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AMAC ve KAPSAM

Cukurova Universitesi Miithendislik-Mimarlik Fakiiltesi Dergisi, yilda iki say1 olarak yayimlanan hakemli
bilimsel bir dergidir. Dergi akademik ve arastirma kurumlarindaki mithendislik ve mimarlik alanindaki
aragtirmaci ve uygulamacilara hizmet etmeyi amaglamaktadir. Daha 6nce bagka bir yerde yayimlanmamis
tiim 6zgilin ve giincel bilimsel arastirma ve uygulamalari kapsayan yenilik¢i, degerli ve yararli aragtirma
makaleleri kabul edilmektedir.

AIM and SCOPE

Journal of the Engineering and Architecture of Cukurova University is a peer-reviewed scientific journal
which is currently published semi-annually. The journal aims to serve researchers and practitioners in the
fields of engineering and architecture in academic and research organizations. All innovative, valuable,
and useful research articles including original and current scientific research and applications, previously
unpublished anywhere else, will be regarded.
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Titanyum Esash Kilitleme Plakalarinin Toz Enjeksiyon Kaliplama

Siireci
Levent URTEKIN™
1Ahi Evran Universitesi, Miihendislik Mimarlik Fakiiltesi, Makine Miihendisligi Boliimii,
Kirsehir
Gelis tarihi: 08.08.2016 Kabul tarihi: 13.10.2016

Oz

Titanyum alasimi otomotiv, medikal ve ugak/uzay sanayinde kullanilan 6nemli bir malzemedir. Titanyum
alasimlarinin klasik ydntemlerle islenmesi oldukca zordur. Ozellikle karmasik geometrilerin iiretilmesi
sirasinda tolerans degerlerinin yakalanmasi imalat¢ilart farkli yontemler gelistirmeye yoneltmistir. Bu
kapsamda titanyum esash kilitleme plakalarimin metal enjeksiyon kaliplama ile iiretilmesi ¢aligmalarina
baglanilmigtir. Metal enjeksiyon kaliplama yontemi hassas tolerans, karmagik sekil ve seri iiretim igin
vazgegilmez bir imalat siirecidir. Bu ¢alismada; titanyum alagim tozlari ile elde edilen besleme stoklarinin
kalip igerisindeki akis parametreleri incelenmistir. Akis parametreleri Autodesk Moldflow Simiilasyon
programiyla denenmistir. Silindir sicakliginin 190-210°C arasinda degistigi tespit edilmistir. Enjeksiyon
basinci kalip ve yolluk geometrisine gore degisiklik gosterdigi belirlenmistir. Utiilleme basimci ise
enjeksiyon basmecinin %30-60’1 araliginda oldugu analiz edilmistir. Yapilan analizler neticesinde
titanyum esashi kilitleme plakalarimin metal enjeksiyon kaliplama yontemiyle iretilecegine karar
verilmigtir.

Anahtar Kelimeler: Titanyum, Metal enjeksiyon kaliplama, implant
Powder Injection Molding Process of Titanium Based Locking Plate
Abstract

Titanium alloy is important material which is used for automotive, medical and aircraft/aerospace
industry. It is very difficult to machine titanium alloys by conventional methods. The obtaining tolerance
values during especially the production of complex geometry have led to manufacturers to develop
different methods. In this content, the production of titanium based locking plate was initiated by metal
injection molding method. The metal injection molding method is an indispensable manufacturing
process for the sensitive tolerance, the serial manufacturing and the production of complex shapes. In this
study, flow parameters inside the mold of the feedstocks made from the titanium alloy powder was
investigated. The flow parameters were examined by Autodesk Moldflow simulation program. The
cylinder temperature was found to be varied from 190 to 210°C. It was determined that the injection
pressure was varied depending on the mold and allowances geometry. The holding pressure was found to
be 30-60% of the injection pressure. Based on the performed analyses, titanium based locking plates
could be produced by metal injection molding method.

Keywords: Titanium, Metal injection molding, Implant

“ Sorumlu yazar (Corresponding author): Levent URTEKIN, levent.urtekin@ahievran.edu.tr
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Titanyum Esash Kilitleme Plakalarinin Toz Enjeksiyon Kaliplama Siireci

1. GIRIS
Toz Enjeksiyon Kaliplama (TEK), 1920°li
yillardan beri gelismekte olan bir imalat

yontemidir [1]. Ikinci Diinya Savasi siralarinda
uranyum zenginlestirmek i¢in kullanilan tiipler
organik baglayicilar ile nikel tozlar1 kullanilarak
elde edilmistir [2]. 1950’lerin iginde Sovyetler
Birliginde parafin baglayici kullanilarak seramikler
elde edilmistir [3]. 1950’lerden sonra bir g¢ok
karbiir ve seramik temelli karmasik sekilli
parcalarin  (epoksi, parafin  yada
baglayicilar  kullanilarak)  iiretiminde
kullanilmigtir  [4].  Endiistriyel
1970’lerde Kaliforniya’da Parmatech firmasi
tarafindan ilk defa kullanilmistir [5]. TEK islemi
plastik  enjeksiyon ve toz  metalurjisinin
birlesmesiyle  ortaya  ¢ikmigtir.  1979’lara
gelindiginde, ugakta kullanilan TEK ile iiretilmis
vida tikaci ve niyobyum alagimli roket pargasinin
6diil almasi gelismeleri daha da hizlandirmistir [2].
1980’lerin basinda ise seramik 1s1 makinasi
parcalart TEK ile yapilmstir [4]. 1998°de ise, TEK
irtinii helisel disli ve cerrahide kullanilan kavisli
makas MPIF (Metal Powder Industries Federation-
ABD) tarafindan o6diillendirilmistir.

seliiloz
TEK
olarak 1ise

Toz Enjeksiyon Kaliplama (TEK) isleminde
reoloji  galismasindan baglayarak, karistirma,
taneleme, kaliplama, baglayici giderme ve
sinterleme asamasina kadar her agsamanin kontrolli
yapilmast ve {irlin kalitesini artirmak igin birden
¢ok parametrenin es zamanli uygulanmasi oldukca
onemlidir [5-8]. Ti alasimi enjeksiyon kaliplama
sirasinda; eksik dolum, ¢arpilma, mikro gézenek,
catlak, gozenek ve bosluk, kaynak c¢izgi hatasi,
baski sirasinda kirilma, itici pim izleri, kaliba
yapisma, ayrisma, kabuk ve katmanlasma, diizgiin
olmayan yiizey, piriizlilik gibi  hatalar
olusmaktadir. Hatalarin bir ¢ogu reolojik
ozellikten, kaliplama yani enjeksiyon sirasindan
yada baglayici giderme sirasinda olusmaktadir. Bu
hatalar1t minimize etmek icin ortaya ¢ikmaistir.

0s2

Titanyum alagimlarinin islenmesinde gerekli olan
kesme kuvveti makine ¢eliklerinin ihtiya¢ duydugu
kesme kuvvetinden biraz daha yiiksektir. Esit
sertliklere sahip olmasina ragmen bu alasimlarin
sahip oldugu metalurjik 6zellikler onlar1 islemede
giiclik cikarmaktadir. Beta alasimlar en zor
islenen titanyum alasimlanidir. Isleme sartlar:
ozellikle 6zel bir alasim kompozisyonu ve isleme
strast icin segilirse islenebilirligin gercekei tiretim
oranlar1 kabul edilebilir maliyet diizeyinde elde
edilebilir. Ozellikle taslama sirasinda, yiizey
bitiinliigiindeki diizensizlikleri engellemek igin
gerekli ¢aligmalarin yapilmasi Titanyum alagimlari
icin gerekmektedir, aksi takdirde yorulma gibi
mekanik  davraniglarda  dramatik  kayiplar
olusabilmektedir. Bugiine kadar yiiksek hizda
isleme gibi tekniklerle titanyum islemede gozle
goriilebilir gelismeler olmamistir. Yeni takim
malzemelerinin gelistirilmesinin gerekliligi ortaya
cikmistir [9-11]. Titanyum celige gére nispeten
daha digiik elastikiyet modiiline sahiptir
dolayisiyla esnekligi celige gore daha azdir. Agir
talas kaldirma islemleri i¢cin daha giiclii takimlara
ihtiya¢ duymaktadir. Takimdaki basing nedeniyle,
takimda siirtiinme, tirlama ve tolerans problemleri
gibi  problemler  olusmaktadir. Titanyum
alagimlarinin islenmesi sirasinda olusan yukarida
belirtilen  durumlar  titanyum  alagimlarini
islenebilirligi giic malzemeler sinifina
sokmaktadir. Ti-6Al-4V vidali kemik
implantlarmin islenmesindeki zorluklar ve hem
kalcada hem de bilekte yogun olarak kullanilmasi
bu parcanin seri iiretimini gerektirmektedir. Bu tip
malzemelerin klasik imalat yontemlerinden farkli
olarak lazer yada tel erozyon gibi ileri imalat
yontemleriyle iglendikleri bilinmektedir.

Titanyum alasimi otomotiv, medikal ve ucak/uzay
sanayinde kullanilan &nemli bir malzemedir.
Titanyum  alagimlarmin  klasik  yOntemlerle
islenmesi oldukca zordur. Ozellikle karmasik
geometrilerin  {iretilmesi  sirasinda  tolerans
degerlerinin  yakalanmast  imalatgilart  farkls
yontemler gelistirmeye yoneltmistir. Bu kapsamda
Titanyum esashi kilitleme plakalarmin metal
enjeksiyon kaliplama ile iretilmesi ¢aligmalarina
baslanilmistir.

C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), EKim 2016



2. MATERYAL VE METOT

Toz Enjeksiyon Kaliplama (metal ve seramik) icin
toz boyutu ve formu oOnemli bir parametredir.
Ozellikle metaller icin ortalama toz boyutu
20 mikron alt1 kiiresel tozlar yiiksek paketleme
yogunlugu vermektedir. (Seramikler igin toz
boyutu 10 mikron alti istenmektedir) Toz boyut
dagilmin  da paketleme yogunluga etkisi
bilinmekte olup sinterleme oOncesi elde edilen
paketleme yogunlugunun son pargadaki yogunlugu
etkiledigi 6nemli bir literatiir bilgisidir. Yogunlugu
yiiksek istenen toz metal parcgalarda kiiresel toz
sekli istenmektedir.

Dumlupmar Universitesi Ileri Teknolojiler ve
Tasarim Merkezinde yapilan analizler neticesinde
ortalama toz boyutu ve toz boyut dagilimi,
analizleri yapilarak Ti-6Al-4V  malzemesinin
Metal Enjeksiyon Kaliplama i¢in uygunlugu
belirlenmistir. Analizler neticesinde ortalama toz
boyutunun 13,4 mikron civarinda oldugu ve
kiiresel oldugu goriilmiistiir. Cizelge 1°de ise EDX
sonucu elde edilen element analiz degerleri agirlik
ve atomik olarak verilmigtir. Sekil 1°de ise
kullanilan tozlarin SEM goriintiisii verilmistir.

Cizelge 1. Element analiz degerleri

Element Agirhik % Atomik %
AIK 5,67 9,67
TiK 89,61 86,07
VK 4,72 4,26

tlisi
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3. DENEYSEL CALISMALAR VE
SIMULASYON

3.1. Reoloji Deneyi

Metal Enjeksiyon Kaliplama yonteminin mutfagin
olusturan siire¢ reoloji calismasidir. Metal tozu ve
baglayicilardan olusan karigimlarin graniil haline
getirilmesi ve Kilcal reometre (Sekil 2) ad1 verilen
basit bir ektrusderden gegirilmesi ile baglayici ve
metal tozu karisimlarinin (besleme stoku) akis
ozellikleri hakkinda fikir edinilmektedir. Baglayici
ile metal toz karigim oranlarinin belirlendigi reoloji
caligmasi graniillemede, kaliplamada, baglayici
gidermede ve sinterlemede etkili bir parametredir.
Akis tipinin psodo-plastik olmasi (yani kayma hizi
artikca  viskozitenin  azalmasi), viskozitenin
1000 pa.s altinda seyretmesi, erime akis indeksi
tayini (10 gr/dk akan gram miktar1) enjeksiyon

kaliplama  sicakliginin  belirlenmesi  reoloji
caligmalariyla belirlenir.  Sekil 2’de reoloji
parametrelerinin  incelendigi  kilcal reometre

gOriintiisii verilmistir.

Sekil 2. Deneylerde kullanilan kilcal reometre

Kilcal reometre deneyi, Dumlupinar Universitesi
Makina Miihendisligi Toz Metalurjisi
laboratuvarinda bulunan cihaz ile
gerceklestirilmistir. 13,4 mikron Ti-6Al-4V tozlar
ile hazirlanan besleme stoklarimin kilcal reometre
denemeleri, ASTM D1238 - ASTM D3835 [12-13]
standartlarina uygun olarak yapilmistir. Elde edilen
besleme stoku kilcal reometreden gegcirilerek,
degisen kayma gerilmelerinde viskozitesi ve
kayma hizi belirlenmistir. Reolojik calismalarda
kullanilan kilcal reomtrenin silindir uzunlugu
115 mm, i¢ ¢ap1 10 mm’dir. Silindir boyunca
caligsabilen pistonun boyu 6,35 mm’dir. Kalip
8 mm uzunlugunda ve 2 mm ¢apindadir. Besleme
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stogu tane haline getirildikten sonra, cihaz
temizlenmistir. Deneylere baslamadan  6nce
silindir ve piston sicakligi 15 dk siire ile
80-260+0,5°C’de tutulmustur, deney sirasinda da
bu sicaklik araliginin degismezligi saglanmistir.
Silindir, agirligi bilinen besleme stogu ile
doldurulmus ve iizerinde yiik bulunmayan piston,
silindir iistiinden iceri dogru sokulmustur.

3.2. Akis Simiilasyon Calismalari

Ahi Evran Universitesi Arastirma Hastanesi
Ortopedi Bolimii ile goriisiilmiis en ¢ok kullanilan
Ti esasli kilitleme plakasi temin edilmistir. Tersine
miihendislik yontemi ile vidali parganin tim
detaylart ve tasarimi yapilmistir. Eksik kalan ve
taranamayan kisimlar  Solidworks  programi
kullanilarak parcanin kati modeli ¢ikarilmustir.
Tasarim kalip simiilasyonu i¢in hazir hale
getirilmistir. ilgili tasarimlar Sekil 3’de verilmistir.

éekil 3. Tasarlanmus Ti esash kilitleme plakéél.

Solidworks ile ¢izilen kilitleme plakasi Autodesk
Moldflow  simiilasyon  programma  import
edilmistir. Tasarimdan dolay1 olusabilecek bosluk
kontrolu i¢in yiizey kontrolii yapilmistir. Yiizey
kontrolii igin kilitleme plakasi par¢a yiizey
meshlemesine tabi tutulmustur. Mesh analizlerinde
3D meshleme yontemi tercih  edilmistir.
3D meshleme yapildiktan sonra en iyi yolluk ve
giris analizleri yapilmistir. Tek enjeksiyon girisi

secilmistir. 1ki gozli kalip secildiginden her
parcanin stabil olmasi igin simetrik
yerlestirilmistir. Kaliba uygun basit yolluk
0S4

secilmis ve tikanmalar minimize edilmistir.
Yolluklardan kaynaklanan 181 kayiplari
onlenmistir. Sogutma kanallar1 ¢izilmeden Once
dolum prosesi incelenmis olusabilecek hava boslu
yada dolmama sorunu incelenmigtir. Bunlara gore
erime sicakligi, iitileme basinct degerleri
girilmistir. Sogutma kanallar1 geometriye uygun
secilmigtir. Hatalardan ka¢inmak i¢in (¢arpilma,
eksik dolum vb) gercege cok yakin degerler
secilmistir.

4. SONUCLAR

4.1. Reoloji Sonuglari

Ti-6Al-4V alasimi ile PW/PE/SA esasli baglayici
sistemi ile elde edilen besleme stoku (BTi) ile
yapilan reoloji calismalarinda hacimce
%47-57 oraninda toz yiiklemesi yapilmistir.
Sicaklik degisimi 180-220°C arasinda degismistir.
Erime akis indeksi 300-1005 (gr/10 dk) arasinda
degismistir. Bl besleme stokuna gore metal
enjeskiyon kaliplama i¢in daha uygun reolojik
verilere  sahiptir.  Viskozite  degerleri  ise
80-1100 pa.sn arasinda degismektedir. Toz
yiikklemesinin %57’¢ kadar ¢iktigi BTi besleme
stoku metal enjeksiyon kaliplama igin uygun
oldugu goriilmiistiir.

Akis tipinin newtoniyen olmayan akis ve pséydo-

plastik  oldugu  gérilmiistiir. ~ Viskozitenin
100-1000 pa.sn altinda seyretmesi besleme
stoklarindan  istenen bir durumdur. Diisiik

viskozitelerde piiskiirme yiiksek viskozitelerde ise
kalib1 doldurmama ve tikanma gibi hadiseler
yasanmaktadir. Besleme stoklarinin {i¢ ana
baglayicidan olusur, ana baglayici, iskelet
baglayict ve yaglayicidir. Literatiir ¢alismalarinda
(steatit, aliimina, aliiminyum, paslanmaz c¢elik)
besleme stoklarinin iskelet baglayici ile hemen
hemen ayni Ozellikle tasidigi sOylenebilir. Bu
kapsamda BTi besleme stogunun iskelet
baglayicisi PE ile uyumlu oldugu séylenebilir. Bu
uyumluluk termal analiz ¢alismalarinda da ortaya
cikmistir.

Sekil 4 ve 5’de erime akig indeksi-sicaklik ve
viskozite-sicaklik degisimleri verilmistir.
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Sekil 5. Viskozite-sicaklik degisimi

Besleme stok analizlerinin termal 6zellikleri birgok
amag i¢in yapilmaktadir. Bunlardan en onemlisi
akig sicakliklarinin belirlenmesi, baglayici giderme
sicakliklarinin tayini, baglayici giderme hizlarmin
ve baglayict giderme ortaminin belirlenmesi olarak
siralanabilir. Bu kapsamda BTi besleme stoku i¢in
DTA/TGA analizleri yapilmis ve agagida veriler
elde edilmistir.

Sekil 6’da goriildiigii gibi BTi besleme stoklari
icin TGA/DTA analizleri verilmistir. BTi besleme
stoku incelendiginde 220°C’den sonra kiitle kaybi
baglamis ve malzeme maksimum bozulma
sicakligr 371,5°C sicakliginda ve 475°C sicakliga
kadar bozulma devam etmistir.

PW, PE ve SA bozulma baslangi¢ sicakliklariyla
grafikteki ~ degerler  uyumludur.  Kademeli
sinterlemenin dnemli bir adimi olan 1s1l baglayici
giderme igin 1s1l analizler faydali bir metottur.
Sekil  5°de goriilldiigic.  gibi  yaklagik
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60-190°C araliginda erime fazi mevcuttur. Bu
aralik, SA (68-70°C) ve PE (190-210°C)’in erime
sicakligr araligidir ve tepkime 1s1 alandir.

DTA /(uV/mg)
DTG /(%/min)

Sampie o 1C

Sekil 6. BTi Dbesleme
analizleri

stoku i¢in TGA/DTA

4.2. Akis Simiilasyon Sonuglari

Autodesk Moldflow Simiilasyon analizi ile
kilitleme plaklarmin akis 6zellikleri incelenmistir.
Sekil 7-10°da enjeksiyon parametrelerine ait
sonuglar verilmistir.

Reoloji caligmalar1 ile uzun zaman ve tecriibe

gerektirerek belirlenen parametreler Moldflow
simiilasyon analizi ile daha kolay
¢oziimlenebilmistir.

[ e—

Sekil 7. Kalip dolum siiresi
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Clamp force XY Plot

20 25000
Timefs] .

é&u 10. Kalip kapama kuvveti-zaman degisirﬂiww

Modflow analizleri neticesinde BTi besleme stoku
i¢in gerekli enjeksiyon parametreleri
belirlenmistir. TGA/DTA ve reoloji ¢alismalar ile
uyumlu olan simiilasyon calismalari neticesinde
toz enjeksiyon kaliplama ile Ti alasimli kilitleme
plakalarinin tiretilebilecegine karar verilmistir.

0s 6

5. SONUC

BTi besleme stoku iizerine kilcal reometre ile
deneyler yapilmis (Parafin wax/PE/SA) viskozite,
erime akis indeksi ve sicaklik davraniglar1 toz

enjeksiyon  kaliplama ile uyumlu oldugu
belirlenmistir.
Moldflow  simiilasyon analizi ile reoloji

¢aligmalarinin uyumu uzun zaman alan besleme
stoku akig ozelliklerinin belirlenme ¢alismalarini
azaltacak tiirdendir. Her bir karis1 orani igin reoloji
deneylerinin yapildigt ve kritik yiikleme ile
optimum yiikleme arasinda %?2-5 oraninda bir
degisim oldugu bilindigine gore simiilasyon
analizinin bilimsel ¢alismalara yardimci olacagi
gOriilmistiir.
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Abstract

The present study focuses on the utilization of chromite waste after neutralization process as coloring
agent for transparent and opaque wall tile glaze compositions. The neutralized processed chromite ore
waste obtained from the Soda-Chrome Industries Inc. in Kazanli (Mersin), a branch of Sise-Cam
Chemicals Group, was used in increasing amounts in ceramic wall tile glazes. 3-6% of chromite waste
was used in opaque and transparent wall tile glaze recipes. The glaze compositions were applied as thin
layers (0.5 mm) on engobed wall tile bodies and fired at 1200°C. After firing, no surface defects were
observed on glazed surface. Glazes were charaterized by electron microscopy (SEM-EDX). The color
obtained after glazing and firing was defined as CIE-L"a’b” parameters by using UV-Visible
Spectrophotometer. Glazed samples were subjected to thermal shock test at 200°C and no evidence of
crack and peeling were found between body and glaze coating. It has been observed that waste material
has positive effects as a colorant in ceramic glazes at 1200°C.

Keywords : Chromite Waste, Waste utilization, Glaze, Colorant

Kromit Atiginin Tek Pisirim Duvar Karosu Sirlarinda
Renklendirici Olarak Kullanilmasi
Oz

Bu ¢alismada nétralizasyon islemi sonrast elde edilen kromit atiginin seffaf ve opak duvar karosu sir
kompozisyonlarinda renklendirici olarak kullanilabilirligine dikkat ¢ekilmistir. Notralize edilmis kromit
cevheri atigit Kazanli (Mersin)’da bulunan ve Sisecam Kimyasallari Grubuna bagli Soda-Krom
Fabrikalari’ndan elde edilmis ve artan oranlarda seffaf ve opak duvar karosu sir regetelerinde %3-6
oraninda kullanilmigtir. Sir kompozisyonlar1 astarli duvar karolari iizerine 0,5 mm kalinliginda
uygulanmis ve 1200°C’de firinlanmistir. Pigirim sonrasinda sirli ylizeylerde herhangi bir hataya
rastlanmamigtir. Sirlarin Karakterizasyonu, Taramali Elektron Mikroskobu (SEM-EDX) ile yapilmustir.
Sirlama ve pisirme islemlerinden sonra sirli yiizeylerde UV-Visible Spectrophotometer ile CIE-L"a’b"
parametreleriyle ifade edilen renk degerleri elde edilmistir. Sirlt 6rnekler 200°C’de 1s1l sok testine tabi
tutulmus biinye-sir arasinda, herhangi bir catlama veya kavlama goriilmemistir. 1200°C°de atik
malzemenin seramik sirlarini renklendirmede olumlu etkilere sahip oldugu gozlenmistir.

Anahtar Kelimeler: Kromit atig1, Atik degerlendirme, Sir, Renklendirici
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1. INTRODUCTION

Industrial activities are generating huge amounts of
inorganic and toxic waste materials and are not
inherent to the production process due to
technological developments in all over the world.
Recycling and reuse are the best solution for waste
utilization that become very important for today’s
community because of increase in production of
wastes and their impact on the environment for
living beings.

The ceramics sector can incorporate large amounts
of waste materials without relevant process
modifications, while taking advantage of the
calorific value from waste combustion or
incorporating the residue in the internal structure
of materials, such that the residue forms part of
these materials’ matrix and becomes an inert
element, Eliche Quesada et al. [1].

As stated in the literature, possibility of using a
wide variety of inorganic wastes has become
important aspect in the ceramic sector like as
ceramic engobes [2-3], ceramic glazes [4-8],
ceramic colorants or pigments [9-15], glass and
glass-ceramics [16-18], bricks and roof tiles
[19-27], and ceramic tiles [28-30].

According to Eppler et al. [31] and Bonolini et al.,
[32], obtaining a color in a vitreous matrix requires
dispersion of a colored insoluble crystal or crystals
which acted as pigments of the matrix. The color
of the crystals is then imparted to the transparent
matrix.

Different materials are widely used in production
of colored glazes but direct use of solid wastes as a
coloring agent is quite rare in Turkey. As a result
of these aims, the solid waste of Soda-Chrome
Industries was utilized in the transparent and
opaque tile glazes. It was observed that, there was
a wide color variety altering from grey to black in
transparent glazes and violet in opaque glazes at
1200°C.

2. EXPERIMENTAL PROCEDURE

Wall tile glazes (transparent and opaque) and
neutralized chromite waste were used in this study.
Chromite waste obtained from Soda-Chrome
Industries as a coloring agent. Transparent and
opaque glazes obtained from Yurtbay Seramik
Factory. The body and glaze compositions are not
reported since they are still produced industrially.
Glazes were colored by adding 3-6 wt% of the
waste to the transparent and opaque glazes.
Homogenous mixing was achieved by milling the
materials constituting the slip, for 2 hours in a mill.
This treatment gave a homogeneous mixture of the
neutralized waste and glaze. The ground mixtures
were then sieved through 63 um mesh. A spraying
method was used to apply the stained ceramic
glazes to test tiles. The phase identification in the
neutralized waste was performed by X-ray
diffraction (XRD) method. XRD patterns were
obtained using conventional powder diffraction
technique with Ni-filtered Cu Ka radiation and
X-ray scans were made between 20 angles of
0° and 70°. The microstructure and chemical
homogeneity of representative fired samples were
studied by scanning electron microscopy (SEM)
using a Leo-440 electron microscope.

The optical parameters of all the fired wall tiles
were measured using Minolta CR-300 series
chroma meter using the CIELab method. L * is the
degree of lightness and darkness of the color in
relation to the scale extending from white
(L"=100) to black (L"=0). a" is the scale extending
from green (-a°) to red (+a’) axis and b” is the scale
extending from blue (-b") to yellow (+b") axis.

3. RESULTS AND DISCUSSIONS

The result of the chemical composition of the
neutralized chromite waste is given in the Table 1.
According to the Table 1, neutralized chromite
waste consists mainly of iron oxide (~59%), also
with chromium oxide (~21%).

Table 1. Chemical composition wt % of chromite waste

SiO, | AlLO3 | TiO, | Fe,03 | CaO | MgO | Na,0 | K,O | Cr,03 | SOz |MnO| NiO | CoO | V,05
224 |1 001 | 149 | 5896 | 1.28 | 870 | 185 | 0.04 | 2052 | 0.19 | 048 | 0.19 | 0.09 | 0.81
0S 10 C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), EKim 2016
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The result of the XRD analysis of the chromite  consists of chromite, magnetite, andradite (syn)
waste is shown in Figure 1. Chromite waste and green rust.
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Figure 1. X-ray diffraction spectra of the chromite waste of soda chrome industry

The chemical composition is  basically
characterized by high amounts of Fe,0s, Cr,0O; and
MgO. This waste material is extremely hazardous
because it contains dangerous heavy metals such
as Cr and Ni. Different amounts of chromite waste
were ranged from 3% to 6% added into the
transparent and opaque wall tile glaze TG, TG,

compositions. These glaze compositions labeled as
TG; (addition of 3% chromite waste to transparent
glaze), TG, (addition of 6% chromite waste to
transparent glaze), OG; (addition of 3% chromite
waste to opaque glaze) and OG, (addition of 6%
chromite waste to opaque glaze) respectively.

) L .\l o

oG,

Figure 2 shows the surface appearance and color of :
the transparent and opaque wall tile glazes colored ~ Figure 2. Surface appearance and color of the

with the neutralized chromite waste applied on glazes prepared by neutralized chromite
engobed single-fired wall tiles at 1200°C. \(/)Vgste, fired at 1200°C; TGy, TG,, OGy,
2
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SEM micrographs and EDX patterns of TG, and
OG; glazes were shown in Figure 3 and Figure 4.
It could be seen that, large number of irregular
shaped crystals disorderly distributed in glassy
matrix. The chemical compositions of crystals
(OG,) and glassy matrix (TG;) were analyzed by
EDX. The crystals were rich in Si, Al, Na, Ca, Mg,
Fe and Zn. The glassy matrix was rich in Si, Al,
Cr, Na, Ca, Mg, Fe, Zn.

As the amount of waste increases in the coloring of
ceramic glaze, color scale ranging from light
brown to dark brown in transparent glazes and

violet in  opaque glazes at  1200°C.
The chromite waste has reducing effect on
whiteness.  Transparent glaze matrix  with

6% chromite waste (TG,) showed intense brown

Detector = SE1

coloration and opaque glaze matrix with
6% chromite waste (OG;) showed intense violet
coloration, as seen in Figure 2 and Table 2.

Under the lights of coloring parameters (L", a” and
b") of newly produced wall tile glazes with
chromite waste it was concluded that higher waste
contents caused decrease in whiteness.

Table 2. Optical parameters (L", a’, b") of wall

tile glazes
Glazes L a b"
TG, 64 +12 +21
TG, 32 +17 +28
0G; 82 +5 +4
0G, 65 +6 +7

T
20
Energy (kel)

T
o ] 10 15 20
Enengy (el

Figure 3.SEM micrograph of the TG; glaze and Figure 4. SEM micrograph of the OG; glaze and

EDX pattern taken from
occurrence

4. CONCLUSIONS

This work showed that, it’s possible to utilize
chromite waste for coloring purposes and

0s 12

the crystal

EDX pattern taken from the glassy
matrix

obtaining attractive textures for decorative
purposes in different glaze compositions. The
color change in transparent and opaque glazes is
related with the phase transformation during firing,
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where the chromite ore waste reacts with the glaze
composition with depending on firing temperature.
Various shades of brown and violet were observed
when neutralized chromite waste was added into
the transparent and opaque glazes. The variation of
shade is considered due to firing temperature,
presence of different amounts of neutralized
chromite waste and chemical composition of
glazes. Glazed samples were subjected to thermal
shock test at 200°C and no evidence of crack and
peeling were found. Good adhesion was observed
between the body and glaze coatings. As a result,
the utilization of chromite waste as coloring agent
in ceramic products will reduce environmental
pollution.
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Yeni Bir Eddy Akimi Ayrnistirieisi ile Kiiciik Boyutlu Demirsiz
Metallerin Ayristirilmasi
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Oz

Bu calismada 5 mm’den kiiclik graniil haldeki demirsiz metallerin ayristirilarak geri kazanimi amaciyla
tasarlanan yeni bir eddy akimi ayristiricisi (EAA)’nin performansi incelenmistir. Ayristirilacak
malzemenin kiiclikliigiinden dolay:1 olusan itme kuvveti ayristirmada yetersiz kalmaktadir. Bu kuvveti
artirabilmek i¢cin miknatis tambur tasarimi, tambur hizi, kutup sayisi, hava araligi, miknatis secimi ve ana
govde tasariminda yapilacak iyilestirmeler ile yeni bir EAA gelistirilmistir. Bu etkilerin deneyle
incelenmesi miimkiin oldugu i¢in tambur pozisyonunun degisimi, tambur ve konveyor hizinmn etkileri test
edilerek performansa etkileri belirlenmistir. Bu sistem ile graniil atik icerisinde bulunan degerli metallerin
yiiksek verimle geri doniisiimii ve ekonomiye kazandirilmasi miimkiin olmaktadir. Graniil atik halindeki
gii¢ kablolarmin ayristirilmasi i¢in yapilan deneylerde en az %96 nin iizerinde verim elde edilmistir.

Anahtar Kelimeler: Eddy akimi ayristiricisi, Degerli metal ayristirma, Demirsiz metal ayristirma

Separation of Small Sized Non-Ferrous Metals with a Novel Eddy Current
Separator

Abstract

In this study; performance of novel eddy current separator (ECS) is designed for particle separation is
examined for separation of non-ferrous metals smaller than 5 mm. The propulsion force in material is not
sufficient due to small size for separation. Drum design and speed, number of magnet poles, airgap,
magnet type an main frame design are improved to increase the propulsion force. Variations of drum
position, drum and conveyor speed are examined by experiments for determation of performance effects.
It is possible that recycling of granule nonferrous valuable metals, and obtainig economical value with
high efficiency. In experiment of granule power cable wastes separation efficiency is higher than %96.

Keywords : Eddy current separator, valuable metal separation, Non-ferrous metal separation
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Yeni Bir Eddy Akumi Ayristiricist ile Kiigiik Boyutlu Demirsiz Metallerin Ayristirilmasi

1. GIRIS

Ayrigtirmada  Oncelikli  islem  malzemeleri
smiflandirdiktan sonra ayr1 ayri parcalayarak geri
kazanmaktir. Fakat degerli metallerin birada
montaj halinde oldugu veya plastik kilifla birlikte
bulundugu durumlarda bunlari birbirinden ayirmak
oldukca zordur ve yiksek iscilik maliyetleri
gerektirir. Bu tiir malzemeler kiyic1 makinelerde
hepsi bir arada parcalanmaktadir. Parcalanmis
atiklar grantil olarak karigitk halde bulunurlar.
Ongoriilen sistem ile bu karigim igerisinden degerli
metalleri ayristirmak miimkiindiir. Siire¢ igerisinde
EAA ferromanyetik malzemeleri ayristirmada
kullanilmadigi i¢in oncelikle atik igerisinde demir
iceren metaller bir elektromiknatisla tutularak
disart alinmalidir. Kalan atiklar ise bant {izerinde
tasinarak EAA yardimiyla ayristirilmaktadir.
Ayrigtirma sonucunda degerli metaller bir bélmeye

almirken kalan diger malzemeler bagka bir
bolmeye alinmaktadir. Sekil 1°de demirsiz
metallerin  ayristirllmasin1 ~ gosteren EAA’nin

prensip semast verilmistir [1-2]

alu{ninum plastic

‘Q\
: \ ]
feeding belt ® \
plastic aluminum

Sekil 1. EAA a) prensip semast, b) prototip
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Bu caligmada graniil haldeki degerli metallerin
ayrigtrmak ~ amaciyla  tasarlanan  EAA’nin
performansi i¢in bazi parametreler incelenecektir.
Ayristirilacak malzemenin kiigiikliigiinden dolay:
olusan itme kuvveti ayristirmada yetersiz
kalmaktadir. Bu kuvveti artirabilmek i¢in miknatis
tambur tasarimi, tambur hizi ve kutup sayisi, hava
araligl, miknatis secimi ve ana govde tasariminda
iyilestirmeler ile yeni bir EAA tasarimi
gelistirilmis ve 213M551 nolu Tiibitak destekli bir
proje kapsaminda prototip olarak imal edilmistir.

Bu ¢alismada tamburun X ve Y eksenlerindeki
konumu, tambur hizi, tambur ile malzeme
arasindaki hava araligt ve malzemeyi tambur
lizerine tasiyan bant hizinin ayristirma verimine
etkileri incelenmistir. Bu sistem ile graniil atik
icerisinde bulunan degerli metallerin yiiksek
verimle geri doniisiimii saglanarak hammaddeye
doniisiimii ve ekonomiye kazandirilmasi miimkiin
olmaktadir. Geri doniisiimle kazanilan bu degerli
metaller sayesinde bu madenlerin g¢ikarilmasi ve
islenmesi  i¢in  harcanan iscilik ve enerji
azalacaktir. Boylece dogal kaynaklar korunarak
cevre daha az Kkirletilecektir. Ayrica EAA’nimn
teknolojisi ve tasarimi konusunda yapilacak Ar-Ge
caligmalar1 sistemi iiretmek isteyen makine-imalat
firmalarma  yon  gOstermesi  ve  iriiniin
ticarilestirilmesi hedeflenmektedir.

2. ONCEKI CALISMALAR

Genel anlamda uluslar arasi diizeyde EAA’lar ile
ilgili olduk¢a az yaym ve akademik g¢aligmaya
rastlanmugtir. Yurticinde ise yok denecek kadar az
sayida yayin bulunmaktadir.

Yapilan ¢aligmalarin ¢ogunlugu 5 mm den kiigiik
boyutlu demirsiz metallerin ayristirilabilmesi igin
performans artirmay1 hedefleyen caligmalardir. Bu
kapsamda  tasarim  degisiklikleri,  tasarim
dogrulama c¢alismalari, EAA’nm simiilasyonlart
ve sonlu elemanlar yontemi ile analizleri, deneysel
caligmalarla farkli metaller i¢in performansin
belirlenmesi, tambur ve konveyor bant hizlarimin
verime etkisi, ayristirilacak malzemenin dzkiitle,
iletkenlik ve sekil faktoriiniin performansa etkileri
konularinda literatiirde caligsmalar bulunmaktadir
[3-11].
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3. MATERYAL VE METHOD

Demir icermeyen degerli metallerin ayristirilmasi
i¢in, eddy akimi etkin bir yontemdir. Eddy akimi
prensibi; bir iletken malzeme degisken bir
manyetik alan igerisine yerlestirildiginde manyetik
aki tarafindan kesilerek Faraday kanununa gore
malzemede bir elektrik yiikii indiiklenir. Kapali
devre olan malzemede Eddy akimi olarak
adlandirilan girdap seklinde akimlar gecer. Bu
akima girdap akimi da denilmektedir. Eddy
akimlarin etkisi ile malzemede Ampere kanununa
gore manyetik alan olugsmaktadir. Bu alan miknatis
bloklarindan olugan tamburun manyetik alanindan
etkilenir. Her iki alanin etkisi ile Biot-Savart
yasasina gore malzemede kuvvet olusur. Bu itme
kuvveti ile malzeme iiriin akigindan disariya atilir.
Sekil 2’de doner tamburlu tip EAA iizerinde
gosterilmektedir.

Rotorun Déniisii

P
Eddy Akt

5 Lorentz

— Malzeme N g

. Kuvveti

Bant
S|IN[[S[|N||S||N

Sekil 2. Doner tamburlu EAA’nin iisten goriiniisii

Sekil 2’de goriilen doner tamburlu Eddy akim
ayristiricisinda,  doner  muknatishh  tamburun
degisken manyetik alaninin yol agtigi itici kuvveti
Esitlik 1 ve 2 ile sade bigimde ifade edilmistir [8].

F,=H?fx % (1)

f= )

~ |3

Burada F, firlatma kuvvetini, H manyetik alan
siddetini, f manyetik alan frekansini, n miknatis
tamburun hizini, p manyetik kutup sayisini, m
kiitleyi o iletkenlik oranini, p malzemenin sekil ve
yogunluk faktoriinii ifade etmektedir. Farkli
malzemeler igin, Dbilesik kuvvet malzeme
ozellikleri ile ilgilidir ve iletkenligin yogunluga
orant (o/p) kuvvetin boyutunu ve ayrigtirma
zorlugunun derecesi belirlemektedir. Bu oranin
biliyilk oldugu malzemelerde ayrigtirma basarisi
daha yiiksektir [4,8,9].
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Bu malzemeler yaklastk 2 mm c¢apinda 5 mm
uzunlugundadir. Bu deneyler i¢in belirli miktarda
malzeme segilmis ve farkli parametrelerin
belirlenen malzemelerin ne kadarinmi ayristirdigt
tespit edilerck ayristirma verimi belirlenmistir
(Sekil 3). Malzeme olarak 70 g aliiminyum ve
180 g bakir secilmistir [4].

malzemeler

Tasarlanan EAA’da malzemelerin diigsecegi kap
bolmelerine iki adet kutu yerlestirilmis ve
ayristirma igleminden sonra bu kaplarin i¢indeki
malzeme miktarlari yine hassas terazi ile 6l¢lilmiis
ve ayristirma verimi belirlenmistir. Bu deneylerde
tambur hizi, tambur konumu, malzeme cinsi ve
bant hizi gibi parametrelerin ayristirma verimine
etkisi belirlenmistir. Tambur konumunun etkisi X
ve Y koordinatlar1 i¢in ayrt ayrn olarak
belirlenmistir.

4. BULGULAR

4.1. Tambur Pozisyonunun Verime Etkisi

Tambur pozisyonun X eksenindeki degisiminin
ayristirma verimine etkisini gdzlemlemek icin
tambur Y ekseninde -3 cm’de, tambur hiz1
2000 rpm’de sabit tutulmustur. Bant hizi ise
0,3 m/sn olarak belirlenmistir. Tamburun X ve y
eksenindeki konumunu Sekil 4’de gosterilmistir.

Konveyor Bant

Sekil 4. Tamburun X ve Y eksenine gére konumu
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Tamburun X eksenindeki 0,1 ve 2 cm konumlari
icin ne kadar malzemenin ayristig1 tespit
edilmistir. Tlk olarak aliiminyum daha sonra bakir
malzeme kullanilarak deney tamamlanmistir. Bakir
ve aliminyum malzeme i¢in tamburun X
eksenindeki konumuna goére ayrigtirma verimi
Sekil 5’de gosterilmistir.

100 T

i
\\\\ —5— Alliminyum
L —4—Bakr
90
S
2
£
a 10f
3
[
5
<
601
50
40 -
0 1 2
Tambur X ekseni konumu [cm]
Sekil 5. Ayristirma veriminin tamburun

X eksenindeki konumuna gore degisimi

Sonuglara bakildiginda her iki malzeme igin de
tamburun X eksenindeki konumu arttirildiginda
yani tambur ve bant birbirinden uzaklastiginda
ayristirma  verimi  diigmektedir. Bunun sebebi
tambur banttan uzaklastiinda daha az malzemenin
tambur {stiine gelmesidir. Bdylece ayristirma
veriminin tamburun X=0 konumu i¢in en yiiksek
degerde oldugu tespit edilmistir.

Tamburun Y eksenindeki konumu i¢in ayrigtirma
verimi incelenmistir. Tambur X=0 konumunda
sabit tutulmugtur. Tambur hiz1 2000 rpm’de bant
hiz1 ise 0,3 m/s olarak sabit tutulmustur. Tamburun
Y eksenindeki -2, -3 ve -4 cm’deki konumlari igin
ayristirma islemi gergeklestirilmis ve verimler
incelenmigtir. Tamburun Y eksenindeki konumu
icin ayrigtirma verimi Sekil 6’da verilmistir.

0s 18

Deney sonuglart  incelendiginde  tamburun
Y ckseninde banttan uzaklastiginda verimin
diistiigli goriilmistiir. Tambur bant seviyesinden
ne kadar asagida olursa malzeme banttan
diistiigiinde daha fazla potansiyel enerjiye sahip
olacaktir. Dolayisiyla tamburun manyetik alaninin
olusturdugu kuvvet malzeme ile birlikte bu
potansiyel enerjisini de karsilamaya yetmeyecektir.
Ayristirma verimi Y=-2 konumu igin en yiiksek
degerine sahiptir.

100 T

8- - V

bt

94 / |
92 ) |
90 . |

86 / b

Ayristirma verimi [%]

Lz ,
/ —5— Aliminyum

/ —&—Bakrr
82r b

80 :
-4 3 2
Tambur Y ekseni konumu [cm]
Sekil 6. Ayrigtirma veriminin tamburun

Y eksenindeki konumuna gore degisimi

4.2. Tambur Hizinin Ayristrma Verimine
Etkisi

Tamburun X-Y eksenlerinde ayrigtirma veriminin
en yiksek oldugu konumlart belirlenmigtir. Bu
deney de ise tambur hizinin ayristirma verimine
etkisi incelenmigtir. Tambur X=0 ve Y=-2
konumunda, bant hizi ise 0,3 m/sn’de sabit
tutulmustur. Yine 70 g aliiminyum graniil malzeme
besleme {initesine konulmug ve ayrigtirma iglemi
tambur hizinin 500 ile 3000 rpm arasindaki hiz
degerleri igin ayr1 ayr1 yapilmistir. Aliiminyum ve
bakir igin deney sonuglart grafik olarak Sekil 7°de
verilmistir.
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Sekil 7. Tamburun hizina gére verimin degisimi

Bu deney sonuglarimi inceledigimizde hiz arttikga
ayrigan malzeme miktar1 yiikselmistir. Oyleki
3000 rpm’de 70 g aliiminyum malzemenin
%99°dan fazlas1 180 g bakir malzemenin %98’den
fazlas1 ayristirilmigtir.

4.3. Bant Hizimin Ayristirma Verimine Etkisi

Bu deneyde ise bant hizinin ayrigtirma verimine
etkisinin gozlemlenmesi hedeflenmistir. Deneyde
tambur hizi 2000 rpm’de sabit tutulmustur.
Tambur X=0 ve Y=-2 konumunda iken bant
hizinin 0,1 ile 0,5 m/sn arasindaki degerler i¢in
ayristirma  islemi  yapilmigtir ve  sonuglar
Sekil 8’deki grafikte karsilastirilmistir.

Deney sonuglart incelendiginde bant hizinin
artmas1 ile ayristirma veriminin de arttif
goriilmiistiir. Bant hiz1 arttiginda bant malzemeyi
bitis noktasinda daha fazla 6telemektedir. Bundan
dolayt muknatis tamburun manyetik alani
malzemeye daha fazla kuvvet uygulamaktadir.
Fakat bant hizin1 belirli bir degerden fazla
artirildiginda pvc atiklarin da eylemsizlikten dolay1
ayrigtirllan metal igerisine diisebilmektedir. Bu
nedenle 0,3 m/s optimum bant hizt olarak
belirlenmistir.
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5. SONUC
Ayristirma  verimi  deneylerinde,  miknatish
tamburun doniis hizinin, miknatisli tamburun

konumunun, bant hizinin ve malzeme cinsinin
ayristirilan malzeme miktarina etkisi oldugu tespit
edilmigtir. Prototipin miknatisli tamburu 500 rpm
hizda calistiginda aliiminyum malzeme igin
yaklasik %90 ayristirma verime, bakir malzeme
icin %25 sahip iken, 3000 rpm’de aliiminyum
malzemede yaklasik %99, bakir malzeme igin %98
ayristirma verimine sahiptir.

Bant hizinin da ayrigtirma verimine etki ettigi
goriilmis ve bant hizimin ayrisan  malzeme
miktarmi  degistirdigi tespit edilmistir. Bant
0,1 m/s hizda calisirken aliiminyum malzeme
kullanildiginda ayristirma  verimi %96, bakir
malzeme i¢in verim %93 olmustur. Bant hizi
0,5 m/sn oldugunda aliiminyum malzeme igin
verim %99 ve bakir malzeme igin verim yaklagik
%98 olmustur. Bu deneylerde aliiminyum ve bakir
malzemeler i¢in ayristirma veriminin farkli oldugu
gOriilmiis ve malzeme cinsinin de ayrigma verimini
etkiledigi gézlemlenmistir. Bakirmn iletkenligi daha
yiiksek oldugu i¢in malzemede indiiklenen kuvvet
daha yiiksektir.  Fakat oOzgiil agirhigr yiiksek
oldugu i¢in olusan kuvvet yeterli diizeyde
malzemeyi firlatamadigi igin bakirdaki verim daha
diistiktiir.
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Yeni Bir Eddy Akumi Ayristiricist ile Kiigiik Boyutlu Demirsiz Metallerin Ayristirilmasi

Ongopriilen ayristirict ile degerli metallerin birarada
montaj halinde oldugu veya plastik ile birlikte
bulundugu durumlarda bunlari birbirinden ayirmak
miimkiin olacaktir ve yiiksek is¢ilik maliyetlerine
gerek kalmayacaktir. Parcalanmis atiklar graniil
olarak karigik halde bulundugundan Ongdriilen
sistem ile bu karisim igerisinden degerli metalleri
ayristirmak mimkiin olmustur. Siire¢ icerisinde
EAA demir iceren malzemeleri ayristirmada
kullanilmadig1 i¢in 6ncelikle atik igerisindeki bu
metaller bir elektromiknatisla tutularak disari
almmalidir. Kalan atiklar ise bant {izerinde
tasinarak EAA  yardimiyla ayristirilmaktadir.
Ayristirma sonucunda aliiminyum, bakir, piring
gibi degerli metallerin ayristirillarak hammadde
tiretimine geri doniistimii saglanabilir.

Bu aynistirma isleminin etkin olarak yapilmasi
sonucunda; 6nemli miktarda ekonomik fayda ve
enerji tasarrufu saglanacak, insan sagligini
olumsuz etkileyen unsurlar kismen giderilecek,
cevrenin korunmasina katki saglanmis olacaktir.
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Abstract

In this study, a novel stacked monopole antenna with microstrip-fed is presented for ultra-wideband
(UWB) applications covering 3.1 GHz—10.6 GHz. Three stacked identical radiating elements are utilized
to improve the impedance bandwidth. The electrical characteristics of the proposed antenna and also
achievable performance are analyzed with the use of an electromagnetic simulation tool based on method
of moments (MoM). Both the stacked layer as the parasitic elements and the radiating element of the
antenna are fabricated with FR4 substrate material. The permittivity, length, width and thickness of each
layer are 4.4, 40 mm, 40 mm and 1.55 mm, respectively. Dimensions of the antenna and parasitic element
are optimized with the use of artificial bee colony (ABC) algorithm. The simulation and measurement
results exhibit a good performance such as bandwidth, return loss and radiation pattern through UWB
range. As a result of this study, a microstrip antenna which is a versatile alternative for wireless
communication in UWB applications is obtained.

Keywords: Artificial bee colony, ABC, Monopole, Stacked microstrip antenna, UWB

Ultra Genis Bant Uygulamalar icin Yeni Bir Yi1gin Monopole Mikroserit Anten
Oz

Bu caligmada 3,1 GHz-10,6 GHz araligim1 kapsayan ¢ok genis band (CGB, Ultra-wideband-UWB)
uygulamalar1 i¢in mikroserit beslemeli yeni bir yigin monopol anten sunulmustur. Empedans bant
genisligini gelistirmek icin ii¢ y1iginl 6zdes 1s1ma elemanlar1 kullanilmistir. Onerilen antenin elektriksel
karakteristikleri ve ulasilabilir performansi, moment metodunu (MoM) temel alan bir elektromanyetik
benzetim araci kullanilarak analiz edilmistir. Parazitik elemanlarin yer aldig1 yiginlanmis katmanlar ile
antenin 1s1ma elemanimin yer aldigi katmanlar, FR4 alttas malzemesi kullanilarak tiretilmistir. Her
katmana ait dielektrik sabiti, uzunluk, genislik ve kalinlik degerleri sirasiyla 4,4, 40 mm, 40 mm ve
1,55 mm’dir. Antenin ve parazitik elemanin boyutlar1 yapay ar1 kolonisi (YAK, Artificial Bee Colony-
ABC) algoritmasi kullanilarak optimize edilmistir. Benzetim ve 6l¢lim sonuglari, CGB boyunca bant
genisligi, geri doniis kayb1 ve 1s1ma diyagrami olarak iyi bir performans sergilemektedir. Bu ¢alismanin
bir sonucu olarak, CGB uygulamalar1 i¢inde kablosuz haberlesme i¢in bir¢ok ise uygun bir alternatif
mikrogerit anten elde edilmistir.

Anahtar Kelimeler: Yapay ar1 kolonisi, YAK, Monopol, Y1gin mikroserit anten, CGB

“ Corresponding author (Sorumlu yazar): Mustafa Berkan BICER, mbbicer@mersin.edu.tr

C.U. Miih. Mim. Fak. Dergisi, 31(OS 2), EKim 2016 0s21



A Novel Stacked Monopole Microstrip Antenna for Ultra-Wideband Applications

1. INTRODUCTION

Microstrip antennas (MAs) have been broadly
employed in various applications such as wireless
local area networks (WLANSs), direct broadcast
satellite systems (DBSs), mobile satellite
communications (MSCs), global positioning
systems (GPSs) and other portable devices which
demand to small antennas because of having
attractive features such as small in size,
lightweight, cost-effective, ease in manufacturing,
planar structure, and simple in use in handheld
devices [1-6]. Conventional geometries such as
rectangular, triangular and circular MAs are the
most studied ones in the literature because of ease
in analysis and design. On the other hand, these
conventional MAs are relatively large in terms of
size for wireless communication applications such
as mobile devices using WLAN and GPS and the
other portable devices. Due to the smaller antenna
requirements in  these  frequencies, this
conventional structures needed to be modified.

The conventional shaped MAs modified by
various methods such as inserting the slots on the
regular geometries, using shorting pins and
shorting walls, designing the antenna on a
substrate with high permittivity and stacking the
substrate layers to reduce the antenna size are
referred to as compact microstrip antennas
(CMAs). CMAs are able to operate in lower
frequencies for the same antenna size or operate in
the same frequency for the smaller size as
compared to the conventional MAs. In analysis,
since the CMAs have complex geometries
according to the conventional MAs, powerful
simulation tools involving rigorous mathematical
formulation and extensive numerical procedures
such as finite element method (FEM) [5], finite
difference time domain (FDTD) method [7] and
method of moment (MoM) [8] are utilized for
designing and analyzing their performance. In the
literature, various CMA designs and the methods
for various applications in wireless communication
are available in several studies [6,9-20] and these
studies may be used with their own limitations and
benefits.
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In this study, a novel stacked monopole antenna
with microstrip-fed for ultra-wideband (UWB)
applications is designed and fabricated. The
antenna contains a radiating element with three
electromagnetically coupled elements in a stacked
structure. The antenna is fabricated using FR4
substrate in sizes of 40 x40 mm?. The performance
and electrical characteristics of the proposed
antenna are analyzed with the use of an
electromagnetic simulation tool based on method
of moments (MoM). The effects of the stacked
layers are analyzed and the comparative results are
given to illustrate the achievability of the
performance. The return loss measurements are
performed by Agilent E5071B ENA Series
RF Network Analyzer in anechoic chamber to
decrease the effects of the external factors such as
noise and reflections. The good agreement
between simulation and measurement results
supports the usability of the presented antenna for
UWB applications.

