed that can be measured
spectrophotometrically. 24 hours after the light applications, an identical volume of Griess reagent and
the supernatant solution from each sample were mixed and incubated for 30 minutes at room temperature.
The absorbance values of each sample were measured using the microplate reader at a wavelength of 548
nm after each light application. The amount of nitrite in each sample was calculated using the standard
curve formula as an indicator for the NO molecules released after the applications.

210  Mitochondrial Membrane Potential (MMP) Change

The changes in the MMP of the cells treated with light applications were determined by the JC-1-
Mitochondrial Membrane Potential assay (Abcam, Cambridge, UK). The cells were rinsed with dilution
buffer and then incubated with 0.01 mM of JC-1 solution for 10 minutes at 37°C before the light
applications. Then the cells were washed twice with the dilution buffer and the appropriate application
protocols were carried out in each PBM and PDT group. The fluorescent signals were read instantly at an
excitation wavelength of 475 nm and the emission wavelengths of 595 nm and 535 nm with a microplate
Reader (CLARIOstar Microplate Reader BMG LABTECH, Germany). Besides, the red signals of the live
cells in each experimental group were captured with 20X magnification by using a fluorescent microscope
(Olympus CKX41, Olympus Co. Ltd., Tokyo, Japan). CellSens Imaging Software was used to obtain these
images where the red fluorescence represented the hyperpolarization of the live cells.
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211  Immunofluorescence Staining

For the analysis of the angiogenesis induced by light therapies in HUVECs, immunofluorescence
staining was performed for the angiogenesis-related proteins of vascular endothelial growth factor
(VEGEF), Platelet Endothelial Cell Adhesion Molecule-1 (PECAM-1), and von Willebrand factor (vWf). At
the end of the 7-day follow-up, HUVECs were washed twice with PBS and then fixed with 4%
paraformaldehyde (Sigma-Aldrich, St. Louis, MO, USA) at 4°C for 30 minutes. Afterward, samples were
immersed with 0.1% Triton X-100 in PBS for 1 hour and blocked with 1.5% Bovine Serum Albumin (BSA)
in PBS for 2 hours. The samples were then incubated with primary antibodies in PBS containing 1% BSA
overnight at 4°C. Primary antibodies were VEGF (1:50, cat. no. sc-53462, Santa Cruz Biotechnology Inc.,
Santa Cruz, California, USA), PECAM-1 (1:50, cat. no. sc-376764, Santa Cruz Biotechnology Inc., Santa
Cruz, California, USA) and vWf (1:50, cat. no. sc-365712, Santa Cruz Biotechnology Inc., Santa Cruz,
California, USA). The fluorescent secondary antibody was m-IgGx BP-PE (1:50, cat. no. sc-516141, Santa
Cruz Biotechnology Inc., Santa Cruz, California, USA) and it was diluted with 1% BSA before use. Each
sample was also stained with 4,6-diamidino- 2-phenylindole (DAPI) to image the cell nuclei. Using the
inverted fluorescent microscope (Olympus CKX41, Tokyo, Japan), the immunofluorescent images of the
expression patterns of VEGF, PECAM-1, and vWF proteins were captured with the same exposure time
and light intensity.

212  Relative Expressions of vWf and PECAM-1 gene

On day 7 after all light irradiations were completed, the relative expressions of vWf and PECAM-1
gene were assessed with quantitative real-time PCR analysis. First, total RNA in the cells was isolated for
each group using a total RN A purification kit (GeneAll Biotechnology, Co., Ltd., Seoul, Korea). Afterward,
the conversion of the extracted/purified RNA to cDNA was performed using the HiScript III 1¢t Strand
cDNA Synthesis Kit (Vazyme Biotech Co., Ltd, Nanjing, China). Finally, qRT-PCR analysis was performed
with the obtained cDNAs by using the forward and reverse gene-specific primers. Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was used as a housekeeping gene. StepOne Plus Real-Time PCR
System (Applied Biosystems, Foster City, USA) was used for the qRT-PCR process. The expression levels
of each gene were analyzed according to the expression level of GAPDH with StepOne Software v2.3. The
forward primer of GAPDH was GAAATCCCATCACCATCTTCC and the reverse primer of GAPDH was
CCAGCATCGCCCCACTT, the forward primer of vWf was CCCATTTGCTGAGCCTTGT and the reverse
primer of vWf was GGATGACCACCGCCTTITG, the forward primer of PECAM-1 was
GCTGACCCTTCTGCTCTGTT and the reverse primer of PECAM-1 was TGAGAGGTGGTGCTGACATC
(Oligomer, Ankara, Turkey).

213  Temperature Monitoring

During light therapies, the applied light energy may be converted into heat energy which may result
in significant temperature increase and irreversible damage. Especially applications in the infrared regime
and the presence of a photosensitizer are more prone to this outcome. For this, the temperature change
was monitored with a thermal camera (Testo, Thermal imager). The measurements were performed
during all light applications. The temperature was measured at the beginning and immediately at the
endpoint of the light irradiation. The changes in temperatures were calculated.

214  Statistical Analysis

Each application was performed with at least three samples and repeated three times. The data
obtained were first evaluated by one-way ANOVA. Then it was followed by Tukey’s post hoc test using
GraphPad Prism Version 9.0.1 software (GraphPad Software Inc., La Jolla, CA, USA). The p values less
than 0.05 were considered statistically significant.
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3. RESULTS
3.1 Cytotoxicity of ICG on HUVECs

Figure 1 shows the cell viability of HUVECs after 24 hours of incubation with different ICG
concentrations. It was observed that ICG alone did not show any significant toxic effect. There was a slight
decrease observed with the concentrations of 0.05, 0.1, 0.5, 1, and 2.5 uM. The concentrations of 0.25 and
5 uM ICG induced an increase in cell viability. However, there were no statistically significant differences
between any experimental data and the control group (Figure 1). For low-dose PDT applications, 0.1 uM
ICG was chosen because of being the possible lowest concentration which was capable to produce enough
ROS for PBM, but not too much to kill the cells. The higher concentrations than 0.1 uM ICG may induce
significant ROS production in the presence of light irradiation at 808-nm wavelength.
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Figure 1. Cell Viability of HUVECs after the incubation with different ICG concentrations (0.05, 0.1, 0.25,
0.5,1,2.5, and 5 uM). Each column represents the average of the normalized data + standard deviation (n
> 8).

3.2 Cell Viability after PBM and Low-Dose PDT applications

The cell viability analysis of HUVECs was carried out at the end of the 7-day follow-up period
according to the metabolic activity of the live cells determined by the MTT assay. As shown in Figure 2.a.,
there is an increase of approximately 3% after a single light treatment of PBM. The value increased to 7%
after triple treatment of PBM. Figure 2.b. shows that the increase in cell viability was 5% after a single
treatment of PDT and this value increased to 20% after triple treatment of PDT. Low-dose PDT resulted
in clearly higher cell viability than PBM did for both treatment modalities. The outcomes of all triple
treatments were statistically significant compared to the control group. Besides, the single treatment of
PDT application was also significantly different from the control group. Single and triple ICG applications
did not change the cell viability significantly. Only a slight decrease was observed in these groups after
these applications (Figure 2).
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Figure 2. Cell viability analysis of HUVECs a) after PBM applications (single and triple treatment) and b)
after only ICG and PDT applications (single and triple treatment) on the 7t day. Energy density was 1
J/cm?, and ICG concentration was 0.1 uM. Each column represents the average of the normalized data +
standard deviation (n > 8). * symbolizes significant differences compared to the control group, p<0.05.

33 Morphological Analysis of HUVECs after Light Treatments

Figures 3, 4, and 5 show microscopic images of the cells after single and triple treatments of PBM, low-
dose PDT, and ICG, respectively. It was observed that HUVECs successfully proliferated and elongated
in PBM and low-dose PDT groups with respect to the control group. Especially the density of the cells
irradiated with light three times was higher than the cells treated once or in the control group (Figures 3
and 4). As it was shown in Figure 5, single and triple ICG applications did not induce any change on
HUVEGCs in terms of proliferation and elongation. There were no clearly observable connections and
elongations between the cells treated with ICG. It can also be clearly observed that the cell density was
higher and the conditions of the cells were better in the control group compared to the cells in ICG groups.
(Figure 5).

