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Oz

Son zamanlarda teknolojinin ve sosyal aglarin gelismesiyle ¢evrimigi karsilikli etkilesim, herhangi konuda fikirlerini paylasma olduk¢a
onem kazanmustir. Bu etkilesimlerin olumlu yani olsa da olumsuz yani da oldukga fazladir. Sosyal aglarda kullanicilarin bilgilerini elde
edip kullanicilart taklit etmek giivenlik agisindan biyiikk bir problemdir. Boylelikle kullanicilar {izerinden dolandiricilik vs.
yapilabilmektedir. Kullanicilari taklit edebilmek i¢in en yaygin yol spam mesajlarin, e-postalarin, vs. atilmasidir. Giivenlik probleminin
tistesinden gelmek i¢in spam filtreleme, spam tespiti yontemi gelistirme gibi islemler uygulanmaktadir. Bu ¢alismada Tiirkge e-
postalarda spam igeren e-postalarin tespiti icin Rastgele Orman, Lojistik Regresyon, Naive Bayes, Yapay Sinir Aglart makine 6grenme
yontemleri ve BERT, ELECTRA, ALBERT, DistilBERT dil modelleri analiz edilmistir. Béylece dil modellerinin Tiirkce i¢in spam e-
postalart siniflandirmadaki etkisi gosterilmek istenmistir. Deneysel ¢aligmalarin sonucunda, spam e-postalart siniflandirmada tiim dil
modelleri makine dgrenme yontemlerine gore daha basarili olmustur. Makine 6grenme yontemlerinden yapay sinir aglart %90.15
dogrulu degeri elde ederken, en basarili dil modelleri %94.08 dogruluk degeri ile BERT ve ELECTRA olmustur.

Anahtar Kelimeler: Siber Giivenlik, Spam Tespiti, Dil Modeli, Makine Ogrenmesi, Dogal Dil isleme, Metin Smiflandirma.

Analysis of Machine Learning Methods and Language Models for
Spam Detection in Turkish Emails

Abstract

Recently, with the development of technology and social networks, online interaction, sharing ideas on any subject has gained
importance. While there are positive aspects to these interactions, there are also many negative aspects. Obtaining users' information
and impersonating users in social networks is a big problem in terms of security. Thus, fraud etc. can be done by under cover of users.
The most common way to impersonate users is by sending spam messages, emails, etc. In order to overcome the security problem,
processes such as spam filtering and spam detection method development are applied. In this study, Random Forest, Logistic Regression,
Naive Bayes, Artificial Neural Networks machine learning methods and BERT, ELECTRA, ALBERT, DistilBERT language models
were analyzed to detect e-mails containing spam in Turkish e-mails. Thus, it is aimed to show the effect of language models in classifying
spam e-mails for Turkish. As a result of experimental studies, all language models were more successful than machine learning methods
in classifying spam emails. While artificial neural networks from machine learning methods achieved 90.15% accuracy, the most
successful language models were BERT and ELECTRA with 94.08% accuracy.

Keywords: Cyber Security, Spam Detection, Language Model, Machine Learning, Natural Language Processing, Text Classification.
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1. Giris

Teknolojinin yasamamiza girmesiyle beraber akilli cep
telefonu, bilgisayar gibi bir¢cok teknolojik cihaz giinlik hayatta
kullamlmaktadir. Insanlarin birbiri ile etkilesime gegmesini
saglayan bu gelismeden dolayr birgok sosyal ag ortaya
¢ikmaktadir. Kisilerin birbirine e-posta ve mesaj gdndermesi,
sosyal medyada paylasimlara yorumlar yapilmasi, kullanicinin
etkilesim almasi gibi siiregler sosyal aglarda mevcuttur.

Sosyal veya profesyonel baglantilar, etkilesimler, biiyiiyen is
itibar1, kamuoyu goriislerini bilmek, haberler, cevrimici 6grenme,
afet yonetimi, saglik hizmetleri, 6neri sistemleri sosyal aglarin
temel uygulamalaridir. Ancak kullanicilar, kisisel bilgilerini ara
sira bu sosyal aglarda bilmeden de olsa yabancilara
paylasabilmektedir. Bu da giivenlik agisindan  sorun
olusturmaktadir. Spam gonderenler, botlar, bilgisayar korsanlari,
siber suglular ve {iglincli taraf sirketler gibi koti niyetli
kullanicilar, dolandiricilik gibi sorun ¢ikaran faaliyetleri
gerceklestirmek i¢in bu kullanicilarin bilgilerden
yararlanmaktadir. Spam gonderenler ayrica insanlarin giivenini
kullanarak reklam, kimlik avi, casusluk, kadina yonelik siddet,
siber zorbalik gibi yasa dis1 faaliyetlerde bulunabilmektedir.
Genel olarak spam gonderenler, spam yaymak i¢cin mesru hesaplar
yerine sahte/kopyalanan hesaplar, otomatik botlar vs.
kullanmaktadir (Rao vd., 2021). Bdylece spam gonderenler
kendilerini giivene almaktadir. Spam gonderme mesaj veya e-
posta yoluyla, yorum yapilma vs. gibi olaylarla yapilabilmektedir.
Yorum ile iletilen spamlar, tiiketicinin giiveninde kayba neden
oldugundan isletmeleri de olumsuz etkilemektedir. Ornegin, BBC
ve New York Times, "spam yorumlarin Web'de yaygin bir sorun
haline geldigini ve yakin zamanda bir fotograf sirketinin yiizlerce
karalayict  tiiketici spam  yorumuna maruz kaldigim"
belirtmektedir (Crawford vd., 2015).

Spam mesajlar veya e-postalar, kacinilmasi veya ortadan
kaldirilmasi gereken bir konudur. Ciinkii bu tiir spam e-postalar,
olusturulan zararli olaylarla genel e-postalar1 etkilemektedir. Bu
tir spam e-postalarin tespit edilmesi, yasa dis1 faaliyetler
sorunundan kagimnmak i¢in olduk¢a 6nemlidir. Spam e-postalari
filtreleme igin kara liste, beyaz liste, icerik tabanli veri filtresi gibi
metodolojiler yer almaktadir. Ancak, bunlar tamamen basarili bir
metodoloji olmamaktadir. E-posta kara liste mekanizmasi, ¢ok
sayida spam e-posta kimligini saklayarak kullanicilara mesajlarin
bu saklanan e-posta kimliklerinden gelip gelmedigini kontrol
etmektedir. Icerik tabanli veri filtresinde ise siipheli IP
adreslerinden gelen mesajlar1 engelleyen ve mevcut sisteme
makul bir sekilde giivenlik saglayan IP tabanli filtreleme
bulunmaktadir. Beyaz listeye alian e-postalar ise bilinen kimlik
e-postalaridir. Bu liste ile kullaniciya bilinen posta kimliklerini
engelleme, gelecek e-postalardan korumay1 saglamaktadir (Ismail
vd., 2022).

Spam e-postalarinin tespit edilebilmesi i¢in bircok Ingilizce
dilinde calisma bulunmaktadir. Bu ¢aligmada Tiirk¢e acisindan
literatiire katki saglamak icin Tiirk¢e spam e-postalarim
smiflandirma igin analiz uygulanmaktadir. Analiz asamasinda
makine 6grenme yontemlerinin yani sira giinlimiizde oldukga stk
kullanilan dil modelleri (DM) de tercih edilmektedir. Boylece
makine 0grenme ydntemleri ile DM arasinda Tiirk¢e dili igin
kargilagtirma yapilmasi da amaglanmaktadir.

Calismanin baglica katkilar1 sunlardir:
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e  Tiirkce dili igin spam tespiti analiziyle literatiire katki
saglamaktadir.

e Dil modellerinin Tiirk¢e i¢in kullanildigi g¢alisma
sayis1 oldukca azdir. Bundan dolay1 dil modelleri ile
analiz 6nem tagimaktadir.

e Makine Ogrenme yontemleri ile dil modellerinin
basarisi kiyaslanarak dil modellerinin Tiirkce dili igin
etkisi gosterilmektedir.

Calismanin akisi incelendiginde ikinci baslikta Tiirkge spam
tespiti i¢in ilgili caligmalar anlatilmaktadir. Materyal ve Yontem
basligi altinda ise kullanilan veri seti, uygulanan 6n islemler,
makine Ogrenme yontemleri ve dil modelleri kisaca
aciklanmaktadir. Dordiincii baglik igeriginde ise 6n islem analizi,
makine Ogrenme yontemleri ve dil modellerinin analizi
gerceklestirilmektedir. Tartigma boliimiinde ise makine 6grenme
ve dil modellerinin spam tespitine etkisi agiklanmaktadir. Son
bagslikta ise sonuglara ve gelecek caligmalara deginilmektedir.

2. Ilgili Calismalar

Spam tespitinde Tiirk¢e i¢inde belli ¢alismalar yapilmustir.
Bu c¢aligmalar genel olarak makine 6grenme ve derin dgrenme
yontemlerinin kullanimina dayalidir. Deniz vd. (2019) Tiirkce
spam tespitinde e-postalarin sayisallastirilmasi igin Oznitelik
¢ikariminda Doc2Vec kiitiiphanesinin algoritmalarini
kullanmiglardir.  Ardindan  smiflandirma  algoritmalari  ile
Doc2Vec’in basarisini 6lgmiislerdir. Eryillmaz vd. (2020) Keras
derin O6grenme kiitiiphanesi ile Tiirk¢e spam verileri analiz
etmislerdir. Uzun kisa siireli bellek (LSTM) yontemi ile analizin
basarili oldugunu gostermislerdir. Simsek ve Aydemir (2022),
yeni bir Tiirkce spam e-posta veri seti olusturmuslar ve Weka
programindaki algoritmalar kullanilarak Tiirkge spam veya
normal e-postalarin  simiflandirilmasini  analiz ~ etmislerdir.
Karasoy ve Balli (2022) makine 6grenmesi ve derin 6grenme
yontemleri kullanarak icerik tabanli SMS siniflandirmasi
uygulamiglardir. Elde edilen o&zelliklere ek Word2Vec ile
cikarilan ayr1 ozellikler ile yontemlerin basarilarini analiz
etmiglerdir. Dedetlitk ve Atay (2020) yapay ar1 kolonisi
algoritmasini bir lojistik regresyon siniflandirma modeliyle
birlestiren yeni bir spam tespit yontemi dnermislerdir. Tiirkce e-
posta veri seti dahil ii¢ veri seti {izerinde bu yontemi analiz
etmislerdir. Onerilen yontemi destek vektdr makinesi, lojistik
regresyon ve Naive Bayes algoritmalar ile karsilastirmiglar ve
yontemleri ile daha iyi sonug elde etmislerdir. Isik vd. (2020)
Karsilikli Bilgi ve Agirlikli Karsilikli Bilgi 6zellik segme
yontemlerini kullanarak farkli derin &grenme ydntemlerini
Tiirk¢e e-posta spam tespiti icin analiz etmislerdir. Ozellik secim
isleminden sonra, kelime gantasi yontemi ile 6zellik vektorleri
elde etmislerdir. Ardindan, Yapay Sinir Ag1 (YSA), LSTM ve
Cift Yonlii LSTM yontemleri kullanilarak sistemin performansini
Olgmiislerdir. Ekici ve Takci (2021), diger dillerde sikca
kullanilan Word2Vec ve Terim Frekansi-Ters Terim Frekansi
(TF-IDF) yontemlerini Tiirk¢e spam tespiti i¢in kargilagtirmiglar
ve bagarty1 artirmiglardir.

Tiirkge dili ig¢in dil modelleri genellikle duygu analizi
(Acikalin vd. (2020), Guven (2021a), Sigirci vd. (2020)) alaninda,
metin siiflandirmada (Celikten ve Bulut (2021), Sahin ve Diri
(2021)) kullanilmustir.
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3. Materyal ve Metotlar

Calismada kullanilan veri seti, uygulanan 6n islemler,
uygulanan yontemler bu kisimda agiklanmaktadir. Uygulanan
makine 6grenme yontemleri ve dil modelleri analiz i¢in ayri
olarak kullanilmaktadir.

2.1. Veri Seti

Kaggle platformunda yiiklii olan Tiirk¢e e-posta spam veri
setif analiz icin kullanilmaktadir. Veri seti 502 normal (ham)
mailden, 517 ise spam mailden olusmaktadir. 20 kisiye gelen
normal ve spam maillerden veri seti elde edilmistir (Simsek ve
Aydemir, 2022). Veri setine ait kelime bulutu Sekil 1°de
gosterilmistir. Veri setinin, egitim ve test olarak kullanimi agikca
belirtilmedigi i¢in karsilagtirma amacli kullanilamamustir.
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Sekil 1. Veri setine ait kelime bulutu
2.2. On Islemler

Analiz Oncesinde veri seti lizerinde belli 6n islemler
uygulanmaktadir.  On  islemlerin  uygulanmasi  sirayla
gergeklestirilmektedir:

o  E-posta kiiglik harfe dontistiiriilmektedir.

e  Metin i¢indeki email ve web adresleri diizenli ifadeler
(RegEx) ile tespit edilerek sirasityla “email, website”
olarak giincellenmistir. Bu iglem ile farkli adreslerin ayni
yapida olmasini saglamak amaglanmustir.

o E-posta i¢indeki sayisal ifadeler ve noktalama isaretleri
silinmektedir.

e E-postadaki tiim metin igin Zeyrek? kiitiiphanesi
araciligiyla  kok alma  (lemmatization)  islemi
uygulanmistir. Béylece ayni anlama gelen farkli yapidaki
kelimeler ayni yapiya doniistiiriilmiistiir.

e KO0k alma islemi sonrasi e-posta iginde etkisiz kelimeler
silinmistir. Bu islemin sonucunda analize etki etmeyen
kelimeler silinerek veri hacmi azalmustir.

On islemler sonrasinda veri seti giincel haliyle kaydedilerek
analiz asamasinda kullanilmistir. On islemlere ait bir 6rnek Tablo
1’de verilmistir.

2.3. Makine Ogrenme Yontemleri

T https://www.kaggle.com/datasets/emrahaydemr/turkish-mail-dataset-
normalspam
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Calismada makine Ogrenme yoOntemleri olarak Rastgele
Orman (RO), Naive Bayes (NB), Lojistik Regresyon (LR) ve
Yapay Sinir Aglar1 (YSA) kullanilmaktadir. Etkisiz kelime temiz-

Tablo 1. Makine 6grenme yontemlerinin bagarisi

On islemler Metnin Degisimi
Odemen Iade Edildi kitapsec.com web
sitesinde 16/02/2022 22:00 tarihinde
e gerceklestirmis oldugun 39.39 TRY
Mailin ilk o L2 T
. tutarindaki isleminin iadesi iyzico
hali
tarafindan basariyla tamamlanmustir.
Tade islemleri, kredi kartlari ile
yapilan ...
Kiigiik harfe 6demen iade edildi website web
e sitesinde 16/02/2022 22:00 tarihinde
doniistiirme . 8
+ Email ve gergeklest.lr.mls o‘ld‘ug.un 39.39 j[ry
. tutarindaki igleminin iadesi iyzico
web adresi .
diizenleme tarafindan bagartyla tamamlanmistir. iade
islemleri, kredi kartlari ile yapilan ...
Sayisal ifade | 6demen iade edildi website web sitesinde

ve tarihinde gergeklestirmis oldugun try

noktalama tutarindaki igleminin iadesi iyzico
isaretleri tarafindan bagartyla tamamlanmigtir iade
silme islemleri kredi kartlar1 ile yapilan ...
6demek iade edildi website web site
Kok alma tarihi gercek olmak try tutar islem iade
islemi iyzico tarafindan bagar tamam iade islem
ile kredi kart yapilanmak ...
. odemek iade edildi website web site
Etkisiz A . .
. . tarihi gercek olmak try tutar iglem iade
kelimelerin | . ™. L
silinmesi iyzico tarafindan bagar tamam iade iglem
kredi kart yapilanmak ...
odemek iade edildi website web site
Mailin son tarihi ger¢ek olmak try tutar islem iade
hali iyzico tarafindan basar tamam iade islem

kredi kart yapilanmak ...

leme, noktalama igaretleri kaldirma gibi 6n islemler sonrasinda
Terim Frekansi-Ters Terim Frekanst (TF-IDF) yontemi ile veri
setinin  Ozellikleri ¢ikarilmaktadir. TF-IDF ile ¢i1-karilan
ozellikler, makine 6grenme yontemlerinin egitimi asamasinda k-
capraz dogrulama teknigi ile kullanilmaktadir. Teknikteki k
degeri 5 olarak belirlenmistir. Bdylece veri seti 5 kiimeye
ayrilarak her agamada farkli 4°1i kiime egitim, kalan tek kiime ise
test olarak egitime verilmektedir. Sonuglar bu 5°li varyasyona
gore asagidaki makine 6grenme yontemler igin elde edilmektedir:

e RO: Karar agac1 yapisini kullanan bir topluluk grenmesi
yontemidir. Cok sayida karar agaci iiretip bir modele dahil
edilen her bir degerlendiricinin 6nemini belirlemektedir
(Probst ve Boulesteix, 2017).

e NB: Olasiliksal bir makine 6grenme yontemidir. Sinifa
verilen dzelliklerin birbirinden bagimsiz oldugu varsayarak
bir sinif i¢in yeni olan drnegin olasiligini hesaplamaktadir
(Chen vd., 2020).

e LR: ki veya daha fazla smf icin ayrim yapabilmeyi
saglayan model olusturmada kullanilmaktadir. Girdinin
dogrusal fonksiyonu kullanilarak belirlenen sayida
siniflarin olasiliklarint modellemektedir (Chen vd., 2018).

¥ https://zeyrek.readthedocs.io/en/latest/#
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e YSA: Sinir aglari insanlarin beyin yapisindan etkilenerek
olusturulmustur. Girdi, gizli ve ¢ikti katmanlarindan
olusmaktadir. Modelin hesaplanmasinda degisken agirlik
carpanlari, toplam fonksiyonu, tanimlama (aktivasyon)
fonksiyonu kullanilmaktadir (Tagar vd., 2018).

2.4. Dil Modelleri

DM, kelime tahmini, smiflandirma gibi gorevler i¢in
metinlerin govdelerini analiz etmektedir. Metinlerin govdelerine
ait kelime dizilerini girdi olarak kullanarak goérev igin olasilik
dagilimi hesaplamaktadir (Guven, 2021b). DM, tek yonlii ve ¢ift
yonlii olarak iki modele ayrilmaktadir. Tek yonlii DM, girdi dizisi
i¢in diziyi ¢arpanlarina ayirip bu diziye bir olasilik atamaktadir.
Cift yonlii DM i¢in ise kelimenin konumu ile kelimenin sol ve sag
baglamini da analiz etmektedir (Petroni vd., 2019). Caligmada
BERT, ELECTRA, ALBERT ve DistilBERT DM’leri
kullanilmaktadir.

BERT: Transformer temelli ¢ift yonlii kodlayici gosterimi
olarak tanimlanmaktadir. Kelimenin sadece tek bir yOniine
odaklanmayarak sol ve sag baglamimi incelemektedir. BERT
modeli maskelenmis dil modeli adi verilen yapiyr egitim
asamasinda kullanmaktadir. Bu yapida giristeki bazi belirtegler
rastgele secilerek maskelenmektedir, model ise bu maskelenen
belirtegleri baglama gore dogru tahmin etmeyi hedeflemektedir

(Devlin vd., 2018).
ﬁ' /G@“D StartEnd Span\

AP Mask LM Mask LM \
& * *
By BERT

BERT
[eu)e ] [&)[w]le]. [&] (] [&][a]le].

=

Masked Sentence A

\\\ Question ' Paragraph /
Question Answer Pair

Masked Sentence B

Unlabeled Sentence A and B Pair

Pre-training
Sekil 2. BERT modelinin isleyisi

Sekil 2°de BERT modelinin isleyisi gosterilmistir. BERT
modeli 6n egitim ve ince ayar olmak iizere iki asamadan
olusmaktadir. On egitim (pre-training) asamasinda, model farkl
on egitim gorevleri igin etiketlenmemis veriler kullanilarak
egitilmektedir. Ince ayar (fine-tuning) asamasinda ise dnceden
egitilmis parametreler ile baslatilan modelde tim parametreler
secilen goreve gore etiketli veriler ile uyarlanmaktadir (Devlin
vd., 2018). BERT modeli, siniflandirma, goriintii isleme, bosluk
doldurma gibi birgok gorevde kullanilabilmektedir. Bunun i¢in
egitilmis ve kullanilabilecek bir¢ok on-egitilmis DM mevcuttur.
Tiirkge icinde 6n-egitilmis BERT-TRY modeli kullanilarak bu
calismada analiz gerceklestirilmektedir.

DistilBERT: BERT modelinin farkli bir versiyonu olarak
onerilmis bir modeldir. BERT modelinden farkli olarak egitim
oncesi bilgi ayrigtirma isleminden yararlanarak BERT’e gore
boyutu daha kiigiik ve daha hizli DM elde edilmistir (Sanh vd.,

Fine-Tuning

$ https://huggingface.co/dbmdz/bert-base-turkish-uncased

™ https://huggingface.co/dbmdz/distilbert-base-turkish-cased
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2019). Calismada analiz i¢in DistilBERT-TR™ 6n egitilmis
modeli kullanilmaktadir.

ELECTRA: BERT modeline goére daha az hesaplama
uygulayarak oOnceden egitmek i¢in kullanilmaktadir. Modelin
amact “gercek” olan belirtecin “sahte” belirte¢ ile degistirilip
degistirilmedigini tespit etmektir (Clark vd., 2020). Sekil 3’te
ELECTRA modelinin yapis1 gosterilmistir. Sekil incelendiginde
"cooked" kelimesi maskelenmistir ve kiicik MLM araciligiyla
tahmin edilen kelime "ate" olmustur. Bu kelimenin
degistirildigini ise ELECTRA modeli "replaced" olarak tespit
etmistir.

sample
the —> [MASK] —> F-> the —> —> original
chef —» chef — chef —{ | —> original
cooked —» [MASK] —> ((;tl;':iil‘;&lll:zr L-> ate —> DESETE?.II.I:::)O' —> replaced
the —» the —| small MLM) the —> L5 original
meal —» meal —> meal —>| > original

Sekil 3. ELECTRA modelinin yapist

ELECTRA modelinin, BERT modelinin maskelenmis dil
modellemesi yapisina gore, hesaplama agisindan daha verimli
oldugu gosterilmistir (Clark vd., 2020). Caligmada spam e-
postalar1 simiflandirma goérevi icin ELECTRA-TR'' 6n egitilmis
modeli kullanilmaktadir.

ALBERT: BERT modelinde bellek limiti ve iletisim ek
yiikiinii sorunu egitim agamasinda sorun olusturmaktadir. Bundan
dolayt BERT e gore daha az parametreye sahip ALBERT modeli
gelistirilmistir. Gelistirme asamasindan iki tane parametre
azaltma (carpanlara ayirarak gémme, katmanlar arasi1 parametre
paylasimi) teknigi uygulanmistir. Bu iki teknikle beraber
ALBERT igin parametre sayisi oldukga azaltmaktadir (Lan vd.,

2019). Boylece model daha az parametre ile hizli
egitilebilmektedir. Calismada ALBERT-TR* 6n egitilmis modeli
kullanilarak analiz islemi gerceklestirilmektedir.

3. Deneysel Calismalar

Calismanin ilk asamasinda veri seti lizerine O6n islemler
uygulanmistir. Uygulanan 6n islemler sonucunda veri setinin
yapisi, hacmi degigmistir. Bu 6n iglemler arasinda email ve
website adreslerinin belli formatta yazilmasi, kelimelerin
kokiiniin alinmasi islemleri veri setinin yapisini degistirirken,
etkisiz kelimelerin silinmesi igslemi veri hacmini azaltmaktadir.
Tablo 2°de veri seti lizerindeki kelime sayisinin 6n islem sonrasi
degisimi gosterilmistir. Tablodaki veriler incelendiginde, 6n
islem sonrasi kelime sayisinda diislis gézlemlenmistir. Bu diisiis
veri hacmi i¢in toplam kelime sayisinda yaklasik %25 iken, essiz
(unique) kelime sayisinda ise yaklasik %64 olmustur. Essiz
kelime sayisinda asirt diisiisiin nedeni kelimelerin kdkiiniin
alinmasi ile kelimelerin ayni bigime doniistiiriilmesidir.

Tablo 2. Makine 6grenme yontemlerinin basarisi

Islem Kelime Sayisi

66870

Toplam

T https://huggingface.co/dbmdz/electra-base-turkish-cased-
discriminator

 https://huggingface.co/loodos/albert-base-turkish-uncased

4



European Journal of Science and Technology

On Islem Essiz 19162

Olmadan

On Islem | Toplam 50112
Sonrasi Essiz 6892

Calismada egitim ve gecerleme olarak ayrilan veri
setlerinden, egitim seti makine 6grenme yontemleriyle egitilerek
gegerleme seti ile test edilmistir. Tirkge spam e-postalarin
tespitinde kullanilan makine 6grenme yontemlerine ait sonuclar
Tablo 3’te gosterilmistir. Sonuglar incelendiginde en basarili
makine 6grenme yontemi dogruluk ve F1-0l¢ciim degerleri igin
YSA olmustur. Ayrica yontemlerin ayri1 ayr1 etiketler igin
analizlerini i¢eren karisiklik matrisi Sekil 4’te verilmistir. Makine
o0grenme yoOntemleri arasinda RO hari¢ diger yontemler 1
numaralt  (spam) etikete sahip verileri daha dogru
smiflandirmistir. RO ise 0 numarali (ham) etikete sahip verileri
daha basarili siniflandirmstir.

Tablo 3. Makine 6grenme yontemlerinin basarisi

.. Egitim Dogruluk F1-Olgiim
Yontem Siiresi(sn) (%) (%)
RO 6.90 79.80 79.78
YSA 9.76 90.15 90.13
NB 13.78 86.21 86.17
LR 37.96 82.27 82.05
Tahmini Tahmini
0 S 0 1 5
Gergek 0 766% 89% 102 Gergek 0 830% 99% 102
1 234% 911% 101 1 17.0% 901% 101
s 124 79 203 S 112 91 203
(a) (b)
Tahmini Tahmini
0 1 3 0 1 Z
Gercek 0  821% 222% 102 Gergek 0 873% 65% 102
1 179% 778% 101 1 127% 935% 101
b3 95 108 203 )3 10 93 203
() (d)

Sekil 4. Makine 6grenme yontemlerinin karigiklik matrisleri (a)
LR (b) NB (c) RO (d) YSA

Ikinci asamada aym egitim ve gecerleme seti ile DM nin
analizi gerceklestirilmistir. Tirk¢e i¢in On-egitilmis BERT-TR,
ALBERT-TR, ELECTRA-TR, DistilBERT-TR modelleri igin
analiz sonuglar1 Tablo 4’te verilmistir. Tablodaki veriler
incelendiginde BERT-TR ve ELECTRA-TR modelleri en basarili
DM olmustur. Ayrica DM igin hangi etiketleri daha dogru
yanitladigina dair karigiklik matrisi Sekil 5°te gosterilmistir. Sekil
5’teki sonuglar gosteriyor ki ALBERT-TR modeli haricinde tiim
modeller her iki etiketi de dengeli sekilde dogru siniflandirmigtir.
Ancak ALBERT-TR modeli 0 etiketini (ham), 1 etiketine (spam)
gore daha dogru tahmin etmistir.

Tablo 4. Tiirkge spam e-postalarin tespiti i¢in dil modellerinin

basarisi
.. Dogruluk | F1-Olciim
Yontem (%) (%)
BERT-TR 94.08 94.0
ALBERT-
R 93.10 93.55
ELECTRA-
R 94.08 94.0
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DistilBERT-
R 93.60 94.0
Tahmini Tahmini

Gercek

-

Gercek

(d)

Sekil 5. Dil modellerinin karisiklik matrisleri (a) BERT-TR (b)
ELECTRA-TR (c) ALBERT-TR (d) DistilBERT-TR

4. Tartisma

Tirkge dili ile alakali ¢aligmalar az oldugu ve makine
6grenmesi yontemlerine ek olarak DM nin Tiirkge spam e-posta
smiflandirmada  etkisinin ~ gdsterilmesi icin bu calisma
uygulanmistir. Veri seti ilk olarak ¢ok fazla sayida ¢alismada
kullanilan makine o6grenme yontemleri ile analiz edilmistir.
Analizler sonucunda makine Ogrenme yoOntemlerinde YSA
%90.15°lik dogruluk degeri elde etmistir. Bu analize ek olarak,
DM’nin Tiirkce spam e-posta smiflandirmadaki basarist analiz
edilmistir. Ayn1 yapidaki veri seti (egitim, gegerleme) ile 6nceden
belirtilen 6n-egitilmis DM analizde kullanilmisti. DM, derin
6grenme ve anlamsal yap1 igermesinin katkisiyla spam e-postalari
smiflandirmada makine 6grenme yontemlerine gore %3 ile %4
arasinda dogruluk degeri artisi saglamistir. Makine Ggrenme
yontemlerinin ve  DM’nin dogruluk degerleri ve F1-6l¢iim
degerleri Sekil 6’da verilmistir. Grafik incelendiginde tiim DM,
makine Ogrenme yoOntemlerinden daha iyi sonu¢ vermistir.
Makine 6grenme yontemleri arasinda YSA en iyi dogruluk degeri
elde ederken, dil modelleri arasinda BERT-TR ve ELECTRA-TR

100,00

95,00

50,00
85,00
80,00
75,00 I
70,00

ALBERT ELECTRA DistilBE

BERT-TR TR RI-TR

®m Dogruluk 79,80 90,15 86,21 82,27 94,08 93,10 94,08 93,60

F1-Olgtim 79,78 90,13 86,17 82,05 94,00 93,55 94,00 93,85
® Dogruluk  m F1-Olgiim
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Sekil 6. Tiim makine 6grenme yontemleri ve dil modellerinin
analiz sonuglari

modelleri %94.08 dogruluk elde ederek en basarili sonuglar
vermistir. Bu acidan bakildiginda, ¢alisma Tiirk¢e spam tespiti
icin DM’nin olumlu etkisini géstermede onciiliik etmektedir.

5. Sonug ve Gelecek Calismalar

Spam tespiti, email, twitter gibi sosyal aglarda kullanicilarin
kandirilmasini ve suglara karigtirilmasini 6nlemek igin biiyiik
onem tasimaktadir. Ingilizce dilinde bu konuyla ilgili bircok
calisma bulunmaktadir. Bu ¢aligmada Tiirk¢e spam e-postalarin
tespiti icin makine &grenme yontemleri ve DM kullanilarak
basarilart analiz edilmistir. Tiirk¢e spam e-postalarin tespiti i¢in
DM igeren galisma olmadigi i¢in DM, Tiirkge literatiire katki
saglama agisindan tercih edilmistir. Bédylece DM makine 6grenme
yontemleri ile karsilagtirilmig ve DM nin siniflandirmadaki etkisi
gosterilmistir. Ayrica makine 6grenme yontemleri ve DM’nin
basariya etkisi karsilastirilmistir.  Deneysel —¢alismalarin
sonucunda tiim DM, makine 6grenme yontemlerinden daha iyi
dogruluk degeri vermistir.

Gelecek c¢aligmalarda duygu analizi, haber siniflandirma,
igneleme tespiti gibi farkli siniflandirma gorevleri icin Tiirkge
dilinde dil modelleri ile ¢aligmalar yapilmasi ve Tiirkge literatiire
katk1 saglanmasi hedeflenmektedir.
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Abstract

In this article, which is discussed at a time when initiatives towards renewable energy sources are increasing and reducing fossil fuel
consumption; the factors that need to be examined for the installation of an off-grid solar panel system were examined and in line with
the data obtained, a system was designed for a tiny-house. Off-grid system with 10KWh power consumption with optimum irradiance
data has been found how many square meters of PV system will be needed to operate it. How to meet the stable 10KWh need for the
worst month, the amount of battery capacity required has been examined. A system inventory has been allocated.. A provenciet of
Pamukkale in Turkey, with latitude of 37.89°, was chosen for the solar panel installation; It is aimed to meet all the electricity needs of
the house, which was built in a forest area 8 km away from the mains, with the solar panel system to be installed. From theory to
practice with an academic approach as well as solar energy sector jargon; in this article, includes a two-way study. A solar panel
system was installed in line with the data obtained and the 7600Wh value that the house to be built would need, and 29 batteries
integrated into the system was sized for cases where the system could not provide sufficient energy through the sun with a 1%
probability. Thus, the design of the optimum "Solar Energy System™ desired for a certain location and compatible estimation
calculations will be able to provide examples of this study.

Keywords:Solar Insolation, Solar Radiation, Solar Angle Calculations, PV system, Solar Energy Off-Grid System.

Giines Radyasyonu Tahminleri ve Sebekeden Bagimsiz PV’li Kar Evi

Oz

Yenilenebilir enerji kaynaklarina yonelik girisimlerin arttigi ve fosil yakit tiiketimini azalttigi bir donemde ele alinan bu yazida;
Sebekeden bagimsiz giines paneli sistemi kurulumu igin incelenmesi gereken faktorler incelenmis ve elde edilen veriler dogrultusunda
giines paneli sistemi ile kiigiik bir ev i¢in sistem tasarlanmistir. Optimum 1s1nim verileri ile 10KWh giig tiiketimine sahip sebeke dist
sistem, onu ¢alistirmak i¢in ka¢ metrekarelik bir PV sistemine ihtiya¢ duyulacagi bulunmustur. En kétii ayda sabit 10K Wh ihtiyacinin
nasil karsilanacagi, gerekli akii kapasitesi miktar1 incelenmistir. Bir sistem envanter tahsisi yapilmistir. Giines paneli kurulumu igin
Tiirkiye'de Pamukkale'nin 37.89° enlemli bir ilgesi segilmistir; Sebekeye 8 km uzaklikta ormanlik alana insa edilen evin kurulacak
giines paneli sistemi ile tiim elektrik ihtiyacinin karsilanmasi hedefleniyor. Giines enerjisi sektorii jargonunun yani sira akademik bir
yaklagimla teoriden pratige; Bu yazida iki yonlii bir ¢alisma yer almaktadir. Elde edilen veriler ve yapilacak evin ihtiyag duyacagi
7600Wh deger i¢in giines paneli sistemi kurulmus ve sistemin yeterli enerjiyi saglayamadigi durumlar igin sisteme entegre 29 adet
batarya %1 olasilikla boyutlandirilmigtir. Bdylece bu caligmanin, belirli bir lokasyon i¢in istenilen optimum “Giines Enerjisi
Sistemi”nin tasarlanmasi ve uyumlu tahmin hesaplar1 6rnek sunabilecektir..