2. ANTENNA DESIGN

In order to design an antenna operating at UWB
range, rectangular and triangular shaped slots are
formed on rectangular shaped radiating element
and the dimensions are optimized with the use of
artificial bee colony (ABC) [21-23] algorithm to
perform the desired performance. As a result of the
optimization, the obtained geometrical
configuration is given in Figure 1 whereas the
configuration of the parasitic element of the
presented monopole antenna is illustrated in
Figure 2.

!
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I o 1

Figure 1. The presented antenna design
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element used in each layer
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The electromagnetically coupled radiating element
is shaped in the same manner as the slot of the
main radiating patch. Due to ease of production,
equivalent substrates are used in each stacked
layer. The substrates of 1.55 mm height are used in
the antenna and the stacked layers. Other
dimensions which are obtained by the ABC
algorithm for the radiating elements, microstrip
feed and ground element are given in Table 1.

Table 1. Dimensions of the antenna
Parameter Value (mm)
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3. NUMERICAL RESULTS

The presented antenna is designed to be fed by a
microstrip line of 2 mm width and 12 mm length.
The radiating element is placed on the top of the
FR4 substrate of 4.4 permittivity and 1.55 mm
height while rectangular shaped ground element of
40 mm width and 12 mm length is formed on the
other side. The positions of left, right and inner
strips control the operating frequency while the
number of the stacked layers controls the
bandwidth and also frequency. Initially, the
performance of the designed antenna without any
stacked layer is examined and the simulation result
is given by the solid curve in Figure 3. According
to the simulation result, the antenna is not suitable
between 4.7 GHz and 6.1 GHz. To achieve the
desired performance, new layers with an
electromagnetically coupled parasitic element
shown in Figure 2 are inserted on top of the
antenna. The dotted and dashed curves in Figure 3
show the simulated return loss results for one and
two stacked layers, respectively.
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Figure 3. The return loss curves for one and two
stacked layers
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Figure 4. The return loss curves for three and four
stacked layers

As can be seen from the Figure 3, although, overall
performance of one and two layered structure is
acceptable, the performance in some frequency
bands is still not suitable for UWB applications.
Thus, new layers are added until the aimed
performance is reached. The simulated return loss
results for the stacked antenna with three and four
layers are shown in Figure 4. The performance for
four layers are not much better than those of the
three layers one. Therefore, the antenna with three
layers is selected in order to keep the size of the
antenna small and facilitate the design.

Since the Agilent E5071B ENA Series RF
Network Analyzer is able to measure for
maximum 8.5 GHz, the return loss measurements
between 3 GHz and 8.5 GHz are performed in
anechoic chamber and given in Figure 5.

Return Loss (S, dB)

35 | — — —  wvithLlayer
with 3 layer

300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 7.5 750 7,75 800 825 850

Frequency (GHz)

Figure 5. The measured return loss curves

Figures 6 and 7, respectively, show the simulated
two-dimensional azimuth and elevation radiation
patterns at 3.1 GHz, 4.97 GHz, 6.85 GHz,
8.72 GHz and 10.6 GHz operating frequencies. As
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can be seen from the Figure 6, the azimuth
radiation  patterns  perform  approximately
omnidirectional radiation characteristics while the
elevation patterns have pretty good performance
and the characteristics perform closer as bi-
directional except for a small angle range for
overall UWB range given in Figure 7.

Theta = 900

Theta = 90°

()
Figure 6. The simulated radiation patterns of the
presented antenna for 8 = 90° operating
at (a) 3.1 GHz, (b) 4.97 GHz, (c)
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Figure 7. The simulated radiation patterns of the
presented antenna for ¢ = 0° (solid) and

»=90° (dashed) operating at (a)
3.1 GHz, (b) 4.97 GHz, (c) 6.85 GHz,
(d) 8.72 GHz and (e) 10.6 GHz

4. CONCLUSION

A novel and microstrip-fed compact stacked
monopole antenna for UWB applications is
designed and presented. The designed antenna
performs satisfactory results by covering the entire
frequency band from 3.1 GHz to 10.6 GHz. The
presented antenna is simple in design and
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fabrication and compact in size with 40 x 40 mm?
outer dimensions. Design of the antenna is carried
out with the use of an electromagnetic simulation
tool based on method of moments (MoM).
Dimensions of the designed antenna are
determined by optimizing the main radiating
element and parasitic element with the aid of
artificial bee colony algorithm (ABC). The
resultant antenna is fabricated on the FR4 substrate
with permittivity of 4.44 and height of 1.55 mm.
The simulation and measurement results have a
good agreement with UWB frequency band
requirements.
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Su Bazh SizN, Siispansiyonlarda Dispersan Miktarimin Optimizasyonu
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Oz

Bu calismada, serit dokiim yontemi ile sekillendirilmek ve biyomalzeme uygulamalarinda kullanilmak
iizere, SizN, esasli su bazli silispansiyon hazirlanmast ve dispersiyon o6zelliklerinin incelenmesi
hedeflenmistir. Siispansiyonun reolojik davranisi, pH degeri, dispersan orani, dagitici ortam ve diger
reolojik parametreler kullanilarak optimize edilmistir. Kullanilan SizN, tozlarinda yapilan zeta potansiyel
Olglimleri ve sedimentasyon testleri sonucunda homojen dagilim igin gerekli olan pH degeri 12 olarak
belirlenmistir. Belirlenen pH degeri sabit tutulup farkli oranlarda dispersan ilave edilerek viskozite
Olgtimleri yapilmig ve en diisiik viskozite degerini saglayan dispersan miktar1 agirlik¢a %1,0 olarak tespit
edilmistir. Karistirma siiresinin optimizasyonu kapsaminda yapilan deneyler sonucunda uygun siire
20 saat olarak bulunmustur. Belirlenen bu kosullarda su bazli SisN, esasli slispansiyon hazirlanmasi
durumunda serit dokiim uygulamasi i¢in uygun akis 6zelliklerinde karisim elde edildigi gériilmiistiir.
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Optimization of the Dispersant Amount in Water Based Silicon Nitride Suspension

Abstract

In this study, it was aimed to prepare water based silicon nitride suspension for bio-applications by tape
casting method and to evaluate its dispersion characteristics. Rheological behaviour of the suspension was
optimized by concentration of the dispersant, pH value of dispersing medium and other process
parameters. The pH value for homogeneous distribution was determined as 12 based on the zeta potential
measurements and sedimentation tests on the SizN, powders used. The determined pH value was kept
constant and viscosity was measured by adding dispersant at different ratios and the amount of dispersant
which gave the lowest viscosity value was determined as 1.0 wt%. As a result of experiments carried out
for the optimization of mixing time, the appropriate time was found to be 20 hours. The mixture with the
appropriate flow properties was obtained for the tape casting application using these specified conditions.
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1. GIRIS

Silisyum nitriir (SizN4) seramikler yiiksek sertlik,
mukavemet ve kirilma toklugu gibi Ozellikleri
nedeniyle uzay, otomotiv, kimya endiistrisi ve
biyomalzeme alanlarinda genis kullanim alanina
sahiptir [1,2]. SisN4 seramikler giiniimiizde yiiksek
yiik, asinma ve korozyon igeren zorlu mekanik
uygulamalarda kullanilmaktadir [3].

SisN, seramikler oksit seramiklerle
kargilagtirildiginda  su  bazli  silispansiyonunun
hazirlanmasi olduk¢a zor ve karmasiktir. SizNy
tozunun yiizeyindeki (Si;NH ve SiNH,) amin
yapilar1 gibi hidrofobik gruplarin varligi SizN,4 sulu
stispansiyonlarinin reolojik ozelliklerini
kotilestirmektedir.  SigN, partikiillerinin  ylizey
gruplart Sekil 1°de verilmigtir. Buna ek olarak
farkli firmalar tarafindan iretilen silisyum nitriir
tozlar1 partikiil sekli, boyut dagilimi, ¢oziilebilir
iyon miktari ve tipi gibi farkli 6zellikleri nedeniyle
stispansiyonlardaki reolojik o6zelliklerde farklilik
gosterir.  Bu  nedenle miikkemmel  reolojik
ozellikteki silisyum  nitriir  siispansiyonlarini
hazirlamak oldukg¢a zordur [4].

Sekil 1. Si3N, partikiillerinin yiizeydeki kimyasal
gruplari [4]

SisN;  seramiklerin  iiretiminde homojenligin
arttirilmas1 ve gelistirilmesi igin kolloidal proses
tekniklerinin iyi bilinmesi ¢ok dnemlidir. Kolloidal
proses tekniklerinin yaygin olarak kullanildigi
seramik iiretim yontemlerinden birisi de serit
dokiim yontemidir [2,5].

Serit dokiim diiz, genis ylizey alanina sahip,
katmanl1 ve yiiksek kalitede malzemeler iiretmek
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icin kullanilan yaygin ve diisiik maliyetli bir
tretim yontemidir. Serit dokiim ayrica doktor
bicagt olarak da bilinir [1,6]. Serit dokiim
siispansiyonu ana bilesen olarak toz, solvent,
dispersan, baglayici ve plastiklestirici karigimindan
olusur. Siispansiyona ek olarak az miktarda 1slatict
ajan, kopiik giderici ve homojenlestirici eklenebilir
[7]. Serit dokiim formiilasyonunda iki ana solvent
sistemi bulunur. Bunlar; organik bazli ve su bazl
sistemlerdir. Su bazli sistem diigiik maliyetli,
toksik olmayan ve c¢evre dostu bir sistem oldugu
icin daha c¢ok tercih edilir [1]. Serit dokim
prosesinde  siispansiyon  hazirlarken  solvent
miktari, homojenlestirmek ve kolay kuruma
saglanmasi i¢in minimum olmalidir. Dispersan
miktar1 ise silispansiyonun stabilitesini saglayacak
yeteri miktarda olmalidir [7].

Stispansiyon hazirlama isleminde ilk olarak toz,
dispersan ve solvent ile karistirilarak c¢ok iyi bir
sekilde disperse olmasi saglanir. Ikinci asamada
ise plastiklestirici ve baglayict eklenmesiyle
siispansiyon  son  halini  alir.  Hazirlanan
siispansiyon daha sonra 100-300 pm araliginda
serit elde etmek icin sabit ya da hareketli bir
yiizeye doktor bigagi kullanilarak dokiilir.
Kurutma isleminden sonra elde edilen seritler
farkli uygulamalarda arzu edilen nihai iriinii elde
etmek icin kesilir, ardindan baglayici giderme ve
sinterleme iglemleri uygulanir [6].

Serit dokiim kompleks bir sistemdir ve kullanilan
her bilesen slispansiyon ozelliklerini
etkilemektedir. Ornegin, SizN, yiizey
kompozisyonu iki farkli gruba sahiptir bunlar;
silanol ve silamin (ikincil ve/veya birincil)
gruplaridir.  Silanol gruplar1 asidik davranis
sergilemekte ve disiikk pHj, (iep: izoelektrik
nokta) noktast vermektedir. Amin gruplart ise
yiiksek pHjgp noktasi ile sonuglanmaktadir. Silamin
gruplar1 olarak ikincil olanlar daha baskin bir
yapiya sahiptir. pH’a bagli ¢6ziilme davranisi ve
yiizey gruplarinin fraksiyonuna bagli olarak pH
dagilimi genelde 3-9 arasinda goriilmektedir
[4,6-7].

Seramik partikiillerinin su igerisinde dagitilmasi

icin amonyum poliakrilat (Darvan C), poliakrilik
asit ve polietilenimin (PEI) gibi polimerler
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dispersan olarak kullanilmaktadir. Dispersanlar
ayni zamanda deflokant, 1slatict ajan veya
surfaktan olarak da adlandirilir ve seramik
partikiillerini sterik ve elektrostatik itme kuvvetleri
nedeniyle birbirinden ayirarak kararli siispansiyon
meydana getirirler. Siispansiyonun kararliligi
genellikle sedimentasyon testi, zeta potansiyel
Olciimii ve sabit kayma hizlarinda 6l¢iilen viskozite
ile karakterize edilmektedir [6]. Seramik tozlarinin
su ortaminda disperse olmasini saglamak icin
stispansiyonun pH’1t ve seramik tozlarinin yiizey
ozellikleri olduk¢a 6nemlidir. Seramik tozlarinda
yiizey yiklerinin anlagilmast ve uygun pH
degerinin bulunmasi i¢in zeta potansiyel dl¢timleri
yapilmaktadir. Zeta potansiyel Ol¢iimiinde toz
yiizeylerinin ayni yiikler ile yiliklenmesi seramik
tozlar1 arasinda olusan itme kuvvetleri ile kolay bir
sekilde disperse edilebilirligi arttirmaktadir. Toz
yiizeylerinin farkli yiikler ile yiiklendigi durumda
ise taneler birbirlerini ¢ekme kuvveti uygulayarak
aglomerasyona sebep olmaktadir [8]. Serit dokiim
icin silispansiyon icindeki su ve organik katki
miktart mimkiin oldugunca disik olmalidir.
Boylece ham serit homojenligi artmakta ve hata
olugsma riski en aza indirilmektedir. Bu nedenle
diisiik viskoziteli yliksek kati miktarma sahip
siispansiyonlar tercih edilmektedir. Diger bir
taraftan gerit dokiim uygulamasi esnasinda
stispansiyonun bigak altindan rahat akabilmesi i¢in
viskozite yeterince diisiik olmalidir [6].

Bu c¢alismada SizN, siispansiyonlariin reolojik
davranislarinin optimizasyonu lizerine
odaklanilmistir. Amag, optimum parametrelerle
yiikksek performansli ham serit elde etmek igin
uygun Ozellikte siispansiyonlar tiretmektir.

2. DENEYSEL CALISMALAR
2.1. Materyal

Serit dokiim yontemi ile SigN, esaslt seramiklerin
iiretimi i¢in su bazli siispansiyon hazirlanmasi ve
dispersiyon ozelliklerinin incelenmesi i¢in yapilan
deneysel ¢aligmalarda kullanilan SisN, (UBE-E10
Tokyo, Japan) tozunun ortalama partikiil boyutu
231,3 nm ve yizey alam 11,12 m%g olup
kullanilan tozun XRD analizi Sekil 2’de,
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XRF analizi Cizelge 1’de, SEM gorintileri
Sekil 3’de verilmistir. Dispersan olarak Darvan
C (Vanderbilt Minerals, LLC) kullanilmustir.
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Sekil 2. UBE-E10 Si3N,4 tozunun XRD analizi

Cizelge 1. UBE-E10 Si3N,4 tozunun XRF sonuglar
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Sekil 3. UBE-E10 SizN, toza ait SEM gériintiileri
Si3Ny tozu, distile su ve Darvan C kullanilarak zeta
potansiyel Ol¢iimii, sedimentasyon testi ve
viskozite 6l¢liimii i¢in siispansiyon hazirlama ve
test yontemleri asagida verilmistir.

2.2. Zeta Potansiyel Ol¢iimleri

Zeta potansiyel dl¢iimleri Malvern (Zetasizer Nano
ZS) marka cihazda gergeklestirilmistir. Zeta
potansiyel Olclimleri i¢in agirlik¢a %1,0 kati
kullanilarak distile su iginde 15 dakika manyetik
karistirict ve 5 dakika ultrasonik probla karigtirma
islemi gergeklestirilmistir. Karisimin
pH degerlerini ayarlamak icin NaOH ve
HCI1 kullanilmigtir. Gozlemlenen zeta potansiyel
degerine gore agirlik¢a %0,25 Darvan C eklenerek
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dispersanin zeta potansiyel degeri iizerindeki etkisi
Olciilmiistiir.

2.3. Sedimentasyon Testi

Sedimentasyon testi i¢cin hacimce %5 SizN, tozu
igeren 25 ml’lik 8 farkli pH degerindeki karigim
ultrasonic karigtiricida 30 dakika boyunca disperse
edilip sedimentasyon tiiplerine yerlestirilmistir.
Belirli zaman araliklarinda sediment hacim
yiikseklikleri dl¢tilmustiir.

2.4, Viskozite Ol¢iimleri

Reolojik 6l¢limler i¢in hacimce %40 SizN4 tozu,
distile su ve agirlikca %0-2,0 araliginda farkli
oranlarda dispersan kullanilarak siispansiyonlar
hazirlanmistir. Hazirlanan stispansiyonlar
degirmende 24 saat boyunca karistirilmigtir. Elde
edilen stispansiyonlarin reolojik davraniglarim
karakterize etmek icin Brookfield DVIII ULTRA
reometrre  cihazi  kullanilmistir.  Optimum
karigtirma zamaninin belirlenmesi i¢in hacimce
%40 SisNg ve agirbk¢a %1,0  dispersan
kullanilarak 2-24 saat araliklarinda karistirma
islemi yapilmis, her 2 saatlik periyotlar halinde

slispansiyonun viskozite Ol¢timleri
gerceklestirilmistir.

3. SONUCLAR

Zeta potansiyel analizleri kolloidal sistemler i¢in
siispansiyonun  disperse  olmasini  saglamak
amaciyla giiclii bir etkiye sahiptir. Zeta potansiyel
sonuglarinda  gdzlemlenen izoelektrik nokta

partikiillerin ¢evresinde bulunan arti ve eksi
yiiklerin esit oldugu noktayr gostermektedir. Bu
noktada siispansiyondaki partikiiller  yiiksiiz
olacagindan flokiilasyonla beraber ¢6kme meydana
gelecektir. Dispersan ilavesi igermeyen
SisN; tozuna yapilan zeta potansiyel olglim
sonuglarina gore izoelektrik noktasi 3,04 pH olarak
belirlenmistir. Izoelektrik noktanin asidik bolgede
ve diisik olmast durumunda yiizeyde silanol
gruplarinin  ¢ok oldugu Zhang ve arkadaslari
tarafindan yapilan bir ¢alismada gézlemlenmistir
[6]. Stispansiyonda pH 11-12 degerlerinde ise en
yiiksek zeta potansiyel degerine ulagilmistir.
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Ancak kararliligi saglamak igin zeta potansiyel
degerinin +30 ve -30 mV araliginin disinda olmasi
gerekmektedir. Bu nedenle zeta potansiyel degerini
kararli bolgeye ¢ekmek amaciyla dispersan olarak
anyonik bir dispersan olan Darvan C segilmistir.
Siispansiyona agirlikca %0,25 Darvan C eklenerek
zeta potansiyel Olciimleri yapilmistir. Dispersanin
eklenmesiyle zeta potansiyel Sekil 4’de goriildiigii
gibi pH 12 degerinde -30 mV’un digina ¢ekilmistir
ve partikiillerin dispersiyonu i¢in yeterli degere
ulagilmistir. Ancak kullanilan bu dispersan miktar1
goreceli bir deger olup optimum degildir.

—a— dispersan ilavesiz
204 —e— dispersan ilaveli (% 0,25)

=204

-304

-40 T T T T T T

pH
Sekil 4. SisN, tozunun dispersan ilaveli ve ilavesiz
zeta potansiyel 6lglim sonuglari

Stispansiyon — sisteminde kullanilan  dispersan
miktarmm az olmast durumunda partikiillerin
yiizeyine yeterli miktarda adsorbe olamayan
dispersandan dolay1 yeterli elektriksel yiik
saglanamayacak ve Van der Waals kuvvetlerinden
dolayr flokiilasyon meydana gelerek ¢okme
olusacaktir. Bundan dolayr farkli dispersan
oranlarinda hacimce %40 SizN, siispansiyonlari
hazirlanip viskozite 6lglimleri yapilmustir (Sekil 5).
Yapilan vizkozite 6l¢iimleri sonucu dispersansiz

siispansiyonun  viskozite degeri  dispersanli
siispansiyonlarla  karsilastirildiginda  yiiksek
cikmistir.  Dispersan  miktarinin  artmasiyla

viskozite degerleri azalmaya baglamis ve belirli bir
dispersan oranindan sonra tekrar yiikselmeye
baslamistir. Viskozitenin tekrar yiikselmesi soyle
aciklanabilir; dispersan miktarmimn  fazla
olmasindan dolay1r ylizeye adsorbe olamayan
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dispersan  solvent iginde  serbest olarak
dolasmaktadir ve partikiillerin birbiri ile etkilesime
girmesine neden olarak flokiilasyon meydana
getirmistir, boylece flokiile olan partikiiller
nedeniyle viskozitede artig gézlemlenmistir.
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Sekil 5. Farkli dispersan miktarlarinda kayma
hizina bagli viskozite dl¢tiimleri

Stispansiyonlarda  partikiillerin  uygun pH’da

optimum dagilimini gozlemlemek icin

sedimentasyon deneyi yapilmistir (Sekil 6). Farkli
pH’larda hazirlanan sedimentasyon deneylerinde
izoelektrik  noktaya yakin olan pH’larda
dispersiyon i¢in yeterli yiikk olmadigindan hizli bir
sekilde ¢cokme meydana gelmis ve 1 saat sonraki
Olciimlerde en diisiik sediment Yiiksekligi bu
noktada  gdzlemlenmistir.  Uzun  bekleme
stirelerinde ise partikiillerin diizenli bir sekilde
yerlesmesinden dolayr pH 12 degerinde en diigiik
sediment yiikseligi gozlenmektedir. En diisiik
sediment yiiksekliginin 6l¢iildiigl bu nokta yapilan
zeta potansiyel sonuglari ile Ortiismektedir ve
dispersiyonun en uygun bu pH’da oldugu
bulunmustur.

Optimum  siispansiyon sartlar1 i¢in bulunan kati
miktari, pH ve dispersan degerlerine uygun olarak
karigtirma zamani tayini i¢in siispansiyonlar ha-
zirlanmis  ve  belirli  zaman  araliklarinda
vizkoziteleri Ol¢lilmiistir (Sekil 7). Karistirma

stiresi tayininde kisa Kkarigtirma siirelerinde
Sekil 7’de goriildigli gibi yiiksek viskozite
degerleri  goriilmektedir. Karistirma siiresinin

artmastyla beraber toz partikiillerinin boyutlar
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kiiciiliip dispersan ile daha iyi etkilesime girmesi
nedeniyle viskozitenin azaldigi goézlenmektedir.
Yaklagik 20 saat sonra ise viskozite degeri sabit
kalmakta ve partikiiller slirenin artmastyla birlikte
daha fazla kiigiilmemektedir. Bu nedenle optimum
karigtirma siiresi 20 saat olarak belirlenmistir.
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Sekil 6. Farkli pH degerlerinde yapilan
sedimentasyon test sonuglari
50
40% SiN,
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Sekil 7. Farkli karigtirma siirelerinde viskozite
Olciim grafigi
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Oz

Ug fazli asenkron motorlarin hiz denetiminde sistemin dogrusal olmayan yapisi, yiikk momentindeki
degisimler, parametre degisimleri ve bilinmeyen bozucu etkilerinden dolayr geleneksel PI tipi denetim ile
iyi bir performans saglanamamaktadir. Bu nedenle asenkron motorun hiz denetiminde, daha iyi bir
performans elde etmek i¢in adaptif kontrol yontemleri uygulanmaya baslamistir. Bu ¢alismada vektor
kontrollii asenkron motorun hiz denetiminde geleneksel PI denetim yerine modern denetim
yontemlerinden olan adaptif sinirsel-bulanik denetim (ANFIS) sistemi Onerilmistir. Bu ¢aligmanin esas
amaci, PI denetimli calismadan elde edilen girig-¢ikis verileri kullanilarak onerilen denetleyici
parametrelerini ayarlamak ve asenkron motorun hiz denetiminde yiiksek performans elde etmektir. Her
iki denetim sisteminin performanst MATLAB/Simulink ortaminda farkli g¢aligma kosullarinda
incelenmigtir. Asenkron motorun hiz kontrolii simiilasyon calismasinda, yiikselme zamani, agim,
yerlesme zamani ve siirekli hal hatasi gibi performans parametreleri ayarlanarak dnerilen denetim sistemi
geleneksel PI denetime kiyasla daha iyi bir performans saglamistir.

Ayrica, sistemde referans hizin degistirildigi ve yiikiin degistirildigi bolgelerde ANFIS, geleneksel PI tipi
denetimden daha iyi bir performansa sahip oldugu simiilasyon sonug¢larindan gézlemlenmistir.

Anahtar Kelimeler: Asenkron motor, Adaptif sinirsel-bulanik denetim (ANFIS), Pl denetim, Yapay
sinir aglari

Investigation of Performance Based on Online Adaptive Neuro-Fuzzy Inference
System (ANFIS) for Speed Control of Induction Motors

Abstract

In the speed control of three-phase induction motor, conventional Pl type control can not provide a good
performance due to non-linear structure of the system, change in load torque, change in parameters and
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unknown disturbance effects. Therefore, adaptive control methods have been applied in speed control of
induction motor in order to obtain better performance. In this study of speed control of vector controlled
induction motor, adaptive neuro-fuzzy inference system (ANFIS) which is one of modern control
techniques are commonly proposed compared to conventional PI control. The aim of the study is to set
the parameters of proposed controller and to obtain high performance in speed control of induction motor
by using obtained input-output data over PI control. The performance of both the control systems in
MATLAB/Simulink environment was investigated in case of different operating conditions. In this
simulation study of speed control of induction motor, the suggested controller produces better
performance compared with the conventional PI controller by arranging the performance parameters such
as rise time, overshoot, settling time and steady state error. Besides, it is observed that in the region of
change in reference speed and change in load, ANFIS provided better performance than PI type control.

Keywords: Induction motor, Adaptive neuro-fuzzy inference system (ANFIS), PI control, Artificial

neural networks
1. GIRiS

Asenkron motorlarin hiz denetiminde, sistemin
dogrusal olmayan yapisi, degisen ¢evre kosullari
ve bozucu girislerin etkisiyle iyi bir performans
elde etmek olduk¢a zor olmaktadir. Son yillarda
elektronik cihaz teknolojisinde ve kontrol
tekniklerindeki gelismelerle birlikte dogru akim
motorlarindan elde edilebilen yiiksek dinamik
performans, asenkron motorlarda da elde edilmesi
miimkiin olmustur. Asenkron motorlarda dolayli
alan yonlendirmeli vektor kontroliin
kullanilmasiyla, DC motorlarda oldugu gibi, aki ve
moment Dbilesenleri birbirinden bagimsiz bir
sekilde kontrol edilerek miikemmel bir dinamik
performans saglanmaktadir. Asenkron motor
stiriciilerinin performansinin artirilmasinda yapay
zeka tabanli yontemlerin kullanilmasinin yararlar
son yillardaki arastirmalarla agik bir sekilde ortaya
konulmustur [1-3]. Dogrusal olmayan sistemlerin

tasarimlarinda  YSA (yapay sinir aglari)’nin
dogrusal olmayan  sistemleri =~ modelleme
yeteneginden faydalanilmaktadir. YSA’nin

6grenme ve adaptasyon yetenegi kontrol sistemleri
icin ideal bir ozelliktir. YSA yiik parametreleri
bilinmeyen bir motorun kontroliinde bile basariyla
uygulanabilmektedir. Bulanik mantik
denetleyicinin yapisi uyarlanabilir 6zelliklere ve
genis calisma  kosullarina  sahiptir.  Ayrica
belirsizliklere, degisken parametrelere ve yik
dagilimmna  sahip  sistemlerin  denetiminde
kullanildiginda sistemin giiglii cevaplar vermesini
saglar [4-6].

0sS 34

Adaptif Sinirsel- Bulanik Cikarim Sistemi, yapay
sinir aglarimin paralel hesaplayabilme ve 6grenme
kabiliyeti ile bulanik mantigin ¢ikarim 6zelligini
kullanan melez bir adaptif kontrol ydntemidir.
ANFIS, daha iyi performans ve dogruluk saglamak
icin tasarlanan modern kontrol sistemlerinde
yaygin olarak kullanilan kontrol stratejilerden
biridir [7-8]. Adaptif kontroliin amaci bilinmeyen
veya degisen kontrol parametrelerini ayarlamaktir.
Adaptif bulanik  sistemlerin  kullanilmasiyla
gerceklestirilen, modelleme ve denetim
uygulamalar1 da literatiirde genis bir bicimde yer
almaktadir. Bu nedenle bulanik sistemlerin
etkinliginin artirilmasinda, uyarlama tekniginin
katkisini saglamaya yonelik ¢esitli yontemler
gelistirilmistir. Bu ¢alismada {i¢ fazli bir asenkron
motorun hiz denetimi igin ANFIS denetleyici
geligtirilmistir.  Bu  ¢alismamizda  asenkron
motorun hiz hata ve hata degisimi parametreleri
girig ¢ikislar1 incelenmistir ve asenkron motorun
tepkisine ait ANFIS denetimi ve referansi
yakalama basarisi sergilenmistir. ANFIS ve Pl tipi
klasik denetleyici kullanilarak asenkron motorun
vektor esasli hiz denetiminin benzetim caligsmasi
MATLAB/Simulink ortaminda yapilmistir.
Calismada asenkron motorun siirme yonteminde
alan yonlendirmeli vektor kontrol ydntemi
kullanilmistir  [8]. Eviricinin anahtarlamasinda
Uzay Vektor Darbe Genislik Modiilasyonu
(UVDGM) kullanilmigtir.  ANFIS ve PI tipi
denetleyici i¢in asenkron motorun degisken
referans ve yiik altinda gosterdikleri tepkileri
incelenmis ve benzetim sonuglart
karsilastirilmistir.
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2. MATERYAL VE METOT
2.1. Materyal

Bir sistemin fiziksel davramiginin benzetimini
yapmak icin, matematiksel modelinin g¢ikarilmasi
gereklidir. Model iizerinde yapilan caligmalarla
sistemin kontrolii i¢in en uygun kontrol kurallari
belirlenebilmektedir. Asenkron motorun
matematiksel modelini elde etmek i¢in motora ait
ii¢c faz degiskenleri d-q diizlemine aktarilmaktadir.
Boylece senkron hizda doénen d-q eksen
takimindaki modele alan yonlendirmeli kontrol
uygulanarak asenkron motor bir dogru akim
motoruna benzetilmektedir. Bu model, kontrol
kurallart belirlemekte kullanilan bilgisayar analiz
ve benzetim ¢aligmalarina uygun bir hale
getirilmigtir [8-11]. Sekil 1°de asenkron motorun
matematiksel modelini elde etmek i¢in ii¢ fazli
degigskenlerin d-q eksen takimina aktarimi
gosterilmistir.

Asenkron motor
diferansiyel denklemleri,
diizenlenebilir [11].

icin d-q eksen takimindaki
denklem 1-9°deki gibi

ﬂ A
b
q Vﬂ

<

c

Sekil 1. a-b-c, a-p ve d-q eksen takimlar1 diizlemi

Esdeger direng;
r 2
RrLm
Re =R+ =2 (1)
r
Kagak faktorii;
2
L
o=1-—1 2)
LL
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I
dt

L
3%M$$

Lm
(0N sd Ey/rd + LT_Q ‘//rq +V :|(4)

1 LR
_L{ RElsd+<7L5a)s|scI Lf —— Yt

dy,, RL, R
dtr = L,m sd _rrwrd+wslqu (%)

r r

dvrq Ril,. R

da L 'sq _f;‘/’rq RECATAH (6)
Kayma hizi;
Rrigs.
Sl TS T T g ®)
Senkron pozisyon;
0, = wsdt o)

ws Ve o, sirayla elektriksel senkron hizi ve rotor
hizimt belirtmektedir; Vg, Veq, isgy Isq Wrd VE
Wrq parametreleri ise sirasiyla d-q ekseni stator
gerilimleri, d-q ekseni stator akimlarim ve
d-q ekseni rotor akilarim ifade etmektedir. Rs ve R,
ise her faz icin stator ve rotor direnglerini
gosteriyor; Yine ayni sekilde L, L, ve L, stator ve

rotorun ana indiiktanslarmi  ve  karsilikli
indiiktanslarini; p motor kutup sayisini, J rotor
ataletini, B viskoz siirtiinme katsayisim, T, yiik

momentini, Rg esdeger direnci, o ise kagak faktor
katsayisini ifade etmektedir.

2.2. Metot

ANFIS temel olarak Bulanik Cikarim Sistemi’nin
(Fuzzy Inference System) adaptif sinirsel aglara
uyarlanmig halidir. Melez 6grenme algoritmasi ile
birlikte ANFIS, bulanik eger-ise kurallar1 ile insan
bilgisini yansitan girdi ¢iktt yapisim1 ortaya
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koymaktadir. 1993 wyillinda R. Jang tarafindan
ANFIS yontemini gelistirmis ve dogrusal olmayan
fonksiyonlarin modellenmesinde, kaotik zaman
serilerinin tahmininde kullanmistir [7]. MATLAB
yazilimindaki bulantk mantik modiiliinde bir
kullanic1 ara yiizii (ANFIS Editor) araciligr ile
yontem arastirmacilarin kullanimima sunulmustur.
Yontemin ¢ikis noktasi, insan diigiince ve bilgisini
yansitan bulanik Eger-Ise kurallarmin avantaji ile
sinirsel aglarin 6grenme yeteneklerini bir araya
getirerek entegre etkili bir ¢oziim sunma
gereksinimidir.

Bulanik eger-ise kurallari, “Eger A kosul ise B
sonuctur.” seklinde ifade edilebilecek kurallar olup
bulanik  ¢ikarim  sistemlerinin  de temelini
olusturmaktadir. Yapilar1 itibariyle, bulanik ve
belirsiz ortamlarda insan diisiince ve muhakeme
yetenegini yansitma kabiliyeti bulunmaktadir.
Bulanik ¢ikarim sistemi de bulamk eger-ise
kurallarim1  kullanarak ve kati sayisal analizleri
kullanmadan insan bilgisinin muhakeme siirecini
ve nicel yoniinii modelleyebilmektedir.

Adaptif sinirsel ag, c¢esitli sayida birbirine
baglanmis diigiimler igeren, elde bulunan girdi ve
¢ikti veri setini ortaya koymaya yarayan bir ag
yapisidir. Her bir diigiim bir islem birimi igerir ve
diigiimler arasi baglantilar, birlestirilen diigiimler
arasindaki  nedensel iligskiyi  belirler [11].
Diigiimlerin hepsi veya bir kismu adaptiftir, bunun
anlamu diigtimlerin ¢iktisinin bu diigiimlerle iliskili
diizenlenebilir parametrelere dayandigidir.
Ogrenme kurali, 6ngériilmiis bir hata 6l¢iisiinii
minimize etme adma bu parametrelerin nasil
giincellenmesi gerektigini belirler. Hata oOlgiisii
agin mevcut ¢iktist ile beklenen ¢ikti arasindaki
farki belirten matematiksel bir gosterimdir.
ANFIS’in en oOnemli 0Ozelligi gradyan azaltim
(gradient descent) ve en kiigiik kareler yontemini
bir arada uygulayarak sundugu melez 6grenme
algoritmasidir ve bu da ANFIS’in diger
yontemlere yonelik istiinliiglinde temel teskil
etmektedir. Sekil 2’de iki kuralli ve iki girdili
birinci derece Sugeno bulanik modeli ile buna
karsilik gelen ANFIS vyapisi yer almaktadir.
Diigiimlerin 4. Katmana kadar ileri gidislerinde
soncul parametreler en kiiglik kareler yontemi ile
belirlenmekte, geriye dogru gidiste ise bu sefer
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onciil parametreler gradyan azalim yontemi ile
belirlenmektedir [7-8].

/\ /\ ; f' =plx +q'y +"
=y t . _wfewf,
N R fe—w
ﬂ W, fEpxtqy =w it wi,
My [ v
x ¥
a)
xy
X — —
T\ W1 N W
\H/ NJ _
\
\ =f
TN AN i
1 } { } |
y \[[/‘ \N,/ }
1 1 |
1 | | !
1 1 ! |
! ! 1 I
i [ |
b) 1. 2. 3. 4. 5.
Katman Katman Katman Katman Katman
Sekil 2. (a) Sugeno bulanik modeli, (b) ANFIS

yapisi [12-13]

Sekil 2’de belirtildigi iizere ANFIS bes katmandan
olusmaktadir. Her bir katmanin fonksiyonlari
asagida anlatilmaktadir.

ANFIS’1in giris degiskenleri olan x=e(t) hatay1 ve
y=Ae(t) ise hata degisimi ifade eder.

Katman 1: Bu katmanda her diigiim kare olup bir
diigiim fonksiyonu ile iligkilidir.

O = p, (%) (10)

X 1 diigiimi ile iligkili girdi, A; ise ilgili digim
fonksiyonu ile iliskili s6zel degiskendir (iyi, ¢ok
iyi vs.). Diger bir ifadeyle, O} , Ai ’nin iiyelik
fonksiyonu olup x’in A’y1 ne kadar karsiladiginin
derecesini vermektedir. Genel olarak, uai(X)
maksimum 1 ve minimum 0’a esit olmak tizere ¢an
egrisi seklinde segilir:

Of = pty, (x) = (11)

veya
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(12)

ool (55

{a;,b;,ci } parametre seti olup onciil parametreler
olarak nitelendirilir. Bu asamada cesitli tiyelik
fonksiyonlari kullanilabilmektedir.

Katman 2: Bu katmanda yer alan biitiin diigiimler
(IT) daire seklinde olup gelen sinyalleri ¢arpip
degeri disar1 ¢ikarir.

OF =W, = pt, ()15 (Y) (13)

Her diigiim c¢iktisi, her bir kuralin atesleme
seviyesini (firing strength) gosterir.

Katman 3: Bu katmanda yer alan biitiin diigiimler

(N) daire seklinde olup, i. digim, i. Kuralin
atesleme seviyesinin tiim kurallarin  toplam
atesleme seviyesine oranini hesaplar.

O =W, = —=—,i=12.. (14)

W,

i ZWI

Bu katmanin ¢iktist normallestirilmis atesleme
seviyesi olarak da nitelendirilmektedir.

Katman 4: Bu katmanda her diigiim kare olup bir
diigiim fonksiyonu ile iliskilidir.

O'=w f =w.(pXx+qy+r)—>i=12.  (15)

W, katman 3’in ¢iktis1 olup normallestirilmis

tetikleme seviyesidir. { p; q; ,ri} ayarlanabilmesi
icin gerekli olan, ayar degisken kiimesidir. Bu
katmandaki  degiskenler sonu¢ degiskenlere
karsilik gelir.

Katman 5: Bu katmanda yer alan tek diigim (%)
daire seklinde olup tim ¢ikiglart biitiin gelen
sinyallerin toplami seklinde hesaplar. Burada elde
edilen sonug sistemin gergek ¢ikisi f degerini verir.
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Agmm gercek ¢ikist  ise asagidaki esitlikte
verilmigtir [14].

— 2w,
Oi5 :Z i i_z:I (16)

iWf_ Ziwi

ANFIS parametreleri asagidaki gibi hata teriminin
geri yayilim algoritmasi kullanarak giincellenir:

E _ k,.e+k,.Ae

o ()]

Giris sinyalleri hata (e) ve hatanin degisimi (Ae) Ky
ve k; katsayilari ile ¢arpilir.

oE

oo, (18)

G =0 —T1]

Burada a ANFIS’in herhangi bir parametresi ve 5
O6grenme oranidir. Hata sonraki egitim iterasyonu
azaltacaktir [8].

3. BULGULAR

Asenkron motorun hiz denetimine ait simiilasyon
caligmalarinda MATLAB/Simulink  programi
kullanilmigtir. Calismada kullanilan  asenkron
motora ait parametreler Cizelge 1°de verilmistir.

Cizelge 1. Asenkron motor parametreleri

Parametreler Simge| Birim | Degeri
Nominal giig P kw 3
Nominal hiz n dev/idk | 1430
Nominal stator gerilimi U \Y 380
Nominal stator akimi | A 6,7
Stator direnci R Q 1,45
Rotor direnci R, Q 1,93
Moment M Nm 19
Hava aralig1 endiiktansi Lm H 0,1878
Eylemsizlik momenti J Kg.m? | 0,03
Siirtiinme momenti B Nm.s/rd 0,03
Kutup ¢ifti say1st p 2
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Motor ¢ikisindan alinan degerler ile referans hiz ve
aki bilgileri karsilastirilarak hata degerleri elde
edilmistir. Bu degerler kullanilarak modiilasyon

icin  gerekli  doniligimler ve  hesaplamalar

yaptlmistir.  Referans  gerilim  vektoriiniin

bulundugu sektdre goére eviricinin uygun

anahtarlama vektorleri tespiti yapilmigtir. Bu

vektorlerin siireleri hesaplanarak elde edilen
igs* Hesp.

UVDGM sinyalleri eviriciye uygulanarak motor
siiriilmiistiir. Bu ¢aligmada kontrol6r ¢ikisinda elde
edilen say1sal degerler Vg ve V gerilimleridir.

Calismada kullanmilan eviricinin besleme gerilimi
450 Vpc olup anahtarlama frekansi 5 kHz’tir.
Calismada ornekleme zamam Ts=0,2 ms olarak
almmustir.

id* Hesp. dq>><<afa-beta  UypoM
PI
Zaydflatict
Olgme Blogu
Posizyon Evirici Asenkron Motor
Hesaplayict
Al iq iabc
Hesaplayict
abc>><<dq
Sekil 3. Vektor kontrollii asenkron motor siiriicii sistemine ait Simulink model
Asenkron motorun simiilasyon ¢alismasinda  yiiksliz calistirilmustir. Elde edilen PI tipi ve

referans hiz degeri t=0-0,5 saniye ig¢in 1000, t=0,5-
1,5 saniye aras1 1400 ve t=1,5-2 saniye arasinda
ise 800 dev/dk olarak verilmigtir. Asenkron motor

200

ANFIS tipi denetimin degisen referans hiz
degerlerine ulagma tepkileri Sekil 4’teki hiz-zaman
grafiginde gosterilmistir.

/
10{;3 / ............................................ O W —
= / \
=
<
h2
E /
= 500
ANFIS
PI
i H — Referans
0 | i
1] 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2

Zaman (s)

Sekil 4. Asenkron motorun degisken referansli hiz-zaman grafigi
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Asenkron motorun simiilasyon ¢aligmasinda
degisken referansli hiz degeri, t=0-0,5 saniye i¢in
1000, t=0,5-1,5 saniye aras1 1400 ve t=1,5-2 saniye
arasinda ise 800 dev/dk olarak verilmistir.
Caligmanin 1’inci saniyesinde motora 19 Nm yiik

1500

uygulanmigtir. Geleneksel Pl tipi ve ANFIS tipi
denetimin degisen referans hiz degerlerine ulasma
ve yiiklenme durumundaki tepkileri Sekil 5’teki
hiz-zaman grafiginde gosterilmistir.

1000

Hiz (dev/dk)

500

—ANFIS
|
i |7 Referans

0 0.2 0.4 0.6 0.8

1 1.2 14 1.6 1.8 2

Zaman (s)

Sekil 5. Yiiklenme aninda asenkron motorun degisken referansli hiz-zaman grafigi

Asenkron motorun simiilasyon ¢aligmasinda
degisken referansli hiz degeri, t=0-0,5 saniye i¢in
1000, t=0,5-1,5 saniye aras1 1400 ve t=1,5-2 saniye
arasinda ise 800 dev/dk olarak verilmistir.

Calismanin 1’inci saniyesinde motora 19 Nm yiik
uygulanmigtir. ANFIS tipi ve Pl tipi denetimin
degisen referans hiz degerlerine ait moment
degisimleri Sekil 6°daki grafikte gosterilmistir.

100

i
(=3

Moment (Nm)

(=]

—ANFIS
PI

0 0.2 0.4 0.6 0.8

1 12 1.4 1.6 1.8 2

Zaman (s)
Sekil 6. Asenkron motorun moment-zaman grafigi
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4. SONUC

Bu caligmada ANFIS ve PI tipi denetleyici igin
asenkron motorun degisken referans ve yiik altinda
gosterdikleri tepkileri incelenmis ve benzetim
sonuclar1  kargilagtinnlmigtir. Her iki denetim
sisteminin ~ performanst ~ MATLAB/Simulink
ortaminda farkli caligma kosullarinda
incelenmistir.

Simiilasyon calismasinda, asenkron motorun hiz
kontrolii, yiikselme zamani, asim, yerlesme zamani
ve siirekli hal hatasi gibi performans parametreleri
ayarlanarak ANFIS tipi denetim geleneksel PI
denetime kiyasla daha 1iyi bir performans
saglamigtir. Ayrica, sistemde referans hizin
degistirildigi ve yiikklenme yapildiktan sonra
ANFIS tipi denetleyici, geleneksel Pl tipi
denetimden daha iyi bir performansa sahip oldugu
simiilasyon sonuglarindan gézlemlenmistir.

Ug fazli asenkron motorlar gibi dogrusal olmayan
sistemeler igcin ANFIS tipi denetleyiciler
Onerilebilir.
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Abstract

An efficient biotransformation of isoamyl alcohol obtained from fusel oil to isoamyl acetate in a molasses
based medium via in situ product removal (ISPR) with macroporous adsorption resin was carried out with
Lindnera saturnus. Nine types of macroporous adsorption resins with different polarities and surface
areas were tested with synthetic medium and then in batch and fed-batch cultivations. H103 resin had the
best adsorption capacity because of its large and nonpolar surface areas. The isoamyl acetate
concentration was increased with 42 and 30 folds in batch and fed-batch cultivations, respectively,
compared to the biotransformations without addition of adsorbent resin. When 1 g H103 resin (wet w/v)
was added to 50 mL of the biotransformation medium, the total isoamyl acetate concentration achieved
was 1.9 g/L, of which 123 mg/L remained in the aqueous phase and 1787 mg/L was adsorbed onto the
resin, within 120 h in fed-batch system. This was the highest isoamyl acetate yield by biotransformation
until now and was remarkable for making the process more feasible for industrial application.

Keywords: Isoamyl acetate, Fusel oil, Biotransformation, Lindnera saturnus

Lindnera saturnus Kullanilarak Hiicresel Biyodoniisiim Yolu ile Fuzel Yagindan
Muz Aromasi Eldesi

Oz

Bu ¢alismada, fuzel yagindan elde edilen izoamil alkoliin seker pancari melasi i¢eren ortamda izoamil
asetata Lindnera saturnus mayast ile biyodontisiimii, makrogdzenekli adsorpsiyon regeineleri ile Yerinde
Uriin Kazanimm teknigi kullanilarak etkin bir sekilde gergeklestirilmistir. Farkli polarite ve yiizey
alanlarina sahip dokuz farkli makrogézenekli adsorpsiyon reginesi sentetik ortamda test edilmis ve daha
sonar kesikli ve kesikli-beslemeli biyodoniisim denemelerinde kullanilmigtir. H103 reginesi nonpolar
ozelligi ve genis ylizey alanina sahip olusu nedeniyle adsorpsiyon kapasitesi en yiiksek regine olarak
bulunmustur. Kontrol denemesi ile karsilastirildiginda, recine ilevesi yapilan kesikli ve kesikli-beslemeli
biyodoniisim denemelerinde izoamil asetat konsantrasyonunda sirasiyla 42 ve 30 kat artig
gozlemlenmigtir. 120 saatlik kesikli-beslemeli biyodoniisiim denemesinde, 1 g H103 reginesi (islak w/v)
50 mL biyodoniigiim ortamina ilave edildigi zaman, elde edilen izoamil asetat miktar1 1,9 g/L (123 mg/L
sulu ortamda + 1787 mg/L regineye adsorplanmis vaziyette) bulunmustur. Bu miktar, biyoddniisiim
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yoluyla simdiye kadar elde edilmis en yiiksek izoamil asetat miktari olup ve prosesin endiistriyel
uygulamaya aktarilmasi a¢isindan kayda deger veriler olarak degerlendirilebilir.

Anahtar Kelimeler: izoamil asetat, Fuzel yagi, Biyodéniisiim, Lindnera saturnus

1. INTRODUCTION

Flavour compounds found widespread application
in food, beverages, cosmetics, detergents and
pharmaceutical products with a world-wide
industrial size estimated at US $ 24 million in
2015 [1]. Most of the available flavour compounds
(84 %) are now produced via chemical synthesis,
although extraction from natural material
continues [2]. However, recent market surveys
have shown that ¢ onsumers prefer foodstuff that
can be labelled as “natural”. Although flavours
may be produced by chemical transformation of
natural substances, the resulting products cannot
legally be labelled as natural [3]. An alternative
route for natural flavour synthesis which is based
on employment of new biotechnological processes,
de novo microbial processes (fermentation) or
bioconversions of natural precursors using
microbial cells or enzymes (biocatalysis), have
increased considerably in the past two decades
[4-6].

Esters are commonly used flavouring agents, very
appreciated for the fruity aromas they provide.
They are employed in fruit-flavoured products,
baked goods, wines, and dairy products. Acetate
esters, such as ethyl acetate, hexyl acetate, isoamyl
acetate and 2-phenylethyl acetate are recognised as
important flavour compounds [3]. Especially,
isoamyl acetate, the characteristic compound of
banana flavour, is produced with an amount of
74 tonnes per annum [7]. Several yeasts are
capable of producing large amounts of fruity ester
flavours. The genus Lindnera (formerly Williopsis)
synthesizes high amounts of volatile esters, e.g.
isoamyl acetate [8-9]. The most efficient
biotechnological approach used to obtain natural
isoamyl acetate is the growth-associated
biotransformation of isoamyl alcohol to isoamyl
acetate wusing the yeast Lindnera [7,10,11].
However substrate and product inhibition during
biotransformation limits the final isoamyl acetate
concentrations in conventional biotransformations.
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In our previous study, isoamyl acetate formation
was affected by the addition of fusel oil at the
ratios of more than 1% to the medium. The
toxicity of fusel oil was the main reasons for low
isoamyl acetate productivity [7].

Fed-batch cultivation is an industrial technique
where the process is started with a relatively low
substrate concentration. As the substrate is
consumed, it is replaced by adding a concentrated
substrate solution at a low rate while keeping the
substrate concentration in the medium below the
toxic level [12]. Fed-batch fermentation is
advantageous in cases where an initial high
substrate concentration and product accumulation
is toxic to the culture. However, when applied to
systems such as biotransformation of isoamyl
alcohol to isoamyl acetate, an ISPR technique
should be applied in combination with the fed-
batch cultivation. By feeding the medium at a slow
and controlled rate, isoamyl alcohol toxicity can be
kept below inhibitory levels, while the ISPR
technique can be applied simultaneously to remove
isoamy| acetate toxicity.

Stark et al. [13] listed, in a complete review, all the
projects on ISPR on flavour production in the last
20 years. The wide variety of flavour compounds
amenable of microbial production permits the
application of various separation methods. For
example, organic solvent extraction [14], ionic
liquid extraction [15], solid-liquid sorption [16],
supercritical CO, extraction [17], immobilized
solvent extraction [18], and pervaporation [19],
have been employed to remove 2-phenylethanol
from the medium following its production.
Although some of these techniques are more
efficient, they have some shortcomings. For
example, the viscosity of organic solvents causes
problems during fermentation and product
separation [16]. The choice of the right solvent is a
critical point, since many solvents can be toxic
towards the biocatalyst. At the industrial scale,
safety becomes an important issue, if large
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volumes of “critical” solvent are to be used [20].
ISPR using adsorption processes have been mostly
applied for the concentration and separation of
various bioproducts like proteins, flavours,
secondary metabolites etc. Especially, adsorbent
resins are used in bioproduction of natural flavours
and antibiotics, which are toxic to the producing
organisms [20,21]. Adsorption resins have many
advantages including high loading capacity,
concentration of targeted components, higher
adsorption specificities and easier desorption,
better mechanical strength and re-uses [21]. In the
fermentation of kirromycin and rubradirin,
adsorbent resins have been successfully applied to
decrease the toxicity and repression of the
fermentation products [22,23]. Solid adsorbents
also have been found useful in the fermentation of
benzaldehyde, which shifted the biotransformation
pathways of L-phenylalanine into benzaldehyde
and greatly enhanced benzaldehyde production
[24,25]. Some biotransformations improved by in
situ product recovery have been studied by
different researchers [16,26-33].

In this study, production of isoamyl acetate by
biotransformation of isoamyl alcohol using the
yeast Lindnera saturnus was investigated with
using ISPR by macroporous adsorption resins in a
molasses-based medium. Batch and fed-batch
biotransformations were carried out in order to
determine the effect of substrate and product
inhibition on  microorganism  during  the
production.

2. MATERIALS AND METHODS
2.1. Chemicals and Macroporous Resins

Isoamyl acetate of 99% purity and moleculer sieve
were purchased from Sigma Chemical (St. Louis,
MO, USA). Na,SO, and absolute ethanol were
supplied by Merck (Darmstadt, Germany).
Sugarbeet molasses was supplied from Malatya
Sugar Factory (Malatya, Turkey), while isoamyl
alcohol 98.8% purity for the bioconversion was
sourced from the distillation of fusel oil obtained
from Mey Suma Factory (Tarsus, Turkey). The
macroporous resins tested included H103, ABS,
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NKA2 and NKA9 were purchased from the
Chemical Plant of Nankai University (Tianjin,
China) with the exception of XAD4, XAD1180,
XAD7HP, DAX8 and HP2MG, which were
purchased from Sigma Chemical (St. Louis, MO,
USA). Detailed properties of these resins were
shown in Table 1. All other chemicals were of
analytical grade and were commercially available.

2.2. Strain, Medium, Culture Conditions and
Biotransformation

Lindnera saturnus HUT 7087 was obtained from
HUT Culture Collection (Higashihiroshima,
Japan). This strain was chosen in a previous study
for the highest isoamyl acetate production [9].
Yeast was routinely maintained in slant medium
containing 10 g/L glucose, 5 g/L peptone and
3 g/L yeast extract and re-cultured monthly.

Fusel oil was distilled by Vigreux column in order
to obtain a pure isoamyl alcohol fraction (98.8%)
as precursor for biotransformation. The water
content of fusel oil was reduced by Na,SO, and
moleculer sieve before distillation [34].