These images were analyzed by the Angiogenesis Analyzer plugin of Image] software to measure the
lengths of tube-like structures. As it is shown in Figure 6.a., the average length of endothelial cell tubular
structure was increased to 111+ 2% in PBM, whereas there was an 8% decrease in the average length of
tube-like structures of PDT groups after a single treatment. The average length of tubular structures was
measured as 100+4% after a single ICG application. After triple treatments, the lengths of endothelial cell
tubular structures were measured as 110 +2% in the PBM group, 118 +3% in the PDT group, and 98+2%
in the ICG group (Figure 6.b.). All the changes in the lengths of tube-like structures obtained with PBM or
PDT applications were statistically significant compared to the control group. However, the outcomes of
the ICG groups were not statistically significant compared to the control group (Figure 6).
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Figure 3. Microscopic images of HUVECs were obtained after single and triple PBM treatments on days
1,2,3,4, and 7. Scale bar: 50 pm.
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Figure 4. Microscopic images of HUVECs were obtained after single and triple low-dose PDT treatments
ondays 1, 2, 3,4, and 7. Scale bar: 50 pm.
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Figure 5. Microscopic images of HUVECs were obtained after single and triple ICG applications on days

1,2,3,4, and 7. Scale bar: 50 pm.
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Figure 6. The total length of the tubular structures after a) single treatment of ICG, PBM, and low-dose
PDT, b) triple treatment of ICG, PBM, and low-dose PDT on day 7. Each column represents the average

of the normalized data + standard deviation (n > 8). * symbolizes significant differences compared to the
control group, p<0.05.

3.4 Intracellular ROS Generation

The intracellular ROS analysis shows that, surprisingly, low-dose PDT application caused a clear drop
after the first treatment, while a single treatment of PBM did not cause a significant change in ROS level
compared to the control group. After the second light treatment, both PBM and PDT application did not
change the ROS level. The measured amounts were quite similar to the amounts in the control group.
After the third light treatment, a slight increase was observed in both applications. This increase was
higher in PDT which was approximately 10%, but it was less than 10% in PBM (Figure 7).
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Figure 7. Intracellular ROS analysis in PBM and PDT groups after each light treatment. Each column
represents the average of the normalized data * standard deviation (n > 8). * symbolizes significant
differences compared to the control group, p<0.05.

3.5 NO Release

The levels of NO released after the light applications were quite remarkable as shown in Figure 8. The
level of NO released in PBM was nearly 4 times higher than that of the control and PDT groups after the
first light application. The first application of PDT did not cause a significant NO release. After the second
light application, surprisingly, the level of released NO in PBM decreased drastically back down to half of
the value of the control group, whereby the level of released NO in PDT was nearly 4.5 times higher than
that of the control group. After the last light application, the level of released NO in PBM was quite similar
to the control group, whereby the level of released NO in the PDT group was still nearly 4.5 times higher
than that of the control group and almost the same as the amount released after the second light
application (Figure 8).

3.6 Mitochondrial Membrane Potential change

Figure 9 shows the fluorescent images of hyperpolarization in the mitochondria of HUVECs after light
treatments. The intensity of red fluorescence in PBM and PDT was quite higher than in the control group
and it became more intense day by day after other light applications (Figure 9).

Figure 10 shows the fluorescence intensity ratio calculated from the fluorescent intensities measured
at 535 nm (for depolarization) and 595 nm (for hyperpolarization). On the first day, immediately after
the light application, the mitochondrial membrane potential change was almost the same in PBM and
PDT groups. It was an approximately 15% increase compared to the control group and an indication of
hyperpolarization. After the second light treatment, the change in MMP for PDT was slightly higher
than the value of PBM and it was still an increase up to 10% which was an indication of
hyperpolarization. After the third light application, the increases in MMP change for both modalities
were nearly 20% which still showed the hyperpolarization of HUVECs and with this application, the
highest values in MMP change were reached (Figure 10).
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Figure 8. NO release in PBM and PDT groups after each light application. Each column represents the
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Figure 9. Hyperpolarization images of HUVECs depending on the mitochondrial membrane potential
change after PBM and low-dose PDT applications on days 1, 2, and 3. The scale bar is 50 pm.
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Figure 10. Mitochondrial Membrane Potential Change after each light application in PBM and PDT
groups. Each column represents the average of the normalized data + standard deviation (n > 8). *
symbolizes significant differences compared to the control group, p<0.05.

3.7 Immunofluorescent Staining

Immunofluorescence staining of HUVECs was done on day 7 after single and triple treatments were
performed on both groups, PBM and PDT. The images of the VEGF, PECAM-1, and vWf proteins had red
color and the nuclei of the cells had blue-colored DAPI staining. The red color for each protein can be seen
in each group, with different intensities as shown in Figure 11. It can be observed that vWf in the single-
treated groups was weaker in staining compared to the triple-treated groups. The intensity of the red color
for vWf protein in triple-treated low-dose PDT was significantly stronger than PBM. Similar outcomes
were obtained for PECAM-1 and VEGF proteins. The expressions of PECAM-1 and VEGF were higher in
triple-treated light applications. Low-dose PDT applications induced higher expressions of these proteins
compared to PBM applications. The expressions of all these proteins were higher in the experimental
groups compared to the control (Figure 11).

3.8 Relative Expressions of vWf and PECAM-1 gene

qRT-PCR analysis was performed for the vWf and PECAM-1 gene at the end of the 7-day follow-up
for each group. As shown in Figure 12, all light applications whether they were single or triple, PBM or
PDT, resulted in higher expressions of vWf and PECAM-1 gene compared to the control group. These
genes were more highly expressed in triple-treated groups than in the single-treated groups. Besides, low-
dose PDT applications were more successful to induce the higher expressions of these genes than PBM
applications were. Furthermore, none of these applications were statistically significant compared to the
control group.
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Figure 11. The microscopic images of the immunofluorescence staining of HUVECs in control, PBM, and
low-dose PDT groups for vWf, PECAM-1, and VEGF proteins on day 7.
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Figure 12. qRT-PCR analysis of PECAM-1 and vWF gene in the control, PBM, and low-dose PDT
groups on day 7. Each column represents the average of the normalized data * standard deviation (n > 8).
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3.9 Temperature Monitoring

In each light application, the temperature changes were monitored and only a little increase of
approximately 0.2°C was observed as shown in Table 1. The combination of ICG and near-infrared light
did not cause a significant temperature increase.

Table 1. Temperature measurements during light applications.

1t Light Application 2nd Light Application 3t Light Application
PBM PDT PBM PDT PBM PDT
Start (°C) 29.6 30 30.2 31 31.2 31
End (°C) 29.8 30.1 30.4 31.2 314 31.2
At (°C) 0.2 0.1 0.2 0.2 0.2 0.2
4. DISCUSSION