Anahtar Kelimeler: Giines Isig1, Giines Radyasyonu, Giines Agist Hesaplari, PV sistemi, Giines Enerjisi Sebekeden Bagimsiz
Sistem.
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1. Introduction

As it is known, in 2021, there is a need for decarbonization
in energy-intensive sectors and an acceleration in energy
transformation strategies regarding fossil fuel use, especially at
the global level. It is also observed that the global energy
transformation; This can be achieved through the creation of
appropriate policies, financial models, and the development of
cutting-edge technologies. Further investment in low-carbon
energy technologies and the development of smart electricity
grids will help equip what is being done with green systems.
Thanks to the combination of storage and green hydrogen
technologies by increasing the capacity of renewable energy
sources, it seems possible to accelerate the aforementioned
energy transformation and bring the costs of these technologies
to public dimensions within 5-10 years. The renewable energy
systems, which are specially designed according to the
installation site and usage load, contribute to sustainable energy
consumption with environmental friendly and low waste outputs
[1-5, 14- 16].

An important factor in the design of PV systems is the angle
of inclination created by the ground where the PV panel is
located, the angle between the ground and the panel. The most
suitable tilt angle, which is of great importance in terms of the
amount of radiation absorbed, is determined according to the
latitude angle of that region. Of course, it will be necessary to
take into account seasonal factors in the angle of slope, and this
allows to get rid of the burden of seasonal factors such as rain
and snow, and thus to obtain efficiency [6-10].

In this study, collecting meteorological data in Pamukkale's
coordinate according to the defined conditions and establishing a
PV panel system that is suitable for the climatology of the region
and that will meet the energy needs provides resource
management and will environmentalist contribution.

For this, the situation of the region has been analyzed
primarily by using data blocks that have been measured for
many years. Then, the solar radiation received by the region in
certain periods has been calculated. The best and worst months
of the year determined. Besides, temperature, surface angle etc.
factors have also been considered in the installation of this
system.

1. Materials and Method

Before starting to design, it is necessary to determine in
which situations a system will be designed to be used. Then it is
necessary to compile and analyze the necessary information. In
this study, due diligence will be made for a tiny house. Data will
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be calculated based on the fact that this house has been installed
for a little longer than a few days. The designed system will be
carried out in line with the possible and electricity use-based
needs of the house where were natural wonder travertine region,
located in Pamukkale provenciet of city of Denizli in Turkey
[17].

In light of all the above mentioned considerations, after
collecting and evaluating all the information, tiny-house has
been designed the PV off-grid system.Furthermore, in this
study,via PVGIS, a part of calculates the performance of PV
systems that are not connected to the electricity grid but instead
rely on battery storage to supply energy when the sun is not
shining [13].

Energy Need: To estimate the electricity need of the tiny
house, a list of items that need daily electricity consumption is
created. The electricity consumption of these items is
investigated and the total daily consumption is calculated.

Energy Sources and Devices: It should be ensured that
sufficient energy source is used for the independent system.
After the energy requirement has been calculated, a list is
created to identify suitable devices for the energy required. At
this stage, the performance, cost and ease of installation of the
devices can be evaluated. Solar panels may be insufficient due to
a temporary system and high energy usage requirement. In
addition, the use of generators is also essential.

2.1. Location Information

Pamukkale in Denizli-Turkey, which was included in the
World Heritage List by UNESCO in 1988, is a natural wonder
location with its travertines.In this area, there is the ancient city
of Hierapolis.It is a location that is visited by many tourists who
love nature and landscapes and is tried to be protected.

Pamukkale, a visual feast created by thermal waters in
Turkey's Aegean Region, Bilyilk Menderes basin, with a series
of earthquakes 400 thousand years ago, is a rare place in the
world where the picturesque travertine was formed over
thousands of years [17].

Figurel. Location of Pamukkale, Tiirkiye on the map [18]
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Table 1. Data for Pamukkale Provencie in Turkey

Location Data

Consumption Data

City: Denizli
Provencie: Pamukkale
Location: Denizli, Turkey

Coordinate: DMS 37° 55" 26" N, 29° 7' 24" E (Decimal: 37.923889, 29.123333)

Elevation Above Sea Level: 251.712 m

Installation Type: Off-Grid

Azimuth: -20

TiltedAngle:20

PV technology: CrystallineSilicon

PV Panel: 330Wp/PERC-MONO Half-Cut (60 pcs)

Daily: 10 KWh
Monthly: 300 KWh

2.2. Meteorological Information

Pamukkale region has climate condidations that summers
are hot-dry-clear, and winters are cold-rainy-partly cloudy. The
temperature normally varies between 6°C and 27°C throughout
the year, rarely below -3°C in winter session and above 39°C in
summer session [19-21].

Much of the meteorological data is from NASA's Prediction
of WorldwideEnergy Resource (POWER) Data obtained from
the Data Access Viewer Enhanced (DAVe) project. In addition,
data were obtained from the General Directorate of Meteorology,
PhotovoltaicGeographical Information System (PVGIS) and
WeatherSpark [19-22].

2.3. Calculations

In order to size the solar panel to be installed in the
Pamukkale region and to get the desired efficiency throughout
the year, the hourly and daily Watt (W) values per square meter
from the sun to the desired location were first obtained
theoretically. For this, first of all, the declination angle, which is
the declination angle, was calculated by Equation 1.

8 =~ sgn(L) 80 sin ([284 + n] 365 X 3600)
1)

Zenith angles of the days with known declination angles
were also calculated in the 'solar noon' (w=0) by Equation (2)
and illustrated to the table in the result section of this paper.

cos(0Z) = sin(8) sin(| L |) + cos(8) cos(| L |) cos(w)
)

How many degrees our panel should have for the worst
month was calculated with the python code written using the
Equation3.

Btertan(6;)
Bter+3D(0)~3p[B(0)+D(0)]

tan(Bopt) = 3)

In the light of all these data, the hourly horizontal flux
values reaching the earth on average are presented as a graphic
that shows a character suitable for the effect of the Zenith angles
calculated in the “solarnoon” due to the declination angles of the
moons.
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Once the appropriate tilt angle has been found for each day
of the year, the most logical option to choose a fixed tilt angle is
to choose the worst month of the year. Because, the system will
be need to optimize the sunlight that comes in that month the
most. Thus, 47°, which is the average value of the inclination
angles inthe worst month, namely in December and January, was
chosen as the inclination angle of our panel. The Optimal tilt
angle calculation formula is given by the Equation 4 which
includes latitude of @ in northern hemisphere.

B= 1.3793 + ®(1.2011 + ®(-0.014404 + ©0.000080509))
(4)

With a separate discussion, it is also predicted that the
optimum solar panel angle is 47.89°, with the Latitude+10
degree approach, for winter use only in Denizli/Pamukkale.

On the other hand, for the tiny house, an inventory of
electrical appliances was created by taking into account the
different working areas and durations of the existing electrical
appliances, and the total daily needed Wh was calculated as
shown in table 2 in the result section of this paper. The Total
Required Power equals to Quantity multiple by Unit-hour Watt
with product Hours.

While sizing the battery, the solar panel system to be
installed is designed to meet the electricity needs of the house to
be built for 3 days, assuming that the desired electrical energy
cannot be obtained with a 1% probability throughout the year
(cloudy days, etc.).In other words, the energy produced in 3 days
of the year cannot meet the energy demanded to be used from
daily solar energy at the rate of 3/365 =1% per year, according
to the household inventory. Batery size has been calculated by
Equation 5.

__ Total Wh/d used by appliances=Days of usage (5)

Q

0,85+ 0,6« nomnal battery voltage

The main considered parameters for the battery capacity
calculated in Ah are; daily energy need, the number of days the
system will be fed only by the battery, the losses in the battery,
the DoD value and the battery voltage (V). When these values
are 9500Wh, 3, 0.85, 0.6 and 24, respectively, it is concluded
with Equation 5 that the battery capacity should be 2328 Ah.
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3. Results and Discussion

3.1. Calculation Results

Analysis of typical meteorological datasets for Pamukkale
location as mentioned above was fair. Horizontal flux values
were extracted for all months.The PV system has been sized to
provide the necessary energy for every hour & day & month of
the year.The optimum tilt angle of the panel was determined
according to the worst month of the year.The daily values of the
total horizontal flux were calculated and the standard deviation
of the values of the months, namely 28, 30 and 31, was also
found.An inventory of all electrical workers in the house was

made.Load profile was determined for all days and months of
the year.PV panel size and load loss probability were taken into
account.The power of the PV panel was so adjusted according to
the home inventory that there was a 1% chance of draining the
battery. For 3 days of the year, the battery of the panel was not
enough, so 3/365 had a probability of running out of battery at a
rate of approximately 1/100.

The outputs obtained as a result of all these calculations will
be presented in this section. In this context, first of all,Zenith
angles for days with known computational declination angles are
calculated as shown in the Table 2. The tiny house electric
appliances evaluations are illustrated in the Table 3.

Table 2. Data for Pamukkale Provencie in Turkey

Month 6 (9 0z (°) Midday
Jan -21,28 59,17 15
Feb -13,6 51,49 45
Mar -2,46 40,35 75
Apr 8,48 29,41 105
May 18,76 19,13 135
Jun 23,26 14,63 165
Jul 21,69 16,2 195
Aug 14,47 23,42 225
Sep 3,48 34,41 255
Oct -8,41 46,3 285
Nov -18,1 56 315
Dec -23,1 61 345
Table 3. Tiny House Eelectrical Inventory in Pamukkale Provencie in Turkey
Apliances Wh Usage hours Total Wh
Refrigerator 1000W 24 2400
TV 75W 2 150
Airconditioner 950w 5 4750
Laptop 50W 5 250
WifiRouter 10w 5 50
7600Wh

When the average hourly horizontal flux data in the Figure 2
is multiplied by the average day length of each month, the daily
average irradiance value per square meter is obtained.

Horizontal Flux (J/m2 * hour* day)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 2.The hourly horizontal flux values reaching the
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498,3524’5

462,25 491

earth on average

3.2 Other Online Sources Results

As mentioned above parts, the data sets are from NASA's
Prediction of WorldwideEnergy Resource (POWER), the
General Directorate of Meteorology, and
PhotovoltaicGeographical Information System (PVGIS) and also
WeatherSpark.The coldest month in Pamukkale is January; the
average low temperature in this month is 2°C while the high
temperature is around 12°C [20-24].
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cool hot cool

-10°C -10°C
-15°C -15°C
-20°C -20°C

Jan  Feb  Mar  Apr  May Jun Jul Aug Sep Oct  Nov Dec

Figure3.Average High (red line)and Low (blue
line) Temperature in Pamukkale. The thin dotted lines are the
corresponding average perceived temperatures [24]

dark bright dark

10 kwWh 10 kwh

Jun 29
9 kWh 3.4 kWh 9 kwh

8 kWh May 14~~~ Aug 24 8 kWh

7.2 kWh' 7:2 kwh
7 kWh 7 kwh

6 kWh 6 kWh

5 kWh 5 kWh
Feb 14

4kWh 3.5 kW 4kWh

3 kWh Dec 22 _ 3 wh
2.2 kWh
2 kWh 2 kWh

1 kWh 1 kWh

0 kWh 0 kWh
Jan  Feb  Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec

Figure 4. Average Daily Incident Shortwave Solar Energy in
Pamukkale from Online Evauation [24]

Figure 3 and Figure 4 show that the hot season in
Pamukkale is about 3 months with a daily average high
temperature above 31°C; On the other hand, it is seen that the
cold season lasts for 4 months and the daily average temperature
is the lowest 2°C and the highest 12°C.

14000
12000
10000
8000
6000
4000
2000
0
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Figure 5.The variation of average solar radiation by days
(for clear skies)[22].

The radiation distribution graph for Pamukkale, which
was created using the datasets obtained from NASA, is
given in figure 5. Efficiency estimation of solar power
generation with data from PVGIS-5 is shown the figure 6.
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Figure 6.Power production estimate for off-grid PV system via
PV-GIS[23]
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Figure 7.Comparision of the variation of average solar
radiation by month (for the whole sky)

The compliance behavior between the obtained data sets
and the calculated data was examined and presented in
Figure 7. While the deviation of the data is consistent, slight
deviations of the calculation results from the online values
have been observed, but these deviations are negligible.

4. Conclusions and Recommendations

It seems that Pamukkale, which is in the northern
hemisphere, has the maximum clearness index in June and the
least in December and January.This correlates with the reaching
radiation and effective irradiance.

In this study, Python programming language was used for
calculations.

When making calculations:
- Transferring libraries to be used in calculations,

- Functions that calculate monthly-daily averages using the
GHI and Clearsky GHI data in the data sets,

- Graphs to show the amount of radiation reaching from the
suncreated.

As a result, based on the meteorological data, it is
determined that the month with low solar radiation is December
and January for the PV panel of the tiny house in Pamukkale.lt
has been determined, and from the horizontal flux data, the
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optimum panel angle is about 47 degrees. The clearnes index has
been determined that it decreases to around 5% in winter
months.Also, taking into account the 1% risk of battery loss, in
December and Januarylt has been calculated and determined that
the required panel tilt angle for the tiny house will be
approximately 47 degrees.

References
[1] IEA. (2021). Global EV Outlook 2021, Accelerating
ambitions despite the pandemic, IEA Publications

International Energy Agency, Typeset in France by IEA -
April 2021

[2] Jadallah, A.A., Er, Z*, and Abdulgader, Z.A. (2019).
Performance analysis of a hybrid wind/photovoltaic power
generation system for water pumping. International Journal
of Environmental Science and Technology. 16, 5295-5304
https://doi.org/10.1007/s13762-019-02458-5

[3] Turkey Electrical Power Resources Survey and
Development Administration (EIE) General Directorate-
Turkey Map of Solar Radiation (2004-2018)

[4] ER ZUHAL (2016). A Study of Evaluation of Solar Energy
Simulation and Modeling Systems. Acta Physica Polonica
A, 130(1), 72-77., Doi: 10.12693/APhysPolA.130.72

[5] Yigit, E., Ozkaya, U., Oztiirk, S., Singh, D., & Gritli, H.
(2021). Automatic detection of power quality disturbance
using convolutional neural network structure with gated
recurrent unit. Mobile Information Systems, 2021.

[6] C.K.Pandey and A.K.Katiyar, "Solar Radiation: Models and
Measurement Techniques", Journal of Energy, Volume 2013,
Article ID 305207,
http://dx.doi.org/10.1155/2013/305207(April 2013)1-8

[7] Besharat F., Dehghan A.A. And Faghih A.R., "Emprical
Models Forestimating Global Solar Radiation: A Review
and Case Study”,Renewable and Sustainable Energy
Reviews, Volume 21, 798-821 (2013), ISSN:13640321

[8] Yao W., Wang Y., Jiang F. And Hu I., "Evaluation of Global
Solar Radiation Models for Shanghai Chine", Energy
Conversion and Management, Volume 84, pages 597-612
(2014), doi:10.1016/j.enconman.2014.04.017

[9] Smith, K., Wood,E., Santhanagopalan, S., Kim, GH., Shi, Y.,
Pesaran, A., 2014. Predictive Models of Li-ion Battery
Lifetime, 2014, National Renewable Energy Laboratory
Golden, Colorado IEEE Conference on Reliability Science
for Advanced Materials and Devices Colorado School of
Mines < Golden, Colorado e« September 7-9, 2014
NREL/PR-5400-62813

[10]ER ZUHAL,ROUABAH Zahir, TURNA Inal Begum (2017).
A Modal Study on the Estimation of Daily Global Solar
Radiation from Sunshine Duration. Acta Physica Polonica
A 132(3-11), 1070-1075., Doi:
10.12693/APhysPolA.132.1070

[11]ER ZUHAL,Derici O,Turna 1B, Karatas B,Eroglu M,
Alyanak E (2018). The Cloudless Effect Evaluation for
Hourly Irradiance in Turkey. ACTAPHYSICA POLONICA
A, Doi: 10.12693/APhysPolA.134.391

[12]Yesilbag Yorulmaz Beyza,ATES HAKAN,ER ZUHAL
(2019). Climatic Chameleon House Design and Solar
Calculations. 4th International Conference on Engineering
Technology andApplied Sciences (ICETAS 2019)

[13]PVGis, Online free solar photovoltaic energy calculator for
stand-alone or connected to the grid PV systems and plants,

e-1SSN:2148-2683

in Europe, Africa and Asia. Solar electricity generator
simulation and solar radiations maps.

[14]Srivastava, A.; Rodriguez, J.F.; Saco, P.M.; Kumari, N.;
Yetemen, O. Global Analysis of AtmosphericTransmissivity
Using CloudCover, AridityandFlux Network Datasets.
Remote Sens. 2021, 13, 1716.
https://doi.org/10.3390/rs13091716

[15]https://enerji.gov.tr/eigm-resources-en

[16]http://mww.mpoweruk.com/solar_power.htm

[17]http://www.denizli.gov.tr/pamukkale

[18]https://www.google.com/maps/place/Pamukkale,+20190+Pa
mukkale%2FDenizli/@40.3770862,-
18.5955593,9931699m/data=!3m1!1e3!4m5!3m4!11s0x14c7
13c95620da2f:0xb1190f5f451efcd6!8m2!13d37.9136957!4d2
9.1187097?hl=en

[19]http://mww.pamukkale.bel.tr/s-29-cografya-ve-iklimi

[20]https://imww.meteoblue.com/tr/hava/historyclimate/climatem
odelled/pamukkale_t%C3%BCrkiye 302903

[21]  https://globalsolaratlas.info/map?c=-
21.902278,134.824219,5&s=-
18.268663,142.474996&m=site&pv=small,0,22,1

[22]https://nsrdb.nrel.gov/data-viewer

[23] https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP

[24]https://weatherspark.com/y/95938/Average-Weather-in-
Pamukkale-Turkey-Year-Round

12



Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Ozel Say1 47, S. 13-17, Ocak 2023 § Special Issue 47, pp. 13-17, January 2023
© Telif hakki EJOSAT a aittir ad Copyright © 2023 EJOSAT

S N
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

Developing and Evaluating an Artificial Intelligence Model for
Malicious URL Detection

Fatih Tiryaki'”", Umit Sentiirk?, ibrahim Yiicedag®

" Diizce University, Departmant of Cyber Security, Diizce, Turkey, (ORCID: 0000-0002-4855-1069), fatih.tiryaki@mgu.edu.tr
2 Abant Izzet Baysal University, Faculty of Engineering, Departmant of Computer Engineering, Bolu, Turkey, (ORCID: 0000-0001-9610-9550),
umit.senturk@ibu.edu.tr
3 Diizce University, Departmant of Computer Engineering, Diizce, Turkey, (ORCID: 0000-0003-2975-7392), ibrahimyucedag@duzce.edu.tr

(3rd International Conference on Engineering and Applied Natural Sciences ICEANS 2023, January 14 - 17, 2023)
(DOI: 10.31590/¢josat.1234556)

ATIF/REFERENCE: Tiryaki, F., Sentiirk, U. & Yiicedag, 1. & (2023). Developing and Evaluating an Artificial Intelligence Model for
Malicious URL Detection. European Journal of Science and Technology, (47), 13-17.

Abstract

Today, the increased use of the internet has become important in our lives and new communication technologies, social networks, e-
commerce, online banking, and among other applications have a significant impact on the promotion and growth of business. In our
study, we aimed to work with a large dataset and to achieve the best results in detecting malicious URL addresses using an artificial
intelligence model. A 7-layer RNN model was used in the study, and two similar national and international datasets were combined and
merged to create a big new dataset consisting of 579,112 URL addresses. Then, this new data set is divided into training and test sets.
first data set was trained at the model and then the second data set was processed test. When this data set was processed in our model,
we achieved a success rate of over 91%. This rate is a very good result of detecting malicious url addresses. Your contribution with this
work is significant in developing more effective methods for detecting harmful sites as internet usage increases, parallel use of artificial
intelligence models makes detection of such sites more effective and potentially assist users in protecting from various types of cyber-
attacks is targeted.

Keywords: Malicious URL, Cyber Security, Artificial Intelligence, RNN Model, Accuracy

Kaotiiciil URL Tespitinde Yapay Zeka Modeli Gelistirme ve
Degerlendirilmesi

Oz

Giliniimiizde internetin her gecen y1l kullanimin artmasiyla hayatimizda ¢ok 6nemli bir hale gelmis ve yeni iletisim teknolojileri, sosyal
aglar, e-ticaret, ¢cevrimici bankacilik dahil olmak {izere birgok uygulamada islerin tesvik edilmesinde ve biiyiitiilmesinde 6nemli bir
etkiye sahiptir. Yaptigimiz ¢alismada, kullandigimiz yapay zekd modeli ile zararli URL adreslerini tespitinde biiyiik bir veri seti ile
calisilmasi ve en iyi sonucu elde etmek hedeflenmistir. Calismada 7 katmanlt RNN modeli kullanilmig, modelde ¢alistirmak iizere ulusal
ve uluslararasi birbirine benzer iki adet veri seti birlestirilmis, 579.112 adet URL adresinden olusan devasa bir yeni veri seti
olusturulmustur. Daha sonra bu yeni veri seti egitim ve test setlerine ayrilmistir. ik olarak veri setimiz modelde egitilmis ve ardindan
ikinci veri seti test edilmistir. Bu veri seti modelimizde islendiginde %91'in lizerinde bir basar1 orani elde edilmistir. Bu oran zararli url
adreslerini tespit etmesinde ¢ok iyi bir sonuctur. Bu ¢alismamizla, internet kullanimi arttikga zararli sitelerin tespiti i¢in daha etkin
yontemlerin gelistirilmesine onemli katki saglamakta, yapay zeka modellerinin paralel kullanim1 bu tiir sitelerin tespitini daha kolay
hale getirmekte olup ve potansiyel olarak kullanicilarin ¢esitli siber saldirt tiirlerinden korunmalarina yardime1 olmasi hedeflenmektedir.

Anahtar Kelimeler: Kotiiciil URL, Siber Giivenlik, Yapay Zeka, RNN, Dogruluk
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1. Introduction

The use of the internet has become increasingly widespread
and important in our lives. New communication tools and social
networks have increased the use of the internet. [1]. In particular,
the Covid-19 pandemic that swept the world in December 2020
further accelerated the process of internet use and widespread use,
and the number of users roaming the internet has increased
exponentially [2]. It is estimated that by 2022, the global number
of internet users will approach 5 billion, with 2 billion websites.
Banks, educational institutions, universities, businesses, and
academic and scientific studies are all open to internet use and
data sharing of all kinds. As the internet has become so widely
used and indispensable in our lives, secure internet use has come
to the forefront. As the number of users and websites on the
internet has increased, cybercriminals have started to use website
addresses, or URLs, for attacks. This malicious use of URLs is a
major threat to cybersecurity and is referred to as "malicious
URL." The rate of malicious URLs has increased significantly in
recent years, the use of artificial intelligence-machine learning
techniques has become increasingly important in detecting and
preventing these attacks [3].

Chen et al. processed a dataset consisting of 200,000 URLs,
including 100,000 normal URLs and 100,000 Malicious URLs,
using the YOLO algorithm on an artificial neural network [4]. The
features extracted were used to evaluate malicious URLs by a
bidirectional LSTM recurrent neural network algorithm, and it
was claimed that a success rate of 90% was achieved [5].
Ahammad et al. investigated lexical and domain-based features
using random forests with a dataset of 35,300 URLSs, comparing
Decision Tree, Light GBM, Logistic Regression, and Support
Vector Machine. They found that the Light GBM algorithm had
the best result, with a success rate of 86% [6].

Kumar et al. designed a static feature-based Kaya using a
dataset of 350,000 URLs, claiming a success rate of 90% [7].
Bharadwaj et al. claimed to have reached a success rate of 89%
using a GloVe-based YSA model on 227,909 URLs [8]. Vecile et
al. claimed a 79% accuracy rate using machine learning (LSTM)
models on a dataset of 68,908 URLs [9]. Zahao et al. processed
300,000 URLs using their own detection algorithms, achieving a
success rate of 90% [10]. Paydey et al. claimed a success rate of
85% using a machine learning-based deep learning model on a
dataset of 20,000 URLs [11].

In this study, the following contributions have been made to
the solution of the problem of detecting malicious URL addresses:

e A 7-layered deep neural network RNN model has been
designed using features obtained from URL address
information and with the necessary optimization
processes.

e According to the studies in the literature review, a wider
and universal data set is used and the availability and
performance of the model is verified through the trained
data set.

e It has been shown that the model used has a higher
Accuracy rate than other models.

e-ISSN: 2148-2683

In the second section of our study, the working environment
and the method used are discussed. In the third section, the URL
structure, the data set used in the study, the Model Architecture,
and the training of the model. In the fourth section, testing of the
model, evaluation metrics, and comparison of the method are
carried out. In the fifth section, the results obtained are evaluated.

2. Experimental Environment

2.1. Working Environment

In this study; an i5-7300U 2.60 GHz processor and 8 GB
memory computer was use for the implementation. The Windows
10 Pro operating system was installed on the computer used and
a wired internet connection was provided. Python was used as the
programming language and colab.research.google.com was used
as an internet-based platform.

2.2.  Method Used

The training and testing of the data set used was carried out. It
is showing the procedures of the study carried out figure 1. The
data set section, where the data sets are combined, the processing
section where the data is mixed, the model section where the RNN
model is created, tokenizer, and epoch are made and artificial
neural network section where the training is carried out and the
results are obtained, are formed.

* Concatenation
of Dataset

Figure - 1 URL Processing Diagram

PROPOSED SYSTEM

2.3.  URL Structure

URL (Uniform Resource Locator) is the 'address' of any data
such as a file or web page on the internet. It addresses specifies
the source of the data. URLs consist of 4 parts [12]. These parts is
showing at the figure 2.

https://duzce.edu.tr/akademik/enstitu/lee/6406/programlar#
— | A A J

] [ l
Protocol I Domain Name Way Files Name

Figure - 2 URL Structure

URL addresses consist of four main parts; the first part is the
protocol section and the connection type is determined. The “S”
is for the security protocol. The second part is the domain name
of the URL address. In the third part, the link path of the file
within the URL address is shown. In the example, the link path in
the file path within the institute subfolder in the academic main
folder is specified. The fourth part is the name of the file.

2.4. Data Set Structure

The performance of the data set is largely dependent on the
size of data set and the fact that it’s a more comprehensive
international data. Great care was taken in preparing our real data
set.
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Table - 1 URL Data Set Number

URL Data Set Category Number of

URLs
CCO: Public Domain License = Mixed 411.247
| SOME Malicious | 167,865
Total 579.112

Malicious URL: % 37 Good URL: % 63

Looking at Table 1, you can understand number the URLs and
rates of malicious URLs. When preparing our final data set, a total
of 579,112 URLs were used, including 411,247 URLs distributed
by Kaggle under the CCO Public Domain License [13] and
167,865 malicious URLs distributed by the National Cyber
Intervention Center (SOME) [14] in the malicious links section
on September 12, 2022. Thus, a large national and international
data set was reached. Since the information in both data sets is the
same and has the same purpose, they were combined as a single
data set. The with new data set, is intended to create a wider and
transparent data set with 37% malicious URL addresses and 63%
non-malicious URL addresses.

2.5.  Model Architecture

We completed the training of our data set by inserting it into a
7-layered RNN model and tried to reach the real accuracy value
by processing our test data through the trained RNN model.

inputs input: [(None, 150)]
input layer output: [(None. 150)]
Embedding_ 4 mput: (None,150)
Embedding output: (None, 150, 50)
Istm 4 input: (None, 150, 50)
LSTM output: (None,64)
FC1 input; (None, 64)
Dense output: (None, 256)
activation_8 input: (None, 256)
Activation output; (None, 256)
dropout_4 input: (None, 256)
Dropout output; (None, 256)
out_layer input: (None, 256)
Dense output: (None, 1)
activation_9 input: (None, 1)
Activation output: {None, 1)

Figure - 3 Model Flow
e-ISSN: 2148-2683

Let's briefly describe the flow of our 7-layered RNN model.
In the model creation, an embedding layer that can generate a
maximum of 150 characters and a maximum of 50 words, a
LSTM layer that generates a 1x64-dimensional feature vector,
which enables deeper learning and reduces errors, and a 256-node
output layer were used [15]. The relu function was used as the
activation function in the output layer because I used multi-class
data. Then, the binary_crossentropy was used as the loss function,
the Adam algorithm as the optimization algorithm, and the
accuracy as the metric. The test success was measured by
repeating 10 epochs in the model.

2.6.Model Training

The data sets from two different sources were combined. In
this study, the RNN model of artificial intelligence method was
applied in Python. The newly prepared data set was defined in the
system, the URL addresses were mixed, and then they were
divided into training and test sets. These URL addresses allocated
20% of them (115,822) to the training set and 80% to the test set.
In this way, the data sets were more accurately trained and the
most accurate result was tried to be obtained.

3. Results and Discussion

3.1.  Model Testing

The test model was created with consisting of 463,289 URLs
and predictions were made. Accuracy was calculated and seen that
a result of over 91%. This rate is proof that the used model has
high sensitivity and accuracy.

3.2.  Evaluation Metrics
Precision, sensitivity, accuracy, and f score metrics were used
for evaluate performance of the model.

Maliclows. | ool TRT)
Estimated
False
Maliciouns Positive (FP)

False

Estimated
Good URL

Negative
(FN)

Figure - 4 Accuracy Table

True Positive (TP) and True Negative (TN) are area where
model is correctly predicted while False Positive (FP) and False
Negative (FN) are area where model is incorrectly predicted.
These parts show at the figure 4.

True Positive (TP): Malicious URL correctly predicted,
True Negative (TN): Normal URL correctly predicted,
False Positive (FP): Normal URL incorrectly predicted,
False Negative (FN): Malicious URL incorrectly
predicted.

e Accuracy: It is the ratio of the number of malicious URLS
correctly predicted to total number of URLs. The calculation
formula is as follows [16].
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A ~ TP + TN
CCuracy = Tp ¥ FP + TN + FN (1)

Numbar of Malicious URLs and Good URLS

%0000 {
300000
250000

200000

count

150000

100000

0000

0

bad good
Label

Image -1 Success rate of accuracy

Image 1 show the number of malicious-normal URLs and rate
of accuracy.

e Precision: It is a metric that expresses what percentage of
positive predictions are made for the situations that need to be
predicted positively. The calculation formula is as follows
[17].

TP

ision = — (2)
Precision TP + FP

e Recall: It is the ratio of the number of malicious URLSs
correctly predicted to number of normal URLs incorrectly

predicted. The calculation formula is as follows [16].

Recall = —
Al = TP ¥ FN (3)

e F Score Itisa value used to evaluate precision and sensitivity
values together. It is the harmonic mean of the two values. The
calculation formula is as follows [17].

2 x (Precisionx Recall ) (4)

Precision + Recall
A high accuracy value shows that the model has a successful
classification ability for all types of URLs in general. A high
sensitivity value indicates that the identification is as successful
for the relevant type. A high precision value guarantees that the

high accuracy value is obtained for the relevant type. A high f

score value shows that the system's stability in classification

results for all types is as high [16].

F Score =

3.3.  Comparison with Other Articles

In other articles that have been reviewed in the literature
review, data sets ranging from 35,000 to 300,000 have been used,
and machine learning models (decision tree, Gbm, logistic
regression, etc.) and artificial neural network models (Yolo, Lstm,
Glove-based, etc.) have been used to achieve success rates
between 19% and 90%.

In this study, a more accurate and performance-oriented data
set was targeted by using more URL addresses (579,112) and a 7-
layer RNN model was used to achieve success rates above 91%.

4. Conclusion

The use of the internet has become increasingly widespread
and important every year. The widespread is use of the internet
and cyber criminals is used of internet website addresses, or

e-ISSN: 2148-2683

URLs, by as targets for attacks. Therefore have caused the need
for early detection of bad URLSs to be very important.

In this study, two separate data sets with the same features,
obtained from [13] and [14] were combined to create a large new
data set of 579,112 URLs. The RNN model was processed in 7
layers, with 20% of the created data set used for training and 80%
used for testing. The highest accuracy rate of 91% was obtained
as a result of the performance analysis performed.
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Abstract

The aim of this study is to investigate the gamma ray radiation absorption properties of bismuth oxide (Bi,03), and determine the effect
of lead oxide (PbO) additive in the shielding of Bi»Os. For this reason, the radiation absorption parameters such as mass attenuation
coefficient (MAC), linear attenuation coefficient (LAC), half value layer (HVL), tenth value layer (TVL) and mean free path (mfp)
were calculated theoretically for the BiO3, PbO, and 50% Bi>03-50%PbO. The all parameters results were obtained by using the
GATE/Geant4 (Geant4 Application for Tomographic Emission) simulation code in energy range 511 keV, 662 keV, 1173 keV, 1274 keV,
and 1332 keV. Also, the gamma ray protection parameters were calculated by using the XCOM program in the energy range from 1 keV
to 1 GeV. Thus, the simulated the GATE/Geant4 results were tested for correctness using the XCOM program. On the other hand,
theoretically were calculated values of all parameters of the shielding materials were compared with each other. These results indicate
that the GATE/Geant4 results were in good agreement with the XCOM results.