Sugarbeet molasses was diluted with deionized
water to 10° Brix and pretreated according to
Yilmaztekin et al. [7] to separate heavy metal ions
that could affect yeast growth. The molasses
solution was then adjusted to pH 5.0 with NaOH
and used as preculture and biotransformation
medium.

The strain was inoculated into 50 mL of
preculturing medium, and incubated at 25°C and
160 rpm for 48 h. Then a 3 mL cell suspension
was transferred to 250 mL Erlenmeyer flasks
containing 50 mL of biotransformation medium.
After inoculation, 1 g of macroporous resins,
without prior sterilization, were added to the
submerged culture and incubated at 25°C and 100
rpm. In the batch biotransformation, 50 pL
isoamy! alcohol was directly added to the medium
after 48 h of biotransformation. In the fed-batch
biotransformation, 50 pL isoamyl alcohol was
directly added to the medium at 48, 72 and 96 h of
biotransformation. All biotransformations were
terminated at 120 h. Triplicate experiments were
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performed under the same  conditions.
Concentrations of isoamyl acetate and isoamyl

alcohol were analysed by gas chromatography
(GC).

Table 1. Typical properties of macroporous adsorption resins

Resins Polarit Surface area Average pore Particle size
Y (m*g™h diameter (A°) (mm)
XAD-1180N Nonpolar > 450 400 0.35-0.60
XAD-4 Nonpolar >750 55-80 1.20-6.80
H103 Nonpolar 1000-1100 85-95 0.30-1.25
DAX-8 Moderately polar 160 225 0.30-1.25
XAD-7HP Moderately polar > 380 90 0.56-0.71
AB-8 Moderately polar 480-520 130-140 0.30-1.25
HP2MG Polar 500 200 0.30-1.25
NKA-2 Polar 160-200 145-155 0.30-1.25
NKA-9 Polar 250-290 155-165 0.30-1.25
2.3. Testing of Adsorption Capacity, Adsorption ratio:
Adsorption  Ratio and  Desorption
Recovery E (%) = (coCe) 100 (2)

Nine macroporous adsorption resins with different
polarities and surface areas were used. Before use,
the resins were washed with distilled water and
soaked in ethanol to remove impurities and then
washed with distilled water sufficiently to remove
the solvent. The affinity of isoamyl acetate and
isoamyl alcohol for these adsorbents was measured
as follows: 1 g of the hydrated macroporous resins
and 50 mL of biotransformation medium
containing 2.78 g/L isoamyl acetate and 1,98 g/L
isoamyl alcohol were introduced into a 250 mL
Erlenmeyer flask, and the flask was then shaken in
a rotary shaker at 25°C and 100 rpm for 2 h. The
isoamyl  acetate  and isoamyl alcohol
concentrations in solution after adsorption were
analysed by GC. The resins were collected and
eluted with absolute ethanol in 250 mL
Erlenmeyer flasks and shaken at 25°C and
100 rpm for 2 h. The desorption solutions were
analysed by GC to determine the concentration of
isoamyl acetate and isoamyl alcohol. The
adsorption  capacity, adsorption ratio and
desorption recovery were calculated by equations
1, 2 and 3 as follows:

Adsorption capacity:

Qe = (CO-Ce) - €
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where Qe is the adsorption capacity (mg/g resin),
which represents the mass of adsorbate on 1 g of
resin at adsorption equilibrium; E is the adsorption
ratio, which represents the percentage of total
adsorbate at adsorption equilibrium; CO and Ce are
the initial and equilibrium concentrations of
isoamyl acetate and isoamyl alcohol in the
solution, respectively (mg/L); Vi is the volume of
the initial feed solution (mL) and W is the weight
of the macroporous resins (g).

Desorption recovery:

Cdvd

D (%)= (co-ce) vi

x 100 3)

where D is the desorption recovery (%); Cd is the
concentration of isoamyl acetate in the desorption
solution (mg/L); Vd is the volume of the solution;
CO, Ce and Vi are the same as defined as above.

2.4. Analytical Methods

After the cultivation period, the macroporous
resins in the biotransformation culture were
separated into a 250 mL Erlenmeyer flask by
filtration, and were eluted with absolute ethanol
(volume equal to the biotransformation medium) at
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25°C and 100 rpm for 2 h to recover the isoamyl
acetate. The eluant was analysed by GC to
determine the isoamyl acetate concentration
adsorbed on the resin. Isoamyl acetate in the
aqueous phase was analysed by GC after yeast
cells were removed by centrifugation. GC was
carried out using DBWAX fused silica capillary
column (0.25 mm i.d. x 30 m x 0.25 pm film
thickness) (J&W Scientific, CA, USA), flame
ionisation detection (180°C) and split/splitless
injection (160°C) with a gas chromatograph,
Agilent 7080 (Palo Alto, USA). GC settings were
as follows: oven temperature: 4 min at 40°C, then
increased by 1.8°C per minute up to 94°C and
40°C per minute up to 180°C and finally 4 min at
180°C; carrier gas: He (1.3 mL/min); split rate:
1:50. The quantification was performed by using
internal standard (3-pentanol) method. The results
given represent the means for three determinations
each, with their standard deviations.

3. RESULTS AND DISCUSSION

3.1. Selection of Macroporous
Resins

Adsorption

The choice of the most suitable adsorption resin
was based on two criteria: a strong ability to
adsorb the product and in contrast a low ability to
adsorb substrate [30]. Adsorption capacity is also
one of the main factors influencing process cost.
The higher the adsorption capacity, the smaller the
amount of adsorbent required in order to keep
product concentration under the toxicity level, and
thus the smaller the necessary adsorption unit.
Expressed in terms of cost, the higher the capacity,
the lower the investment costs involved [20].

The adsorption capacity (Qe), adsorption ratio (E)
and desorption recovery (D) of the resins tested for
both isoamyl alcohol and isoamyl acetate were
listed in Table 2. The affinities of the selected
adsorption resins for isoamyl alcohol and isoamyl
acetate were determined in a molasses based
aqueous solution containing known amounts of
isoamyl alcohol and isoamyl acetate. All
adsorbents showed an acceptable affinity for both
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isoamyl alcohol and isoamyl acetate. The resins
could be ordered, regarding to their isoamyl
acetate Qe as follows:

H103 > NKA2 > XAD1180 > XAD4 > XAD7HP
> DAX8 > AB8 > NKA9 > HP2MG. The Qe of
resins H103, NKA2 and XAD-1180N were close
and considerably higher than the other resins.
Highest Qe is shown by H103, followed by NKA-
2 with a slightly lower capacity. XAD-1180N has
a quite smaller capacity. This could be explained
based on the differences in the surface areas and
polarities of the resins. Since the surface area of
H103 is greater than those of XAD-1180N and
NKA-2, hence H103 showed a better Qe. The
selection of the proper resin should be in
accordance with their polarities, surface areas and
the features of the adsorbates. In the present work,
H103 was chosen as the best resin for its high
surface area and nonpolarity, which in nature have
good affinity for the nonpolar Isoamyl acetate
molecule. However, because of close Qe values of
H103, NKA2 and XAD-1180N, we decided to test
them also in biotransformation trials.

The recovery of the isoamyl acetate from the resins
was conducted with absolute ethanol. Isoamyl
acetate is used in food industry as a fragrant
ingredient, therefore some solvent with toxic
nature or non-acceptable odour such as methanol,
acetone and butanol were not considered. Ethanol
was chosen in desorption for its hontoxic and wide
acceptance in perfumes and flavours. However, the
results of the desorption tests carried out with a
volume of ethanol equal to biotransformation
medium for only one cycle were not satisfactory
for all the resins having 12.9-29.6% desorption
yields. The desorption recoveries of the resins
followed the order:

NKA2 > H103 > XAD1180 > XAD4 > XAD7HP
> HP2MG > DAX8 > AB8 > NKA9. NKA2, H103
and XAD1180 had the best desorption recoveries
among the other resins. It is predicted that repeated
cycles of desorption with ethanol would increase
the recovery of the isoamyl acetate from the resins.
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Table 2. Results of adsorption capacity (Qe), adsorption ratio (E) and desorption recovery (D) for

isoamyl acetate (IAc) and isoamyl alcohol (1Al) with different macroporous resins

Resins (mgleg 'rAe:in) (mS/eg 'rﬁs'in) EIAC(%) | EIAI(%) | D IAc (%)
XAD-1180N | 1293+15 | 29.4%2.0 077516 309219 273515
XAD-4 1274217 | 103<14 956+ 13 108+ 1.4 243517
H103 1322209 | 463=17 99.1%1.7 43.6= 15 273206
DAX-8 1218:21 | 149212 913112 157+ 1.7 163+ 1.1
XAD-THP 1255206 | 174208 041L18 182216 243112
AB-8 21311 | 112210 91.0122 118213 16.0% 0.9
HP2MG 115219 | 10104 83.6 £ 0.9 10.6% 0.6 19.0£0.8
NKA-2 1315207 | 475209 98.6%2.1 499209 2065138
NKA-9 1180213 | 54%03 88407 57205 129206

3.2. Batch Biotransformation with Adsorption
Resins

As shown in Fig. 1, with the addition of the
macroporous resins to the biotransformation
medium, the isoamyl acetate concentration
exceeded that without the addition of resin. The
process consists of a logarithmic growth phase
which took 48 h, followed by biotransformation of
added isoamy! alcohol during the stationary phase.
The isoamyl alcohol was added in small amounts
due to substrate toxicity and it was completely
converted to isoamyl acetate after 120 h of
biotransformation. The highest isoamyl acetate
concentration reached was 1204 mg/L with resin
H103, which was 42 times higher than the isoamyl
acetate concentration without resin addition
(28.5 mg/L). Surprisingly, the addition of NKA-2
resin did also improve the isoamyl acetate
concentration, although it has a polar nature and
small surface area. It was concluded that H103
resin  was the best adsorbent in batch
biotransformation.

3.3. Fed-Batch Biotransformation with Adsorption
Resins

The concentrations of isoamyl acetate produced in
fed-batch biotransformations carried out with
different macroporous adsorption resins were
given in Fig. 2. Isoamyl alcohol was added to the
medium at 48. h of biotransformation and
continued with 24 h intervals up to the end of
biotransformation. The strategy for fed-batch
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biotransformation was to avoid the inhibition of
isoamyl alcohol on the yeast, which was observed
in our previous work [7]. Addition of small
amounts of isoamyl alcohol at intervals of 24 h led
to a 2.2 fold increase in isoamyl acetate
concentration in fed-batch biotransformation
(64 mg/L) compared to batch transformation
(28.5 mg/L). This indicated that large amounts of
isoamyl alcohol in the medium negatively affected
yeast growth. Since the biotransformation of
isoamyl alcohol to isoamyl acetate is strictly
growth-associated, yeast growth could act as an
indicator of isoamyl acetate production during the

process [7]. In the experiments carried out with
addition of resins, the total isoamyl acetate
concentration (isoamyl acetate in aqueous phase
plus adsorbed onto the resin) exceeded that
without  addition of resin. When the
biotransformation was finished, the highest total
isoamyl acetate concentration reached 1.9 g/L with
H103 resin added biotransformation (123 mg/L in
the aqueous phase and 1787 mg/L adsorbed onto
the resin) which was 30 times higher than the
control. To our knowledge, this is by far the
highest isoamyl acetate production from isoamyl
alcohol by biotransformation. About 1374 mg/L
isoamyl alcohol was not converted and remained
in the biotransformation medium carried out with
H103 resin, which was the lowest amount of
isoamyl alcohol detected in the medium after
biotransformation among the other resins. It
seemed that better results could be achieved in
fed-batch biotransformation with macroporous
adsorption resins than in batch biotransformation.
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Figure 1. Isoamyl acetate production from isoamyl alcohol by Lindnera saturnus HUT 7087 in batch
cultivation with the addition of nine types of macroporous resins to the biotransformation
medium. The amount of macroporous resin was 1 g/50 mL. The isoamyl alcohol was added at
48"™ hour of biotransformation. Cultivation was carried out in an orbital shaker at 25°C and
100 rpm for 120 h. The control experiment was carried out without the adding of resin.
Desorption was also carried out on a rotary shaker with 100 rpm at 25°C with absolute ethanol
for 2h. The concentrations of isoamyl alcohol and isoamyl acetate were analysed by GC. The
values were means of three replicates, and the error bars indicated standard deviations

2500
[ Isoamyl acetate in aqueous phase

B Isoamyl acetate desorbed from the resin
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Macroporous adsorption resins
Figure 2. Isoamyl acetate production from isoamyl alcohol by Lindnera saturnus HUT 7087 in fed-batch
cultivation with the addition of nine types of macroporous resins to the biotransformation
medium. The amount of macroporous resin was 1 g/50 mL. The isoamyl alcohol was added at
48, 72 and 96™ hour of biotransformation. Cultivation was carried out in an orbital shaker at
25°C and 100 rpm for 120 h. The control experiment was carried out without the adding of
resin. Desorption was also carried out on a rotary shaker with 100 rpm at 25°C with absolute
ethanol for 2h. The concentrations of isoamyl alcohol and isoamyl acetate were analysed by
GC. The values were means of three replicates, and the error bars indicated standard deviations
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4. CONCLUSION

In conclusion, critical strategies of improving
biotransformation of isoamyl alcohol to isoamyl
acetate are to limit the amount of added isoamyl
alcohol below the inhibitory level with continuous
addition at 24 h intervals and to use macroporous
adsorption resin for ISPR. A fed-batch
biotransformation with ISPR technique
demonstrated very promising results for isoamyl
acetate production by Lindenera saturnus in this
work. By combining the fed-batch technique with
product recovery, inhibition for both substrate and
product was eliminated. 1.9 g/L isoamyl acetate
concentrations obtained with the process presented
in this paper have been never achieved before.
However, according to us the isoamyl acetate
productivity could be improved further by a
continuous bioprocess using external adsorption
columns for ISPR. Efforts are underway to build a
continuous adsorptive bioprocess for isoamyl
acetate production.
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Abstract

Accurate and effective stock price prediction is appealing for investors due to the potential of obtaining a
very high return. However, it is still a challenging task in the modern business world because of the
complex, evolutionary, and nonlinear nature of stock market. Therefore, we proposed two hybrid models,
which are Harmony Search (HS) based Extreme Learning Machine (ELM) that is denoted as HS-ELM
and HS based Recurrent Extreme Learning Machine (RELM) that is represented as HS-RELM, to provide
accurate and fast one-day ahead stock price prediction. This study provides a new direction in the field of
stock price prediction and offers some suggestions on how to configure HS-ELM and HS-RELM for
performing stock price prediction, with an application on stocks listed in BIST50 Index. The results of the
performance measures show that although both proposed models are very helpful for the practical
applicability of the stock market, HS-RELM model is more powerful than HS-ELM model.

Keywords: Extreme learning machine, Recurrent extreme learning machine, Harmony search, Stock
price prediction

Melez Asir1 Ogrenme Makinesi ve Tiirevi ile Hisse Senedi Fiyati Tahmini
Oz

Cok yiiksek getiri elde etme potansiyeline sahip olmasi nedeniyle dogru ve etkili hisse senedi fiyat
tahmini yatinnmcilar i¢in caziptir. Bununla birlikte, borsanin karmasik, evrimsel ve dogrusal olmayan
yapisi nedeniyle, modern is diinyasinda hala karmagik bir istir. Bu nedenle, iki melez model, HS-ELM
olarak adlandirilan Harmoni Aramasi (HS) tabanli agir1 6grenme makinesi (ELM) ve HS-RELM olarak
adlandirilan HS tabanli tekrarli asir1 6grenme makinesi (RELM), giinliik hisse senedi fiyati tahminini
dogru ve hizli bir sekilde elde etmek igin 6nerilmistir. Bu ¢aligma, hisse senedi fiyati tahmini alanina yeni
bir yon vermekte ve BIST50 Endeksinde bulunan farkli hisse senetleri iizerinde uygulanmasi ile HS-ELM
ve HS-RELM'nin hisse senedi fiyat tahmininde nasil yapilandirilmas: gerektigi konusunda bazi dneriler

“ Sorumlu yazar (Corresponding author): Mustafa GOCKEN, mgocken@adanabtu.edu.tr
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sunmaktadir. Performans olgtimlerinin sonuglari, her iki 6nerilen modelin hisse senetleri fiyat tahminine
pratik uygulanabilirligi agisindan olduk¢a yararli oldugunu gostermesine ragmen HS-RELM modelinin
performansmim HS-ELM modelinin performansindan daha iyi oldugu gézlemlenmistir.

Anahtar Kelimeler: Asir1 6grenme makinesi, Tekrarli agir1 6grenme makinesi, Harmoni aramasi, Hisse

senedi fiyati tahmini

1. INTRODUCTION

Over the years, stock markets are an important part
of the nations’ economy since the greatest amount
of capital is exchanged implicitly through stock
markets all over the world [1]. In this case,
analyzing stock market performance has become
reasonably challenging due to the effect of
economic  globalization and information
technology. One of the most common
characteristics for all stock markets is the
uncertainty related to their future states. This is
undesirable for the investors, but unavoidable
when stock market is chosen for investment. At
this point, decisions on investment are important
and entail prediction [1]. The prediction largely
affects the profitability of investing and trading in
the stock market [2]. Therefore, academicians and
practitioners have primarily investigated the
various prediction models for years. In the light of
previous studies, it can be said that although many
models have been employed for predicting stock
price, each model has its own advantages and
disadvantages under different situations. Also, we
determined three major drawbacks. Firstly, various
input variables are used to predict stock price
based on personal experience that can lead to
wrong judgement on investment decisions.
Secondly, multi-feature data typically generate
high-dimensional data and cause higher
computational complexity. Thirdly, specific
assumptions are needed for statistical models that
cannot be implemented to the datasets which do
not satisfy these assumptions [3]. At this point,
extreme learning machine (ELM) can be
considered as one of the most powerful models to
overcome difficulties encountered by other
models. For example, ELM avoids many of the
difficulties faced by gradient-based learning
models such as learning rate and epochs, stopping
criteria, and local minima while producing higher
generalization performance [4]. Details can be
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found in Huang et al. [5]. Zhu et al. [4] presented a
hybrid learning algorithm where the output
weights of ELM are analytically assigned by using
Moore—Penrose (MP) generalized inverse while
the input weights and hidden biases of ELM are
randomly determined by modified differential
evolution. The result of study shows that proposed
model can provide a much more compact network.
Bazi et al. [6] applied the differential evolution to
analyze the model selection problem of ELM.
Yang et al. [7] proposed evolutionary based ELM
with differential evolution to balance the
explorative power and exploitive power and to
reduce the prediction time of original ELM. Suresh
et al. [8] presented a real-coded genetic algorithm
to determine the input weights, optimal hidden
neuron numbers, and bias values of ELM. In the
study, proposed model gets a compact network
with better generalization but it causes a higher
computational effort. To solve this problem, a
sparse-ELM is used to choose the number of
neurons, input weights and bias values quickly in
ELM. Hegazy et al. [9] used flower pollination
algorithm and ELM for monthly stock price
prediction. In the study, flower pollination
algorithm is utilized to select input weights and
hidden biases to create more compact network
structure than traditional ELM model. Application
of ELM on stock market prediction can also be
found in Wang et al. [10] and Li et al. [11].

In recent years, recurrent ELM (RELM) is also
used to improve the prediction performance. The
major difference between RELM and ELM is that
RELM is built for sequential (time ordered)
datasets but the order of the data in the dataset is
not important in ELM. In addition, the number of
neurons in the input layer of ELM is the same with
the number of features in the dataset while the
number of neurons in the input layer of RELM is
the sum of the number of features and the number
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of context neurons [12]. Application of RELM on
electricity load forecasting can be found in [12].
Considering previous research, this study is
basically aimed to show how the use of HS
together with ELM and RELM models allows one
to obtain considerable prediction accuracy and to
compare the performance of the proposed models
in three stocks listed in BIST50 for emphasizing

the importance of the specific parameter setting in
HS-ELM and HS-RELM.

To the best of our knowledge, this study applies
RELM on predicting one-day ahead stock price in
BIST50 for the first time. In addition, we
strengthen RELM and ELM models by integrating
them with HS (Figure 1).

4k Forecasted Prices

A

Harmony Search

[ %i(2) X1(2) Xi(3).......Xi(n) 0} Function

| Xj(1) Xj(2) Xj(3)...........Xj(n),0bj.Function
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Recurrent Extreme Learning Machine
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Figure 1. Hybrid ELM approach

Thus, hybrid stock price prediction models
including HS-ELM and HS-RELM are proposed to
provide a new perspective on developing ELM and
RELM models. The advantage of these hybrid
models lies in synergy between the HS and ELM
(RELM) model. HS is used in Phase | to get the
optimal parameters of the HS-ELM and HS-
RELM models including input variables (technical
indicators), activation function type, number of
neurons in hidden layer and also number of
neurons in the context layer for RELM. The results
of HS are evaluated according to performance
measure. In Phase 11, the best results of HS are fed
in proposed hybrid models. This procedure is
repeated until desired iteration is reached in ELM
and RELM. If desired iteration is not satisfied, HS
is reused to obtain the better result.

The rest of the paper is organized as follows.

Section 2 describes the basic structure of HS,
ELM, and RELM models. In Section 3, analysis of

C.U. Miih. Mim. Fak. Dergisi, 31(OS 2), EKim 2016

proposed HS-ELM and HS-RELM models is
given. Finally, conclusions are expressed in
Section 4.

2. PROPOSED MODELS
2.1. Harmony Search

Metaheuristics are known as one of the most
practical models to solve many complex
optimization problems. The practical advantages of
these models are their effectiveness and general
applicability because many optimization models
have failed to be either efficient or effective.
Therefore, metaheuristics are generally preferred
over other optimization models to find the
solutions with many local optima and little
inherent structure to guide the search [13]. In this
study, we used Harmony Search (HS) to optimize
the structure of ELM and RELM. HS is inspired
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by the music improvisation process. The major
advantages of HS are that it does not need to
specify the initial value settings and complex
mathematical calculations. Basic steps of HS can
be given as follows [14]:

Step 1. Harmony Memory Initialization: A
harmony memory matrix (HMM) is generated and
initialized. It includes a specified number of
solutions that are also known as harmony memory
size (hms). Each solution (harmony vector, IY)
consists of m integer numbers between 1 to N that
are selected randomly and each of which
corresponds to the sequence number of design
variables in the design pool, and is displayed in a
separate row of the matrix; consequently the size

of HMM is hms x m (Eq. (1)).
oah
5 (1)
Q(Ihms)

n i - 1L

HMM= :
Illlms Ilzlmslglms Ilr;lms

Il.j is the sequence number of the i design variable

in the j™ randomly selected feasible solution.

Step 2. Harmony Memory Evaluation: In this step,
HS model analyzed hms solutions whose objective
function values are computed. According to each
objective function value in ascending order of
magnitude, the solutions are sorted in the HMM.

Step 3. A New Harmony Improvisation: HS
utilizes a stochastic random search instead of a
gradient search. Note that stochastic random
search is based on harmony memory considering
rate (hmcer) and the pitch adjusting rate (par) so
that derivative information is unnecessary [15].
hmer, which is the probability of selecting a
component from the harmony memory, is used in
improvisation process. For each variable, a random
number 7; is produced between 0 and 1 to execute
this probability. According to r;, either harmony
memory (if r; < himcr) or the entire discrete set
(if ;> hmcer) is used to select each design
variable for a new harmony (I' =1, I, ..., I};))
improvisation as given in Eq. (2).
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[ { Le{tl,13,... '} if r;<hmer 2

Le(l,....N} if r;>hmer

After the hmcr, each decision variable is
evaluated to decide whether pitch-adjusted or not.
At this point, par parameter (Eg. 3) is used to
carry out this evaluation. par can be defined as
sampling the variable’s one of the neighboring
values, obtained by adding or subtracting one from
its current value. Note that the value of the variable
does not change when it is not activated by par

(Eq. (3)).

= LF1 ifr<par €))
L if r;>par

Step 4. Update of Harmony Matrix: The objective
function value is used to evaluate the newly
generated harmony vector. If this value is better
than the objective function value of the worst
harmony vector in HMM, the existing worst
harmony vector is excluded from the HMM and
the newly generated harmony vector is included in
the HMM.

Step 5. Termination: Steps 3 to Step 4 are repeated
until desired iteration is reached. Finally, the best
solution is chosen from the final HMM. HS
parameter values for proposed models are given in
the Table 1.

Table 1. HS parameter values

hms 50
hmcer 0.95
par 0.3
Maximum number of iteration 50

Determining the most relevant input variables
(technical indicators) is a primary task of stock
price prediction models. In addition, some
essential modifications are required to provide
more accurate prediction. Therefore, we used HS
for the selection of the most relevant technical
indicators and activation function type in ELM and
RELM. Furthermore, HS is used for the
determination of number of neurons in hidden
layer in ELM and RELM. Apart from these, the
number of neurons in the context layer is

C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), EKim 2016




Mustafa GOCKEN, Mehmet OZGALICI, Asli BORU, Ayse Tugba DOSDOGRU

determined by HS. In literature, trial and error HS-RELM provide a new perspective on stock
models are generally used to determine these  price prediction. The initial feature pool is given in
parameters but this model is very time consuming  Table 2.

and error-prone. Therefore, proposed HS-ELM and

Table 2. Initial feature pool

Index | Feature Name Index | Feature Name
1 Previous Close 23 | Close Price Accelerator
2 Previous High 24 | Opening Price Momentum
3 Previous Low 25 High Price Momentum
4 Previous Open 26 Low Price Momentum
5 5 Day Simple Moving Average 27 | Close Price Momentum
6 6 Day Simple Moving Average 28 | Chaikin Volatility
7 10 Day Simple Moving Average 29 K% Stochastic
8 20 Day Simple Moving Average 30 | D% Stochastic
9 5 Day Exponential Moving Average 31 | Slow K% Stochastic
10 | 6 Day Exponential Moving Average 32 | Slow D% Stochastic
11 | 10 Day Exponential Moving Average 33 | William %R
12 | 20 Day Exponential Moving Average 34 | Relative strength Index
13 | 5 Day Triangular Moving Average 35 Middle Bollinger Band
14 | 6 Day Triangular Moving Average 36 Upper Bollinger Band
15 | 10 Day Triangular Moving Average 37 Lower Bollinger Band
16 | 20 Day Triangular Moving Average 38 | Highest High Value
17 | Accumulation Distribution Oscillator 39 | Lowest Low Value
18 | Closing Price MACD 40 | Median Price
19 | 9 Day Moving average of Close MACD | 41 | Price Rate of Change
20 | Opening Price Accelerator 42 | Typical Price
21 | High Price Accelerator 43 | Weighted Close
22 Low Price Accelerator 44 | William’s Accumulation/Distribution Line
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Table 3. The parameter values in proposed hybrid models

Activation Number .Of Number of neurons
Model type - neurons in - Index of Selected features
Function Type - in the context layer
hidden layer
HS-RELM 1 16 17 15112 (32|18 | 8
AKSEN
HS-ELM 4 8 - 11 (25| 6 | 8 | 36
HS-RELM 1 21 16 11 [ 33| 4 | 40| 37
DOHOL
HS-ELM 4 16 - 15| 7 (24|21 2
SISE HS-RELM 1 21 16 11 [ 33| 4 | 40| 37
HS-ELM 4 16 - 15| 7 (24|21 2

In HS, the number of input variables is fixed at 5
to receive fast result from HS. Thus, five features
are selected from initial feature pool. The optimal
activation function is selected from five different
types that are sigmoidal (1), sinus (2), hard limit
(3), triangular basis (4), radial basis (5). Note that
upper bound of neurons in the hidden layer is fixed
at 30 for both ELM and RELM models. Also,
upper bound of neurons in the context layer is
fixed at 25 for RELM. The details of the
determined parameters are summarized in Table 3.

2.2. Extreme Learning Machine

ELM can be considered a promising learning
algorithm for single-hidden layer feedforward
neural networks (SLFNs). ELM is a faster learning
algorithm compared to other conventional learning
algorithms such as backpropagation algorithm.
Furthermore, no parameters are needed to be tuned
except predefined network architecture [16]. The
general structure of an ELM and the algorithm for
training this network can be summarized as
follows [17]:

For N arbitrary distinct samples (x; t;), where
Xi=[Xi1,Xips- . .Xin ] "ER™ and ;= [t} tor,....tn] ER™,
standard SLFNs with N hidden nodes and
activation function g(x) are mathematically
modeled as (Eq. 4):

N N
Zﬁi gi(xj) = Zﬁig(wixj + bi) = 0; (4)

4

j=1,..,N
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where  w; = [y, Wip, ..., Wi, ]T is the weight
vector connecting the i" hidden node and the input
nodes, B; = [Bi1, Biz, -, Bim]T is the weight vector
connecting the i" hidden node and the output
nodes, and b; is the threshold of the i hidden
node. w;x; denotes the inner product of w; and x;.

Standard SLFNs with N hidden nodes and n
number of neuron in input layer with activation
function g(x) can approximate these N samples
with zero error means that ¥\, [|lo; — ¢;]| = 0.

The above N equations can be written compactly
as (Eqgs. (5) to (7), respectively):

HB =T 5)
where

H(W],...,Wﬁ,bl,...,bf\j,xl,...,XN) =

g(wix;+by)--g(wyx;tby)
: : ©6)
g(wixn+by) - g(wrxntb) o 5
A t
B=1: andT = : l @)
T
ﬁﬁ Nxm tl’(’ Nxm

The hidden layer output matrix of the neural
network is denoted as H. The ith column of H is
the ith hidden node output with respect to inputs
X1, X, ..., Xy. T is the output of the neural network
as it is obvious from equations. Then, output
weight matrix (8 = H'T) is calculated. H' is the
MP generalized inverse of matrix H. Details can be
found in [17].
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2.3. Recurrent Extreme Learning Machine

RELM has been shown a novel training approach
for a single hidden layer Jordan recurrent neural
network whose output can be defined by [12]:

T=XL, B, g(E}Ll WijXj + i Wi (tj+n)+ L) S (8)

where m and n are the neuron numbers in the
hidden and input layers, respectively. § denotes
delay, t shows the instance order, r is the employed
context neuron numbers, which are backward
connections from the output layer to the input layer
(Eq. 8). Proposed RELM is seen in Figure 2.

Context Layer

Figure 2. Recurrent extreme learning machine

Context neurons are employed as if they are extra
input neurons and hold delayed values of the
output. Then, the same learning procedure of ELM
is used to determine the output weights. In RELM,
the feedbacks are assigned as new inputs with
delay and added to the H matrix. Details can be
found in [12].

3. RESULT AND DISCUSSION
To evaluate the prediction quality and performance

of HS-ELM and HS-RELM models, our work is
applied to three stocks listed in BIST50 that are

C.U. Miih. Mim. Fak. Dergisi, 31(OS 2), EKim 2016

Aksa Energy (AKSEN), Dogan Group of
Companies (DOHOL), Sisecam Group (SISE).
Training dataset is between 17 April 2013 and
11 September 2015 and there are 1200
observations.  Testing dataset is between
14 September 2015 and 30 November 2015 and
there are 60 observations.

Five different loss functions nhamely mean absolute
percent error (MAPE), mean absolute error
(MAE), mean square error (MSE), root mean
square error (RMSE), and Theil’s inequality
coefficient (TheilU) are utilized to evaluate the
performance of HS-ELM and HS-RELM models.
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They are calculated as follows (Egs. 9 to 13
respectively):

100

RMSE= [L3X, (X-F)’ (12)

MAPE=" T, || ©)
Theil U= Y22 ot (13)
1 =
MAE=— Y |Xe — Fe (10) \/%2{11 X2 +\/§2{i1 F)?
1 2
MSE:E Z{il (X-Fo) (11)
Table 4. The comparison of proposed models
Model type MAPE MAE MSE RMSE TheilU
AKSEN HS-RELM 4.1769 0.0024 0.000011 0.0033 0.0287
HS-ELM 13.5789 0.0076 0.000111 0.0105 0.0896
DOHOL HS-RELM 0.6262 0.0022 0.00001 0.0031 0.0042
HS-ELM 14.0359 0.0514 0.003465 0.0588 0.085
SISE HS-RELM 3.5944 0.0017 0.000004 0.0021 0.0218
HS-ELM 12.7325 0.0058 0.000049 0.007 0.0724
Note that F, is predicted stock price, X; is actual and RELM, simultaneously. Thus, we are

stock price and N is total number of tests.
Resulting values of performance measures are
given in Table 4. Note that, smaller values of
MAPE, MAE, MSE, RMSE, and TheilU show
better prediction performance for AKSEN,
DOHOL, and SISE. Specifically, the MAPE
performance of HS-RELM model in DOHOL
shows that the prediction error is 0,6262% that is
quite reasonable for such a very complex stock
prediction model.

4. CONCLUSION

In recent years, stock price prediction is gaining
more attention but no consensus exists among
researchers as to which type of model is the best
for stock price prediction and it is not obvious how
to extend this model under different types of stock
market. In literature, researchers generally iterate
ELM and RELM models many times until they get
a satisfying result. To create a more systematic
approach for ELM and RELM models, hybrid
models that overcome some critical shortcomings
of a single model can be used. In this study, we
proposed two hybrid methodologies for selecting
the most relevant technical indicators and
determining the most suitable structure of ELM
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concerned with the design of the hybrid ELM and
RELM models by providing a more sensitive and
comprehensive setting using HS. Furthermore, we
aim to unveil the extent to how HS-ELM and
HS-RELM have been used to predict the one-day
ahead prediction of daily closing price of stocks
listed in BIST50 Index. Based on the results,
although the prediction performance of HS-RELM
model is significantly better than HS-ELM model,
both models are highly promising and can be used
in stock price prediction.
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Oz

Is saglig1 ve is giivenligi ¢alismalarinin amaci, is kazalarindan calisanlar1 korumak ve daha saglikli bir
ortamda c¢aligmalarini  saglamaktir. Bunu saglamak igin riskler Onceden Ongériilmeli ve
degerlendirilmelidir. Ayrica is giivenligi uzmanlari tarafindan acil durum eylem planit hazirlanmalidir.

Bu ¢aligmada, Hatay’da bulunan bir yeralti krom isletmesindeki is sagligi ve giivenligi uygulamalarina

yer verilmig olup acil durum plant degerlendirilmistir. Bdylelikle is kazalarinin sayisinin diigiiriilmesi
hedeflenmistir.

Anahtar Kelimeler: is sagligi, Risk, Yeralti, Krom, Acil eylem plam

A Practice on the Emergency Action Plan in the Underground Chrome Operating

Abstract

The purpose of the occupational health and safety studies is to protect employees and provide in a healthy
work environment. Therefore, risks in the workplace should be foreseen and previously evaluated. In
addition to, emergency action plans must be prepared by occupational safety experts.

In this study, occupational health and safety applications have been presented and emergency action plan
has been done in a Chrome Mine in Hatay. In this way, it is aimed to reduce the number of job accidents.

Keywords: Occupational health, Risk, Underground, Chrome, Emergency action plan

* Sorumlu yazar (Corresponding author): Esma KAHRAMAN, ekahraman@cu.edu.tr
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1. GIRIS

Isci saghg1 ve is giivenligi giiniimiizde bir bilim
dali haline gelmistir. Uretim siirecindeki ve toplum
yasamindaki degisimlere bagli olarak gelisim
gostermektedir. Insanhigmn doga ile savasi ile
baslayan ve degisik asamalardan gecen caligma
yasamindaki gelismeler, is¢i saglig1 ve is giivenligi
sorunlarinin da giindeme gelmesine yol agmustir.
Uretim araglarinda ve iiretim ydntemlerindeki
degisim ve doniisiimler sonucunda c¢alisanlarin
saglik ve giivenlik sorunlart da c¢ogalmis ve
giderek Onem kazanmaya baglamistir. Tarih
boyunca calisma yasamindaki gelismeler, isci
saglig1 ve is giivenligi konusundaki gelismelere de
kaynaklik etmistir [1].

Bir isletmede olabilecek is kazalarmin 6nceden
tahmin edilebilmesi ve sonug¢larinin olusturacagi
etkilerin bilyiikliigii de dikkate alinarak yapilacak
iyilestirme faaliyetlerinin Oncelik siralamalarinin
yapilmasi  gerekir.  Risklerin  analizi  ve
degerlendirilmesi  is  kazalarmin  Onlenmesi
calismalar1 gercekei yaklasimlarla yapildiginda is
giivenligi caligmalart i¢in iyi bir yol haritasi
olusturmaktadir. Olusturulan risk degerlendirme
tablolar1 bir el kitabit gibi i gilivenligi
sorumlularinin ¢aligmalarina 1s1k tutacaktir. Zira
risklerin ~ degerlendirilmesi ve  Onceliklerinin
belirlenmesi sonucu iyilestirme faaliyetlerinde de
oncelikli risklere yonelik c¢aligmalara agirlik
verilmesini saglayacak belki de 6limlii kazalarin
oniine gegilebilecektir. Risklerin
Degerlendirilmesi; isletme dahilinde tim faaliyet
alanlarint ve ekipman kullanimmin saglik ve
giivenlik {izerindeki etkilerinin sistematik olarak
incelenmesini igerir [2].

Maden isletmeleri saglik ve giivenlik a¢isindan ¢ok
cesitli tehlikelerin bulundugu ortamlardir. Bundan
dolay1 is sagligi ve giivenligi biiylik dnem teskil
etmektedir. Ayrica iilkemizde is kazalar1 ve meslek
hastaliklarinin en fazla gorildigii sektorlerden
biridir. Is saglig1 ¢alismalarinin amaci ¢alisanlarin
saghgmi korumak giivence altina almaktir. Isci
saghigr ve is gilivenligi, tehlikelerin 6nlenmesinin
yani sira risklerin &ngoriilmesi, degerlendirilmesi
ve bu risklerin tamamen ortadan kaldirilmasini ya
da zararlarin en aza indirmek igin yapilacak
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caligmalar1  kapsar. Madencilik  Sektoriinde
meydana gelen is kazalari incelendiginde kazalarin
biiylik ¢cogunlugunun yeraltt madenlerinde oldugu
gozlenmistir. Dolayisiyla can kayiplar1 da yeralti
isletmelerinde daha fazladir. Is kazalarmi énlemek
ve daha saglikli bir calisma ortami sunmak ancak
is saglig1 ve giivenligine yeterince 6nem vermekle
miimkiindiir. Olasi riskleri 6nceden belirlemek ve
tehlikeleri ortadan kaldirmak temel prensip haline
gelmelidir. Risk analiz degerlendirmesi g6z oniine
almarak acil durum eylem planlariin  da
hazirlanmas1  gerekmektedir. Bu plan acil
durumlarda  c¢alisanlarin ~ ve  acil  durum
gorevlilerinin neler yapmasi gerektigi konusunda
yol gosterecektir.

Bu c¢alismada; Hatay’da bulunan yeralti krom
isletmesindeki  is  saghg = ve  giivenligi
uygulamalarina yer verilmis, olast tehlikeler
belirlenmis ve bu tehlikeler i¢in acil durum eylem
plan1 degerlendirmeleri yapilmustir.

2. ISLETME HAKKINDA GENEL
BIiLGILER

Isletme, Hatay iline bagli Giilderen Koyiiniin
Kazikli  Yaylasinda yer almaktadir. Sehir
merkezine yaklagik 29 km mesafededir. 2012
yilinda isletme faaliyetine baslamis ve ortalama
500 ton/ay iretim kapasitesiyle ¢alismalarina
devam etmektedir. Isletmede kapali ve agik isletme
yontemleri uygulanmakta fakat ¢ogunlukla kapali
isletme yontemi tercih edilmektedir. Isletmede 17
personel liretimde gorev almaktadir.

Isletmede katlar arasi blok gdcertme yontemi ile
cevher tretimi yapilmaktadir. Bu yontem iki ana
asamay1 i¢ermektedir. Bunlardan ilki, hazirlik
asamasidir. Hazirlik asamasinda cevher bloguna
spiral seklinde inilen anayol ile taban tavan
arasinda nakliye hatt1  olusturulur. Cevher
blogunda belirlenen ve ekonomik degeri yiliksek
olan cevher noktalarina bu spiral iizerinden
galeriler  (tlineller) siiriilerek cevherin  son
noktasina kadar ilerleme yapilir. ilerleme bittikten
Sonra cevher igerisinde {iiretim panosu acilarak
hazirlik agsamasi sonuglandirilmaktadir.
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Hazirlik asamasimin bitmesi sonucunda ana iiretim
kat aras1 gogertmeye baslanilir. fkinci asamada ise
stiriilen tiinellerin belirlenen noktalarindan, bir {ist
kata delinen dik deliklerin patlatilmasiyla {iretim
gerceklestirilir. Kazanilan cevher  {iretim
noktalarindan belirlenen diger noktalara yeralti
kamyonlartyla tagmir. Uretim  mekanizasyon
gerektiren bir yontemdir. Delici makine tiinel
kesitini istenen Olgililerde, istenen egimle ve
istenen aciyla doniisleri verebilecek sekilde
pozisyon alarak delme islemine baslar ve delme
isleminde sonra aynada kontroller yapilir. Bu
kontroller ile aynanin patlatmaya elverisli olup
olmadigint belirlenmektedir. Eger ayna patlatmaya
elverisliyse patlatma ekibi gelerek patlayicilar
deliklere sarj eder ve daha sonra patlatir. Yatay
delik delme islemi bu sekildedir. Hazirlik
asamasina ait olan yatay delme islemi sonunda
eger cevher icerisinde ilerleme yapiliyorsa cevher
belirtilen yerlere tasinir. Pasa igerisinde ilerleme
yapiliyorsa malzeme dokiim sahasina taginarak
alana dokdiliir. Cevher ya da pasanin nakliyesi
tamamlandiktan sonra kazi yapilan alanin
giivenliginin saglanmasi gerekmektedir. Bu amagla
bir sonraki agamada tahkimat isleri yapilir.

3. ISLETMEDE UYGULANACAK
ACIL DURUM EYLEM PLANI

Piramit Madencilik Nakliyat Ltd. Sirketinde
yiriitillen faaliyetler esnasinda ortaya cikabilecek
tehlikeler belirlenmis ve bu tehlikelere gore
isletmeye uygun risk degerlendirilmesi yapilmistir.
Yapilan risk degerlendirmenin 1s18inda isletme i¢in
acil durum eylen planlart  hazirlanmistir.
Hazirlanan acil durum eylem planlart ile acil
durumlara karsinda isletmede bulunan tim
calisanlar, i veren ve misafirlerin nelere dikkat
etmesi gerektigi belirlenmistir. Boylelikle is
yerinde acil durum aninda calisanlarin giivenli bir
sekilde hareket edilmesini saglamak, is giivenligi
acisindan calisanlarin ¢alisma kosullarini giivenli
hale getirmek, hayati 6énem arz eden tehlike ve
riskleri bertaraf ederek ortadan kaldirmak ve
gerekli tatbikatlarin yapilarak ¢alisanlar1 acil
durumlara hazir hale getirmek amaglanmistir.
Hazirlanan acil durum eylem plan1 Piramit
Madencilik Nakliyat Ltd. Sirketinde calisan tiim
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personeli, isyerine is yapan alt isverenleri, gegici
ve/veya daimi personelini, igyerine ait tesis, mal ve
malzemeleri kapsamaktadir.

icinde  Olabilecek

3.1. Calisma  Sahasi

Tehlikeler

Sirkette mekanik, kimyasal, elektrik ve biitiin
bunlarin yani sira, hatali veya eksik planlama ve
projelendirmeden kaynaklanabilecek tehlikeler
bulunmaktadir. Isletmede mevcut durumdaki
tehlikeler asagida maddeler halinde agiklanmustir.

Mekanik tehlikeler:
e  Piiriizl{i, engebeli veya kaygan zeminler
e  Hareketli ara¢ ve makinalar
e  Hareketli makine pargalari

o Keskin, yiizeyi c¢ikintili malzeme ve
pargalar

e Sicak ve soguk yiizeyli malzeme ve
pargalar

e  Yiksekte calisma ve tirmanma noktalari

o Elaletleri

e  Yiiksek basing (basinglh kap veya hatlarr)

e  Sabit ve seyyar merdivenler

e Uygun olmayan korkuluklar

e Yiik ve personel asansorleri
Kimyasal tehlikeler:

e  Swvilar

e  Gazlar (yakici, yanict, bogucu)

e Katilar

e Tozlar

o  Metaller (sis, duman, buhar)
Elektriksel tehlikeler:

o  Elektrik tesisati, (yangin)

o Elektrikli ara¢ ve aletler (elektrik
carpmasi)

o Statik elektrik  (parlama, patlama,
carpilma)

Hatali veya eksik planlama ve projelendirmeden
kaynaklanabilecek tehlikeler:

e Elle veya aragla tagimanin artmasi

e Yikip yeniden yapmak zorunda kalinmasi
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3.2. Is  Yerinin  Bulundugu  Bélgeden
Kaynaklanabilecek Tehlikeler
Isletmenin  cografik konumundan  kaynakli

birtakim tehlikeler s6z konusudur. Bu tehlikelere
ait bilgiler Cizelge 1°de verilmektedir.

Cizelge 1. Konumdan kaynaklanan tehlike tiirleri

Heyelan Var
Sel Baskin Va
C1g Diismesi Var
Gogiik Var
Deprem Ihtimal var
Cevreden gelecek yangin Ihtimal var
Meteorolojik sartlar (firtina v.b.) Var
Yildirim diigmesi Ihtimal var
Sabotaj Ihtimal var
Hava ulasim koridoru altinda m1? | Thtimal var

3.2.1. Tesisin Bulundugu Deprem Bolgesi

Tiirkiye deprem bolgeleri haritasina gore 5 farkli
deprem bolgesi bulunmakta Tiirkiye deprem
bolgeleri haritast ise Sekil 1’de verilmistir.
Madencilik Sirketinin bulundugu bdlge TC Cevre
ve Sehircilik Bakanligi tarafindan hazirlanan
Tirkiye deprem bolgeleri haritasina gore proje
alant 1. derece deprem bolgesi igerisinde
kalmaktadir (Sekil 2).

DEPREM BOLGELERI HARITASI®

ATET ISLERI GENEL MUDURLUGO .
DEPREM ARASTIRM A DAIRESI

Sekil 1. Derecelerine gore deprem bolgesi haritasi
1. Dereceden  Deprem  Kusagi:  Tektonik

cukurluklar ve aktif kirtk hatlar1 yakinindaki
alanlardir.
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2. Deprem Kusag: Depremler birinci derece
deprem kusagindakine oranla daha az zarar
verdigi alanlardir.

3. Dereceden Deprem Kusagi: Sarsintilarin az
zararla gectigi alanlardir.

4. Dereceden Deprem Kusagi: Sarsintilarin ¢ok az
zararla ya da zararsiz gectigi alanlardir.

5. Dereceden Deprem Kusagi: Sarsintilarin ¢ok az
oldugu ya da hig¢ hissedilmedigi alanlardir.

1.Derece
2.Derece
- Lo B 3.Derece

4.Derece

O sperece

e il merkezi
lige merkezi
« Bucak merkezi
Diri Faylar{MTA,
=28 Yol
—— Otoban
e Demiryolu
Nehir
—— lige sinin
T

DEPREM ARASTIRMA
DAIRESI ANKARA

Sekil 2. Tesisin bulundugu deprem bolgesi
3.2.2. Sel, Sis, Kar

Herhangi bir tagkin ve sel durumunda isletmeyi de
etkileyebilecek potansiyeli olan Tiirkiye sel ve
tagkin yasanabilecek bolgeler haritast Sekil 3’de
verilmektedir. Hatay’da sel tehlikesi olabilecek
bolgelerdendir.

AKDENI Z

Sekil 3. Sel-tagkin yasanabilecek bolgeler haritasi
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3.3. Acil Eylem Gerektiren Haller
Uygulanacak Acil Durum Planlar

ve

Yeralti krom isletmesinde acil durum gerektiren
haller belirlenmis ve bu haller aninda igverenin,
igveren vekilinin, ¢alisanlarin, acil durum ekibinin
ve misafirlerin yapmas: gerekli tiim &nlemler

belirlenerek talimat haline getirilmistir. Isletmede
acil durum halleri olan deprem, gaz sizintisi,
yangin, sabotaj, sel ve patlama aninda yapilmasi
gerekenler acil durum eylem planlar1 ile
belirlenmistir (Cizelge 2-7). Ayrica acil durum
ekiplerinin gérev tanimlari da belirlenmistir.

Cizelge 2. Deprem aninda yapilmasi gerekli acil durum eylem plani

DEPREM

Acil durum sirenini
caldirir. Bolgeye ait
acil ¢ikistan ¢ikarak
acil toplanma alanina
gider. Onceden
belirlenmis yasam
tiggenine siginir.

Isveren
Isveren vekili

Deprem bittikten sonra
gerek varsa ve olanakli ise
itfaiye, polis, ilkyardim ve
acil tibbi yardim ekiplerine
AKUT, Sivil Savunma'ya

Deprem Sonrasi: Yangin
sizint1 vb kontrolleri

yapar.
haber verir.

Bolgeye ait acil ¢gikistan

Deprem Sonrast:

DEPREM

.t Isyerinin elektrik, ¢ikarak acil durum
Gorevli 5 .
Egitimli calisan dogal gaz ve suyunu | toplanma glamna. gider.
£ kapsar. Onceden belirlenmis yasam

liggenine s1ginir.

Elektrik, dogal gaz gibi
hatlar1 saglamlik ve
kagak kontrolii yapar.

Diger caligan ve
misafirler

Deprem bitse de asansorii, deprem bitene kadar ise merdivenleri kullanmazlar.

Acil Durum Ekibi

Acil durum ekipleri ihtiya¢ durumunda gorev tanimlarina uygun hareket ederler.

Cizelge 3. Gaz kacag s1zintis1 aninda yapilmasi gereken acil durum eylem plani

GAZ KACAGI SIZINTISI
Sizintry1 Panige kapilmaz. Isveren, ¢alisan ve hastalara yiiksek sesle gaz kacagi
farkeden ilk kisi sizintisini bildirir.
— Dogalgazi ana vanadan ve Giivenlik gorevlisine haber verir.
2 Isveren ya gaz s1zmtisinin Bina disindan bir telefonla uzman firmaya ve
E Isveren vekili bulundugu hattin dogalgaz arizaya haber verir. Dogal gaz ariza
N vanasindan kapatir telefon: 187
7 Gorevli Sizint1  bolgesini  inceler.
T Egitimli ¢alisan | Elektrigi/dogalgazi, sizint1 | Egitimi dogrultusunda talimatlara uygun miidahale
a yakininda bulunan kivileim | eder
§ ¢ikaracak araglar1 kapatir.
N Hi¢ kimse elektrik Durumun devam
<| .. diigmelerini, elektrikli cihaz | Bolgeye ait acil ¢ikigtan etmesi halinde 6zel
| Diger calisanlar . i . .. .
Misafirler ve eklp.n.lanlarl asansor, ¢ikarak acil dur}lm gorevlendirilenler
kap1 zili ve telefonlar1 toplanma alanina giderler. disinda ¢alisanlar
kullanmaz. Sigara igilmez islerine devam etmez
Acil Durum | Acil durum ekipleri ihtiya¢ durumunda gérev tanimlari dogrultusunda hareket
Ekibi eder.

C.U. Miih. Mim. Fak. Dergisi, 31(OS 2), EKim 2016
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Cizelge 4. Yangin durumunda yapilmasi gerekli acil durum eylem plani

YANGIN

Yangini goren ilk

Panige kapilmaz. Isveren ve calisanlara yiiksek

Bulundugu bolgeye ait acil
¢ikigtan ¢ikarak acil durum

YANGIN

Kimyasallarin giivenligini saglar. Gerekirse
itfaiyeye haber verir. Isverenle irtibatta olur.

kisi sesle yangini ve yerini bildirir. toplanma alantna gider,
Acil durum sirenini Gerekiyorsa
. : caldirir. Giivenlik itfaiyeye, ilkyardim, Bulundugu bolgeye ait acil
Isver\e;g{(lisl;/eren gorevlisine ve. Yanginla |  acil tibbi yardim cikistan ¢ikarak acil durum
miicadele kuruluslari ile ekiplerine haber toplanma alanina gider.
irtibata geger. verir. Itfaiye No: 110
Kendini tehlikeye atmadan en yakin yangin
e . tupunu al‘aur'alf yangmna miidahale ;der.'lsyer}mn Bulundugu bolgeye ait acil
Gorevli/Egitimli elektrigini/dogalgazini keser. Isyerindeki )
. . . ¢ikistan ¢ikarak acil durum
calisan makine, ekipman, alet ve cihazlar1 kapatir.

toplanma alanina gider.

Giivenlik gorevlisi

Yanginit haber alinca talimatlar dogrultusunda kapilart ve acil ¢ikis yollarini agik

tutar.

Diger calisanlar/
Misafirler

Asansorii acil ¢ikis olarak
kullanmazlar.

Durumun devam etmesi halinde gerekli

donanima sahip ve 6zel olarak gorevlendirilenler
disindaki ¢alisanlar islerine devam etmezler. acil

c¢ikigtan ¢ikarak acil durum toplanma alanina
gider.

Acil Durum Ekibi

Acil durum ekipleri ihtiya¢ durumunda gorev tanimlar1 dogrultusunda hareket

ederler.

Cizelge 5. Sabotaj aninda yapilmasi gerekli acil durum eylem plani

SABOTAJ
Sabotaj1 fark eden | Panige kapilmaz. Isveren, ¢alisan | Bulundugu bdlgeye ait acil ¢ikistan ¢ikar, acil
ilk kigi ve hastalara haber verir durum toplanma alanina gider
Acil durum sirenini ¢aldirir.
Isveren/Isveren G}lvenllk gorevhgl, ltfa.l ye, polis, Bulundugu bolgeye ait acil ¢ikistan ¢ikarak,
o ilkyardim ve acil tibbi yardim . .
vekili A . acil durum toplanma alanina gider
ekiplerine haber verir. Haber
verir. Polis Imdat telefon: 155

< Acil durum sirenini caldirir Makine, ekipman, alet | Bulundugu bolgeye
=1 Gorevli/Egitimli | ; . . - ) ve cihazlari kapatir. | ait acil ¢ikigtan gikar
O Isyerinin elektrik, su, dogalgazini . .
s Caligsan Kimyasallarin acil durum toplanma
< keser. P A .
) giivenligini saglar alanina gider.