This study comparatively analyzed the effectiveness of PBM and low-dose PDT on HUVECs towards
vascularization and tried to reveal what happens if the light treatment was performed more than once.
First, the appropriate ICG concentration was determined for low-dose PDT application to prevent any
possible cytotoxic effect of ICG. It was seen that ICG was quite a safe photosensitizer and it can be used
for this purpose. Among the ICG concentrations investigated in the cytotoxicity analysis, the possible
lowest concentration, which was capable to produce enough ROS for PBM, but not too much to kill the
cells, was chosen. With the concentration of 0.05 uM, there was a possibility to be very low and even not
induce any significant cellular mechanism. Higher concentrations analyzed in this study may have the
risk of causing cell death. Thus, 0.1 uM ICG was chosen for low-dose PDT applications. Even though it
exhibited a decrease in cell viability, it cannot be regarded as a cytotoxic concentration. To achieve a certain
amount of ROS production enough for biostimulation after light applications, but not to cause any
detrimental effect which is related to a higher amount of ROS, 0.1 uM ICG seemed quite safe to use in
PDT for biostimulative purposes. Another important parameter in low-dose PDT application was the
energy density which should be properly optimized and not cause any significant thermal damage
depending on the absorption of NIR light by cells/tissue [Ates et al., 2018; Khorsandi et al., 2021]. According
to the information in the literature, 1 J/cm? energy density was determined and used in PBM and low-dose
PDT applications [Topaloglu and Bakay, 2022; Boliikbas1 Ates et al., 2020; Ates et al., 2017]. During all light
treatments, the temperature change was monitored with a thermal camera and it was observed that only
0.2°C change was obtained at most, even in the presence of ICG which is a strong absorber of NIR light
[Topaloglu et al., 2015]. This result proved that the mechanisms of PBM or low-dose PDT applications with
these parameters did not depend on the photothermal interaction mechanism and there was no risk for a
thermal side-effect. Then the effects of ICG, PBM, and low-dose PDT applications were analyzed on cell
proliferation. The increase in the metabolic activity of HUVECs was not high after any light application,
even after the triple light treatment. The maximum increase was 20% which was obtained after the triple
light treatment of low-dose PDT. Nevertheless, it was still significantly different from the control group.
Only ICG applications, whether it was applied once or thrice, did not cause any significant change in the
cell viability at the end of 7 days. It was clearly observed that ICG alone did not have the possibility to
stimulate cell proliferation without light irradiation.

The morphological analysis of HUVECs which was performed on days 1, 2, 3, 4, and 7 also confirmed
the increase in cell viability day by day for all light-treated groups. When the images obtained from single
or triple light-treated groups were compared, the triple light treatment provided more positive effects on
the cell viability. Besides, tube-like structure formation can also be visualized in microscopicimages. After
single light treatment, PBM promoted a better tubular structure formation compared to low-dose PDT
application. After triple light treatments, low-dose PDT promoted a better tubular structure formation
compared to PBM application. Nevertheless, PBM or low-dose PDT applications, whether they were
applied once or thrice, provided more and longer tubular structures than the control group. Thus, it can
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be said that both of these applications were successful at the differentiation of HUVECs. After only ICG
applications, similar outcomes were obtained with the analysis of tubular structures as cell viability
analysis. Whether ICG was applied once or thrice, it did not cause any significant change in the length of
the tubular structures at the end of 7 days. The lengths of these structures in this group were similar to the
lengths that were obtained in the control group. It was understood that ICG alone did not stimulate
tubular structure formation without light irradiation.

To understand the action mechanism of these applications on cell differentiation, some mechanistic
analyses were performed. One of the important molecules in these mechanisms is ROS which has a key
role in many biological processes [Schieber and Chandel, 2014]. Thus, it was assumed that the production
of intracellular ROS might have become predominant after these applications. Surprisingly, the detected
intracellular ROS production was very low in low-dose PDT application after single light treatment.
Besides, the amount of intracellular ROS in both PBM and low-dose PDT groups was lower than the
amount measured in the control group. After the second light treatment, the amount of ROS increased to
a certain extent but was still lower than the amount in the control group. After the third light treatment,
its amount became higher than the control group for both applications. This outcome showed the
importance of the light treatments applied more than once and it also correlated with the findings of the
increases in cell viability and tube-like structure formation obtained after triple light treatment in PBM
and low-dose PDT applications. When PDT was used to destroy pathogenic or cancer cells, a higher
amount of intracellular ROS was produced with higher photosensitizer concentrations and light doses.
The amount of ROS may become 5 times higher than that of the control group [Topaloglu ef al., 2021b].
When PDT was used at low-level for biostimulative purposes, Topaloglu et al. found that the increase in
the amount of intracellular ROS produced after repeated low-dose PDT applications was around 10-20%
[Topaloglu and Bakay, 2022] which was similar to the outcome obtained in this study. Thus, it can be said
that lower photosensitizer concentration and light doses used in this study induced a similar amount of
ROS production to the amount obtained in previous low-dose PDT studies.

NO release is an indication of PBM and as a signaling molecule, it has a key role to regulate some
reactions ending up with some major outcomes of stimulative actions of light [Topaloglu and Bakay, 2022].
Thus, NO release was immediate with the first light application of PBM and the detected amount was
more than 4-fold that of the amount in the control group. Similarly, the increase in cell viability and tubular
structures obtained in PBM application was higher after the first light treatment, which proved the role of
NO release in this mechanism. Later on, the amount of NO release was decreased until the value in the
control group after the second and third light applications of PBM. We understood that the action
mechanism of PBM was faster at first and it became slower in the upcoming treatments. On the other
hand, the amount of NO release was nearly the same as the amount of NO in the control group after the
first light application. After the second and third light applications of low-dose PDT, the amount of NO
release was 4.5 times higher than that of the control group. The remarkable changes in this analysis were
obtained after repeated light application for low-dose PDT. It also confirmed the results obtained after
PDT applications in the previous analysis. It was understood that the action mechanism of PDT occurs
slowly, but became more impactful on the differentiation of HUVECs. In previous PDT applications that
aimed to destroy cancer cells, no significant change in NO release was observed when the photosensitizer
concentration and light dose were used at a high level. The mechanism of the traditional PDT applications
depends on the production of intracellular ROS which is toxic to the cells [Topaloglu et al., 2021b]. In
previous low-dose PDT studies, the amount of NO release obtained was similar to the outcomes obtained
in this study. Topaloglu et al. obtained a nearly 50% increase in NO release when PDT application was
used at a low level to induce neural cell differentiation [Topaloglu and Bakay, 2022]. However, the increase
in NO release was more remarkable in this study, which was more than 4-fold that of the control group.

In the mechanism of PBM, light is absorbed directly by the mitochondria. This situation causes a
proton gradient across the mitochondrial membrane. Related to this phenomenon, the biostimulation
reactions end up with the hyperpolarization of the mitochondria which is related to the increase in cell
viability. When cell death occurs, depolarization is observed [Topaloglu and Bakay, 2022]. To understand
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the mechanism of PBM and low-dose PDT in this study, the MMP changes in HUVECs were visualized
by a JC-1 probe for hyperpolarization/depolarization. As it was shown in Figure 9, hyperpolarization was
more apparent in the experimental groups compared to the control group. As expected, a higher increase
in MMP was observed after the single treatment of PBM application. The reason for this outcome should
be the absorption of light directly by the COX of mitochondria in PBM applications [Topaloglu et al.,
2021a]. The changes in MMP continued with the consecutive light applications and low-dose PDT
provided the same results as PBM did. It showed the importance of the triple light treatment to stimulate
the cells continuously and to get more successful results in terms of cell differentiation. Besides, there was
no indication of depolarization in the mitochondrial membrane which is related to cell death. This was
the proof for PDT applications that did not induce any cell death mechanism, such as apoptosis.

HUVECs can form tube-like structures by expressing angiogenesis-related proteins such as VEGEF,
PECAM-1, and vW{ [Miiller et al., 2002; Yaral1 et al., 2020]. Previous studies that examined the effect of red
and near-infrared light on the expressions of the angiogenic markers showed that these wavelengths
induced the expression of VEGF [Cury et al., 2013; Basso et al., 2013]. Similar results were obtained in this
study, too. Inmunofluorescence staining provided the findings of the increase in the expressions of vWf,
PECAM-1, and VEGF. The expressions of these proteins in PBM and low-dose PDT applications were
greater than in the control group. qRT-PCR analysis of the genes that express vWf, PECAM-1, and VEGF
proteins confirmed the results of immunofluorescence staining. In qRT-PCR analysis, the expressions of
the vWf and PECAM-1genes were evaluated and in general overexpression of these genes was observed
compared to the control group. Especially, the highest increases for both genes were obtained after the
triple light treatment of PDT applications. This finding was in parallel with the findings of other analyses.
In terms of cell viability, tube-like structure formation, intracellular ROS production, and NO release, the
highest changes were always obtained after the triple light applications of low-dose PDT.