Keywords: XCOM, GATE, Bi,0O3 PbO, Radiation Shielding
Bizmut Oksit'in Gama Isin1 Koruma Parametrelerindeki Degisime

Kursun Oksit Etkisi

Oz

Bu ¢aligmanin amaci, bizmut oksidin (Bi,O3) gama 1s1n1 radyasyonu absorpsiyon &zelliklerini aragtirmak ve kursun oksit (PbO)
katkisinin Bi,Os'lin kalkanlanmasindaki etkisini belirlemektir. Bu nedenle Bi,Os igin kiitle zayiflama katsayisi (MAC), dogrusal
zayiflama katsayisi (LAC), yar1 deger katmani (HVL), onuncu deger katmani (TVL) ve ortalama serbest yol (mfp) gibi radyasyon
absorpsiyon parametreleri teorik olarak hesaplanmustir. , PbO ve %50 Bi,03-%50 PbO. Tiim parametre sonuglari, 511 keV, 662 keV,
1173 keV, 1274 keV ve 1332 keV enerji araliginda GATE/Geant4 (Geant4 Application for Tomographic Emission) simiilasyon kodu
kullanilarak elde edilmistir. Ayrica XCOM programi kullanilarak 1 keV ile 1 GeV enerji araliginda gama 1s1n1 koruma parametreleri
hesaplanmistir. Boylece, simiile edilmis GATE/Geant4 sonuglarinin dogrulugu XCOM programi kullanilarak test edildi. Diger yandan
ekranlama malzemelerinin tiim parametrelerinin teorik olarak hesaplanan degerleri birbirleri ile karsilagtirilmistir. Bu sonuglar,
GATE/Geant4 sonuglarinin XCOM sonuglariyla iyi bir uyum i¢inde oldugunu gostermektedir.

Anahtar Kelimeler: XCOM, GATE, Bi,03, PbO, Radyasyon zirhlama
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1. Introduction

The interaction of high-energy photons with matter is
significant for use in radiation medicine, agriculture, engineering,
nuclear applications and space technology. With the development
of suitable protective materials to reduce the increase in radiation
dose alongside in developed the technology, it is possible that
living beings are affected as little as possible by radiation [1, 2].
The most effective way of protection from radiation is to put a
protective material between the radiation source and the living
thing. Because the importance of shielding in radiation protection
is known, studies where different shielding materials are
developed are important studies in the nuclear field. Over the last
years, efforts to find new shielding materials to replace Pb’ in
terms of cost and easy usability, a heavy metal, have increased. A
wide variety of materials designed for use as radiation shields
exist in the literature [3-11].

Glasses are one of the appropriate materials that may be used
for radiation shielding because of its high transparency to visible
light, it has relatively high densities, it can be formed in great
volumes and controllable properties with changing compositions
[12, 13]. In order to understand the structural, mechanical, optical,
physical and chemical properties of glasses, both theoretical and
experimental studies are carried out by researchers [14-18].

Bismuth Oxide has applications in the electronics, glass and
ceramics industries. In electronics, capacitors, pressure sensitive
resistors and solid electrolytes, it is used in the ceramic industry
to increase the preferability of ceramic materials, and to increase
the refractive index of glass when added to glass [19, 22].

For this reason, in this study, the gamma radiation absorption
properties of bismuth oxide (Bi2O3), and determine the effect of
lead oxide (PbQO) additive in the shielding of Bi,Os.

2. Material and Method

The GATE simulation is an open access software program that
performs Monte Carlo calculations for use in areas such as nuclear
physics, radiology, and radiotherapy. The XCOM software, on the
other hand, can calculate total attenuation cross section, total mass
attenuation coefficient data, and partial cross-sections data for the
different elements, compounds and mixtures in the photon energy
range of 1keV-100GeV using the web infrastructure [23-25].

2.1. Radiation Absorption Parameters

The attenuation coefficient (u and um) of any material is
defined from the exponential attenuation rule known as Beer-
Lambert:

I= IO ehx
Hm = 1/p

where Iy and I are incident and attenuated photon intensities, p

(cm™) and um (cm?/g) are linear and mass attenuation coefficients,

x (cm) is sample thickness, and p is density (g/cm?) respectively.
HVL is the used to reduce the radiation intensities by one half

and TVL is used to reduce the radiation intensities that one tenth.

HVL = (In2/p)

TVL = (In10/p)

MFP is the average distance between two consecutive
interactions.
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MFP = (1/p)

3. Results and Discussion

This study, the GATE simulation program and XCOM
software were used to contribute to the literature and to
investigate additional radiation absorbing materials. The linear
attenuation coefficient and the half value layer of the Bi»O3, PbO,
and 50% Bi,03-50%PbO samples have been calculated. Obtained
values are given comparatively (Fig. 1 and Fig. 2).

2 mEi203
PLO
1517 mE0%BiZ03EMPLO
= 17
=
=
=05 -

511 =

[=3]

2 1173
Energy (keV}
Fig. 1 LAC for samples

1274 1332

Fig 1 has demonstrated that the concentration of PbO added to
Bi,O3 causes an increase in linear attenuation coefficients of 50%
Bi,03-50%Pb0. Also, the linear absorption coefficient of uptake
appears to diminish as the energy increases.
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Fig. 2 The GATE values compared with the XCOM values
for linear attenuation coefficient
Fig. 2 has demonstrated that the calculated XCOM and GATE
values of LAC were compatible with each other.
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range are shown in Fig. 3.
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Fig .3 has demonstrated that the concentration of PbO added
to BiyOs; causes an decrease in HVL values of 50%
Bi203.50%PbO.

In addition, calculated using the LAC values calculated with
the XCOM program HVL, TVL and MFP values are shown in
Table 1.

Energy (keV)
Table 1. HVL, TVL and MFP values
Bi,0s PbO %50 Bi203-%50 PbO

Energy HVL TVL MFP HVL TVL MFP HVL TVL MFP
(keV)

511 0,510 1,6954 0,736 0,481 1,598 0,694 0,496 1,648 0,716
662 0,715 2,3757 1,0318 0,675 2,241 0,973 0,696 2,311 1,04
1173 1,252 4,1588 1,806 1,181 3,926 1,705 1,218 4,045 1,757
1274 1,332 4,4248 1,922 1,258 4,178 1,814 1,296 4,304 1,870
1332 1,374 4,5629 1,982 1,297 4,308 1,871 1,336 4,438 1,928
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4. Conclusions and Recommendations

Although there are many studies in the literature comparing the
results obtained with the XCOM data, there are limited studies
investigating the properties of shielding materials using the
Geant4-based GATE simulation.

For this reason, in this study, it was compared with simulated
GATE values calculated XCOM values.

5. Acknowledge

In this study, which was conducted to determine the gamma
radiation absorption properties of bismuth oxide (Bi2O3) and the
effect of lead oxide (PbO) additive on the shielding of Bi2Os3,
observed that the GATE simulation program data were
compatible with the XCOM data, and Bi2O3 absorption values
were also determined to increase by the 50% contribution of PbO.
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Oz

Bu ¢aligmada, Manisa ilinde yapilmasi planlanan mahalle (kdy) yollar1 igin farkli kaplama tiirleri ele alinmig ve yol yapimi i¢in ayrilan
kamu biitgesinin en efektif sekilde kullanilabilmesi igin neriler sunulmustur. i1k olarak Manisa’da mahalleleri birbirine baglayan érnek
bir yol giizergahi se¢ilmistir. Belirlenen yol giizergahi, Alasehir ve Salihli ilgelerini birbirine baglayan, D585 kontrol kesim numarali
karayoluna paralel olan mahalle yoludur. Ele alinan bu giizergahta, her bir kaplama tiirii i¢in kesit tayini yapilmistir. Belirlenen kesitlerin
kalinliklari, temel tabakalar1 dahil olmak iizere, sathi kaplama, bitiimlii sicak kaplama ve silindirle sikistirtlmis beton kaplama olmak
tizere hesaplanmistir. Kesit tayininin ardindan, her bir kaplama tiirii i¢in kurum fiyatlariyla m? basina maliyet ¢alismasi yapilmistir.
Maliyet ¢calismasi sonucunda, 1 m? sathi kaplama yapimi i¢in gerekli tutar 250,46 TL, bitiimlii sicak kaplama i¢in 280,60 TL ve silindirle
sikigtirllmis beton kaplama icin 363,32 TL’dir. Ayrica ¢aligmada, kaplama tiirlerine ait mekanistik analiz yapilmig ve tasarlanan
kesitlerin 11,5 ton/dingil yiik altindaki davraniglari incelenmistir. Belirlenen kesitler, bir sonlu elemanlar paket programi olan
ANSYS’de modellenmistir. Kaplamalarin mekanistik analizi sonucunda, sathi kaplamalarda 0,42 mm, Bitiimlii sicak karisim kaplamada
0,15 mm ve rijit kaplamada 0,017 mm deformasyon olustugu gézlemlenmistir. Yapilan calisma sonucunda, Manisa ilinde bulunan
mabhalle (kOy) yollarinda yapilacak en uygun kaplama tiiriiniin sathi kaplama oldugu ortaya ¢ikmustir.

Anahtar Kelimeler: Mahalle Yollar1, Kaplama Performansi, Mekanistik Analiz, ANSY'S, Maliyet Analizi

Investigation and Comparison of Pavement Performances for Manisa

Province Local Roads
Abstract

In this study, different types of pavements for the roads planned to be built in Manisa province are discussed and suggestions are
presented for the most effective use of the public budget allocated for road construction. First, a sample road route connecting the
neighborhoods in Manisa was selected. The determined road route is the neighborhood road that connects Alasehir and Salihli districts,
parallel to the highway with control section nhumber D585. In the route considered as an example, a cross-section determination was
made for each pavement type. The thickness of the determined sections, including the foundation layers, was found for surface coating,
bituminous hot mix coating, and roller-compacted concrete coating. After the section determination, a cost per m? study was carried out
for each type of coating with the institution's prices. As a result of the cost study, the required amount for the construction of 1 m?
surface coating is 250.46 TL, 280.60 TL for hot bituminous coating and 363.32 TL for roller compacted concrete coating. In addition,
a mechanistic analysis of pavement types was carried out and the behavior of the designed sections under 11,5 tons/axle load was
investigated. The determined sections were modeled in ANSYS, a finite element package program. As a result of the mechanistic
analysis of the pavement types, it was observed that 0.42 mm deformation occurred in surface coatings, 0.15 mm deformation in
bituminous hot mix coating and 0.017 mm deformation in the rigid coating. As a result of the study, it has been revealed that the most
appropriate pavement type to be made on the neighborhood (village) roads in Manisa is surface coating.

Keywords: Neighborhood roads, Pavement Performance, Mechanistic Analysis, ANSYS, Cost Analysis
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1. Giris

Diinyada o6zellikle sanayi devriminden sonra insanlarin
hayatinda yolcu ve yiik tagimaciligt biyiikk 6nem kazanmigtir.
Gerek yiik tasimaciligi gerekse seyahat amacli kullanilan en
yaygin ulagim tiirii karayoludur. Bu durum Tirkiye 6zelinde
degerlendirildiginde de ayn1 sonugla karsilasiimaktadir.
Ulkemizde yolcu tagimaciliginin %97’si, yiik tasimaciliginin ise
%89’u karayollar1 lizerinden yapilmaktadir (Cetin vd., 2011).

Ulkemizde, devlet ve il yollarinda hakim kaplama tiiriiniin,
baglayicist  bitim olan esnek kaplamalardan olustugu
goriilmektedir. Esnek kaplamalarin yaklasik %42’sini asfalt
betonu olusturmakta, %358’ini sathi kaplama olusturmaktadir
(KGM, 2021). Bunun yaninda giiniimiizde, esnek kaplamaya
alternatif olarak sunulan rijit kaplamalarin da uygulandig
bilinmektedir. Rijit kaplama, tekil olarak baglayicilig
bulunmayan, nemli ortamda kalsiyum hidroksitle reaksiyona
girmek suretiyle baglayicilik kazanan ve icerigindeki
malzemelerin hidratasyonu ile agregalar1 birbirine baglayan
Portland ¢imentosunun agregayla uygun oranlarda karistirmasiyla
olusturulan plak yol kaplamasidir (Gegkil & Tanyildizi, 2019).

Bu calismada Manisa ilinde yer alan ve mahalleleri birbirine
baglayan cesitli iistyap: tipine sahip yol kaplamalarinin yatirim
maliyeti ve performans kriterleri karsilastirip, Manisa ili 6zelinde
mabhalle yollar1 i¢in gerekli nitelikleri tagiyan en uygun lstyapi
kaplama tipinin belirlenmesi hedeflenmistir.

Esnek iistyapt kaplamalarinda kesit tayininde; sathi
kaplamalar i¢in Karayollari Genel Miidiirliigii tarafindan
yayimlanan Esnek Ustyap1 Projelendirme Rehberi, diger bir esnek
istyapr tirli olan bitimli sicak kaplama i¢in American
Association of State Highway and Transportation Officials
(AASHTO-93) abaklart kullanilmustir. Rijit kaplama tasarimi i¢in
ise American Concrete Institute (ACI) tarafindan yayimlanan
tasarim tablosu kullanilmistir.

Tasarimu yapilan yol kesitlerinin maliyet analizleri i¢in her y1l
yayimlanan kurum pozlari yardimiyla malzeme ve isgilik dahil
yapim tutart 1 m? i¢in bulunmustur.

Son olarak, bir sonlu elemanlar hesap programi olan
ANSYS’de ii¢ boyutlu kati model olusturulmus ve Karayollari
Trafik Yonetmeligi’nde belirtilen, tek dingilli araglar i¢in dikkate
alman 11,50 ton yiikleme ile analiz yapilmustir.

2. Materyal ve Metot
2.1. Kesit Hesaplar:

Tasarimda kullamlacak trafik verileri, Alasehir Tlgesi ile
Salihli Tlgesini baglayan mahalle yolundan almmustir ve bu yol
Karayollar1 Genel Midiirliigii sorumluluk sahasinda bulunan
D585 kontrol kesim numaral1 karayoluna paralel konumdadir.

e-ISSN: 2148-2683

Sekil 1. D585 kontrol kesim numarali karayolu

Dikkate alinan yol ile ilgili 2019 yilina her bir tasit grubu i¢in
yulik ortalama gilinlik trafik (YOGT) verileri Tablo 1°de
gosterilmistir. Belirlenen yolun servis omrii 20 yil olarak
degerlendirilmistir. Ayrica trafik artis katsayisi treyler ve kamyon
icin %4, otobiis, orta yiiklii ticari tasit ve otomobil i¢in %5
almmustir.

Tablo 1. YOGT verileri

Tasit Grubu Gecen Arac Sayisi
Treyler 3
Kamyon 74
Otobiis 3
Orta Yiiklii Ticari Tagit 542
Otomobil 1018

Elde edilen ve kabul edilen veriler 1g18inda yolun trafige
acilmasindan 20 sene sonra her bir tasit i¢in olusacak trafik sayisi
(T2030) formiil (1) yardimiyla bulunmustur.

t=to x (1+1)" (1

Buradan yola ¢ikarak her bir tasit tipi ig¢in ortalama proje
trafigi formiil (2) kullanilarak hesaplanmigtir.

£,=0,4343 x (t—to)/ log (t/to ) Q)

Ardindan hesap seridine diisen ortalama giinliik standart dingil
yiikii tekerriir sayis1 (Tp), formiil (3) yardimiyla bulunmustur.
Hesaba katilacak tasit esdegerlik faktorleri Esnek Ustyapi
Projelendirme Rehberi’nden alinmistir. Son olarak toplam
standart dingil yiikii tekerriir sayisi formiil (4) yardimiyla
hesaplanmustir.

Ty=t, /i x TEF 3)
Tg =Tpx 365 x t “4)

Kaplama kesit hesaplarinda kullanilmak {izere taban CBR
degeri 12 olarak kabul edilmistir.
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Tablo 2. Trafik verileri hesap tablosu

Proje Yil: 20
Trafik Artis Katsayis1 | T2039 tp TEF Tp
Treyler 4 7 5 4,1 8
Kamyon 4 162 | 112 2,9 147
Otobiis 5 8 5 3,2 7
Orta Yiiklii Ticari Tasit 5 1438 | 918 0,6 248
Otomobil 5 2701 | 1725 | 0,0006 0
>T, 411
Tso 2.998.682,38

2.1.1. Sathi Kaplama Kesit Hesaplari

Sathi kaplama kesit tayini yapabilmek icin ilk olarak taban
esneklik modiiliiniin bulunmasi gerekmektedir. Bunun igin,
tasarimda g6z Oniine alinan yolun taban zeminine ait CBR
degerlerinin 1500 ile ¢arpilmasiyla esneklik modiiliiniin (MR)
yaklasik degeri formiil (5) ile PSI cinsinden bulunmustur
(Gegkil & Tanyildizi, 2019). Projede dikkate alinan esneklik
modiili;

MR=1500 x 12=18.000 PSI )

Elde edilen trafik degerleri ve taban esneklik modiilii
yardimryla, Sekil 2°de yer alan abak yardimiyla belirlenen kesit
ozellikleri, ¢ift kat sathi kaplama, 20 cm plent-miks temel ve 18
cm plent-miks alt temeldir.

Tek Kat gathi Kaplama Cift Kat sathi Kaplama

20 cm KIRMATAS TEMEL

ADIKIAN 1ESHT eon KMNIKLY KImatay atlemea! Kalninian olup, kum-Gakd atieme!
kullandmae | durumundd ofttomol kalrdds 6 om orttidocoktr

Esnocik Moddio My 2 20.000 psl oimas: durumunda altternel kuflaadmayacokts
Kayd yarmatorca v Koyd maizemes: e olustuuimes doloularda kematas altleme]
m'hr-mr mrmuma 15 cm, kum<Gakd of

kufandmas: durumunds ise 20 oo

KIRMATAS ALTTEMEL KALINLIGI (cm)

0.1 02 () o4 05 056 o 10 .3 20 25

Toplam Standart Dingil (8.2 t) Sayiss, T 53 (Milyon)

Sekil 2. Sathi kaplama tabaka kalinliklar: hesabt
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Sekil 3. Sathi kaplama kesiti
2.1.2. Bitiimlii Sicak Kaplama Kesit Hesaplart

Bitiimlii sicak kaplama (BSK) kesit tasariminda, temel
esneklik modiilii 25.000 psi ve alttemel esneklik modiilii 20.000
psi olarak belirlenmistir. Toplam standart sapma degeri 0,45
secilmigtir. Giivenilirlik degeri il yollar1 i¢in 70 olarak
belirlenmistir. Servis yetenegi kayb1 degerlendirildiginde, ilk
servis yetenegi 4,2, son servis yetenegi 2 olarak alinmigtir.
Buradan servis yetenegi kaybi 2,2 olarak elde edilmistir.

Belirlenen veriler 1s1ginda, AASHTO-93 yol tasarim
yonteminde sunulan abaklar yardimiyla iistyap1 sayilart (SN)
bulunmustur.

ASFALT BETONU KAPLAMAL! YOLLAR ICIN PROJELENDIRME ABAGI

300

A\

1 acpucs weydo )

\
(o) 8L 1sies ||7l

(%) ¥ “NINULADS
! T

Mr temel 25,000 psi . 20
Mr alttemel : 20,000 psi
Mr taban  : 18.000 psi - 10

T T

Sekil 4. BSK i¢in projelendirme abagi-1
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Servis Kabiliyeti Kaybi. APSI
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Sekil 5. BSK i¢in projelendirme abagi-2

Sekil 4’tin devami olan ve Sekil 5’te gosterilen abaktan
elde edilen iistyapi sayilari (SN) asagida belirtilmistir.

e Temel igin SN 12,20
e Alttemel i¢cin SN : 2,40
e Taban i¢in SN 12,47

Abaklarin kullanimdan sonra elde edilen SN sayilarinin
kontrolii saglanmalidir. Bu kontroli yapmak ve tabaka
kalinliklarim1 bulmak icin, Esnek Ustyapt Projelendirme
Rehberi’nden izafi mukavemet katsayis1 bulunmustur.

1Ik olarak, bitiimlii tabaka icin segilen katsay1 (a;) binder
tabakasi i¢in 0,40 olarak alinmistir. Ardindan plent-miks
tabakasi i¢in segilen katsayi (a») 0,15 olarak elde edilmistir. Son
olarak, kirmatas alttemel tabakasi i¢in (a3) 0,13 alinmistir.

Hesaplamalarda kullanilacak drenaj katsayilar1 yine Esnek
Ustyapt  Projelendirme ~ Rehberi’nden  alinmus,  iyi
derecelendirilmis (GW) ¢akilli tabakalar i¢in (my) 1 se¢ilmistir.
Alttemel kalinlik kontrolii igin ise (mj3) 0,95 alinmisgtir.

Bu verilerden yola ¢ikarak, tabaka kalinliklari asagida
hesaplanmustir.
= Di*>SNi/a
D*=2,2/0,4=5,5in¢ =14 cm
(8 cm bitiimlii temel, 6 cm binder)
SNi*=a; D1*=0,4 (14/2,54) = 2,20 in¢ = 2,2 ing
(Tasarim uygundur.)
= Do*=SN,-SNi*/a.m;
=(2,4-2,20)/(0,15x 1) = 1,33 ing =3,38 cm
(Temel tabakasi 10 cm segildi. 3,94 ing)
SNo* =a; D* my =0,15x 3,94 x 1 = 0,59
SN * + SN»* > SN»
2,20+0,59=2,79>24

(Tasarim uygundur.)

e-ISSN: 2148-2683

= D3* = SN;- (SNo*+SN*) / az.m3
D;*=1[2,47-2,79] /0,13 x 0,95=- 2,59 ing
(Alttemele ihtiyag yoktur.)

Yapilan kontrollerden yola ¢ikarak, belirlenen kaplama kesiti
Sekil 6’da gosterilmistir.

‘ A . . Q L L . -

o’o .’.‘.’o’o P MT o‘.‘.’.’o’ -
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Sekil 6. BSK kesiti
2.1.3. Rijit Kaplama Kesit Hesaplart

Calismanin bu boliimiinde, iistyapi tasariminda silindirle
sikigtirllmis beton yol kaplamasi ele alinmistir. Beton yol
uygulamalarinda kaplama kalinliginin tayini; tekrarlt trafik
yiiklerinden dolay1 yol kaplamasina etkiyen ytiiklere, beton
dayanimina ve zemin sinifinin parametrelerine baglhdir.

Rijit kaplama kesit tayini i¢in pratik bir yontem aranmig ve
sonu¢ olarak Amerikan Beton Enstitiisii (American Concrete
Institute-ACI) tarafindan hazirlanan, “Caddeler ve Yerel
Yollardaki ~ Derzli  Beton  Kaplamalarinin ~ Tasarim
Rehberi’nden” faydalanilmustir.

Ozkan vd., 2019, yapmus olduklar1 ¢aligmalarinda Alasehir
ve Salihli ilgelerini birbirine baglayan, D585 karayoluna
alternatif ve bu bildirinin konusu olan yolda rijit kaplama
tasarimi yapmuglardir. Bahse konu ¢aligmada, tasarim yapilan
yolda zemin yataklama katsayis1 27,80 mpa olarak tespit
edilmigtir. Silindirle sikistirilmig beton yol kaplamasi igin
C30/37 beton swnifi kullanilmasi 6ngoriilmiistiir. Ayrica, yol
kaplama maliyet analizlerinde, yayimlanan kurum pozlarinin
alt analizinde de yine C30/37 smifi beton dikkate alinmistir.

Kaplamada kullanilacak beton malzemesinin egilme
dayanimi, ACI318-95 standardinda yer alan formiiller
yardimiyla hesaplanmisti. Bu formiil, egilmede ¢ekme
dayanimini (Fyr) yansittigindan, yol kaplamasinda kullanilan
beton davranigina daha yakindir. Formiil (6)’da C30/37 simifi
icin basimng dayanimi (f) 30 mPa olarak kabul edilmistir.
Buradan hareketle, tasarimda kullanilacak MOR degeri 3,45
mpa olarak bulunmustur. Bu deger tasarim abaginda
bulunmadigindan, MOR degeri i¢in 3,8 mpa alinmistir.

Fer = 0,634/ (6)

Tez kapsaminda yapilacak olan rijit kaplama tasarimi i¢in
gerekli yillik ortalama giinliik kamyon trafigi sayist (ADTT)
Tablo 2°den 411 olarak alinmistir. Ancak, tasarimda giivenli
yonde kalmak i¢in abakta ADTT 500 olarak dikkate alinmistir.
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Sekil 7. Rijit kaplama tabaka kalinliklar: hesabi

Nihai olarak, dikkate alinan veriler 118inda yapim teknigi
acisindan silindirle sikistirilmis  beton yolun, 225 mm
kalinliginda olmasi gerektigi sonucuna varilmistir. Tasarim
abaginda yol temeli igin bir kriter yer almadigindan,
uygulamada yol sathiin diiz bir zemine oturmasi igin bitiimlii
sicak karigimda kullanildigi gibi bu kaplamada da 10 cm
kalinliginda plent-miks temel yapilmasi uygun bulunmustur.
Rijit kaplamaya ait belirlenen kesit Sekil 8’de gosterilmistir.
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Sekil 8. Rijit kaplama kesit
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2.2. Maliyet Analizleri

Bu bolimde, kaplama tasarimi yapilan Alasehir-Salihli
baglanti yolu icin belirlenen kesitlerin maliyet analizi
yapilmistir. Her bir kaplama smift i¢in ayri ayri maliyet
hesaplanmis ve tabaka tiirlerine gore 1 m? fiyat: kiimiilatif
olarak bulunmustur. Yapilan hesaplamalarda %25 oraninda
miiteahhit kar1 da eklenmistir ve ihale edilecek sekilde yaklagik
maliyete esas fiyatlar bulunmustur.

Maliyet analizlerinde birim fiyata dahil olmayan nakliye
giderleri Cevre, Sehircilik ve Iklim Degisikligi Bakanlhig
tarafindan  belirlenen  nakliye  formiilleri  iizerinden
belirlenmistir.

2.2.1 Sathi Kaplama Maliyet Hesaplar:

Esnek iistyap1 kaplamalarinda ilk olarak 1 m? sathi kaplama
yapilmasinin maliyeti ele alinacaktir. Bunun icin Sekil 3’te
belirtilen kesit elemanlarinin her birinin yapim maliyeti ayr1
ayri hesaplanarak sathi kaplama igin yaklasik maliyet
bulunmustur. Sathi kaplama yapimi i¢in {i¢ poz analizinden
yararlanilmistir. Bu kaplama tiirline ait analiz icmali Tablo 3’te
sunulmustur.

Tablo 3. Sathi Kaplama Maliyet Icmali

Sira Poz No | Birim | Miktar Birim

No Fiyat Tutar

Cift kat

) DA 0,001 | 73.442,65 | 73,44265
sathi

2 PMT TON 0,45 212,66 95,70

3 PMAT | TON 0,39 192,96 75,254

Toplam Tutar (K.D.V. Harig) 244,397

Bunlardan ilki, ylizeyde tasitlarin temas ettigi ve ¢ift kat
yapilmasi ongoériilen bitlimlii tabakadir. Pozun birimi dekar
(DA) oldugundan, 1 m? sathi kaplama maliyeti i¢in miktar
olarak 0,001 DA alinmigtr.

Ikincil olarak, kaplamada bir tabaka temel gorevi gorecek
olan plent-miks temel yapilmasinin 1 m? fiyatina yer
verilmistir. Plent-miks tabasinin kalinligi Sekil 3’te gosterildigi
iizere 20 cm’dir. Buradan yola ¢ikarak, 6zgil agirligi 2,258
ton/m3 olan (Tatli, 2004) plent-miks temelin 1 m?’deki miktar1
(1x1x0,20x2,258) 0,45 ton olarak bulunmustur.

Son olarak, en alt tabakada yer alan ve 18 cm kalmliginda
ongoriilen plent-miks alttemel tabakasinin yapim maliyeti
“PMAT” poz analiziyle bulunmustur. PMAT pozunun birimi
ton oldugu i¢in sikigmus birim hacim agirhg 2,174 ton/m?3
(Tatl1, 2004) alinarak m? basina (1x 1 x 0,18 x 2,174) 0,39 ton
hesaplanmustir.
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2.2.2. Bitiimlii Sicak Kaplama Maliyet Hesaplar

Esnek tstyapr kaplamada bir diger alternatif olarak ele
alian kaplama tiirii bitlimli sicak karisimdir. Yapilan hesaplar
dogrultusunda kaplama tabakalarini, 6 cm binder, 8 cm bitimlii
temel ve 10 cm kalinliginda plent-miks temel tabakasi
olusturmaktadir.

Bu kaplama tiiriine ait maliyet analiz icmali Tablo 4’te
sunulmustur. Analizde, 1 m? bitlimlii sicak karisim imalati

yapilmasi i¢in gereken tutar bulunmustur.

Tablo 4. Bitiimlii Sicak Kaplama Maliyet Icmali

Sira Poz No Birim | Miktar B'.r'm Tutar
No Fiyat
1 6cm M? 1 | 10438 | 104,38
binder
2 gcmbit. |, 1 126,58 | 126,58
tem.
3 PMT TON 0,23 212,66 48,92
Toplam Tutar (K.D.V. Harig) 279,87

2.2.3. Rijit Kaplama Maliyet Hesaplari

Bu boliimde tasarimda gz oniine alinan yol giizergahi igin
bir alternatif olarak, rijit yol kaplamasinin 1 m? yapim maliyeti
belirlenecektir. Rijit kaplama, Silindirle Sikistirilmis Beton
(SSB) teknigi ile yapilacaktir. Bu nedenle belirtilen imalat
teknigine uygun olan kurum pozlari kullanilmistir.

Kaplama 22,5 cm kalinliginda beton ve 10 cm kalinliginda
plent-miks temel tabakasindan olusmaktadir. Bu kalinliklar
dikkate alinarak rijit kaplamanin 1 m? maliyet analizi Tablo 5°te
gosterilmistir.

Tablo 5. Rijit Kaplama Maliyet Icmali

Sira Birim

No Poz No | Birim | Miktar Fiyat Tutar
20cm 3
1 SSB M 0,225 | 1327,84 | 298,764

2 PMT TON 0,23 212,66 | 48,9118

Toplam Tutar (K.D.V. Harig) 347,66
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2.2.4. Bakim-Onarim Maliyetleri

2007 yilinda yapilan bir galismada (Giris, 2007); bitlimli
sicak karigim kaplama, sathi kaplama ve rijit Gistyap1 kaplama
tiirleri i¢in bakim-onarim maliyetleri tespit edilmistir. BSK ve
sathi kaplamalarin 2007 yili icin bir yillik kilometre basina
bakim-onarim maliyetleri sirasiyla 632,00 TL ve 5.224,00
TL’dir.

Rijit kaplamal1 yollar i¢in 20 yillik servis 6mrii boyunca
gerceklestirilecek bakim-onarim maliyetleri 269.780,00 TL
olarak bulunmustur. Esnek kaplamali yollarin 20 yillik servis
omrii boyunca harcanacak bakim-onarim giderleri ise agagidaki
gibidir.

=  BSKigin :12.640,00 TL

= Sathi kaplama i¢in :104.480,00 TL

Analiz siiresi i¢gin belirlenen maliyetler 2007 yili1 itibari ile
belirlendigi icin, bu maliyetlerin 2021 yilina giincellenmesi
gerekmektedir. Bu tespiti yapabilmek icin her ay TUIK
tarafindan yayimlanan YI-UFE (Yurt I¢i Uretici Fiyat Endeksi
ve Degisim Oranlart) katsayilar: baz alinmistir. Temel ay olarak
2007 yili Ocak (Eo= 135,09), ger¢eklestirme ay1 olarak 2021
Ocak (Es=583,38) aylan1 dikkate alinmuistir. Bdylelikle,
giincellemeye esas katsayi 8,36 olarak bulunmustur. Buradan
yola ¢ikarak, 2021 yili itibariyle her kaplama tiirii igin
belirlenen bakim-onarim maliyetleri asagida gosterilmistir.

Sonug olarak her bir kaplama tiirii i¢in 20 yillik siirecte 1
m? alanda yapilacak bakim-onarim maliyetleri Tablo 6’da

gosterilmistir.

Tablo 6. Bakim-Onarim Maliyetleri

Sathi Rijit
Kaplama BSK Kaplama

Lkmigin | o753 45080 | 105.670,04 | 2.255.360,08
(20 yil)

Pkmicin | 4367064 | 528350 | 112.768,04
(1 yal)

1 m? igin 6.07 0,73 15,66

(1 yily* | ’ |

*Genislik: 7,20 m Uzunluk: 1000 m

2.3. Mekanistik Analizler

Bu boéliimde, belirlenen kaplama kesitleri ile mekanistik
analiz yapilmistir. Bu analizler i¢in sonlu elemanlar yontemi ile
islem yapan ANSYS WORKBENCH (2021 R1) programu
kullanilmistir. Yapilan analizler sonucunda belirlenen alana
uygulanan yiiklerin yol kaplamasina olan etkileri arastirilmistr.
Mekanistik analizde dikkate aliman malzeme 6zellikleri Tablo
7’de gosterilmistir.
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Tablo 7. Programda kullanilan degerler

Elastisite Poisson Yogunluk
Malzeme Tiirii | Modiilii sunfu
Orani kg/m?
(mpa)
Beton (C30/37) 32837 mpa 0,2 2400
Binder
Tabakasi 3500 mpa 0,3 2400
Bitiimli Temel
Tabakas: 3500 mpa 0,3 2400
Plent-Miks
Tabakas 172 mpa 0,35 2258
Plent-Miks Alt
temel Tabakasi 138 mpa 0.4 2174
Taban Zemini 124 mpa 0,45 2200

Kaplama analizlerini ANSYS programinda yapabilmek icin
ilk olarak “Toolbox” meniisiinden “Static Structural” calisma
plant olusturulmustur. Bu planda gergeklesmesi gereken ilk islem,
kaplamada kullanilacak malzeme o6zelliklerinin programa
tanitilmasidir. Ardindan, dikkate alinan kesitlerin ii¢ boyutlu
model tanimlamasi yapilmigtir. Modelin olusturulmasindan sonra,
sistem “mesh” adi verilen kiigiikk elemanlara ayrilmistir. Bu
adimdan sonra, smir kosullari tanimlanmig ve yiikleme
olusturulmustur.