Isyerinde bulunan | Kisi ya da kisilere yaklagsmaz, Gerekli donanima sahip ve 6zel olarak

diger miidahale etmezler. Emniyetli bir | gérevlendirilenler digindaki ¢alisanlar islerine

calisan/Misafirler | alana gegerler. Seyirci olmazlar devam etmezler.

Giivenlik gorevlisi Sabotaj1 haber alinca talimatlar dogn;bt;srllglrda kapilar1 ve acil ¢ikis yollarini agik

Acil Durum Ekibi Acil durum ekipleri ihtiya¢ durumunda gorev tanimlar1 dogrultusunda hareket

ederler
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Cizelge 6. Sel aninda yapilmasi gerekli acil durum eylem plani

SEL
Belediye, itfaiye, Bulundugu
; ; ilkyardim ekiplerine bolgeye ait acil
Isveren/Isveren . . . .
s Acil durum sirenini galdirir. haber verir. c¢ikistan ¢ikar acil
vekili . .
Gerekiyorsa polisi durum toplanma
yada jandarmayi arar. | alanina gider.
Gorevli/Egitimli Acil durum s1ren1n.1v(.;a'1d1r1r. Isyerinin Bulundugu.bolgeye ait acil ¢ikistan
dogalgaz ve elektrigini keser. ¢ikarak, acil durum toplanma alanina
Caligsan . . . .
d Makine, ekipman ve cihazlar1 kapar. | gider
n
) Bulundugu bolgeye | Gerekli donanima
Isyerinde Makine ve ekipmanlari, alet ve ait acil ¢ikistan sahip gorevliler
bulunan diger cihazlar1 kapatirlar Kimyasallarin ¢ikarak, acil durum | disindaki ¢alisanlar
calisan/Misafir | glivenligini saglarlar. toplanma alanina islerine devam
gider etmezler.
Acil Durum Acil durum ekipleri ihtiya¢ durumunda gorev tanimlar1 dogrultusunda hareket
Ekibi eder.

Cizelge 7. Patlama aninda yapilacak acil durum eylem plam

PATLAMA
Isveren/isveren Santiye sefi/ Saha Sclﬁu?l? gtalllnbolllifr};ialt
SVCIen/iy Acil durum sirenini ¢aldirir miihendisi/Giivenlik Leriastan ¢
vekili R acil durum toplanma
gorevlisini uyarir. .
alanina gider.
Bulundugu bolgeye ait
Isyerinin elektrik, dogalgaz Gerekli 6nlemleri alarak | acil ¢ikistan ¢ikarak
o 1. 1. | VE SUyUNU keser. Makine ve | patlama bolgesine gider. | acil durum toplanma
Gorevli/Egitimli . . . e .
ekipmanlari, alet ve cihazlar1 | Gerekiyorsa itfaiye, alanina gider.
Caligan . . .
kapatir. Kimyasallarin polis ve ilkyardim
<§‘: giivenligini saglar ekibine haber verir.
<
-
<|. . Bulunduklari yerdeki makine, ekipman, alet ve Bulundugu bélgeye ait
o | Isyerinde . . . .. .
.o cihazlarini kapatir. Gerekli donanima sahip ve 6zel acil ¢ikistan ¢ikarak
bulunan diger . L . L .
. olarak gorevlendirilenler disindaki ¢alisanlar iglerine acil durum toplanma
calisan/Misafir .
devam etmezler alanina gider
. . Gerekli 6nlemleri alarak talimatlar Bulundugu bélgeye ait acil ¢ikigtan
Giivenlik - . .
. dogrultusunda kapilarin ve acil ¢ikis ¢ikarak acil durum toplanma alanina
gorevlisi . .
yollarmin agik olmasini saglarlar gider.
Acil Durum Acil durum ekipleri ihtiya¢ durumunda gorev tanimlari dogrultusunda hareket
Ekibi ederler.
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3.4. Acil Durum Ekiplerinin Goérevleri
3.4.1. Acil Durum Yonetim EKibinin Gorevleri

Acil durum eylem planlart hazirlanirken acil
durum yonetim ekibinin gorevleri de agik bir
sekilde belirtilmelidir.

Bu gorevler asagida dzetlenmistir.

» Acil durumlarda personel ve
yonetiminden sorumludur.

> Acil durum planlarmi uygulamaya koyar. ig
ve dis iletigimleri saglar ve koordine eder

malzeme

» Acil durumun sona erdirilmesi veya
personelin tahliyesine kadar biitiin kararlari
alir.

> s yerinde acil durum gerektiren riskler,
isletme igerisinde pano ve basmgli kaplarin
bulundugu yerlerde olasi yangin, patlama ve
deprem ihtimaline karsi acil eylem ekiplerinin
egitilmesi ve ekiplere bilgilendirmeden daha
cok davranig degisikligi kazandirmaya yonelik
uygulamalarin yaptirilmasini saglar.

> Is yerinde yapilan acil durum tatbikat ve
deneme sonuglari ile teknolojik gelismeleri de
dikkate alarak acil durum planlarinin gézden
gegcirilmesini, giincellemesi ve iyilestirilmesi
yoniinde ¢aligsmalar yapar.

> 1s yerinde herhangi bir olaym olmasim
beklemeksizin is yerinin dzelligine ve
olabilecek tehlikenin biyiikligiine gore
belirlenen siklikta acil durum tatbikat ve
deneme c¢alistirmalarini yaptirmali, aksayan
yonler belirlenerek yeni Onlemler alarak
iyilestirme ¢aligmalar1 yapmalidir.

3.4.2. Acil Eylem Ekiplerinin Gorevleri

Acil durum eylem ekipleri; yangin sdndiirme ekibi,
kurtarma ekibi, ilk yardim ekibi ve giivenlik ekibi
olarak ayrilmaktadir ve tiim ekiplerin gorevleri
belirlenmistir.

Yangin sondiirme ekibinin yapacagi isler:
e  Yangma bulundugu yere en yakin ve yanginin

cinsine gore en uygun sondiirme cihaziyla
riizgar1 da arkaya alarak miidahale eder ve
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hakim riizgar yoniine gére yanginin genisleme
yoniini belirler

e Yangma neden olan kaynak (gaz, akaryakit
vb) saptanir ve buna gore de sondiirme
caligmasi yapilir.

e Kapali alan yangimlarda gazlar oldiirticiidiir,
yetkisiz ve donanimsiz personel yangin alani
disina cikartir.

e  Yangmin yayilmasint onlemek icin
havalandirmalar1 kapatir.
e Yangmla miicadeleyi canmi tehlikeye

atmadan yangin sonene kadar devam ettirir.

Kurtarma ekibinin yapacagi isler:

e Kurtarma ekibi yangimn, patlama, gaz kacagi
gibi acil durumun meydana geldigi yerde
oncelikle canli  varliklar1  kurtaracaktir.
Kurtarilan yaraliyr ilk yardim ekibine teslim
edecektir.

e  Yangmin kontrol altina alinmasi ve sondiire
bilinmesi i¢in gerekli goriilen biitiin
tinitelerdeki ¢alismalarin durdurulmasii ve
elemanlarinin tahliye edilmesini saglar.

e FEgya kurtarmada Once yanici, parlayici,
patlayict ve onemli evraklart yanan yerden
uzaklastirip bu esyalar1 koruma ekibine teslim
edecektir.

e Acil durum toplanma noktasinda tespit edilen
kayip personel var ise arama caligmalarini

yapar.

Ik yardim ekibinin yapacag: isler:

e  Yangn, patlama, gaz kacagi gibi acil durumun
ortaya ciktig1 bilgisini alan ilk yardim ekibi ilk
yardim malzemelerini alarak acil durum
toplanma  noktasina  giderek  toplanma
noktasinda yardima ihtiyact olan kisilere ilk
yardim miidahalesini yapar.

e  Yaralilarin durumu (yarali sayisi, yaralanma
sebebi, travma tanimi vb..) ve yaralilarin
isimlerini not ederek en yakin hastaneyi veya
acil servisi arar ve yaralilarin durumlarin
bildirir.

e  Ekip tiyelerinden miisait olan1 arama kurtarma
ekibine katilir.

e (Gida zehirlenmelerinde hasta kusturulur.
Ancak alinan madde asit, alkali veya gazyagi
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icmis olanlar ile bilinci kapali olanlar
kesinlikle kusturulmamalidir. Zehirlenmeye
yol agan madde giysiler iizerinde veya kisinin
viicuduna bulasmissa elbiseler ¢ikarilmali ve
hastanin viicudu yikanmalidir. Ortamda zehirli
gaz varsa hasta mutlaka acik havaya
cikarilmalidir. Hasta saglik  kurulusuna
gonderilirken zehirlenmeye yol actigindan
kugkulanan maddeye iliskin bilgiler varsa (ilag
kutusu, yiyecek artig1 vs.) Bunlarda hasta ile
birlikte gonderilmelidir.

Koruma (Gtivenlik) ekibinin yapacagi isler:

e Ogzellikle kapali alanlarda cikacak yanginlar
sonucunda ortaya cikacak gazlar oldiiriicii
oldugundan bu bdliimlerde ¢alisan yetkisiz ve
donanmimsiz  personeli yangin  alanindan
uzaklagtirir.

e  Yangn, patlama, gaz kacagi gibi acil durumun
meydana geldigi alanlara gorevlilerden baska
birilerinin girmesine engel olur.

e Olay bolgesinin ve is yerinin gilivenligini
saglar.

e Yangmn yerinden kurtarilan malzeme ve
esyalar1 korur.

e Biitlin bu isleri yaparken bir yandan da
yanginin etrafa yayilip yayilmadigini kontrol
eder. Sayet yayilma var ise itfaiyeye bildirir.

4. SONUCLAR

Is kazalarinda ve acil durumlarda meydana gelen
can ve mal kayiplarinin pek ¢ogu insanlardaki telas
ve ne yapacaginin bilemeyisten
kaynaklanmaktadir. Isletme icin yapilan acil
durum eylem planinda; c¢alisanlarin, is verenin ve
diger gorevlilerin gdrev  dagilimlart agikca
belirtildigi i¢in herhangi bir kaza veya acil durum
aninda kargasaya meydan vermeden gerekenlerin
yapilmasint hedeflemistir. Boylelikle olaylara
miidahale kolaylasacaktir. Hazirlanan acil durum
eylem planinda yapilacaklar konusunda tim
caligmalar ve acil durum ekipleri gerekli egitimler
aldig1 takdirde can ve mal kaybi olmadan acil
durum ortadan kaldirilabilecektir.
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Abstract

Failure of the bridges due to local scour around their piers can cause serious life losses and property
damages and create significant environmental problems. In this experimental study, scour hole geometry
around circular bridge piers were investigated. The experiments were carried out in a rectangular flume
80 cm wide, 18.6 m long and 75 cm high by using uniform sediment with a median diameter of 3.47 mm
and geometric standard deviation of 1.39. The experiments were performed under steady state flow
conditions, with four different constant discharges.

Keywords: Bridge pier, Clear-water scour

Dairesel Koprii Ayaklar1 Etrafindaki Oyulma Cukuru Geometrisinin
Deneysel Arastirilmasi

Oz

Koprii ayaklan etrafindaki yerel oyulmalara bagli olusan sorunlar, kdpriilerin zarar gérmesine ve buna
bagl ciddi ¢evresel etkilere sebep olmakta ve hatta can kayiplar1 yasanabilmektedir. Sunulan bu deneysel
caligmada dairsel koprii ayaklar1 etrafinda olusan oyulma c¢ukuru geometrisi incelenmistir. Deneyler,
80 cm genislikli, 18,6 m uzunluklu ve 75 cm yiikseklikli dikdortgen kesitli bir kanalda, dane medyan cap1
3,47 mm ve geometrik standart sapmasi 1,39 olan iiniform taban malzemesi ile gerc¢eklestirilmistir. Dort
farkli debi degeri ile kararli akim sartlarinda deneyler tamamlanmustir.

Anahtar Kelimeler: Koprii ayagi, Temiz-su oyulmasi
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1. INTRODUCTION

Local scours around bridge piers influence their
stabilities and can cause their failure. Therefore
the estimation of the maximum possible scour
depth around bridge piers is an important step in
the design of the bridge pier foundations. It has
been estimated that 60% of all bridge failures
result from scour and other hydraulic related
causes [1].

Flow parameters, bed material characteristics, pier
geometry and time are affected the local scour
process. Up to now various experimental
researches have been carried out to understand the
scour process [2-13].

In this study, the geometries of the scour holes
obtained after each experiment were presented.
The results can be helpful for future studies to
estimate scour hole geometries.

2. EXPERIMENTAL SETUP AND
EXPERIMENTAL RESULTS

The experiments were carried out in a rectangular
flume 80 cm wide, 18.6 m long and 75 cm deep.
Uniform granular sediment with median diameter
dso of 3.47 mm and geometric standard deviation
of 1.39 was used in the flume. The experiments
were performed under steady state flow conditions,
with four different constant discharges by using 8
cm. The flow rates and approach flow depths were
measured by using electromagnetic flow meter and
ultrasonic level sensors, respectively. The slope of
the flume was 0.6%. The experimental set-up is
given in Figure 1.

Figure 1. Experimental set-up
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The bridge piers were located at 11.5 m from the
upstream end of the flume as shown in Figure 2.

Figure 2. The location of the bridge pier ‘

The experiments were carried out using four
different steady flow rates of 49 I/s, 55 I/s, 59 I/s,
65 I/s. The features of each experiment approach
flow depth y, flow rate Q and flow intensity

V/V, isgivenin Table 1.

The critical velocity V. was determined from the
equation given below [14].

v
c =5.75|og[5.53diJ @)

*c 50

where u., is the critical shear velocity which can
be calculated using the following relationship [6]:

U., =0.0115+ 0.0125 d;"
for  0.Imm<dgz <Imm

@

U., =0.0305 d,*° —0.0065 d,
for 1mm <dy, <100mm

@)

In these relationships u., is in m/s and sediment
size dg, isin mm.
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Table 1. The details of the experiments The scour holes measured after each experiment

Exp D o) along the centerline of the flume are shown in
. Vv .
Ref. | (m) | (ls) | (cm) e Figure 3.
1 8 49 21.0 0.37 . .
2 A 55 519 0.39 The maximum scour depth d, and the maximum
3 ) 59 228 0.40 length of the scour hole L, measured after each
4 8 65 23.3 0.43 experiment are given in Table 2.
Bridge Pier i
X A <:|
% N Flow Direction
. 2
X X X .
'§-80 -70 -60 -50 -40 -30 -20 10 0 ><10 20
X1, X 491/s
X
X (cm)
Bridge Pier <=
A, 4
A TA , v A
Flow Direction
L A A A4 .
r T T T T T T T U T A 1
E-80 -70 -60 -50 -40 -30 20 A 10 0 10 20
< N A
B A551/s
A A d
Al A
i A
Q A
D
x (cm)

Figure 3. Measured scour hole along the centre line of the flume length for Q=49 I/s, Q=55 I/s, Q=59 I/s,

Q=65 I/s
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™ Bridge Pier <=
| L » 4
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] n 2
[ ]
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i I W59/
[ ]
6 ]
8 ]
[ ]
x(cm)
Bridge Pier ) <=
oo %o P e Flow Direction
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3 - 4
.
. 5
_ .
§ ‘ * : 0 &
N-80 70 60 50 40 -30 ﬂ 10 10 20 30
. 5 .
®651/s
‘ A
. .
. 6
9 *
.
(6} 0v
X (cm)
Figure 3. Continue
Table 2. The experimental results The experimental results showed the following:
Exp.Ref D (cm) ds (Is) L, (cm) e Scour depth increased with flow velocity.
1 8 5.3 20.0
2 8 8.4 30.5 e  The length of the deposit downstream of the
3 8 9.3 32.0 pier and the length of the scour hole
increased with flow velocity.
4 8 105 39.0 4
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3. CONCLUSION

In this study the local scour around circular bridge
piers was investigated experimentally. According

to the experimental

results, the scour depth

increases with increasing flow velocity. It was

observed

that the length of the deposition

downstream of the pier and the length of the scour
hole also increase with flow velocity.
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Oz

Daha 6nce yapilan ¢aligmalarda dairesel silindir arkasindaki daimi olmayan akis yapisi, silindirin etrafina
farkli geometri, ¢cap ve gecirgenlik oranlarma sahip delikli dis silindirler yerlestirilerek kontrol edilmeye
calistlmistir. Bu calismada ise, dairesel silindirin kendisi tzerinde agilan, d=10 mm c¢apinda, altigen
deliklerin silindir arkasinda meydana gelen akisin &zellikleri tizerindeki etkisi incelenmistir. Deliksiz
gegirgen olmayan bir silindir ve gegirgenlik oranlar1 $=0,2, 0,3, 0,4, 0,5, 0,6, 0,7 olmak iizere toplam 6
farkh delikli gegirgen silindirlerin arkasinda olusan akis yapis1 Par¢acik Goriintiilii Hiz Olgtimii (PIV)
yontemi ile incelenmistir. Silindirlerin herbirinin ¢apt D=100 mm ve bu ¢apa bagli Reynolds sayisi
Rep=10000’dir. Deneylerde su yiiksekligi hw=400 mm olarak sabit tutulmus ve akis goriintiileri
h;=200 mm yiikseklikteki orta diizlemden alinmigtir. D=100 mm ¢aplt deliksiz silindir ile kiyaslandiginda
delikli silindirlerdeki deliklerden ¢ikan jet akisinin daimi olmayan akis yapisina olumlu etkisi acik sekilde
gortilmektedir. Reynolds gerilmelerinde gecirgenlik oraninin artisiyla birlikte diistis gézlemlenmistir. Hiz
alanlari icinde Ancak B>0,6 oranindan itibaren deliklerden ¢ikan jet akisinin etkisi azalmaktadir. Akis
kontroliinde dairesel silindir tizerinde acilan altigen delikler icin f=0,6 gegirgenlik oraninin en etkili oran
oldugu gézlemlenmistir.

Anahtar Kelimeler: Akis kontrolii, Pasif kontrol, PIV, Girdap kontrolii, Silindir

The Effect of Hexagonal Perforated Cylinder Porosity on Flow Region Formed
Behind the Cylinder
Abstract

In previous studies, unsteady flow structure formed behind the circular cylinder was tried to control by
outer perforated cylinder with various inner/outer cylinders diameter ratio (Dy/Dy) and porosity ratios (B).
In this study, perforation was applied directly on the cylinder (without any outer cylinder) and effect of
this process on flow downstream of the cylinder body was investigated. Flow structure formed
downstream of a nonpermeable cylinder and six different permeable ($=0.2, 0.3, 0.4, 0.5, 0.6, 0.7)
cylinders was studied via Particle Tmage Velocimetry (PIV) technique.Diameter of each cylinder was
D=100 mm and Reynolds Number was Rep=10000 based on these diameters. During all experiments,
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water height was kept constant at h,,=400 depth and image capturing was conducted at h,=200 mm mid
plane of water . Comparing to nonpermeable cylinder, positive impact of porous cylinders on flow control
can be seen obviously as a result of jet flow passing through the holes. When porosity ratio of the cylinder
increased, a significant reduction of Reynolds Stresses was observed. After porosity ratio $>0.6, jet flow
effect was diminished as can be seen in velocity graphics. As a result, the most effective flow control was
obtained at $=0.6 porosity ratio for hexagonal perforated circular cylinder.

Keywords: Flow control, Passive control, PIV, Vortex shedding suppression, Cylinder

1. GIRIS

Akis igerisinde bulunan kiit cisimler ardinda
meydana gelen akig yapisiin incelenmesi
Akigkanlar Mekaniginin 6nemli konularindan
birisidir. Akig yapisiin  anlagilmasi, cisim
lizerinde olusan olumsuz etkilerin saptanmasina
yardimer olur. Bu amagla, Ozgoren [1] yaptigi
calisma ile dairesel ve karesel silindir arkasindaki
akig yapisini PIV yontemi ile incelemistir. Degisik
geometrik sekillere sahip cisimler akig ortaminda
incelenilebilir. Ancak basit yapist,
uygulanabilirligi ve periyodik girdap olusturmasi
bakimindan dairesel silindir yaygin olarak
kullanilan ~ geometrilerden  birisidir.  Dairesel
silindir etrafinda olusan akis, makine, havacilik ve
insaat vb birgok alanda goriilebilir. Bacalar, koprii
tasiyici ayaklari, gékdelenler boru hatlari gibi pek
¢ok miihendislik uygulamasi buna 6rnek olarak
gosterilebilir.

Yapilan ¢alismalarda cisim arkasindaki periyodik
girdaplarin ve daimi olmayan akigin olusturdugu
stiriikleme kuvveti, dinamik yiizey gerilimleri ve

titregsimler sebebiyle yapisal hasarlara sebep
olabilecegi ortaya konulmustur [2]. Malzeme
iyilestirmesi ile mukavemeti artirma pahali

olabilecegi i¢in, dinamik yiiklerin ve titresimlerin
sebep olabilecegi yorulma, kullanim Omriiniin
kisalmasi gibi problemlerin 6nlenebilmesi i¢in akis
yapisinin kontrol altina alinmasi gerekmektedir.
Bu sebeple aktif ve pasif yontemler ile akis yapisi
kontrol edilmeye ¢alisilir. Akig yapisinin digsardan
enerji verilerek kontrol edilmesi aktif kontrol
yontemidir. Fransson ve arkadaglari [3] delikli
gecirgen dairesel silindir etrafindaki daimi emme
ve iflemenin etkilerini, Re=10000"de
incelemislerdir. Sonu¢ olarak, emme durumunda
sirikleme kuvvetinde %70, girdap olusum
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uzunlugunda ise %75 azalma gozlemlemisler,
ancak tfleme durumunda akig tizerinde tam tersi
bir etki olustugunu belirtmiglerdir. Bir diger aktif
kontrol ¢alismasinda ise, Sudhakar ve Vengadesan
[4] silindir arkasina periyodik salinim yapan bir
ayrict plaka yerlestirmisler ve cesitli uzunluk ve
frekanslarda arastirmalar yapmuslardir. Ozellikle
diistik frekansa sahip hareketli ayirici plakalarda, 5
kat daha kisa plakalarla plakanin sabit oldugu
duruma yakin bir kontrol saglamislar ve alanin
kisitl oldugu uygulamalar i¢in diigiik salinim
yapan ayirici plakalarin uygun bir metot olacagini
ifade etmislerdir. Akisin pasif yontemlerle
kontroliinde ise, cisim iizerinde veya akis
icerisinde yapisal degisiklikler yapmak suretiyle
girdaplar  kontrol edilmeye c¢alisilmaktadir.
Disardan enerji gerektirmemesi ve fizibilitesi
acisindan avantajli olmasi sebebiyle miihendislik
uygulamalarinda ve literatiirde pek ¢ok pasif
kontrol ¢alismasi  goriilmektedir.  Apelt ve
arkadaglar1 [S] dairesel silindir arkasindaki daimi
olmayan akisi, ayirict plakalar ile 104<Re<5x104
araliginda kontrol etmeye caligmiglardir. Igbalajobi
ve arkadaslar1 [6], G6zmen ve arkadaslar1 [7],
Akilli ve arkadaglar1 [8] silindir uzunluk orani,
Reynolds sayisi, su derinligi, ayirict plakanin
konumu, uzunlugu ve yiiksekligi gibi parametreleri
degistirerek silindir arkasma yerlestirilen ayiric
plakalar araciligiyla akisin kontroliinii saglamaya
calisan arastirmacilardir. Gu ve arkadaglar1 [9]
silindir arkasindaki ayirict plakanin serbest bir
sekilde hareket edebildigi sistemde akis yapisim
gozlemlemislerdir. Kunze ve Briicker [10]
calismalarinda, dairesel silindir arkasinda esnek ve
hareketli plakalar kullanarak akig dinamiklerini
PIV  yontemiyle 5000<Re<31000 araliginda
incelemislerdir. Plakalarin girdap kopmalarim
degistirmede etkili oldugunu ve plakasiz duruma
gore akis yapisinin salimmin akig yoniinde %42 ve
akis eninde %35 oranlarinda  azaldigini

C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), EKim 2016



belirtmiglerdir. Zhou ve arkadaslari [11-12] silindir
yiizeyinde oluk agma ve cukurcuklama
uygulayarak farkli Reynolds sayilarinda tiirbiilans

istatistiklerini PIV  yontemiyle incelemislerdir.
Bulgularinda, stiriikleme ve kaldirma
katsayilarinda Oonemli miktarda azalma

gozlemlemiglerdir. Sonug olarak oluk agmada %18
ile %29 arasinda, cukurcuklamada ise %10 ile %30
arasinda iyilestirme katetmislerdir. Akis yapisinin
delikli gegirgen silindirlerle kontrolii ilk defa Price
[13] tarafindan 1956 yilinda arastirilmustir. Price
farkli  gegirgenliklerde  delikler  kullanarak
gergeklestirdigi ¢aligma sonucunda, Von Karman
Caddesi salimimlarmin geciktirilebilmesi sayesinde
titresim ve giiriiltide azalma saglanabilecegini
ifade etmistir. Bu c¢alisma sonrasinda, gegirgen
silindirler vasitasiyla akisin pasif kontrolii pek ¢ok
arasgtirmacinin konusu olmustur. Son yillarda bu
amacla yapilan cesitli gecirgen akis kontrol
elemanlar1 uygulanan ¢ok sayida calisma vardir.
Ozkan ve arkadaslar1 [14] calismalarinda bir
silindir etrafina yerlestirilen yiliksek gecirgenlik
oranindaki (B=0,7) dairesel dis silindiri, i¢ silindire
bagli Reynolds sayisi ReDi=9000 olan akis
ortaminda incelemisler ve delikli dis silindirin
tirbiilans istatistikleri, tirbiilans kinetik enerjisi ve
Reynolds gerilmelerinin azaltilmasinda 6nemli bir
etkiye sahip oldugunu ortaya koymuslardir. Orug
[15], daha aerodinamik geometriye sahip elipse
benzer bir delikli dig silindiri akig yapisinin
kontroliinde denemistir. Durhasan ve arkadaslari
[16] dairesel silindir arkasindaki akist delikli yarim
silindir yardimiyla kontrol etmeye ¢alismistir. Ug
farkli yay agisma (a=120°, 150° ve 180°) sahip
p= 0,3, 04, 05, 0,6, 0,7 ve 0,8 gecirgenlik
oranlarindaki kontrol elemanlar1 arasindan =0,6
gecirgenlik oranindaki a=180° yay acisina sahip
gecgirgen yarim silindiri en etkili akis kontrol
elemani olarak ifade etmislerdir.

Bu calismada ise gegirgenligin akis yapisina etkisi,
dogrudan cisim iizerinde agilan silindirler ile
incelenmistir. Icinde herhangi baska bir eleman
olmayan yalin, delikli ge¢irgen silindirler lizerinde
d=10 mm c¢aplarinda altigen delikler acilmig ve
p=0,2, 0,3, 0,4, 0,5, 0,6, 0,7 olmak {izere toplam
6 farkli delikli gecirgenlik oraninda silindirler PIV
yontemi ile incelenmistir. Silindirler D=100 mm
capinda ve bu c¢apa bagli Reynolds sayisi
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Red=10000 degerindedir. Kiyaslama yapilmasi
icin D=100 mm ¢apinda gegirgen olmayan deliksiz
bir silindir igin ayni akis Ozellikler altinda
Olgiimler yapilmistir. Cisim arkasindaki hiz
vektorleri ve Reynolds gerilmeleri incelenmis ve
en etkin akis kontrolii i¢in en iyi gecirgenlik orani
belirlenmeye calisiimustir.

2. MATERYAL VE METOT

PIV deneyleri, Cukurova Universitesi Makine
Miihendisligi Bolimii, Akiskanlar Mekanigi
Laboratuvarinda mevcut olan kapali devre acik su
kanalinda yapilmistir. Bu kanal, iki adet depo ve
aralarinda bulunan 750 mm (yiikseklik) x
1000 mm (en) x 8000 mm (boy) ebatlarinda
saydam akrilik kisimdan olusmaktadir. Degisik
devirlerde ¢alisabilen santrifiij pompa ile hiz
kontrol initesi aracilifiyla kanal i¢indeki suyun
akig hiz1 ayarlanabilmektedir. Deneyler siiresince
laboratuvar ortaminin sicaklign 22C° olarak Sabit
tutulmustur. Sekil 1°de su kanalinin sematik
goriiniisleri mevcuttur.

Kamera

Lazer 3
@ Bilsisayar
Senkronizer

Lazer Kaynag

Test kesiti

su hatti

Sekil 1. Su kanalinin sematik goriiniisleri

Bu c¢aligmada dig silindirler {iizerine
deliklerin konumlar1 ve sayilari, gegirgenlik
oranina bagli olarak belirlenmistir.  Delikli
levhalar, AutoCAD programinda gegirgenlik oram
gozetilerek  yapilan  ¢izimlere  gore lazer

agilan
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makinesinde  kesim  iglemiyle  dretilmistir.
t=1,5 mm  kalinhgindaki  paslanmaz  ¢elik
malzemeden imal edilmig levhalar {izerine ¢aplari
d=10 mm olan altigen delikler agilmistir. Bu
islemden sonra levhalar kivrilarak D=100 mm
capinda p=0,2, 0,3, 0,4, 0,5, 0,6, 0,7 gecirgenlik
oranlarina sahip gecirgen silindirler haline
getirilmislerdir. Ayrica, {izerinde delik agma islemi
yapilmayan bir adet 100 mm ¢apinda silindir
imalat1 da gerceklestirilmistir.

Dd=100mm

(H=370mm)

( d=10 mm)
Sekil 2. Deneylerde kullanilan delikli bir silindir

Delik Alani

Cisim Yuzey
Alani
Sekil 3. Agilan deliklerin yakindan goriiniisii
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Deneyler, su kanalma yerlestirilen h,=220 mm
yiiksekliginde bir platform {izerinde yapilmistir.
Bununla amag, smir tabaka akis bdlgesinden
uzaklasilip, istenilen Reynolds sayisini saglayacak
tniform akis hizinin elde edilmesidir. 2300 mm
uzunlugundaki  bu  platformun 980 mm
genigligindeki platform ylizeyi ile su ylizeyi
arasindaki  mesafe  h,=400 mm  olarak
belirlenmistir.  Lazer  hiizmesi 200 mm
yiikseklikteki orta diizlemdeki akis alanina lazer
kaynagi tarafindan gonderilmistir. Deneyler
boyunca her silindir i¢in 350 adet anlik goriintii
kaydedilmistir.  Hiz  vektorleri,  kaydedilen
goriintiilerin prosesleri yapilarak hesaplanmistir.
Bu  verilerden  yararlanilarak  diger  akis
karakteristikleri ~ ve  tiirblilans  istatistikleri
belirlenmistir.

Parcacik goriintillemeli hiz 6lgme (PIV) teknigi
sayesinde akig igerisine akig ile yaklagik olarak
ayni hizda hareket eden giimiis kapli partikiillerin
hizlart olciilerek, akis yapist hakkinda anlik veya
ortalama bilgi elde edilebilmektedir. PIV
teknigiyle, su igerisine 10-20 mikrometre ¢apinda
ve Ozkiitlesi suyun ozkiitlesine yakin giimiis kaplh
partikiiller eklenip bu partikiillerin hareketleri
izlenerek iki boyutlu hiz 6l¢iimii yapabilmektedir.
Partikiillerin 6zkiitlesi, suyun O6zkiitlesine kiyasla
nispeten  bilyllk olmasma karsin  (yaklasik
1100 kg/m®) mikron mertebesindeki kiigiik
boyutlarindan dolayr su ile ayni hizda hareket
ettikleri  varsayilabilmektedir. Optik araglarla
istenilen kalinlik ve genislikte lazer hiizmesi olarak
gonderilebilen lazer 1smnlari, 120 mJ giiciindeki c¢ift
darbeli Nd: YAG lazer kaynag tarafindan
iretilmektedir. Lazer kaynagi araciligiyla saniyede
15 lazer ¢ifti gonderilmistir. Akis alaninda hareket
eden partikiillerin hareketleri, lazer kaynagi ile
aydinlatilarak mili saniye boyutundaki (At) zaman
araliklarinda Sony DRC-TR355E dijital kamera
araciligiyla kaydedilmistir.

Iki farkli akis alani icin iki adet fotograf cekimi
yapilmustir. Cekilen bu fotograflar, piksel piksel
kiiciik alt bolgelere ayrilarak, her bir alt bolgede
bulunan iki fotograf arasindaki farklar yardimiyla
partikiillerin yer degistirmeleri belirlenmistir.
Fotograflar bilgisayara aktarildiktan sonra anlik
hiz vektorleri yapilan prosesler sonucunda

C.U. Miih. Mim. Fak. Dergisi, 31(0OS 2), Ekim 2016



hesaplanmaktadir.  Darbeli ~ lazer  kaynagi
kullanildig1 i¢in lazerle kameranin es zamanli
olarak ¢aligmasini senkronizer (es zamanlayict)
saglamakta ve bu senkron bilgisayar araciligiyla
kontrol edilmektedir. Bilgisayarda fotograflar,
32x32 piksel olarak kiigiik alt bolgelere
boliindiikten sonra ve Hizli Fourier doniisiimiiyle,
her bir alt bolgedeki partikiillerin  yer
degistirmeleri farkli zamanlarda ¢ekilen goriintiiler
arasindaki farklar sayesinde belirlenmektedir.
Nyquist kriterini saglamak ve Vektdr sayisini
arttirabilmek i¢in hiz vektorii hesaplandiktan sonra
ag yapist %50 oraninda st iste bindirilerek
kaydirilir ve bu fotograflarin  bilgisayardaki
prosesleri  sonucunda anlikk hiz  vektorleri
belirlenmektedir. Sekil 4’te deneyin sematik olarak
yan (a) ve iist (b) goriiniisleri verilmistir.

Ayna #

M Kmu?
e
5
z
Alig
|| — . \ 400mm
I \ / Platform
220mm \ Y
Y%
-
%l
€
i3
%
Kamera

Sekil 4. Deney diizeneginin sematik gdsterimi
(a: yan goriiniist, b: iist goriiniisii)
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3. SONUC

Bu calismada dairesel silindir etrafinda herhangi
bir akig kontrol elemani kullanilmadan, dogrudan
dairesel silindir lizerinde d=10 mm ¢apinda olan
altigen delikler agilarak akis kontrolii {izerine etkisi
gozlemlenmistir. Silindir arkasindaki akig yapisi
deneysel olarak PIV teknigi ile incelenilmistir.
Caplar1 D=100 mm olan bir adet deliksiz ve
f=0,2-0,7 araligmmda 0,1 artimlarla gegirgenlik
oranina sahip 6 adet delikli silindirin tiirbiilans
parametreleri belirlenmistir. Y1 ve Y2 g¢ekim
alanlar1 birlestirilerek tek bir ¢ekim alani olarak
gosterilmigtir.  Sekil 5’de D=100 mm ¢apinda
deliksiz ve gegirgen olmayan silindir arkasinda
meydana gelen Reynolds gerilmeleri <uv> (artim
orant 0,001 ve minimum degeri £0,001) ve hiz
alanlar1 <v> g¢izimleri vardir. Sekil 6’da delikli
silindirlerin artim orani 0,001 ve minimum degeri
+0,001 olan Reynolds gerilme <uv> konturlarinin
cizimleri gosterilmistir. Sekil 7°de ise yine
gegirgen silindirler arkasindaki ortalama hiz

alanlar1 gosterilmistir.

Dl —
Sekil 5. D=100 mm ¢apindaki deliksiz silindirin
arkasinda olusan Reynolds gerilme ve hiz

alani ¢izimleri
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Sekil 6. Deliksiz ve delikli silindirlerin arkasindaki =
Reynolds gerilmeleri Sekil 7. Delikli silindir arkasindaki hiz alanlart
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Sekil 6’da, Reynolds gerilme konturlar1 artim
oranlar1 0,001 ve minimum degerler 0,001 olacak
sekilde cizilmistir. Ayn1 ¢aptaki gegirgen olmayan
silindirle kiyaslandiginda, deliklerden c¢ikan jet
akist ile silindir arkasindaki akis yapisinin
etkilendigi belirgin bir sekilde goriilebilmektedir.
Deliklerden  ¢ikan  jet  akisi,  Reynolds
gerilmelerinin yogunlugunu azaltmistir. Ayrica bu
akig, momentum transferinin 6li akig bolgesine
dogru olmasimi engellemistir. Silindirler arkasinda
olusan Reynolds gerilmelerin  yogunlugunun,
gecirgenlik oraninin artmasina bagli olarak dnemli
derecede azaldign goriilmektedir. Ozellikle P<0,6
gecirgenlik oranina kadar, gegirgenlik oraninin
artmas1 Reynolds gerilme degerlerini hizli bir
sekilde azaltmistir. Ancak silindir yiizeyindeki
altigen deliklerin sayisinin artmast sebebiyle,
B>0,6 oranindan itibaren deliklerden c¢ikan jet
akigin etkisinin azalmakta oldugu
gozlemlenmektedir.

Sekil 7°de gecirgen silindir arkasinda meydana
gelen akisin ortalama hiz alanlari gosterilmistir.
Sekil 5°de gosterilen D=100 mm ¢apa sahip
deliksiz silindir ile Sekil 7’de gosterilen delikli
gecirgen silindirler karsilastirildigi zaman, silindir
arkasinda meydana gelen iz bdlgesinin eninin
daraldig1 ve boyunun akis dogrultusunda uzadigi
goriilmektedir. Ancak, $>0,5 oranindan itibaren,
gecirgenlik oraninin artmasiyla beraber silindir
yiizeyindeki delik sayisinin artmasi nedeniyle
deliklerden ¢ikan jet akisin etkisini azaldig:
sOylenebilir.

Sonug olarak, bir adet deliksiz ve 6 adet farkli
gecirgenlikte dairesel silindirler akig ortaminda
deneysel olarak PIV  teknigi kullanilarak
incelenmistir. Dogrudan cisim iizerinde agilan
deliklerin cisim arkasinda meydana gelen daimi
olmayan akis yapisini kontrol etmede etkili bir
yontem  oldugu  gdzlemlenmistir. Ayrica
gecirgenlik oraninin artmast tiirbiilans
istatistiklerini azaltmigtir. Ancak f>0,6 oranindan
itibaren, gegirgenligin artmasi daimi olmayan
yapisinin  kontrolii igin biiylik bir farklilik
yaratmamistir. Silindir iizerinde agilan deliklerde
B=0,6 gecirgenlik oraninin akis kontrolii i¢in en
etkili oran oldugu gozlemlenmistir.
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Abstract

The low-velocity impact (LVI) response of the plain-weave glass/epoxy laminated composites, which
were reinforced with various contents of carbon nanotubes (CNTs) was performed using a drop-weight
Fractovis Plus impact machine. The nanocomposite plates were fabricated using hand lay-up (HLU)
method. The effect of carbon nanotube addition into the epoxy resin is examined. The influence of the
nanocarbon contents on the impact response was achieved by using 1 wt%, and 1.25 wt%. The low-
velocity impact responses of the nanocomposite plates were compared, and the effect of CNT on the
damaged area after impact was also discussed. The fillers adding changes the low-velocity impact (LVI)
response of the plain-weave glass/epoxy laminated composites. Experimental results clearly demonstrated
that the samples fabricated by various contents of carbon nanotube (CNTS), have a bigger damage area
and more penetration threshold than the control samples (neat). Moreover, the plates with 1 wt % carbon
nanotubes have the highest reaction force.

Keywords: Low-velocity impact, Carbon nanotubes (CNTs), Glass/epoxy laminated composites,
Damaged mechanism modulus

Karbon Nano-Tiip Katkili Diiz Orgii Cam-Epoksi Kompozitlerin Diisiik Hizh
Darbe Deneylerinin Deneysel Olarak incelenmesi
Oz

Bu calismada, Cesitli oranlarda karbon nanotiip katkili diiz 6rgli cam epoksi tabakali kompozitlerin
Fractovis Plus darbe cihazi ile diisiik hizli darbeye gosterdikleri tepki aragtirilmustir. Nanokompozit
plaklar el yatirma yontemi ile lretilmistir. Epoksi regine igerisine katilan karbon nanotiip etkisi
incelenmistir. Agirlikca %1 ve %1,25 oranlart kullanilarak nanokarbon igeriginin etkisi darbe tizerindeki
etkisi elde edilmistir. Nanokompozit plaklarin diisiik hizli darbe tepkileri karsilastirildi ve darbe deneyi
sonrasi hasar alani lizerine CNT etkisi incelenmistir. Eklenen dolgu maddeleri diiz 6rgii cam/epoksi
kompozitlerin diisiik hizli darbe tepkilerini degistirdi. Sonuglar gesitli oranlarda CNT katkili olarak
tiretilen numunelerin katkisiz numuneye gore hem daha biiyiikk hasar alanina hem de daha biiyik
penetrasyon esik enerjisine sahip oldugunu gostermistir. Ayrica, agirlikga %1 CNT oranli plaklar en
yiiksek reaksiyon kuvvetine sahiptir.

Anahtar Kelimeler: Diisiik hizli darbe, Karbon nanotiipleri (CNTler), Cam/epoksi lamine kompozitler,
Hasar géren mekanizma modiili
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with Carbon Nanotubes

1. INTRODUCTION

In recent years, researchers have been used CNTs
reinforced composite materials because of the
extraordinary mechanical and physical properties
of the CNTs. The CNTs reinforced composite
materials have been used wide range of
applicationsin ~ aeronautic and  astronautic
technology, power plant, automobile and many
other modern industries. During their service life,
these composite structures have been subjected to
variety of loading conditions. One of the crucial
conditions that can affect their applications is the
low velocity impact loading condition. For this
reason, it is important accurate investigation of
their mechanical behaviour under such a loading
for the life assessment of composites in service
conditions.

Among the most commonly used materials in
industry are polymer-based composites due to high
mechanical properties and significant weight
reduction in structural design.

From the literature study, it is seen that extensive
study has been carried out to response of fiber
reinforced composite material under impact
loading [1-14]. The impact resistance and damage
tolerance of fiber-reinforced composites for
various types of nanoparticles have been
investigated a number of researches.

One of the major concerns of CFRP composite
structure is the low impact resistance is because of
its poor susceptibility to impact damage. In this
study, the low-velocity impact response of the
plain weave glass/epoxy laminated composites,
which were reinforced with various contents of
functionalized short length multi-walled carbon
nanotubes- DWCNTSs (i.e., 1wt% and 1.25wt%)
was carried out by using a drop-weight impact
machine. The nanocomposite beams were
fabricated using by hand lay-up (HLU). The main
objective of this work was to develop and study
the behavior of nano modified GFRP composites
under low velocity impact tests.
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The impact tests were carried out varying impact
energy levels to examine the damage tolerance of
composite laminates.

2. EXPERIMENTAL PROCEDURE
2.1. Preparing Matrix

In this work, carbon nanotube fillers were
dispersed in epoxy system by using ultrasonic
mixer and hand lay-up techniques were used for
manufacturing nano size reinforced and
unreinforced composite plates. The biggest
problem in nano particulate reinforced composite
is agglomeration. Many methods are being used
for dispersing nano particulates homogenously
inside epoxy system without agglomeration. Most
efficient way to overcome this problem is using
ultrasonic mixer. In this method, ultrasonic sound
waves distribute the agglomerated nano particle.
Hielscher UP-400S brand name ultrasonic mixer
was used in study. Short length multi-walled
carbon nanotubes — DWCNTSs was provided from
Ege Nanotek Inc., izmir, Turkey and added
0, 1 and 1.25% in weight with respect to resin.
Epoxy resin and catalysts were provided from
Fibermak Corporation. Before using ultrasonic
mixer, CNT reinforced epoxy mixture is mixed by
hand. After that the mixture was subjected to high
frequency sound waves for one hour. To prevent
heat rising and start self-curing in the epoxy
solution, cooling cup is used. Approximately, 5°C
water is recirculated between cup and unit.
Ultrasonic mixer and cooling device is shown in
Figure 1. Fluidity and translucent color of epoxy
solution is evidence for homogenous mixture.

Figure 1. Ultrasonic mixer and cooling device
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2.2. Producing Composite Plate

Nano reinforced composite plates were produced
from plain weave glass fiber and epoxy resin
which containing carbon nanotube. Used E-glass
plain weave fabrics were manufactured by Cam
Elyaf Sanayi Corporation and unit weight is
200 g/m? Nano reinforced plates were produced
using resin impregnated fabric (prepreg) and
pressed under heat press machine.

Desired concentration mixture are distributed on
surface of 400x400 mm size [0/90] plain weave
fabric by using hand lay-up technique. 15 ply
fabrics were used to obtain 2 mm thickness. Resin
impregnated fabrics are left to dry at room
temperature for 10 days. In this way producing
prepreg glass fabrics were finished. After 10 days
semi-finished fabrics were added up and wrapped
with noninflammable film after that they were
placed inside hydraulic heat press machine. Firstly
fabrics were exposed to 100 MPa pressure after
that temperature was raised from room temperature
to 125°C. Plate was waited for one hour with these
circumstances. After one hour heater was
terminated, but pressure was still applied.

Plate was slowly decreased to room temperature.
To prevent thermal distortion, plate should stay in
heat press until to room temperature. Approximate
fiber volume fractions of plates were found 60%.
Thus 2 mm in thickness and 400 mm in length
square  plates were  manufactured.  [15].
Manufacturing steps were illustrated in Figure 2.
Composite plates were cut to 100 mm square
specimen by using water jet cutter because
composite plates were sensitive to machining

2.3. Low Velocity Impact Test

Low velocity impact test was conducted according
to ASTM D5628-07. The samples were cut into
100x 100mm by using a diamond cutter.
Composite plates, which containing different
concentration of nano fillers, were subjected to low
velocity impact test at room temperature by
releasing the weight. Tests were done at Dokuz
Eylil University’s laboratory by using Fractovis
Plus test machine. Figure 3 shows the drop weight
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impact test machine. In this test method, impactor
geometry was hemispherical nose of 12.7 mm in
diameter, weight is 4.926 kg.

(d)
Figure 2. Manufacturing steps of nano reinforced
composite plate (a, b, ¢, d)
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Figure 3. Drop weight impact test machine (a, b)
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Specimens were placed at the bottom of the
machine and impact was happened in the middle of
the specimen. Specimen was clamped with inner
diameter 76 mm hole fixture. Fixed boundary
condition was implemented. Multiple strikes were
precluded by pneumatic brake. To identify
rebounding, penetration and perforation threshold
for different nano fillers in impact test, impact
energies were changed by shifting velocity. For
this work, impact energies were taken as 20, 30, 35
and 40 J.

3. RESULTS AND DISCUSSION

3.1. Force-Displacement Curves

Impact tests were done at different energy levels:
20, 30, 35 and 40 J. Figure 4(a) ve (b) and 5 show
force versus displacement response of pure,
1wt% and 1.25wt% CNT laminates for 20, 30 and
40 J energy levels. Rebounding, penetration and
perforation  situations were identified by
interpreting the curve. In these curves load was
increased from beginning to a maximum value,
Pmax, after that load was significantly reduced.
Maximum load represent threshold value before
specimen undergoing major damages [16,17].
Slope of the curve up to maximum value is called
bending stiffness.

According to 20 J impact energies, adding carbon
nanotubes into an epoxy matrix has increased
impact resistance. The highest reaction force was
shown from 1wt% CNT containing specimen. This
specimen’s maximum reaction force is 5% higher
than that of pure one. After maximum force point
exceeded, specimen undergoes major damages,
such as extensive matrix cracks, fibre breakage and
delamination. First peak in force was seen around
2500 N for pure specimen. In this region, initial
damages were started, such as matrix cracking and
delamination. All curves are closed form. It means
that impact nose was rebounded from specimens’
surface and displacement value is come back to
zero value. Comparing displacement values of
specimens’, the biggest value belongs to pure
specimen and the lowest value belongs to 1wt%
CNT containing specimen.
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According to 30 J impact energies, all specimens
showed similar bending stiffness. Same as 20 J
impact test, 1wt% CNT containing specimen
showed the highest reaction force. Peak reaction
force was increased compared to previous test.
Difference increased to 13% between pure
specimen and 1wt% CNT containing specimen.
For 1wt% CNT containing specimen’s force-
displacement curve ended up with certain
displacement value in this energy level. This

Ay
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means that impact nose got stuck in specimen’s
surface after impact (penetration). Pure and
1.25wt% CNT containing specimens peak reaction
forces were decreased compared to previous test.
For these specimens curves ended up with turned
towards to right and specimens were perforated.
The reason for decreasing reaction force and
perforation for 1.25wt% CNT containing specimen
is insufficient mixing time and agglomeration.

BCNT

12%0m

Figure 4(a). Force—displacement curves for 20 J impact level
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Figure 4(b). Force—displacement curves for 30 J impact level

C.U. Miih. Mim. Fak. Dergisi, 31(OS 2), EKim 2016

0sa1



Experimental Investigation of Low-Velocity Impact Response of Plain-Weave Glass/Epoxy Composites Reinforced

with Carbon Nanotubes

. 40)
5000
A0
Foree (M) 2000 — PUIRE
—— 1 CNT
—1,2% CHT
2000
1000
1]
[+] 5 10 15 20 25 30 35 a0 a5
Displacement {mm)

Figure 5. Force — displacement curves for 40 J impact level

All specimens were subjected to 40 J impact
energy and all of them were perforated. After
showing its top value in 30 J impact level, 1wt%
CNT containing specimen’s maximum reaction
force was decreased. Other specimens’ maximum
reaction forces were increased as compared with
previous test. Difference of reaction force between

pure and 1wt% CNT containing specimens was
only 2%. Figure 6 shows effect of CNTs of glass
fiber/epoxy composites for different energy levels.
As shown in Figure 6, the highest reaction force
was obtained from 1wt% CNT containing
specimens.
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Figure 6. Effect of CNTs of glass fiber/epoxy composites for different energy levels
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3.2. Energy-Time Curves

Energy—time curves could be used for identify how
much energy is absorbed by specimen after impact.
Absorbed energy could be found by substituting
elastic energy, which was given back to the impact
nose from specimen, from maximum impact

35
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energy. Decrease in elastic energy means that
specimen is getting close to penetration threshold
energy and specimen takes more damages [16,17].
Various concentrations of CNT containing
composite plates’ energy-time responses are
shown in Figure 7 (a,b) and 8 for different impact
energies.
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Figure 7. Energy-time curve for 20 J and 30 J impact level (a, b)

In 20 J impact energy test, energy was increased to
maximum value, which was impact energy, after
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this point energy decreased to permanent certain
value. The difference between these two levels was
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given back to system. Impact noses for all tests
were touched to surface and rebounded. The
biggest absorbed energy was shown from pure
specimen. The higher absorbed energy means that
specimen took more damages. The lowest
absorbed energy was obtained for 1.25wt% CNT
containing specimen. This specimen absorbed 66%
of subjected energy and rest of the energy was
given back to system. This value was come to 70%
for 1wt% CNT containing specimen.

Absorbed energies increased after impact energy
was arranged 30 J so elastic energy value
decreased. Damage area got bigger. 1.25wt% CNT
containing specimen did not reach to impact
energy. This specimen perforated before absorbed
enough energy. Penetration threshold lay between
20 J and 30 J for this specimen. The reason for this
situation is specimen’s rigidity increased and also
embrittlement increased with addition of CNT.
Pure specimen did not decrease after maximum
value and perforated. Only 1wt% CNT containing
specimen showed small decrease after maximum
point. In 40 J impact energies, none of the
specimens reached impact energies.

They could not show elastic energies. The biggest
energy absorption was shown from 1.25wt% CNT
containing specimen and the lowest energy
absorption was shown from pure specimen.

¥ 40)

Energy () —DURE
157 =1 N

=120

0 2 4 6 8 10 12 bt 16 18
Time (ms)

Figure 8. Energy-time curve for 40 J impact level

0S 94

3.3. Energy Profile Diagram (EPD)

Energy profile diagram (EPD) is useful for
identifying penetration and perforation threshold
energies [3]. In this diagram, equal line is drawn
for determine the penetration threshold. When
absorbed energy is equal to impact energy and
coincides with equal line this specimen’s situation
is called penetration. Higher impact energies than
penetration energy causes perforation [16,17].
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Figure 9. Energy profile diagrams for various

concentration of CNT (a,b,c)
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Figure 9 (a,b,c) show different concentrations of
CNT’s energy profile diagrams. According to
diagram, pure and 1.25wt% CNT reinforced
specimens got penetrate and perforate earlier than
1wt% CNT containing specimen. Control
specimen’s penetration threshold is around 28 J,
interestingly 1.25wt% CNT containing specimen
do not approach to equal line so it is hard to obtain
penetration threshold value, but in the light of
force-displacement and energy-time curves, it
should be located between 20 and 30 J levels.
Highest penetration value was shown from 1wt%
CNT containing specimen, which was between
30 and 35 J levels.

3.4. Characterization of Impact Damage

Short length multi-walled carbon nanotubes—
DWCNTs containing plates’ damage mechanisms
were shown from Figure 10-12. As shown in
Figure 10, it was investigated by visual inspection
for 20 J impact energies response. Perforation
situations were not seen for any of the specimens,
but desired transverse crack could only be seen
from 1wt% CNT containing specimen.

Figure 10. Damage areas for various
concentration of CNT in 20 J impact
energy
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Figure 11. Damage areas for various concentration
of CNT in 30 J impact energy

Figure 12. Damage

areas for various
concentration of CNT in 40 J impact

energy
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The smallest damage area was shown from
1.25wt% CNT containing specimen. The results
are completely matched with force-displacement
curve.When impact energy increased to 30 J,
damage area also increased. The biggest damage
area was seen from 1wt% CNT containing
specimen. Impact energy was absorbed in
longitudinal direction after that crack propagation
occurred through thickness direction.