5. CONCLUSIONS

Light therapies have numerous beneficial effects. Biphasic dose-response of the cells towards
therapeutic light applications broadens the fields and the purposes of the use of light in medicine
[Topaloglu and Bakay 2022]. With the outcomes of this study, it can be concluded that PBM and low-dose
PDT applications promote the vascularization of HUVECs. Thus, they can be a valuable tool in tissue
engineering to accelerate the wound healing process. Besides, it was seen that PDT, which is commonly
used to treat cancer and infection [Topaloglu et al, 2021b], may also fasten cell
proliferation/differentiation, wound healing, pain relief, etc. via some biochemical reactions inside the
cells by keeping the parameters at low level [Topaloglu and Bakay 2022]. In this study, the therapeutic
outcomes of PBM and low-dose PDT applications on HUVECs were quite similar to each other. Both of
them were successful to induce tube-like structure formation. Nevertheless, low-dose PDT exhibited a
little bit more effective result. Inducing the cellular mechanisms responsible for vascularization and the
behavior of signaling molecules such as ROS or NO with the use of a photosensitizer and its excitation by
an appropriate wavelength seems to be more effective in biostimulation, instead of provoking
mitochondria in PBM. Besides, these light therapies were applied in two different modalities which were
single and triple treatments in this study. Triple light treatments for both PBM and low-dose PDT showed
better results, meaning that consecutive light treatments cause further impulses resulting in ongoing
changes in cellular metabolism. We can also add that 808-nm of wavelength was also beneficial in inducing
vascularization and did not cause any thermal side-effect which is very likely to occur in the infrared (IR)
region, even in the presence of ICG. ICG, as a photosensitizer, did not induce a significant cytotoxic effect
on HUVECs. Thus, they can be safely used without causing any harmful effects on the cells. Since
vascularization is a big challenge in tissue engineering, these therapeutic light applications offer a safe
way to improve and accelerate the wound healing process and the vascularization of the implanted tissue.
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ABSTRACT: Property ownership rights cannot be officially used for 70% of the world. Global calls for
action have been made to create and protect property rights, particularly for the last three decades. Under
the leadership of the United Nations, the issue of land management was examined from the economic,
social, and environmental perspectives considering knowledge transfer, capacity building, and
international cooperation, and efforts have been made to integrate global approaches with national
conditions. Sustainable Development Goals and their implementation guides in terms of land
management, i.e. Integrated Geospatial Information Framework and Framework for Effective Land
Administration, are significant actors on the global agenda. This article reveals the concepts that emerged
as a result of the global agenda, the development of land management and calls for action, higher
education opportunities, and the main issues of the agenda. The study examines the global agenda
considering the conditions of Tiirkiye and concludes that the successful Turkish Land Administration,
which has many years of experience, should be modernized considering the new developments, and the
clutter in geospatial data production should be eliminated and the efforts should be combined under a
single corporate structure.

Keywords: Land management, Land administration, Land governance, Geospatial data, Sustainable development
goals

Arazi Yonetim Paradigmasi: Kiiresel Giindem ve Tiirkiye’deki Durum

OZ: Diinyanin %70’inde arazi miilkiyeti haklarindan resmi olarak yararlanilamamaktadir. Ozellikle son
otuz yilda miilkiyet haklarinin olusturulmasi ve korunmas: ile ilgili olarak global eylem c¢agrilari
yapilmaktadir. Birlesmis Milletler onciiliigiinde bilgi transferi, kapasite gelistirme ve uluslararast ig birligi
gercevesinde arazi yonetimi ekonomik, sosyal ve gevresel bakis agilariyla ele alinmus, kiiresel diizeydeki
yaklagsimlarin ulusal kosullar ile entegre edilmesine calisilmistir. Siirdiiriilebilir Kalkinma Amaglar1 ve
bunun arazi yonetimi anlaminda uygulama rehberleri olacak olan Biitiinlesik Mekansal Bilgi Cercevesi,
Etkin Arazi Yonetimi Cercevesi kiiresel giindemin 6nemli oyun kurucularidir. Bu makalede, kiiresel
giindem geregi ortaya c¢ikan kavramlar, arazi yonetiminin gelisimi ve eylem ¢agrilari, yiiksek 6gretim
imkanlar1 ve gilindemin ana konular1 ortaya konmustur. Kiiresel giindem Tiirkiye kosullarinda
irdelenmis, ¢ok uzun yillar deneyime sahip ve basarili Tiirk Arazi Idaresinin yeni gelismeler cercevesinde
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modernizasyonu ile mekansal veri iretiminde olan dagmikligin giderilerek tek bir kurumsal yapida
toplanmasi sonuglarina ulasilmistir.

Anahtar Kelimeler: Arazi yonetimi, Arazi idaresi, Arazi yonetisimi, Mekinsal veri, Siirdiiriilebilir kalkinma
amaglari

1. INTRODUCTION

About 70% of the world's population has no land-property relations. However, having a good land
administration, which considers both informal and formal rights regarding the ownership and use of land,
is essential for the economic and social development of nations (FELA 2020, UNGGIM 2015). The topic of
Land Administration is regarded as the core component of land management. In this context,
important guideline documents such as Land Administration for Sustainable Development
(Williamson et al, 2010), Fit-For-Purpose Land Administration (Enemark et al., 2015), Fit-For-Purpose
Land Administration Guiding Principles (UN-GLTN, 2015) were published to determine the place of land
administration in the land management paradigm and to develop and implement its applications. The
countries on the south of the equator have been observed to implement several projects with the
understanding of fit-for-purpose.

Most of the world has been striving for having a land policy, land management instruments,
institutionalization, collecting of geospatial data, and compliance with data standards despite the lack of
technical staff, vocational higher education, capacity-building instruments, finance, and feudalism. On the
other hand, developed countries have completed the institutionalization of land administration as a part
of sustainable development. Therefore, geospatial data is collected within the framework of
internationally accepted standards in these countries, and they use modern technology and try to improve
geospatial data infrastructure and data sharing systems. Moreover, these countries strive to integrate their
legacy systems with new technologies. Therefore, they try to have sustainable business models and focus
on international networks, innovation, and digital transformation following a citizen-centered approach
(Ercan, 2019). As canbe seen, there is a huge digital divide between developed and developing countries.

It seems that the digital transformation goals of the United Nations (UN) cannot be achieved without
solving the problems related to land and property. With this perspective, land management is a human
and society-oriented structure at the very center of sustainable development, livable cities, and rural
development.

Therefore, the UN has revealed the need to prepare the Integrated Geospatial Information Framework
(IGIF) document to solve the spatial data problem, and the assigned expert group has completed the
studies. Moreover, the UN’s Committee of Experts on Global Geospatial Information Management
(UNGGIM) has assigned the UNGGIM-Land Administration Expert Group in 2018. This group prepared
the Framework for Effective Land Administration (FELA) document and presented it to the UN General
Assembly. The document, which was approved by the General Assembly, is at the stage of printing. FELA
is considered to be a framework document on Land Administration, and it is planned to support this
document with IGIF. The UN plans to bridge the digital gap between developed and underdeveloped
countries due to the land administration system and geospatial data and to achieve digital transformation
by offering the FELA/IGIF approach as a world policy.

The awareness of the fact that land is one of the most important natural resources and the requirement
for the effective use of land has increased. Due to the use of very similar terms in land management and
applications documents translated from English, these terms and concepts should be clarified within the
framework of common understanding for practitioners; this is required at least for Tiirkiye.

There are many graduate programs both in the world and in Turkey under different titles using terms
such as urban, rural, real estate, environment, and cadastre.

In the world and in Tiirkiye, the duties and responsibilities of Land Registry Cadastre, Mapping and
Land Registry, Cadastre, and Mapping Agencies have been gradually increasing as part of the global
agenda. Therefore, calls for action have been made to re-organize them within the framework of building
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cadastre and digital transformation. It is projected that the land administration and the institutions
producing geospatial data in Tiirkiye will also be affected by this transformation.