Hesaplarda, tahrikli tek dingilde izin verilen maksimum yiik
olan 11,5 ton degeri de dikkate alinmistir.

TEK DINGIL
W73 tonsesy

th

11.5 ton

Sekil 9. Tasarim sematik gésterimi

Yapilan mekanistik analizlere ait sonuglar Sekil 10, Sekil 11
ve Sekil 12°de gosterilmistir.
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A: Tek Dingil (11,5 TON) Sathi Kaplama
Total Deformation
Type: Total Deformation
Unit: rm

Tirne: 13

9.1.2023 21:58

0,41514 Max
0,36501
0,32289
0,27676
0,23063
018451
013838
0,092253
0,046127
0 Min

Sekil 10. Sathi kaplama deplasman sonucu (0,42 mm)

Vet 113 Yo

Total Deformation
Type: Total Deformation
Unit: mm
Time: 15
9.1.2023 22:04

0,15178 Max

Sekil 11. BSK deplasman sonucu (0,15 mm)

Deformation

Total Deformati
Type: Total Deformation
Unit: mm

Time: 13
91,2023 22:05

0017453 Max
0015514
L oon3s7s

Sekil 12. Rijit kaplama deplasman sonucu (0,017 mm)
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3. Arastirma Sonuclar1 ve Tartisma
Bu boliimde, tasarimi yapilan kaplama tiirlerine ait elde
edilen bulgular paylasilacaktir. Her bir kaplamaya ait kesite gore

caligmadan elde edilen degerlerin 6zeti Tablo 8’de gosterilmistir.

Tablo 8. Kaplama tiirlerine gore ¢alismadan elde edilen

degerler
KAPLAMA TURLERI
. Rijit
K:alt:llna BSK Kaplama
P (SSB)
Binder
(6 cm)
Cift Kat Beton Plak
Sathi Bitiimli (22,5 cm)
Temel
Ustyapt (8 cm)
Tabaka Bilgileri
PMT
(20 cm) PMT PMT
(10 cm) (10 cm)
PMAT
(18 cm)
Yapim Maliyet
(TL/m?) 244,397 279,87 347,66
Bakim-Onarim
Maliyeti 6,07 0,73 1,57
(TL/m?)
Ustyapi Kalinhg 38 cm 24 cm 32,5cm
(cm)
Toplam Maliyet
(TL/m?) 250,46 280,60 363,32
Toplam
Deformasyon 0,415114 | 0,15178 0,017453
(mm)
(Tek dingil)

Kaplamalarda kullanilan her bir tabakanin yapim (malzeme
dahil) maliyetleri Tablo 9°da gosterilmistir.

Tablo 9. Birim maliyetler

Tabaka Tiirii B'TQ}Dﬁ;SVEt
Beton (22,5 cm) 298,76
Bitiimlii Temel (8 cm) 126,58
Binder (6 cm) 104,38
Cift Kat Sathi 73,44
PMT (20 cm) 95,70
PMT(10 cm) 48,92
PMAT 75,25
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Tablo 10’dan goriildiigii tizere, yol istyapisinda kullanilan
tabakalar arasinda metrekare birim fiyati en yiiksek kalem beton
kaplamadir. Bu kalem baz alinirsa; bitiimlii temel yapilmasi %58,
binder yapilmasi %65, ¢ift kat sathi kaplama yapilmas1 %75 daha
ucuz oldugu goriilmektedir.

Tablo 10. Tabakalar maliyet-yiizdelik iliskisi

350 120%
100%

300 100%
~§250 80%
= 200
- 60%
= 150
>~ 40%
Z 100

50 20%

0 - - 0%

5 & E5 § -5 -5 g

g’ ; mSE E& E?‘_,n_

~ EE =

& =S =

T A “

S

[«5]

(2]

Ustyaprya temel teskil edecek tabakalar kendi iginde
degerlendirildiginde, 20 cm kalimliginda PMT yapilmasi, 18 cm
PMAT yapilmasindan %22 daha pahalidir.

Ustyap1 kalinliklarinin kiyaslanmast ile ilgili olarak, kalinlig
en fazla olan kesit, 38 cm ile ¢ift kat sathi kaplama kesitidir (20
cm PMT + 18 cm PMAT). Bu kalinlig1 sirasiyla 32,5 cm ile beton
kaplama (22,5 cm beton plak + 10 cm PMT) ve 24 cm bitiimli
sicak kaplama (6 cm binder + 8 cm bitiimlii temel + 10 cm PMT)
kesitleri izlemektedir.

Mekanistik tasarimdan elde edilen maksimum deformasyon
seviyelerine bakildiginda; sathi kaplamalarda tek dingil yiikiine
(11,5 ton) maruz birakilan kaplamada maksimum 0,41514 mm
deformasyon gozlemlenmistir. Bitiimlii sicak kaplama i¢in ise tek
dingil yiikiinde olugan maksimum deformasyon 0,15178 mm’dir.
Rijit kaplamalarda ise esnek kaplamalara kiyasla ¢ok kiiciik bir
deformasyon gdzlemlenmistir. Bu kaplama tiirlinde tek dingil
yiikiiniin neden oldugu deformasyon 0,017453 mm’dir.

Kaplama tiirleri ~ deformasyon agisindan  birbiriyle
kiyaslandiginda en fazla deformasyonun sathi kaplamada
olustugu gozlemlenmistir. Sathi kaplamalara goére, bitimli sicak
karigimda %63 oraninda daha az, rijit kaplamada %96 daha az
deformasyon gozlemlenmistir.

4. Sonug¢

Bu boliimde, ¢alisma kapsaminda ele alinan ve Manisa flinde
yer alan diger kirsal yollar i¢in en uygun kaplama alternatifleri
sunulacaktir. ~ Her ne kadar uygulanan yiik altinda sathi
kaplama tiirlinde en fazla deformasyon goriilse de tasarimi
yapilan her ii¢ kaplama tiirii i¢in deplasman degerleri kabul
edilebilir sinirlardadir. Bu agidan diisiiniildigiinde, en uygun
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kaplama tiirii se¢iminde yapim maliyeti ve uygulanabilirlik 6n
plana ¢ikmaktadir.

Alasehir-Salihli  baglanti yolunda en az maliyetle
uygulanabilecek kaplama tiiri sathi kaplamadir. Ayrica bahse
konu yol giizergahinda genellikle tarim faaliyetleri igin
tasimacilik yapildigindan, yol yapim siiresinin miimkiin olan en
kisa silirede tamamlanmasi gerekmektedir. Mahalle ve koy
yollarinda, elektrik ve iletisim hatlarmin havai hat seklinde
olmalari, finiser makinasinin kullanimi zorunlu olan SSB ve BSK
kaplamalar i¢in bir dezavantajdir. Finiser makinasinin yiiksekligi
nedeniyle bu gibi yerlerde kullanilmasi zaman zaman olanaksiz
hale gelmektedir. Bu yiizden imalat zorlagmakta ve zaman
kaybina neden olmaktadir. Dolayisiyla bu durum, yerel halk i¢in
ulasim aksamalarina neden olmaktadir.

Sonug olarak maliyet, imalat teknigi ve yolun trafige agilmasi
durumlar1 degerlendirildiginde, sathi kaplama tiirii en elverigli
alternatif olarak on plana ¢ikmaktadir.

5. Tesekkiir

Bu caligmanin hazirlanmasinda vermis olduklar1 destek ve
katkilarindan dolayr Manisa Biiyiliksehir Belediyesi Yol Yapim,
Bakim ve Onarim Dairesi Baskanligi’na tesekkiir ederiz.
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Abstract

Nano sized Titanium dioxide (TiO,) produced by sol-gel method was applied on worsted fabrics using mini stenter before and after
dyeing with Anthra red B and Acid black 194. The effect of TiO, on breaking strength, tear strength, seam slippage, hydrophobicity,
fastness and color change of the fabrics examined comparatively by considering the application step. The effect of TiO, application on
brightness and dyeing of the fabrics were measured using a spectrophotometer and FTIR-ATR, respectively. It was observed that TiO»
application increased the brightness of the black colored fabrics, while it dulled the pink colored fabrics.

Keywords: Nanosized TiO,, Self-Cleaning, Worsted Fabric, Sol-Gel Method, Dyeing.

TiO.'in Anthra Red B ve Acid Black 194 Boyah Kamgarn Kumaslara
Etkisi

Oz

Sol-jel yontemi ile tiretilen nano boyutlu Titanyum dioksit (TiO2), Anthra red B ve Acid black 194 ile boyama Oncesi ve sonrasi mini
ram6z kullanilarak kamgarn kumaslar tizerine uygulanmistir. TiO2'in kumaslarin kopma mukavemeti, yirtilma mukavemeti, dikis
kaymasi, hidrofobiklik, haslik ve renk degisimi iizerindeki etkisi, uygulama asamasi dikkate alinarak karsilastirmali olarak
incelenmistir. TiO, uygulamasinin kumasglarin parlakligi ve boyanmasi iizerindeki etkisi, sirasiyla spektrofotometre ve FTIR-ATR

kullanilarak Sl¢iilmiistiir. TiO, uygulamasinin siyah renkli kumaslarda parlakligi arttirdigi, pembe renkli kumaslarda matlastirdig:
gOriilmistiir.

Anahtar Kelimeler: Nano Boyutlu TiO,, Kendi Kendini Temizleyen, Kamgarn Kumas, Sol-Jel Yontemi, Boyama.
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1. Introduction

Titanium dioxide and organic or inorganic modified titanium
dioxide find applications in the textile industry for various
different purposes such as antibacterial effect, photo-catalysis,
self-cleaning ([1], [2]), UV-protecting ([1], [3]), hydrophilicity,
super hydrophobicity, dye degradation, water and air purifying. In
addition, it is used as gas sensor, photocatalyst in solar cells, co-
catalyst for cotton cross-linking and photo-stabilizator of wool
[1]. Due to the many uses of TiO», research and applications are
increasing day by day with the increase of demand. In recent
years, there have been some research on positive or negative
effects of various textile surfaces after TiO» application.

Zgura et al. examined adhesion on materials, an important
parameter of deposited thin films, TiO, material was applied to
polyester textile surface by sol-gel or sputtering methods and its
adhesion was examined by ultrasonic method. Despite the low
application temperature, the nanoparticles showed good adhesion
before and after the test [4].

Mori worked on the effect of 11 different chemicals used in
dyeing and finishing processes on wool fabric handle. It was
found that the fabric handle is highly dependent on the fabric
structure. The study also examined the differences between the
damage level of the chemicals and the hydrophilicity of the wool
fiber [5].

Mirkhan et al. applied titanium nanoparticles to polyester
cotton fabrics to achieve white washing and self-cleaning
properties. They also examined the effects of TiO, on gloss and
transparency, as well as the effects on natural dyed textiles. By
checking physical and mechanical properties of cotton fabrics at
different times, changes in time-dependent effect of nano-TiO,
were observed. In the conclusion, it was stated that TiO, caused
more fading on white samples and the presence of TiO; in white
samples caused a higher reflection. When the fabrics treated with
TiO, were subjected to UV treatment, the color strength was
lowered. In the TiO» applied painted samples, tensile strength,
strength and tension within the first 48 minutes found to be higher
than the samples without TiO». However, it was the opposite after
48 minutes [6].

Harifi and Montazer studied the effect of nano TiO> on
dyeing behaviour of polyester fabric. The polyester fabric was
applied with nano TiO, and subsequently painted with two
different disperse dyes without a carrier. It was observed that dye
adsorption and color strength of TiO; pretreated polyester fabrics
were increased. In addition, it was proven that there was no
adverse effect on the fastness properties [7].

Nazari et al. worked on optimization of nano TiO;
pretreatment on free acid dyeing of wool using central composite
design. In the study, wool acid dyeing nanotechnology was
developed at a lower temperature than the boiling point without
the use of acid auxiliaries. Wool fabrics were treated with TiO»
and BTCA (1,2,3,4-butanetetracarboxylic acid) under different
conditions and then dyed with 2 different wool acid dyes.
Pretreatment on wool surfaces showed significantly improved
absorption of acid dyes and higher fastness properties [8].

Xu et al. successfully modified Kroy-processed and the
original woolen fabrics by using TiO»/SiO, 70:30 sol with the
stabilization of BTCA. All treated and untreated fabrics were
investigated by Color Measuring & Matching System and the
contact angles of fabrics were evaluated. It was observed that the
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total color difference (AE) of the coated wool fabrics increased
from 30.35 to 43.09 by 42% after the application of the Kroy-
treatment. It was also determined that the contact angle of Kroy-
finished wool fabric fell from 140.3° to 133.5° [9].

Nateri studied dyed cotton fabrics and compared the
properties of these fabrics before and after treatment with TiO».
Some of these properties were color of fabric, depth of shade etc.
In addition to that characterisation studies were carried out using
FESEM (field emission scanning electron microscopy) to
determine the morphology of coated fabrics [10].

Ahmad et.al. studied on cotton fabric coating with dye
sensitized/TiO, for self-cleaning and UV blocking properties.
Reactive Blue-25 (RB-25) was used as a visible light scavenger
for TiO,. Characterisation of the coated cotton fabric was carried
out using FTIR-ATR, UV—Visible absorption, XRD, SEM and
reflectance measurements [11].

Frunza et al. investigated functionalized wool fabrics with
semiconductor nanoparticles against the photodegradation of
Rhodamine B. The samples coated with oxide particles were
characterised using optical microscopy, XRD, SEM, TGA, UV-
Vis spectroscopy and FTIR-ATR. Rhodamine B solution was
applied to the fabrics by sessile drop method. After the fabrics
were dried, the change on the sample surfaces were monitored by
UV-vis light as the function of the time [12].

Al-Etaibi & El-Apasery investigated the effect of TiO;
nanoparticles on cotton fabrics dyed at high temperature.
Increasing self-cleaning, light fastness, anti UV and antifungal
properties were obtained [13].

Kafafy et al. immobilized ZnO, TiO,, and CuO nanoparticles
onto the cotton and wool fabrics at room temperature. After pre-
treatment of nanoparticles, antimicrobial activity (optical density
method), color strength (K/S), colorimetric data (L*, a*, and b*),
washing, rubbing, perspiration, and lightfastness of the fabrics
were tested. Besides, UV blocking and self-cleaning of the pre-
treated fabrics were evaluated [14].

In the literature, effects of TiO, on dyeing, fastness and fabric
hydrophilicity were investigated on different fabrics; and
adhesion properties of TiO, to the fabrics were observed.
However, there are no comparative studies on undyed or dyed
Ti0; treated wool fabrics. In this study, nano TiO, was applied to
100% worsted fabric before and after dyeing with Anthra red B
and Acid black 194 by sol-gel method and compared to reference
fabrics. Analysis was performed to examine the surface properties
of the coated fabrics. In addition, the effect of TiO» on breaking
strength, tear strength, seam slippage, hydrophobicity, fastness
and color change of the fabrics were examined comparatively by
considering application step. Two different type of dyes, Anthra
red B and Acid black 194, were used during these studies. The
effect of TiO, application to the brightness of the fabrics was
measured using spectrophotometer and the effect of TiO,
presence on dyeing of the fabrics was observed using FTIR-ATR.

2. Material and Method

2.1. Material

Acetic Acid (Glacial 100% EMSURE, anhydrous for
analysis) and Nitric Acid 65% (extra pure) were purchased from
Merck. Titanium (IV) Isopropoxide (97%) was supplied from
Sigma Aldrich.
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In this research using the same warp and weft yarn as 100%
wool Nm 57/2 with 1100 tpm in Z direction, reed width in 192
cm, reed drawing in at 80/3 has been produced as raw color
namely ecru in Yiinsa by Dornier weaving machine. Weft setting
fabric sample has been 24 cm! with straight draft under the same
conditions. After weaving, the fabrics were washed in an open
width washing machine at 55°C at a transition speed of 22 m/min.
Some of the fabrics were pre-treated with TiO> using stenter.
Then, untreated and pre-treated fabrics were processed with the
Anthra red B and Acid black 194 in the wool dyeing program at
98°C for 45 minutes with the same recipe and under the same
conditions. After the treatments, pink and black fabrics were
successfully obtained. In addition, TiO» was applied to some of
the untreated dyed fabrics. The performance of all fabrics in ecru,
pink and black colors were tested and compared to each other.

The fabrics used in the study were pre-conditioned for 24
hours at standard atmospheric conditions (20 + 2°C, 65 + 2% RH).
The breaking strength values were determined using
Multipurpose Strength Tester, Zwick 1120, at 100 mm/min (stripe
method) according to TSE EN ISO 13934-1. The seam slippage
strength of the fabrics were determined according to TS EN ISO
13936-1 using Multipurpose Strength Tester, Zwick 1120.The tear
strength of the fabric samples were measured using Zwick 1120
strength tester according to TS EN ISO 13937-1. The contact
angle of the fabric samples were measured according to ASTM
7490-13. The FTIR spectra were acquired using Agilent Cary 630
FTIR-ATR spectrophotometer in the range of 650-4000 cm!
spectral region. Color measurement and brightness values were
determined using CIE*a*b system as D65-10 measurement with
Datacolor 800.

The rubbing fastness evaluation were carried out using the
grey scales according to TS EN ISO 105 X12. The test results of
the perspiration fastness values for acid and alkaline were
determined according to TS EN ISO 105 - E04 standard. The dry
cleaning and the water fastness were evaluated according to TS
473 EN ISO 105 D01 and TS EN ISO 105 - EO1, respectively.

2.2. Method

2.2.1. Preparing of Sol-Gel

Ti0, was prepared by sol-gel method in chemistry laboratory
of Yiinsa. A beaker filled with distilled water and heated up to
80°C. While stirring the solution vigorously with mechanic stirrer
at 1200 rpm, Acetic Acid, Nitric Acid and Titanium (IV)
Isopropoxide (TTIP) were added respectively. Stirring continued
until a homogeneous and transparent solution was obtained [15].

2.2.2. Application Method

Application of the prepared solution to the fabrics was performed
using mini stenter which was placed in the finishing department
of Yiinsa. Washed and dried fabrics were passed through the
solution diluted in the ratio of 4. After squeezing at 7.5 bar
pressurised cylinder, they were passed through at 180°C drying
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and fixation cabin with 1 m/min velocity. The velocity of fans
were set at 1800 cycle/min.

3. Results and Discussion

The effect of the application on the breaking strength for all
the fabrics can be seen in Table 1. In addition to having no adverse
effect of the application on seam slippage, there was only a slight
increase in either direction. TiO; application had a negative effect
on tear strength values for both pre-treated and post-treated black
fabrics on warp direction, and post-treated pink fabric on weft
direction. When all the contact angle test results were considered,
only the result of the post-treated black fabric obtained lower than
the others.

To examine the effect of dye binding of TiO,, change of color
fastness tests were carried out and all test results were found to be
as required shown in Table 2. The lighter color, pink, gave the
better fastness results as expected. It was observed that the
application did not have a significant effect on the rubbing
fastness. In other fastness tests, it was observed that it had a
negative effect of 1 degree, especially on pre-treated fabrics in
both colors.

TiO, application caused all fabrics to lighten as expected.
Although pre-treated pink fabric was lighter in color than post-
treated pink fabric, the opposite effect was observed in black
fabrics. Considering the Da* and Db* values, it was observed that
the application made the fabrics more green and blue; the highest
change was observed in pre-treated pink fabric. When DC* values
were interpreted, it was observed that TiO, application increased
the brightness in black colored fabrics, while it dulled the pink
colored fabrics. It was determined that pre-treated pink fabric was
duller than post-treated pink fabric and the brightest fabric among
the fabrics was post-treated black fabric. DE value was above
the acceptable limit (<1) in the both pre-treated pink and post-
treated black fabrics (Table 3).

Chemical surface modification of the wool fabric coated with
two different dyes and TiO, were studied by FTIR-ATR. The first
band is the broadest and is observed at around 3400-3100 cm’
corresponding to the stretching vibration of the -OH and -NH
groups.

Two bands at around 1510 cm™! and 1625 cm'! are related to
the amide groups of the wool material and when the wool fabric
was treated with dye or TiO,, the intensity of the band decreased
which shows chemical bonding occurrence. When the dye
application was carried out before TiO, application, the intensity
of the peaks is lower compared to the peaks of the untreated
fabrics. When the TiO, application is before the dyeing
application, the intensity of the peaks lowers less. These values
can be seen in the Figure 1 and 2.
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Table 1. The technical properties of sample fabrics

0 0
£ E £:2 £33z £ E£E2 52 s5& <
Test 3 20 g < 5 o 70 Ao = 8 5 o s
= 2 S® 2B 5 g2 L 2z 3
Mg ma E= £ 57§ 5
3 & & = = O
Unit cm g/m’? daN daN kg kg gf gf deg.
®) @) " n 0 - S
Standard ' m % @ E @ ) 0 0 “ = «
= n = ZI o o o Q 7
= 2 Z 2 2 2 Z
Untreated / ecru 154 192 32 20 >20 12 2686 1754 130
Treated / ecru 153 200 35 23 >20 18 2752 1623 126
Untreated / pink 154 215 31 24 19 20 2530 1865 126
Pre-treated / pink 153 208 34 25 >20 18 2442 1902 128
Post-treated / pink 150 213 36 25 >20 >20 2683 1622 133
Untreated / black 142 226 33 23 20 15 3021 1529 131
Pre-treated / black 143 239 39 25 >20 20 2687 1698 134
Post-treated / black 147 219 36 26 >20 >20 2685 1542 115
Table 2. Change color of fastness of the fabrics
2 2 o
O ) =] = 2
g g £ 5 53 g g
2 n 2 s z 5 2= s & g
: : N L
E E = £ s
Unit Color Color Color Color Color Color
ni
Change Change Change Change Change Change
o o .. o o o
28, 28, 83 2z Lg_ 2z
Standard Z NS zZ NS Z Z A Z
288 Jgs 28 2g 235 2&
= = = = = =
Standard >3.5 >2.0 >4.0 >4.0 >4.0 >4.0
Untreated / pink 4.5 4.0 5.0 5.0 5.0 5.0
Pre-treated / pink 5.0 4.5 4.0 4.0 4.5 4.5
Post-treated / pink 5.0 4.0 5.0 5.0 5.0 5.0
Untreated / black 3.0 2.0 4.5 4.5 4.5 4.5
Pre-treated / black 3.5 2.5 4.0 4.0 4.0 4.0
Post-treated / black 3.0 2.0 4.5 4.5 4.5 4.5
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Table 3. The color value changes on the spectrophotometer after TiO» application
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Sample DL* Da* Db* DC* CMC dE Result
Pre-treated / pink 4.00 -4.92 -1.18 -4.66 3.00 Fail
Post-treated / pink 0.40 -0.95 0.07 -0.95 0.47 Pass
Pre-treated / black 0.26 -0.02 -0.17 0.16 0.36 Pass
Post-treated / black 1.07 -0.09 -0.53 0.51 1.31 Fail
DL* Da* Db* DC*
+ lighter more red yr:I(l)(r)iv brighter
- darker more green more blue duller
CIE*a*b system with D65-10 measurement
el o N
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Figure 1. FTIR spectrums of pink colored fabrics which TiO, was applied to a) treatment after dyeing, b) treatment before
dyeing, c) untreated
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Figure 2. FTIR spectrums of black colored fabrics which TiO, was applied to a) treatment after dyeing, b) treatment before dyeing, c)
untreated

4. Conclusions and Recommendations

In this study, nano-sized TiO, was applied to 100% worsted
fabric before and after dyeing with Anthra red B and Acid black
194 by sol-gel method and compared to reference fabrics.

e-ISSN: 2148-2683

DE value was obtained above the acceptable limit (<1) in the
both pre-treated pink and post-treated black fabrics. As the dyeing
process performed before TiO, application, the intensity of the
peaks is the lowest and for untreated is the highest at FTIR
spectrum. The fastness test results could not be correlated with
logical explanations. However, spectrophotometer test results
based on the color evaluations performed. The dullest was
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obtained for pre-treated pink fabric but the brightest color for the
post-treated black fabric.

It is seen that nano-sized TiO, application to 100% worsted
fabric before and after dyeing affects the color shades. It was
observed that this situation changes from color to color; so more
experiments can be carried out on the worsted fabrics dyed with
different colors in the future studies.
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Abstract

Atmospheric reaeration process plays a key role in degradation of organic matter and self-purification processes affecting dissolved
oxygen (DO) concentrations in rivers and streams. Moreover, water quality (WQ) processes can be highly dependent on flow velocity
conditions. Where, highly reaeration rates are positively correlated with high flow velocity. Therefore, the present work reports deep
insights on the role of flow velocity with reaeration process in the concentration of DO and biochemical oxygen demand (BODs). This
study was applied along the largest agricultural drainage water reuse project, El-Salam Canal in Egypt. The hydrodynamic (HD)
characteristics and WQ parameters (DO and BODs) along the canal were simulated using a one-dimensional HD and WQ model (MIKE
11). The simulated results indicated that the canal was deteriorated towards El-Salam Canal after mixing with El-Serw and Bahr Hadous
drains. Statistical regression fitted line and Pearson correlation analysis, were performed on the simulation results of the reaeration rates
with flow velocity and WQ values, indicating a significant correlation. Accordingly, water velocity should be taken into account as a
key factor for describing the WQ change.

Keywords: El-Salam Canal, flow Velocity, MIKE 11, Water Quality.

Su hizinin su kalitesi degisimi tizerindeki etkisine yonelik nicel
calisma

Oz

Atmosferik yeniden havalandirma siireci, nehirlerde ve akarsularda ¢oziinmiis oksijen (DO) konsantrasyonlarint etkileyen organik
maddenin bozunmasinda ve kendi kendini saflagtirma siire¢lerinde kilit bir rol oynar. Ayrica, su kalitesi (WQ) siiregleri biiyiik dl¢tide
akis hiz1 kosullarina bagli olabilir. Burada, yiiksek yeniden havalandirma oranlari, yiiksek akig hizi ile pozitif olarak iligkilidir. Bu
nedenle, mevcut calisma, DO konsantrasyonunda ve biyokimyasal oksijen ihtiyacinda (BODs) yeniden havalandirma islemi ile akis
hizinin rolii hakkinda derin goriisler bildirmektedir. Bu ¢aligma, Misir'daki en biiyiik tarimsal drenaj suyu yeniden kullanim projesi olan
El-Salam Kanali boyunca uygulandi. Kanal boyunca hidrodinamik (HD) 6zellikler ve WQ parametreleri (DO ve BODs5), tek boyutlu
bir HD ve WQ modeli (MIKE 11) kullanilarak simiile edilmistir. Simiile edilen sonuglar, kanalin El-Serw ve Bahr Hadous drenleri ile
karistirildiktan sonra El-Salam Kanali'na dogru bozuldugunu gosterdi. Yeniden havalandirma hizlarinin simiilasyon sonuglari tizerinde,
akis hiz1 ve WQ degerleri ile istatistiksel regresyon uydurma ¢izgisi ve Pearson korelasyon analizi yapilmis ve dnemli bir korelasyona
igaret edilmistir. Buna gore, su hizi, WQ degisimini agiklamak i¢in kilit bir faktor olarak dikkate alinmalidir.

Anahtar Kelimeler: El-Salam Kanali, Akis Hiz1i, MIKE 11, Su Kalitesi.
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1. Introduction

Atmospheric reaeration process plays a key role in
degradation of organic matter and self-purification processes
affecting dissolved oxygen (DO) concentrations in rivers and
streams[1]. Where, DO concentrations are an important index for
quantifying the water quality (WQ) of water bodies. Moreover,
the level of DO reflects the ecological balance in water,
decomposition of organic matter and breathing of aquatic
ecosystem [2].

Recent studies illustrated that the DO distribution in water
bodies has been strongly affected by the flow field and its
turbulence characteristics [3]. Moreover, WQ processes can be
highly dependent on flow velocity conditions. Where, highly
reaeration rates are positively correlated with high flow velocity
[4]. Based on the role of flow velocity with reaeration process in
the concentration of DO and biochemical oxygen demand (BODs)
were investigated.

To date, WQ models are an ideal approach in the holistic
evaluation and prediction of temporal and spatial water quantity
and quality characteristics in aquatic ecosystems [5]. As, the
Environmental Fluid Dynamics Code (EFDC), SOBEK software,
Delft 3D, MIKE software and the Water Quality Analysis
Simulation Program (WASP). Among them, the one-dimensional
finite-difference model MIKE 11 is considered the most widely
used hydrodynamic (HD) and WQ simulation software. The
MIKE 11 has proved its computational stability, high accuracy
and reliability, and accordingly it can be applied in large-scale
designs of both simple and complex channel systems [6].

Therefore, the HD and WQ model (MIKE 11) was developed
and applied along El-Salam Canal in Egypt. It is considered the
largest agricultural drainage water (ADW) reuse project in Egypt,
which is mainly used for reclamation of 620,000 hectares of the
land located along the Mediterranean Sea of Egypt [5]. In 2013,
El-Salam Canal is established for reuse with a capacity of
approximately 0.872 Billion Cubic Meters (BCM)/year from the
Nile water to be mixed with 1.235 BCM/year of water from Bahr
Hadous drain, 0.980 BCM/year from El-Serw drain and 0.255
BCM/year from Faraskor drain [7].

Thus, the present study reports deep insights on the role of
flow velocity with reaeration process in the concentration of DO
and BODs values which resulted from the MIKE 11 simulation,

2. Material and Method

2.1. Study Area

El-Salam Canal is a part of the North Sinai development
project, which is the largest drainage water reuse project in Egypt
that continuously receives a mixture of Nile River water and
ADW. The canal is lied in the Eastern North region of the Nile
Delta, with a total length of 88 km (Figurela). The canal receives
Nile fresh water from the Damietta tributary of which situated at
upstream of Faraskor Dam. The ADW supply sites from Faraskor,
El-Serw, and Bahr Hadous drains at distances of 1.80 km, 17.85
km, and 54 km from the intake, respectively (Figure 1b). This
mixed water is mainly used to cultivate 220,000 hectares
extending west of Suez Canal along the Mediterranean coast of
Egypt [8]. By constructing Pump Stations 1 and 2 units, the flow
rates along the main-stream of El-Salam Canal are controlled, to
sustain a proper head for gravity flow (Figure 1b).
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The monthly water discharges records along the canal were
obtained from the Ministry of Water Resources and Irrigation
(MWRI) for seven locations from the intake of the canal at 0.0
km, 1.80 km,17.85 km, 22 km, 53 km, 54 km and 88 km, from
September 2012 to August 2014. Moreover, the average monthly
WQ data were collected by the Drainage Research Institute (DRI)
from September 2013 to August 2014 at five locations at 0.0 km,
1.80 km, 17.85 km, 54 km and 88 km along the canal.
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Fig. 1 (a) El-Salam Canal project layout, (b) schematic diagram
of El-Salam Canal connected with Damietta Branch and
agricultural drains

2.1.1. Water Quality Modeling

The ‘MIKE 11° model was applied in this study to simulate
the HD and WQ along El-Salam Canal. This model was originally
developed by Danish Hydraulic Institute, for simulating
hydrodynamics, advection-dispersion, WQ and sediment
transport in rivers, lakes, estuaries and environmental hydraulics

[91.

In the study, 88 km length of El-Salam Canal, with number
of structures, specifically the head regulator of the canal intake,
two siphons and two pump stations, was modelled. The MIKE 11
boundary editor was used to define the water levels and inflow
hydrographs, where the initial upstream water level was set to
1.60 m. The simulation time step was set to five seconds to ensure
the stability of the numerical calculations and keep the Courant
number in the desired model’s range [9].

The calibration process of the HD model was performed
manually to adjust the Manning’s roughness coefficient (n,
sec/m'?) along El-Salam Canal, which considered the most
critical factor in the HD simulation model [10]. The model was
continuously run using HD data over one year from September
2012 to August 2013 to minimize the difference between the
simulated and observed discharge records at two locations (Pump
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Station 1 at 22.0 km and Pump Station 2 at 53.0 km), in the
calibration phase.

For validation, the calibrated model was run using the data
for a completely different year (from September 2013 to August
2014) to assess the ability to predict the water quantity and WQ
under different conditions. The root mean square error (RMSE),
mean absolute error (MAE) and normalized objective function
(NOF) were applied to investigate the calibration and validation
accuracy as follows: follows:

RMSE = [%.(Simulated value — Observed value)?/N

MAE = Y¥|Simulated value — Observed value|/N
NOF = RMSE /Oppan
where:

N = the total number of values, and

Omean = mean of the observed data.

Model simulations are acceptable for NOF values ranging
fromOto I [11].