Perforation was occurred for pure and 1.25wt%
CNT containing specimens.After impact energy
increased to 40 J in drop weight impact test, all
specimens could not absorb the load and
specimens perforated. Fiber breakage and
delamination was main failure mechanism. 1wt%
CNT containing specimen showed deformation
through fiber direction, it means transverse
direction. Other specimens’ showed circular
impact damage.

4. CONCLUSION

The low-velocity impact (LVI) tests on composite
plates that were reinforced with different loadings
of short length multi-walled carbon nanotubes—
DWCNTs were experimentally investigated. Two
different content of short length multi-walled
carbon nanotubes—-DWCNTs (0, 1 and 1.25wt%)
were used to evaluate their effects on the response
of the low velocity impact loading.

In this experimental work, 1 and 1.25wt% short
length multi-walled carbon nanotubes—DWCNTSs
added into epoxy matrix and compared with pure
one. Plain weave E-glass fabrics were used for
producing composite plates. Impact properties
were investigated at room temperature. Tests have
done at 20 J, 30 J, 35 J and 40 J impact energies.
Penetration and perforation threshold was
identified by using force—displacement,
energy-time and energy profile diagram.
According to tests results the lowest penetration
threshold energy and the biggest penetration
energy was seen from pure and
1wt% CNT containing specimens, respectively.
Iwt% CNT containing specimen showed the
highest reaction force and the lowest displacement
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value. Impact nose was rebounded from specimen
surface at 20 J impact energies and were perforated
at 40 J impact energies for all specimens. Main
failure mechanisms for specimens’ were fiber
breakage and delamination.
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Abstract

This paper proposed to determine optimum application recipe for the microcapsules of the ozonated
vegetable oils, in order to save the antibacterial activity to the textiles. For this aim, the olive oil was
ozonated during three hours and the ozonated oil was characterized via GC and FTIR analyses and
antibacterial property of the oil wasalso researched. After characterizing of the ozonated oil, it was
encapsulated into Arabicgum by basic coacervation method. The microcapsules were characterized
through optical microscope and FTIR analyses. Finally, in order to determine optimum application recipe
for saving the antibacterial activity to textile surfaces, different application solutions were prepared and
the prepared solutions applied to the cotton fabrics by padding method. After applications,the SEM
images of the fabrics were investigated and the antibacterial efficiencies of samples were also
quantitatively evaluated by the ASTM 2149 01 against Escherichia coli. The results of the study showed
that the ozone could easily react with the double bonds of the olive oils and the antibacterial properties of
the olive oil improved. The ozonated olive oil was able to be microcapsulated with basic coacervation
method, successfully. In addition, the optimum application recipe for the microcapsules of the ozonated
vegetable oils could be determined.

Keywords: Ozonated vegetable oil, Microcapsule, Application, Antibacterial activity, Textile
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Tekstil Yiizeylerine Antibakteriyel Aktivite Kazandirmak icin Ozonlanms Bitkisel
Yag Mikrokapsiillerinin Aktarilacagi En Uygun Aplikasyon Recetesinin
Belirlenmesi

Oz

Bu makale, tekstil yiizeylerine antibakteriyel aktivite kazandirilmak ig¢in ozonlanmus bitkisel yag
mikrokapsiillerinin aktarilacagi en uygun aplikasyon regetesini belirlemeyi amaglamistir. Bu amagla
zeytin yagi 3 saat ozonlanmis ve ozonlanmis yag GC ve FTIR analizleri ile karakterize edilmistir, ayni
zamanda yagin antibakteriyel 6zelligi arastirilmistir. Karakterizasyon sonrasi ozonlanmis yag, basit
koaservasyon yontemi ile Arap zamki icine enkapsiile edilmistir. Hazirlanan mikrokapsiiller optik
mikroskop ve FTIR analizleri ile karakterize edilmistir. Son olarak, tekstil yiizeylerine antibakteriyel
aktivite kazandiracak optimum aplikasyon regetesinin belirlenebilmesi amactyla, farkli aplikasyon
c¢ozeltileri hazirlanmis ve hazirlanan ¢ozeltiler pamuklu kumaslara emdirme yontemi ile aplike edilmistir.
Aplikasyon sonrast kumaslarin SEM goriintiileri incelenmis ve E.coli bakterisine karsi antibakteriyel
etkinligi ASTM E 2149 01 standardina gore kantitatif olarak degerlendirilmistir. Sonuglar, ozonun
zeytinyagindaki c¢ift baglarla kolaylikla reaksiyona girebildigini ve yagmn antibakteriyel aktivitesini
gelistirdigini  gostermistir. Ozonlanmis yag basit koaservasyon yontemi ile basarili bir sekilde
kapsiillenebilmistir. Ayrica, ozonlanmis bitkisel yag mikrokapsiilleri i¢in optimum aplikasyon recetesi
belirlenebilmistir.

Anahtar Kelimeler: Ozonlanmig bitkisel yag, Mikrokapsiil, Aplikasyon, Antibakteriyel aktivite, Tekstil

1. INTRODUCTION

The ozone (O3z) is known as one of the best
bactericidal, antiviral, and antifungal agents, and it
is used for chronic wounds. The beneficial effects
of ozone on wound healing might be considered to
be due to decreased bacterial infection or increased
oxygen tension by ozone exposure in the wound
area [1]. The ozone cannot be stored, but it can be
carried by way of materials having double bonds
[2]. When literature was analyzed, it was found out
that ozone could be reacted with the unsaturated
fatty acids of the oils, thus they could be stored
and gained antibacterial and wound healing
property [1,3-10]. It may be concluded that they
are good candidates to produce medical textile
surfaces by using them as core materials in
microcapsules.

The microencapsulation is a process of covering
the core material with wall material such as
polymers. The term of microcapsules is used to
describe particles with diameter between 1 and

0s 100

1000 pum, whereas particles smaller than 1 pm are
called nanocapsules. The microcapsules can be
formed by various techniques such as in situ
polymerization, interfacial polymerization,
coacervation and spray drying [11,12]. Among
these methods, coacervation is generally used for
encapsulation of the oils. The coacervation, based

on the phase separation of one or many
hydrocolloids, is divided into as simple and
complex coacervation. While the simple

coacervation involves the use of a single polymer
in organic or aqueous media, the complex
coacervation involves the use of two oppositely
charged polymeric materials [13].

The ozonide of the ozonated oils has limited
stability to the temperature. It is stable for up to 1
year in the temperature between -10°C and +8°C,
while up to 6 months at room temperature
(25-30°C). Higher than this temperature, the
stability of the ozonide along with antibacterial
activity of the ozonated oils diminishes [6]. This
property restricts the application conditions of the

C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), EKim 2016



Burcu SANCAR BESEN, Onur BALCI, Cem GUNESOGLU, I. [rem TATLI, Mehmet ORHAN, A. Erdem BEYLI

ozonated oils to the textiles, and impose obligation
for applying at room temperature. Therefore, in
this experimental study, the optimum application
recipe tried to be determined for the microcapsules
of the ozonated oils. The study was divided to
three parts. In the first part, the olive oil was
ozonated during three hours at the laboratory
condition. In the second part of the study, the
microcapsules of the ozonated olive oil were
prepared and the prepared microcapsules were
characterized via optical microscope and FTIR. In
the third part of the study, the optimum application
recipe for padding method was tried to be
determined in order to save antibacterial activity to
textile surfaces.

2. MATERIAL VE METHOD
2.1. Material

In this study, in order to produce ozonated oil; the
olive oil purchased from Zade Vital (Istanbul,
Turkey), an ozone generator with the capacity of
25 g/h (Teknozone TKZ, izmir, Turkey) and a
glass bubbling colon (20 mm diameter, 900 mm
height) with a glass diffuser placed at the bottom
were used.

In the preparation of the microcapsules of the
ozonated olive oil; Arabic gum as awall material,
ethanol as a coacervation material supplied from
Sigma Aldrich and low formaldehyde resin as a
cross linker agent (Evopret RSF)supplied from
Dystar were used. The microcapsules of ozonated
oil were carried out by using a high shear mixer
(L5M) purchased from Silverson.

In order to determine the optimum application
recipe for the microcapsules, binder agent (Rucoat
EC 4811) purchased from Rudolf Duraner and
hydrophilic silicone emulsion (CML-N) supplied
from CHT were used in the application solutions.
The prepared application solutions were padded to
the textile surfaces through laboratory scale fulard.
The textile surface used in the study were 100%
cotton woven fabrics (46 thread/cm warp,
22 thread/cm weft, 270 g/m?). The fabric was
desized, scoured and bleached by the supplier

C.U. Miih. Mim. Fak. Dergisi, 31(OS 2), EKim 2016

(Matesa, Kahramanmaras, Turkey). The distilled
water was used in the study.

2.2. Method

The produced ozone gas by the ozone generator
was directed to the olive oil through the diffuser
placed at the bottom of bubbling colon (Figure 2).
The ozonation process was carried out with the
100 ml oil volume during 3 hours at the room
temperature with the flow rate of 4 I/min. The
experimental setup of ozonation process was given
in Figure 2. After the ozonation, the ozonated oil
was stored at the refrigerator for the further
analysis and studies.

> —<+—<«———

Output of Undissolved
Ozone

The Olive Oil

100 ml

OzoneBuhbles  Flowmeter

Ozone
Generator
Glass Diffuser

Ozone Gas

Figure 1. The experimental setup of the ozonation
process [12]

The microcapsules of the ozonated oil were
prepared according to diagram in Figure 2. The
ratio of the ozonated olive oil: Arabic gum was
determined as 1:5. The ozonated olive oil was drop
wise added to 20% solution of the Arabic gumand
they were stirred at 10.000 rpm during 1 hour for
the formation of the emulsion. At the end of the
stirring time, for actualization of the coacervation,
the speed was reduced to the 3000 rpm, the ethanol
(40% of the Arabic gum amount) was drop wise
added to the emulsion and stirred for 10 minutes.
Then, in order to stabilize the walls of the
microcapsules, the cross linker agent (20% of the
Arabic gum amount) was added to the solution and
the mixture was stirred at 6000 rpm for 1 hour at
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room temperature. At the end of the time, the
solution was stored at the refrigerator for the
further analysis and studies. The microcapsules in
the solution were not filtered because of the
necessity of the preparing solution of the
microcapsulesfor the application [12].

Preparation of
Arabicgum solution

Adding of the

l <4— ozonated olive oil

Stirring at 10000 rpm
during 1 hour

A

Formation of the
emulsion of
Arabicgum/ozonated oil

|

The reducing the stirring
speed t03000 rpm

l ¢ | Adding of the ethanol

Stirring for 10 minutes

A

The actualization of the
coacervation

Adding of the
crosslinker agent

v +—

Stirring at 6000 rpm
during 1 hour

Figure 2. The work flow diagram for the
reparation of the microcapsule [12]

In order to determine the optimum application
recipe for the microcapsules of the ozonated oil,
different six application solutions of the
microcapsules were prepared (Table 1). The
prepared solutions were padded to the fabrics by
squeezing up to 95% pick up and the fabrics were
dried at the room temperature.

0S 102

Table 1. The prepared application solutions of the
microcapsules [12]

Concentration
Experimental of the Hydrophilic Binder
number microcapsule silicone (g/l) (CID)]
(g
1 50 0 0
2 100 0 0
3 250 0 0
4 500 0 0
5 500 100 0
6 500 0 20

2.3. The Characterization Analyses

GC-MS (Gas Chromatography-Mass
Spectroscopy) analysis was carried out with an
Agilent 5975 GC-MS system for both ozonated
and raw oils. The oil samples had methylation
process before the analysis. FTIR (Fourier
Transform Infrared Spectroscopy) with ATR
studies of the ozonated oil, raw oil, and the
microcapsules were carried out by the transmission
method using Perkin—Elmer spectrophotometer
(Spectrum 400) between 400-4000 cm™ of wave
numbers. Resolution for the infrared spectra was 4
cm, and there were four scans for each spectrum.
The presence and the surface morphology of the
microcapsules in the solution was researched via
optical microscope (Nikon Eclipse 80i). The
presence of the microcapsules on the fiber surface
was evaluated through SEM (Zeiss Evo LS10).
The antibacterial activities against Escherichia coli
(ATCC 35218) of raw and ozonated olive oil
samples were tested by AATCC 147 method and
the antibacterial activities of the fabric samples
against Escherichia coli (ATCC 35218) were
tested by ASTM E2149-1 method.

3. RESULTS AND DISCUSSION
3.1. Characterization of the Ozonated Olive Oil
The contents of the important fatty acids

determined by the GC-MS analysis of the ozonated
and raw olive oils were given in Table 2.
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Table 2. The important fatty acids of the ozonated
and raw olive oils [12]

Name of Fatty Acid R:ivlv (22;/6 Oo?i(:/r:ea:iald
(%)
Nonanoicasid (C9:0) - 32.88
Nonanal dimethyl acetal - 1.07
Nonanedioicasid (C9:2) - 25.49
Palmitic asid (C16:0) 12.07 30.06
Stearic asid (C18:0) 2.90 7.24
Oleic asid (C18:1) 73.79 -
Linoleic asid (C18:2) 9.38 -
Linolenic asid(C18:3) 0.60 -

It is known that the reaction of the ozone occurs at
the carbon-carbon double bonds in the unsaturated
fatty acid. Therefore, the amount of unsaturated
fatty acids of the oil decreases by the ozonation
process. When Table 2 was investigated, it could
be seen that the oleic and the linoleic acids which
were the most important unsaturated fatty acids of
the olive oil for ozonation process were completely
run out after the ozonation time lasting 3 hours. In
addition, the ozone gas broke up the long chains of
the fatty acids to the smaller chains and the
nonanoicasid (C9:0), the nonanal dimethyl acetal,
the nonanedioicasid (C9:2) were determined after
the ozonation process.

The FTIR analysis was also used to observe the
change at chemical structure of the olive oil by the
ozonation process. The FTIR spectra of the
ozonated and the raw olive oil were given in
Figure 3.

Ozonated oil

88 3009.21

2853.13
922.2

17417

Rawoil

4000.0 3600 3200 2800 2400 2000

7800 _11600 1400 1200 1000 800 600 450.0
cm

Figure 3. The FTIR spectra of the ozonated and raw olive oil [12]

For the FTIR assessment of the olive oil, =C-H
stretching (ca. 3009 cm-1) and the C-O stretching
(ozonide) (ca. 1105 cm-1) were crucial for
ozonation process [12,14,15]. Figure 2 showed that
C-O stretching (ca. 1105 cm-1) increased and C—H
stretching (ca. 3009 cm-1) decreased, significantly
after the ozonation process. Thus, it could be said
that ozone bonded to the olive oil and the ozonide
structure formed.

The result of the antibacterial activity of the
ozonated and the raw olive oil investigated via
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planting of the bacteria to the agar medium was
given in Figure 4.

N

. Ozonatedoil

activity of
ozonated and raw olive oil [12]

Figure 4. The antibacterial the
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In order to accept a sample as antibacterial,
bacterial growth should not occur at the around,
above or below of the sample. In addition, the size
of the protection zone of the sample was the signal
for the antibacterial activity. When the Figure 4
was investigated, it was seen that while the raw
olive oil had low antibacterial activity, the
ozonated olive oil showed high activity. As a
conclusion, it can be said that ozone application to
the olive oil improved the antibacterial activity of
the oil.

3.2. Characterization of the Microcapsules of
the Ozonated Olive Oil

The image of the optical microscope of the
produced microcapsules of the ozonated oil was
given in Figure 5.

When Figure 5 was investigated, it was clearly
seen that the oil could successfully encapsulated
and the capsules formed size of between 1 and 20
pm.

Figure 5. The image of the optical microscope of
the microcapsules [12]

In order to be sure that the oil was encapsulated,
the FTIR analyses were carried out to the core
material, wall material and the prepared
microcapsule. The IR spectra of the solution of the
Arabic gum, the ozonated oil and prepared
microcapsule as comparative were given in
Figure 6.

2854.33

2923.64

4 3272.03

1740.40

Ozonated oil

0.
23
4000.0 3600 3200 2800 2400 2000 1800 11600 1400 1200 1000 800 600 450.0

1

Figure 6. The IR spectra of the core material, wall material and the microcapsule [12]

When Figure 6 was investigated, it could be seen
that the microcapsule had the important signal of
the oil and the Arabic gum. In addition, while the
peak intensityof theozonated olive oil showed at
the wave number of ~1105 cm™, ~1741 cm®
decreased, the peak intensities of the Arabic gum
showed at the wave numberat ~1636 cm™,
~3272 cm™ increased at the microcapsule
solutions. Thus, we could understand that the
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Arabic gum covered the ozonated oil and the oil
was successfully encapsulated.

3.3. The Characterization of the Fabrics
Applied Microcapsule Solutions
The SEM images of the fabrics applied

microcapsule solutions prepared according to the
Table 1 were given in Figure 7.
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4 v = ﬂ '. : 1 n ) A

(d) (e) )

Figure 7. The SEM images of the fabrics (a.1, b.2,
c.3,d.4,eb, £.6) [12]

Figure 6 showed that the microcapsules on the
fiber surfaces increased depending on the
increment of the concentration of the
microcapsule, usage of the hydrophilic silicone
and binder in the application solution.

The antibacterial activitiesa gainst E.coli of the
fabrics treated with microcapsule solutions in
Table 1 were given in Table 3.

Table 3. The antibacterial activity of the fabrics

[12]
Experimental number | % Reduction of the
(Table 1) bacteria
Raw fabric +257.14
1 +118.18
2 +45.45
3 +81.82
4 -33.33
5 -98.18
6 -38.33

When Table 3 was researched, it could be seen that
the antibacterial activity increased depending on
the increment of the concentration of the
microcapsule, usage of the hydrophilic silicone
and binder in the application solution, similar with
the results of the SEM images. The hydrophilic
silicone increased holding the microcapsules onto
the fiber surface due to the silicone oil. However,
the binder also increased holding the
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microcapsules onto the fiber surface; the increment
was insufficient because of the amount of the
binder used in the application solution.As a result,
500 g/l microcapsule solution including 100 g/l
hydrophilic silicone and higher than 20 g/l binder
was determined as the optimum application recipe,
in order to provide antibacterial activity to textile
surfaces.

4. CONCLUSION

In the present study, it was aimed to determine the
optimum padding recipe for the ozonated
vegetable oils encapsulated by Arabic gum. The
study was completed as three parts. Firstly, the
olive oil was ozonated during 3 hours and
characterized via GC and FTIR analyses along
with antibacterial activity. Secondly, the ozonated
olive oil was encapsulated into the Arabic gum and
the prepared microcapsules were characterized via
optical microscope and FTIR. Finally, the
characterized microcapsules applied to the cotton
fabrics with different padding recipes. The results
showed that the ozone could easily react with the
double bonds of the olive oils in the conditions of
the experimental setup used in this paper and the
antibacterial properties of the oil improved. The
ozonated olive oil was able to be encapsulated into
the Arabic gum with basic coacervation,
successfully. In addition, the application solution
including both the binder and silicone emulsion
was determined as optimum application recipe, in
order to save high antibacterial activity to textiles.
As a conclusion, 500 g/l microcapsule solution
including 100 g/l hydrophilic silicone and higher
than 20 g/l binder was determined as the optimum
application recipe, in order to provide high
antibacterial activity to textile surfaces.
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Abstract

The aim of this study is to estimate the response of NPP to regional climate changes in Turkey using a
biogeochemical modelling approach. The CASA model was utilized to predict annual regional fluxes in
terrestrial net primary production for present (2000-2010) and future (2060-2080) climate conditions. A
comprehensive data set including percentage of tree cover, land cover map, soil texture, NDVI
(Normalized Difference Vegetation Index) and climate variables were used to constitute the model. The
multi-temporal metrics were produced using 16 days MODIS composites with 250 m spatial resolution.
The future climate projections were based on a RCP (Representative Concentration Pathways) scenario
that was defined in 5" Assessment Report of IPCC. In this context, the future NPP modelling was
performed with prescribed CO, concentrations up to 421 ppm and temperature increasing 1.1°C to 2.0°C.

The model results indicated that the NPP in Turkey averages 1232 gCm?y™. Terrestrial NPP ranges from
9.61 to 316.1 gCm?y™* for the baseline period (2000-2010). Modeled total NPP averages 1320.8 gCm?y™
per year in the period 2060-2080. Total carbon budget of NPP was estimated as 104.78 MT (million tons)
per year. The model results showed that the terrestrial NPP was sensitive to changes in temperature and
precipitation. Addressing the model results, the CASA provided a great potential to predict present and
future productivity on regional basis. Thus, this study will provide a scientific foundation to understand
and assess ecological and economic implications and consequences of climate change on the productivity
in Turkey.

Keywords: NPP, Modelling, Climate change, Turkey, MODIS, IPCC, RCPs
iklim Degisikligi Senaryolar1 Altinda Konumsal Modelleme Kullanarak
Tiirkiye’nin Cevresel Risk Analizi: Net Birincil Uretim Ornegi
Oz
Calismanin amaci, Tiirkiye’de bolgesel iklim degisikliginin Net Birincil Uretim (NPP)’e etkilerinin

biyokimyasal modelleme yaklagimi ile tahmin edilmesidir. Giincel (2000-2010) ve gelecek (2060-2080)
iklim kosullarinda karasal NPP’in yillik bolgesel dongiilerinin tahmininde CASA modeli kullanilmistir.

“ Sorumlu yazar (Corresponding author): Sitha BERBEROGLU, suha@cu.edu.tr
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Modelin olusturulmasinda aga¢ kapalilik yiizdesi, arazi Ortiisii, toprak tekstiirii, Normallestirilmis Fark
Vejetasyon Indeksi (NDVI) ve iklim degiskenlerinden olusan genis bir veri seti kullamlmistir. Coklu
zamansal metrikler 250 m ¢oziliniirli MODIS verileri kullanilarak tiretilmistir. Gelecek tahmini igin
IPCC’nin 5. Degerlendirme Raporunda tanimlanan RCP (Representative Concentration Pathways)
senaryolar1 baz alinmistir. Bu kapsamda, 1,1°C ile 2,0°C arasinda sicaklik ve 421 ppm’e kadar CO; artis1
limit almmustir.

Model sonuglari, Tiirkiye igin ortalama NPP degerinin 1232 gCm?y™* oldugunu gostermistir. Karasal NPP
giincel durum igin 9,61 to 316,1 gCm?y™ degismektedir. Modellenen yillik toplam NPP ise 2060-2080
yillart igin 1320,8 gCm?y " dir. Toplam karbon biitgesi yillik 104,78 milyon ton tahmin edilmistir. Model
sonuglar1 karasal NPP’nin sicaklik ve yagis degisimlerine hassas oldugunu gostermistir. CASA modeli,
giincel ve gelecek NPP degerlerinin hesaplanmasinda bolgesel temelde basarilt sonuglar vermistir. Bu
calisma, Tirkiye’de iklim degisikligi altinda ekolojik ve ekonomik sonuglarin ortaya konmasi yardimci

veriler tiretilmesi bakimindan énem tasimaktadir.

Anahtar Kelimeler: NPP, Modelleme, iklim degisimi, Tiirkiye, MODIS, IPCC, RCP

1. INTRODUCTION

Net primary productivity (NPP) is a Kkey
component of the global carbon cycle. Accurate
estimation of terrestrial NPP and its sensitivity to
regional temperature and precipitation changes are
important for understanding the fluxes and amount
of total carbon resulting from climate variations.
Estimating temporal variations in NPP has
significant importance that contributes to improve
the understanding of terrestrial carbon cycle and to
cope with potential future changes in climate, In
this regard, policy makers need information to
project the spatial and temporal responses of NPP
to various future climate scenarios. Such
predictions are necessary to not only measuring the
regional carbon stocks but also to enlist the natural
systems in mitigating greenhouse gas emissions
particularly in heterogenous ecosystems [1]. This
is especially true for Turkey  where
anthropogenically driven climate change can
impact the ecosystem productivity within its rich
vegetation biodiversity and diverse topography.

The aims of this study were to i) estimate the
terrestrial NPP for Turkey using a biogeochemical
model CASA  (Carnegie Ames Stanford
Approach), ii) modelling the future changes in the
terrestrial NPP and its response to climate change
based on the RCP 2.6 scenario of the IPCC. This is
study is important to strenghten the understanding
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of the quantitative relationship between climate
change and NPP on regional basis.

In respect to increases of greenhouse emissions
due to anthropogenic effects, The
Intergovernmental Panel on Climate Change
(IPCC) has developed different climate scenarios
within its 5th Assessment Report. These scenarios
are  called  ‘Representative = Concentration
Pathways’ (RCPs) because they were developed to
be ‘representative’ of possible future emissions
and concentration scenarios published in the
existing literature. The RCPs focus on the
‘concentrations’ of greenhouse gases that lead
directly to a changed climate, and include a
pathway the trajectory of greenhouse gas
concentrations over time to reach a particular
radiative forcing at 2100 [2].

RCPs 2.6 scenario was selected with prescribed
CO, concentrations reaching 421 ppm by the year
2100 to utilize in the CASA model to estimate
future NPP changes in response to climate change.
A well-evaluated biogeochemical ecosystem
model was used to simulate the spatial and
temporal changes in NPP in response to the
projected climate changes. The main objective was
to quantify the ecosystem NPP in Turkey between
present situation and 2100 within different IPCC
scenarios. In this context, the interannual and
seasonal characterization of NPP and climate
variables were mapped using an ecosystem model
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that globally optimized by the parameter of PAR
(Photosyntethic ~ Active  Radiation), FPAR
(Fraction of Photosyntethic Active Radiation) and
LUE (Light Use Efficiency).

1.1. Study Area

Turkey is located in the northern hemisphere
between the 36°-42° northern parallel and the
26°-45° eastern meridian (Figure 1). It covers
approximately 788000 km?. The country is situated
on a landscape where Europe meets Asia, creating
a link between these two continents. Half the land
is above 1000 m and 10% is over 2000 m. Turkey
has a mountainous and hilly landscape. The
average altitude is approximately 1250 m, and in
62.5% of the total land average slope is more than
15% [3]. The country has diversity and prosperity
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igure 1. Location of the study region

1.1.2. Data Processing

The main meteorological data used in modelling
process were obtained from State Meteorological
Works in Turkey including precipitation, solar
radiation and air temperature. Those datasets were
collected from 300 meteorological stations on
daily basis and generalized to monthly basis.
Future climate maps were obtained from World
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of topography, climate and vegetation cover.
Turkey, as a result of her geographical and
topographical position, has many climate types
ranging from arid to humid [4]. The land cover
types of the region comprise evergreen needleaf,
broadleaf and mixed forests including needleaf and
boradleaf forests, grasslands and bare grounds.

Turkey is situated in the extensive Mediterranean
region where climatic conditions are generally
quite temperate, the diverse nature of the landscape
and particularly the mountains that run parallel to
the coastline, result in significant differences in
climatic conditions from one geographical region
to the other. While the coastal areas enjoy milder
climates, the inland Anatolian plateau experiences
extremes of hot summers and cold winters with
limited rainfall [3].

40°0'0"E 44°0'0°E

Clim research group with 1-km spatial resolution
which were based on climate projections from
global climate models (GCMs) for the RCP 2.6.
which was one of the most recent GCM climate
projections defined in the IPCC Fifth Assessment
report. The GCM output was downscaled and
calibrated (bias corrected) as baseline ‘current'
climate [5].
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Remote sensing data used in this study were
derived from The Moderate Resolution Imaging
Spectroradiometer (MODIS). The sensor has the
Terra and Aqua satellites on board with 36 spectral
bands; spectral bands are primarily designed for
study of wvegetation and land surface: blue
(459-479 nm), green (545-565 nm), red
(620-670 nm), near infrared (841-875 nm and
1230-1250 nm), and shortwave infrared
(1628-1652 nm and 2105-2155 nm) [1,7].
MODIS 16-day composite data at 250-m spatial
resolution were obtained from the National
Aeronautics and Space Administration (NASA).
These images were geometrically corrected
according to WGS 84 Datum and ED 1950
coordinate system.

2. METHODOLOGY

The CASA model was used in this study to
estimate present and future NPP in Turkey. The
model computes the monthly NPP flux as net
fixation of CO, by vegetation on the basis of
light-use efficiency. Thus, calculates NPP is
calculated as a function of the driving energy for
photosynthesis, the absorbed photosynthetically
active (400 to 700 nm) solar radiation (APAR),
and an average light utilization efficiency (g) [8]
The fundamental relation in the CASA model is

NPP = APAR x ¢ (1)
NPP=f(NDVI) x PAR x ¢ x g(T) x h(W) )

where APAR (in megajoules per square meter per
month) is a function of NDVI and downwelling
photosynthetically active solar radiation (PAR)
and ¢ (in grams of C per megajoule) is a function
of the maximum achievable light utilization
efficiency € adjusted by functions that account for
effects of temperature g(T) and water h(W) stress.
Whereas previous versions of the CASA model
[9,10] used a normalized difference vegetation
index (NDVI) to estimate FPAR, the current
model version instead relies upon canopy radiative
transfer algorithms [11], which are designed to
generate improved FPAR products as inputs to
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carbon flux calculations. The model was utilized to
predict annual regional fluxes in terrestrial net
primary production at variable degrees of C,
depending on the yearly conditions, with terrestrial
net production. Several diverse datasets were used
in this research.

Calculation of annual terrestrial NPP is based on
the concept of light-use efficiency, modified by
temperature, rainfall values and solar radiation
scalars. In addition, percentage of tree cover, land
cover map of the region, soil texture and NDVI
(normalized difference vegetation index) will be
used to constitute this model.

Climate Data: Monthly precipitation, air
temperature and solar radiation were used as the
climate data sets. These variables were based on
10 years (2000-2010) records from the
meteorological stations in  Turkey. Climate
variables were spatially-interpolated together with
Digital Elevation Model (DEM) using co-kriging
method and mapped on monthly basis and
included into modelling process.

Land Cover Map: The MODIS land cover product
was used to classify the vegetation types with
CORINE land cover scheme. The output
comprised 82 land cover classes with 250 m
spatial resolution initially. Accuracy analysis was
carried out by comparing the classification map
and ground truth data obtained from many field
campaings.

Soil Texture Map: The soil texture data file is
based on FAO soil texture classification which has
5 classes. The dominant soil type in a soil unit, the
designation "coarse", "medium", "fine", “very
fine” or a combination of these based on the
relative amounts of clay, silt, and sand present in
the top 30 cm of soil. These classes were derived
from the Pedotransfer rules and expert opinions.
The regional soil maps in 25.000 scale was utilized
for this study and soil texture classes were
assigned on the basis of estimated clay content
according to FAO [8].
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NDVI: The MODIS/Terra NDVI images produced
16-day intervals, L3 Global and at 250 m spatial
resolution were used in modelling process as one
of the main inputs. These images comprised
transformations of the red (620-670 nm),
nearinfrared (841-876 nm), and blue (459-479nm)
bands designed to enhance the vegetation signal
and allow for precise inter-comparisons of spatial
and  temporal  variations in  terrestrial
photosynthetic activity [12].

Percent Tree Cover Map: Regression Tree (RT)
algorithm was used to predict Percent Tree Cover
of Turkey as one of the main inputs in NPP
modelling process. The regression tree algorithm

28°0'0"E 32°0'0"E
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produces a rule-based model for predicting a single
continuous response variable from one or more
explanatory variables. RT is a piecewise constant
or piecewise linear estimate of a regression
function, constructed by recursively partitioning
the data [13].

The methodology for deriving percent tree cover
with RT consisted of five steps for this study
Donmez et al, [14]: i) generate reference
percentage tree cover data, ii) derive metrics from
MODIS data, iii) select predictor variables, iv) fit
RT models, v) undertake accuracy assessment and
produce final model and map (Figure 2).
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Figure 2. Percent tree cover map of Turkey

Accuracy of the percent tree cover map was
defined with correlation coefficent. The CC of the
percent tree cover for Turkey is 0.83. It is showed
that the percent tree cover map of Turkey was
derived by means of RT technique with a
reasonable accuracy.

3. RESULTS AND DISCUSSION

The aim of this study is to estimate the response of
NPP to regional climate changes in Turkey using a
biogeochemical modelling approach. Present and
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future projections of NPP were estimated in
Turkey in respect the climate change effects. Total
NPP carbon budget for the whole region and each
land cover class were calculated and the changes
were defined.

The 11-yr datasets of MODIS and climatic
parameters were used to estimate the patterns of
monthly variability of NPP in relation to climate
change in Turkey. The NASA-CASA model was
run over Turkey for 10-year simulation with
respect to FPAR and LUE.
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Modelling results showed that the forest NPP in
the baseline (2000-2010) condition varied
spatially and temporally across the study region.
The mean NPP differed significantly among all

28°0'0"E 32°0'0"E
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months ranged from 32.05 to 169.64 gC m? yr™.
Annual total NPP is shown in Figure 3 and total
NPP were mapped at a 250 m grid cell size.
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Figure 3. Total NPP map derived from CASA model (250 m)

The NASA-CASA model was run over Turkey for
a 20 year (2060-2080) simulation with respect to
projected climate time-series. Model simulations
were intented to reflect the monthly and annual
variability of NPP response in RCP 2.6 scenario
defined by IPCC where rainfall and air
temperature can vary substantially for long-term
average amounts. The long-term mean annual
temperature indicated an increase of 1.5-2°C for

NLEF
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—
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=
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scenario RCP 2.6 for 2060-2080 compared to
present conditions.

The CASA Model simulations indicated a
significant increase for spring season for 2060-
2080 period. However, a dramatic decrease was
simulated for scenario RCP 2.6 during summer.
Monthly variations of NPP for the land cover
classes in Figure 4.
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Figure 4. Monthly differences of NPP fluxes for different land cover classes between present and future
(NLEF: Needle Leaf Evergreen Forest, BDF: Broadleaf Evergreen Forests, MBNLF: Mixed

Broadleaf and Needleaf Forests)

An increase will occur in spring and winter
seasons due to projected temperature increases for
RCP 2.6. In summer, a decrease of NLEF NPP
occurs due to higher temperature. The total NPP
was estimated as 1969.54 gCm?y™* for 2060-2080.

MNBDF stands cover wide areas in the region and
its productivity is an important indicator for the
ecosystem performance and carbon fluxes. Total
annual MNBDF NPP was estimated as
1400 gCm?™ for RCP 2.6 scenarios. Monthly
Grassland NPP are estimated approximately
between 10 and 200 gCm?y™.

Agricultural production provides a significant
contribution to Turkey’s economy. NPP amounts
indicate the performance of agricultural
productivity. CASA model was simulated a minor
increase in NPP of agriculture areas. An increase
will occur with approximately +102 gCm?y™.

The assessment of the climate change scenarios
and their impact on the NPP and its variations
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were constituted by analyzing the model
predictions. Model results were interpreted and
summed for each land cover class over Turkey.
Model NPP estimations for the land cover classes
and total NPP carbon amounts are shown in
Table 1.

Table 1. Annual Total NPP Estimations and their
responses to different climate scenarios
for Turkey (MT: Million tons)

Land 2000-2010 2060-2080
Cover Present NPP RCP2.6
Classes Annual Total Annual Total
(@Cm%™ | (MT) | (@Cm*™") | (PH
BDF 1839.71 9.34 1969.54 10.00
MBNLF 1311.06 18.50 1400.43 19.76
NLEF 1665.93 9.96 1810.18 10.82
Grasslands 875.59 10.06 943.90 10.84
BSBS 1260.99 1.39 1329.12 1.47
Bare Soil 665.35 12.93 708.10 13.76
Agriculture 1008.15 42.60 1084.36 45.82
Total 3130 104.78 3056 112.47

The mean annual NPP simulations of BDF stands
indicated an increase of +130 gCm?y™* for scenario
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RCP 2.6. NLEF and MBNLF stands also indicated
a reasonable increase of up to +140 gCm?y™ for
future. MBNLF stands showed also significant
differences in terms of their NPP amounts in

precipitation changes that were
modelling process.

included

future. The strongest impact of the projected
climate change was estimated on NPP in BDF
stands. Grasslands and agricultural fields also
showed a critical response to the temperature and

The difference between present and future NPP

fluxes were mapped with 250 m spatial resolution

for the RCP 2.6 scenario. The difference NPP

maps of present and future (RCP 2.6) are shown in

Figure 5.
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Figure 5. Difference NPP Map between 2000-2010 and 2060-2080 (RCP 2.6)

4. DISCUSSION

future were also estimated using the CASA model.

NPP showed significant differences in terms of its
spatial distribution in the region. An increase of
+626 gCm’y! was estimated within RCP 2.6
scenario. The
northern part of Turkey where the BDF stands are
located. Future simulation results indicated an
increase in northern areas and a strong decrease in
southern part. The spatial distribution in the
difference NPP maps indicates that the higher
elevation regions are experiencing the largest
increase primarily because of a large increase in
temperature and a decrease in precipitation. The
decrease of annual NPP was estimated as -402

gCm?y™.
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The time frame 2060-2080 were modelled and the
changes in monthly and annual NPP fluxes were
estimated. The results indicated a slight increase of
total NPP and carbon. The increase of NPP
showed slight differences in terms of its spatial
distribution. The distributed model results
emphasised the importance of high resolution
input data for regional impact analysis in respect to
the climate changes. Higher spatial data
contributed to increase the capability of the model
to capture the local changes in vegetation NPP and
its distribution. In particular, MODIS data hold
great potential for predicting NPP with CASA
model because of its appropriate spatial and

increase will occur mostly in
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spectral resolutions. Its spatial capability can
include the heterogenity of the region to the NPP
modelling. Moreover, CASA was the appropriate
model for handling the vegetation heteoregenity in
the region which has sparse coverage and high
species diversity.

A distinct increase in forest NPP was simulated,
resulting from the lower precipitation and higher
temperature for the lowland regions. Particularly,
Meditreranean part of Turkey is already a relative
temperate and humid region that would even have
worst conditions due to the projected future
climate changes during summer. These conditions
can have major influence on vegetation potential
and its productivity. Such influences would have
negative future effects on the ecosystem
performance in the lower regions of Turkey.

Total carbon amounts in respect to terrestrial NPP
was also calculated for present and future
conditions. The present NPP carbon was simulated
as 9.34 MT annually. The results indicated an
increase of 0.66 MT for scenario RCP 2.6 by the
period of 2060-2080. The results indicated an
increase of NPP particularly in higher zones.
Addressing the temperature increases, the central
part of the region can have more dry conditions
that will indicate a decrease for NPP and local
carbon budgets.
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Refrakter Tuglalarin Teknolojik Ozelliklerinin incelenmesi
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Yapilan calismada bazi refrakter hammaddelerin farkli oranlarda karistirilmast ile elde edilen refrakter
tuglalarin  6zellikleri incelenmistir. Inceleme Remsan A.S.’nin kullandizn hammaddeler ve bu
hammaddelerden iiretilen refrakter tuglalar {izerinde yogunlastirilmustir. {lk asamada, refrakter tugla
bilinyesine giren bazi hammaddelerin kimyasal ve mineralojik 6zellikleri belirlenmistir. Ardindan degisik
oranlarda refrakter hammaddeler ve katkilar kullanilarak Remsan A.S. tarafindan iretilen refrakter
tuglalarin kimyasal, mineralojik ve teknolojik 6zellikleri belirlenmistir.

Incelemeler sonunda, refrakter tuglalarin bilesimlerine giren malzemelere bagl olarak farkli sicakliklarda
kullanilabilir oldugu ve dayanimlarinin degisiklik gosterdigi anlagilmustir.

Anahtar Kelimeler: Refrakter tugla, Kimyasal 6zellik, Mineralojik 6zellik, Teknik 6zellikler

Investigation of Technological Properties of Refractory Bricks
Abstract

In this study, the properties of refractory bricks obtained by mixing some refractory raw materials at
different ratios were examined. The examination is focused on the raw materials used by REMSAN Inc.
and the produced refractory bricks. Firstly, chemical and mineralogical properties of some raw materials
kind of refractory bricks are determined. Then, chemical, mineralogical and technological properties of
refractory bricks which using different proportions of refractory raw materials and additives produced by
Remsan Inc. were determined.

At the end of the tests, it is shown that the refractory bricks can be used in different temperatures and
have different endurances according to materials contained.

Keywords: Refractory brick, Chemical property, Mineralogical property, Technological properties
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Refirakter Tuglalarin Teknolojik Ozelliklerinin Incelenmesi

1. GIRIS

Refrakterler, atese dayanikli malzemeler olarak
tanimlanir. Refrakter malzemeler 1000°C’nin
iizerindeki sicakliklarda uzun siire kullanilabilirler
[1,2]. Refrakter malzemeler 1siya dayanikli
olduklar1 igin 1s1 gecirmeyen malzemelerdir.
Yakma ortamlarinda refrakter malzeme
kullanilmast durumunda 1s1 gecisi/kagist en az
olmakta; yakit tasarrufu saglanmakta ve buna bagh
olarak da karbondioksit olusumu azalmaktadir.

Refrakter  killer  refrakter  sanayiinin  ana
hammaddesini teskil eder. Kullanimlar1 giinden
giine artmakta ve Ozellik arzeden yeni kullanim
alanlar1 da gelismektedir [3,4]. Cogu zaman
refrakter malzemenin gorevi yliksek sicaklikli
reaksiyon ortamini distan perdelemek ya da mufl
firmlarda aksine olarak sicak ortamdaki 1siy1 firin
igerisine tasimak olabilir. Yapisal diizenlerinden
dolay1 camlarin 1s1 iletme katsayilar1 6zgiil 1siya
gore degisir ve 1s1 iletme kabiliyeti sicaklik
yiikseldikge artar. Bu karakteristik cam fazli atese
dayanikli malzemelerde az ya da ¢ok etkili olur.
Hafif tuglada oldugu gibi ¢ok biiylik gézeneklere
sahip malzemelerde gozenek cidarlar1 radyasyon
aligverisine istirak ettiklerinden dolay1 1s1 iletme
kabiliyetlerinde yiikselme gosterirler.

Sicaklik degisimlerine dayanim 1sil sok dayanim
olarak tanimlanir. Isletme esnasinda 1sitma ve
sogutma veya sicaklik salinimlari malzemenin
yiizeyi ve merkezi arasinda sicaklik farklari ve
bunun sonucu olarak da genlesme gerilmeleri
meydana getirir. Bir cisim her tarafindan
sogutuldugunda yiizey boyunca ¢ekme gerilmeleri
ve merkezinde basma gerilmeleri meydana gelir.
Olusan 1s1l gerilmeler, malzemenin dayanimini

asarsa catlaklar meydana getirerek malzemenin
pargalanmasina neden olur. Sicakligin yiikselmesi
ile kati hacimde meydana gelen genisleme ile
birlikte  gdzeneklilik azalir.  Gozenekliligin
azalmast ile refrakter malzeme yumusar. Bu
Ozellik malzemenin karakterini tayin eder.
Gozenekliligin  azalmasiyla  orantili  olarak
yogunlukta artig goriiliir. Refrakter malzemenin
yogunlugunun erime sirasinda degisimi biiyiik
onem tasir. Erime olay1 ile birlikte hacim degisir
ve malzemenin fiziksel Ozelliklerinde biiyiik
sapmalar olur.

Refrakter malzemelerin en 6nemli 6zelligi yik
altinda sekil degistirmeye karst géstermis olduklar
direnctir. Refrakter malzemelerin sogukta basing
dayanimina malzemenin yapisi ve Ozellikle
gbzenek miktart etkir. Atese dayanikli tuglalar oda
sicakliginda pek az sekil degistirme gosterirler.
Yiksek sicaklikta farkli tane biylkligi ve
gozenek dagilimi ile yapidaki degisik fazlarin
arasindaki  gerilmeler  nedeniyle  catlaklar
olusabilir. Kural olarak cam fazinin miktariin
yiikselmesiyle dayanim artar. Firin igerisinde
kullanim i¢in bu yeterli olmaktadir. Tasima
esnasinda kayiplar1 6nlemek i¢in dayanim en az 3
MPa olmalidir. Mekanik dayanim ve asinma
direnci yaklasik 1000°C’ye kadar durumunu
muhafaza eder. Daha yiiksek sicakliklarda cam
fazinin artmasiyla birlikte aginma dayanimi azalir

[5,6] (Cizelge 1).

Cekme olayinin meydana gelmesi genellikle
malzemenin {iretim sirasinda yeterli derecede
pismemesinden  veya  refrakter  Ozelliginin
olmayisindan ileri gelir. Genisleme nedeni ise
malzemenin  yapildigt hammaddenin  parca
biiyiikliigiiniin yetersiz olmasindandir.

Cizelge 1. Bazi refrakter tuglalarin 6nemli 6zellikleri [5,6]

Malzeme tiiri | Sogukta basma dayanimi (MPa) Elastiklik modiilii (GPa) | Poisson sabiti | Yogunluk
Silika tugla 15-50 11-25 0,6-0,25 1,8-2,2
Samot tugla 13-60 24-30 0,20-0,40 1,8-2,2
Periklas tugla 30-100 110-140 0,19-0,30 2,8-3,3
SIC tugla 30-90 - - 2,3-2,8
Karbon tugla 20-60 12-13 0,21-0,23 1,3-1,6
Ates tuglasi 3-10 2-8 0,12-0,17 0,4-1,2
Al,O4 196-300 240-400 0,2-0,3 3,3-3,6
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Samot ve magnezit tuglalar iiretimleri sirasinda
daralma, silika tipi tuglalar genisleme gosterir.
Fazla miktarda hacim degisimi ¢atlamalara neden
olur.

Refrakter malzemeler elektrigi iyi iletmezler, yiik
altinda kirilgandir, ergime noktalar1 yiiksektir
mikro ve makro yapida heterojendir.

Firin tipi, liretim teknolojisi ve {iretim cinsine gore
firmlarda uygulanan prosesler degismekte ve her
degisen proses, degisik tiir ve 6zelliklerde refrakter
kullanmay1 gerektirmektedir. Bu nedenle ¢ok
degisik refrakterler tiretilmektedir.

Yapilan ¢alisma kapsaminda, ilk agsamada refrakter
tugla tiretiminde kullanilan malzemelerin kimyasal
ve mineralojik 6zellikleri; ardindan hammaddeler
ve degisik katki maddeleri kullanilarak iretilen
tuglalarin  kimyasal, mineralojik ve teknolojik
ozellikleri analizler ve deneyler ile belirlenmeye
calistlmustir.

2. MATERYAL VE METOD

Incelenen refrakter numuneleri REMSAN A.S.
(istanbul)’nin kullandigi hammaddelerden ve bu
hammaddelerle yapilan refrakter tuglalardan
segilmistir. Ornekler {izerine uygulanan deneyler
REMSAN A.S. ve Cukurova Universitesi Maden
Miihendisligi Bolimi laboratuarlarinda
yapilmgtir. Yapilan caligmalarda, farkli
hammaddelerin ve bu hammaddelerden farkli
oranlarda karistirilarak iretilen refrakter tuglalarin
Ozellikleri incelenmistir [7].

Tuglalar, farkli bilesimlerdeki refrakter
hammaddelerin  degisik oranlarda karigtiricida
ortalama %6 su ilavesi ile yaklagik 2-3 dakika
karistirilmasi ile elde edilmis hargtan iretilmistir.
Yeterince  karistirilan  karigim  vibrasyonlu
masalarda yer alan 75x75x75 mm boyutlarindaki
kaliplara dokiilmiis etiketlenerek priz siiresinin
tamamlanmasi beklenmistir. Tuglalar donduktan
sonra kaliplarindan sokiilerek farkli sicakliklardaki
firinda pigirilmistir. Firindan ¢ikan pismis tuglalar
soguduktan sonra tugla Ozelliklerini belirleme
deneylerine tabi tutulmustur.

C.U. Miih. Mim. Fak. Dergisi, 31(OS 2), EKim 2016
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Deneysel  ¢alismalarda  kullanilan  refrakter
tuglalarin iretiminde kullanilan hammaddelerin
isimleri, ticari olmasi nedeni ile agik¢a
verilmeyerek kodlarla gosterilmigtir. Refrakter
tuglalar ise Remsan A.S.’nin kullandig: isimleri ile
belirtilmistir. Sirket sirr1 olmasi nedeni ile yapilan
calisma kapsaminda refrakter tuglalarin tiretiminde
kullanilan hammadde karisim  oranlari  da
belirtilmemektedir. Refrakter tugla bilesimine
giren hammaddelerin neler oldugu yapilan
kimyasal ve mineralojik analizler ile belirlenmeye
calistlmig; hammaddeler ve degisik katki
maddeleri kullanilarak {iretilen tuglalarin kimyasal,
mineralojik, mekanik ve teknolojik 6zellikleri
yapilan analizler ve deneyler ile anlasilmaya,
belirlenmeye ¢aligiimustir.

Refrakter oOrneklerinin kimyasal analizleri XRF
(Siemens SRS 300  X-ray  Fluoresans
Spectrometer) kullanilarak, mineralojik tanimlama
kalitatif ve yar1 kalitatif analiz yontemi (XRD)
Rigaku Minflex 2 ile ve sonik hiz ol¢tiimii (P
dalgasi) pundit cihaz1 (CNS Farnel Pundit Plus C)
ile yapilmigtir.

3. ARASTIRMA BULGULARI
3.1. Toz Haldeki Numuneler
3.1.1. Kimyasal Analiz

Remsan A.$.’den getirilen refrakter tugla
yapiminda  kullamilan ~ toz  haldeki  baz
hammaddelerin kimyasal analizleri XRF yontemi
ile yapilmis ve analiz sonuglart Cizelge 2’de
verilmistir. Kimyasal analizi yapilan orneklerin
kimyasal bilesimleri géz 6niine alindiginda 1 nolu
ornegin kil veya samot tugla (atese dayanikli
killerden elde edilir. Bu killer alkali, toprak alkali,
muskovit veya mika igerebilir), 2 nolu Ornegin
silika, 3 ve 4 nolu oOrneklerin yiiksek Al,O;
bilesimine sahip olmasi nedeniyle korundum veya
korund tugla (1700°C ve iizeri sicakliklarda sivi
gaz miktar1 diiserek kristal olusumu saglanir; yiik
altinda refrakterlik artar) ve 5 nolu drnegin boksit
veya disten (boksit ve disten bilesim olarak
%40-55 Al,O; ihtiva eden bir mineraldir) oldugu
diistiniilmektedir.
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Cizelge 2. Toz halindeki 6rneklerin kimyasal analiz sonuglart (%)

Ornek Al,O; SiO, CaO TiO, Fe, 0 K.0
1 34,10 58,54 0,304 1,112 3,070 1,790
2 1,260 96,67 0,013 0,1054 -
3 98,76 0,18 0,108 0,013 0,020 -
4 96,47 - 0,066 0,380 0,0335 -
5 43,20 52,53 0,379 - 1,562 -

3.2. Mineralojik Analiz

Mineralojik analiz i¢in XRD cihaz1 ile gekilen
paternler incelendiginde 1 nolu 6rnegin kil, 2 nolu
ornegin silika, 3 nolu 6rnegin kil katkili korund,
4 nolu Ornegin boksit katkilt korund ve 5 nolu
ornegin  boksit olabilecegi  diisiiniilmektedir.
Incelenen &rnekler ve eklenecek katkilar degisik
oranlarda karigtirilarak refrakter tugla iiretimi igin
uygun harglar olusturulmasina olanak
saglanabilecektir.

0Os 120

3.2. Refrakter Tugla Deney Numuneleri

Refrakter tuglalar iizerinde lup ile yapilan
incelemelerde hamur maddesi igerisinde yer alan
tanelerin yar1 Ozsekilli-6zsekilsiz ve belirgin
porfirik yapili (ince ve iri tanelerin birlikte
bulunmasi) oldugu goézlenmistir. Tuglalarin dis

yiizeylerinde degisik oranlarda ve
degisik geometrilerde  bosluklar  goriilmiistiir
(Sekil 1).

f

Sekil 1. incelenen refrakter tuglalarin goriintiisii (a. Remlowcast 50 vibration castable, b. Remgun 60 SIC
10 GG gunning, c. Remlowcast 75 vibration castable, d. Remlowcast 70 SIC vibration castable,
e. Remlowecast 70 Zr vibration castable, f. Remlowcast 60 SIC 30 vibration castable)
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3.2.1. Kimyasal Analiz

Remsan A.§.’den getirilen alti farkli refrakter

Ozen KILIC, Selin YARBIL

dayanabilecek yliksek mukavemete sahip olacagi
Fe,03 oranmin diisikk olmasi ile de tuglalarin
erozyon ve asinmaya karst yliksek mukavemet

tuglanin kimyasal analizleri XRF yontemi ile sergileyecegi disiiniilmektedir. Al,O3 oram
yapilmis ve analiz sonuglart Cizelge 3’de fazla olan bilesenlerden iiretilen tuglalarin
verilmistir. Incelenen refrakter tuglalarin >%50 dayamm  degerinin  ise  yilksek  olacag
Al, O3 ihtiva etmesi nedeni ile sicaklik soklarina  diisliniilmektedir.
Cizelge 3. Refrakter tuglalarin kimyasal analiz sonuglari (%)

Ornek Al,03+TiO, | SiO, | Fe,03 | CaO | MgO | ZrO, | SiC | Alkali
Remlowcast 50 vibration castable 51 448 12 19| 01 - - 0,6
Remgun 60 SiC 10 GG gunning castable 59,6 20,21 0,8 4.9 - - 14 0,2
Remlowcast 75 vibration castable 75,9 20 | 13 | 17 - - - 04
Remlowecast 70 SIC vibration 29 9,2 0,2 1,8 | 0,1 59,5 0,1
Remlowcast 70 Zr vibration castable 71 199] 15 |16 - 5,7 0,1
Remlowcast 60 SIC 30 vibration 39,7 26 | 0,62 | 1,8 - - 31 -

3.2.2. Mineralojik Analiz

Refrakter tugla drneklerinin mineralojik analizleri
C.U. Maden Miihendisligi Boliimii laboratuarinda
bulunan XRD cihazi ile gergeklestirilmis ve elde
edilen XRD paterni sonuglarinin incelenmesinden;
Remlowcast 50 vibration castable’in mullit,
anortit,

Remgun 60 SIC 10 GG gunning’in anortit,
korundum, mullit, andalusit,

Remlowcast 75 vibration castable’in sillimanit,
ilvait,

Remlowcast 70 SIC vibration castable’in mullit,
Remlowcast 70 Zr vibration castable’in mullit ve
Remlowcast 60 SIC 30 vibration castable’n
andalusit ve mullit minerallerinden olustugu
belirlenmistir.