This article examines the conceptual model of the land management paradigm, its global
development, calls to action, education, the global agenda, and the current situation in Turkey from global
perspectives. Increasing global developments in land management place a challenge on the professional
agenda, and all countries learn lessons for themselves. Tiirkiye was examined from these perspectives, the
findings were discussed and suggestions were made in the conclusion part of this research.

2. CONCEPTUAL MODEL OF LAND MANAGEMENT

Many terms seem to have quite similar meanings related to land. The fact that these terms evoke each
other at least in terms of their linguistic aspect might cause confusion, and this sometimes complicates
how and in what sense they are used. In Tiirkiye, Land Administration, Land Management, and Land
Governance are the most confusing terms related to land. The fact that the meanings of the Turkish words
corresponding to "management" and "administration" are close might cause this confusion. Similarly, it is
observed that the words "land" and "soil" are sometimes used interchangeably.

The term "land" can be used together with the words governance, policy, paradigm, management,
administration, development, ownership, value, use, spatial planning, geospatial data, spatial data
infrastructure, and information system to form noun phrases. Also, these terms might be used together
with other words such as sustainable, public, municipal, urban, urban periphery, rural, and agricultural.
Therefore, the conceptual model of Land Management becomes even more confusing.

The word land refers to a physical object defined by its location, boundaries, and coordinates on the
earth, but it is also considered as a whole with its rights, responsibilities, and restrictions on it. The land
has a cognitive aspect as well as physical and legal aspects.

Cadastre, which is a concept at the heart of modern land administration, is used as the main
instrument for managing parcels, thus, it essentially includes the land registry. The power of cadastres to
improve land management and contribute to good governance is even greater in modern land
administration (Willimson et al. 2010, Enemark 2005, 2006, 2010). Generally, cadastre includes the
geometric description of the parcel associated with other descriptive records of the parcel such as the
owner, value, its development, etc. (FIG, 1995). Article 1 of the Turkish Cadastre Law gives one of the best
definitions of cadastre. According to this law, the term cadastre is defined as "According to country
coordinate system, based on the cadastral or topographic cadastral map of the country, to set the land
register stipulated by the Turkish Civil Law no. 4721 by defining their legal status by determining the
boundaries of the properties on the land and map and to build the infrastructure of the spatial information
system.”

The land registry is created as a result of the initial cadastre, and it shows the geometric and legal
status of the properties. In the countries where legal cadastre is applied, these registries are kept under
the responsibility of the state to show the properties and the rights on the properties according to the
principles of registration and clarity.

The land hierarchy defined by Willimson et al. (2010) describes an inverse pyramid with the land
policy at the top and a land parcel at the bottom. Actually, the Land Management System is designed
according to a Land Management Paradigm. A hierarchy is used to indicate the concepts in the paradigm
and how a spatially efficient land management vision can be formed based on the cadastral parcel. Land
policy is the legal regulatory framework for the management of the land, the main asset of people, and it
defines the objectives and determines the values. The land management paradigm brings a holistic
approach to the Land Management System and forces the land management processes to contribute to
sustainable development. The paradigm ensures that the land management system facilitates land
administration. Land administration activities include all activities related to the management of land and
natural resources required to ensure sustainable development, while land ownership, value, use, and
development include basic functions of land management. Also, the infrastructure for the implementation
of land policies and land management strategies is provided by the land management system. Moreover,
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it supports the efficient operation of land markets and the effective performance of land use management.
Cadastre is at the center of the land management system. Spatial data infrastructure provides access and
interoperability to cadastre and other land-related information. Cadastre ensures the spatial integrity and
a single significant description of each parcel of land through a cadastre map, which is usually updated
by a cadastral survey. Specifying the parcel ensures securing the rights to the land and controlling the
land use. It also establishes a link between people's land-use patterns and their understanding of the land.
The cadastral parcel is the basis of this hierarchy because the cadastral parcel reflects the way people use
land in their daily lives. Cadastre is the key goal in defining the rights on land and managing restrictions
and responsibilities in land use. The parcel establishes the relationship between people and the land
administration system.

One of the rights defined on the land is the ownership right. The owner of a property might be a real
entity, private entities, or the state. As a result of the acquisition of a property, the owner physically
acquires the property right (rights, responsibilities, and restrictions) in the legal sense and the land itself
in the practical sense. The land in the property subject to trade is used in any way, this refers to land use.
Traditional, permissible, illegal, etc. ways of land use are possible. The change in economy and technology
triggers change in society. As a result of this change, land use also changes (Mattsson et al., 2021). The
ever-changing and evolving needs of societies may create the need for changing land use. Such changes
are referred to as land development. Operations such as land use planning (land readjustment, land
consolidation, expropriation, etc.) or spatial planning are required for land development.

The concept of "land governance" is defined as the policies, processes, and organizations which are
used to manage natural resources, land, and property. A legal regulatory framework and operational
processes are required for "sound land governance" to implement policies consistently and sustainably
within a jurisdiction or a country (UN-GGIM 2015, Enemark et al., 2015). Today, “land governance” has
become the essential principle by which land administration and land management are usually addressed.
In 2012, this land administration approach was highlighted when the Voluntary Guidelines on
Responsible Governance of Tenure, Land, Fisheries, and Forests in the Context of Food Security (VGGT)
was accepted by the Member States (UN-GGIM 2015). FIG (2009) states that "land governance relates to
policies, processes, and institutions in which land, property, and natural resources are managed. This
includes decisions regarding access to land, rights on land, land use, and land development. Land
governance is basically about setting and implementing sustainable land policies and establishing a strong
relationship between people and land." FIG also notes that sound land management is essential and the
contribution of land professionals is vital for ensuring sustainable development. "All countries have to
deal with the management of land. They have to deal with land tenure, land value, land use, and land
development management in some way or another. A country may have an advanced capacity, and it
may combine all its activities in a single conceptual framework supported by sophisticated ICT models.
Most probably, the capacity will consist of fragmented and essentially analog approaches."

In land management, land information is applied to land resources. It consists of several processes
that include various professions and disciplines. In good practice, land management refers to the process
of putting the physical resources of the land to good effect for facilitating social, economic, and
environmental sustainability, which means underpinning and implementing sound Land Policies
(UNGGIM 2015, Enemark 2006).

Land administration is defined by UNECE as the "processes of determining, recording, and
disseminating information about the tenure, value, and use of land when implementing land management
policies". The United Nations suggests that good governance in land management should include the
existing formal system for the registration of land and property rights. This system should secure land
ownership, investments, and other private and public interests in the property (UN, 2005). The land
administration system, which is essential for the spatial enablement of society, includes land registration,
cadastral surveying and mapping, fiscal, legal, and multi-purpose cadastres, and land information
systems (UNECE, 1996). FAO defines land management as the way of implementing the rules of land use
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rights and making them functional. Land Administration involves a wide range of systems and processes
for managing the rights on land, land use regulation, land valuation, and taxation (FAO, 2012).

A policy can be regarded as a principle for providing guidance to decision-makers and achieving
effective results. As a declaration of intent, a policy is implemented in procedures. Thus, the term policy
may apply to public or private sector organizations, groups, and real persons. Therefore, public policy
may be regarded as an administrative guideline for the actions taken by the executive bodies of the
government. The land policy may address all guiding principles, which are important for rational results,
to be followed in land use. It can be applied to prevent changes or to encourage changes in land use. The
land policy requires various approaches according to the situation for developing measures and activities
to be implemented by land administrators. The guiding principles may be general as well as specific.
While public authorities may use mandatory tools for enforcement, private administrators have to act in
accordance with the legal framework of land rights and regulations (Mattson et al., 2021, SDC 2012). The
land policy deals with allocating resources, particularly rights for using the land to achieve maximum
efficiency considering the natural environment and the welfare of the community in the future. In most
countries, several ministries deal with different aspects of land policy. In good practice, (i) land
administration operates within an overall framework of national land policies which should be clear and
consistent, and (ii) the implementation of the land policy requires a multidisciplinary approach and an
effective legal framework where land administration can operate, and (iii) the coordination among all
organizations involved in land policy is critical for success (UNGGIM, 2015). Accordingly, the land policy
for guidance the use of land in a broad sense.