3. Results and Discussion

The one-dimensional HD MIKE 11 model was developed to
simulate the water quantity along El-Salam Canal. Firstly, the
calibration process was performed from September 2012 to
August 2013, enhancing the » value which achieved the lowest
error was 1/40 sec/m'?. The results of performance statistics
between the monthly observed and simulated discharges for Pump
Stations 1 and 2 were 1.66 and 1.10 m?/s of RMSE, 1.29 and 0.99
m’/s of MAE and 0.02 of NOF, respectively. Secondly, from
September 2013 to August 2014, the validation process displayed
a good level of agreement between the simulated and observed
discharges at Pump Stations 1 and 2. Where, the RMSE, MAE and
NOF values were 2.94 m’/s, 2.24 m%/s and 0.04 for Pump Station
1, and 1.39 m’s, 1.06 m’s and 0.02 for Pump Station 2,
respectively. The simulated results for the discharges of pump
stations achieved from the model calibration and validation were
consistent with the observed discharge values (with the low NOF
values close to 0) evidenced the ability of the model to correctly
simulate and investigate the impact of various processes along the
canal. For the ECO Lab module (September 2013 to August
2014), the DO and BODs values were calibrated at two different
locations at: (1) 1.9 km after mixing with Faraskor drain (S. No.
2); and (2) 86 km before the downstream of the canal from the
intake (S. No. 5), as shown in Figure 1a, (Table 1).

Overall, the model provided a reasonable agreement between
the simulated and observed WQ data along El-Salam Canal.

The simulated DO and BODs values were compared with the
Egyptian standards for water reuse in irrigation purposes from
September 2013 to August 2014 along El-Salam Canal at four
selected stations from the intake and after mixing with the
agricultural drains as shown in Figure 2. The four stations (S. No.
1, S. No. 2, S. No. 3 and S. No. 4) were located at 0.0 km, 1.85
km, 18.5 km and 55.0 km, from the intake, respectively, as shown
in Figure la.
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Table 1. The RMSE, MAE, and NOF for water quality
parameters of El-Salam Canal

At 1.9 km At 86 km
WQ Parameter

RMSE MAE NOF RMSE MAE NOF
Temperature 0.02 0.01 0.001 0.09 0.09 0.004
DO 0.56 046 0.07 1.77 .52 0.39
BOD:s 3.00 242 0.16 3.90 2.57 0.14

The simulated average monthly data for DO along El-Salam
Canal varied from 4.5 mg/1 to 9.88 mg/l, during September 2013
to August 2014, as presented in Figure 2a. The DO concentrations
were within the Egyptian standards (DO > 5 mg/1) for direct reuse
in irrigation along El-Salam Canal except at EI-Serw drain (S. No.
3) in August. A significant decrease was observed in the DO levels
after El-Serw (S. No. 3) and Bahr Hadous drains (S. No. 4), Figure
2a. For instance, the average DO concentration after the
connection with El-Serw drain was 4.5 mg/l and 5.1 mg/1 after the
connection with Bahr Hadous drain in August. This was mainly
due to the discharge of pollutants into these drainage canals
resulting a depletion of oxygen concentration. [12], reported that
the DO values decreased sharply towards the down-stream of El-
Salam Canal after mixing with El-Serw and Bahr Hadous drains,
which is consistent with the simulation results. Moreover, El-
Gammal and Othman et al [8], [13] indicated that EI-Serw and
Bahr Hadous drains received a significant amount of untreated
wastewater which subsequently adversely affected the DO
concentration of El-Salam Canal.

As presented in Figure 2b, the simulated BODs values along
El-Salam Canal complied with the Egyptian standards (BODs <
30 mg/l) for the direct water reuse for irrigation. However, the
simulated BODs concentration gradually increased from the
intake point towards the down-stream after the connection with
the drainage canals, as it exceeded the limit of 30 mg/I for reuse
in May and June 2014, Figure 2b. The highest values of BODs
were 41.6 mg/l and 60.9 mg/l in May, and 34.3 mg/l and 44.7 mg/1
in June at (S. No. 3) after mixing with El-Serw drain and at (S.
No. 4) after mixing with Bahr Hadous drain, respectively. [14]
reported that the supply of ADW to the canal caused high levels
of BODs. Where, the BODs values were 75 mg/l in June 2004 and
33 mg/l in November 2004 after mixing with El-Serw drain.

Therefore, the BODs values of the canal were varied due to
seasonal effects, as the high BODs values were during summer
season. It could be due to the discharge of wastewater rich
inorganics into the drains, which negatively affected the WQ of
the canal.

These results illustrated that the canal ecosystem deteriorated
after mixing with water from El-Serw and Bahr Hadous drains
due to the highly polluted untreated water discharged into the
drains.
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Fig. 2 Simulated (a) DO and (b) BODs parameters at four
stations (Stations No. 1— 4) for the period from September 2013
to August 2014.

Statistical analysis was performed on the simulation results
for obtaining quantitative relationships using Minitab software
with a significance level of p < 0.05. The inversely proportional
between the DO and BODs results was clearly showed from the
simulated distribution along the canal, as Figure 3. Where, the
high BODs associated with the degradation of organic matters by
heterotrophic bacteria occurred due to the decrease of DO [15].
These results were confirmed with the results of Pearson
correlation analysis (r), which applied to evaluate the relationship
between various variables. DO showed a significant strength
negative relationship with BODs ( =-0.975, p <0.05), as Figure
4a, that obviously illustrated the fitted regression line between the
DO and BODs parameters.

Where, the DO deficit in the waterbody was proportional
with the reaeration process, which, considered the difference
between the saturated DO and the present DO concentration in the
waterbody [16]. The higher rate of reaeration rates indicates the
larger DO deficit. Moreover, the large reaeration process
positively based on water flow capacity, which lead to strong
turbulence and mixing activities in the waterbody, as presented in
Figure 3. Therefore, the correlation between the flow velocity and
reaeration rate was displayed, as shown in Figure 4b. The result
of relationship between reaeration rates and flow velocity along
the canal were demonstrated a significant positive correlation (r =
0.910, p < 0.05).

Accordingly, water flow velocity is considered a key role for
describing the WQ change along the canal, which should be taken
into account in investigating various WQ processes in
waterbodies.

Velocity (.

Canal length (Distance from upsirean, knn)

Fig. 3 The distribution of flow velocity, reaeration process and
the simulated WQ parameters in terms of DO and BODs, along
El-Salam Canal from September 2013 to August 2014.
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Fig. 4 The regression fitted line results between (a) DO with
BOD:s parameters, and (b) flow velocity with reaeration process
values, along El-Salam Canal from September 2013 to August
2014.

5. Conclusion

This study was applied along the largest agricultural drainage
water (ADW) reuse project, El-Salam Canal in Egypt. A one-
dimensional HD and WQ model (MIKE 11) were developed to
acquire the HD characteristics and WQ parameters (DO and
BOD:s) along the canal. The calibration of HD module was applied
from September 2012 to August 2013 and the verification process
was from September 2013 to August 2014 along El-Salam Canal.
The WQ module was developed and calibrated for the period from
September 2013 to August 2014. The simulated results evidenced
the reliability of the model in simulating the water quantity and
WQ along the canal with a reasonable agreement between the
observed and simulated data. The results illustrated that the WQ
deteriorated towards the downstream of the canal due to the
polluted water discharged from the El-Serw and Bahr Hadous
drains. Statistical analysis was performed on the simulation
results for obtaining a quantitative relationship, as regression
fitted line and Pearson correlation analysis. The results showed
that the DO with BODs and reaeration rates with flow velocity
values had a significant correlation of (» = — 0.975) and (r =
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0.910), respectively. Accordingly, water velocity is an important
parameter which should be taken into account for describing the
water quality change.
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Abstract

The region of Ain El Arbaa, like all Algerian municipalities, suffers from a water shortage crisis. The main objective of this work is to
investigate the possibility of reusing treated water from the region.

For this purpose, we have examined the quality of the water treated by the D'Ain El Arbaa treatment plant.

The analyzes carried out on the incoming sewage and outgoing waste water from the lagoon focused on the following parameters: (pH,
total suspended solids (TSS), biological oxygen demand (BODs), chemical oxygen demand (COD), NHya, electrical conductivity). This
during the period from January 2021 to May 2021 with a sampling frequency of twice a month.

The results obtained show that this purification process using two sectors (pre-treatment, secondary treatment) is insufficient and does
not meet the quality standards required for agricultural use for the parameters: TSS, COD, and electrical conductivity. For the
preservation of the receiving environment, the results did not comply with the standards for the parameters TSS, DOC, NH..

The abatement yields of the lagoon treatment plant studied were average for all the parameters studied.

So according to this work we can conclude that natural lagooning alone is not sufficient to have purified water that complies neither
with the quality required for agricultural reuse, nor with the quality required for discharge into the natural environment.

Then the addition of a complementary tertiary treatment, such as filter basins planted with macrophytes is necessary.

Keywords: wastewater, purification, Algeria, Ain El Arbaa. recycling of purified water,

Ain El Arbaa bolgesinden aritilmis suyun tarimsal amaclar icin geri
doniisiimi miimkiin mii?

Oz

Ain El Arbaa bdlgesi, tiim Cezayir belediyeleri gibi bir su kitlig1 krizi yasiyor. Bu ¢alismanin temel amaci, bolgeden aritilmis suyun
tekrar kullanilma olasiligini arastirmaktir.

Bu amagla D'Ain El Arbaa aritma tesisi tarafindan aritilan suyun kalitesini inceledik.

Lagiine gelen kanalizasyon ve lagiinden ¢ikan atik sularda yapilan analizlerde su parametrelere odaklanilmistir: (pH, toplam askida kat1
madde (TSS), biyolojik oksijen ihtiyaci (BODS5), kimyasal oksijen ihtiyaci (COD), NH4, elektriksel iletkenlik) . Bu, Ocak 2021'den
Mayis 2021'e kadar ayda iki kez 6rnekleme siklig1 ile yapilir.

Elde edilen sonuglar, iki sektér (6n aritma, ikincil aritma) kullanilarak yapilan bu saflastirma isleminin yetersiz oldugunu ve TSS, KOI
ve elektriksel iletkenlik parametreleri i¢in tarimsal kullanim i¢in gerekli kalite standartlarini karsilamadigini gostermektedir. Alici
ortamin korunmasi i¢in, sonuglar TSS, DOC, NH4 parametreleri i¢in standartlara uymadi.

Incelenen lagiin aritma tesisinin azaltma verimleri, incelenen tiim parametreler igin ortalamaydi.

Incelenen lagiin aritma tesisinin azaltma verimleri, incelenen tiim parametreler igin ortalamayd.

Dolayistyla bu ¢aligmaya gore, ne tarimsal yeniden kullanim i¢in gerekli kaliteye ne de dogal ¢evreye desarj i¢in gerekli kaliteye uygun
olmayan aritilmis suya sahip olmak i¢in dogal géllenmenin tek basina yeterli olmadigi sonucuna varabiliriz.

Ardindan, makrofitlerle ekilen filtre havuzlar gibi tamamlayic bir {iglinciil islemin eklenmesi gerekir.

Anahtar Kelimeler: atik su, aritma, Cezayir, Ain El Arbaa. Aritilmis suyun geri doniistimdi.
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1. Introduction

Natural lagooning is a purification system grouping together
two or three ponds in series or more, whose principle of operation
is based on natural forces, without any energy input.

Among the most used configurations, we find: anaerobic
lagoon, facultative lagoon, maturation lagoon. Therefore it is a
question, on the one hand, of promoting the slow flow of water in
successive basins, and on the other hand of relying on a biological
association covering an entire food chain (aerobic bacteria,
anaerobic bacteria, algae or phytoplankton, zooplankton in some
cases. [1].

Natural lagooning has many advantages, among which we
can cite:

e The low operating cost, little or no electricity, and the
good landscape integration. In addition it is very effective in the
elimination of pathogens, nitrogen and phosphorus;

e Lower sludge production (compared to an activated
sludge treatment plant); therefore the need for cleaning is
infrequent once every 10 years in the first basins and more easily
recoverable sludge. [2]

¢  Onthe other hand, the disadvantages of natural lagooning
are as follows:

e The strong grip on the ground;

o the presence of a high concentration of suspended solids
in the discharged water;

e  Seasonal variations in the quality of purified water;

e In the event of low purification performance, the risk of
odors and the development of insects (mosquitoes) is very high.

(3]

Due to the low purification performance of natural lagoons,
an association of existing lagoons + 2 vertical planted filter
floors is used in several cases around the world. Increasing
quality requirements for sensitive environments leads to the
necessity to development of complementary treatments.

A study in an experimental station in the commune of
Aurignac (France) has shown that the introduction of a
percolation infiltration system downstream of a lagoon improves
the quality of the effluent and respects the level D4:
COD<125mg/l, BOD5<25 mg/1.[4]

2. Material and Method

To study the quality of treated water in the municipality of
Ain Arbaa. we analyzed incoming and outgoing wastewater
during the period from January 2021 to May 2021. The
physicochemical parameters studied are: pH, biological oxygen
demand (BODS5), chemical oxygen demand, total suspended
solids ( TSS), dissolved oxygen, ammonium (NH4"), and
electrical conductivity.

2.1. Geographical location of the study area:
The municipality of Ain El Arbaa is located east of the capital

of Wilaya de Ain Témouchent, 35 km away, covers an area of 71
km?. It is delimited:

e to the north by the great Sebkha.

e-ISSN: 2148-2683

e to the south-west by the municipality of Sidi
Boumedienne,
e to the south east by the municipality of Tessala.
e to the east, the commune of Oued Sebbah
e to the west by the commune of hammam Bouhadijar.
The geographical location of Ain El Arbaa is shown in Figure
01.

Ain E}l Arbaa
cle Ml e

Hammam
Bou Hadjar

s plas Oued Sabah

[ NS5 |
Figure 01: Geographical location of Ain El Arbaa
2.2. Climate:

In the climatic context we will describe precipitation,
temperature, and evaporation. The temperature and precipitation
values were recorded in the Hammam Bouhdjar station during the
period: 1994-2001.

a. Precipitation:

The rainfall of the region is shown in figure 02.
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Figure 2: Monthly average rainfall (1994-2001)

From figure 02, we notice that the precipitation has imploring
values during the winter season (December, January, February),
the maximum value was recorded during the month of January
with 120 mm, then the precipitation begins to decrease gradually

during the period: March to August, the minimum value is
recorded in August 3.67mm. In September the precipitation
begins to have the important values wich are between 31.63 mm
in September to 88.25 in November.

b. The temperatures:
The temperatures are shown in Figure 3.
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Figure 3: Monthly temperature variation (1994-2001)

From Figure 3, we notice that the minimum temperature is
recorded during the month of January (with11.1°C) ,then they
begin to increase to record the maximum value during the month
of August (with 25.75°C). From September the temperature
begins to decrease until December when the value of 12.2 °C is
recorded.

¢. Evaporation :

The maximum evaporation is reached in August (with
165mm) and the minimum in January (with 69.1mm). It is greater
than 100 mm for seven months of the year.

2.3. Description of Ain El Arbaa treatment plant:
The lagoon of Ain El Arbaa is composed of:
2.3.1. Pretreatment:

The pre-treatment of the Ain arbaa lagoon consists of a screen
with a spacing between the bars: E = 60 mm, and two grit and oil
separators

2.3.2. Biological treatment:

The biological treatment consists of two anaerobic basins,
two facultative basins and two maturation basins.

3. Results and Discussion

3.1. Results

The results obtained are shown in figures 04, 05, 06, 07. 08,
09, 10, 11.

e pH:
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Figure 04: Changes in pH
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e Dissolved Oxygen:
The dissolved oxygen values are shown in figure 05 in mg/I.
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Figure 05: Changes in Dissolved Oxygen
e Total Suspended solids (TSS):

The concentrations of incoming and outgoing wastewater in
total suspended solids are indicated in figure 06.
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Figure 06 : Changes in TSS concentration
e The biological oxygen demand (BODs):

The concentrations of incoming and outgoing wastewater
in BOD:s are indicated in figure 07 in mg/1.
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e The chemical oxygen demand (COD) :

The concentrations of wastewater entering and leaving the
lagoon are shown in figure 08.
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Figure 08: Changes in COD Concenration

e Ammonium NHg:

The NH4 concentrations of incoming and outgoing
wastewater are indicated in figure 09 in mg/1.

__60

> 50

g 40

3 30

I 20

Z 10 r

E O T = T T T T 1

2

g A A > Q A

o < < & Q G

E ¥ &

e inCOMING Wastewater ==lll== outgoing wastewater

standard

Figure 09: Changes in NHy

e-ISSN: 2148-2683

e Electrical conductivity (EC) :

Incoming and outgoing wastewater conductivities are shown in

Figure 10.
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Figure 10: Changes in Electrical conductivity

3.2.DISCUSSION
e pH:

From Figure 04, we notice that: the pH graphs of the
incoming and outgoing wastewater are almost confused, which
leads us to conclude that the pH variation is very small. In
addition, the pH values of incoming and outgoing wastewater are
located between the values limited by Algerian standards (6.5<
pH<8.5). So for the pH we can say that the quality of the water
purified by this process complies with the standards of
agricultural reuse, and with the standards for discharge into the
natural environment.

e Dissolved Oxygen:

From Figure 05, we see that there is a very good improvement
in the level of oxygen saturation in the purified water. This can be
justified by the good degradation of organic pollution. This
increase in oxygen concentration comes from dissolved oxygen in
the atmosphere, without forgetting the additional quantity
provided by the operation of photosynthesis by algae.

e Total Suspended solids (TSS):

From figure 06, we notice that the concentrations of incoming
wastewater are very high, varying between 60 to 200 mg/l. the
concentrations of outgoing water are less significant, which
means that there is a degradation of suspended solids which varies
between low and medium.

The minimum yield of removal of TSS is recorded in January
with 12 %, and the maximum yield is 56 % during the month of
February. In the lagoon of Ain El Arbaa, we had a low average
yield of TSS reduction like all natural lagoons without tertiary
treatment around the world.

This high concentration of suspended solids in the purified
water can be explained by the quantity of algae remaining in the
purified water.

The concentrations of the outgoing wastewater are all above
the standard (30 mg/l), so the efficiency of the Ain El Arbaa
lagoon is very low in the elimination of suspended solids

e The biological oxygen demand (BODs):

45



Avrupa Bilim ve Teknoloji Dergisi

From Figure 07, we notice that the BODs abatement is
significant, such that the minimum yield is 70%, the maximum
yield is 90%, and the average yield is 82.8%.

The concentrations of the outgoing wastewater are all below
the value limited by the standards for agricultural reuse and the
preservation of the natural environment (30 mg/l). So the natural
lagoon treatment process is effective in eliminating organic
pollution.

e The chemical oxygen demand (COD) :

From Figure 08, we notice that the graphs of incoming and
outgoing wastewater are not very far from each other, which
means that there is an average removal of COD.

The values of the average, minimum and maximum COD
abatement yields are as follows: 50.6 %, 28 %, and 79 %.

We also notice that all the concentrations of outgoing water
are higher than the value set by the standards for agricultural
reuse.

e Ammonium NHy:

We note that there is an average decrease in the
concentrations of wastewater in NHy but the outgoing values
remain above the standard for the preservation of the receiving
environment (6.5 mg/l). The average ammonium abatement yield
is low 32.51%, the maximum yield is 75.14%, and the minimum
yield is -24.33%.

For the standards of agricultural reuse there is no limit value,
because this element is considered as fertilizing material.

e Electrical conductivity (EC) :

We notice that there is a decrease in conductivity in the
months of January and May, and an increase in February, March
and April. This increase can be explained by the quantity of salts
added by the degradation of organic matter.

The electrical conductivity values of the outgoing water
exceeded the maximum value set by the standard for agricultural
reuse.

4. Conclusions and Recommendations

From this study, we can conclude that:

Natural lagooning containing two purification channels (pre-
treatment and biological treatment) gives satisfactory results for
the parameters: pH and BODs. On the other hand, the purification
is insufficient and the concentrations of purified water are higher
than the maximum values fixed by the standards for the
parameters : TSS, COD, and conductivity.

e-ISSN: 2148-2683

For the NH, parameter, the results are acceptable for
agricultural reuse and unacceptable for discharge into the natural
environment.

We recommend to complete the lagooning of Ain El Arbaa
with a tertiary treatment ..

5. Acknowledge

e Recycling purified water is a solution for reducing water
stress.

e The quality of the purified water of Ain El Arbaa is not
adequate with the standards for reuse or with the standards for the
preservation of the environment.

e Tertiary treatment is essential and makes it possible to
reuse treated water.
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Oz

Insanoglunun gegmisten giiniimiize kadar olan en biiyiik sorunlarindan biri enerji ihtiyac1 olup teknolojinin giinden giine ilerlemesiyle
birlikte hayatin tiim evresindeki gereksinimlerini enerji kaynaklari karsilamistir. Giiniimiizde iklim degisiklikleri ele alinirken
gelecekteki diinya enerji ihtiyaglarini karsilamak i¢in konvansiyonel enerji kaynaklari iizerinde daha fazla baski olusmaktadir.
Stirdiiriilebilir enerji kaynaklarindan biri riizgar enerjisidir. Fosil yakitlarla karsilastirildiginda riizgér enerjisi, bugiin diinyanin karst
karsiya oldugu bir¢ok ¢evre sorununun (sera etkisi, atmosfer, toprak ve su kirliligi) ¢6ziilmesine yardimer olan alternatif bir enerji
¢ozimiidiir. Ancak biiyiik 6lgekli riizgar enerji santrali kurulumunun iklim sartlarina ve gevreye potansiyel etkileri (yiiksek desibelde
giiriiltii olusturmalari, yerlesim yerlerine yakin kurulamamalari, gé¢men kuslara ve tabiata zarar vermeleri, sebekeye aktarma ve
depolama sorunlari, kurulumda yiiksek maliyetler gerektirmesi, 151k kirliligi ve goriintii kirliligi olusturmalari vb.) oldugundan, merkezi
olmayan mikro riizgar tiirbinleri bu etkileri minimize etmek i¢in siirdiiriilebilir bir se¢enektir. Bu derleme ¢alismasi mikro riizgar
tiirbinlerinin stiinliiklerini ve farkli kanat sayisina sahip mikro tiirbinleri uygulanabilirligini gostermek amaciyla yapilmistir. Cok
kanatli (6 ve iistl) mikro riizgér tiirbinlerinin daha verimli oldugu belirtilmistir. Ancak ¢alismalar genellikle simiilasyon agirlikli
oldugundan deneysel caligmalar yapilmasi ve mikro riizgar tiirbinlerinin yerlesim alanlarinda kullanilabilirligini gostermek
gerekmektedir.

Anahtar Kelimeler: Mikro riizgar tiirbini, Riizgar enerjisi, Tiirbin modeli, Yerlesim alani, Verim.

A Research on Micro Wind Turbine Models

Abstract

One of the biggest problems of mankind from the past to the present is the need for energy, and with the advancement of technology
day by day, energy resources have met the requirements of all stages of life. Today, while addressing climate change, there is more
pressure on conventional energy sources to meet the future world's energy needs. One of the sustainable energy sources is wind energy.
Compared to fossil fuels, wind energy is an alternative energy solution that helps to solve many environmental problems (greenhouse
effect, atmosphere, soil and water pollution) facing the world today. However, the potential effects of large-scale wind power plants'
installation on climatic conditions and the environment (they create high-decibel noise, they cannot be established close to settlements,
damage to migratory birds and nature, transmission and storage problems to the grid, high costs in installation, light pollution and visual
pollution, etc.), decentralized micro wind turbines are a sustainable option to minimize these effects. This review study was conducted
to present the advantages of micro wind turbines and the applicability of microturbines with different blade numbers. It has been stated
that multi-blade (6 or more) micro wind turbines are more efficient. However, since the studies are mostly simulation-based, it is
necessary to carry out experimental studies and to demonstrate the usability of micro wind turbines in residential areas.

Keywords: Micro wind turbine, Wind energy, Turbine model, Residential area, Efficiency.

http://dergipark.gov.tr/ejosat 47



http://dergipark.gov.tr/ejosat
mailto:yasinicel@gmail.com

Avrupa Bilim ve Teknoloji Dergisi

1. Giris

Ulkelerin gelismislik durumlarmi gosteren dnemli faktorlerden
biri olan enerji iiretiminde ham madde olarak biiyiik oranda fosil
yakitlarin (komiir, petrol, dogal gaz, niikleer) kullanilmasi, bu
yakitlarin hizla tiilkenmesine ve bu kaynaklara sahip olmayan
iilkeler igin disa bagimliligi artirmaktadir. Ayrica bu yakitlarin
kullanilmasi ile ortaya c¢ikan zararli gazlar (karbon dioksit, sera
gazlari, kiikiirt dioksit, siilfat vb) ve niikleer enerjiye karst
gosterilen tepkiler bilim insanlarini, yeni ve yenilenebilir enerji
kaynaklarin1 degerlendirmeye yoneltmistir (Kose vd.,2012). Bu
nedenle oldukca iyi bir potansiyele sahip olan iilkemin ig¢in
yenilenebilir enerji kaynaklar bilyiik bir neme sahiptir. Tiirkiye
icin 6nemli bir potansiyele sahip olan riizgar enerjisi atmosferde
bol ve serbest olarak bulunan, giivenilir, kararli ve siirekli bir
enerji kaynagidir (Dursun, 2006). Riizgar enerjisinden elektrik
iretilmesi iizerine iilkemizde ve diinyada gergeklestirilen
caligmalar ve konu ile ilgili kurum ve kuruluslar tarafindan
yapilan ve yapimi devam eden alt yap1 ¢aligmalari, diinyada ve
iilkemizde siirdiiriilen ve planlanan reformlar ile enerji piyasasi
kalkinma projeleri yenilenebilir enerji kaynaklarindan elektrik
enerjisi iretilmesini desteklemektedir.

Riizgér enerjisinden elektrik enerjisi iiretmek igin kurulan
rliizgar enerjisi santrallerinde kullanilan klasik riizgar tlirbinleri;
yiiksek riizgar hizlari, kesintili bir enerji kaynagi olmasi, yiiksek
desibelde ses olusturmalari, yerlesim yerlerine yakin
kurulamamasi, kurulum igin genis sahalara ihtiya¢ duymasi,
goemen kuslara ve tabiata zarar vermesi, sebekeye aktarma ve
depolama sorunlari, yiikksek meblaglar gerektirmesi, TV
sinyallerini bozmasi, 151k kirliligi ve goriintii kirliligi olugturmast
vb. dezavantajlara sahiptir. Bu dezavantajlar1 gidermek veya
minimize etmek icin tasarlanan mikro riizgr tiirbinleri; klasik
rlizgar tiirbinlerinin kiigiik bir parcasi boyutunda olup en kiiciik
rliizgarlarda dahi enerji tiretebilmektedir (Tuncer, 2021).

Global Wind Energy Council (GWEC) 2022 yili verileri
incelendiginde; diinya genelinde kurulu riizgar kapasitesi 2020
yilina kiyasla %12,4 likk bir artigla 837 GW’a yiikseldigi ve bu
durumun diinyada yilda 1,2 milyar tondan fazla CO2 saliniminin
onlendigi goriilmektedir. 2021 yilinda biiyiime oran1 %-1,8
olmasina ragmen diinya ¢apinda yeni 93,6 GW riizgar kapasitesi
eklenmigtir. Bu diigiisiin nedeni Cin ve ABD’nin 2020 yilina
kiyasla %10’luk pazar pay1 kaybetmesidir. Bu gerilemeye ragmen
Cin yeni kurulumun %80’inden fazlasina sahip durumdadir.

GWEC arastirmalari, riizgar enerjisinin giivenli ve esnek bir
kiiresel enerji gecisini gerceklestirmek igin hizli ve yeterince
genis bir biliylime gostermedigini, bu durumda 2030 yilinda
hedeflenen kapasiteye ulasilamayacagini gostermektedir. Bunun
icin Onlimiizdeki bes yil iginde 557 GW yeni kapasitenin
eklenmesi beklenmektedir. Eger diinya 2050 yili hedeflerine
ulagsmak ve iklim hedeflerini yakalamak istiyor ise riizgar enerjisi
kurulumunda on yil sonunda dort kat hizli bir biiylime
gostermelidir (GWEC, 2021).

Tiirkiye Riizgar Enerjisi Potansiyeli Atlas1 (REPA-V1) verilerine
gore yer seviyesinden 50 metre yiikseklikte ve 7,5 m/s iizeri yillik
ortalama riizgdr hizlarina sahip kullanilabilir alanlarda
kilometrekare basina 5 MW giiciinde riizgar santrali
kurulabilecegi kabul edilmis ve Tiirkiye’de kurulabilecek riizgar
elektrik santrallerinin toplam kapasitesinin 47.849,44 MW oldugu
belirlenmistir (ETKB, 2022a). Sonuglar dikkat edilirse mikro
rlizgar tlirbinlerin enerji iirettigi riizgar hizlar1 ve yiikseklikler bu
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kapasite i¢ine alimnmamistir. Dolayisiyla mikro riizgar
tirbinlerinin  kullanilabildigi hiz ve yiikseklikler dikkate
alindiginda insanoglunun yasamani siirdiirdiigii alanlardaki
riizgar enerjisi potansiyeli bu degerden ¢ok daha yiiksek
cikacaktir. Tirkiye’de 2011 yilinda 1.729 MW riizgdr kurulu
giicline sahip olurken 2022 de 10.976 MW kurulu giice ulagmis
ve toplam kurulu gii¢ igerisindeki oram1 %10,81 yiikselmistir
(ETKB, 2022b). Enerji kaynaklarin1 biiyiik oranda dogalgaz,
komiir ve hidroelektrik olusturdugu tilkemizde diger kaynaklara
oranla bakildiginda riizgar enerjisi i¢in son 10 yilda biyiik
yatirimlar yapilmistir (Ertan, 2022). Tiirkiye’ nin; 2022 y1l1 aralik
ay1 sonu itibartyla kurulu giicii 103.809 MW ’a ulagmistir. Kurulu
giiciimiiziin kaynaklara gore dagilimi; %30,4’ hidrolik enerji,
%24,4’1 dogal gaz, %21°1 komiir, %11°1 riizgar, %9,1’1 giines,
%1,6’s1 jeotermal ve %2,5’1 ise diger kaynaklar seklinde olup
riizgar enerjisi yenilenebilir enerji kaynaklar1 arasinda ilk sirada
yer almaktadir (ETKB, 2022c). Tiirkiye Ulusal Enerji Plani
raporlarma gore; 2020 yilinda yeni kurulu gii¢ iginde %52,0 olan
yenilenebilir enerji kaynaklarmin payr 2035 yilina kadar
%64,7’ye ulagsmaktadir. Riizgar enerjisi kurulu giiciiniin ise 2035
yilinda 29,6 GW’a ulagmasi1 dngoriilmektedir. Ayrica 2020 yilinda
elektrik tiretiminde %42,4 olan yenilebilir enerji kaynaklarinin
payt 2035 yilinda %54,8’e¢ ¢ikmaktadir. Riizgar enerjisinin
elektrik tiretimindeki pay1 2020 yilinda %8,1 iken bu oranin 2035
yilinda %17,1’e ¢ikarak yenilenebilir enerji kaynaklari arasinda
ilk sirada yer alacaktir (ETKB, 2022d). Tiim arastirma ve raporlar
riizgar enerjisinin elektrik iiretimindeki 6nemine ve hizla artan
payma dikkat cekmektedir.

Riizgar enerjisi olduk¢a genis bir kullanim alanina sahip olup
ozellikle, elektik, mekanik ve 1sil enerji uygulamalarinda one
¢ikmaktadir. Riizgar enerjisi aydinlatma sistemleri, su depolama
ve su pompalama sistemleri, 1sitma ve sogutma mekanizmalari,
sarj sistemleri, tahil 6giitme mekanizmalar1 ve tasimacilik sektorii
gibi ¢ok farkli alanlarda da kullanilmaktadir (Tuncer, 2021).
Riizgar enerjisinden elektrik enerjisi iiretimi i¢in ana yapi1 elemani
tirbindir. Genel tanimiyla riizgarin olusturdugu kinetik enerji,
riizgar tirbinleri sayesinde mekanik enerjiye ve daha sonra da
elektrik enerjisine dondstiiriilir (Tummala vd., 2016). Enerji
iiretim maliyetlerindeki yiikselis sonsuz ve sifir hammadde gideri
nedeniyle ucuz bir enerji kaynagi olan riizgar enerjisinden elektrik
enerjisi Uretimi  Ozelliklede mikro riizgar tiirbinlerinin
kullaniminin yayginlastirilmast kisilerin kendi enerjilerini ¢ok
diisiik maliyetlerle ve ¢evreye zarar vermeden iiretebilmelerine
olanak saglayacaktir.

Gegmisi eskilere dayanan ve temiz bir enerji kaynagi olarak
bilinen rlizgar enerjisinin sahip oldugu avantajlar; tiikenmeyen ve
bedava bir enerji kaynagi olmasi, kirlilik yaratmayan ve gevreye
¢ok az zarar veren, temiz ve yenilenebilir bir enerji kaynagi
olmasi, disa bagimliligin olmamasidir. Ayrica riizgar tiirbinleri
karmasik olmayan otomatik makinalar olup periyodik bakimlar
sonucu uzun yillar sorunsuz galisabilirler (Unal, 2021). Riizgar
enerjisinden elektrik enerjisi elde etmenin dezavantajlari ise;
rizgarin kesilmesi veya hizinin azalmasiyla enerji kaybi
olugmasi, frekansin degisken olmasi, sadece yeterli riizgarin
bulundugu alanlarda kurulabilir olmalar1, santralin kurulacag:
arazinin engebeli olusu veya sit alanlarina yakin olma durumu
olumsuzluk yaratabilir, riizgar tiirbinlerinin meydana getirdigi ses
siddeti cevreye giiriiltii olarak yansimakta, tiirbin maliyetleri
yiiksek olabilmekte, tiirbin biiyiik donel bir makine oldugundan
dolay1 ¢evrede kus Oliimlerine neden olabilmekte, tiirbinlerin
aydinlatilmasi gerektiginden 151k kirliligine neden olmakta,
tirbinler ortamda bulunan elektromanyetik dalgay: etkilemesidir
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(Unal, 2021). Mikro riizgar tiirbinleri, riizgar enerji
santrallerindeki klasik tlirbinlerin dezavantajlarina ¢dziim
getirmekte ve bu dezavantajlart minimize etmektir.