Mineralojik inceleme sonuglarina gore refrakter
tuglalarda kil grubu minerallerin hakim oldugu ve
incelenen Orneklerin yilksek sicakliklara kolayca
dayanan iyi kalite refrakterler grubunda olacak
sekilde iretildigi anlagilmistir.

3.2.3. Incelenen Refrakter
Ozellikleri

Tuglalarin

3.2.3.1. Remlowecast 50 Vibration Castable

75x75x75 mm’lik kaliplara dokiildiikten sonra
pisirilen Remlowcast 50 vibration castable
refrakter tugla numunesinin  fizikomekanik
ozellikleri Cizelge 4’de ve teknik Ozellikleri ise
Cizelge 5’de verilmistir.

Cizelge 4. Remlowecast 50 vibration castable numunesinin fizikomekanik 6zellikleri

Sicaklik | Kirilma Modiilii | Basma Mukavemeti Kalici Boyutsal Termal Kondiiktivite
(°C) (kg/cm?) (kg/cm?) Degisme (%) (kcal/°C.h.m)
110 105 660 - -

820 110 700 +0,1 -
1100 138 720 +0,2 0,65
1250 160 800 +0,2 0,7
1400 190 1000 -0,2 0,8
1500 200 1100 - -

Remlowcast 50 vibration castable numunesi
icerisindeki Al,O; miktart %50 olan diisiik
¢imentolu, vibrasyon uygulamali beton
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refrakterdir. Yiiksek yogunluklu, diisiik poroziteli
ve c¢ok yiiksek mukavemet degerlerine sahip bir
malzeme olmasinin nedeninin biinyesindeki su
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miktarinin az olmasi oldugu diisiiniilebilir. Fe,03
oraninin diisiik olmasi nedeni ile erozyon ve
aginmaya kars1 yiiksek mukavemete sahiptir. Yik
altinda sicakta deformasyonun az olmasi istenen
yerlerde  kullamimi  uygundur.  Remlowcast
50 vibration castable 110-1550°C arasi servis
sicakligina sahiptir.

Cizelge 5. Remlowcast 50 vibration castable
numunesinin teknik 6zellikleri

Servis sicakligt 1550°C

Yumusama sicakligi 36°C

Kuru malzeme ihtiyaci 2,3 kg/d m°

Katilacak su miktar1 %6 en fazla

816°C’de Porozite 17,5

Caligma siiresi 90, 120 dakika en fazla

3.23.2. Remgun 60 SiC 10 GG Gunning
Castable

75x75x75 mm’lik kaliplara dokiildiikten sonra
1400°C’de pisirilen Remgun 60 SiC 10 GG
gunning castable refrakter tugla numunesinin
fizikomekanik ozellikleri Cizelge 6’da ve teknik
ozellikleri ise Cizelge 7’°de verilmistir.

Igeriginde %58 Al,O5 ihtiva eden Remgun 60 SiC
10 GG gunning castable yapida bir betondur.
Firinda 1400°C’de pisirilerek refrakter tugla haline
getirilmistir. Icerisine silicon carbide eklenerek
cok vyiiksek yapigma ve yiiksek mukavemetli
olmast saglanmistir. 110-1400°C aras1 servis
sicakligina sahiptir.

Cizelge 6. Remgun 60 SIC 10 GG gunning castable numunesinin fizikomekanik 6zellikleri
Sicaklik Kirilma Modiilii Basma Mukavemeti Kalici Boyutsal | Termal Kondiiktivite
(°C) (kglcm?) (kglem?) Degisme (%) (kcal/°C.h.m)
110 95 360 - -
820 68 200 -0,1 1,2
1100 69 250 -0,2 1,05
1400 95 300 -0,5 -
Cizelge 7. Remgun 60 SIC 10 GG gunning Remlowcast 75 vibration castable numunesi
castable numunesinin teknik 6zellikleri bilesiminde en az %75 Al,O3 igeren diislik
Servis sicakligi 1450°C cimentolu, oOzellikle vibrasyonlu ddkiimlerde
Yumusama sicaklig 35°C kullanilan bir malzemedir.
Kuru malzeme ihtiyaci 2,4 kg/dm3
Katilacak su miktart en fazla %12 Biinyesindeki su miktarmin ¢ok diisiik olmasi

3.2.3.3. Remlowcast 75 Vibration Castable

75x75x75 mm’lik kaliplara dokiildiikten sonra
820°C’de pisirilen Remlowcast 75 vibration
castable refrakter tugla numunesinin
fizikomekanik ozellikleri Cizelge 8’de ve teknik
ozellikleri ise Cizelge 9°da verilmistir.

nedeni ile yiiksek yogunluga, disiik poroziteye ve
diger numunelere gore yiiksek mukavemete
sahiptir. Fe,O3 oranmin diisiik olmasi nedeni ile
erozyon ve asinmaya karsi yiiksek mukavemete
sahiptir ve yiik altinda sicakta deformasyonun en
az olmasi istenen yerlerde kullanimi uygundur.
110-1600°C arasi servis sicakligina sahiptir.

Cizelge 8. Remlowcast 75 vibration castable numunesinin fizikomekanik 6zellikleri

Sicaklik| Kirilma Modiilii Basma Mukavemeti Kalic1 Boyutsal Termal Kondiiktivite
(°C) (kglcm?) (kglcm?) Degisme (%) (kcal/°C.h.m)
110 120 650 - -
820 160 750 -0,18 0,980
1100 170 1100 -0,21 0,95
1400 180 1200 0,4 1,05
1600 140 1250 0,15 1,15
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Cizelge 9. Remlowcast

75 vibration

castable

numunesinin teknik 6zellikleri

Servis sicakligi 1760°C
Yumusama sicakligi 39°C

Kuru malzeme ihtiyaci 2,5 kg/d m°
Katilacak su miktari %5 en fazla
816°C’de porozite 18,7

Caligma siiresi en fazla 90, 120 dakika

Ozen KILIC, Selin YARBIL

3.2.3.4. Remlowcast 70 SIC Vibration Castable

75x75x75 mm’lik kaliplara dokiildiikten sonra
1100°C’de pisirilen Remlowcast 70 SIC vibration
castable refrakter tugla numunesinin
fizikomekanik 6zellikleri Cizelge 10°da ve teknik
ozellikleri ise Cizelge 11°de verilmistir.

Cizelge 10. Remlowcast 70 SIC vibration castable numunesinin fizikomekanik dzellikleri

Sicaklik | Kirllma Modiili | Basma Mukavemeti Kalic1 Boyutsal Termal Kondiiktivite
(°C) (kglcm?) (kglem?) Degisme (%) (kcal/°C.h.m)
110 129,5 760 - -

820 176,5 1500 -0,18 -
1100 230 1300 -0.21 6,98
1200 248 1200 0,15 6
1350 263 1300 0,45 -

Cizelge 11. Remlowcast 70 SIC vibration castable
numunesinin teknik 6zellikleri

Servis sicakligi 1400°C
Yumusama sicakligi 30°C

Kuru malzeme ihtiyaci 2,6 kg/d m°
Katilacak su miktari %4-4,5
816°C’de porozite 18,7

Calisma stiresi en fazla 90, 120 dakika

Remlowcast 70 SIC vibration castable numunesi
bilesimine %59,5 SiC eklenen diisiik ¢gimentolu bir
malzemedir. Yiiksek yogunluklu, diisiik poroziteli
ve ¢ok yiiksek mukavemet degerlerine sahip bir
malzemedir. Fe,0; oram disik oldugu igin
erozyon ve asinmaya karsi yiiksek mukavemet
sahiptir. 110-1350°C arasi servis sicakligina
sahiptir.

3.2.3.5. Remlowecast 70 Zr Vibration Castable

75x75x75 mm’lik kaliplara dokiildiikten sonra
1400°C’de pisirilen Remlowcast 70 Zr vibration
castable refrakter tugla numunesinin
fizikomekanik 6zellikleri Cizelge 12°de ve teknik
ozellikleri ise Cizelge 13’de verilmistir.

Remlowcast 70 Zr vibration castable numunesi
%70 Al,O3 ihtiva ettigi i¢in diger numunelere gore
yiikksek mukavemete sahiptir. Yiiksek yogunluklu
ve diisiik porozitelidir. Fe;O3 orani diisiik oldugu
icin erozyon ve aginmaya kars1 yiiksek mukavemet
gosterir ve yiik altinda sicakta deformasyonun
minimum olmasi istenen yerlerde kullanim
uygundur. 110-1350°C arasi servis sicakligina
sahiptir.

Cizelge 12. Remlowcast 70 Zr vibration castable numunesinin fizikomekanik 6zellikleri

Sicaklik | Kirilma Modiilii Basma Mukavemeti Kalic1 Boyutsal Termal Kondiiktivite

(°C) (kg/cm?) (kg/cm?) Degisme (%) (kcal/°C.h.m)
110 129,5 750 - -
820 176,5 850 -0,18 0,98
1100 180 860 0,2 1,05
1400 195 1010 0,3 1,1
1600 200 1040 -0,1 -

C.U. Miih. Mim. Fak. Dergisi, 31(OS 2), EKim 2016
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Cizelge 13. Remlowcast 70 Zr vibration castable
numunesinin teknik 6zellikleri

Servis sicakligt 1760°C
Yumusama sicakligi 39°C

Kuru malzeme ihtiyact 2,8 kg/dm®
Katilacak su miktar1 %5-5,5
816°C’de porozite 18,7

Caligma siiresi en fazla 90, 120 dakika

3.2.3.6. Remlowcast 60
Castable

SiC 30 Vibration

75x75x75 mm’lik kaliplara dokiildiikten sonra

1100°C’de pisirilen Remlowcast 60 SIiC 30
vibration castable refrakter tugla numunesinin

fizikomekanik ozellikleri Cizelge 14°de ve teknik
ozellikleri ise Cizelge 15°de verilmistir.

Remlowcast 60 SIC 30 vibration castable
numunesi 31 SIC ihtiva ettigi icin yiiksek
mukavemete sahiptir. Fe,O3 orani diisiik oldugu
icin erozyon ve aginmaya kars1 yiiksek mukavemet
gosterir ve yiik altinda sicakta deformasyonun en
az olmasi istenen yerlerde kullanimi uygundur.
Yiksek yogunluklu, disiik poroziteli ve ¢ok
ylksek mukavemet degerlerine sahip bir malzeme
olmasinin nedeni biinyesindeki su miktarinin
azlhigidir. 110-1350°C arast servis sicakligina
sahiptir.

Cizelge 14. Remlowcast 60 SIC 30 vibration castable numunesinin fizikomekanik dzellikleri

Sicaklik Kirtllma Modiili Basma Mukavemeti Kalic1 Boyutsal Termal Kondiiktivite
(°C) (kglem?) (kglem?) Degisme (%) (kcal/°C.h.m)
110 110 700 - -

820 120 850 - -
1100 130 1100 -0,15 2,8
1250 140 1300 -0.2 2,95
1350 105 800 -0,3 -

Cizelge 15. Remlowcast 60 SIC 30 vibration castable
numunesinin teknik 6zellikleri

Servis sicakligi 1370°C
Yumusama sicakligi 25°C

Kuru malzeme ihtiyaci 2,5 kg/dm3
Katilacak su miktari en fazla %5
816°C’de porozite 15

Calisma stiresi en fazla 90, 120 dakika

3.2.4. Ultrasonik Test

Refrakter  tuglalara  yapisal  Ozelliklerinin
belirlenmesi ve pisme sirasinda biinyesinde olusan
bosluklarin tespiti amaciyla P-dalgasi1 uygulanmig
ve elde edilen sonuclar Cizelge 16°da verilmistir.

Cizelge 16. Ultrasonik testi deney sonuglar
(km/sn)
Remlowcast 50 vibration castable 3,857
Remgun 60 SIC 10 GG gunning castable 3,003
Remlowcast 75 vibration castable 4,066
Remlowcast 70 SIC vibration castable 4,720
Remlowcast 70 Zr vibration castable 4,411
Remlowecast 60 SIC 30 vibration castable |3,468
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Cizelge 16’da yer alan ultrasonik test deney
sonuglar1 incelendiginde Remgun 60 SIC 10 GG
gunning castable, Remlowcast 60 SIC 30 vibration
castable ve Remlowcast 50 vibration castable
refrakter tuglalarinin P-dalgasi degerlerinin diger
tuglalara gore daha diisiik oldugu goriilmiistiir.
Gozlenen diisiik P-dalgasi degerlerinin tuglalarin

pismesi  esnasinda  olugan  gdzeneklerden
kaynaklandigi diigiiniilmektedir.

4. SONUCLAR

Yapilan c¢alisma kapsaminda, refrakter tugla

iretiminde kullanilan malzemelerin kimyasal ve

mineralojik  6zellikleri  belirlenmis; ardindan
hammaddeler ve degisik katki maddeleri
kullanilarak ~ iiretilen  tuglalarin  kimyasal,

mineralojik, mekanik ve teknolojik o6zellikleri
yapilan analizler ve deneyler ile incelenmistir.

Toz refrakter hammaddelerin  kimyasal analiz
sonuclar1 orneklerin yiliksek saflikta oldugunu ve
refrakterlik derecesini diisiirecek alkali ve toprak
alkali oksitlerin minimum seviyede bulundugunu
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gostermistir. Orneklerin kil veya samot tugla,
silika, korundum veya korund tugla, disten veya
boksit olabilecegi; mineralojik inceleme sonucuna
gore orneklerin kil, silika, kil katkili korund, boksit
katkilt korund ve boksit olabilecegi sonucuna
varilmistir. Incelenen 6rnekler ve eklenen katkilar
degisik oranlarda karistirilarak refrakter tugla
iiretimi i¢in uygun harclar olusturulmasina olanak
saglandig1 anlagilmustir.

Incelenen refrakter tuglalarin >%50 Al,Os ihtiva
etmesi nedeni ile sicaklik soklarima dayanabilecek
yiiksek mukavemete sahip olacagi
diisiiniilmektedir. Fe,O3; oraninin diisiik olmasi
tuglalarin erozyon ve asinmaya karst yiiksek
mukavemet sergileyecegini gostermis; yiik altinda
sicakta deformasyonunun en az olmasi istenen firin
bolgelerinde kullaniminin uygun olacagi sonucuna
varilmasinit saglamistir.

110°C, 820°C ve 1100°C sicakliklarda pisirilmis
refrakter tuglalar iizerinde yapilan tek eksenli
basma dayanim belirleme deneylerinde, incelenen
numunelerden Remlowcast 75 vibration castable
ve Remlowcast 70 SIC vibration castable adli
numunelerin tek eksenli basma mukavemetlerinin
diger numunelere oranla daha yiiksek oldugu tespit
edilmistir. Elde edilen degerlerden korund tuglanin
yiiksek sicakliklarda sivi gaz miktar1 diiserek
kristal olusumu saglanmasi ile yik altinda
refrakterliginin arttig1, ergimis silika tuglanin hig
devitrifikasyona ugramadan kuvarsin
modifikasyonlari sirasinda yogunluklarinin
degismesi nedeni ile yavas sogutulmasi gerektigi
anlagilmistir.

Ultrasonik test deney sonuglari incelendiginde
Remgun 60 SIC 10 GG gunning castable,
Remlowcast 60 SIC 30 vibration castable ve
remlowcast 50 vibration castable refrakter
tuglalarinin P-dalgas1 degerlerinin diger tuglalara
gore daha diisik oldugu goriilmiistir. Gozlenen
diisiik p-dalgasi degerlerinin tuglalarin pismesi
esnasinda olusan gozeneklerden kaynaklandig:
diigiiniilmektedir.

Deneyler sonucunda incelenen 6rneklerin iyi kalite
refrakter oldugu sonucuna varilmistir.
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Abstract

The present study ensures an experimental investigation of NACA4412 wind turbine blade airfoil
prepared with the sandpaper as a roughness device in order to control its flow. The smoke-wire and hot-
wire experiments were carried out at low Reynolds number ranging from 25000 to 75000 and angle of
attack of 8°. As geometrical parameters, height of sandpaper and it location over the airfoil were
conducted. It was positioned 15%-25% chord length. Height of sandpaper was selected 0.5 mm. The
experimental results revealed that the flow over NACA4412 was affected when sandpaper was utilized
because either amount of lift apparently increased or the location and size of laminar separation bubble
(LSB) were changed. As a result, it was shown that the use of sandpaper provided passive flow control
and it was an effective way in terms of delay or suppress separation over NACA4412 airfoil.

Keywords: Low reynolds number, Laminar separation bubble, Surface roughness, Passive flow control

Riizgar Tiirbini Kanadi Uzerindeki Yiizey Piiriizliiliigii Etkisinin Deneysel
Incelenmesi

Oz

Mevcut c¢alisma, akig kontrolii saglamak i¢in piiriizliilik elemani olan zimpara kagidi ile hazirlanmig
NACA4412 riizgar tiirbini kanadinin deneysel caligmasim saglamaktadir. Duman teli ve Sicak-tel
anemometresi deneyleri 8° hiicum agisinda ve 25000 ile 75000 arasinda degisen hiicum acilarinda
gerceklestirilmigtir. Geometrik parametre olarak, kanat iizerindeki piiriizliliiglin yeri ve yiiksekligi ele
alinmigtir. Piriizliilik %15-25 kord boyuna yerlestirilmistir. Zimpara kagidi yiiksekligi 0,5 mm olarak
secilmistir. Onceden deneysel calismalar NACA4412 kanat profilinin aerodinamik performansi agisindan
iyi sonuglar gosterecek mi seklinde diistiniilmistii. Gergekten, deneysel sonuglar zimpara kagidi
kullanildig1 zaman NACA4412 kanat profili lizerindeki akisin etkilendigini ortaya ¢ikardi, ¢iinkii ya

“ Sorumlu yazar (Corresponding author): Kemal KOCA, kemalkoca@erciyes.edu.tr
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kanadin kaldirma miktarinda belli bir artis vardi ya da laminer ayrilma kabarciginin konumu
degistirilmisti. Sonug olarak, zimparanin kullanilmasi pasif akis kontrolii sagladigimi ve NACA4412
kanat profili tizerindeki akis ayrilmasini erteledigi ya da yok ettigini gdstermektedir.

Anahtar Kelimeler: Diisiik reynolds sayisi, Laminer ayrilma kabarcigi, Yiizey piiriizliiliga, Pasif akis

kontroli

1. INTRODUCTION

The global growth in wind energy procurement has
made aerodynamic researchers do investigations
on performance of blade aerodynamic since the
end of last decade. Thus, new opportunities for
innovation have been occurred to obtain the value
of wind energy such as clean resource and low
cost. Either different airfoil models [1] were
searched or flow phenomenon over the airfoil
operating at low Reynolds number such as laminar
separation bubble (LSB), flow separation,
transition [2-7] were studied. It was concluded that
the LSB negatively exhibited major role on
aerodynamic performance. It was seen that LSB
effected the performance by not only increasing
drag and reducing lift [8,9] but also producing
noise and vibration [10,11]. In order to diminish
the negative effects of LSB, some researchers used
membrane to observe the impact of flexibility
[12,13]. Some of them preferred to utilize the
acoustic control methods [14,15]. Furthermore, the
passive control devices such as vortex generators
(VGs) or surface roughness elements were studied
numerically and experimentally. Xue et al. [16]
studied to VGs by using computational fluid
dynamics (CFD) and they concluded that both
aerodynamic performance was increased and lower
acoustic noise was obtained by VGs. @ye [17]
indicated as a result of tests that wind turbine
power increased almost 24% as VGs was used. Lin
[18] investigated various type of VGs. Aside from
the type, it could be said that location, shape, size
with the inclusion of length, height and spacing
among adjacent VVGs play key role on aerodynamic
performance. These variables quite important so
that it affects the flow characteristics over the
airfoil because VGs properly impresses the
separated boundary layer and change LSB
formation, delay the stall phenomena and increase
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maximum lift coefficient by giving high
momentum flow to blade surface.

The content of this study was to investigate a
sandpaper associated with surface roughness
device to reduce flow separation or LSB because it
was previously suspicious whether the sandpaper
would be useful as well as VGs in terms of

aerodynamic  performance. The detailed
experimental  investigations including force
measurement, smoke-wire and hot-wire

experiments were carried out at low Reynolds
number and different angle of attacks. The location
of sandpaper was chosen 15%-25% chord length
and its height was 05 mm and 1 mm.
Additionally, this study made previous study
presented by Koca et al. [19] detailed and
validated. As a result of the experiments, passive
flow control could be obtained by using sandpaper
and it could be said that it influenced the
aerodynamic performance of airfoil by ensuring
the effects on LSB.

2. EXPERIMENTAL RIG AND
MEASUREMENT PROCEDURES

2.1. Wind Tunnel and Flow Conditions

The experiments were performed in wind tunnel
installed in the Wind Engineering and
Aerodynamic Research (WEAR) Laboratory at the
Department of Energy System Engineering in
Erciyes University. The wind tunnel is a low-speed
suction type and it has 50 cm x 50 cm test section
with a transparent plexiglass wall for visualization
processes. It has a low free stream turbulence
intensity in which it is demonstrated 0.3% at
maximum speed (40 m/s) and 0.7% at minimum
speed (5 m/s) [5].
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2.2. Roughened NACA4412 Airfoil

The roughened NACA4412 airfoil was modelled
and fabricated using 3D printer as depicted in
Figure 1.

Figure 1. Fabricated process of
NACA4412 airfoil

roughened

Sandpaper

ﬁgure 2. The
NACA4412 airfoil

location of sandpaper over
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It was thought that the location of sandpaper
would be suitable at 15-25% chord length as a
result of numerical studies carried out in advance
[19]. As seen in Figure 2, the sandpaper was
mounted at 15-25% chord length. Furthermore, the
end plates were used and fixed at each end of
airfoil to prevent tip-vortices effects.

2.3. Hot-wire Experiment

To measure the velocity over the airfoil, turbulence
intensity and Reynolds stress, hot-wire experiment
was carried out at different Reynolds number and
angle of attacks. It was measured using two
dimensional hot-wire probe as shown in Figure 3.
The probe was run from 0.1c to 1.1c thanks to
traverse system. For more data about velocity,
10 cm top of airfoil was chosen and the probe was
approached as possible as close to surface as seen
in Figure 3.

Figure 3. The hot-wire experiment
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2.4. Flow Visualization with Smoke-wire

Experiment

For more detailed information about flow over the
airfoil, it was visualized as flow sheets at low
Reynolds number. The technique was formed with
one slim wire, electrical resistive heating, the oil, a
camera and spot lamps. The wire was located in
front of 50 cm of airfoil. The electrical resistive
heating was performed when small drops of oil
were drained. After sheets of smoke were occurred
and they were visualized with camera.

3. RESULTS AND DISCUSSIONS

3.1. Velocity Measurement Results over

NACA4412 Airfoil

Velocity over the airfoil was experimentally
measured by means of hot-wire experiment at low
Reynolds number ranging from 25000 and 75000.
The results of clean airfoil which means there was
no roughness device over surface was showed at
Figure 4 (a), (c) and (e), respectively. On the other
hand, at Figure 4 (b), (d) and (f), the results of
roughened airfoil were depicted at same Reynolds
number. The roughness device was located at
15%-25% chord length and its height was 0.5 mm.
Meanwhile, angle of attack was 8° at both
experiments. As demonstrated in Figure 4 (a), the
flow separated over the airfoil but the separated
flow vanished when the Reynolds number was
increased at Figure 4 (c) and (e) because inertial
forces exhibited dominant role more than the
viscous forces. As depicted in Figure 4 (b), the
separated flow was also observed over roughened
airfoil but both amount of separation was less than
clean airfoil and separation point went to the
trailing edge. Furthermore, the velocity apparently
increased at roughened airfoil. Thus, it could be
concluded that the amount of lift coefficient
increased more than clean airfoil because the
pressure over surface was less. At Reynolds
number 50000 and 75000, the same cases were
observed like Reynolds number of 25000. Either
the laminar separation bubble size decreased or its
location was changed when the roughness device
was used on airfoil.
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Figure 4. The hot-wire experiment results, 0=8°,
a) 25000, clean. c¢) 50000, clean.
e) 75000, clean. b) 25000, roughened.
d) 50000, roughened. f) 75000,
roughened

Turbulence intensity and Reynolds stress over
surface of roughened airfoil were also evaluated
with operating hot-wire experiment at low
Reynolds number and angle attack of 8° as
indicated in Figure 5 and Figure 6. In Figure 5(a),
(c), (e), it was observed that turbulence intensity
was progressively decreased because of the fact
that raising of inertial forces and decreasing of
vortices effects on airfoil were occurred by
increasing Reynolds number ranged from 25000 to
75000, respectively. As the similar result, the
values of Reynolds stress derogated when
Reynolds number was enhanced. On the other
hand, the amount of turbulence intensity at
roughened airfoil was more than clean airfoil. The
flow gained energy and high momentum thanks to
using roughness device and it easily passed the
turbulence region on surface of airfoil. Thus,
unsteady cases observed at transition region could
be minimized by passing through turbulence
region. As shown in Figure 6, same cases were
occurred when the roughness device was utilized
at different Reynolds number.
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Figure 5. Turbulence Intensity results, 0=8°, a-c-
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Figure 6. Reynolds Stress results, a=8°, ace)
Clean, b-d-f) Roughened, a-b) 25000,
c-d) 50000, e-f) 75000
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3.2. The Results of Smoke-Wire Experiment

Flow visualization with smoke-wire experiment
was performed at Reynolds number of 25000 and
angle of attack of 8° as depicted in Figure 7.
Figure 7(a) referred to clean airfoil whereas
Figure 7(b) mean to roughened airfoil. As seen at
smoke sheets, the flow started to separate 0.3
chord length and reattached almost 0.7 chord
length at Figure 7(a). Thus, long bubble occurred
over the surface. Nevertheless, the flow separation
was also observed at Figure 7(b) despite the
roughness device was utilized but bubble size was
apparently minimized with using of it.

a

Figure 7. The flow visualization with smoke-wire
experiment at Reynolds number of
25000, a=8°, a) clean, b) roughened

The laminar separation bubble size at Figure 8(a)
was smaller than Figure 7(a) because of raising the
inertial forces. Also, the flow almost separated at
0.4 chord length. As indicated in Figure 8(b), the
laminar separation bubble continued to getting
smaller when roughness device was used on
surface.
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a)

b)

Figure 8. The flow visualization with smoke-wire
experiment at Reynolds number of
50000, 0=8°, a) clean, b) roughened

At Figure 9, same cases were happened despite of
the fact that smoke sheets were weak owing to
inertial force. Both the flow separation and the
laminar separation bubble were observed at
Reynolds number of 75000 as seen in Figure 9(a).
At Figure 9(b), both the flow was more steady and
the size of laminar separation bubble decreased by
utilizing the roughness device.

a)

b)

Figure 9. The flow visualization with smoke-wire
experiment at Reynolds number of
75000, 0=8°, a) clean, b) roughened
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4. CONCLUSIONS

In order to flow control over NACA4412 wind
turbine  blade, experimental investigations
including hot-wire and smoke-wire in conjunction
with a roughness device mounted at surface of
airfoil were carried out at Reynolds number
ranging from 25000 to 75000 and angle of attack
of 8°. According to the numerical studies in
advance, the roughness device was located
15%-25% chord length and its height was selected
0.5 mm. As observed at both hot-wire and
smoke-wire experiments, the flow phenomenon
caused negative effect in terms of aerodynamic
performance of airfoil like the laminar separation
bubble or flow separation were affected when the
roughness device was utilized because either the
size of LSB was minimized or its location was
changed by using of roughness device. As a result,
it was shown that the use of sandpaper provided
passive flow control and it was an effective way in
terms of delay or suppress separation over
NACA4412 airfoil.
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Oz

Giines enerjisinden elektrik enerjisi tireten sistemlerde fotovoltaik hiicrelerin sogutulmasi sistem verimini
artirmaktadir. Bu hiicrelerin sogutulmasi i¢in bir¢ok ydntem ve parametre mevcuttur. Bu ¢aligmada alt
yiizeyinde kanatgiklar bulunan fotovoltaik giines panelinin dielektrik siviya daldirma yontemi ile
sogutulmasinda sogutma kanali geometrisi ve panel konumunun fotovoltaik hiicre sicakliklarna etkisi
sayisal olarak incelenmistir. Sayisal analizler kanal ¢ikis genisligi, panelin eksenel ve radyal yondeki
konumu parametreleri icin gerceklestirilmistir. Ayrica, parametre degerlerinin degisimi ile olusan ek
basing kayiplart hesaplanarak sogutma icin gerekli enerji gereksinimi ortaya konulmustur. Analizler
sonucunda kanal ¢ikisinin daraltilmasi ve panelin eksenel konumunun kanal ¢ikisina yakin olmasi
durumunda fotovoltaik hiicreler i¢in daha etkin sogutma saglandigi gdézlemlenmistir. Sayisal ¢aligma
sirasinda elde edilen bulgular sicaklik, basing degisimi, hiz ve sicaklik kontorlerini igeren grafikler
halinde ayrintili olarak sunulmustur.

Anahtar Kelimeler: Fotovoltaik hiicre, Giines paneli, Siviya daldirma

Effect of Channel Geometry and Panel Position at Cooling of Photovoltaic Solar
Panels with Liquid Immersion Method

Abstract

Today, energy consumption have increased significantly because of developed technology. Therefore,
using of fossil fuels have increased step by step. All of these have caused increasing of renewable energy
sources and sustainable energy researches. In this study, the effect of cooling channel geometry and panel
position on the temperature of photovoltaic cells are investigated at cooling of the photovoltaic solar
panel that has fins on its bottom surface, with liquid immersion cooling method, numerically. Numerical
analyses are carried out for parameters of channel outlet width, axial and radial position of the panel.
Also, additional pressure losses that occurred with variation of parameter values are calculated and energy
requirement is introduced for cooling. In consequence of analyses, it is observed that more effective
cooling is provided in the case of narrowing of the channel outlet and panel position is close to channel
outlet. Findings obtained during the numerical study are presented as graphics that include temperature,
variation of pressure, and velocity contours in detail.

Keywords: Photovoltaic cell; Solar panel; Liquid immersion
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1. GIRIS

Son yillarda, artan enerji ihtiyacin1 karsilamak
amaci ile yenilenebilir enerji kaynaklarina olan ilgi
artmustir. Bu  enerji  kaynaklarinin  en
onemlilerinden biri de gilines enerjisidir. Giines
enerjisinden elektrik {ireten fotovoltaik sistemler
giderek artmakta ve bu sistemlerin iyilestirilmesine
iligkin ¢aligmalar 6nem arz etmektedir.

Fotovoltaik  sistem tasariminda en Onemli
parametreler; diisiik ve diizglin dagilimli hiicre
sicakligl, sistem  giivenilirligi ve  kapasite
yeterliligidir.  Ancak, fotovoltaik  hiicrelerin
sogutulmasi bu tiir sistemlerde en biiyiik sorun
olarak goriilmektedir. Bu durum fotovoltaik
hiicrelerin %25 verimle ¢aligmasindan dolay1
kayip enerjinin bir kismmin 1s1 enerjisine
doniismesiyle  meydana  gelmektedir. Bu
hiicrelerdeki asir1 sicaklik artis1 kisa vadede verim
disiisiine sebep olurken uzun vadede geri doniisii
olmayan arizlara neden olabilmektedir [1].

Fotovoltaik sistemlerin sogutulmasi aktif ve pasif
olmak tizere iki sekilde yapilabilir. Pasif sogutma
genellikle 1s1nan yiizeye kanatciklar
yerlestirilmesiyle gerceklesmektedir. Aktif
sogutma ise fotovoltaik hiicrelerin  1sinan
yiizeylerinin akigkan vasitasiyla sogutulmasina
dayanmaktadir [2]. Yiiksek yogunluklu giines
isilarinin etki ettigi sistemlerde aktif sogutmanin
daha etkin oldugu goriilmiistiir [3].

Fotovoltaik  hiicrelerinin ~ sicaklik  degerinin
diistiriilmesi ve yiizeye iiniform dagilmasi sistem
verimini  artirmaktadir [4]. Literatirde bu
saptamadan hareket ile yapilan bir¢ok calisma
bulunmaktadir. Flourscheutz, pasif sogutma
sistemlerini diiz ve kanath diizlemler igin
kargilagtirmistir. Kanatli ylizeylerin diiz yiizeylere
gore daha iyi performans gosterdigi belirlenmistir.
Ancak kanath ylizey imalati maliyetli oldugundan
iyi bir segenek olarak goriilmemistir. Bu
¢alismanin sonucunda disik yogunluklu giines
isilarn icin diiz ylizeyler yeterliyken yiiksek
yogunluklu giines 1sinlar1 i¢in kanath yiizeyler
kullanmanin daha uygun oldugu goriilmiistiir [5].
Cui ve arkadaslari, 400 suns degerinde herhangi
bir sogutma olmadan fotovoltaik hiicre sicakligimin
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1200°C olacagm o6n gdrmiistiir. Ancak sogutucu
bir panel kullanildiginda bu degerin énemli dlgiide
azalacag1 ve hiicre sicakligimin 37°C’ye diisecegi
belirlemiglerdir [6]. Natarajan ve arkadaslar,
fotovoltaik giines hiicrelerinin sogutulmasi ile ilgili
pasif sogutmali ve sogutma sistemi olmayan iki
modeli kiyaslamiglardir. Bu ¢aligmanin sonucunda
5 mm boyunda ve 1 mm kalinhiginda kanath
modelin en verimli model oldugu goriilmiistiir [7].
Coventry [8], fotovoltaik hiicreleri sogutmak igin
aktif sogutma yontemi ve sogutucu akiskan olarak
su kullanmistir. Bunun yaninda korozyona ve
donmaya karsi, suya katki maddeleri eklenmistir.
Bu  karisim  bir  pompa  yardimi  ile
basinglandirilarak hiicrelerin sogutulmasi ve 1siin
geri kazanilmasi igin kullanmustir. Ek olarak
sogutma yiizeyine kanatciklar yerlestirerek 1s1
transferi yiizey alanini artirmig ve sonuglari
incelemistir. Yang Sun ve arkadaslart dogrudan
daldirmali  sogutma icin dikdortgen kanal
kullanarak farkli sivilar i¢in verimlilik analizi
yapmustir. Yapilan c¢alismada daldirma sivisi
kalimliginin ve kanal geometrisinin verimlilige
etkisini incelemiglerdir [9].

Bu calismada, fotovoltaik hiicrelerin sogutulmasi
sirasinda, kanal ¢ikis boyutlarina, panelin eksenel
ve radyal konumunun fotovoltaik hiicre sicakligina
olan etkisi incelenmistir. Bunun yaninda geometri
ve konum degisimlerinin olusturacagi basing
kayiplar1 belirlenmis ve sonuglar sicaklik, basing
degisimi ve hiz kontdrlerini igeren grafikler
halinde ayrintili olarak sunulmustur.

2. FiZIKSEL MODEL

Sekil 1°de ¢alismada ele alinan silindirik sogutucu
kanal ve alt yilizeyinde kanat¢iklar bulunan
fotovoltaik giines paneli geometrisi gériilmektedir.
Kanal, fotovoltaik hiicre ve panel dlgiileri deneysel
sonuglarla karsilastirilmast amact ile Xiang ve
arkadaglar1 [10] tarafindan yapilan c¢aligmadaki
oOlgiilerle ayn1 alinmis ve sogutucu akigkan olarak
deiyonize (saf) su kullanilmistir. Sekil 2’de ise 1s1
transferini artirilmasi amact ile degistirilmis kanal
geometrisi verilmistir. Analizlerde kanal ¢ikist
farkli oranlarda daraltilmis ve panel eksenel ve
radyal yonde farkli konumlara yerlestirilmistir.
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Gilines paneli 88 adet silisyum fotovoltaik
hiicreden ve  bakir  kanatgikli  panelden
olugmaktadir. Sogutucu kanal ise cam malzemedir.
Xiang  ve  arkadaslari  [10]  tarafindan
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gergeklestirilen ¢alismada enine yonde sicaklik
degisiminin ihmal edilebilir seviyede olmasi
nedeni ile bu calismada geometri iki boyutlu
olarak ele alinmustir (Sekil 2).

Sekil 1. 3 boyutlu model

. J h

Sekil 2. Tki boyutlu model

3. SAYISAL MODEL

Calismada akiskanin sikistirilamaz, Newtonian ve
taginim Ozelliklerinin sabit oldugu kabul edilerek
analizler kararli ve tiirbiilans akis kosullari i¢in
gerceklestirilmigtir.  Eksenel yondeki sicaklik
dagiliminin elde edilmesi ic¢in kullanilan temel
korunum denklemleri kartezyen tensoér formunda

C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), Ekim 2016

esitlik  1°de  verilmisgtir. Temel korunum
denklemleri,  siireklilik (1), momentumun
korunumu (2 ve 3) ve enerji denkleminden (4)
olusmaktadir.

Siireklilik denklemi: M + M =0 Q)
OX OX
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x- Momentum: [a(puu) N a(p\/u)j _

0P 2 (s
ox oy ox ox |\

ﬂt)g;]*;[(#Jrﬂt)g;]*;([#gi};y[ﬂg] @

o (057} B ) 555

Enerji: © 2 (o, T) + ;;l(pvcpT):;([(ki+k‘)21]+§y[(ki+kt)g] )

Belirtilen denklemlerde k;, tirbiilansli eddy
iletkenligi p, eddy viskozitesi, p; tiirbiilansh eddy
viskozitesi, p, yogunluk, T, sicaklik, u, x
yoniindeki hiz vektorii, v, y yoniindeki hiz vektorii,
Cp 0zgiil 151, P, basinci temsil etmektedir.

Gilines paneli ve silisyum hiicreler igerisindeki
sicaklik dagilimlarinin  hesaplanmasi igin ise
kararli kosullarda iletimle 1s1 transferi gerceklestigi
kabul edilerek Denklem 5 ile verilen 1s1 iletim
denklemi kullanilmaistir.

Burada ks hesaplama bolgesine bagli olarak
silisyum hiicrelerin ya da bakir panelin 1s1 iletim
katsayisini ifade etmektedir.

3.1. Standart k- Modeli

Yukaridaki diferansiyel denklemlerinin ¢dziilmesi
icin standart k-e modeli tercih edilmistir.
Tirbiilans kinetik enerjisi (k) ve kinetik enerjiye
bagli olarak olugan enerji kayip orami (g)
degerlerinin bulunmasi i¢in asagidaki denklemler

kgV2T =0 (®)  kullanilmustir.

=0’ Ve i G ®)

agk + aglk :g([:lt(gﬂ+§y[:_lt(gl;]+#t®—pe+ C‘;/:ﬂt [9%} Y

aﬁg+aﬁg:a[ﬂtag}a[ﬂt ag]+c g Cp &2 C ( )ﬂpk(gaTJ ®
oy oxlo.ox) dylogoy) Ltk P oy oy

Burada tiirbiilans kinetik enerji iiretimi asagidaki
gibi tanimlanmaktadir.

o GRE I

C,=0,09,
szl,o,

Diger tiirbillans model sabitleri ise
Ci=1,44, C,=1,92, C;=1,0, C4=0,0,
63=1,30, 6=0,9 seklindedir.
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3.2. Siir Kosullar:

Diferansiyel denklemlerin ¢oziimiinde kullanilan
sinir sartlarinda kanal giris bolgesinde hiz, sicaklik
ve basmg degiskenleri baslangic degerinde
(U=Ugirig, V=0, T=T giris, P=Pgiris) kanal ¢ikisinda ise
basing haricinde tim degiskenlerin x ekseni
dogrultusundaki degisimleri sifir alinmustir. Kati
ceperler {lizerinde kaymama kosulu tanimlanmistir
(u=0, v=0). Silisyum hiicrelerin iist ylizeylerine
elektrik liretimi sonrasinda olusan 1sinma miktarini
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modellemek amact ile sabit 1s1 akist degerleri
verilmistir (§@ = Ggny). Silindirik cam kanalin dig
yilizeylerinde ise 1s1 akist degeri sifir alinarak

(g =0) yaltilmis olmasi saglanmigtir. Sinir

kosullar1 igin verilen degerler Cizelge 1°de

goriilmektedir.

Cizelge 1. Sinir sartlarinin degerleri

ugiris(m/ S) Tgiris(oc) Pgiris(bar) (V‘\I;/mmIrZ)
0,32 25,1 1 148000

4. SAYISAL COZUMLEME

Korunum denklemlerinin
¢Oziilmesinde sonlu

ayriklagtirilmasi  ve
yontemi

hacimler

Burak KURSUN, Korhan OKTEN, Gonca DEDE

kullamlmistir. Oncelikle deneysel sonuglarla uyum
saglayacak sekilde hiicre yapist olusturulmustur.
Tim geometri i¢cin 0,5 mm boyutunda dortgen
hiicre yapist kullanilmig ve kat1 ¢eperlerde yigilma
faktorii 10 almarak hiicre yapist siklastirilmigtir
(Sekil 3).

Korunum  denklemlerinin  ayriklagtirilmasinda
birinci dereceden up wind metodu uygulanmig ve
hiz, basing ve sicaklik degerlerinin bulunmasinda
SIMPLE metodu  kullanilmustir. Sayisal
¢oziimlemeler kalinti degerlerinin  siireklilik,
momentum, k ve & denklemleri i¢in 1 x 10*den,
enerji denklemi igin ise 1 x 10%dan az oldugu
kosula kadar devam etmistir.

Sekil 3. Hiicre dagilimi ve yapisi

4.1. Sayisal Sonug¢larin Dogrulugu

Fotovoltaik panel iizerinde elde edilen sicaklik
degerlerinin dogrulugunun ve sayisal ¢oziimiin
hiicre yapisindan bagimsizligmin kontrolii amaci
ile sayisal sonuglar farkli hiicre boyutlar1 igin elde
edilmis ve deneysel sonuglarla karsilagtirtlmisgtir.
0,25 ve 0,5 mm hiicre boyutlar1 ic¢in sicaklik
degerlerinin deneysel sonuglarla uyum sagladigi ve
birbirine ¢ok yakin oldugu goriilmektedir (Sekil 4).
Bu nedenle problemin ¢6ziimii i¢in hesaplama
zamanii kisaltmast ve en yiliksek hata oraninin
yaklagtk %4 olmast sebebi ile 0,5 mm
biiyiikliigiindeki hiicre yapisi tercih edilmistir.
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Sekil 4. Sayisal sonuglarin deneysel sonuglarla
karsilagtirilmasi
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5. BULGULAR VE TARTISMA

Sayisal analizler kanal ¢ikig genisligi, panelin

eksenel ve radyal yondeki konumu parametrelerinin
farkli degerleri igin gerceklestirilmistir. Parametre
degerlerine bagli olarak olusan sicaklik degerleri,
basing kayiplar1 asagida  verilen
sunulmustur.

5.1. Kanal Cikis Boyutunun Etkisi

Sekil 5a’da gortldigi gibi dort farkli h/H orani
icin ¢ozlimleme yapilmig ve kanal ¢ikisinin
daraltilmast ~ sonucunda  panel  iizerindeki
sicakliklarin  diistiigli anlagilmigtir. Bu  durum
daralma ile birlikte akigkan hizinin kanal ¢ikisina
dogru artmasinin tagimmim ile 1s1 transferini de
artirmasi sonucu olusmaktadir (Sekil 6 ve 7).

50 o

a8

T
':r'" :::1
= 43 4 riEaa
X5 =i
Eu‘

5 o

a4 o

3z

30

200 IS0 WG s L]
Eksenal ydn (mm)

Sekil 5. Kanal ¢ikis boyutunun etkisi a) hiicre
sicakliklart

L ]

Sekil 6. Kanal ¢ikis boyutunun etkisi b) hiz
kontorleri (h/H=0,6, 1/L=0,71, k/H=0,5

Sekil 7. Kanal c¢ikis boyutunun etkisi c¢) hiz
kontorleri (h/H=1, 1/L=0,71, k/H=0,5)
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kisimlarda

5.2. Panel Konumunun Etkisi

Giines  panelinin  eksenel  yondeki  farkli
konumlarmin sicaklik tizerindeki etkisi
incelendiginde (Sekil 8a) panelin ¢ikisa yakin
bolgeye yerlestirilmesinin hiicrelerin sicakliklarini
diisiirdiigi goriilmektedir. Bu durum kanal c¢ikis
boyutunun etkisinde bahsedildigi gibi panel alt
ylizeyi ile kanal yilizeyi aras1 mesafenin azalmasi
sonucu akis hizinin artmasindan
kaynaklanmaktadir (Sekil 8b). Kanal girisinde bu
mesafenin artmasi sonucu akigkan hizinin diismesi
ile birlikte hiicre sicakliklar1 da artmustir.

a)

Sicakhik (°C)
=

“.
4 o
n
] i I i i !
mg |/ 0 IS0 400 450 500
Eksanel yén [mm)
b)

Sekil 8. Eksenel hiicre

konumun
sicakliklart, b) hiz kontorleri (h/H=0,8,
1/L=0,99, k/H=0,5)

etkisi  a)

Panelin radyal yonde farkli  konumlara
yerlestirilmesi  Sekil 9’dan da anlagildigi gibi
panelin iist yiizeye yakin olmasi durumunda ilk
stralardaki hiicre sicakliklarinin artmasina sebep
olmustur. Panel  iizerinde son  siralara
yaklasildiginda ise hiicre sicakliklar1  tiim
parametre degerleri igin yaklasik olarak ayni
kalmugtir.
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Sekil 9. Radyal konumun etkisi

Sekil 10°da kanal ¢ikisindaki daralma miktarinin
ve panel konumunun degisimi sonucunda olusan
basing kayiplart goriilmektedir. En yiiksek basing
kaybinin  kanal ¢ikisinin  daralmasi  sonucu
(h/H=0,6) daralmanin olmadigi duruma gore
olustugu anlagilmaktadir. Eksenel yonde kanal
cikisina yakin bolgeye panelin yerlestirilmesi
sonucunda ise basing kaybi bir miktar artmis fakat
radyal yondeki farkli konumlar kii¢iik degigimler
g6z ardi edildiginde basing kaybini etkilememistir.

220
200
E 180
~ 160
2 10
£ o
100 k/H oranina gére
80
60
40
20
0

—— h/H oramina gére

|/ oranina gore

Basing

02 03 04 05 06 07 08 09 1
h/H, I/L ve k/H oranlar
Sekil 10. Farkli parametre degerlerindeki basing
kayiplar1

6. SONUCLAR

Sayisal g¢alisma sonucunda elde edilen bulgular
kanal ¢ikiginin daraltilmast ve panelin eksenel
konumunun  kanal g¢ikisina  yakin  olmasi
durumunda fotovoltaik hiicreler i¢in daha etkin
sogutma kosullarinin saglandigini gostermektedir.
En yiksek 1s1 transferi h/H oranimin h/H=0,6
oldugu durumda elde edilmistir. Kanal ¢ikiginin
daraltilmast panelin kanal ¢ikisina yakin bolgeye
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yerlestirilmesi durumuna gore fotovoltaik hiicre
sicakliklarimin ~ dagilimma daha fazla etki
etmektedir. Raydal yodndeki panel konumu ise
panelin iist yiizeye yakin olmasi durumunda ilk
siralardaki hiicre sicakliklarinin artmasina sebep
olmustur. Panel  ilizerinde son  siralara
yaklasildiginda ise hiicre sicakliklar1  tiim
parametre degerleri icin yaklasik olarak ayni
kalmigtir. Diger yandan h/H oraninin diisiiriilmesi
1s1 transferi ile birlikte basing kaybini da en fazla
oranda artirmaktadir. Bu nedenle calismada ele
alinan parametre degerlerinin sistemin sogutma
ihtiyacina gore en uygun sekilde belirlenmesi
gerekmektedir.
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Nanoparticle Shape Effect on Natural Convection in a Corner
Partitioned Square Cavity
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Abstract

In this study, numerical investigation of natural convection in a corner partitioned square cavity filled
with nanoparticles of different shapes was performed by using finite element method. The left and right
vertical walls of the cavity are kept at constant temperatures while the horizontal walls are adiabatic and
the corner partition is conductive. The numerical study was performed for various values of Rayleigh
numbers, solid nanoparticle volume fractions, radii of the corner partition and different nanoparticle
shapes. It was observed that average heat transfer enhances as the value of the Rayleigh number,
nanoparticle volume fraction and size of the conductive partition increases. Cylindrical shape
nanoparticles show the best performance and spherical ones show the worst performance in terms of heat
transfer enhancement.

Keywords: Conjugate natural convection, Nanofluids, Corner partition, Finite element method

Kose Bolmeli Kare Muhafazada Nanopartikiil Sekil Etkisinin Dogal Konveksiyon
Uzerine Etkileri
Oz

Bu caligmada, farkli sekillerde nanopartikiiller ile doldurulmus koése bolmeli kare boslukta dogal
konveksiyonun sayisal incelenmesi sonlu elemanlar yontemi kullanilarak gergeklestirilmistir. Boslugun
sol ve sag dikey duvarlar: sabit sicaklikta tutulurken, yatay duvarlar adyabatik ve kdse bolmesi iletkentir.
Sayisal ¢alisma farkli nanopartikiil sekilleri ve kdse bolmesinin yarigapi, kati nanopartikiill hacim
kesirleri, Rayleigh sayilarinin gesitli degerleri i¢in uygulanmistir. Rayleigh sayisinin, nanopartikiil hacim
kesrinin ve iletken bolmenin boyutunun artmasi, ortalama 1s1 transferini arttirdigi gozlemlenmistir.
Silindir seklindeki nanopartikiiller en iyi performansi gosterirken, kiiresel olanlar da 1s1 transferinin
iyilestirilmesi agisindan en kotii performansi gostermektedir.

Anahtar Kelimeler: Konjuge dogal konveksiyon, Nanoakiskanlar, Kose bolme, Sonlu elemanlar
yontemi
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1. INTRODUCTION

Natural convection in cavities is encountered in
many engineering applications ranging from
electronic cooling to solar power. This mode of
heat transfer is cheap but it should be enhanced to
have comparable performance to forced
convection.

Active and passive methods cane used to control
the convection inside the cavities. In one of these
methods, partitions are used within the cavity or on
the walls of the cavity to affect the fluid motion
and heat transfer characteristics [1-5]. In heat
transfer applications, nano-size metallic/non-
metallic particles are added to the base fluids such
as water or ethylene glycol to enhance the heat
transfer. The thermal conductivity of the
nanoparticles such as Al,O;, CuO, Cu, TiO,, Ag
have higher thermal conductivity compared to the
heat transfer fluid and inclusion of these particles
enhances the thermal transport for heat transfer
applications as it is shown in many numerical and
experimental studies [6-9]. The size, type effects
on the heat transfer enhancements were used in
many studies, but there are a few studies related to
the shape effect on the heat transfer performance
[10-11].

In this numerical stud, natural convection in a
square cavity having a conductive partition an
filled with nanoparticle of different shapes
(spherical, blade and cylindrical)  were
investigated. The aim was to identify the effects of
parameters on the local and average heat transfer
characteristics. The results of this study can be
used by researchers in different fields that have to
develop a thermal design with natural convection
for specific applications such as electronic cooling,
thermal storage and many others.

2. PHYSCIAL MODEL AND
MATHEMATICAL FORMULATION

A schematic description of the problem is shown
in Figure 1. The square cavity is filled SiO,-water
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nanofluid of different particle shapes (spherical,
blade and cylindrical). A quarter circular
conductive partition was added in the left upper
corner of the cavity with radius r and thermal
conductivity of ks. The left and right vertical
cavity walls are maintained at constant
temperatures of Ty, and T, while the top and bottom
horizontal walls are assumed to be adiabatic. The
flow is assumed to be 2D, laminar and the density
in the buoyancy force was modelled according to
Boussinesq approximation.

Conduciive partition

k,

- -

|
|
v
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-

Nanofluid
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Figure 1. Schematic description of the physical

E—

_

model
M N _y 1
ox oy
2 2

WU L, (O 2 @
X oy py o ox oy
N v 1 dp v v
— V== —+— |+ =T 3)
5X ay pm (?y Vﬂf[axz ayz] :Bmg(T c)

2, 2
W T g, (Fu, @
ox oy ox" oy

For the conductive solid medium:

2 2
ZTTZJrZy—I:O ®)

C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), EKim 2016



2.1. Thermo-physical Properties of Nanofluids

The effective thermo-physical properties of
nanofluids are defined by using the following
formulas:

Pt = 1=) oy +¢pp (6)
(pcp )nf =(l—¢)(pcp )bf +¢(pcp)p @)
(PB)y = Q=) (pB), +9(PB), (8)

where the subscripts bf, nf and p denote the base
fluid, nanofluid and solid particle, respectively.
The effective thermal conductivity of the nanofluid
is given as:

wp+2h)—2¢wf—kg}
o = K 9
(kp +2kf)+¢(kf _kp)

k

Viscosity of the nanofluid given according to
Brinkman model as:

uo=—
To-g®

2.2. Different Nanoparticle Shapes

For nanoparticle shapes other than spherical,
thermal conductivity and viscosity are given by
using the following formulas [11]:

Kot =K (l+ Ck¢) (11)

ty = 1y (L Ag+ A F) (12)

Constants in the above formulations are given in
Table 1 and Table 2.