In land valuation, the terms of appraisal and valuation might sometimes be confused. The term
"appraisal” refers to an estimate or idea of the current market value of a property. On the other hand, the
term "valuation" refers to a legally valid written report drawn up by valuers holding a valuation license
on the property. Land valuation systems ensure control over the land management systems.

Within the framework of the above descriptions, the terms related to land management in this study
can be summarized as follows:

The Land Policy is a legal document for land acquisition, use, and development.

The land management paradigm offers a conceptual framework for understanding land
administration and innovation in land administration systems.

Land Use Management refers to the management of the use of a certain urban or rural land in
accordance with the legal framework.

Land use planning refers to the process of deciding what/where/how the future land use will be.

In Tiirkiye, Land Administration is carried out by the General Directorate of Land Registry and
Cadastre (TKGM). The tasks of establishing the cadastre and keeping it up-to-date, performing registry
transactions under the guarantee of the state, and creating the spatial data infrastructure are among the
duties assigned to it by the Constitution, Civil Code, and special laws. In addition to other tasks, it also
has the following duties: carrying out inter-governmental co-ordination; meeting the needs of all public
and private sector users; establishing and following up technical standards on geospatial information;
coordinating activities to reduce duplication and increase efficiency; collecting data by various methods
including field survey; processing data, exchanging data, and data dissemination; improving the
efficiency of all land administration processes.

Land Development refers to the set of methods for changing land use, including land rights.

Spatial Planning refers to the process of determining future land use by considering specific
projections.

Land valuation refers to the independent and objective appraisal of the potential value of a property,
property project, or rights and benefits on a property for a particular date (TUDB, 2022).
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3. GLOBAL DEVELOPMENT OF LAND MANAGEMENT AND CALLS FOR ACTION

International organizations announced the following important calls for action to raise awareness
about land management and to guide practices due to the importance of the issue in the 1990s (UNGGIM,
2015):

e 1996, the Bogor Declaration of the United Nations Interregional Meeting of Experts on the
Cadastre: developing modern cadastral infrastructures for improving the efficiency of the land and
property markets; protecting all people’s land rights; supporting the long-term sustainable development
and land management; providing the spatial cadastral framework (usually a cadastral map) as the base
map of the national spatial data infrastructure.

e 1997, the 8th Regional Cartographic Conference for Asia-Pacific: creating an advisory panel on
cadastral surveying and mapping.

e 1999, Bathurst Declaration of the International Federation of Surveyors on Land Administration
for Sustainable Development.

e 2011, Governing Council of the United Nations Human Settlement Program: Resolution on
achieving sustainable urbanization by providing equitable access to land, housing, basic services, and
infrastructure.

e 2012, United Nations Committee on World Food Security: The Voluntary Guidelines on the
Responsible Governance of Tenure of Land, Fisheries, and Forests.

e 2014, Third High-Level Forum on United Nations Global Geospatial Information Management:
The Beijing Declaration on Sustainable Development with Geospatial Information.

e 2015, UNGGIM: The Application of Geospatial Information — Land Administration and
Management,

e 2015, The World Cadastre Summit: The Istanbul Declaration on Cadastre.

e 2016, The Addis Ababa Declaration on Geospatial Information Management Towards Good Land
Governance for the 2030 Agenda.

e 2016, Transforming our world: The 2030 Agenda for Sustainable Development.

Important publications were made by institutions and individuals specialized in this field to accelerate
the process through knowledge transfer, capacity building, and creating awareness. The major
publications on this topic are as follows:

e 1995, The FIG Statement on the Cadastre, FIG Publication No. 11

e 1996, UNECE (United Nations Economic Commission for Europe) Land Administration
Guidelines,

e 1996, Bogor-Declaration, FIG Publication No: 13 and 13A,

e 1998, Cadastre 2014, A Vision for a Future Cadastral System, Jiirg Kaufmann and Daniel Steudler
with the Working Group 1 of FIG Commission 7

e 2005, UNECE (United Nations Economic Commission for Europe). Land Administration in the
UNECE Region, Development Trends and Main Principles,

e 2007, Williamson I., "Global Challenges for Land Administration and sustainable Development",
Lincoln Institute of Land Policy,

e 2010, Williamson L., Enemark S., Wallace J. and Rajabifard A. Land Administration for Sustainable
Development. Redlands: ESRI Press,

e 2010, Land Governance in Support of the Millennium Development Goals - a new agenda for land
professionals. FIG/WB, FIG Publication No. 45,

e 2010, Policy Framework for Sustainable Real Estate Markets, Principles and Guidance for the
Development of a Country’s Real Estate Sector; United Nations Economic Commission for Europe
Working Party on Land Administration Real Estate Market Advisory Group,

e 2014, Fit-For-Purpose Land Administration joint FIG/World Bank publication No: 60,

e 2020 (draft), UN GGIM Integrated Geospatial Information Framework (IGIF), Basilmis olabilir mi?

e 2020 (draft), UN GGIM Framework for Effective Land Administration (FELA).
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In line with these developments, international organizations have taken on the task of developing,
documenting, and supporting conceptual and implementation models of different features of land
management, land administration, and land governance. These international organizations and the tasks
they assumed are as follows:

e World Bank including Annual Land and Poverty Conference,

e UN-Habitat including GLTN,

e UN Food and Agriculture Organization (FAO),

e United Nations Statistics Division including UN-GGIM (global and regional),

¢ UN Economic Commission for Europe (UNECE) - Committee on Housing and Land Management
- Working Party on Land Administration

e UN Economic Commission for Asia and the Pacific (UNESCAP) - Sustainable Urban
Development, Environment & Development Division

¢ UN Economic Commission for Africa (UNECA) and the Africa Land Policy Initiative

Also, non-governmental organizations have supported the issues of land management, land
administration, land use, and planning within the framework of their expertise. These organizations have
made significant contributions to the production of strategic knowledge and knowledge transfer through
their studies. Some of the non-governmental organizations well known by the professionals are as follows:

¢ International Federation of Surveyors (FIG),

e International Land Coalition

e Slum Dwellers International

e Lincoln Institute of Land Policy

¢ Bill and Melinda Gates Foundation

¢ Huairou Commission

e Oxfam International

e Omidyar Network

4. LAND MANAGEMENT EDUCATION

As a professional discipline, land management started with the history of humanity. Land
management education in the world dates back several centuries. For example, the Moscow State
University of Land Use Planning was founded in 1779. During the period between 1835 and 1917, the
Institute trained more than 2,000 specialists, including almost 1,500 survey engineers. In 1992, it evolved
into a University of Land Management which provides education for specialists in land law, land
management, soil science, geobotany, geodesy, architecture, and rural planning. The university has been
carrying out educational activities with its several faculties including the Faculty of Urban Cadastre,
Faculty of Land Management, and Faculty of Real Estate Cadastre.

There are many departments and higher education programs on land management with an emphasis
on technical issues are as follows: Sustainable Agricultural Land Management University of Florida; MSc
in Conservation and Land Management, Bangor University; Sustainable Land Management, University
Centre Myerscough; MSc in Rural Estate and Land Management Harper Adams University; MSc in Spatial
Planning - Specialisation in Planning, Land and Real Estate Development, Radboud University; Cadastre
and Land Management, Aalborg University, MSc in the Land Use Policy University of Nevada Reno;
Master of Property Development, University of Technology Sydney; MSc in Land Management and
Geospatial Science, Technical University of Munich; MSc in Sustainable Land Management, Ghent
University.

With 70 years of experience, the Faculty of Geo-Information Science and Earth Observation (ITC) is
recognized worldwide for its achievements in the application-oriented approach in teaching, research,
and capacity building in land management and geospatial technologies based on international
cooperation and with more than 20,000 graduates.