Bu inceleme ¢alismasinin amaci; lilkemiz igin Oneli bir
potansiyele sahip olan riizgar enerjisine dikkat cekmek ve diisiik
hizlarda elektrik enerjisi iireten mikro riizgar tilirbinlerinin
insanoglunun yasam alanlarinda kullanabilirligini gostermektir.

2. Mikro Riizgar Tiirbinleri

Mikro riizgar tirbinleri klasik riizgar tiirbinlerin mikro
boyutlara indirgenmis hali olup ve 2m/s’lik riizgar esintisinde
dahi elektrik enerji tiretebilmektedir. Klasik riizgar tiirbinlerinin
enerji {retebilmeleri i¢in 8-15 m/s’lik bir rizgar hizi
gerekmektedir. Ancak yeryiiziinde standart yiiksekliklerde ve
normal hava sartlarinda ortalama riizgar hizt 0-7 m/s arasinda
degismektedir (Tuncer, 2021). Mikro riizgar tiirbinleri diisiik
riizgar hizlarinda dahi elektrik enerjisi liretebildikleri igin riizgar
enerjisinin kullaniminda 6ne ¢ikmaktadir.

— R

ro{,

|

. Motorwave

o
Sekil 1. Mikro riizgar tiirbini (Tuncer, 2021)

Mikro riizgar tiirbinleri enjeksiyonla kaliplanmis plastik
polimer dislilerden olusturulmustur. Her biri 26 cm ¢apinda ve
birbirlerine ¢at1 istiine, balkonlar gibi herhangi bir yere
yerlestirilebilecek iskelet diziler ile baglanmistir. Disliler
birbirine baglanarak sistemin daha c¢ok elektrik {iretmesi
saglanmistir.  6-8-10 ve 20’lik disli paketleri seklinde
satilmaktadir. Tipki kiigiik riizgar degirmenleri gibidirler ve
dizilerin boyutu miisterinin 6zel alan ve enerji ihtiyaglarina gore
ayarlanabilir (Gambarota, 2022).

Sekil 2. Mikro riizgar tiirbin paneli (Gambarota, 2022)

Klasik riizgar tlrbinlerinde oldugu gibi, mikro riizgar
tiirbinlerinde de enerji ¢ikis1 tabi ki riizgarin hizina baghdir. 1 m?
boyutunda olan ve 20 digliden olusan bir sistem 5 m/s riizgarla 15-
17 W gii¢ iiretmektedir. 6 m/s riizgarda gii¢ ¢ikist 27-39 W,
saniyede 8 m/s riizgarda 64-65 W enerji Uretilir. Riizgar hizi her 2
katina ¢iktiginda gii¢ ¢ikisi 8 katina ¢ikmaktadir. Bu teknoloji,
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iiretim siireci gdz oniinde bulundurularak ve bakim i¢in kolayca
kullanilabilecek bir boyutta tasarlanmistir. Seri iiretimin diigiik
maliyete sahip olmasi i¢in plastik polimerden (naylon)
iiretilmistir. Plastik polimer kimyasallar, kirlilik, tuzlu su, kum,
151, soguk, kardan etkilenmez. Bu nedenle diinyanin herhangi bir
yerinde kullanilmaya uygundur (Tuncer, 2021; Gambarota, 2022).

2.1. Mikro Riizgar Tiirbinlerinin Ustiinliikleri

Klasik tiirbinlerinin dezavantajlarin1 minimize etmek igin
tercih edilen mikro tiirbinlerini iistiinliiklerini asagidaki sekilde
inceleyebiliriz.

2.1.1. Bakim

Yenilenebilir enerji kaynakli sistemlerde bakim ¢ok 6nemli
olup klasik riizgar tiirbinlerinin bakimi karmasik ve profesyonel
is¢ilik nedeniyle yiiksek maliyetler gerektirmektedir. Ancak
mikro riizgar tiirbinlerinde bakim ¢ok basit olup kullanici
tarafindan dahi yapilabilmektedir. Sistem kurulumunda kullanilan
bilesenler yerli iiretim oldugundan yedek parca maliyetleri de
oldukgea diisiiktiir (Tuncer, 2021; Gambarota, 2022).

2.1.2. Yapisal Giivenlik Faktorii

Riizgar enerji santrallerinde kullanilan klasik tiirbinler, 60
m/s riizgar hizina 3 saniye dayanacak gekilde tasarlanmis olup bu
riizgar basincina kule, bu kuvvetin 1,2 ile 1,3 katina dayanacak
sekildedir ve giivenlik faktorii 1,2-1,3'tiir. Ancak mikro riizgar
tirbinlerinde giivenlik faktorii 3 ile 4 arasinda oldugundan kaza
olasilig1 ¢cok diisiiktiir (Tuncer, 2021; Gambarota, 2022).

2.1.3. Cevresel Faktorler

Riizgar enerji santrallerinde kullanilan klasik tiirbinler, buzlu,
kumlu, karli hava sartlarinda tiirbin kanatlar1 zarar gordiigii i¢in
kullanilamazlar. Ancak mikro riizgar tiirbinleri, paslanmaz ¢elik
cergeve iizerine plastik polimer malzemeden iiretildikleri i¢cin bu
hava sartlarindan etkilenmezler (Tuncer, 2021; Gambarota, 2022).

2.1.4. Gurilti Kirliligi

Konvansiyonel tiirbinler diisiik frekansli ses yaydigi ve
insanlar ile hayvanlara zarar verdigi i¢in riizgar enerji santralleri
yasam alanlarindan en az 2-3 km’lik mesafede kurulmalidir.
Mikro riizgar tiirbinleri cok daha sessizdir ve etrafa bu tiir bir
giriiltii yaymaz. Tiirbinler, riizgdra karsi direng gosterirken
olusturdugu titresimde yiiksek bir ses olusturur ancak mikro
rlizgar tlirbinlerin tiretildigi plastik polimer malzeme titresmez ve
buna bagli ses olusturmaz (Tuncer, 2021; Gambarota, 2022).

2.1.5. Diger Canlilara Zarar Verme

Riizgar enerji santrallerinde kullanilan konvansiyonel
tirbinler tasarim ve biiyiiklik nedeniyle, ¢alisirken o6zellikle
kuslara ve ucan hayvanlara zarar vermektedir. Ancak mikro
riizgar tiirbinleri tasarim ve biiylikligii nedeniyle tabiata higbir
zarar vermemektedir (Tuncer, 2021; Gambarota, 2022).

2.1.6. Uretim Parametreleri

Konvansiyonel tiirbinlerde maksimum verimlilik i¢in ¢ok
o6nemli oldugu i¢in riizgar yoniinii takip edebilmesi gerekirken
mikro riizgar tlirbinlerinin simetrik olmalar1 ekstra takip sistemi
gerektirmemektedir. Klasik tiirbinler enerji liretimine baslamak
icin en az 4-5 m/s riizgar hizina ihtiya¢ duyarlar. Mikro tiirbinler
ise 2 m/s riizgdr hizinda enerji iretimine baslamaktadir.
Konvansiyonel tiirbin kullanilarak kurulan enerji santralleri AC
iretim yaptiklarindan dogrudan sebekeye baglanmalidir, enerji
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depolama yapilamaz. Mikro tiirbin kullanilarak kurulacak enerji
sistemlerinde ise diretim DC olacagindan depolama
yapilabilmektedir. Ayrica mikro tirbin sistemleri diger
yenilenebilir enerji kaynaklari (glines panelleri vb) ile uyumlu
oldugundan hibrit sitemler de kurulabilir (Tuncer, 2021;
Gambarota, 2022).

2.1.7. Kullanilan Alan ve Gorsellik

Riizgar enerji santrallerinde kullanilan klasik tiirbin i¢in ¢ok
genis arazi (1-2 doniim) gerekirken ayni giicii saglayacak mikro
tiirbin sistemi i¢in onda bir oraninda arazi yeterli olacaktir. Ayrica
mikro riizgar tlrbinleri kullanilarak farkli renkli grafik ve logo
tasarimlar ile klasik tiirbinlerin neden oldugu goriinti kirliligi
gorsel bir solene dondstiiriilebilir (Tuncer, 2021; Gambarota,
2022).

3. Mikro Riizgar Tiirbinleri Modelleri

ilk olarak Italyan mucit Lucien Gambarota tarafindan
tasarlanan mikro tlirbinler, farkli kullanim alanlar1 ve ihtiyaglara
gore gelistirilmis ve degisik modelleri olusturulmustur.
Smiflandirma  klasik tiirbinlerden farkli olarak tasarimsal
modeller iizerinden yapilmstir.

Mikro Riizgar

Tiirbinleri

Kanat Sayisi

Mikro Riizgar Tiirbini I YERT I
I Helisel I
darrieus
l_i_l
Ducted Tiirbin
6> (gok
kanatl)

Sekil 3. Mikro riizgar tiirbinlerin siniflandirilmasi (Tuncer, 2021)

Mikro riizgar tiirbinlerinde kanat sayisi ile ilgili klasik riizgar
tiirbinlerinde oldugu gibi bariz bir siniflandirma mevut olmayip
mikro riizgar tiirbinler tasarimda istenildigi kadar kanat sayisi ile
iretilebilmektedir. Tek kanatli mikro riizgar tirbini ile ilgili
herhangi bir ¢aligmaya rastlanmamis olup iki kanatli yatay eksenli
mikro riizgar tiirbini deneysel bir calisma i¢in iiretilmis ve ¢aligma
sonuglari teorik olarak degerlendirilmis ve verimli bulunmamigtir
(Hogan, 2011).

Sekil 4. Tki kanatli mikro riizgar tiirbini (Hogan, 2011)
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Mikro riizgér tiirbinleri genellikle en az 3 kanatl tiretilmekte
daha

olup, ihtiyaca  gore fazla  kanath  {iretim

gerceklestirilmektedir.

Sekil 5. Ug kanatli mikro riizgar tiirbini (World Energy,
2022)

Sekil 7. Cok kanatli mikro riizgar tiirbini (Gambarota, 2022)

Mikro riizgar tiirbinleri {izerine yapilan bir ¢aligmada; 13,8
cm capinda 2-3-6 kanatli ii¢ adet mikro riizgar tiirbinini
kullanarak tlirbinlerin irettigi giicler incelenmis ve 6 kanath
mikro riizgér tiirbininin, 7 m/s riizgar hizt ile 439 mW'lik bir
iretme giicline sahip en giglii performansa sahip oldugu
belirlenmistir (Park vd., 2012).

Bir diger ¢alismada, 2 - 4 m/s 'lik diisiik riizgar hizi olan
yerlerde bile istikrarli gii¢ kaynag1 saglayabilen siirdiiriilebilir bir
riizgar enerjisi sistemi gelistirmek amaciyla 3 kanatli mikro
riizgar tiirbini ile yapilan arastirma sonucunda gatillarda 3-6
m/s’lik  riizgar hizlarinda ticari olarak kullanabilirligini
gostermistir (Tiwari ve Harinarayana, 2014).

Konut enerji liretimi igin ¢ati {istii giines panelinin yani sira,
diisiik riizgar calisma kabiliyeti nedeniyle yerel gii¢ talebini
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desteklemek i¢in dikey eksenli mikro riizgdr tiirbinlerini
performanslarinin incelendigi ¢aligmada; sabit riizgar (8,5 m/s)
hizinda 30 cm c¢apinda 8, 16 ve 24 kanath tlirbinler igin
maksimum gii¢ ¢ikiglari sirasiyla 1,2- 2,3- ve 3,6 W bulunmustur
(Loganathan vd., 2018).

Mikro 6lgekli bir riizgar tlirbini sistemi i¢in ¢ok kanatli bir
yaklagim tercih edilen ¢alismada, kanat sayilar1 3 ile 12 arasinda
degisen farkli tlirbinler test edilmis ve 8 veya daha fazla kanath
tirbinlerin torkunda belirgin bir fark olmadigr gorilmistiir
(Leung vd., 2010).

Diger bir ¢alismada, mikro riizgar tiirbinlerinin gevresel
sirdiiriilebilirligi  fotovoltaik  panel ile  karsilastirilarak
degerlendirilmis ve riizgar tiirbininin  %7,5 daha disiik
otrofikasyondan %85 daha diisiik ozon tabakasi incelmesine
kadar degisen 11 c¢evre kategorisinin yedisinde fotovoltaik
panellerden daha ¢evresel olarak siirdiiriilebilir  oldugu
belirlenmistir (Greening ve Azapagic, 2013).

Santimetre 6lgekli mikro riizgar tlirbinleri (2-12 cm) {lizerine
yapilan c¢aligmalarda, 3-12 kanath tiirbinlerin iiretiminin g¢ok
ekonomik oldugu ve performansinin 120-240 cm tiirbinlere
nazaran diisiik oldugu belirtilmistir. Ancak, diisiik riizgar hiz1 olan
cografyalarda ve yerlesim yerlerinde verimli bir sekilde
kullanilabilecekleri gosterilmistir (Zakaria vd., 2015; Akour vd.,
2018).

Mikro riizgar tiirbinlerinin yerlesim alanlarinda kullanim
performansinin incelendigi bir ¢alismada, sebekeden elektrik
almaya nazaran daha rekabet¢i oldugu ve yerlesim alanlarinda
tercih edilebilir oldugu gosterilmistir (Pellegrini vd., 2021).

Catt lizerine mikro riizgar tlirbinlerini kurulmasimin
incelendigi bir arastirmada ise, diiz catilara kurulumun riizgar
akisi, riizgar hiz1 ve tiirbiilans yogunlugu dikkate alindiginda daha
performansli olacag belirtilmistir (Ledo vd., 2021).

4. Sonuc¢

Riizgar enerji santrallerinde kullanilan biiytik 6l¢ekli riizgar
tiirbinlerinin kiiresel iklim tizerine olumsuz etkileri ve cevreyi
etkilemeleri, giriiltii ve 1s1k kirliligine neden oldugu dikkate
alindiginda mikro riizgar tiirbinleri bu olumsuz etkileri minimize
etmesi ve yerlesim alanlarinda insan oglunun yasamanin her
alaninda yeterli elektrik enerjisi tiretmek igin alternatif bir
uygulama alani sunmaktadir. Yapilan arastirmalar genellikle kanat
sayisi fazla olan (6 ve {lizeri) mikro tiirbinlerin daha verimli
oldugunu gostermektedir. Ancak mikro riizgar tiirbinlerinin
yerlesim alanlarinda uygulanabilirligi, ¢evresel parametrelerin
mikro tiirbinlere etkileri, mikro tiirbinlerin kanat sayisi ve farkli
caplarda degisik riizgdr hizlarindaki performansi konularinda
yeterli arastirma mevcut degildir. Mikro riizgar tiirbinlerinin
yerlesim yerlerinde kullanilabilir hale gelmesi i¢in bu alanda
simiilasyon uygulamalarinin yani sira detayli deneyler ve fiziki
uygulamalar yapilmasi gerekmektedir.
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Abstract

Expansive soils are found in many parts of the world that are especially arid and semi-arid regions. They have caused several damages
of lightweight structures for decades. For this reason, a more suitable foundation type should be selected and designed for the lightweight
structures built on these soils. For example, the application of belled shaft foundation at expansive soil layer is preferable method in
practice. However, one of the worst cases at the design of this foundation is accepted that the swelling of expansive soil placed in active
zone. Therefore, this condition should be taken into account at the design process of this foundation. In this study, the diameter of belled
shaft was separately determined with respect to some factors such as the diameter of shaft, the depth of active zone, the friction angle
between shaft and soil, and the ratio between the undrained cohesion of soil at stable zone and the swelling pressure of expansive soil
placed in active zone. In the calculation process, four different shaft diameters that are 0.3 m, 0. 45 m, 0.60 m, and 0.75 m were utilized.
Also the depth of active zone that started from 1.5 m to 15 m was specified. To sum up, the optimum shaft diameter was found as 0.45
m.

Keywords: Belled shaft, Expansive soil, Active zone, Swelling pressure, Cohesion

Aktif Bolgedeki Sisen Zemin Tabakasindan Kaynaklanan Kaldirma
Kuvvetine Gore Genisletilmis Saftin Capinin Belirlenmesi

Oz

Sisen zeminler, diinyanin bir¢ok bdliimiinde ozellikle yart kurak ve kurak bolgelerinde bulunmaktadir. Bu zeminler, yilarca hafif
yapilarda hasarlara neden olmaktadir. Bu ylizden, bu zeminlerin {izerine insa edilecek yapilar igin en uygun temel tipi secilmeli ve
tasarlanmalidir. Ornegin, genisletilmis saft temel uygulamasi pratikte tercih edilen bir metottur. Bununla birlikte, aktif bolgede yer alan
sigen zeminin kabarmasi bu temel tasarimindaki en kotii senaryolardan bir tanesi olarak kabul edilmektedir. Bu yiizden bu temelin
tasarim siirecinde bu durum g6z 6niine alinmalidir. Bu ¢alismada, genisletilmis saftin ¢api; saftin ¢api, aktif bolge derinligi, saft ve
zemin arasindaki siirtiinme agis1 ve saglam bolgedeki zeminin drenajsiz kohezyonu ile aktif bolgede yer alan zeminin sisme basinci
arasindaki oran gibi faktorler dikkate alinarak ayr1 ayr hesaplanmistir. Hesaplama siirecinde, dort farkl saft ¢ap1 (0.3 m, 0. 45 m, 0.60
m ve 0.75 m) kullanildi ayrica 1.5 metre ile 15 metre arasinda aktif bolge derinligi belirlendi. Ozet olarak, optimum saft ¢ap1 0.45 m
olarak bulunmustur.

Anahtar Kelimeler: Genisletilimis saft, Sisen zemin, Aktif bolge, Sisme basinci, Kohezyon

http://dergipark.gov.tr/ejosat 53



http://dergipark.gov.tr/ejosat
mailto:iozkan@erbakan.edu.tr

Avrupa Bilim ve Teknoloji Dergisi

1. Introduction

Expansive soils are generally known as problematic soils by
civil engineers as the volumes of these soils depend on the water
content of these soils. Thus, several damages of lightweight
structures are originated in the change of volumes of these soils.
To sum up, these damages generally induce considerable
economic loss rather than life loss. These soils are found in many
parts of the world that have especially semi-arid or arid regions.
Turkey is one of the richest countries in terms of the deposits of
expansive soil. These deposits are particularly in some parts of
this country such as Central Anatolia region, West Anatolia
region, Southeast Anatolia region and East Anatolia region (Chen
1988, Cokca 1991, Hong 2008, Mishra et al. 2008, Nelson et al.
2015, Parhi et al 2017).

Expansive soils have been intensively studied for last
decades. While some of these studies related to the stabilization
of these soils, some of them are investigated in the suitable
foundation for the structures built on these soils. In addition to
this, chemical stabilization, compaction, removal and
replacement are commonly preferable methods to improve these
soils. As these methods are generally suitable for upper layer,
these methods is not feasible for a layer placed in deeper. For this
reason, a drilled shaft foundation is applied for expansive soil
layer. At the application of this foundation type, the length of
drilled shaft should be greater than active zone of expansive soil
that is defined that a region has heave potential. Since a part of
drilled shaft that is found at the active zone may be subjected to
uplift forces formed the result of swelling of expansive soil. To
solve this problem, the active zone should be carefully determined
prior to design of this foundation type (Nelson and Milner 1992,
Nelson et al. 2001, Brown et al. 2010, Nelson et al. 2015, Das and
Sivakugan 2018).

Two different types of drilled shaft foundation may be
constructed at the field with respect to the properties of soil layer.
These types are named as straight and belled shaft in practice
(Figure 1).

Ds Ds

Active zone

Stable zone

4 Db
L1

Belled shaft

Straight shaft

Figure 1. Straight shaft and belled shaft

The straight shaft foundation is usually utilized when it is
either socketed or lapped in rock layer. Belled shaft that is known
as underreamed shaft is more advisable foundation type for the
soil layer that has very deep soft soil such as expansive soil, loose
sand etc. (Brown et al. 2010, Das and Sivakugan 2018).
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The dimensions of belled shaft depend on some soil
parameters that are called as active zone, swelling pressure, and
undrained cohesion. Active zone may alter some factors that are
climatic condition, drainage, gradation etc.. The values of both
swelling pressure and undrained cohesion of expansive soil affect
many soil properties that are clay mineralogy, dry density,
plasticity index, water content (Ajmera et al. 2012, Zumrawi
2012, Su et al. 2018).

Uplift forces resulted from expansive soil in active zone
depend heavily on the diameter of shaft and the roughness
between shaft and soil. The diameter of shaft can be both selected
and applied with a wide range in the field. However, the diameter
of shaft foundation built in expansive soil layer should be
determined at lower value. Since, the uplift force increases with
the diameter of shaft due to the rise of friction area. The roughness
between shaft and soil (Nelson and Milner 1992, Kulhawy 1991,
Das and Sivakugan 2018).

The diameter of belled shaft was determined with respect to
some parameter that are diameter of shaft, the ratio between
unconfined cohesion and swelling pressure, and the depth of
active zone. To sum up, main aim of this study is an assumption
of the ratio between belled shaft diameter and shaft diameter by
using these parameters mentioned above.

2. Materials and Methods

Methodology of this study is given at this part. Then,
information of both soil profile and belled shaft were examined in
detail.

2.1 Capacity of Belled Shaft Against Uplift Force

The capacity of belled shaft against uplift force is calculated
with respect to Figure 2.

: W r Uplift force
Active . g ADs L R
zone : T r U = nDszy05ptan@g
N
Stable +¥++) T Sl (T (07 - p2)
zone ' ’ F 4

|
Belled shaft

Figure 2. Uplift force and the capacity of belled shaft

Uplift force results from the swelling of expansive soil
existed in active zone. This force are determined by using

Equation 1.
U = nDszy05ptan@g; Eq.1

where z, is the depth of active zone in expansive soil layer.
Swelling pressure of expansive soil found in active zone is shown
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as gy, in Eq. 1. The friction angle between shaft and soil are
illustrated as @ in this equation.
The capacity of belled shaft was calculated at heaving

condition by using Equation 2 that is given below (Das and
Sivakugan 2018).

CuNc
Fs

/[
Qnet =U—-D = (Z) (DLZ,—DSZ) Eq.2

where U and D are represented uplift force and dead load,
respectively. Dead load is taken zero at worst condition in this
equation. ¢, is undrained cohesion at stable zone of expansive
layer. N, is bearing capacity factor and the value of this parameter
is taken as 6.14 in this study. F; is factor of safety and is generally
assumed as 1.25 (Das and Sivakugan 2018). The diameter of both
belled shaft and shaft are shown as D, and D, in Equation 2,
respectively.

The parameters given in both Equation 1 and Equation 2 are
examined in detail. ,

2.2 Profile and Parameters of Soil Layer

Soil profile was assumed as deeper expansive soil layer. In
other words, either bedrock or rigid stratum is existed at very
deep.

Two properties of soil that are undrained cohesion and
swelling pressure are seminal parameters for the design of belled
shaft foundation. Besides these parameters, the depth of active
zone is another keystone properties of soil layer. However, these
parameters may change according to some soil properties such as
dry density, clay mineralogy, water content etc.. Thus, these
parameters generally alter from region to region. An extensive
both site investigation and laboratory work should be done prior
to the design of belled shaft.

In practice, undrained cohesion(c,,), swelling pressure (o, ),
and the depth of active zone of expansive soil layer (z,) are
measured after both site investigation and laboratory work. Each
design of belled shaft foundation are evaluated as independent and
original when expansive soil deposits are considered.

A parameter, which is presented as a ratio between undrained
cohesion and swelling pressure of soil was assumed to facilitate
this problem. The ratio between undrained cohesion of expansive
soil at stable zone and swelling pressure of expansive soil existed
in active zone were estimated as 0.25, 0.5, 0.75, and 1,
respectively.

The depths of active zone have been reported as a wide range
that starts from 1.5 m to 15 m for expansive soil deposits in the
world. Therefore, the depth of active zone was verified from 1.5
m to 15 m (O’Neill and Poormoayed 1980, Das and Sivakugan
2018).

2.3 Parameters of Belled Shaft

Three parameters related to belled shaft foundation, which are
the diameter of shaft, the friction angle between shaft and soil,
and the length of belled shaft were investigated in the scope of
this study.

Four different values of shaft diameter were selected as 0.3m,
0.45 m, 0.60 m, and 0.75 m, respectively. The diameter of belled
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shaft was separately calculated with respect to the diameter of
shaft.

The friction angle between shaft and soil is utilized the
calculation of either friction force at loading condition or uplift
force at swelling condition. This angle are generally alters from
10° to 20° (Das and Sivakugan 2018).

The length of belled shaft was easily determined with respect
to both the depth of active zone and stable zone at expansive soil
layer.

3. Results

The design of belled shaft that built in expansive soil layer is
specific as this process depends on some factors such as field
conditions, shaft properties, soil properties etc. Thus, the diameter
of belled shaft alters due to the change any of these parameters.
For this reason, the diameters of belled shaft were calculated by
using two parameters that are the ratio between undrained
cohesion of expansive soil at stable zone and swelling pressure of
expansive soil in active zone, and the depth of active zone by
using the diameter of shaft.

Four different shaft diameter that 0.3 m, 0.45 m, 0.6 m, and
0.75 m and six different friction angles between shaft and soil that
are 10°,12°,14°,16°, 18", and 20" were selected in this study.
Besides these, two different soil parameters were used in the
calculation step of this study. First parameter is the ratio between
undrained cohesion of expansive soil at stable zone and swelling
pressure of expansive soil existed in active zone and the values of
these parameters are accepted as 0.25, 0.5, 0.75, and 1 in this
study. The second one is depth of active zone of expansive soil
layer and the value of this parameter alter from 1.5 mto 15 m.

Fifteen graphs were plotted after the calculation process.
These graphs are given in Figure 3-6 with respect to the diameter
of shaft.

Belled diameter should be greater than shaft diameter and the
maximum belled diameter cannot be greater than three times shaft
diameter due to the structural design. Thus, the ratio between
belled diameter and shaft diameter is determined from 1 to 3. In
addition to this, this ratio increases with the depth of active zone
in expansive soil layer.

The possibility of the construction of belled shaft in
expansive soil layer depends on the ratio between undrained
cohesion of expansive soil at stable zone and swelling pressure of
expansive soil existed in active zone. When swelling pressure of
expansive soil in active zone is much greater than undrained
cohesion of expansive soil in stable zone, the achievement of
belled shaft is not enough against uplift force.

The increase of friction angle between shaft and soil result in
the raise of uplift force. The decrease of void ratio of expansive
soil result in the decrease of contact area between shaft and soil.
In addition to this, the roughness of shaft affects friction angle
between shaft and soil. For this reason, the roughness between
shaft and soil should be minimized. Thus, the greater friction
angle between shaft and soil needs the greater belled diameter.

The diameter of shaft that is either 0.3 m or 0.45 m is suitable
for the deeper expansive soil layer (approximately 15 m).
However, the maximum depth of active zone should be lower than
9 m for the shaft diameter that is 0.6 m. In addition to this, this
value is lower (approximately 7 m) for 0.75 m shaft diameter. In
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conclusion, the depth of active zone is keystone parameter for the The optimum shaft diameter was found as 0.45 m in the
selection of shaft diameter. calculation process for all properties of both soil and shaft.
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Figure 3. The diameter of belled shaft with respect to the depth of active zone, the friction angle

between shaft and soil, and 0.3 m shaft diameter
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Figure 4. The diameter of belled shaft with respect to the depth of active zone, the friction angle

between shaft and soil, and 0.45 m shaft diameter
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Undrai_ned cohesion/Swelling pressure=1
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between shaft and soil, and 0.6 m shaft diameter
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Figure 6. The diameter of belled shaft with respect to the depth of active zone, the friction angle

between shaft and soil, and 0.75 m shaft diameter

4. Conclusion

The main aim of this study is that the determination of belled
shaft diameter built in expansive soil layer. By all means, this
process has been very complex when it is considered in some
factors such as field conditions, properties of soil and shaft. For
this reason, field investigation and laboratory work should be
properly and carefully done prior to design of belled shaft in
expansive soil layer. Some outputs obtained from this study are
given below.

e-ISSN: 2148-2683

The diameter of shaft built in expansive soil layer should be
lower value that are either 0.3 m or 0.45 m as the uplift force
increases with the diameter of shaft. However, these shaft
diameters may be selected as bigger values when these shaft
diameter are not sufficient for design.

The depth of active zone affects the determination of diameter
of belled shaft in expansive soil layer. For example, the depth of
active zone is greater than 10 m, the diameter of shaft should be
either lower or equal to 0.45 m.
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The optimum shaft diameter was found as 0.45 m for belled
shaft built in expansive soil layer.

The friction angle between shaft and soil depends on both the
roughness of shaft and the index properties of soil such as density,
void ratio, etc.

In conclusion, the design of belled shaft in expansive soil
layer is original process due to the many factors that are related to
parameters of soil, shaft, and field conditions. For this reason, the
comprehensive both laboratory and field investigation should be
done prior to design process.
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Abstract

Natural dyestuffs, which took the place of synthetic dyestuffs in the past, have started to be used consciously again thanks to the
increasing understanding of 'environmentally friendly textile'. These natural dyestuffs are mostly obtained from plants or food waste.
Coffee is the most consumed nutrient in the world after water. Therefore, there is a lot of waste of coffee in nature and it contains
pigments that give it its natural color. In this study, products with different fiber contents (100% cotton, 98% cotton 2% elastane, 80%
cotton 20% recycled cotton) were dyed using coffee waste, and different mordant substances (aluminum sulfate, chitosan, quetemary
ammonium compounds). It has been tried to reduce the amount of coffee waste used by dyeing with coffee wastes at different rates by
weight (1/1, 2/1, 4/1, 8/1). Thus, it is aimed to provide less waste to the environment and to increase the color efficiency by making a
more sustainable dyeing process. In addition, it is aimed to give a new direction to the denim sector by improving the rubbing and
washing fastness values of dyed products. As a result of the studies, products with a product weight/coffee waste weight ratio of 8/1
were obtained with high crocking and washing fastnesses and without major losses in color tone.

Keywords: Natural dyestuff, Cotton, Coffee, Food waste, Mordant

The Effect of Blend, Mordant and Waste Ratio on Dyeing of Denim
Products with Coffee Waste

Oz

Gegmiste sentetik boyarmaddelerin yerini alan dogal boyarmaddeler, artan '¢evre dostu tekstil' anlayist sayesinde yeniden bilingli olarak
kullanilmaya baglanmistir. Bu dogal boyarmaddeler ¢ogunlukla bitkilerden veya gida atiklarindan elde edilir. Kahve, diinyada sudan
sonra en ¢ok tiiketilen besin maddesidir. Bu nedenle dogada ¢ok fazla kahve israfi vardir ve kahveye dogal rengini veren pigmentler
icerir. Bu ¢alismada, farkl: lif i¢erigine sahip (%100 pamuk, %98 pamuk %?2 elastan, %80 pamuk %20 geri doniistiiriilmiis pamuk)
iiriinler, kahve atiklar1 ve farkl1 mordan maddeler (aliiminyum stilfat, kitosan, quetemary amonyum bilesikleri) kullanilarak boyanmustir.
Agrlikga farkli oranlarda (1/1, 2/1, 4/1, 8/1) kahve atiklariyla boyama yapilarak kullanilan atik kahve miktar azaltilmaya ¢aligilmisgtir.
Boylece hem gevreye daha az atik verilmesi hem de daha siirdiiriilebilir bir boyama islemi yapilarak renk etkinliginin arttirilmasi
amaglanmistir. Ayrica boyali {irlinlerin siirtlinme ve yikama haslik degerleri iyilestirilerek denim sektdriine yeni bir yon verilmesi
amaglanmistir. Caligmalar sonucunda, iirlin agirligi/kahve atigi agirligt orant 8/1 ile renk tonunda bilyiik kayiplar olmadan, yiiksek
stirtiinme ve yikama hasliklarina sahip iiriinler elde edilmistir.

Anahtar Kelimeler: Dogal boyarmadde, Pamuk, Kahve, Gida atiklari, Mordan
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1. Introduction

Mordant types used in dyeing made with coffee grounds, which
is a sustainable resource, make a difference according to the fabric
types used. Iron was used for cotton and linen, alum for silk, and
copper for rayon [1]. It has been observed that another parameter
affecting dyeing is the type and the roasting rate of the coffee.
Greenish, brown and dark brown tones and good fastness results
were obtained in cotton fabric dyeing made with raw, medium
roasted and dark roasted Ethiopian and Congo type coffee extracts
[2].

In another study; It was observed that some trials dyed with
cotton fabrics, 40 different plants provided color efficiency and
sufficient fastness values. Cationization of cotton fibers by pre-
treatment with chitosan and improvement of dyeability with
natural dyes were also investigated [3].

In this study, using natural dyestuff, coffee waste, products with
different fiber content were mordanted with aluminum sulfate,
iron sulfate, chitosan, quetemary ammonium compounds and
dyeing experiments were carried out at different coffee waste
rates.

2. Material and Method

Coftee wastes were collected, mixed homogeneously and dried
at 60°C for 8 minutes. and used in experiments. All dyeing
processes were performed at 90°C for 45 minutes.

Color fastness tests against home washing were carried out
according to ISO-105 C06, color fastness tests against cracking
were carried out according to ISO 105-X12 standard.

In order to examine the effect of fiber content on color tone,
100% cotton, 98% cotton 2% elastane, 80% cotton 20% recycled
cotton woven fabrics were used and the differences in the color
effects of the mixture change were observed.

In another trial set, the effects of different mordants on color
tone and fastness values were investigated.