Table 1. Constants for thermal conductivity of

nanofluids for different nanoparticle
shapes
Nanoparticle type Ck
Cylindrical 3.95
Bricks 3.37
Blades 2.74
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Table 2. Constants for viscosity of nanofluids for
different nanoparticle shapes

Nanoparticle type A A,

Cylindrical 135 904.4
Bricks 1.9 471.4
Blades 14.6 123.3

2.3. Boundary Conditions

The relevant dimensionless physical and
geometrical parameters are:
T, —T,)H?®
Gr — gﬂf( h . c) ,
Vs
Vi
Pr=—, Ra=GrPr, (13)
2%
kr—X Rr-'
Kk, H

The appropriate forms of the dimensional

boundary conditions are:

For the hot vertical wall: U=v=0,T =T,
(10|)

Forthecoldwall: u=v=0,T =T,

Along the interface of fluid domain with the solid
domains:

(&), (5
nj; on )

For the adiabatic walls:

u=v=0, [%j
on

Local Nusselt number along the hot wall of the
enclosure is calculated as:

o ()
’ ke \Lon Jg

=0

w

(14)

0S 145



Nanoparticle Shape Effect on Natural Convection in a Corner Partitioned Square Cavity

where 6 represents the non-dimensional
temperature and S denotes the non-dimensional
coordinate along the wall. Averaged Nusselt
number is obtained after integrating the local
Nusselt number along the hot wall as:

1 H-r
Nu, =—— | Nu,d
= ! ,dy (15)

2.4. Solution Methodology

In order to solve the resulting governing equations
as described above, Galerkin weighted residual
finite element method was used. Weak form the
governing equations with Galerkin procedure is
established. Each of the flow variables within the
discretized finite elements are approximated by
using interpolation functions and then the
approximations are substituted into the governing
equations. Residuals for each of the conservation
equation are then obtained. The convergence of the
solution is assumed and the solution is terminated
when the relative error for each of the variables
denoted by @ satisfy the following convergence
criteria:

(16)

3. RESULTS AND DISCUSSIONS

Figure 2 and Figure 3 demonstrate the effects of
varying Rayleigh number and corner partition on
the flow and thermal fields within the cavity
(¢=0.02, spherical nanoparticles). For low
Rayleigh number and in the absence of the
partition, a singular recirculating vortex is formed.
As the value of the Rayleigh number increases, the
shape of the vortex is distorted and multi-cellular
flow structure is seen within the cavity due to the
increased fluid kinetic energy.

The presence conductive partition on the corner
affects the flow field and isotherm distribution
with the cavity. At R=0.1, the discrepancy between
the isotherms is higher at the highest value of
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Rayleigh number and the diagonal oriented
streamline in the absence of partition at R=0,
becomes flattened. Further increment of the size of
the partition to R=0.4, multi-cellular structure in
the flow field disappears at the highest value of the
Rayleigh number. Isotherms are more clustered in
the lower part of the hot wall and temperature
gradients become steeper as the value of Rayleigh
number increases. Isotherms within the cavity
become parallel to the horizontal walls which
indicate the increased effect of convection. The
presence of the partition affects the isotherms
within the cavity especially at higher values of
Rayleigh numbers.

Local Nusselt number distributions along the hot
wall in the absence of corner partition and for
spherical nanoparticle at ¢$=0.02 are shown in
Figure 4 for different values of Rayleigh numbers.
Local heat transfer enhancement is seen with
increasing R values and this is more effective in
the lower part of the hot wall. The average Nusselt
number enhances with Rayleigh number and
nanoparticle volume fraction as it is seen in
Table 3.

Figure 5 demonstrates the effects of nanoparticle
shape on the local Nusselt number distributions
along the hot wall for two values of corner
partition radius at the highest solid nanoparticle
volume fraction (Ra=10°). For both R values, the
cylindrical nanoparticle shapes gives the best
performance and spherical ones give the worst
performance in terms of local heat transfer
enhancement. The local enhancement is higher in
the location where heat transfer is higher which is
the lower part of the hot vertical wall. Table 4-6
show the influence of varying solid nanoparticle
volume fraction and shape on the average Nusselt
number for different radii of the corner partition at
Ra=10°. Average heat transfer enhances as the
solid volume fraction of the nanoparticle increases
which is due to the increasing conductivity and
better thermal transport with the inclusion of
nanoparticles.

Average heat transfer is highest for the cylindrical
and lowest for the spherical nanoparticle shapes
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(Nucylindrical > NLIbrick > Nublade > Nuspherical) for the
same volume fraction. Average heat transfer
enhances by about 11.22% for the spherical
nanoparticle shapes and 19.85% for the cylinder
nanoparticle shapes at the highest volume fraction
(¢ =0.04) compared to base fluid (¢ =0) in the
absence of the corner partition. As the size of the
partition is increased to R= 0.4, 12.78% and
16.41% average heat transfer enhancements are

Fatih SELIMEFENDIGIL, Asli AKYOL INADA

obtained for the highest nanoparticle volume
fractions.

Increasing the size of the conductive partition
increases the average Nussetl number. Average
heat transfer enhancement is 28.78% and 28.76%
when R=0 is increased to R=0.4 for spherical and
cylindrical type nanoparticles at the highest
volume fraction at ¢ =0.04.

{
‘\ ) (111
H |

a)Ra= 104

g)Ra=10*

h) Ra = 103

i) Ra =106

Figure 2. Effects of Rayleigh number on the streamline distributions for various radius of the corner
partition (Kr=10, ¢$=0.02, spherical nanoparticles)
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Figure 3. Effects of Rayleigh number on the isotherm distributions for various radius of the corner
partition (Kr=10, $=0.02, spherical nanoparticles)
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Figure 4. Local Nusselt number distributions along the hot wall for various values of Rayleigh numbers

(R=0, Kr=10, $=0.02, spherical nanoparticles)
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Figure 5. Local Nusselt number distributions along the hot wall for various nanoparticle shapes and two

values of corner partition radius (Ra=10°, Kr=10)

Table 3. Effects of Rayleigh number on the average Nusselt number for corner partition radius of R=0

(spherical, Kr=10)

Ra =0 $=0.04
10* 2.2422 2.5105
10° 4.5185 5.0255
108 8.8294 9.8166
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Table 4. Effects of nanoparticle solid volume fraction and nanoparticle shapes on the average Nusselt
number for corner partition radius of R=0 (Ra=10°, Kr=10)

¢ Spherical Blade Brick Cylindrical

0 45185 4.5185 4.5185 4.5185
0.01 4.6423 4.6715 4.6769 4.7376
0.02 4.7681 4.8236 4.8562 49721
0.03 4.8958 4.9737 5.0466 5.2001
0.04 5.0255 5.1215 5.2388 5.4158

Table 5. Effects of nanoparticle solid volume fraction and nanoparticle shapes on the average Nusselt
number for corner partition radius of R=0.1 (Ra=10°, Kr=10)

¢ Spherical Blade Brick Cylindrical

0 4.8908 4.8908 4.8908 4.8908
0.01 5.0398 5.0268 5.0574 5.0869
0.02 5.1919 5.1628 5.2246 5.2831
0.03 5.3471 5.2987 5.3919 5.4792
0.04 5.5055 5.4346 5.5592 5.6749

Table 6. Effects of nanoparticle solid volume fraction and nanoparticle shapes on the average Nusselt
number for corner partition radius of R=0.4 (Ra=10°, Kr=10)

0} Spherical Blade Brick Cylindrical

0 6.2841 6.2841 6.2841 6.2841
0.01 6.4778 6.4623 6.5014 6.5409
0.02 6.6755 6.6403 6.7200 6.7980
0.03 6.8772 6.8180 6.9390 7.0540
0.04 7.0830 6.9954 7.1578 7.3088

4. CONCLUSION

Numerical simulation results are presented for the
natural convection in a nanofluid filled corner
partitioned square cavity. Different nanoparticle
shapes and conductive partition was considered.
Following conclusions can be drawn as:

* The flow and thermal fields are affected by the
presence of the conductive partition and different
nanoparticle shapes.

* As the value of Rayleigh number and size of the
corner partition increase, average heat transfer
enhances. Average Nusselt number increases by
about 28.78% when R=0 is increased to R=0.4 for
spherical type nanoparticles at the highest volume
fraction.

* Due to the increased thermal conductivity and
better thermal transport properties, local and
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average heat transfer enhance with the inclusion of
nanoparticles and its value gets higher as the solid
volume fraction of the nanoparticles increase.

* Cylindrical shape nanoparticles show better heat
transfer performance compared to spherical ones.

* Average Nusselt number increases by about
11.22% for the spherical nanoparticle shapes and
19.85% for the cylinder nanoparticle shapes at the
highest volume fraction compared to base fluid
when there is no partition.
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Abstract

The purpose of this study is to build new prediction models for estimating the hamstring muscle strength
of college-aged athletes using Support Vector Machine (SVM). The dataset is made up of 70 athletes
ranging in age from 19 to 38 years who were selected from the College of Physical Education and Sport
at Gazi University. The results show that the prediction model including the predictor variables gender,
age, height and weight provides a valid and convenient method for estimating hamstring muscle strength
within limits of acceptable accuracy. For comparison purposes, prediction models based on Multilayer
Perceptron (MLP) and Single Decision Tree (SDT) have also been created, and it is seen that SVM-based
models outperforms the MLP-based and SDT-based models for prediction of hamstring muscle strength.

Keywords: SVM, MLP, SDT, Hamstring muscle strength, Prediction

Destek Vektor Makinelerini Kullanarak Hamstring Kas Kuvveti Tahmini i¢in
Yeni Regresyon Modelleri

Oz

Bu calismanin amaci, Destek Vektor Makinesi (DVM) kullanarak iniversite ¢agindaki sporcularin
hamstring kas kuvvetini tahmin etmek igin yeni tahmin modelleri olusturmaktir. Veri seti, yaslar1 19 ve
38 arasinda degisen, Gazi Universitesi Beden Egitimi ve Spor Yiiksekokulu'ndan secilen 70 sporcudan
olusmaktadir. Elde edilen sonuglara gore; cinsiyet, yas, boy ve kilo degiskenlerini igeren tahmin
modelinin, kabul edilebilir dogruluk ile hamstring kas kuvvetini tahmin etmek igin gegerli ve kullanish
bir yontem sagladigini gostermektedir. Karsilastirma amaciyla, Cok Katmanli Algilayict (CKA) ve Tekli
Karar Agaci (TKA) yontemlerine dayali tahmin modelleri de olusturulmustur ve DVM tabanli
modellerin, hamstring kas giiciiniin tahmininde CKA ve TKA tabanli modellerden daha iyi performans
sergiledigi gorilmistiir.

Anahtar Kelimeler: DVM, CKA, TKA, Hamstring kas kuvveti, Tahmin
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1. INTRODUCTION

Muscular strength is the maximum amount of
force that a muscle can exert against some form of
resistance in a single effort. Muscles support the
skeleton and enable movement. Strong muscles in
the legs such as hamstrings, but also muscles of
buttocks, abdomen, chest and shoulder provide a
person with the strength to stand up straight and
maintain good posture. Taking place on the back
of the upper leg, the hamstring muscles play a
crucial role in many daily activities, such as
walking, running and jumping. The hamstring
muscles are responsible for the flexion of the knee
as well as assisting the extension of the thigh. The
hamstring muscle strength is measured in Nm [1].

In the courses of the past decades, various
techniques have been proposed to quantitatively
and accurately measure the hamstring muscle
strength including dynamometer tests [2],
tensiometer tests [3] or isokinetic tests [4].
However, among the various types, isokinetic
testing has become the most popular and common
technique for directly measuring the hamstring
muscle strength of the upper leg. Isokinetic
exercise is usually conducted by using the so-
called dynamometers which sustain a constant
velocity of movement. Prior to performing the
isokinetic exercise, the participant is stationed in
such a way that the body movement to be
measured  is  isolated.  Afterwards, the
dynamometer is adjusted at different velocities and
the force exerted by the participant can be
measured over the entire range of movement [5].

Despite a high level of accuracy, the direct
measurement of hamstring muscle strength is
associated with a number of practical difficulties
and limitations. The equipment required for
conducting the measurements is bulky, expensive
and not readily available. In particular, such
measurement activities are frequently conducted
within the scope of research projects at educational
institutions or provided as services in rehabilitation
or health-care facilities. Also, it is only possible to
test one participant at a time so that the practical

0S 154

application of direct measurement is not feasible
for large populations. Regarding these difficulties,
rather than directly measuring the hamstring
muscle strength, it may be beneficial to predict it
using machine learning methods.

In literature, to the best of our knowledge, there is
only one preliminary study [6] that compares the
performance of different machine learning
methods for prediction of hamstring muscle
strength. Particularly, in [6]; SVM, Radial Basis
Function Neural Network and Decision Tree
Forest have been applied to develop a model for
hamstring muscle strength prediction. It has been
concluded that SVM-based model yields lower
RMSE's than the ones obtained by using other
methods. However, this study has the significant
limitation that it only considers a single prediction
model for performance evaluation. Additional
studies focusing on developing further new models
are definitely required in order to identify the best
set of predictor variables for hamstring muscle
strength prediction.

The aim of this study is to extend the work of [6]
by building new and more comprehensive
prediction models for estimating the hamstring
muscle strength of college-aged athletes using
SVM. The dataset included 70 volunteers who
were students at the Department of Physical
Education and Sport in Gazi University. The
predictor variables gender, age, height, weight and
sport branch were utilized to build thirty different
hamstring muscle strength prediction models. The
generalization error of the prediction models has
been calculated by carrying out 10-fold
cross-validation, and the prediction errors have
been computed using root mean square error
(RMSE) and correlation coefficient (R). The results
of SVM-based prediction models have also been
compared with the ones obtained by MLP-based
and SDT-based prediction models. The results
show that the SVM-based model containing the
predictor variables gender, age, height and weight
yields the lowest RMSE and highest R with 15.19
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Nm and 0.82, respectively. Moreover, this RMSE
value has been found to be 2.25% lower than that
of the SVM-based prediction model presented in
[6], which used the same dataset as in this study.
Also, it is observed that all SVM-based models
perform better than the MLP-based and SDT-based
prediction models, whereas MLP-based prediction
models outperform SDT-based prediction models.

The rest of this paper is divided into five sections.
Section 2 gives brief information about dataset
generation. Section 3 summarizes the methodology
used to build the prediction models. The results are

2. DATASET GENERATION

70 students from the College of Physical
Education and Sport at Gazi University were
involved in the experiments. Isokinetic strength of
all subjects’ right upper leg hamstring muscle was
measured by the isokinetic dynamometer (Isomed
2000, Germany) at 60° per second angular
velocity. The hamstring muscle strength has been
measured by performing the classic training which
involved light run for 5 minutes. The dataset
included the predictor variables gender, age,
height, weight and sport branch as well as the
target variable hamstring muscle strength. Table 1

discussed in Section 4. Finally, Section 5 gives the minimum, maximum, mean and standard

concludes the paper. dev_latlon values for each predictor and target
variable.

Table 1. Statistics of the dataset

Variables Minimum Maximum Mean Standard Deviation

Gender 0 1.00 0.36 0.48

Age (Year) 19.00 38.00 21.79 3.06

Height (m) 1.57 2.02 1.71 0.08

Weight (kg) 45.00 93.00 62.04 11.27

Sport Branch 1.00 17.00 9.31 5.03

Hamstring Muscle Strength (Nm) 50.10 195.90 111.84 36.10

3. METHODOLOGY

Four different categories of prediction models have
been developed, whereby each category contains a
different set and number of predictor variables.
Particularly; the first, second, third and fourth
categories of prediction models include the single,
double, triple and quadruple combinations of
predictor variables gender, age, height, weight and
sport branch, respectively, which in total yield
thirty different hamstring muscle strength
prediction models. The performance of all models
has been evaluated by using 10-fold cross
validation and computing the values of RMSE and
R, whose equations are given as follows:
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M

@

In Egs. (1) and (2), Y is the measured hamstring
muscle strength value, Y ' is the predicted

hamstring muscle strength value, Y is the mean of
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the measured hamstring muscle strength values
and N is the number of samples in a test subset.

Three machine learning methods including SVM,
MLP and SDT have been utilized to build the
hamstring muscle strength prediction models. In
the field of sport physiology, SVM has been
reported to be a promising method that has shown
satisfactory performance for a variety of problems
[7-9]. The accuracy of an SVM model is largely
dependent on the selection of the model
parameters such as C,e¢ and the type and
parameters of kernel function. As the kernel
function, the radial basis function kernel has been
chosen which requires the optimization of .
Hence, one needs an effective search algorithm to
find the best values of the triple (C, &, y). In this
study, grid search and cross validation have been
used in order to determine the best values of the
mentioned parameters and to overcome the
problem of generalization [10].

MLP is a feed forward artificial neural network
model that maps sets of input data onto a set of
appropriate output. An MLP consists of multiple
layers of nodes in a directed graph, with each layer
fully connected to the next one. In contrast to
single-layer perceptrons which can only represent
linear decision surfaces, MLP’s can represent non-
linear decision surfaces. The performance of the
MLP network has been improved by varying the
number of hidden layers, convergence tries and
maximum iterations. The logistic sigmoid
activation function has been used for the hidden
layers for prediction of the hamstring muscle
strength [11].

Decision trees predict the value of the target
variable by using the values of predictor variables
and building regression models in form of a tree
structure. It divides a dataset into smaller and
smaller parts while at the same time an associated
decision tree is progressively built. In order to get
more accurate value of the predicted variable, three
important parameters including minimum rows in
a node, minimum size node to split and maximum
tree levels of SDT-based prediction models have
been optimized [12].
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Table 2 shows the list of intervals for values of the
utilized parameters for SVM-based, MLP-based
and SDT-based prediction models.

Table 2. List of intervals for values of the utilized
parameters for SVM-based, MLP-based

and SDT-based prediction models
Method | Parameter Range
Cost (C) [23-27]
SVM |Epsilon (g) [0.0001-150]
Gamma () [2°-21
Number of hidden layers [2-20]
MLP | Number of convergence tries [1-25]
Maximum iterations [5000-10000]
Minimum rows in a node [3-22]
SDT | Minimum size node to split [5-20]
Maximum tree levels [10- 20]

4. RESULTS AND DISCUSSION

Table 3 through Table 5 show the validation
results (i.e. the values of RMSE and R) for all
hamstring muscle strength prediction models.

The results reveal that, in general, among the thirty
prediction models developed, prediction models
including predictor variables gender and weight
lead to relatively lower RMSE’s and higher R’s
whereas prediction models including age and sport
branch lead to relatively higher RMSE’s and lower
R’s for prediction of hamstring muscle strength.
On the other hand, the results suggest that the
category of prediction models with four predictor
variables on the average shows the best prediction
performance, whilst the category of prediction
models with one predictor variable exhibits the
worst  prediction performance. The average
RMSE’s of SVM-based prediction models for each
category are illustrated in Figure 1.

17.95

30 26.32
25
20 16:50
15
0 T T T

Category 1 Category 2 Category 3 Category 4

Figure 1. The average RMSE’s of SVM-based
prediction models for each category
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Table 3. Validation results for prediction models with two predictor variables

. . SVM MLP SDT
Predictor Variables RMSE R RMSE R RMSE R
Gender, Weight 15.31 0.82 16.29 0.79 18.88 0.72
Gender, Height 17.26 0.77 18.49 0.73 23.89 0.56
Gender, Sport Branch 19.05 0.72 20.81 0.66 24.75 0.52
Gender, Age 18.69 0.73 19.79 0.70 24.95 0.52
Sport Branch, Weight 18.70 0.73 19.78 0.70 22.42 0.61
Height, Weight 19.32 0.71 20.94 0.66 25.40 0.50
Weight, Age 20.05 0.69 21.34 0.65 23.70 0.56
Sport Branch, Height 22.93 0.59 24.84 0.52 28.53 0.37
Height, Age 25.68 0.49 27.44 0.41 30.95 0.25
Sport Branch, Age 30.62 0.27 32.64 0.17 37.14 0

Table 4. Validation results for prediction models with three predictor variables
Predictor Variables SVM MLP SDT
RMSE R RMSE R RMSE R
Gender, Weight, Age 15.48 0.81 16.81 0.78 20.15 0.68
Gender, Height, Weight 15.36 0.82 16.53 0.79 18.93 0.72
Gender, Sport Branch, Weight 15.68 0.81 17.39 0.76 22.41 0.61
Gender, Sport Branch, Height 17.33 0.77 19.03 0.72 25.70 0.49
Gender, Height, Age 16.78 0.78 17.97 0.75 20.03 0.69
Gender, Sport Branch, Age 18.99 0.72 20.47 0.67 23.93 0.55
Sport Branch, Height, Weight 17.89 0.75 19.50 0.70 24.07 0.55
Sport Branch, Weight, Age 19.39 0.71 21.52 0.64 25.44 0.50
Height, Weight, Age 19.78 0.70 20.90 0.66 25.57 0.49
Sport Branch, Height, Age 22.88 0.59 24.26 0.54 27.22 0.42
Table 5. Validation results for prediction models with four predictor variables
Predictor Variables SVM MLP SDT
RMSE R RMSE R RMSE R

Gender, Height, Weight, Age 15.19 0.82 16.29 0.79 18.93 0.72
Gender, Sport Branch, Height, Weight 15.84 0.80 17.09 0.77 19.59 0.70
Gender, Sport Branch, Weight, Age 15.89 0.80 17.66 0.76 20.62 0.67
Gender, Sport Branch, Height, Age 17.62 0.76 18.52 0.73 23.93 0.55
Sport Branch, Height, Weight, Age 17.97 0.75 19.83 0.69 24.96 0.52

In more detail, independent of which regression
method is utilized for model development, the
results reveal that:

Firstly, within the category including a single
predictor variable, prediction model with
variable gender yields the lowest RMSE and
the highest R, whilst the one with variable age
shows the worst performance in terms of
RMSE and R.
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Secondly, the prediction model with variables
gender and weight, and the prediction model
with variables age and sport branch occupy the
first and last place, respectively, in terms of the
performance regarding the RMSE and R for the
category with two predictor variables.

Thirdly, within the category with three
predictor variables, prediction model with
variables gender, weight and height
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outperforms the others whereas the prediction
model including sport branch, height and age
yields the worst performance.

¢ Finally, among the category with four predictor
variables, the prediction model with variables
gender, weight, height and age yields the
lowest RMSE and highest R whilst that one
with variables sport branch, height, weight and
age yields the highest RMSE and the lowest R.

Regarding the performance of prediction methods,
it is seen that SVM-based prediction models give
the lowest RMSE’s and the highest R’s for
prediction of hamstring muscle strength for all
thirty prediction models developed. SDT-based
prediction models, in contrast, yield the highest
RMSE’s and the lowest R’s, independent of which
category of prediction models has been evaluated.

Compared with the RMSE’s obtained by MLP-
based and SDT-based prediction models, the
percentage decrement rates in RMSE’s obtained by
SVM-based prediction models are in average
7.39% and 20.98%, respectively, as illustrated in
Figure 2. The ranking of regression methods in
terms of leading from lowest RMSE’s to highest
ones can be listed as SVM, MLP and SDT;
independent of which category of prediction
models is considered. The execution times of
SVM-based prediction models vary between 1 and
5 seconds. The MLP-based prediction models have
execution times ranging from 1 to 2 seconds.
Finally, the SDT-based prediction models have
execution times less than one second.

N
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20.98

o

=N
o o

7.39

SVM-MLP

Percentage
Decrement Rate (%)

o o

SVM-SDT

Figure 2. Percentage decrease rates in RMSE’s of
hamstring muscle strength prediction
with SVM compared to RMSE’s
obtained by MLP and SDT
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5. CONCLUSION AND
WORK

FUTURE

In this study, thirty new prediction models have
been developed by using the single, double, triple
and quadruple combinations of predictor variables
gender, age, height, weight and sport branch for
prediction of hamstring muscle strength of the
upper leg. Using 10-fold cross validation, the
performance of the prediction models are assessed
by calculating performance metrics such as RMSE
and R. The results reveal that among the prediction
models, the SVM-based prediction model
containing the variables gender, age, height and
weight gives the lowest RMSE and the highest R,
and can be used as an alternative way to direct
measurement. Also, it is observed that all
SVM-based prediction models yield lower RMSE’s
and higher R’s than MLP-based and SDT-based
models for prediction of hamstring muscle
strength. MLP-based and SDT-based prediction
models, in turn, occupy the second and the third
place in terms of performance regarding the RMSE
and R, respectively. Hence, SVM-based prediction
models can be considered as a feasible alternative
way to the direct hamstring muscle strength
measurement.

For future work, other candidate potential
predictors of hamstring muscle strength such as the
length and width of the bone and leg fat-free mass
can be included in prediction models to test
whether a further improvement in prediction
accuracies can be achieved. Also, new unapplied
machine learning algorithms combined with
various feature selection algorithms can be utilized
to determine the relevant and irrelevant predictors
of hamstring muscle strength.
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Oz

Siirekli sistem olarak modellenen eksenel yiiklenmis heterojen bir ¢ubugun elastik davranis problemi
analiz edilmistir. Bu problemi modelleyen diferansiyel denklemlere Laplace doniisiimii uygulanarak
zamandan bagimsiz sinir deger problemi eksenel koordinatlarda elde edilmis daha sonra bu problem
tamamlayict fonksiyonlar metodu (TFM) tarafindan ¢6ziilmiistiir. Sayisal olarak ¢oziilen denklemler
Durbin’in sayisal ters doniigiimiinii yardimiyla zaman uzayina doniistiiriilmiistiir. Her bir yiikleme tipi ve
inhomojenlik parametresi i¢in elde edilen sayisal sonuglar, analitik sonuclar ve ANSYS sonuglar ile
kargilagtirtlmistir. Bu birlesik yontem, iyi yapilandirilmis, basit ve etkili bir yontemdir.

Anahtar Kelimeler: Heterojen ¢ubuk, Zorlanmis titresim, Laplace, Tamamlayici fonksiyonlar yontemi

Forced Vibration Analysis of A Heterogeneous Rod by Complementary Functions
Method

Abstract

The axial vibration problem formulation and solution of a heterogeneous rod modelled as a continuous
system were analyzed. By applying Laplace transformation to the differential equations that model to this
problem, time independent boundary value problems were obtained in the axial coordinates, then this
problem is solved by the complementary functions method. The equations solved numerically is
converted into time space with the help of Durbin’s numerical inverse transformation. The numerical
results that obtained for each load type and inhomogeneity parameter were compared with analytical and
ANSYS results in the literature. This unified method is well-structured, simple and efficient.

Keywords: Heterogeneous rod, Forced vibration, Laplace, Complementary functions method
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1. GIRIS

Malzeme miihendisligi alanindaki gelismeler, bazi
tiir ihtiyaglarin karsilanabilmesi i¢in malzemelerde
homojen olmayan kademeli veya devamli degisen
yapt elemanlarinin imalatini miimkiin  kilmistir.
Tasarimc1 tarafindan heterojen yapiya sahip
elemanlarin kullanilmasi agirligin azaltilmasinda
yardimer  oldugu gibi yapilarin dayanimini,
toklugunu ve kararliligii da arttirmaktadir.
Heterojen yapiya sahip cubuklarin dinamik yiik

altindaki  davraniglarinin  analizi, kompozit
malzeme arastirmalarinda Snemli bir yer
tutmaktadir. Dinamik eksenel yiik altindaki

heterojen yapiya sahip cubuklarin analizi tek
boyutlu titresim problemleri basligt altinda
incelenebilir [1-3]. Bu konularda yapilan ¢ok
sayida calisma, serbest titresim analizi ve
zorlanmug titresimin analizlerinde, agirlikli olarak,
sonlu eclemanlar yontemi ve benzeri niimerik
yontemleri ihtiva etmektedir [4-11].

Bu ¢aligmada, heterojen yapiya sahip bir ¢ubugun
u¢ noktasina dinamik yiikler uygulanarak analiz
yaptlmigtir. Problemi ifade eden diferansiyel
denklem, degisken katsayilara sahip olacagindan
her heterojen yapiyr ifade eden form tipi igin
mevcut yontemlerle analitik ¢oziim pratik
olmayacaktir. Bundan dolayi, analizde Laplace
transformasyon yontemi ile birlikte Tamamlayici
fonksiyonlar metodu (TFM) kullanilmistir.
Laplace transformasyon yontemi zamandan
bagimsiz  smir  deger problemini  eksenel
koordinatlarda verirken daha sonra bu problem
TFM tarafindan ¢6ziilmektedir. TFM benzer
problemleri baslangig-deger sistemine c¢evirerek
literatiirdeki herhangi bir sayisal yontem ile
¢Oziilmesine izin vermektedir. Bu c¢alismada
besinci dereceden Runge-Kutta metodu
kullanilarak sayisal olarak ¢o6ziilen denklem
sistemi  Durbin’in sayisal ters dondsimiini
kullanarak zaman uzayma donistiirilmistiir.
Metodun teorisi literatiirde [12-14] mevcuttur. Bu
yontem ayrica g¢ubuk  harici  elemanlarin
kullanildigit  diger bazi  yapisal mekanik
problemlerinde  de  basarili  bir  sekilde
uygulanmigtir [15-17]. Cubugun serbest ucuna ait
deplasman degerleri Cizelgelar halinde verilmis,
elde edilen zorlanmis analiz sonuglar literatiirdeki
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analitik sonuglar Celebi [10] ve sonlu elemanlar
yontemi kullanarak sayisal ¢6ziim yapan ANSYS
paket program sonuglart ile kargilastirilmistir.
TFM sonuglarinin diger bir sayisal ¢dzim yapan
ANSYS sonuglarina gore analitik sonuglara ¢ok
daha yaklastigi gozlemlenmigtir. Tamamlayict
fonksiyonlar ~metodunun  ¢ubugun dinamik
analizinde sagladigi diger avantajlar ise (1)
zorlanmis titresim etkisi dogrudan elde edilir, (2)
zorlanmig titresim analizi igin serbest titresim
frekanslarina ve mod sekillerine ihtiyag¢ yoktur, (3)
¢ozlim yontemi heterojen yapiyi ifade eden belirli
bazi fonksiyonlara bagimli degildir, heterojen
yapiy1 ifade eden tiim keyfi fonksiyonlar i¢in son
derece uygundur.

2. TEORI

Eksenel yiik altinda koordinatina gore yogunlugu
p(x) ve elastisite modiilii E(x) degisen sabit kesit
alanina sahip bir ¢ubugun davranisi asagidaki
diferansiyel denklem ile verilir [10].

azu(x,t)+i6E(x)au(x,t)_p(x) d%u(x,t) (1)
o’ E(X) ox ox  E(x) at?

Denklem (1)’i boyutsuz olarak ifade etmek istersek

o(m7) , 1 E@m) V(n.7) _ 2 pln) 0°V(1.7) (2)
on*  E@m) on  on E(p) o7°
seklinde olur. Burada c°=E/p olup, “c”

deplasman yayilma hizidir. Bu islem i¢in asagidaki
boyutsuz degiskenler kullanilmigtir.

,  T=— 3)

Cubugun uglar1 sabit-serbest seklindedir. n1=0
ucunda ankastre olan c¢ubuk baslangicta
hareketsizdir. P(t) kuvveti n=1,0"deki serbest uca
eksenel yonde uygulanmaktadir.

Sinir sartlari,

v(n.0)=0, “2 =0 )

ot
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av(l T) _ P(1)

~ AE®D

v(0,1)=0, ®)

seklinde elde edilir. Denklem (2), yogunluk p(n)
ve elastisite modiilii E(n) nin formuna bagli olarak,
degisken katsayili bir denklem oldugundan genel
¢Ooziimii yoktur. Analitik olarak 6zel bazi
p(M)-E(M) formlart i¢in ¢oziilebilirken sayisal
olarak ise tamamlayici fonksiyonlar metodu
kullanilarak yogunluk ve elastisite modiiliinii ifade
eden tim keyfi fonksiyonlar i¢in ¢6ziim elde
edilebilir. Calismamizda analitik ¢6ziim ile sayisal
¢Oziimleri karsilagtirabilmemiz adma bu formlar

sin[an+b], (+an? ve ©  olarak tespit
edilmistir. Cubugun serbest ucuna uygulanacak
kuvvetler ise P,(1)=P,(1-cos[yr)], P,(1)=P,ve
P;(1)=Py(1-e"") olarak diistiniilmiistiir.

2.1. E(n)=Eo(@+an)?ve p(n) = py (1+an)®
ifadeleri icin Coziim

Yogunluk ve elastisite ifadelerinin boyutsuz

bityiiklik olan n ile E(7)=Ey,(1+an)?® ve

p(n) = po(L+an)? Kesit
alaninin  A(m) = A, ise tniform oldugunu kabul
edersek diferansiyel denklem ve sinir sartlari
Laplace uzayinda

seklinde degistigini,

Y@+ 2y (19 y (1.0 ©
oy(ls) _ L{P(T)}
y(o S) 0 on E()(l+a) Ag (7)

formunu alir. Burada y(n,p) = L{v(n, t} ve s ise
kompleks Laplace parametresini ifade eder. Bu
safhada, denklem (6)’nin kapali form ¢6ziimii bu
ifadeler i¢in degisken doniisimii yapilarak
miimkiindiir fakat pratik degildir. Dolayisiyla
Laplace uzayindaki sonuglarin eldesi igin TFM
kullanilabilir. TFM, ikinci mertebeden sinir-deger
problemlerini baslangig deger-problemine
doniigtiirme esasina dayanmaktadir. TFM ile
denklem (6)’nin genel ¢oziimii
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y:biYia i=1 92 (8)

seklindedir, burada y; lineer bagimsiz homojen
¢Oziim iken b; simr sartlarindan elde edilecek
sabitlerdir.

TFM ile ¢oziime y; = Zf) ve yi = ZS) kabulleri
yapilarak baslanir ve

(z) =z o)

(2~

esitlikleri elde edilir. Yukardaki homojen denklem
sisteminin ¢ozimi keyfi baslangi¢ kosullari icin
sayisal olarak yapilir. Bu keyfi baglangi¢ kosullari
Cl]'

<1+ =)Z szz(f) (10)

(1)_ -_
Zj _CU N 1—1,2

11)
¢Ozlimiin lineer bagimsizligini saglamak i¢in lineer
bagimsiz olarak se¢ilmelidir. Bu baslangi¢ deger
problemi besinci dereceden Runge-Kutta metodu
(RK5) ile ¢ozilmiistir. Coziimde 0<n<l aralig
boyunca 21 diigim noktas1 (20 aralik) alinmustir.

Bu ¢oziim sonucunda elde edilen y; ve tiirevi
yi’nin degerleri denklem (7)’de yerine yazilarak
bilinmeyen b; katsayilarini i¢eren iki denklem elde
edilir. Bu denklemler matrix formunda

Cn Cy H ]
1 L{P( )} 12
yi(Ls) vy Lby| [ (12)
seklinde yazilir. Burada, C;; ve C,; degerleri
sirastyla y,(0,s) ve y,(0,s)’e karsilik gelir. Bu
sistem ¢oziilerek b; katsayilari1 bulunur.

Bu katsayilar bulunduktan sonra boyutsuz
deplasman v(n,r) degerlerinin zaman uzayina
doniisiimii ters Laplace doniisiimii ile yapilir. Bu
amacla Fast Fourier doniisiimiine (FFT) dayali
modifiye Durbin ters Laplace sayisal doniistimii
kullanilmigtir [18].
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3. SAYISAL SONUCLAR

Bu caligmada siirekli sistem olarak modellenen
eksenel yiiklenmis heterojen yapiya sahip bir
gubugun elastik davramig problemi analiz
edilmistir. Bu problemi modelleyen diferansiyel
denklemlere Laplace doniigimii uygulanarak
zamandan bagimsiz sinir deger problemi eksenel
koordinatlarda elde edilmis daha sonra bu problem
TFM tarafindan ¢oOziilmiistiir. Sayisal olarak
cozillen denklemler Durbin’in sayisal ters
doniistimii yardimryla zaman uzayina
doniistiirilmustiir. Cubugun serbest ucuna etki
eden ii¢ tip eksenel dinamik yiikleme analizlerde
kullanilmustir: Pl(t)=P0(1-cos[yt)], P,(t) =B,

ve P;(1)=Py(1-e""). Hesaplamalarda y degeri 0,6
olarak kabul edilmistir. Yogunluk ve elastisite
ifadelerinde  yer  alan a inhomojenlik
parametresidir ve hesaplamalarda sirasiyla 0, 1, 2
degerlerini almakta iken b ise 1 degerini

almaktadir. TFM kullanilarak bulunan, ¢ubugun
serbest ucuna ait deplasman sonuglari, literatiirdeki
analitik sonuclar [10] ve sonlu elemanlar
yontemini  kullanarak sayisal ¢dziim yapan
ANSYS  paket  programi  sonuglart  ile
karsilagtirilmistir.  ANSYS paket programu ile
coziimde yiikleme seklinden dolayr Newmark
metodu tercih edilmistir. Eleman tipi olarak
BEAMI188 kullanilmis, eksenel yonde degisen
kesit ifadesi ANSYS parametrik tasarim dili

(APDL)  kullanilarak  verilmistir. ~ Sonuglar
belirlenen inhomojenlik parametreleri ve yiikleme
tipleri i¢cin  Cizelge 1-9°da  sunulmustur.

Coziimlerde, ANSYS’te cubuk eksenel yonde esit
uzunlukta 1000 parcaya boliinerek ¢6ziim
yapilirken TFM’de c¢ubuk 20 pargaya bdliinerek
¢Oziim elde edilmistir. TFM sonuglari ile analitik
sonuglarin, ANSYS sonuglarina gore birbirine
daha yakin ¢iktig1 gozlemlenmistir.

Cizelge 1. Yogunlugu ve elastisite modiilii {istel formda degisen ¢ubuk icin P, (7)yiki altinda TFM ile

bulunan serbest wugtaki deplasman degerlerinin analitik ve ANSYS sonuglart ile
karsilastirilmasi
v(1,1)
a=0 a=1 a=2
T TFM Ref.[10] | ANSYS TFM Ref. [10] ANSYS TFM Ref.[10] | ANSYS
2,13294 | 2133376 | 212915 | 343205 | 3432317 3,42647 6,57568 | 6,577714 | 657017
10 | -0,23283 | -0,23388 | -0.23456 | 0,067883 | 006748 0,065364 -0,12812 | -0,13023 | -0,13670
20 | 0,179831 | 0,179786 | 0,176996 | 0276992 | 276589 | 0275055 | 0425383 | 0,424095 | 0422169
30 | 0,105 | 0,109508 | 0.108413 | 0,613708 | 013464 | 0610443 1,04217 | 1,04133 1,02593
40 | 0,659759 | 0,659849 | 0.654500 | 1,03681 | 1036546 1,03251 1,67432 | 1,672538 | 166657
50 | 0,688788 | 0,688 0,686527 | 151709 | 1516876 1,51444 2,84346 | 2,843814 | 282331

Cizelge 2. Yogunlugu ve elastisite modiilii iistel formda degisen ¢ubuk i¢in P, (7) yiikii altinda TFM ile

bulunan serbest uctaki deplasman degerlerinin analitik ve ANSYS sonuglart ile
karsilagtirilmasi
v(1,1)
a=0 a=1 a=2

T TFM Ref, [10] | ANSYS TFM Ref, [10] | ANSYS | TFM | Ref,[10] ANSYS
5 1,00014 1,000407 | 0,982324 2,82698 2,829704 2,85501 2,20688 | 2,193008 2,30300
10 1,95421 1,978580 1,90338 0,706242 | 0,750206 | 0,682098 | 4,27086 | 4,344166 4,46342
20 | 0,0508049 0,0264 0,115879 | 0,726567 | 0,691595 | 0,608808 | 2,37251 | 2,357593 2,07136
30 1,95421 1,97858 1,87385 0,485277 | 0,496762 | 0,481202 | 214177 | 2,093442 2,31998
40 | 0,050796 0,026401 | 0,150149 | 0,824117 | 0,810774 | 0,733318 | 4,24035 | 4,276586 4,52993
50 1,95623 1,978836 1,82829 1,1062 1,102023 1,14669 0,75352 | 0,660371 1,42154
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Cizelge 3. Yogunlugu ve elastisite modiilii iistel formda degisen ¢ubuk i¢in P;(7) yiikii altinda TFM ile

bulunan serbest uctaki deplasman degerlerinin analitik ve ANSYS sonuglart ile
karsilagtirilmasi
v(1,1)
a=0 a=1 a=2

T TFM | Ref, [10] | ANSYS | TFM | Ref,[10] | ANSYS | TFM | Ref, [10] | ANSYS
5 0,697456 | 0,696882 | 0,694604 | 1,79934 | 1,800494 | 1,79658 | 3,45606 | 3,458083 | 3,45855
10 1,10394 | 1,104459 | 1,09737 | 1,57887 | 1,57961 | 157023 | 3,5996 | 3,606126 | 3,59279
20 0,89885 | 0,898296 | 0,903889 | 1,47445 | 1,471508 | 1,47719 | 2,72247 | 2,717392 | 2,72499
30 1,10616 | 1,106679 | 1,09402 | 1,43238 | 1,431784 | 1,44200 | 3,62238 | 3,62549 3,65290
40 | 0,898855 | 0,898302 | 0,909387 | 1,42607 | 1,424038 | 1,43205 | 3,03772 | 3,036661 | 3,05766
50 1,10617 | 1,106679 | 1,10700 | 1,38319 1,3824 1,37667 | 3,10921 | 3,108574 | 3,16154

Cizelge 4. Yogunlugu ve elastisite modiilii sinlizoidal formda degisen ¢ubuk icin P; (7)yiiki altinda TFM
ile bulunan serbest ugtaki deplasman degerlerinin analitik ve ANSYS sonuglart ile

karsilastirilmasi
v(1,1)
a=0 a=1 a=2
T TFM Ref, [10] | ANSYS TFM Ref,[10] | ANSYS TFM Ref,[10] ANSYS
5 | 3,01293 | 3,00649 | 3,00696 | 2,39753 | 2,39325 | 2,39293 | 7,69337 | 7,67786 7,72680
10 | -0,33030 | -0,33194 | -0,33121 | -0,25380 | -0,25524 | -0,25434 | 0,01716 | 0,01721 0,01210
20 | 0,25390 | 0,25144 | 0,24996 | 0,11608 | 0,11409 | 0,11281 | 0,56929 | 0,56217 0,56643
30 | 0,15465 | 0,15091 | 0,15310 | 0,26976 | 0,26717 | 0,26870 | 1,24836 | 1,23844 1,24860
40 | 0,93189 | 0,92725 | 0,92433 | 0,48438 | 0,48027 | 0,47920 | 2,15271 | 2,15268 2,15737
50 | 0,97164 | 0,96584 | 0,96957 | 1,05025 | 1,04627 | 1,04647 | 3,3042 | 3,30424 3,30736

Cizelge 5. Yogunlugu ve elastisite modiilii siniizoidal formda degisen ¢ubuk i¢in P,(7) yiikii altinda
TFM ile bulunan serbest uctaki deplasman degerlerinin analitik ve ANSYS sonugclar: ile

karsilagtirilmasi
v(1,1)
a=0 a=1 a=2
T TFM Ref, 10] | ANSYS TFM Ref, [10] | ANSYS | TFM Ref, [10] ANSYS
5 | 141374 | 0,01998 | 1,38732 | 0,87905 | 0,87485 | 0,86046 | 4,2167 4,21988 4,51497
10 | 2,78979 | 2,79598 | 2,68811 | 2,04846 | 2,05379 | 1,94477 | 4,92822 4,88116 4,92970
20 | 0,04213 | 0,03728 | 0,16365 | 0,48546 | 0,47609 | 0,62242 | 3,98989 4,01468 4,05914
30 | 2,79512 | 2,79598 | 2,64641 1,2719 1,27452 | 1,11143 | 4,28231 4,26753 4,04947
40 | 0,03814 | 0,03728 | 0,21205 | 1,37882 | 1,36930 | 1,55770 | 4,45084 | 4,05653 3,97037
50 | 2,8469 | 2,79598 | 2,58207 | 0,50381 | 0,51185 | 0,31635 | 3,05324 | 2,73448 2,73945

Cizelge 6. Yogunlugu ve elastisite modiilii siniizoidal formda degisen gubuk i¢in P;(7) yiikii altinda TFM
ile bulunan serbest ugtaki deplasman degerlerinin analitik ve ANSYS sonuglari ile

karsilagtirilmasi
v(1,7)
a=0 a=1 a=2
7 | TFM [ Ref,[10] | ANSYS | TFM [ Ref,[10] | ANSYS | TFM [ Ref,[10] | ANSYS
5 0,98418 0,98111 | 0,980977 | 0,74643 | 0,74293 | 0,743068 | 3,86414 3,86569 3,88552
10 | 1,55978 1,55729 1,54980 1,0515 1,04811 1,04349 3,8405 3,84217 3,84505
20 | 1,26861 1,26415 1,27655 1,30635 | 1,30461 1,31007 | 4,01908 4,01898 4,01433
30 | 1,56299 1,56038 1,54507 | 0,79908 | 0,79544 | 0,791522 | 3,58918 3,59032 3,63378
40 | 1,26892 1,26420 1,28431 1,42204 | 1,42025 1,42323 | 4,01313 4,01696 4,02497
50 | 1,56353 1,56033 1,53819 | 0,85374 | 0,85033 | 0,850061 | 3,68764 3,65701 3,68520
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Cizelge 7. Yogunlugu ve elastisite modiilii polinom formda degisen ¢ubuk i¢in P, (7) yiikii altinda TFM ile
bulunan serbest ugtaki deplasman degerlerinin analitik ve ANSY'S sonuglari ile karsilagtiritlmasi
v(1,1)
a=0 a=1 a=2

T TFM Ref, [10] | ANSYS TFM Ref, [10] | ANSYS TFM Ref, [10] | ANSYS
5 | 2,13338 | 2,133376 | 2,12915 | 1,30411 | 1,304106 | 1,30111 | 0,881667 | 0,881667 | 0,879087
10 | -0,23388 | -0,23388 | -0,23452 | -0,0371 -0,0371 -0,0373 | -0,36271 | -0,36271 | -0,36140
20 | 0,179785 | 0,179786 | 0,176996 | -0,09914 | -0,09914 | -0,1002 | 0,059314 | 0,059314 | 0,057668
30 | 0,109509 | 0,109508 | 0,108413 | -0,08487 | -0,08487 | -0,08609 | -0,15767 | -0,15767 | -0,15662
40 | 0,659848 | 0,659849 | 0,654500 | 0,07812 0,07812 | 0,077231 | 0,216753 | 0,216752 | 0,213320
50 0,688 0,688 0,686527 | 0,374068 | 0,374067 | 0,372233 | 0,190823 | 0,190822 | 0,191549

Cizelge 8. Yogunlugu ve elastisite modiilii polinom formda degisen ¢ubuk i¢in P, (7)yiikii altinda TFM ile
bulunan serbest uctaki deplasman degerlerinin analitik ve ANSY'S sonuglari ile karsilagtirtlmasi
v(1,1)
a=0 a=1 a=2

T | TFM | Ref,[10] | ANSYS | TFM | Ref, [10] | ANSYS | TFM | Ref, [10] | ANSYS
5 10,999845 | 1,000407 | 0,982324 | 0,107887 | 0,107655 | 0,112122 | 0,301791 | 0,301887 | 0,306523
10 | 1,97439 1,97858 1,90338 | 0,252835 | 0,253724 | 0,236228 | 0,64419 | 0,644694 | 0,632406
20 | 0,030772 | 0,0264007 | 0,115879 | 0,616221 | 0,615039 | 0,647566 | 0,068131 | 0,067815 | 0,071693
30 | 1,97673 1,97858 1,87385 | 0,892067 | 0,893377 | 0,896216 | 0,557082 | 0,557428 | 0,565088
40 | 0,032116 | 0,026401 | 0,150149 | 0,910138 | 0,908685 | 0,882136 | 0,159587 | 0,159312 | 0,150591
50 | 1,99163 | 1,978836 | 1,82829 | 0,578499 | 0,578521 | 0,585328 | 0,437142 | 0,43645 | 0,434744

Cizelge 9. Yogunlugu ve elastisite modiilii polinom formda degisen ¢ubuk icin P;(7) yiiki altinda TFM ile
bulunan serbest ugtaki deplasman degerlerinin analitik ve ANSY'S sonuglari ile karsilagtirilmasi
v(l,7)
a=0 a=1 a=2
T TFM Ref, [10] | ANSYS TFM Ref, [10] | ANSYS TFM Ref, [10] | ANSYS
5 | 0,696886 | 0,696882 | 0,694604 | 0,479316 | 0,479316 | 0,477698 | 0,450853 | 0,450851 | 0,448833
10 | 1,10445 | 1,104459 | 1,09737 | 0,584101 | 0,584096 | 0,582325 | 0,450136 | 0,450135 | 0,448745
20 | 0,898295 | 0,898296 | 0,903889 | 0,705466 | 0,705475 | 0,702761 | 0,192374 | 0,192377 | 0,190641
30 1,1067 1,106679 | 1,09402 | 0,659433 | 0,659431 | 0,659555 | 0,493461 | 0,493458 | 0,492180
40 | 0,898239 | 0,898302 | 0,909387 | 0,494009 | 0,494003 | 0,490425 | 0,169128 | 0,169133 | 0,169414
50 | 1,10715 | 1,106679 | 1,08915 | 0,337535 | 0,337593 | 0,335158 | 0,493381 | 0,493355 | 0,489925

4. SONUCLAR besinci dereceden Runge-Kutta metodu
kullanilarak sayisal olarak ¢o6ziilen denklem
sistemi  Durbin’in sayisal ters doniisiimiinii
kullanarak zaman uzayina doniistiiriillmiistiir. TFM
kullanilarak bulunan sayisal sonuglar, literatiirdeki
analitik sonuglar ve ANSYS sonuglar1 ile
karsilagtirilmistir. Burada agik¢a goriilen odur ki,
bazi durumlarda TFM ile ¢oziimde, g¢ubugun 20
pargaya boliinerek ¢6ziim elde edilmesi sonuglarda
virgiilden sonra bes haneli hassasiyet saglarken,
ayni sonug i¢cin ANSYS’te ihtiya¢ duyulan b6lme
sayist binli rakamlara ¢ikmaktadir. Bu yontemle
¢Ozlim zamani biiyiik oranda azalmaktadir.

Heterojen yapiya sahip bir ¢ubugun zorlanmis
titresim analizi Laplace doniigim yontemi ile
birlikte Tamamlayici fonksiyonlar metodu (TFM)
kullanilarak yapilmigtir. Laplace doniisiim yontemi
zamandan bagimsiz sinir deger problemini eksenel
koordinatlarda verirken daha sonra bu problem
TFM tarafindan ¢oziilmiistir. TFM Dbenzer
problemleri baglangic-deger sistemine gevirerek
literatiirdeki herhangi bir sayisal yontem ile
¢oziilmesine izin vermektedir. Bu c¢alismada
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Tamamlayict fonksiyonlar metodunun g¢ubugun
dinamik analizinde sagladig1 avantajlar sirastyla:

(1) Zorlanmus titresim etkisi dogrudan elde edilir.

(2) Zorlanmus titresim analizi i¢in serbest titresim
frekanslarina ve mod sekillerine ihtiyac yoktur.

(3) Coziim  yontemi  yogunluk ve elastisite
modiiliinii ifade eden belirli baz1 ozel
fonksiyonlara bagimli degildir, yogunluk ve
elastisite modiilinii ifade eden tim keyfi
fonksiyonlar i¢in son derece uygundur.

(4) Sonlu elemanlar yontemi gibi diger sayisal
yontemlerle karsilastirildiginda, daha az siirede
ve daha az maliyetle daha hassas sonuglar
bulunabilmektedir.

Bu calismada elde edilen sonuglar, analitik olarak
eldesi miimkiin olmayan, elastisite modiilii,
yogunluk ve kesit alaninin birlikte bir eksen
boyunca degisken oldugu c¢ubuklarin gelecekteki
titresim analizi arastirmalarinda bir referans
olugturacaktir.
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Abstract

Nowadays aesthetics, comfort and functionality are the most important characteristics of sports garments.
To achieve comfort, sports garments are manufactured as combined fractions made of different fabrics
providing different characteristics and designs. Preparing patterns which provide the best fit for the tight-
fit garments is much harder than the loose fit ones. To find the best fit, many prototypes have to be made,
but the manufacturers do not have the necessary time. Thus, 3D Flattening systems provide a way out for
the industry, but especially for the sportswear manufacturers.

In this study, firstly, a virtual male model was formed. Afterwards, a fractioned tight-fit male sweatshirt
model was designed on this virtual model via Opititex 3D Flattener. As the model was created, the pattern
was obtained simultaneously. When the design was completed, 2D patterns were obtained automatically.
After virtual stitches and other details were applied, the sweatshirt was dressed on the created male model
in order to determine the fit. Eventually, fit of the created design was evaluated.

Keywords: Apparel design, Tight-fit garments, 3D flattening, Computer-aided pattern preparation,
Computer-aided design

Viicudu Saran Giysilerin Tasariminda ve Giysi Kalib1 Hazirhginda 3 Boyutlu
Ac¢inmim Sistemlerinin Kullanilabilirligi

Oz

Gliniimiizde; estetik goriinlim, konfor ve fonksiyonellik spor giyiminin O6nemli 6zelliklerini
olusturmaktadir. Giyim konforunun saglanmasi igin spor giysiler, farkli dzellik ve tasarimlarda cesitli
kumaslar kullanilarak iiretilmektedir. Viicuda oturan giysilerin giysi kalibinin dogru odlgiilerde
hazirlanmasi, bol giysilere gore daha zordur. Giysinin viicuda uyumunun en iyi oldugu giysi kalibini
belirleyebilmek i¢in birgok prototipin hazirlanmasi gerekebilmekte ve siireler uzamaktadir. Bu nedenle, 3
boyutlu aginim sistemleri, 6zellikle spor giyim {ireticileri i¢in bir ¢ikis yolu saglamaktadir.