Technical courses such as cadastre, geodesy, development plan implementation, land valuation,
spatial data infrastructure, etc. are given in 23 universities that provide surveying engineering education.
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Ankara University Faculty of Applied Sciences offers the only undergraduate program on Real Estate
Development and Management in Tiirkiye. However, 13 universities in Tiirkiye offer graduate programs
in Land Management and Policy, Land Management, Urban Transformation, and Property Valuation,
Property Valuation and Development, Property Valuation and Management, Property Financing and
Valuation, Land Management, Property Valuation and Development, Property Development.

Almost all of the above-mentioned graduate programs have compulsory and elective courses. In
general, geodesy-based graduate programs have technical and natural sciences; cadastre, land use, and
land management graduate programs focus on legal and economic sciences as well as technical sciences.

5. GLOBAL AGENDA

The following publications have created awareness of land management and highlighted the
importance of the issue: "A Vision for a Future Cadastral System" published by FIG in 1998; the report on
"Land Administration in the UNECE Region, Development Trends and Main Principles" published by
UNECE in 2005; Williamson et al.'s book titled "Land Administration for Sustainable Development"
published in 2010; Joint FIG/World Bank's document titled "Fit-For-Purpose Land Administration"
published in 2014. These studies have become significant publications that establish the global agenda of
land management.

In the last decade, the global agenda of land administration is determined by the following issues:
global triggers such as global development, climate change, urbanization, digital transformation,
globalization, economic reforms, extreme poverty, living conditions; new generation (privacy, high
technology, social media), new roles of institutional structures; the expectations of other institutions such
as justice/planning/agriculture from land management; social demands such as open data, shorter
response times, increased efficiency, security of tenure; external actors such as UN, WB, academics, etc,;
technological challenges such as Industry 4.0, mobile applications, space-based technologies, 3D/4D, smart
cities, multi-source data, new sensors, and remote sensing (Bennett et al. 2011, Ercan, 2019, Joint Article
by the FIG Commission Chairs 2021).

The 17 Sustainable Development Goals (SDGs) of the 2030 Agenda for Sustainable Development were
adopted by world leaders in September 2015 (Figure 1). These SDGs officially came into force on 1 January
2016 after a historic UN Summit. These SDGs will apply across the world from 2016 through 2030. They
will mobilize efforts to tackle climate change, fight inequalities, and end all forms of poverty while
ensuring not to leave anyone behind. These 17 goals and 169 targets reveal the scale and ambition of the
agenda (FELA, 2020). The goals, which are action-oriented and global in nature, are applicable universally.
The targets are defined as aspirational global targets. Each government set its own national targets in line
with the global level of ambition. However, member states took into account their national circumstances.
Integrating social, economic, and environmental aspects, the goals and targets consider their interlinkages
for achieving sustainable development in all aspects. More than 70% of the targets are related to geospatial
technologies and land administration. It is not possible to achieve these SDGs unless issues related to land
ownership, use, value, and development are resolved in the common ground of a spatial data
infrastructure.


https://www.gim-international.com/content/author/joint-article-by-the-fig-commission-chairs
https://www.gim-international.com/content/author/joint-article-by-the-fig-commission-chairs
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Figure 1: Sustainable Development Goals

In August 2018, the United Nations IGIF Committee of Experts assigned its FELA Expert Group to
prepare a document for securing and documenting, recording, and recognizing land and property rights
for all.

This FELA document acts as an overarching policy guideline, and it can be used as a reference by the
Member States for developing, reforming, renewing, modernizing, strengthening, or monitoring land
administration.

An effective land administration system should meet the demands of all people, and must achieve the
following targets:

i.  Developing confidence and trust, promoting safety, security, peace, and peacebuilding,
ii.  Allowing economic development by supporting equitable and transparent land value capture
revenue systems,

iii.  Accelerating the proportion of the population with tenure security,

iv.  Strengthening multidisciplinary and multisectoral participation to achieve integrated geospatial
information,

v.  Ensuring participatory and inclusive land use, and land use planning,

vi.  Contributing to smart and resilient rural and urban societies by ensuring equitable spatial/land-
use planning, and land development,

vii.  Promoting the recognition of the inherent rights of indigenous and vulnerable peoples to their
lands, territories, and resources, and recognizing collective customs, traditions, and customary
tenures in line with existing obligations in accordance with national and international law,

viii. = Encouraging efficient, sustainable, and fair land markets, where appropriate, that take into
account land tenure, value, use, and land development aspects,

ix.  Enabling partnerships, bringing together and building knowledge, skills, and experiences on the
ownership, value, use, and development of the land,

x.  Catering to all circumstances, cases, and individuals during peace and prosperity, in stressful and
challenging times (including conflicts and disasters, human displacement and forced migration,
food and water scarcity, and poverty), and

xi.  Promoting readiness and resilience on climate change issues, and supporting conservation,
biodiversity, and sustainability of the ecosystem.

According to the (FELA), land administration answers the questions of ‘who’, ‘what’, “‘when’, “where’,
and ‘how’ about ownership, use, value, and development of the land. Land administration can be defined
as the process of determining, recording, disseminating, and updating information about the relationship
between land and people. Therefore, land administration is assumed responsible for constantly aligning
processes and resources with the dynamic demands of society. The word ‘land” should be considered as
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a general term representing also the water bodies (lakes, rivers, seas, oceans, etc.) and spaces below and
above the ground, i.e., subsurface spaces and air space.
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Figure 2. Nine Strategic Pathways of the IGIF ouree

With nine strategic pathways, the joint point approach of FELA and IGIF, the issues of land
administration and geospatial data were emphasized based on governance, technology, and people in the
context of society, economy, environment, knowledge, decision, development, technology, applications,
value, users, citizens, and access (Figure 2). Moreover, the issues of data, innovation, standards,
institutions, and partnerships were also highlighted among others.

The global agenda underlines the importance of geospatial data, which is described as the "digital
currency', in the evidence-based decision-making process of nations, as well as Land Administration. In
Part 3 of the IGIF, Country-Level Action Plans regarding geospatial data were modeled in line with the

how, when, and who concept.

6. LAND ADMINISTRATION AND LAND MANAGEMENT ORGANIZATIONS IN TURKIYE
AND THE REQUIREMENT FOR INTEGRATED GEOSPATIAL DATA

6.1. Land Administration in Tiirkiye

In Tiirkiye, the General Directorate of Land Registry and Cadastre (TKGM) is responsible for the land
administration. The first Land Registry Organization was established in 1847, and it continued to provide
service under various titles until 1923 when the Republic of Tiirkiye was founded. The General Directorate
of Land Registry was founded in 1924. Then, the cadastral unit was added to the organization in 1925.
Since then, the TKGM has been carrying out the land registry and cadastral activities in Tiirkiye. TKGM
has been operating as a public organization affiliated with the Ministry of Environment, Urbanization,
and Climate Change since 2011. The main roles and responsibilities of TKGM are as follows: (i) ensuring
the reliable registration of the land registry, which is the responsibility of the state; (ii) making all kinds of
contractual and non-contractual transactions related to land and immovable property; (iii) conducting the
cadastral survey in Tiirkiye, monitoring the changes, providing the renewal and updating of the cadastral
maps, and thus, (iv) building the national spatial information system infrastructure (Ercan, 2021).

The organization of TKGM has a General Directorate and Regional Directorates (24), Provincial
Cadastre Directorates (81 Directorates + Licensed Cadastre Bureaus), and Land Registry Directorates (973
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Directorates). Land registry procedures are carried out by the land registry offices. With an amendment
of the law in 2022, public notaries were also authorized to prepare the contracts.

In the last quarter-century, TKGM has automated land registry activities using the Land Registry and
Cadastre Information System (TAKBIS), built Continuously Operating Reference Stations (CORS-TR),
completed the rural area cadastre throughout the country, renewed the rural cadastre for about 15 million
parcels, started 3D map production projects, and cooperated with the General Directorate of Forestry for
establishing forest cadastre and supported the establishment of the forest cadastre. The cadastral data
were digitized and presented to the use of citizens and companies through the Spatial Property System
(MEGSIS) using the parcel query mobile application for informative purposes without taking legal
responsibility. TKGM has become a data provider in terms of providing registry and cadastral data.