Dry-wet crocking and washing fastness tests of dyed products
were carried out in order to improve the fastness properties of
natural dyed products. As a result of the trials, when the fastness
values were evaluated on the gray scale, it was observed that they
were below the desired standards. In order to increase the fastness,
aqueous  crosslinker ~ with  cationic  character  and
methylisothiazolinone-based resin application studies were
applied on products.

With the use of food waste, a sustainable product with high
added value emerges. However, even if it is waste, studies have
been carried out to reduce the amount of waste coffee used in
recipes in order to ensure that this resource is limited in nature and
that resources are used efficiently.

3. Results and Discussion

As a result of dyeing the products consisting of fabrics with
different fiber content with coffee waste, it has been observed that
they meet the desired standards in terms of both color efficiency
and fastness.

In the experiments we performed at the 1/1 coffee/weight ratio,
color changes were observed due to the difference in fiber content

(Figure 1).

e-ISSN: 2148-2683

Figure 1. Dyed products which contais a) %698 CO %2 EL b)
%100 CO c) 80% CO 20% RCY CO

Experiments have also been made with natural mordants. Their
fastness tests are given in the Table 1. Related images are
available in the Figure 2.

Figure 2. Product dyed with 1/1 product weight/coffee waste
weight ratio and mordanted with a) quetemary ammonium
compound, b) chitosan

Table 1. Fastness test results of the products dyed with 1/1
product weight/coffee waste weight ratios and different

mordants
b €3 =] g 0]
Mordant g g § § E E
Type |SEE |2 | ES
5 £ 5 5 22
O3 9 <
Color Color 1-2 1-2 4-5
Fastness to Change
Home
Laundering
Acetate 5 5 5
Cotton 5 5 5
Nylon 5 5 5
Polyester 5 5 5
Acrylic 5 5 5
Wool 4-5 4-5 4-5
Color Dry 4-5 4-5 5
Fastness to
Crocking
Wet 3 3 4-5
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The coffee ratios were the same, and when the fastness values
were examined as a result of dyeing using different mordants, it
had been determined that the product using aluminum sulfate gave
better results.

In addition, fastness values were tested by applying fixator and
resin to the products dyed at 1/1 coffee ratio. It was observed that
the use of fixator and resin provided improvements in fastness
results without causing a negative effect on color (Table 2).

Table 2. The fastness test results of the products which fixator
and resin was applied on

dye | dye & dye &
fixator | fixator &
resin
Color Color 2 2-3 3-4
Fastnessto | Change
Home
Laundering
Acetate 5 5 5
Cotton 5 5 5
Nylon 5 5 5
Polyester 5 5 5
Acrylic 5 5 5
Wool 4-5 4-5 4-5
Color Dry 4-5 4-5 4-5
Fastness to
Crocking
Wet 4-5 4-5 4-5

The physical test results of samples dyed with different amounts
of coffee using aluminum sulfate mordant are given in the Table
3 and the images of the products can be seen at Figure 3.

Table 3. Fastness test results of the products dyed with different
product weight/coffee waste weight ratios and aluminum
sulphate mordant

Product 1/1 2/1 4/1 | 8/1
weight/coffee
waste ratio
(w/w)
Color Color 4-5 4-5 4 3-4
Fastness to Change
Home
Laundering
Acetate 5 5 5 5
Cotton 5 5 5 5
Nylon 5 5 5 5
Polyester 5 5 5 5
Acrylic 5 5 5 5
Wool 4-5 5 4-5 | 4-5
Color Dry 5 5 5 4-5
Fastness to
Crocking
Wet 4-5 4-5 | 45 | 34

When the visual and test results were evaluated, it was seen that
the desired color tone and fastness values could be obtained even
when the coffee ratio was reduced to one-eighth.

e-ISSN: 2148-2683
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Figure 3. Products images dyed with a) 1/1, b)2/1, c)4/1, d)8/1
Product weight/coffee waste weight ratios

4. Conclusions and Recommendations

Today, as a result of the increase in environmental pollution and
the preference of environmentally friendly and recyclable
products, there is an increasing interest in natural dyestuffs that
have lost their value in the past. It seems that there are studies on
this subject today. However, when these studies are examined, the
fastness values seem to be low. For this reason, we have done this
work to improve fastness and achieve the desired color effects
with less food waste. And as a result, we have reached the most
suitable fastness values by using natural products. Thus, we have
obtained an environmentally friendly product. In addition, we
have obtained color effect products that meet the demands of the
customers.

Different color tones were observed in the dyeing of fabrics
with different fiber content. In addition, it has been observed that
the desired color tone can be obtained when the coffee ratio is
reduced to one-eighth. It has been observed that rubbing and
washing fastness values can be improved with fixator and resin
support.
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Abstract

Denim products are still popular today, as they provide wearing comfort and a sense of specialness to those who wear them. The most
important factor that makes it popular is the denim washing processes that give the final appearance to denim products. Permanganate
and stone washing processes are two of the most frequently applied methods in washing processes. Although the chemical potassium
permanganate provides a good bleaching effect, it is a harsh chemical that is harmful to human health and to the environment. In this
study, it is aimed to eliminate the stone and permanganate used in denim washing process by imparting the snow washing process,
which is also available in our company, and to eliminate the environmental pollution caused by permanganate and stone, and thus
lower the problems affecting manpower. It is aimed to find a solution to the problems of loss of strength in the product, tearing in the
belt parts, the formation of broken traces and the presence of stone fragments in the wastewater by performing the permanganate and
stone-free ecological snow washing process without permanganate and stone. After completion of the process, the physical
performance of the products (tensile strength, tear strength and stretch & growth) were tested, and color removal effectiveness was
observed, and thus the effects of the snow washing process on the performance properties of the denim product were examined. It has
been observed that the desired effect as well as the strength values are in accordance with the standards.

Keywords: Denim Fabric, Washing, Stone-Free, Permanganate-Free, Snow Washing

Denim Uriinleri i¢cin Permanganat ve Tassiz Ekolojik Kar Yikama

Prosesinin Gelistirilmesi

Oz

Denim {irlinler, giyen kisiye rahatlik ve ayricalik hissi sagladigi i¢in gliniimiizde de popiilerligini koruyor. Popiiler olmasini saglayan
en 6nemli unsur denim {iiriinlere son goriiniimiinii veren denim yikama iglemleridir. Permanganat ve tag yikama islemleri, yikama
islemlerinde en sik uygulanan yontemlerden biridir. Potasyum permanganat kimyasali iyi bir agartma etkisi saglasa da insan sagligina
ve ¢evreye zararl bir kimyasaldir. Bu galismada firmamizda da mevcut olan kar yikama isleminin ortadan kaldirilarak bu siiregte
kullanilan tas ve permanganatin ortadan kaldirilmasi, permanganat ve tasin neden oldugu ¢evre kirliliginin ve insan giiciinii etkileyen
sorunlarin ortadan kaldirilmasi amaglanmaktadir. Permanganatsiz ve tagsiz ekolojik kar yikama iglemi yapilarak iiriinde mukavemet
kaybi, bant kisimlarinda yirtilma, kirik izlerin olugsmasi ve atik sularda tag pargalarinin bulunmasi sorunlarina ¢éziim bulunmasi
amaglanmaktadir. Yapilan ¢aligsmalarda tirlinlerin fiziksel 6zellikleri (kopma mukavemeti, yirtilma mukavemeti ve esneme & biiyliime),

renk degisimleri test edilmis ve yikama isleminin denim kumasin performans &zelliklerine etkisi incelenmistir. Istenilen goriintii ve
dayanim degerlerinin standartlara uygun oldugu gortilmiistir.

Anahtar Kelimeler: Denim Kumas, Yikama, Tagsiz, Permanganatsiz, Kar Yikama
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1. Introduction

Among all textile products, no other fabric has received as
wide acceptance as denim jeans [1]. Denim jeans washing is a
new process to give clothes a worn look, change appearance and
increase comfort ability [2]. For this reason, companies have been
trying to develop various techniques in recent years to improve
the visual appearance of fabrics, especially their pale appearance
[3]. Potassium Permanganate (KMnOy) is an inorganic salt in
solid form that is widely used around the world. It is a strong
oxidizing agent and used to make color fading effect on denim
jeans [4]. No matter how much the negative effects of these
chemicals on the environment and human health have been kept
in the background for years, this situation is changing with the
understanding of sustainability and nature-friendly products
created by consumers. In this project, it is aimed to eliminate the
stone and permanganate used in denim washing process by
imparting the snow washing process, to eliminate the
environmental pollution caused by permanganate and stone and
the problems affecting the human power. It is aimed to find a
solution to the problems of loss of strength in the product, tearing
in the belt parts, the formation of fracture marks and the presence
of stone fragments in the waste water by performing the
permanganate and stone-free ecological snow washing process. In
this study, washing recipes were prepared without using stones
and trials were carried out with the supplied permanganate-free
denim washing chemicals. The physical properties of the products
(tensile strength, tear strength and rupture & eclongation) were
tested, color removal effectiveness was observed, and the effects
of the washing process on the performance properties of the
denim fabric were examined.

2. Material and Method

Table 1. Washing processes of denim products

Washing Processes
Pre-washing (10 min)

Hot rinsing washing (2 min)
Anhydrous enzyme (30 min)
Rinsing (2 min)

Spinning

Drying

Snow Washing (30min)
Rinsing (2 min)

Spinning

Drying

The most preferred fabric blends in the denim industry were
used in the experiments (see Table 2). Washing recipes were
prepared with the chemicals supplied by different companies, and
washing trials were carried out. The chemical used for snow
washing is a mixture of acidic, inorganic and oxidizing
substances. Details on the applied washing process are given in
Table 1.

e-ISSN: 2148-2683

3. Results and Discussion

The most preferred fabric blends in the denim industry were
used in the experiments (see Table 2). Washing recipes were
prepared with the chemicals supplied by different companies, and
washing trials were carried out. The chemical used for snow
washing is a mixture of acidic, inorganic and oxidizing
substances. Details on the applied washing process are given in
Table 1.

Figure 1. After snow washing denim products

Table 2. Physical test results of denim products after snow

Tensile Stretch &
Tear Strength
Strength ™) Growth
(N) ™)
Fabric Fiber . - S s
s 5§ F % & Z
Content = = 2 (5
70 69 6400 6400
%80 ORCO 26 5
%20 PRRCO 67 69 6400 6400
%79 CO 67 38 6272 4608
%20 PCW 26 5
o1 EL 74 40 6144 4608
%94CO%2 75 35 6272 4800
EL 36 5
%4 EME 70 32 6400 4992

4. Conclusions and Recommendations

The main factors that affect consumers while choosing are
aesthetics, appearance and fashion in clothes. Denim products are
subjected to industrial washing to obtain specific finish which
adds value to the final product. This study analyzed the effect of
washing without the use of stone and permanganate, and negative
results were not encountered visually or regarding physical
performance.
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Abstract

Based on math operations, we can do some analytic approaches for the energy saving for the WSN life. We will study the vacation
period time using numerical methods for studding the energy saving mechanism in analytic models. Several research papers have
reported that the normal distribution of a random variable has an enormous contribution in analyzing and comparing the data with each
other, making the process easier according to methods used or observing the tendencies of numerous occurrences in life applications.
This paper focuses on analyzing two problems: the first one is the normal distribution and its special cases by solving real problems of
WSN node operations and the second one is the application of standard normal distribution relate to saving energy during vacation time
in a certain time interval. The goal of our work is to obtain the appropriate algorithm to minimize the risk of data loss during the network
vacation period, which is associated with the organization of network node structures after this period time, and to maximize the battery
life of individual sensors. For that, we will use math methods and based on probability distribution theory, we derive some distributions
of the processing period duration from an arbitrary fixed time up to a variable time t. The analytic approach based on the conception of
Laplace transform and the Lagrange method performs better than the previous results. We continue by examining them through detailed
calculations and graphs. We compare the predicted energy saving and the average real energy.

Keywords: Numerical Methods, Lost Packets, Time Charging, Sensors, Programming Complexity
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1. Introduction

For a long time, the authors studied a challenge way for
solving the problem of energy saving in WSNs based on the
selection of the shortest route, so uses various-type shortest path
algorithms. They used the way of minimizing the costs of energy
consumption can lead to an increase in the ratio of lost packets,
giving a relatively small ratio of lost packets (MDPI, 2019). This
paper discussed the problem of time delay in WSN and suggested
an appropriate solution to reach that goal. In previous article
(Loubna, A&Hajrulla, Sh, Souliman, N), we proposed solution
based on two ideas: using two cluster’s heads and reducing
programming complexity (Gou, H& Yoo, Y, 2010, pp. 822-827).
A challenge for us was the occurrence of temporal death in some
sensor nodes (Tan, L.,& Tang, S, 2017, pp. 896-909). The energy
consumption evaluation is considered using the discrete time
model (Lee, D.H.& Yang, W.S. 2013), (Li, J.; Zhou, D.C.; Hou.
K.M.; Xie, H.P; Zhou. P, 2014). In the network security theory,
the issue of energy saving in wireless sensor networks (WSNs) is
very complicated. Many scientists studied a lot from the point of
view of network security, including energy life operations,
securing an adequate level of data transmission quality and
algorithms used. We use normal distribution as a probability
distribution theory (Keim, R, 2020), distribution that is symmetric
about the mean. This indicates that the data approaching the mean
are more frequently occurring than data placed far from the mean.
This theory states that the averages of independent, identically
distributed random variables do have approximately normal
distributions. Using Python program, we apply algorithms for
self-organization of sensor networks to minimize the risk of data
loss during transmission, which 1is associated with the
organization of network node structures, and secondly to
maximize the battery life of individual sensors (Pathan, A.S.K,
2011), (Ruiz, L.B., Braga. T.R.M, Silva, F.A, Assuncdo, 2005, pp.
95-102). When the wireless sensor network is dense (the cluster
size is large and the number of sensors in each cluster is large),
the moving cluster head maybe run out of energy before ending
the specific period and it's probably to end the specific period
before collecting the data from all nodes in the clusters (Loubna
A, Hajrulla Sh, Souliman, N). In some previous articles, the
researchers discussed the wireless sensor network in the
framework as the WSN suffers from the death of network because
one or more sensor nodes run out of energy. An energy-balancing
algorithm for wireless sensor networks is applied (Gou H& Yoo
Y, 2010, pp. 822-827). So that, the most of previous searches
focus on reducing the consumption of energy in WSN in order to
extend the network's lifetime (Heinzelman, Rabiner W,
Chandrakasan A, Balakrishnan, 2000), (Purohit, Rakhi, Keswani
B, 2015). We use our method to reduce the delay of data collect
and using the normal probability distribution, we complete the
time life distributions of power energy. We can approximate the
solution of the problem and can compare the obtained results with
the predicted one. Then, someone can use those results to
calculate the errors of the process. Giving some data tables and
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graphic, we perform visually the previous technique. Graphically,
we use the normal distribution for the said problem.

We deal with the analysis of the functioning of packet network
nodes and in the process of network optimization by algorithms,
mathematics operators, normal distributions, numerical methods
and getting conclusions from comparison of graphic results. This
paper present a solution to increase the efficacy of WSN energy,
but by no using of two mobile cluster’s head and parallel
processing technology, as in the our previous article. Therefore,
we also canceled the collection function of all nodes’ data due to
the time that the moving nodes will take to achieve this process
(Loubna A, Hajrulla Sh, Souliman N). The representation for the
Laplace transform of the distribution at arbitrary fixed time t and
processing periods are presented in our research.

The distributions processing period duration and numerical
results are derived. We can see the improvement in the time delay
achieved by this work. In a later study, we will discuss the effect
of suggestions that helped reduce the time delay on energy
consumption, considered as a challenge in the field of WSN.
Using the modular matrix through the Python program (Hajrulla
Sh, Bezati L, Demir, T, Desantila, H, pp. 45-55), we would be
able to take the best results related to the approximation theory
for the solution of the WSN problems. Normal Distribution in
the standardized form is very important for our research. A
standard deviation is a measure of the spread of the distribution
—the bigger the standard deviation, the more spread out the
scores in the population. We can show it by graphics. We analyze
the distribution on the vacant period of the system as well as we
give explicit results for the probability distribution function of
the number of packets present in the system.

2. Material and Method

2.1. General theory description of the probability
distribution theory

When dealing with the graph the shape of the normal distribution
function will be nearly flat on top, quickly decreasing toward the
x-axis and at a point, it will slowly decrease towards the “tails” of
the distribution. Frequency distribution describes a random
variable, but it does not fit the normal distribution graph perfectly.
The formula of the probability density function of the normal
distribution is used to study the distribution of energy life.

e~ (x—mw?/(20?)

fO) === (1)
where p is the location parameter and o is the scale parameter.
Especially we use the special case of normal distribution is the
standard normal distribution. For the standard normal
distribution, the value of the mean is equal to zero (u=0), and the
value of the standard deviation is equal to 1 (c=1) using the
general formula:

fo) = @)
68



European Journal of Science and Technology

We formulae some knowledge for the distributions energy
consumption and processing period duration of battery is derived.
Giving some numerical examples, we perform better our
numerical process concluding with important results.

2.2. Standardization of normal distribution

Let us take in consideration the standardization of normal
distribution. To standardize a normal distribution function, we
change the random variable X to Z. To do this we use the formula:
z= ? This formula shifts all the data so that they can give a

mean of zero rather than u. Note that in the standard normal
distribution w=0, (xis a particular measurement, pis the
population mean, and o is the population standard deviation). The
graphic of Normal Distribution has a peak in the middle where
most people’s score and tapering ends where only a few peoples
score. The area under the curve between scores corresponds to the
percentage in the population between those scores. The scores on
this curve are color coded in standard deviation units. A standard
deviation is a measure of the spread of the distribution — the
bigger the standard deviation, the more spread out the scores in
the population.

2.3. Model description

We have attached a Python Code in Appendix/Calculations, which
explains the distribution of scores and result generation of normal
distribution data. The method with finite absorber capacity and
an energy saving mechanism being a mix of the classical multiple
vacation policy (Keim R, 2020). The problem is solved according
to a Poisson distribution with rate 4 and with a maximum system
size K. Using the property of the exponential distribution for some
different values of times, the following graphic representations
are true. We state the representation for the probability P(X (7))
with a specific characteristic function and we identify the vacant
(suspension) period with its duration as discussed (Keim R, 2020),
but we will not deal with the algebraic representations. The
formula of total probability gives. We are interested in the
probability distribution of the next state at the completion of the
arbitrary processing vacant period

PX®)=m) =%, P(X() =mtel;)+P(X(t) =mte
ul;) (3)

Using the properties of the exponential distribution, the sequence
X(t), i =1, 2, ..., where ¢; stands for the i processing time after
the starting moment, is an embedded Markov chain for the process
{X(), t = 0}. The sum on the right side of the formula above is
taken over all possible values of /;, ..., li-; € {N, ..., K}, (Keim R,
2020). We use the representation of Laplace transform for size
distribution in the considered method with a controlled multiple
vacation policy.

The second problem discuss the time between saving energy. This
time is normally distribution with a mean of 50 hours and a
standard deviation of 15 hours. We need to calculate the
probability that the time will be between 50 and 70 hours. Given,
e-ISSN: 2148-2683

the mean value (p) = 50 and standard deviation, ¢ = 15, we are
required to find the probability that y lies between 50 and 70 or P
(50 <y <70). If we consider x = 50, then z= (50 — 50) / 15=0.

If we consider x = 70, then z= (70 — 50) / 15=1.33. P (50 <x <
70) =P (0 <z<1.33) = area to the left of z=1.33 area to the left
of z=1.33 — area to the left of z= 0 area to the left of z= 0.

P (0 <z < 1.33) = 0.9082 — 0.5 = 0.4082. The probability that
saving energy has a time-period between 50 and 70 hours is
0.4082.

3. Results and Discussion

3.1. Research Proposals

To support the research proposals with practical results, NS2
simulator had been used accompanied by Xgraph application to
display the research results (Loubna A, Hajrulla Sh, Souliman
N). The figures above "Figures 1, "Figure 2," show the studied
networks after placing the nodes by the network designer in the
search area.

3.2. Graphical Results

For the goal of comparing the two cases, two scenarios had been
applied.

clustert

<o
)

cluster2

Figure 1 First scenario using one cluster's head

Aecess @ Z cluster
point
cluster?
Access
point
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Figure 2 Second scenario using one cluster's head

To support the research proposals with practical results, NS2
simulator had been used accompanied by Xgraph application to
display the research results (Loubna A, Hajrulla Sh, Souliman
N). The figures above "Figures 1, "Figure 2," show the studied
networks after placing the nodes by the network designer in the
search area. For the goal of comparing the two cases, two
scenarios had been applied.

The following "Figure 3," Figure 4," show the studied networks
probability after placing the nodes by the network designer in the
search area. The output of Xgraph application, "Figure 3,” shows
the difference of the delay between the previous two scenarios
before reducing the program complexity and the delay after
reducing the program complexity. "Figure 4," shows the delay
after decreasing the complexity of the software when the
simulation is finished, and it was equal to 0.0025ms.

Probability
L0

08
06

045

L Time
4

Figure3 P{X@®t)=m, t €ll} forA=1.1

Prohability

Time

Figure 4 P {X(t) =m,t €11} for 1=10.7

The following "Figure 5," Figure 6," show the time delay at the
end of the simulation when applying the proposed mechanism in
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this research.

0.005

0.004

Delay Time
(milllstcond) 0.003

0.002

0.001

40 50 60 70 80
Simulation Time (millisecond)

== == == 1 Delayfortwo cluster's heads Delay for one cluster's head

Figure 5 Difference of the delay between two scenarios

The above figures "Figure 7," Figure 8," show the delay between
two scenarios and the delay after reducing the complexity. In
addition, it shows that the maximum of the distribution moves to
the right with the decrease of A (Keim R, 2020).

0.004

Delay Time
(millisecond) ;00

0002 /
0.001

40 50 60 70 80
Simulation Time (millisecond)

Figure 6 Delay after reducing the complexity.
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Figure 7 Distribution of vacant period for A = 1.1
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Figure 8 Distribution of vacant period for A = 0.7

Further, our program investigates the number of packets at the
completion epoch of vacant period of energy. The following
figures "Figure 9," Figure 10,” represent it for different values of
A in different cases.

3.3. Discussion

Our program investigate the behavior of the probability
distribution of the vacant period duration. The paper represent it
for different values of A in different cases. It shows that the greater
arrival intensity, the greater probability that the vacant time-
period will finish.

We have used desmos graphing and python programing to achieve
correct results throughout the article. Python provides a simpler
graphing methodology and desmos makes the graph more
readable. The vacation time-period related to standard normal
distribution is studied, applying the analytic approach based on
the idea of the embedded Markov chain, integral equations and
renewal theory.

4. Conclusions and Recommendations

In this paper, we have introduced how it makes the data to be
easier for an analytical approach. We have also standardized the
normal distribution function in the research application. Through
the calculations, we also proved that standardization would make
the data comparison easier and faster. On the other hand, we
analyzed how normal distribution predicts the failure of energy
conserving in terms of time and predicting the time interval for
the next period of energy conserving to fail.
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Probability

Figure 9 Number of packets at the vacant period for A =1.1
Probability
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Figure 10  Number of packets for A= 1.1

Through normal distribution, we have proved that data
distribution in relationship with each other are comparable and
easier to be read and analyzed. Additionally, we have also
observed a symmetry in the mean for the real-valued random
variables under fair conditions.

A future study will be organized to benefit from the interest’s
coverage in the places where sensors places are hard to reach, for
the purpose of reducing the period of collecting information on
the network and consequently conserving energy.

In the near future, we will address the problem using Hamiltonian
operator. The operator can used to approach the Hamiltonian
simulation in saving WSN energy, as we can use it in quantum
computing to handle computational complexity and algorithms
needed for simulating systems. Hence, we will discuss how Euler-
Lagrangian equation can be used for solving the same problem in
a more efficient way. We exemplify this formalism with some
widely studied models, including the standard formulas for each
method, simulations and graphs.
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Abstract

This paper proposes the Maximum Power Point Tracking MPPT method based on the Incremental Conductance INC algorithm. The
primary goal is to prevent the ripple problem that is occurred in the output responses of the solar panel system. This last includes the
KC200GT panel system, while using it to supply a resistive load throughout the DC-DC boost converter. This goal is reached through
respecting the two following steps. First, the INC algorithm modified so that it produces an optimal reference voltage rather than a duty
cycle control, which is often utilized in the standard INC-MPPT control strategy for controlling the switch button of the DC-DC boost
converter. Second, the solar system behavior is modeled by the linear small-signal model for the design of the voltage PID controller.
At each sample, a voltage discrepancy is generated as a result of comparing the previous reference voltage to the one delivered by the
KC200GT panel where the introduction of the voltage PID controller becoming indispensable. These two steps create the development
of a novel strategy that is afterwards known as improved INC-MPPT. The performance assessments of the proposed strategy are carried
out by simulation using MATLAB®/SIMULINK software, and the obtained results reveal the crucial importance of including the voltage
PID controller to overcome the ripple issue, occurred when applying the standard INC-MPPT control strategy.

Keywords: PV system; DC-DC Boost Converter; Maximum Power Point Tracking MPPT; INC algorithm.
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1. Introduction

Maximum Power Point Tracking MPPT techniques are
typically used in solar systems to extract the maximal power
output of KC200GT panels where the Maximum Power Point
MPP must be continually followed, regardless of the current
climatic conditions like the absolute temperature and the solar
irradiation. The MPPT issue has been addressed in several aspects
in the literature [1, 2].

Among them, the INC-based algorithm is the most often used
one since it is the easiest to implement in the real-world
applications [3]. Accordingly, in energy solar domain, many
researchers have worked to develop MPPT algorithms methods
[4]. They presented a large number of simulations and
experimental tests to control the switch of the buck chopper. In
addition, they employed a proportional-integral Pl controller
whose corresponding pulse-width modulation (PWM) has been
implemented directly in the buck converter [5]. The experimental
results also demonstrated that the incorrect manual selection of
the fixed-step size, whether large or small in standard INC-MPPT
control strategy is well overcome. This can be accomplished by
changing it to a variable-step size that was generated
automatically to update the existing duty cycle control, regardless
the changing of the two previous climatic conditions. In the same
direction, the high-performance adaptive Perturb and Observe
P&O algorithm was introduced through [6] in 2011. This enabled
the MPP tracking in PV- based micro-grids. To improve the
oscillation performances around the MPP, the real-time adaptive
control was implemented under a variety of weather conditions.
As a result, two main drawbacks that directly affect the required
control have appeared, especially in the event of gradual variation
of solar irradiation and absolute temperature. Accordingly, the
operating point of the preceding system has oscillated around the
MPP, resulting in a loss of a more or less important of the
available energy. Besides, the INC algorithm can be confusing
when the atmospheric conditions change rapidly.

In this paper, it will be illustrated that the negative effects
associated with the second drawback mentioned above can be
significantly improved. This will be possible by including a
voltage PID controller in the inner loop of the overall control
system where the output voltage, which is needed to power the
resistive load, will be well stabilized. This control design is called
also cascade regulation where the MPPT algorithm is operated
indirectly, i.e., for a cascade voltage regulation (with respect to a
cascade current regulation), the MPPT algorithm must be
modified to provide a reference voltage (with respect to a
reference current) where it is compared with the actual array
voltage (with respect to the actual array current). The resulting
voltage discrepancy (with respect to currant discrepancy) must be
reduced as much as possible using a voltage PID controller (with
respect to current PID controller). In fact, the preceding indirect
control mode based on the P&O algorithm has recently attracted
many scientists.

Among them, Kollimalla & Mishra (2014) developed the
indirect P&O-MPPT control strategy the current regulation of the
PV panel under solar irradiation variation using a proposed
reference current disturbance. Accordingly, the current PI
controller proves better power performances over the ones
provided by the standard P&O-MPPT control strategy [7]. Also,
Harrag & Messalti (2015) generated a variable step-size for the
P&O-MPPT control strategy using the genetic algorithm  [8].
Accordingly, the Proportional-Integral- Derivative controller
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is included for the cascade voltage regulation, providing thus a
fast tracking behavior in the presence of several weather
conditions. In addition, Babki & Al-Thabiti (2022) proposed a
closed-loop system based on a small-signal model for voltage
regulation. They were used either, a Proportional controller,
equipped with a low-pass filter or a Pl controller where its
parameters have been designed through applying the Ziegler-
Nichols method based on root locus approach [9]. Accordingly,
the simulation results show that the proposed control strategy
offers better stability characteristics over the one provided by the
standard one. Finally, Lasheen et al., (2017) proposed an adaptive
reference voltage-based technique for panel, which has been
exposed to a radiation profile characterizing by a fast rate of
change [10]. With respect of all preceding works, the new control
strategy in this paper has two indispensable stages. In the first one,
the system mathematical model is of the global solar system is
designed using the small- signal principle. Afterward, the MPPT-
based INC algorithm is modified, in which an optimal reference
voltage is generated through the existing values of solar irradiance
and absolute temperature. Finally, the optimal update of the
existing duty cycle control is ensured by the proposed-stabilized
voltage controller, whose parameters are determined by the trial-
and- error approach, which is available in MATLAB® software.
The given simulation results by the proposed control strategy will
confirm that the desired is captured, even during a rapid
variation of the solar irradiance. The remainder of the paper will
be organized as follows: The introduction is presented in
sectionl.The equivalent electrical circuit model description is
given in section 2. The typical solar power system, modeled by
the linear small-signal model is reviewed in Section3. Section4
will be focused on the synthesis of the voltage PID controller,
used in the improved INC-MPPT control strategy. The simulation
results are shown in section5. Finally, conclusions are drawn in
Section 6.

2. Modeling of KC200GT panel.

In general, the modeling of the actual behavior of the
KC200GT panel is often performed using an equivalent electric
circuit having a specific number of diodes, resistors connected
between them in series and other resistors connected between
them in parallel. Hence, the electrical circuit can be shown in Fig.
1:

B e
H

Fig.1 Equivalent-electrical circuit used for modeling the
KC200GT panel

According to Fig.1, the nonlinear characteristic [ — V of the
KC200GT panel is derived through expressing predicted PV
current. I,,, It is defined by [11,12]:

¢ (Vpr Bl N ¥ e
al5+—n) — Ry
I = Nplpy — Nplg | exp [: T ] Ll =-—

lpv : Solar cell current (A).
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lph ¢ Light generated current (A).
lo : Diode saturation current (A).
g : Electron charge (1.6x10-19 C).
K :  Boltzmann constant (1.38x10-23 J/K).
T : Cell temperature in Kelvin (K).
Vpv: Solar cell output voltage (V).
Rs :  Solar cell series resistance (Q).
Rp :  Solar cell shunt resistance (Q).

Nc @ The number of series cells.

Nw :  The number of series strings.

Np: The number of parallel strings.
a: Diode ideality factor.

3. Modeling of global soLlar system

In general, most real-world applications require more power
than the one generated by the basic KC200GT panel. Therefore,
the introduction of the DC-DC boost converter becomes essential
between it and the electrical device to be powered. Therefore,
Fig.2 shows the equivalent electrical circuit describing the
interconnection system including the KC200GT panel, the DC-
DC boost converter and the resistive load.

L J

The small-signal principle is applied for the linearization step of
the preceding nonlinear state-space representation. This aim is
achieved through applying some steps, described in [13].
Fig.2.Interconnection system including the KC200GT panel, DC-
DC boost connverter and the resistive load

From Fig.2, the power required to supply the resistive load is
highly dependent on the proper voltage regulation that is provided
by the switch (transistor) control of the DC-DC boost converter.
Here, the appropriate voltage PID controller must be provided the
optimal duty cycle control which then send as a Pulse Width
Modulation PWM signal having the prefixed frequency f. As a
result, the controler-synthesis of desired controller requires a prior
linear model that associates the output PV voltage V,, with the
input control d . Accordingly, the corresponding nonlinear state-
space representation is given by [13]

1 1
'|rs'm.= C—I.IFL-—C—I.IL
Lo, - A 2
szz'mnu_{T)' out @

vﬂut = (_) A - R_L'Fnur

Fig.3. General scheme of the improved INC — MPP
strategy

control
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Therefore, the resulting linear state-space representation is given
by

1 1 .
6] | Fetr G 0 A
o1, | = % 1= Duee || 51 |4 “  |ad
Ve o 1D 1 | LVou "/
[ " RC,
3)

4. Synthesis of voltage PID controller

The indirect implementation of the previous control strategy,
which brings out the new improved INC-MPPT control one, is
realized in two different steps. In the first step, the INC algorithm
will be adapted, in which the reference voltage Veer is computed
using the existing PV voltage and PV power. This last is compared
by the actual PV voltage, providing the voltage error in each
sampling time. This error must be minimized in the second stage
by the synthesized PID controller whose parameters are designed
through the linear small-signal model that is given by “’(3)”. The
general scheme of the improved control strategy is shown in Fig.3
as below

!pr ._>

by )

INC algorithm

PID controller

]

v

Smalksignal
model

W=

First stage

Second stage

S <

Vypp i

According to Fig.3, it is clear to see that the reference voltage is
generated according to the following modified flow- chart,
described in Fig.4 as below
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Fig.4. Modified flow-chart used to generate the reference

voltage in theimproved INC-MPPT control strategy

5. Results and Discussion

To demonstrate the effectiveness of the improved INC-
MPPT control strategy, the package of MATLAB®/SIMULINK
is used. Here, the solar system parameters are summarized in
TABLE.I Indeed, The transfer function  describing the small-
signal model is computed using ’(3)”. This last associate the duty
cycle input variation with the PV voltage output . It is given by

1.6827e08 (s+3.333)
(s+1.835) (s"2 + 63.84s + 5.334€06)

F(s) =

“4)

Starting from the preceding transfer function, the synthesis step
of the voltage PID controller is performed using the PidTuner
function of MATLAB® software. Hence, the tuning parameters are
performed using the time domain specification, whose setting
parameters are given by

e Responsetime:1.008- 1072
e  Transient behavior 0.5

e  PID structure:FIDF

e PID formParallel

The resulting transfer function Kgz;5 (s} is given by

2.002 x 10755

+
1+ 1.65x 1078
()

5.207

?PID{:S} = 0.0103 +
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Table 1.Solar system parameters used in simulation resul

Parameter Value Unit
|0 9.825 X A
1078
|Sc 8.214 A
VOC 32.9 %4
a 1.3 -
Rp 415.405 Q
RS 0.221 Q
Nc 54 -
KC200GT
1 -
panel N,
N b 1 -
51.597 v
Simplified Veq
circuit Req 3.3242 0
VMPP 26.3 1%
PV 31634 | V
Parameters OUtypp
given at | 7.61 A
MPP MPP
DMPP 0.91686 -
DC - DC - 0.4 mH
boost G 4700 uF
converter C, 1200 HF
Resistive 500 Q
load R

The Power-Voltage, i.e., (P-V) characteristic of the
KC200GT panel is shown in Fig.5 for some varying solar
irradiances and absolute temperature. Therefore, it is clear to see
that the maximum power at Standard Test Condition STC (i.e.,
T=25°C and G=1000W/m"2) is equal to P_max=200.1 W, which
is supplied at the PV voltage V_MPP=26.3 V. This peak power
is reduced as a function of the reduction, especially of the solar
irradiance value. Indeed, the main target is to design the voltage
PID controller, by which the dynamic MPP should be well kept up
despite any change in the climatic conditions. To verify the
controller performances, the preceding two climatic conditions
are chosen according the profile given
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Fig.6.Irradiance and temperature variation

As a result, the tracking dynamic of the reference voltage,
vided by the modified INC algorithm, for the improved INC-
MPPT control strategy is given by Fig.7 as below

3=

30 l —V

L] 1 1 3 4 5 [
Time (.Sec)

Fig.7. Reference and PV voltages describing the voltage
tracking behavior

According to Fig.7, it can be seen that the proposed voltage
PID controller is able to track the reference voltage that is
previously imposed by the modified INC algorithm. The
dynamics in question is characterized in transient-state by a fast
rise time and a very acceptable settling time. It also characterized
in steady-state by a reduced tracking error. These good dynamic
characterizations certainly allow providing the maximum PV
power which is shown in Fig.8 as follows

e-ISSN: 2148-2683
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Fig.8. Power output response used to feed the varying
climatic conditions

From Figs. 6 and 8, it is clear that the change in PV power
response depends heavily on the change in solar irradiance, so
they have the same pattern. However, the effect of absolute
temperature on the PV power response is slightly more important
compared to the effect of solar irradiance. Finally, Obtaining a
smooth maximum power response confirms that the ripple
problem in the neighbourhood of the MPP is completely avoided,
leading to achieve the main target of the proposed control
strategy. This last point is achieved by providing the duty cycle
control as well as its variation, which are given together in Fig.9
as below

05

06

04

|
ittt R JUILITEEITITEITITY
2 4 H []

=
= —— o
- | 4

3
Time (.Sec)
Fig.9. Duty cycle control and the corresponding variation

From Fig. 9, the resulting optimal duty cycle control always
varies in the range® < D < 1 This confirms the feasibility of the
proposed control strategy, as this fluctuation range allows
increasing the PV voltage of the KC200GT panel from
Ver = 26.3V g Vour = 316.34 W 5 STC.

6. Conclusions and Recommendations

The improved INC-MPPT control strategy wasapplied to
monitor the solar system based on the KC200GT panel. The
corresponding MPP tracking was achieved by performing two
separate steps. First, the INC algorithm has previously
modified to generate the optimal reference voltage where the
existing solar irradiance and absolute temperature are
examined. Afterward, the actual solar behavior was modeled
by the linear small-signal model, by which the desired voltage
PID was synthesized. The simulation results given by the
resulting new control strategy have confirmed its efficiency in
terms of the tracking dynamic of the reference voltage, the
form of the power output and closed loop robustness against
the sudden change in atmospheric conditions.
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Abstract

Due to the importance of modeling and the urgent need for it in various applications, the design of an accurate model that simulates and
is compatible with the real system to carry out various studies correctly, this has become a great challenge for researchers. Therefore,
this research proposes the design of a mathematical model using the method of the small signal of the photovoltaic system consisting
of the photovoltaic panel KC200GT feeding the load Through a DC-DC converter. This modeling method converts the mathematical
model of the DC-DC converter from nonlinear behavior to linear behavior given in the state space formula, then the application of the
Laplace transform will be used to obtain the transfer function. The latter is used in the studies to design the MPP controller. The
simulation results showed that the modeling method based on the small signal method enables us to obtain an efficient and accurate
model that is compatible with the real system and shows this compatibility in the voltage and energy between them.
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1. Introduction

The very negative impact of fossil fuels and their derivatives on
all living organisms and on the environment has pushed
researchers to find an alternative to them, namely renewable and
natural energies, which are pure and economical, the most
important of which is solar energy. It is operated with the help of
a photovoltaic device consisting of its photovoltaic cells which
have the ability to convert sunlight directly into electricity, a DC-
DC step-up power converter, and a resistive load; The main
objective is as follows: despite the change of weather
(temperature and lighting), the output voltage of the load must be
maintained at a constant value. This can be achieved by
fabricating an MPPT maximum power point tracking controller,
which uses the voltage and current generated by the PV system to
provide the optimal a* cycle feeding the DC-DC converter. The
design of a powerful MPP controller requires the use of an
accurate linear model that accurately describes the behavior of the
photovoltaic cell, so the behavior of the latter must be converted
from non-linear to linear around the balance point, and given the
importance of the process of modeling photovoltaic systems and
the urgent need to design models that accurately simulate real
systems prompt researchers to conduct research And several
studies, including: Almeida et al. (2017) a comparative study of
PV predictions using parametric and non-parametric PV models,
where parametric modeling considers the PV system as a white
box where each subsystem or component is modeled using a set
of physical parameters and equations. While nonparametric
modeling considers the PV system as a black box, assuming there
is no information about the internal properties and processes of
the PV system. Using a historical time series of inputs and
outputs, the behavior of the photovoltaic system is estimated [1];
Wang Qiu (2020) et al. proposed a modeling method based on
matrix variables for a distributed grid-connected PV system. The
central idea of the modeling method is to simplify the complex
model containing many PV-DCO generating units and turn it into
an average two-unit model.

In this paper, the modeling process is done using the small signal
method, which is an easy method that enables us to obtain an
accurate model. The simulation results showed that the obtained
model is consistent with the real system.

This paper is organized as follows. In the first section, the
introduction is given, and then in the second section it is about
photovoltaic modeling. In Section 3, the photovoltaic system is
modeled using the small-signal principle. In Section 4, the
photovoltaic system was validated using Matlab®/Simulink
software. Finally, conclusions are drawn in Section 6.

2. Modeling of solar cells and electrical
characteristics of the PV module

e-ISSN: 2148-2683

The electric cell can be represented by the electric model shown
below

CEEmm3———> 1

|2

pv

2 |h2
X

X

Fig. 1. Equivalent electrical circuit of the PV panel model

The 1 X v characteristic equation describing the single-
diode model is shown in Fig. 1:
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av, R

t p

[, =Nl

pv p-ph

=N, Iy| exp

(1)

IT’V(VTIU) ' PrIV(Vrm) Vupp
A )

Point MPP (
/ Ponax

Point MPP (V’""")
Imupp

N R

I;.| Courbede (I —V)

Moo | koseneosenenomeenomenoonag  foareoanas >

Courbe de (P — V)

: >V,
0 Vmpp Voc Py

Fig. 2. Nonlinear i x v characteristic of the KC200GT solar panel
and linear MPP equivalent model

Where T is the temperature of the PV cells constant, R, is the
equivalent series resistance, q is the electronic charge and K is
the Boltzmann, V. = N_kT /g is the thermal voltage, N_ is the
number of cells connected in series, N and N_are series and

parallel string respectively, I, and |, are the photovoltaic (PV)

P

currents and saturation, @ is the ideality constant of the diode, R,
is the equivalent shunt resistance.

This equation is at the origin of the I-V curve of figure 2, we
note the points of interest which are the maximum power P-mpp,
the voltage V-mpp at the maximum point, the current I-mpp at the
maximum point.

We derive the non-linear curve at the point MPP, the
photovoltaic panel becomes linear, i.e. the nominal curve i X v

becomes linear, when differentiating we get:
N, V R.I N
N —__P0 gy MPP_ | s MPP | _ P
9Mee: Luer) N.aV, p(Nsth Npavtj N,R,
2)
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The linear model obtained at the linear point is represented by
the tangent of the curve i x v :

w ngv +( MPP gVMPP) 3

At the MPP point we represent PV In the equivalent circuit FIG
3 The constituent elements of Req and V,op :

1
R g V = Ve + Req I vep )

eq

Figure 3 represents the photovoltaic generator circuit at the linear
point (V, I). At this point, we get the weak signal pattern. It is
desirable that the operating point should always be near the
maximum point MPP, no matter how the climatic conditions
change, so a controller must be designed to ensure the optimum
work of the photovoltaic system

Fig. 3. Linear equivalent circuit valid for point linearization

The performance of a solar PV system depends on climatic
conditions: Irradiation and temperature (ambient temperature)
(Garcia, O., and others 2013).

The characteristics of photovoltaic cells change with weather
conditions, temperature and solar radiation

Solar KC200GT;
1 series modules; 1 parallel strings
9F 1 kW/m?
8
= 7F 0.9kW/m
= 6F
S 5F 0.7 kw/m?
330 oskwm
2k
1E
o . . . . . . . . . . . . -
0 25 5 75 10 125 15 17.5 20 22.5 25 27.5 30 325 35
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220.1573
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Fig.4. Characteristics (I-V) and (P-V) for variable G and
T,=25C
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Fig.5. Characteristics (I-V) and (P-V) for variable T and
G,=1000W-m2

3. Modeling of global soLlar system

In general, most real-world applications require more power
than the one generated by the basic KC200GT panel. Therefore,
the introduction of the DC-DC boost converter becomes essential
between it and the electrical device to be powered. Therefore,
Fig.2 shows the equivalent electrical circuit describing the
interconnection system including the KC200GT panel, the DC-
DC boost converter and the resistive load.

®

Fig.6. Interconnection system including the PV, DC-DC boost
and the resistive load

According to Fig.6, it is easy to determine the
nonlinear state space representation of the global
MPPT scheme as below

() = T ipe(®) — i (0)
i () = vp,,o:) "vouta) (5)
Zrvour(®) = 2 0(0) — 2 Vour (8)

When calculating the small-signal model from a state-to-state
representation, given by Eq.5 even if the switching harmonics of
the Boost DC-DC converter are removed, the averaged model
result is still non-linear. It is therefore necessary to apply the
principle of small signals according to the following steps:

State vector and variable inputs are defined for the global model.

* the operating point around which the linearization must be
carried out are defined, ie the MPP supplied to STC.
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*Disturbances, that is to say small variations, are introduced into
all the inputs of the model, which leads to disturbances in all the
state variables of the global model.

* The high frequency terms, the continuous and nonlinear terms
are removed and only the disturbed components are kept. As a
consequence, the average representation of the state space of the
global model is given by considering only these perturbed
components.It is important to mention that the perturbation
applied to each state variable is given as follows:

4. Simulation results and discussion
Validation of the photovoltaic system model
based on the small signal principle Using
Matlab®/Simulink Software

Table 1. system data

Parameter Value Unit
Vou (6) = Vipppp + 6V (2) 1, 9825x A
lL(t) = ILMpp + SLL(t) 10_8
Vout (t) = VoutMpp + 5Vout (t) (6) ISC 8.214 A
d(t) = DMPP - 5d(t) VOC 32.9 4
Ly (t) = Iypp + 8ipy, (£) a 1.3 -
. . . . . 415.405 Q
Where the sigma variable i.e. 6x(t) is the disturbance value added R,
to the constant steady state value X_MPP of the state variable X(t) R, 0.221 Q
N, 54 -
KC200GT 1
2 (Vpp + 8V,) = — (Iypp + Siy) — — (Upypp + 6iy) panel N, )
ac \VMPP pv c, \\mpp pv ¢, \LMPP L N 1 )
d . 1 1-(Dppp+6d) p
— Uypp +60) =7 (Vupp + 5[/;;1;) - % Vouempr + Vour) simplified V., 51.597 %
d 1-(D +6d) , 1 .
I Vouempp + Voue) = MR (ILMpp +6ip) - RCy Voutmpp + 6Vout) circuit Req 3.3242 Q
@) Voo 263 v
o _ _ PV 316.34 %
We eliminate the constant values and obtain the linear state-space Parameters Outypp
representation of the photovoltaic system given at I e 761 A
. 1 1 MPP
[ & — —-— 0 0.91686 -
dt 6vpv ®) ReqC1 Cy 5]/;” ® DMPP
d o. 1 1-Dypp . L 0.4 mH
20u® (= 0 5 si(t) |+ DC —DC
d s 1-Dympp 1 6Vt () boost C, 4700 uF
|27 OVou (1) 0 c TG, converter C, 1200 uF
0 Resistive R 500 0]
_ VoutMpp : load
1 |ed(t) (8) Using . .
ILypp the transfer function and MATLAB, we find  photovoltaic
C2 system Bode Diagram:

We apply the Laplace transform using the values given in the
following data table we find the following transfer function G(s):

G(s) = 1.683e08.5+5.609e08
s® +65.67s +5.464e05.5 +1.808e06

©)
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Fig7.Boost Converter Bode Diagram

K, = 0.002607
Ki = 8.15 (10)
Kq =2.082 x 1075

The obtained linear model is verified with matlab; Figure 8
shows the output voltages of the real system V., and the output
voltages of the model V,,,4 based on the principle of the small
signal that is modeled in this paper for the photovoltaic system
consisting of a photovoltaic panel KC200GT, a Boost DC-DC
converter - and a resistive load.
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Fig.8.shows the output voltages of the real system V., and the
output voltages of the model V,,,q based on the principle of the
small signal

The obtained linear model is verified with matlab; Figure 9 shows
the output power of the real system P..,; and the output power of
the model P,,,q based on the principle of the small signal that is
modeled in this paper for the photovoltaic system consisting of a
photovoltaic panel KC200GT, a Boost DC-DC converter - and a
resistive load.
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Fig.9.shows the output power of the real system P,

and the output power of the model P44

Simulation results show that the voltage and power produced
by the model based on the small signal model, which has been
Simulation results show that the voltage and power produced by
the model based on the small signal model, which has been
modeled in this paper, are almost equal to the voltage and power
produced by the real system.

5. Conclusions and Recommendations

In this paper, the principle of small-signal modeling of the
photovoltaic system consisting of the KC200GT photovoltaic
panel feeding the Boost DC-DC converter and converting the
nonlinear behavior of the system into a linear behavior near the
equilibrium point is studied and discussed; We obtain a model that
is more accurate and compatible with the real system than other
modeling methods, and this is shown by the simulation results.
This linear model will be used later in designing an effective MPP
controller that guarantees good and excellent tracking dynamics
for MPP.
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Oz

Inovatif iiriin 6rnekleri giinliik hayatimizda her alanda siklikla karsimiza ¢ikmaktadir. Bu alanlardan biri de saglk sektoriidiir. Saghk
sektoriinde gelistirilen inovatif tiriinler, hasta bakimina yonelik olan uygulamalarda hem bakimin kalitesini hem de hasta memnuniyetini
artirmaktadir. Diger yandan saglik ¢alisanlarinin is yiikiinii de azaltmaktadir. Dolayisiyla bu inovatif iiriinler olduk¢a dnemli bir yere
sahiptir. Bu aragtirma, siv1 gereksinimi uygulamalaria yonelik inovatif {irlin 6rneklerini ortaya koymay1 amaglamistir. Bu dogrultuda
Tiirk Patent ve Marka Kurumu’nun resmi sayfasinda bulug 6zeti kismina “hasta” kelimesi yazilarak patent ve faydali model sonuglart
elde edilmistir. Tiirk Patent ve Marka Kurumu’nun resmi sayfasinda bagvuru siireci tamamlanmis ya da devam eden birgok patent ve
faydali model 6rnegi yer almakta olup bu metinde son 5 yili kapsayan sivi gereksinimi uygulamalart ile ilgili patent ve faydali model
sonuglarina yer verilmistir. Patent 6rnekleri arasinda “Yeni Tip Santral Vendz Kateter”, “Giivenli Hasta El Sabiti”, “Kateterizasyon
Sabitleme ve Etiketleme Cihaz1” ve “Jugiiler Vendz Kateter Sabitleyici Pansuman Aparat1” yer almaktadir. Faydali model 6rnegi olarak
“Bir Medikal Serum Askilig1” ele alinmistir. Sonug olarak, sivi gereksinimi uygulamalaria yonelik gelistirilen bu inovatif iiriinler,
hastanin bakim ve tedavisinde saglik ¢alisanlarina kolaylik saglayacaktir. Ozellikle gelistirilen bu iiriinlerin takip edilmesi, kullanilmas1
ve ¢iktilariin diger kullanicilarla paylasilmasi bu iiriinlerin sayilarinin artmasina ve kullanimlarinin yayginlagmasina yol acacaktir.

Anahtar Kelimeler: Bakim, Faydali model, Hasta, Inovatif {iriin, Patent, Stv1 gereksinimi

Innovative Products For Fluid Requirements
Abstract

Innovative product examples are frequently encountered in every field in our daily life. One of these areas is the health sector. Innovative
products developed in the health sector increase both the quality of care and patient satisfaction in patient care applications. On the other
hand, it also reduces the workload of health workers. Therefore, these innovative products have a very important place. This research
aimed to reveal innovative product examples for fluid requirement applications. In this direction, patent and utility model results were
obtained by writing the word "patient" in the invention summary section on the official page of the Turkish Patent and Trademark
Office. On the official page of the Turkish Patent and Trademark Office, there are many examples of patents and utility models whose
application process has been completed or ongoing, and this text includes patent and utility model results related to fluid requirement
applications covering the last 5 years. Examples of patents include “New Type Central Venous Catheter”, “Safe Patient Hand Constant”,
“Catheterization Fixation and Labeling Device” and “Jugular Venous Catheter Stabilizing Dressing Apparatus”. As an example of a
utility model, “A Medical Serum Hanger” is discussed. As a result, these innovative products developed for fluid requirement
applications will provide convenience to healthcare professionals in the care and treatment of patients. Following, using and sharing the
outputs of these developed products with other users will lead to an increase in the number of these products and their widespread use.

Keywords: Care, Fluid requirement, Innovative product, Patent, Patient, Utility model
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1. Giris

Giiniimiizde teknolojik gelismelere bagli saglik sektdriinde
degisim ve donisim kacinilmazdir (Barig Eren, 2021).
Gelistirilen inovatif iiriinler saglik alaninda bakim1 destekleyerek
bakimm kalitesini  artirmaktadir. Aynmi  zamanda hasta
memnuniyetini olumlu yonde etkilemektedir (Barig Eren, 2022;
Orhan, 2022; Sevil ve Demirel Bozkurt, 2018). Bu alanda biiyiik
yatirnmlar yapilmakta olup bu teknolojiler saglik bakim alanina
bir¢ok yenilik getirmektedir (Donel, 2018; Kalis ve ark., 2018;
McGrow, 2019). Bu yenilik alanlarindan biri de s1vi gereksinimi
uygulamalaridir.

Sivi gereksinimi, hastanin viicudundaki sivi dengesini
stirdiirmesi i¢in ihtiyaci olan sivi miktaridir. Temel hemsirelik
becerilerinden biri olan sivi gereksinimi uygulamalari asagida yer
almaktadir. Bunlar:

1. Intravendz (damar ici) kateter uygulamasi

2. Intravendz siv1 tedavisini baslatma

3. Intravendz soliisyon torbasmi/sisesini degistirme
4

Intravendz sivi seti portundan bolus/puse yolu ile ilag
uygulama

5. Intravendz kateterden/iic yollu musluktan bolus/puse
yolu ile ila¢ uygulama

6. Intravendz kateterin ¢ikarilmasi

7. Vendz kan 6rnegi alma (Gogmen Baykara ve ark., 2019;
Ozaras Oz, 2021).

Yasamin siirdiiriilmesi ve hiicre fonksiyonlarinin devamliligy,
viicut sivilarmin dengeli olmasma baglidir. Viicudumuzun en
temel bileseni olan su, viicut agirhigmin %60’1n1 olustururken
viicut sivilarinin ise %90-95’ini olusturur. Bu oran cinsiyet, yas
ve viicuttaki yag orani gibi ¢esitli faktorlere bagli degisiklik
gosterebilir. Hayati bir 6neme sahip olan su; besinlerin, elektrolit
ve gazlarin tasmmasimi saglar. Besinlerin = sindirimi  ve
bosaltiminda rol alir. Eklemleri ve membranlari nemlendirir.
Ayrica viicut 1sisinin  diizenlenmesini saglar (Bayraktar ve
Faydali, 2017; Oren, 2008).

Gilnliik hayatta viicuda alman ve atilan sivi miktart
dengelidir, birbirine esittir. Bu durum hemostatik mekanizma ile
saglanir (Oren, 2008). Eger bireyin aldig1 sivi miktar1 ¢ikardigina
gore daha fazla ise sivi volim fazlaligi, aksine g¢ikardigi sivi
aldigina gore daha fazla ise dehidratasyon gibi sivi voliim
eksikligi gelistigi diisiiniiliir (Eng, 2015). Birey, sivi elektrolit
gereksinimini agiz yoluyla karsilayamadigi ya da karsilayamama
riski oldugunda dogrudan damar yoluyla (ven) gesitli soliisyonlar
kan dolasimina verilerek giinliik sivi gereksinimi karsilanir ve
ayni zamanda s1v1 elektrolit dengesinin siirekliligi korunur (Uzelli
Yilmaz, 2021). Dolayst ile hemsireler aldigi ¢ikardigi sivi
takibini dikkatli bir sekilde diizenli olarak yapmalidirlar.
Gerektiginde bireyin viicudundaki sivi dengesini saglayacak
girisimlerde bulunmalidirlar. Bunlar1 yaparken yeterli bilgi ve
beceriye sahip olmalar1 gerekir (Kestel, 2020; Koghan ve Akin,
2018; Uzelli Yilmaz, 2021). Buna ek olarak sivi gereksinimi
uygulamalarina yonelik ilgili teknoloji bilgisine de sahip
olmalidirlar (Baris Eren, 2021; Kartal ve Kantek, 2018; Orhan,
2022; Sevil ve Demirel Bozkurt, 2018; Uzelli Yilmaz, 2021). Bu
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cergevede s1vi gereksinimi uygulamalarina yonelik inovatif iiriin
ornekleri ele alinmigtir.

2. Materyal ve Metot

Tablo 1°de 02.09.2022 tarihinde Tiirk Patent ve Marka
Kurumu’nun resmi sayfasinda bulus ozeti kismina ‘“hasta”
kelimesi yazilarak son 5 yili kapsayan sivi gereksinimine yonelik
faydali model ve  patent sonuclarma  ulasilmistir
(https://www.turkpatent.gov.tr/). Bunlarin basvuru siireci devam
etmekte olup Tiirk Patent ve Marka Kurumu sayfasinda heniiz
tescil tarihleri yoktur.

3. Sivi Gereksinimine Yonelik Patent ve
Faydalh Model Ornekleri

3.1. Yeni Tip Santral Venoz Kateter

Periferik ve santral kateter takilarak damar yolu ile hastaya
cesitli soliisyonlar verilir. Ayrica bazi ila¢ uygulamalar1 da bu
yolla yapilir. Yeterli beslenemeyen hastalar da damar yolundan
beslenir. Bunun i¢in takilan kateterin damar iginde sabit kalmas1
dolayisiyla uygun sekilde tespit edilmesi/sabitlenmesi gerekir.

Bu yeni tip santral kateter, tirtikli alana sahiptir ve kateterin
kullanimt sirasinda bu alan cilt altinda kalir. Bu tirtiklar sayesinde
cilt ile santral vendz kateter arasinda bariyer olusturmakta ve
enfeksiyona neden olan mikroorganizmalarin viicuda girmesini
engellemektedir. Kateter, bunu iki yolla gerceklestirir. ilk olarak
hasarlanan dokuda iyilesme siirecinde olusan graniilasyon
dokusunun olusum siiresini kisaltir. Graniilasyon dokusu;
bakterilerin gecisine karsi bariyer gorevi gorerek gegcisi azaltir.
Ikincil olarak ise kateterin tirtikli alan cilt altinda kateterin sabit
kalmasimi saglayarak disar1 ¢ikmasint engeller. Dolayisiyla
kateterin hareketi ile cilt altina bakteri girisi engellenir. Bununla
birlikte tirtikli alan sayesinde cilt altinda hareketsiz kalan
kateterin dikilme gereksinimi ve yerinden ¢ikma endisesi de
ortadan kalkar (Sekil 1).

Sekil 1. Yeni Tip Santral Venoz Kateter
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Tablo 1. Patent ve Faydali Model Ornekleri

Bulus Bashg Basvuru Tarihi Koruma Tipi Bulus Sahipleri
Yeni Tip Santral Venéz 25.12.2018 Yahya Yildiz
Kateter
Giivenli Hasta EIl Sabiti 11.10.2021 Sehri Bozkurt
Elif Inci Keskin
Serap Glingor
Kateterizasyon Sabitleme 09.12.2021 Patent Nursemin Unal
ve Etiketleme Cihazi Ezgi Dirgar
Nursemin Unal
Melis Alkigla
Jugiiler Venoz Kateter 13.12.2021 Bediye Oztas
Sabitleyici Pansuman Demet Bal
Aparati Gamze Acavut
Nursemin Unal
Eda Balaban
Bir Medikal Serum Askiligi 28.02.2022 Faydali Model Rafet Demirel
Osman Ozgelik
Patent ve faydali model 6rnekleri bagvuru tarihine gore siralanmigtir.
3.2. Giivenli Hasta El Sabiti
Bilinci bulanik olan hastalarda kateterin yerinden ¢ikma ve
hastanin kendine zarar verme riskine karsi kollar1 yataga tespit
edilir/ sabitlenir. Hastanin diizenli olarak dolasimi kontrol edilir.
Belli araliklarla tespitler gevsetilerek farkli yerden tekrar 5 —
sabitlenir. ‘ —
Bu giivenli hasta el sabiti ile bilinci yerinde olmayan
hastalarm giivenli bir sekilde tedavi ve bakimi almalari
saglanmaktadir. Ozellikle kateteri olan, yogun bakimda takip
edilen hastalarin iizerinde yer alan kateterleri ve EKG kablolarini
¢ekmelerini, sondalarii ¢ikarmalarini ve solunum cihazina bagh
olanlarin tiiplerini ¢ekmelerini 6nlemek ve hasta giivenligini
saglamak amaciyla gelistirilmistir. Parmaksiz olarak pamuklu . ==
kumastan dretilen (riiniin parmaklarin  uygun pozisyonda \ \
kalmasini saglamak amaciyla el sabit i¢ yiizeyine avug igine ) \ \
gelecek  sekilde elyaf dolgu yerlestirilmistir.  Hastanin i s | s /
parmaklarinin kavrama islevini engellemek i¢in el sabit altina cep \ /
olusturulmus, karton yerlestirilmistir. Parmaklarin temas ettigi \
ylizeye basi yarasi olusumunu engellemek i¢in sikistirilmig elyaf :1
dikilmigtir. Hastanin dolagiminin kontroli i¢in el sabitin {ist R | [
parmak ucu kismi seffaf kumastan olusturulmustur. El sabitin —
elden ¢ikmamasi i¢in bilek kismina cirt cirt dikilmis olup bir serit
bilegin i¢ ylizeyine dikilerek yataga tespit edilmesi planlanmistir

(Sekil 2).
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Sekil 2. Giivenli Hasta El Sabiti
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3.3. Kateterizasyon Sabitleme ve Etiketleme
Cihaz1

Intravendz kateterin yerinden g¢ikmamasi, damar iginde
kalmas1 i¢in tespitinin/sabitlenmesinin giivenli bir sekilde
yapilmasi 6nemlidir. Ardindan kateteri takan ve pansumani yapan
kisinin ad ve soyadinin bas harflerini ve tarihi pansuman iizerine
yazar.

Intravendz kateterin damardan ¢ikmast, ilacin cilt altt dokuya
sizmasina neden olur. Dolayisiyla intravendz kateterin damar
icinde olup olmadiginin kontrol edilmesi gerekir (Kaya ve Pallos,
2019). Kateter bolgesi sislik, sizinti, sogukluk ve solukluk
yoniinden gozlenir (Cevik ve Dedeli Caydam, 2015).

Bu Kkateterizasyon sabitleme ve etiketleme cihazi ile ¢ogu
zaman yasanilan bir durum olan kateterizasyon sabitleme
isleminde tespit materyalinin eldivene yapigmasinin Oniine
gegilmesi  amaglanmistir.  Normalde tespit islemi sirasinda
eldivene yapisan materyal uygulamayi zorlastirmakta ayni
zamanda kateterin yerinden c¢ikmasina neden olabilmektedir.
Dolayistyla calisan saglik personeli eldivensiz isleme devam
edebilmekte ve enfeksiyon riski artmaktadir. Bu cihaz ile kateter
sabitleme islemi hijyenik olarak kolaylikla ¢alisan tek bir saglik
personeli tarafindan kisa siirede yapilabilmektedir. Bunun
yaninda cihaz, tespiti yapan kisinin ad ve soyadinin bas harflerini
ve tarihi yazan etiket sunar (Sekil 3).

110123 BT

Sekil 3. Kateterizasyon Sabitleme ve Etiketleme Cihaz1

3.4. Jugiller Venoz Kateter
Pansuman Aparati

Sabitleyici

Kateter pansumani yapilirken kateter giris yeri enfeksiyon,
kizariklik, 1s1 artig1, agr1 ve hassasiyet yonlerinden kontrol edilir.
Diger yandan kateterin pansumani sirasinda kateterin yerinden
¢tkmast gibi istenmeyen durumlar da gelisebilmektedir. Bu
konuda gereken 6zen gosterilmelidir. Kateterin yerinden ¢ikmasi
durumunda agr1, damar zedelenmesi, trombiis ve enfeksiyon gibi
komplikasyonlar geligebilir. Ayrica kateter bolgesi sislik, sizinti,
sogukluk ve solukluk yoniinden gozlenir (Cevik ve Dedeli
Caydam, 2015; Kaya ve Pallos, 2019).

Gelistirilen bu jugiiler vendz kateter sabitleyici pansuman ile
kateterin dyerinden ¢ikmasini 6nlemek amaglanmistir. Bu aparat,
katetere bagl liimenlerin sarkmasini 6nleyen liimen sabitleyici
icerir. Ayrica kateter giris yerinin gdzlenebilmesini saglayan
seffaf bir boliim bulundurur. Pansuman aparati ise hidrokolloid
malzemeden yapilmis olup mevcut kullanilan pansuman
malzemelerinden farklidir. Hidrokolloid malzeme, yara bakim
iriinlerinde kullanilmakta olup kateter pansumaninda yoktur.
Ancak gelistirilen bu pansuman aparatinda mevcut olup
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hidrokolloid &rtiiniin yapiskan 6zelligi sayesinden kateteri daha
iyi desteklemekte ve sivi emici Ozelligi ile bdlgenin kuru
kalmasini ve enfeksiyona karsi korunmasini saglar (Sekil 4).

Sekil 4. Jugiiler Venoz Kateter Sabitleyici Pansuman Aparati

3.5. Bir Medikal Serum Askihgi

S1vi gereksinimi olan bireye damar yolu ile ¢esitli soliisyonlar
gonderilirken serum askisi kullanilir ve bireyin hareketi kisitlanir.
Hemgire, hastaya sivinin gidip gitmedigini ve gidis hizin1 saatlik
ya da kurum politikasina gdre belli bir aralikta takip eder (Cevik
ve Dedeli Caydam, 2015). Ayni sekilde hastanin yasamsal
bulgularini belirli araliklarla alarak kaydeder.

Bu iriin ile soliisyonlara bagl bireyin bagimlilig1 azalacak
olup hareketi desteklenmektedir. Bu iiriin buton ve elektronik
devreden olugmakta olup wifi ile ihtiya¢ halinde hastanin hemsire
¢agr1 sistemine ulagmasini saglamaktadir. Hastanin yasamsal
bulgular1 (ates, nabiz, SPO2) yapay zeka algoritmasi ile anlik
olarak kaydedilmektedir. Hastanin butona basmasi ile bu
yasamsal bulgular hemsireye iletilmektedir. Ayrica serum
askisinda buluna ivme dlger araciligiyla serum askisinin ivmesi
bozuldugunda hemsireye haber verir. Bunun yaninda gelistirilen
bu serum askisi acil bir durum oldugunda ya da hastanin
yoruldugunda oturup dinlenmesini saglayan bir oturma aparatina
sahiptir. Bu durumlar disinda oturma aparati kapali olarak serum
askisina monte haldedir (Sekil 5).

Sekil 5. Bir Medikal Serum Askilig1
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4. Sonug¢

Sonug olarak goriilmektedir ki gelistirilen bu inovatif Giriinler
stvi gereksinimi olan hastalarin tedavi ve bakim siireglerini
olumlu etkileyecektir. Ayrica gelistirilen bu irtnlerin klinik
ortamda kullanimlarinin artmasit ve kullanim ¢iktilarinin
paylasilmasi 6nem arz etmektedir. Bir ekip ¢alismasini gerektiren
saglik bakim hizmetlerinde ¢ok disiplinli inovatif ¢aligmalarin
yapilmasi Onerilir.
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