As part of the changing and developing conditions, it has transformed the Research Planning
Coordination Department into the Information Technologies Department, and it strengthened its
organizational structure by establishing the Land Valuation Department in 2019.

6.2. Demand for Geospatial Data

In Tiirkiye, similar to other countries, the military mapping service is provided by the General
Command of Mapping (GCM) while large-scale maps were produced by TKGM and Iller Bank (IB)
depending on their purpose. The production of the small-scale map series was carried out under the
responsibility of the General Command of Mapping. 5K standard topographic maps were produced by
TKGM and GCM using photogrammetric methods under the coordination of the Interministerial
Coordination and Planning Board for Mapping. IB tendered 1K maps to the private sector in line with the
demands of municipalities. Later on, GCM worked with the private sector on the small-scale map renewal
projects while TKGM worked with the private sector in establishing cadastre and renovation projects.

The main duty of GCM, which is a military organization affiliated with the Ministry of National
Defense, is to prepare all maps and plans required for the defense of the country. In accordance with the
amendment of the law made in 2018, GCM was re-organized under the name of General Directorate of
Mapping (GDM) as a military General Directorate. With the transformation of IB, which has an important
role in the production of large-scale maps required by municipalities for spatial planning and engineering
infrastructure projects, and provides the financing of the projects, into a joint-stock company, its large-
scale map production activities have been reduced to a minimum.

In addition to these ones, several organizations, including municipalities, the General Directorate of
Agricultural Reform, General Directorate of Highways, and General Directorate of State Hydraulic Works
produce geospatial data. Large-scale map production is carried out in accordance with the Regulation on
the Production of Large-Scale Maps and Map Information.

In 2011, the General Directorate of Geographic Information Systems was established to carry out
works and procedures regarding the establishment, use, and development of the national geographic
information system, to tender these works, to establish the standards of urban information systems related
to the planning, mapping, infrastructure, and superstructure activities of local governments and to
encourage their widespread use, and to operate the National Geographic Information Portal.

As can be seen, no organization produces geospatial data as part of engineering and planning
purposes. Each organization produces geospatial data for its own purposes.

7. DISCUSSION AND RESULTS

In the conceptual approach to land management, there is confusion in many countries, particularly in
Tiirkiye. The fact that the Turkish words for the term’s "governance", "management", and "administration”
have similar meanings was found to be the reason for this confusion. Therefore, the conceptual model of
land management was examined as a separate section in the present study to ensure conceptual

clarification.


https://tr.wikipedia.org/wiki/T%C3%BCrkiye_Cumhuriyeti_Mill%C3%AE_Savunma_Bakanl%C4%B1%C4%9F%C4%B1
https://tr.wikipedia.org/wiki/T%C3%BCrkiye_Cumhuriyeti_Mill%C3%AE_Savunma_Bakanl%C4%B1%C4%9F%C4%B1
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The history of higher education on land management in the world dates back to 300 years ago. As of
today, 13 universities in Turkey have been offering graduate programs on land management under
different titles. There seems no significant bottleneck in terms of land management education in the
country.

The UN document titled "Transforming our world: The 2030 Agenda for Sustainable Development"
was published in 2016. The 2030 Agenda Sustainable Development Goals are a global action plan. Land
administration and geospatial data mostly take part at the core of sustainable development goals.
Preparations for effective land management and integrated geospatial information are carried out by the
United Nations due to their importance. Both issues will be frequently included in the world professional
public opinion and countries' national policies as of 2023. Non-governmental organizations such as FIG
will mature the details of these issues by holding forums on them to inform the national members in terms
of implementation in accordance with the national conditions and to ensure knowledge transfer.

Land administration, which is the basic component of the land management paradigm, is not an
organization that only answers questions such as what, where, owner, and surface area based on
ownership of the parcel. Beyond that, it evolves into a structure that includes the ownership, use, value,
and development of the land through the spatial data infrastructure. It is obvious that all land
administrations will experience this evolution in one way or another with the new tasks they will
undertake. TKGM, which has already started these processes, needs to be restructured for establishing an
effective land administration system that models human-land relations.

Digital geospatial information now provides us with much more than a simple map. Geospatial
data integrated with the location constitutes the basis of public services as well as services for citizens.
Geospatial data, which constitutes the digital version of our world, is also an integral part of the digital
society and the digital economy. Geospatial data describes the relationship between humans and places.

Public institutions in Tiirkiye produce maps as the basis of their land-related projects as part of the
powers granted to them by law. Particularly in the last three decades, map production projects are carried
out by tendering them to the private sector.

Besides the traditional purposes of maps, digital maps offer us a wide range of use areas from social
inclusion to health and education, from smart cities to industrial development. In other words, apart from
the production of geospatial data that public services need, it should be re-discussed in a way that defines
the relationship between people and place, provides all kinds of geospatial data that decision-makers need
in the accurate decision-making process, ensures the development of e-economy and e-society, responds
quickly to the resting and learning processes of the generation Z, and supports tourism and cultural
activities.

Despite the breakthroughs in recent years, the institutions of Tiirkiye are rich in data however they
are poor in information. Some of the data is kept in corporate silos. It is known that some of the datasets
that can be presented in the digital environment have several problems in terms of their compatibility
with the ground.

Similar to many countries in the world, Tiirkiye should also modernize land administration and
geospatial information management, particularly in terms of their governance and institutions, legal and
policy aspects, data (from data theme to the creation and delivery of data), standards (legal, semantic,
data, technical interoperability), data models (LADM) and dissemination, business model,
communication, and engagement.

Considering these issues,

1) TKGM should be organized to carry out land ownership, use, value, and development activities,
TAKBIS should have a data model complying with an international standard such as LADM.
TAKBIS should be redesigned within this framework and transformed into a land registry and
cadastre information system rather than just a registry information system. Compliance of the
land registry and cadastral data with the ground must be ensured. TKGM should be supported
by a fully electronically managed infrastructure. TKGM, which produces and registers legally
valid spatial data, should be at the very center of the digital transformation.
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2) Besides the traditional productions of maps and geospatial data, citizen-society, and state-
oriented significant data should also be produced by using disruptive technologies (Internet of
Things, Cloud, Artificial Intelligence, Virtual Reality, Augmented Reality, Big Data, Blockchain,
etc.).

3) The organizational clutter in map production should be eliminated. It is obvious that the General
Directorate of Mapping is an essential organization for producing the spatial data needed for the
development of the country, digitizing the data in the silos in accordance with the standards,
structuring these data, and making them available for presentation. This problem can be modeled
in two ways:

a) A new General Directorate can be established.

b) Existing organizations such as TKGM or the General Directorate of Geographical Information
Systems might be turned into an organization responsible for producing geospatial data by
granting the authority to produce geospatial data in addition to their current duties.

8. CONCLUSIONS

The world has been changing, and technology has been leading the digital revolution
(transformation). The key to this revolution is how the life of an ordinary person changes with these
technologies. Digitalization has already deeply affected the business world, and new spatial technologies
have been becoming ordinary in our daily lives. The concepts of artificial intelligence (Al), the Internet of
Things (IoT), and big data technologies have been reformatting industries, societies, and the way we live.
The digital revolution refers to the implementation of the integration of spatial data, data analytics, and
real-time operations. This revolution requires the collection and analysis of land management / geospatial
data in a production environment with an opportunity to rapidly change the way the industry responds
to society's demands.

Land administration and geospatial data are the leading issues of Digital Transformation. The
significant conclusion of this study is that institutional reinforcements are needed in Land Administration
and Geospatial Data in Tiirkiye. In this context, land administration, which is the core component of land
management, should be strengthened as part of the new tasks to be undertaken, and it should be
institutionalized by eliminating the organizational clutter on the production of geospatial data, which is
the cornerstone of both land administration and digital transformation.

This article aims to create a platform for discussing the preliminary evaluations put forward in a broad
perspective considering the national conditions and calls for further research on the subject.
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