“Sorumlu yazar (Corresponding author): Derya TAMA, derya.tama@ege.edu.tr
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The Usability of 3D Flattening in Design and Pattern Preparation of Tight-Fit Garments

Bu c¢aligmada oncelikle, bir sanal erkek manken olusturulmustur. Ardindan, bu sanal model iizerinde
Optitex 3 Boyutlu Agimim Sistemi kullanilarak boliintiili bir sweatshirt modeli tasarlanmigtir. Bu sistem
ile sanal manken iizerinde model tasarlandiginda, ayni anda giysi kaliplar1 da hazirlanmaktadir. Tasarim
tamamlandiginda, 2 boyutlu giysi kaliplar1 aginim islemi ile otomatik olarak elde edilmistir. Daha sonra
elde edilen bu 2 boyutlu kaliplar sanal dikis ile bir araya getirilerek manken {izerinde sanal giydirme
islemi gerceklestirilmistir. Calisma kapsaminda tasarlanan modelin viicuda uyumu degerlendirilmistir.

Anahtar Kelimeler: Giysi Tasarimi, Viicuda oturan giysiler, 3 boyutlu aginim, Bilgisayar destekli kalip
tasarimi, Bilgisayar destekli tasarim

1. INTRODUCTION

Traditional fashion product development is an
iterative process, which starts with designers
preparing patterns and prototypes based on
experiences of similar styles before, trying on the
prototype on a dress form for fit evaluation, from
which necessary alterations are made and another
prototype is prepared. The cycle repeats with a
number of trials until a satisfactory fit is achieved
[1]. However, results of market research can lead
to discarding the design or changing it (in the latter
case, another prototype needs to be produced and
evaluated). This is a very expensive iterative
process for the industry: for any accepted design,
many more are discarded and will not go into
production [2].

In recent years, the clothing industry has changed
due to the industry’s increased awareness of
fashion and design. As the industry has changed
from mass production to mass customization, it
has needed to develop new production techniques
that provide to individual preferences, particularly
apparel fitting that must be incorporated into
pattern-making  systems.  However,  while
technology may enable mass customization efforts,
the processes involved are far from automatic. A
significant amount of “behind the scenes” effort is
still required in order to provide fit of each
garment that might be requested by individual
customers [3].

The clothing industry has been using 2D pattern
design systems (PDS) to help designers simplify
their work for many years, and the industry has
recently started to look into 3D features [1]. To
improve the efficiency of the garment conception
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and design phase, a proposed solution is to adopt
virtual prototyping techniques. Exploiting 3D
virtual garment models would allow the industry to
dramatically reduce both the time before going to
market and the work costs [2]. Physical simulation
would allow designers to visualize the design and
drape effect without having to prepare prototype
garments [1].

The final shape taken by a garment is often
achieved through the incorporation of darts, seams,
edges, stiffening pads and local stretch of the
fabric. In order to gain credibility, CAD systems
should have to functionally handle the level of
complexity normally found in garment assemblies
combined with a simple interface to specify the
constructional detail [4].

Nowadays aesthetics, comfort and functionality are
the most important characteristics of sports
garments. To achieve comfort, sports garments are
manufactured as combined fractions made of
different fabrics providing different characteristics
and designs. It is an area of expertise to decide
where these fractions will be located in order not
to disturb the wearer. Preparing patterns which
provide the best fit for the tight-fit garments is
much harder than the loose fit ones. Therefore,
they generally require more prototypes. To be able
to see the fit of the garment before preparing a
prototype is an important advantage especially for
the companies that manufacturing tight-fit
garments. Thus, 3D Flattening Systems, which
provide i) visualizing designs created as a 2D
pattern on a 3D virtual model, ii) showing how
changes on the 3D design affect the 2D pattern, iii)
“peeling off” parts of a product modeled in 3D and
create them as a 2D pattern, have gained more
importance [5].
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2. METHODS

The uniform appearance will assist the reader to
read paper of the proceedings book. It is therefore
suggested to authors to use the example of this file
to construct their papers. This particular example
uses this paper format with 25 mm margins left,
right, top and bottom.

In draping technique, pattern is obtained through
directly contact of the body and the fabric used is
the exact fabric of the garment. Therefore, patterns
obtained by draping provide best fit [6]. However,
draping is not usable in mass production.
Therefore, CAD systems providing virtual fit
similar to draping are used.

In this study, firstly, a virtual male model
(Figure 1) was formed according to the
measurements in Table 1.

Table 1. Naked male model body sizes

Measurements Values (cm)
Height 180
Chest circumference 105
Under chest circumference 96
Waist circumference 83
Hip circumference 98
Hip depth 17
Knee height 45
Knee circumference 38
Ankle perimeter 22
Inner height 76
Waist height 103
Arm length 61
Elbow circumference 30
Wrist circumference 18
Front height 43
Thigh circumference 57
Calf circumference 39
Biceps circumference 33
Shoulders 44.5
Neck circumference 48
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Afterwards, a fractioned tight-fit male sweatshirt
model was designed on this virtual model via
Opititex 3D Flattener. As the model was created,
the pattern was obtained  simultaneously
(Figure 2).

Figure 2. Designing the sweatshirt on the model.

When the design was completed, 2D patterns were
obtained automatically by introducing straight line
to the system. After virtual stitches and other
details were applied, the sweatshirt was dressed on
the created male model in order to determine the
fit (Figure 3). Details can be seen in Figure 4.
Eventually, fit of the created design was evaluated
(Figure 5).
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Figure 3. Dressing the created sweatshirt on the
model

Figure 4. Details of the created sweatshirt

Figure 5. Front and back views of the dressed
sweatshirt

3. CONCLUSION

Fast fashion is a viable trend in fashion industry.
Marketing garments fast in an effective and timely
way while the fashion trend is still “in” is a must
for all the garment manufacturers, as well as for
the sportswear manufacturers. However, today’s
consumers expect many characteristics from
sportswear such as trendy look, functionality and
clothing comfort. Therefore, sportswear requires
fractioned patterns in order to meet the mentioned
expectations. To find the best fit, many prototypes
have to be made, but the manufacturers do not
have the necessary time. It is important to market
the garments in the right time in the right way.
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Thus, 3D Flattening systems provide a way out for
the industry, but especially for the sportswear
manufacturers. 3D flattening systems enable to
prepare the patterns and at the same time see how
the actual garment will behave on the body as in
draping technique. In this study, a tight-fit
fractioned male sweatshirt was designed on a
virtual male model. The patterns were obtained
after completing the design. Later, in order to
determine the fit, created sweatshirt was dressed
on the virtual model and the fit was evaluated. As
can be seen in Figure 5, fit of the created design
was quite good.

It is possible to reduce the number of prototypes,
the time used and the cost by using the flattening
systems. Designers see the fit and general look of
the garments in the systems and make the
necessary changes needed in the design, size or fit
in a short time without preparing a prototype.
Moreover, time to obtain the patterns is much
shorter as the patterns are prepared while the
design is formed. On the other hand, downsides of
these systems are high cost of investment and the
need for an operator with deep pattern knowledge
in order to benefit from the advantages of the
systems efficiently. Design offices may exploit
these systems besides manufacturers. Although 2D
pattern design systems have been used in the
industry for a long time, 3D flattening systems are
relatively new and unknown. Awareness of these
systems should be raised.
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Abstract

In this work, FeTeg;Seq 3 single crystals have been synthesized by using the self-flux method, in order to
understand effect of Te doping in the Fe-chalcogenides. For this purpose, the physical properties of
sample have been investigated by Scanning Electron Microscopy (SEM), Energy dispersive x-ray (EDX)
spectroscopy, X-ray diffraction (XRD) and magnetic techniques. The XRD results show that the sample
has tetragonal structure, with some impurity peaks. SEM results demonstrate that the sample is distributed
in a terrace-like formation. EDX results indicate that the distribution of Fe, Te and Se on the surface of
the sample is homogenous. According to x*-T measurement, antiferromagnetic interaction is observed. In
addition, M-H curves show nearly paramagnetic behavior for the sample measured.

Keywords: Fe-based superconductivity, Self-flux method, XRD, SEM, Magnetism

Te Katkisimin FeSe-11 Bilesiklerine Etkisi, Uretimi ve Karakterizasyonu
Oz

Bu calisma kapsaminda, Fe-kalkojenlerin fiziksel mekanizmasini daha iyi irdelemek igin FeTeg;Seq 3 tek
kristali self-flux metodu kullanilarak sentezlendi. Bu baglamda, hazirlanan numunenin fiziksel 6zellikleri,
Taramali Elektron Mikroskopu (SEM), Enerji Sag¢ilimli X-1s1n1 Spektroskopi (EDX), X-Isin1 Kirinimi
(XRD) ve manyetik teknikleri kullanilarak incelendi. Numune, XRD sonucunda tetragonal kristal yap ile
birlikte baz1 safsizlik piklerinin de varligini sergilemektedir. SEM sonucu, numunenin terasa benzer bir
olusum oldugunu gostermektedir. EDS sonucu, Fe, Te ve Se elementlerinin numune yiizeyinde homojen
olarak dagildigim gostermektedir. y'-T 6lgiimlerine gdre, numunede antiferromanyetik etkilesmeler
gozlemlenmektedir. Buna ek olarak, M-H grafiklerinde ise neredeyse paramanyetik davranigin oldugunu
gostermektedir.

Anahtar Kelimeler: Fe-tabanl siiperiletkenler, Self-flux metodu, XRD, SEM, Manyetizma
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1. INTRODUCTION

Superconductivity in mercury was discovered in
1911 by Kamerling Onnes [1], since then it has
attracted wordwide attention because
superconductors have unique properties such as
zero resistance state a desire to lower energy
losses. Over the last one-hundered years several
researchers have studied this field and they have
found that many elements, alloys and ceramics
show superconducting properties below defined
critical temperatures (T.) [2]. The greatest leap in
1986 came with, the discovery of a new class of
superconducting copper oxides, so-called as high
temperature superconductors (HTS), by Bednorz
and Muller [3], which now have critical
temperatures T, of 138 K after doping and up to
164K under pressure [4,5]. In 2008 the scientific
world was astonished by the discovery of a
thoroughly new class of iron  based
superconductors. The discovery LaO,  F,FeAs
superconductors with superconducting transition
temperature 26K was reported by Hosono’s group
[6]. Since then, numerous researchers have
provided this new materials a second family of
high-Tc superconductors. To date, the parent
materials are classified into five types namely:
REOFeAs (‘1111°, RE=rare ecarth) [6], AeFe,As;
(‘122°, Ae=alkaline earth) [7], LiFeAs (‘111°) [8],
Fe(Se,Ch) (‘11° Ch=S, Te) [9] and 32225 family
of Sr,MOsFePn (M=Sc, V, Cr and Pn=pnictogen)
[10]. Among the Fe-based superconductors,
FeSe-11 so-called chalcogenides have drawn much
attention because of their simplest structure and
less toxicity compared to the As-based
compounds. Morever, tetragonal FeSe which was
reported with critical temperature Tc of 8K at
ambient pressure, with the substitution of Te with
Se, up to 14K in FeTe,Se, compound [11] and up
to 37K at hydrostatic pressure [12].

In this work, high-quality FeTeq,;Seys single
crystal have been produced and their physical

properties investigated by Scanning Electron
Microscopy (SEM) together with energy
dispersive x-ray (EDX) spectroscopy, X-ray

diffraction (XRD), magnetization and magnetic
hysteresis techniques.
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2. MATERIALS AND METHODS

Single crystals with nominal composition
FeTey7Seq3 were prepared by self-flux method.
The granular of Fe (99.99%) and the shot of Se
(99.999%) and Te (99.999%) were put into a
quartz tube with molar ratio of FeTey7Seqs and
sealed under high vacuum. The quartz tube was
placed in a second quartz tube for the purpose of
cracking the tube during the sintering process. The
double quartz tube was heated to 1050°C and
maintained at that temperature for 24 hours then
slowly cooled down to 700°C at rate of 1.45°C/h.
The structure of the sample was characterized by
X-ray diffraction (XRD) at room temperature with
Cu-Ka radiation (Rigaku D/max-B) and a constant
scan rate between 26 = 2 — 80°. Scanning Electron
Microscopy (SEM) were taken using a LEO
Evo-40 VPX SEM fitted with energy dispersive
X-ray (EDX) analyzer. The magnetic properties
were measured by using a physical property
measurement system (PPMS, Quantum Design)
magnetometer.

3. RESULTS AND DISCUSSION
3.1. X-Ray Characterization

The crystal was found to be very shiny, grown
along the ab-plane, and was easy to cleave along
this plane. The x-ray diffraction (XRD) pattern of
FeTeq7Sep 3 single crystal is shown in figure 1. The
high intensity of the (000) indices from the XRD
pattern shows the c-axis orientation of the single
crystal. The powder XRD pattern of single crystal,
four narrow and sharp peaks appear at about
20=14.83°, 29.41°, 44.47°, 60.50°, which
correspond to the reflected intensity from the
(001), (002), (003), (004) planes of the tetragonal
crystal structure with space group of P4/nmm. This
result is in good agreement with earlier reports
[11]. In addition to this, there exists some
impurities at about 20 = 21.66°, 24.02°, 26.92°,
whose peaks are very weak. A possible
explanation that the disappearance of Se or some
of the Te is not integrated into the sample
attributed to the formation of FeTe/FeSe binary
phases. The lattice parameters were calculated and
found to be a=3.86559°A, c= 6.02458°A and
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Vv=89.53 A® by standard Rietveld refinement
method using FullProf software.
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Figure 1. X-ray diffraction pattern of

FeTe0.7Se0.3 single crystal
3.2. SEM Analysis

The morphology of the surface and the ratio of
Fe:Te:Se was investigated by SEM with energy
dispersive X-ray spectrum (EDX). The SEM
images 10.000X magnification are given
in Figure 2a. As seen the figure, the sample is
distributed in a terrace-like formation. Energy
dispersive X-ray (EDX) spectra of the sample is
given in Figure 2b. It demonstrated that all of the
points in the single crystal include the expected
elements (Fe, Se, Te) without any trace of
impurities. According to the mapping image, for
the sample, all of the elemental distribution is
almost uniform on the whole area scanned. In
addition, the EDX analysis reveals the ratio of the
elements in as Feyq;Teg39S€056. These differences
between actual chemical composition and hominal
chemical composition can be explained that Te is
not integrated into the crystal structure of FeSe as
confirmed by the x-ray diffraction result.

3.3. Magnetic Properties

DC magnetic properties of Te doped FeSe have
been investigated by measuring the magnetization
of the sample with a PPMS magnetometer. Firstly,
the temperature dependence of field-cooled (FC)
magnetization at 20 Oe was measured (see
Figure 3), and secondly, magnetization aganist
magnetic fields (M-H) at 8 K, 10 K and 12 K
temperatures were measured in an applied
magnetic field range of -9 T to +9 T (see Figure 4).
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Figure 2. SEM images and EDS spectrums of the
FeTeg7Sep3 single crystal. Inset shows
EDS dot maps

According to Figure 3, the DC susceptibility ()
obtained at 5 K, is the highest and then the DC
susceptibility values decreases with an increasing
temperature up to 50 K. This reveals that magnetic
moments are very sensitive to the temperature.

_|LFC 20 Oe| . oo

rm(m’ emuig.0e)
i
i

T (K)

Figure 3. DC-susceptibility curves obtained from
the FC magnetizations at 20 Oe for the
FeTey7Seqs. Inset shows FC
magnetizations versus temperature at
20 Oe external field
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From Figure 4, it can be seen that, above +2 T, the
curves of M-H are linearly varying with magnetic
fields, which signifies that the sample shows
paramagnetic behaviour at all temperatures.
However, there is a slight hysteresis between +2 T
(given the inset figure 4) for all the temperature.
The small amount of impurities may be the reason
for the ferromagnetic component in M-H curves.
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Figure 4. Magnetization against magnetic field
curves for FeTey;Sep3 at 8 K, 10 K and
12 K

The inverse susceptibility (l/ypc) Vversus
temperature curves plotted for the FeTeq;Seps
single crystal are given in figure 5. According to
the figure, the curves display Curie-Weiss
behavior, where it can be expressed using
Cruie-Weiss law as follows:

1/xpc = HIM = (T-0)/C 1)

where C and @ are Curie-Weiss temperature,
respectively. The extrapolation of the straight
lines, obtained from the data at higher
temperatures cut the temperature axis on the
negative side which marks the Curie-Weiss
temperature, 8. The value of the 8 is negative and
magnitude of it is not high. This means that their is
the substitution of Te with Se, and in addition to
the paramagnetic contribution there is also a
antiferromagnetic interaction in the sample.
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Figure 5. Inverse DC-susceptibility curves for
FeTeOJSGog

4. CONCLUSION

In conclusion, FeTey;Seqs single crystal were
successfully synthesized by using the self-flux
technique. The XRD results showed that the
sample has a tetragonal structure. SEM results
demonstrated that the sample is distributed in a
terrace-like formation. EDX results showed that
Fe, Te, and Se were evenly distributed throughout
the sample. According to M(T) curves obtained in
the DC magnetic fields of 20 Oe (x'-T)
measurements both paramagnetic interaction and
antiferromagnetic interaction were observed. In
addition, M-H curves were measured at various
temperatures with a magnetic field applied parallel
to the c-axis. The sample showed nearly
paramagnetic behavior at all temperature intervals.
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Oz

Bu calismada, anodik oksidasyon yontemi kullanilarak yiiksek etkinlige, kimyasal stabilizeye, diigiik
maliyete ve yiiksek ylizey alanina sahip nanotiip TiO, fotokatalizorleri {iretilmis ve 151k absorbsiyonunu
artirmak amaciyla SILAR (Sirali Iyonik Tabaka Adsorpsiyonu ve Reaksiyonu) ydntemi kullanilarak AgS
katkilamasi yapilarak modifiye edilmistir. Fotokatalizorlerin yapisal 6zellikleri SEM ve XRD analizleri
kullanilarak karakterizasyonlar1 yapilmistir. Fotokatalizorlerin kesikli reaktoérde fotokatalitik aktivitelerini
6lgmek amaciyla Methylene Blue boya ¢ozeltisindeki bozunma incelenmistir. Elde edilen veriler, nanotiip
TiO,’lerinin fotokatalitik aktivitesinin AgS katkisi ile arttigini géstermistir.

Anahtar Kelimeler: TiO,, TiO, nanotiip, AgS-TiO, nanotiip, Fotokatalizor

Synthesis and Characterization of TiO, and AgS Doped TiO, Nanotube
Photocatalysts

Abstract

In this study, nanotube TiO, photocatalysts, have high activity, chemical stabilization, low cost and high
surface area, were produced using anodic oxidation method, and modified by doping AgS using SILAR
(Sequential lonic Layer Adsorption and Reaction) method to increase light absorption. The structural
properties of the photocatalysts were characterized by SEM and XRD analyzes. In order to measure the
photocatalytic activity of the photocatalysts in the batch reactor, the decomposition of Methylene Blue
dye solution was investigated. The obtained data showed that the photocatalytic activity of the nanotube
TiO, increased with the doping AgS.

Keywords: TiO,, TiO, nanotube, AgS-TiO, nanotube, Photocatalyst
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TiO, ve AgS Katkil TiO, Nanotiip Fotokatalizorlerinin Sentezlenmesi ve Karakterizasyonu

1. GIRIS

Son yillarda teknolojik gelismelerin artmasiyla
birgok endiistri dalinda gelismeler olmus ve bu
gelismeler farkli Kirliliklerin meydana gelmesine
neden olmustur. Farkli endiistri kuruluglarinin
(kagit, boya, kozmetik, tekstil vs.) sebep oldugu
endiistriyel kirlilikler ve atmosferin her gecen giin
biraz daha fazla kirlenmesi, ekosistemin siirekli
temiz tutulmasini zorunlu hale getirmektedir [1].

Endiistriyel atiklarda bulunan organik maddeler ve
agir metal iyonlarin hemen hepsi kanserojen
Ozellikte olmalariin yani sira, son derece kararli
yapida olmalari nedeniyle ¢ok biiyiikk bir tehlike
olusturmaktadirlar [2]. Bu kirliliklerin bilyiik bir
bolumii, 6zellikle boyarmaddeler, genel manada
biyolojik parcalanmaya karsi da son derece
direnglidirler. Bundan dolayr boyarmaddelerin,
bilinen biyolojik prosesler ile uzaklastiriimalar: da
son derece zor olmaktadir [3].

Son yillarda en etkin alternatif yontemin
“fotokatalizleme” oldugu belirlenmistir. Bu
yontem, UV 1s181yla aktif hale getirilmis bir yari
iletken ile atik sulardaki zararli maddelerin
bulunduklar1 ortamda “pargalanarak” zararsiz
iirtinlere (su, karbon dioksit, mineral tuzlar vb.)
doniigmesini icermektedir. En uygun yar iletkenin
ticari olarak satilan TiO, (titanyum dioksit)’in
oldugu belirlenmistir. Fotokatalizor olarak etkin
bir sekilde kullaniliyor olmasina ragmen, ticari
anlamda TiO; olan ilgi yavas yavas azalmaktadir.
Ciinkii ¢ozelti ortamindaki ayristirma isleminin
ardindan ¢ozeltiden ayristirilmasi oldukga gligtiir

[4].

Son donemlerdeki hemen hemen tiim g¢alismalar
“fotokatalitik nanotiipler” lizerine yogunlasmistir.
Anodik oksidasyonla olusturulan levha TiO,
nanotlip katalizoriiniin  aktif hale getirilmesi
gerekmektedir. Bu islem, genellikle 1s1n etkisiyle
olmaktadir. Bu sekilde hazirlanan nanotiipler
fotokatalitik aktivite sonunda istege bagli olarak
bulunduklari ortamdan kolayca
uzaklagtirilabildikleri ve kazandirilmis olan
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fotokatalitik aktivite kaybolmadigi i¢in en fazla
tercih edilen kullanim seklidir.

Ancak titanyumlarin levha seklinde kullanilmasi
yar1 iletkenlerde mevcut olan valans-iletkenlik
bandi (3,2 eV) problemini ¢ézmemektedir. Bir yari
iletkenin, goriinlir bolge 1smlart ile katalitik
aktivite gosterebilmesi i¢in sahip oldugu bant
enerji araligmin degistirilmesi  gerekmektedir.
Bunun igin, genellikle yar1 iletkenin sentez
asamasinda farkli gecis metal iyonlar1 veya
ametaller, degisik oranlarda ilave edilmektedir.
Boylece kristal yapida olusturulan ikinci bir
madde, yari iletkenin katalitik aktivitesini, olumlu
ya da olumsuz yonde Onemli Olglide
etkilemektedir. TiO, foto katalitik aktiviteyi
gelistirmek iglemleri sirasinda, element katkilama
[5-10], soy metal kaplama [11,12], ylizey
modifikasyonu [13], yar1 iletken bilesimi [14] gibi
cesitli metotlar yapilmis bunlarin arasinda TiO,
Orgiisii igine element katkilamanin en etkili yol
oldugu bulunmustur. Zn, Cr ve Fe ge¢is metalleri
gibi baz1 metallerin katkilanmasi elektron-bosluk
ayrisma oranim1  ve TiOy’nin  fotokatalitik
aktivitesini artirmaktadir. Si, F, C, N gibi metal
olmayan  elementlerin  katkilanmasi  yine
fotokatalitik etkinligi arttirabilir veya goriiniir 151k
bolgesinde absorbans bandi genisleyebilir.

Bu ¢alismada anodizasyon yontemiyle elde edilen
nanotlip TiO, ve fotokatalitik aktivitesinin ve 151k
absorbansinin artirilmasi amaciryla SILAR yontemi
kullanilarak AgS katkilamasi yapilan
fotokatalizorlerin fotokatalitik denemeleri
gergeklestirlmis ve karakterizasyonu yapilmistir.

2. MATERYAL VE METOT
2.1. Kimyasallar

2 mm kalinliginda, 2x3 cm ebatlarinda, %99,7
saflikta Aldrich titanyum levha kullanilmistir.
Levhalarin yikama islemi i¢in SONICS marka
VCX750 model ultrasonik cihaz kullanilmistir.
Titanyum levhalarin yikanmasi sirasinda aseton
(Sigma Aldrich 9%99), etanol (Sigma Aldrich
%99), metanol (Sigma Aldrich %99) ve destile su
kullanilmaistir.
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Anodizasyon islemi i¢cin Sodyum floriir
(BDH Lab.), fosforik asit (Merck, %85) ve destile
su kullanilmistir. Katkilama igin glimiis nitrat
(Carlo Erba, >%99), sodyum stlfir
(Sigma Aldrich, >%98) ve destile su kullanilmustir.

2.2. TiO, Nanotiip Hazirlanmasi

TiO2 nanotiip hazirlanmasinda anodik oksidasyon
yontemi kullanilmusgtir. Titanyum levha
kirliliklerden temizlemek amaciyla sirastyla saf su,
aseton, etanol ve metanol ile 10 dakika siireyle
muamele edilmistir.  Anodizasyon  ¢0zeltisi
0,5 M H3PO, ve 0,14 M NaF kullanilarak literatiire
uygun olarak hazirlanmigtir. Titanyum levha anot,
platin ise katot olarak baglanip ¢dzelti icerisinde
3 cm aralik brrakilarak 1 saat siireyle 20V dogru
akim uygulanmistir.  Anodizasyon isleminin
ardindan flor iyonlar1 saf suyla temizlenerek hava
ortaminda kurumaya birakilir.

2.3. AgS/TiO, Naneotiiplerinin Hazirlanmasi

Katkili  nanotip  hazirlanmasinda ~ SILAR
(Successive lonic Layer Adsorption and Reaction)
metodu kullanilmugtir. Yapilan katkilama islemi
icin dort farkli beher kullanilmis ve beherlerin
igerikleri su sekildedir; 1. Beher 0,0025M AgNOg,
Il. Beher deiyonize su, Ill. Beher 0,0025M Na,S
ve IV. Beher deiyonize su’dur. Hazirlanmig olan
TiO, nanotiip ultrases altinda beherlerde sirasiyla
daldirarak elde edilmistir.

2.4. Fotokatalizorlerin Karakterizasyonu

Fotokatalizorlerin yiizey yapist ve morfolojisi
taramali elektron mikroskopu (SEM, FEI, Inspect
S50) ile gozlemlenmistir. XRD sonuglart ise
Rigaku marka D/Max-2200 cihaz1 ile 10°dk
tarama orant ve 20°den 80%ye 20 orani ile
gerceklestirilmistir.

2.5. Methylene Blue Boyar Maddesinin
Fotokatalitik Bozunmasi

Fotokatalitik bozunma deneyleri 500 ml’lik bir
kesikli reaktorde oda sicakliginda
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gergeklestirilmigti. 400 ml, 20 mg/L’lik
Methylene Blue ¢ozeltisi hazirlanarak magmatik
karistirict (500 rpm) altinda reaktdre konulmustur.

44 WIm? 151k siddetinde ve O, konsantrasyonunu

yliksek oranda tutabilmek i¢in siirekli olarak hava
reaktor icerisine pompa vasitastyla beslenmistir.

3. ARASTIRMA BULGULARI

3.1. TiO, Nanotiip, AgS/TiO,
Fotokatalizérlerin Karakterizasyonu

Titanyum lehva kullanilarak iiretilen nanotiip TiO,
fotokatalizoriiniin  karekterizasyon analizi
analiz

i¢in
yaptlan SEM ve EDS sonuglart

Sekil 1 ve 2°de verilmistir.

sicaklikta
TiO,

Sekil 1. Anodizasyon sonrast 500°C
kalsine edilen nanotiip
fotokatalizoriine ait SEM analizi

9.3 4

Element % Agiriikca % Atomca
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7.5 - TiK 68.79 42.09
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Sekil 2. 100000  biiyiitmede  nanotiip  TiO;
fotokatalizoriine ait EDS analizi
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Sekil 1°de 500°C’de kalsinasyon iglemine tabi
tutulmus nanotiip TiO, fotokatalizoriine ait SEM
goriintiisiinden de goriilecegi gibi nanotiipler
homojen bir bigcimde yilizeye dagilmistir ve
ortalama ¢ap mesafesi 90-116 nm arasinda
degismektedir. Gorlintiiden de goriilecegi gibi
nanotiipler olduk¢a diizenli bir sekilde dizilmis ve
tipler olusumlarini tamamlamistir. Nanotiiplerin
cevresinde ve igerisinde herhangi bir kirlilik
goriilmemektedir. Tiplerin ¢aplart belirgin ve
duvar kalinliklart muntazamdir.

Ayni fotokatalizore ait EDS analizi ise Sekil 2’de
verilmis ve numunedeki titanyum ve oksijen
varligi kanitlanmustir.

0,025M madde konsantrasyonuyla yapilan SILAR
yontemi ile sentezlenmis AgS/TiO, nanotiip
fotokatalizoriine ait SEM analizi ve EDS analizi
yaptlmistir ve analiz sonuglart Sekil 3-4°de
verilmigtir.

| 500 nm
| ATATURK UNIVERSITY

Sekil 3. 160000 byﬁtmede AgS/TiO, nanotiip
fotokatalizoriine ait SEM analizi

Sekil 3°de 500°C’de kalsinasyon islemine tabi
tutulmus AgS katkili nanotiip fotokatalizore ait
SEM goriintiisiinden de goriilecegi gibi AgS
nanotiiplerin  ¢evresine tutunmustur. Cevresi
kaplanan nanotiipler digerlerine gore daha parlak
goriilmektedir. Aym fototakalizore ait EDS analizi
Sekil 4’de verilmis ve numunemizdeki titanyum,
oksijen ve glimiis varlig1 belirlenmistir.
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Sekil 4. 160000 biiylitmede AgS/TiO, nanotiip
fotokatalizoriine ait SEM analizi
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Sekil 5. 500°C kalsine edilmis nanotiip TiO;’ye ait
XRD diyagrami

Sekil 5’tende goriildiigii gibi 500°C’de kalsinasyon
islemine tabi tutulan nanotiip TiO,’nin anataz
fazinda keskin bir sekilde pik verdigi goriilmiistiir.

1800 AgTiO2 NT

g2
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20 (Derece)
Sekil 6. 0,025 M AgS/TiO, nanotiip

fotokatalizoriine ait XRD diyagrami
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Sekil 5 ile Sekil 6 karsilastirildiginda AgS
katkilamas1  yapilan  fotokatalizOriin ~ anataz
piklerinin daha da belirgin halde oldugu ve daha
keskin hale geldigi goriilmektedir. Ancak TiO,
nanotiip  fotokatalizér ile karsilastirildiginda
AgS’ye ait XRD grafigindeki pik boylarmin daha
da kisaldig1 gézlemlenmistir.

500°C’de kalsinasyon iglemi yapilarak sentezlenen

nanotiip TiO, fotokatalizorii iizerinde, kesikli
reaktérde Methylene Blue boyarmaddesinin
fotokatalitik bozunma degerleri Sekil 7’de
gosterilmistir.
25
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Sekil 7. Nanotiip TiO, fotokatalizorii {izerinde

Methylene  Blue boyar maddesinin
bozunmasi
Anadizasyon sonrasinda elde edilen katkisiz

nanotip TiO, fotokatalizoriin  fotokatalitik
aktivitesi kesikli bir reaktérde Methylene Blue
boyasi iizerinde yapilmistir. Sekil 7°de 500°C’de
kalsinasyon islemi yapilarak sentezlenen nanotiip
TiO, fotokatalizorii kesikli reaktorde boya
giderimi grafigi goriilmektedir, 6 saatte boyanin
%61,08’1 giderilmistir.

500°C’de kalsinasyon iglemi yapilarak sentezlenen
AgS/TiO, nanotlip fotokatalizorii tizerinde, kesikli

reaktorde Methylene Blue boyarmaddesinin
fotokatalitik bozunma degerleri Sekil 8’de
gosterilmistir.

Sekil 8’de nanotiip TiO, fotokatalizorii ile AgS
katkili  nanotiip TiO, fotokatalizoriine ait
fotokatalitik Methylene Blue ¢ozeltisi
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konsantrasyonuna  karsihk  zaman  grafigi
goriilmektedir.  Grafik  incelendiginde  iki
fotokatalizoriin giderimleri arasindaki fark gozle
goriilir seviyededir. AgS katkili nanotiip TiO,
fotokatalizorii 6 saat siiresince boyanin giderimin
%72,01’1 tamamlamistir  ve nanotiip TiO;
fotokatalizoriine goére boya giderimi daha 1iyi
seviyededir.
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Sekil 8. Nanotiip TiO, fotokatalizorii ile AgS
katkilt nanotiip TiO, fotokatalizoriine ait
fotokatalitik Methylene Blue ¢ozeltisi
konsantrasyonuna karsilik zaman grafigi

4, SONUC
Fotokatalizorlerin ~ SEM  analizi  yardimiyla
nanotiiplerinin  homojen bir sekilde olusmus

oldugu goriilmiis ve nanotiip ¢aplarinm 90-120 nm
arasinda degistigi belirlenmigtir. Ultrasonik prob
yardimiyla  gergeklestirilen SILAR  yontemi
sonucunda tiim katkilanan partikiillerinin tiiplerin
giriginde topaklanmis sekilde iretilmesi
engellenmisti.  EDS  analizleri ~ sonucunda
katkilanan maddenin fotokatalizérdeki varlig
ispatlamis ve katkilanmig maddenin kiitlece ve
atomca  yiizdesi  belirlenmigtir. ~ 500°C’de
gerceklestirilen kalsinasyon isleminin XRD grafigi
incelenmis, 25° ve 48°°deki karakteristik TiO,
anataz fazi gorilmektedir. AgS katkili nanotiip
TiO,’ye ait piklerde katki maddesine ait herhangi
bir pik goriilmemektedir. Bunun sebebi sentez
sirasinda ¢ok yiliksek sicakliklara ¢ikilmamasi,
oldukca seyreltik ¢ozeltilerle calisiimas: ve katki
maddelerinin eser miktarda yilizeye tutunmasi
oldugu belirlenmistir. Anodizasyon sonrasinda
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elde edilen katkisiz nanotiip TiO,’nin fotokatalitik
aktivitesi kesikli bir reaktérde Methylene Blue
boyast {izerinde yapilmistir. Katkisiz nanotiip
TiO, nin boya giderimi 6 saatte %61,08 olarak
gerceklesmistir. AgS katkili  nanotiip TiO,
fotokatalizoriiniin 6 saatte gerceklesen boya
giderimi  %72,01 olarak gergeklesmistir. Buda
gostermigtir  Ki, AgS katkili nanotiip TiO,
fotokatalizor olarak boya gideriminde etkin olarak
kullanilabilir.
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Celik Lif ile Giiclendirilmis Betonlarda Lif Yoniinii ve Dagihimim
Belirlemede Yeni Bir Yaklasim
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Oz
Beton, basing dayanimi yiiksek, cekme dayanimi diisiik, gevrek bir malzemedir. Beton igerisinde lifli
malzemelerin kullanilmasi betonun egilme dayanimini, ¢ekme dayanimini, darbe dayanimini, yorulma
direncini, yangin ve aginmaya kars1 direncini arttirir. Bunun yaninda ¢atlak olusumunu geciktirir, ¢atlak
ilerlemesini onler ve betonun enerji yutma kapasitesini arttirir. Beton igerisine ilave edilen az miktarda
lifli malzeme dahi betonun mihendislik karakteristigini 6nemli Ol¢lide degistirir. Lifli betonun
performansinda, beton igerisindeki liflerin dagilimi ve liflerin yonii 6nemli 6lgiide etkilidir. Lifler beton
icerisine beton yas iken ilave edilir ve mikser tarafindan rastgele dagitilir. Bu dagilmanin homojen olup
olmadigi ve ne sekilde dagildigi beton prizini aldiktan sonra goz ile tespit edilmesi olanaksizdir. Bu
nedenle, betonun istenilen performansi verebileceginden emin olunamamaktadir. Bu ¢alisma kapsaminda
mikrodalga tekniklerine dayanilarak hasarsiz bir gekilde lifli beton igerisindeki liflerin dagilimi ve
yonelimi hakkinda bilgi sahibi olmak amaglanmigtir. Bu sekilde iiretilen lifli betonlarin tasarlanan amaca
hizmet edip etmeyecegi hakkinda yapilara zarar vermeden yorum yapilabilecektir.

Anahtar Kelimeler: Celik lif, Lif yonelimi, Lif dagilimi, Elektromanyetik beton sensorler, Fiber
takviyeli betonlar

A Novel Approach to Determine Dispersion and Orientation of Steel Fiber
Reinforced Concretes

Abstact

Concrete is a brittle material with high compressive strength and low tensile strength. The usage of fiber
materials in concretes increases flexural strength, tensile strength, impact strength, fatigue resistance and
the resistance against fire and abrasion. In addition to this, it delays the crack formation, prevents crack
propagation and increases the energy absorption capacity of the concrete. Even a small amount of fibrous
material added into the concrete changes engineering characteristics of the concrete significantly. In the
performance of the fibrous concrete, distribution and orientation of fibers inside the concrete is
significantly effective. Fibers are added into the concrete when they are still wet and distributed randomly
with the help of a mixer. It is impossible to determine if this distribution is homogeneous or not and how
the fibers are distributed via eyes after the concrete is hardened. Therefore, it cannot be sure if the
concrete can give the desired performance. In this study, it is aimed to have information about the
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distribution and orientation of fibers placed in fiber reinforced concretes without damaging the structure
based on microwave techniques. In this way, evaluation about whether the produced fiber reinforced
concretes will serve the designed purpose without damaging the structures.

Keywords: Steel fiber, Fiber orientation, Fiber dispersion, Electromagnetic concrete sensors, Fiber

reinforced concretes
1. GIRIS

Beton temel olarak cimento, agrega ve suyun
karigimi ile elde edilen kompozit bir malzemedir.
Beton yapimu i¢in gerekli malzemelerin ¢ok olmasi
ve ucuz olmasi betonu yap1 sektériinde en 6nemli
malzeme konumuna getiren faktorlerdendir.
Betonun basing altindaki dayaniminin  yiiksek
olmasimin yani sira ¢ekme dayanimi da diisiiktiir.
En yaygmn yodntem olarak betonun ¢ekme
dayanimint artirmak i¢in ¢elik donatilar ile
giiclendirme yapilir ve ayrica lifli malzemeler
kullanilarak da betonun ¢ekme direnci arttirilabilir
[1]. Yap1 malzemelerinin miihendislik
karakteristiklerinin degistirilmesi yeni bir yontem
degildir. Yiizyillar 6nce Mezopotamya ve antik
Misir’da kil ile samanin Kkarigtirilarak ¢ekme
dayanimi nispeten arttirilan toprak yapilarin
kullanim1 bilinen en eski lif kullanim teknigidir.
Giiniimiiz modern teknolojisi ile birlikte daha
dayanikli lifler iretilmis ve beton teknolojisinde
yerini almistir. Betonun lifli malzeme ile
giiclendirilmesinde temel olarak dort gesit lif
kullanilir: gelik 1if, cam lif, dogal lif ve sentetik lif.

Lif kullanilmamis bir betonda olusan bir catlagin
ilerlemesi i¢in gerekli enerji, ¢atlagin baglamasi
icin gerekli enerjinin yaklasik yarisi kadardir. Lif
kullanilmasi durumunda ise lifler gerilmeleri
aktararak catlagin yayilmasi i¢in daha ¢ok enerji
gerektirirler [2]. Lif ile giiclendirilmis betonlarin
tasarlanan amaca yonelik en 1iyi performansi
vermesi lif dagilimmin homojen olmasina ve
miimkiin mertebe istenilen oryantasyona Sahip
olmasi ile iliskilidir. Ornegin, basing yiiklemesinde
yiik eksenine dik olarak konumlanan lifler, yanal
deformasyonlar1 azaltarak basing yiiklemesinde de
betonun toklugunu artirir [3].

Sivil yapilarin bakimmin ve onariminin giivenilir
bir sekilde yapilmasi insan sagligi ac¢isindan
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onemlidir. Yap1 miktarinin artmasiyla yapi kalite
kontrolii giderek karmasik bir hal almustir. Bir
yapida hasar dogasmin degerlendirilmesi ve
yapisal biitiinliiglinlin izlenmesi siireci yapinin
kalicilig1 i¢in ¢ok 6nemli bir yer teskil etmektedir.

Betonarme yapilarda lifli betonun igerisindeki lif
dagilimmin homojen olup olmamasi ve lif
oryantasyonu, lifli betonlarin performansini énemli
derecede etkilemektedir. Beton igerisinde lif
dagilimmin iyi olmasi durumunda lifler ¢imento
matrisinde olusan gatlagin yol actigi gerilmeleri
iizerlerine alarak matrisin ¢atlamamis bolgelerine
aktarirlar. Lifsiz durumda ya da lif dagiliminin
diizenli olmamasi sebebi ile beton igerisinde lif
olmayan bolgeler olmasi durumunda, herhangi bir
sebeple olusan mikro ¢atlaklar gerilmelerin artmasi
ile Dbirlikte her yone yayilarak betonun
pargalanmasina sebep olurlar [4]. Bu nedenle lifli
betonun Kkalitesine gerekli 6zen gosterilmezse,
yapimin biitiinligii ve hizmet kabiliyeti zamanla
bozulacaktir. Bu nedenle, durum tespitinin
yapilmasi gerekir. Yapida, liflerin kullanildig1 yap1
elemanlarinda genel ve bdlgesel incelemeler
yapilir. Bolgesel incelemelerde liflerin bir yere
toplanip toplanmadigina, genel incelemede ise lif
oryantasyonuna bakilir. Bu tespit teknikleri
yapilarin giivenligi igin gerekli ve 6nemlidir.

Beton igerisine ilave edilen ve rastgele dagilmis
olan lifli malzemenin beton prizini aldiktan sonra
nasil dagildig1 hakkinda profesyonel miidahaleler
olmadik¢a ya da hasarli deneyler yapilmadik¢a
yorum yapmak olanaksizdir. Bu  sorunun
giderilmesi i¢in lineer olarak kutuplandirilmig
elektromanyetik ~ dalgalar  kullanilarak ~ hem
yogunluk sensdrii hem de sinyal emilim
Ozelliklerine bakilarak literatiirden farkli olarak

mikrodalga teknikleri ve Ol¢iim yOntemleri
kullanilarak ~ 6zglin  bir yontem ile beton
icerisindeki  lif dagilimi  ve oryantasyonu

belirlenecektir.
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2. MATERYAL METOD

Bu calismada beton karisimlart hesaplanirken
cimento olarak Portland c¢imentosu kullanilmis,
Su-¢imento orant 0,5 olup kullanilan ince ve iri
agreganin en biiyiik cap1 sirasiyla 4 ve 16 mm’dir.
Calismada ¢elik lifli betonlarda, liflerin betonun
icerisindeki  dagilimmi  ve  oryantasyonunu
elektromanyetik teknikler ile belirlemek amaci ile
cesitli beton karigimlar tiretilecektir. Karisimlarda
karbon c¢elik lif mutlak hacmin %0,5, %1 ve
%1,5’1 oranlarinda kullanilacaktir (Sekil 1). Beton
icerisinde Sekil 2’de gosterilen bes farkli 1if
oryantasyonuna sahip (parelel, dik, ¢apraz, ice dik,
karigik) numuneler tiretilecektir.

a) %0,5 lif yogunlugu  (b) %1 lif yogunlugu

(c) %1,5 lif yogunlugu
Sekil 1. Lif yogunluklari

(b) Paralel

(a) Karigik

(c) Capraz (d) Dik

(e) I¢e Dik
Sekil 2. Lif oryantasyonlari
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Hazirlanacak numuneler kademeli olarak hizlanan
hiz kontrolli mikser kullanilarak tretilmistir.
Beton igerisine kontrollii bir sekilde istenilen
oryantasyonda lifler, beton kaliplara dokiildiigii
esnada yerlestirilmistir (lif oryantasyonun ve
dagiliminin  sisteme tanitilmast icin elle lif
yerlesimi yapilacaktir). Lifli beton numuneleri
20x20x5 cm® boyutlarinda iiretilerek, 24 saat sonra
kaliptan c¢ikarillarak 28 giin su igerisinde kiir
edilmistir.

Dogadaki her malzemede kendine 6zgii bir¢ok
parametre mevcuttur. Bunlarin en 6nemlilerinden
biri ve bu g¢alismamizin temelini olusturan
parametre dielektrik katsayisidir. Bir malzemenin
dielektrik ozelligi kompleks bagil elektriksel ve
manyetik gecirgenliklerini bize sunar. Kompleks
olan bu parametrelerin hem gergel hem de sanal
kisimlart ayr1 bir ozelligi ifade etmektedir. Bu
parametreler kullanilarak beton igerisindeki lif
dagilimin1 ve oryantasyonunu belirlemek icin
laboratuarimizda bulunan 10 MHz ile 43,5 GHZ
bant araligina sahip Agilent marka 2-Port PNA-L
Network Analyzer kullamilmistir. Bu gelismis ol¢ii
aleti iki port arasinda aktarilan ve geri yansiyan
giicii frekansa veya zamana bagli olarak bize
sunmaktadir. Bu parametreler sacilim
parametreleri olarak adlandirilip elektromanyetik
ve Ozellikle anten ve mikrodalga c¢aligmalarinda
hayati 6neme sahiptirler. Beton igerisindeki liflerin
tane boyutunun kiiciik olmast ve dagilim
gorebilmemiz icin genis yiizeye ihtiya¢ duyuldugu
icin diisiik frekanslar dolayisiyla yiiksek dalga
boylarinda ¢alismak projenin hedeflerine ulagmasi
icin gerekli verileri elde etmemize yardimci
olmayacaktir. Bu sebepten daha hassas sonuglar
almak i¢in bu c¢alismamizda yiiksek frekanslarda
calisma  yapilacaktir.  Yiksek  frekanslarda
calismak c¢ok disiik elektriksel boyutlari bize
sundugu igin, liflerin dagilimi ve oryantasyonunu
algilamada ¢ok faydali olacaktir. Ultra genis bant’a
sahip iki tane dogrusal kutuplasmaya sahip horn
anten kullanilmis ve bunlarin arasina numune
yerlestirilmistir. ~ Olgiimlerin  hassasigi ~ ve
dogrulugunu saglamak i¢in hava ve anten
boyutlarina uygun metal plaka ile kalibre edilmis
ve sisteme entegre gelen yazilim ile kompleks
elektrik gecirgenligine ve manyetik gecirgenligine
bakilmis ve kaydedilmistir. Sonuglar
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degerlendirilirken farkli oryantasyona ve lif
yogunluguna sahip numunelerin Sagilim yani S
parametreleri, elektriksel gegirgenlik ve yansima,
cole cole degerleri karsilastirilarak sonuglar
yorumlanacaktir. Deney diizenegi Sekil 3’te
sematize edilmistir.

@® Network Analyzer @

oldugu civarlarda kayip faktorii ile de belirlemenin
miimkiin oldugu goériilmiistiir.

500

Dielektrik Sabiti

Horn Antenna-1 Horn Antenna-2

Sample

Sekil 3. Elektromanyetik 6zelliklerin 6lgiimiinde
kullanilacak laboratuvar kurulumu

3. ARASTIRMA VE BULGULAR
3.1. Celik Lif Yogunlugu Tespiti

Sertlesmis beton icerisindeki lif yogunlugunu
tespit edebilmek i¢in 5 cm kalinlikta, 20x20 cm?
Olgiilerine sahip kaliplara mutlak hacmin sirasiyla
%0,5, 1 ve 1,5’i kadar c¢elik lif taze beton
igerisinde rastgele dagitilarak lifli beton numuneler
dretilmistir. Farkli yogunlukta celik lif iceren
betonlarin dielektrik sabitleri ve kayip tanjant
degerleri  sagilim  parametreleri  kullanilarak
hesaplanmistir. Sekil 4 a ve b’den anlasilacag:
iizere beton igerisindeki ¢elik lif yogunlugunun
artmastyla Dbirlikte betonun dielektrik sabiti
azalmaktadir. Bunun sebebi celik lifin artmasiyla
betonun  birim  yogunlugunun artmast ile
aciklanabilir. ~ Beton  dielektrik  katsayilari
arasindaki fark en agik sekilde 9.13 GHz frekans
degeri yakinlarinda goriilmiistiir. Tek bir frekans
degerinde Dbile beton igerisindeki c¢elik lif
yogunlugunun hasarsiz  bir sekilde tahmin
edilebilecegi bu yontem ile miimkiin kilinmistir.
Ayrica karbon ¢elik yogunlugu frekansin 14.78
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Sekil 4.a. Karbon ¢elik lif yogunlugunun farklt
oldugu betonlardaki dielektrik sabit
degerleri

Kayip Faktorii

f(GHz)

-1,00

Sekil 4.b. Karbon ¢elik lif yogunlugunun farkli
oldugu betonlardaki kayip faktori
degerleri

3.2. Celik Lif Oryantasyon Tespiti

Bu boliimde sertlesmis beton igerisindeki liflerin
oryantasyonu  mikrodalga  test  ydntemleri
kullanilarak hasarsiz bir sekilde tespit edilmistir.
Liflerin beton icerisindeki oryantasyonu betonun
mekanik 6zellikleri i¢in 6nem arz etmektedir. Bu
sebepten lifli betonlarin dielektrik sabitleri ve
kayip faktorleri mikrodalga Olgiim teknikleri
kullanilarak tespit edilecektir. Lif oryantasyonunu
tespit etmek i¢in ilk olarak 0,5 su ¢imento oranina
ve mutlak hacmin %1 kadar gelik lif igeren beton
6zel olarak hazirlanmis 5 cm kalinhiginda
20x20 cm? Slgiilerine sahip kaliplara dokiilmiistiir.
Daha sonra Sekil 2°de gdsterildigi iizere istenilen
oryantasyonda lifler el ile kontrollii bir sekilde
beton igerisine yerlestirilmistir ve bir giin sonra
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kaliptan ¢ikarildiktan sonra lifli beton numuneler
28 giin boyunca su dolu bir tankta kiir
edilmislerdir. Son olarak da elektromanyetik testler
yapilarak Sekil 5 a-b sonuglari elde edilmistir.

10,00

= Kontrol — . Dik
BE e I¢e Dik —90 Derece Cevrilmis
80 - . = Capraz = = Rastgele

Dielektrik Sabiti

f(GHz)

Sekil 5.a. Polarize edilmis elektrik alana dik, ige
dik, capraz, 90 derece ¢evrilmis ve
rastgele dagilmis yonelime sahip karbon
celik 1if igeren betonlarin dielektrik
sabiti degerleri

g
S
E 1,00
/.

g: Kontrol
g L / — . Dik

1 f/ — . lgeDik ]

I. }) ~ = 90 Derece Cevrilmis /"._/

Sekil 5.b. Polarize edilmis elektrik alana dik, ige
dik, capraz, 90 derece ¢evrilmis ve
rastgele dagilmig yonelime sahip karbon
celik lif iceren betonlarin kayip faktorii
degerleri

Test sonuglarinda goriinen dielektrik sabiti ve
kayip faktorii Nicolson Ross Weir (NRW) metodu
[5] kullanilarak yansima ve iletim parametreleri ile
bulunmustur. Sekil 9 a’da gorildigi tizere
frekansin 15,17 GHz oldugu noktada farkli
oryantasyona sahip lifli betonlarn dielektrik
sabitleri agik¢a birbirinden farklidir. Dielektrik
sabitleri ige dik, dik, rastgele, ¢apraz 90 derece
cevrilmis, ¢apraz ve igerisinde lif olmayan kontrol
numunesinin sirasiyla 0, 2,8, 3,8, 4, 4,2 ve 5,8°dir.
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Bunun yaninda kayip faktorleri frekansin 12,20
oldugu civarda ice dik, ¢apraz, ¢apraz 90 derece
cevrilmis, dik, kontrol ve rastgele dagitilmis lif
oryantasyonunda sirastyla 0,18, 0,88, 1,12, 1,43,
1,67 ve 2,00°dir. Test sonuglarindan da
anlasilabilecegi gibi lif oryantasyonu betonun
elektriksel oOzelliklerinden faydalanarak sabit bir
frekansta hasarsiz bir sekilde tespiti miimkiindiir.
Bu sistemin ¢aligmasi icin belirli bir frekans segilir
ve giivenilir sonuclar maliyeti ¢ok ucuz olan bir
yontem ile hasarsiz bir sekilde saniyeler icinde
tespit edilir.

4. SONUC

Lifli betonlarda beton igerisindeki lif yogunlugu
(liflerin beton igerisinde homojen olarak dagilip
dagilmadigini  tespit etmek icin) ve lif
oryantasyonu lifli betonun performansini etkileyen
O6nemli parametreler olmasina ragmen sertlesmis
beton igerisindeki lif dagilimmi ve yonelimini
tespit etmek ic¢in standart bir yontem yoktur.
Mevcut yontemler ya karmasik prosediirler igeren
ya da pahali olan sistemlerdir. Bu g¢aligmadaki
yenilik¢i bir yontem ile birlikte beton igerisindeki
liflerin homojen dagilip dagilmadigi ve istenilen
yonelimde olup olmadigi hasarsiz bir sekilde
yapilabilecegi miimkiin kilinmistir. Yapilan deney
sonuglar1  gostermistir  ki; sertlesmis  beton
igerisindeki lifler hakkinda betona hasar vermeden
yorum yapilabilir. Boylelikle firetimi yapilmis lifli
betonlarin kalite kontrolii daha giivenilir, hassas ve
hasarsiz bir sekilde tespiti yapilabilecektir.
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Abstract

The aim of this study was to evaluate the effects of TiO, and TiO,Ag nanoparticles on seed germination
of lettuce (Lactuca sativa). Two parameters were examined in this study: number of seed germination and
root-shoot elongation. Lettuce seeds in petri dishes were separately treated with different concentrations
(control, 10, 20, 40, 60, 80 and 100 mg/L) of 5 mL TiO, and TiO,Ag nanoparticle suspensions. Number
of seed germination was increased at increasing TiO, nanoparticles concentration especially at 80 and
100 mg/L TiO, with compared to control and also determined that radicle increased with TiO, and
TiO,Ag treatment at 20 mg/L and 10 mg/L respectively.

Keywords:, Lactuca sativa, Nanotoxicology, Phytotoxicity, Seed germination

Titanyum Dioksit ve Titanyum Dioksit-Giimiis Nanopartikiillerinin
Marul (Lactuca sativa)Tohumunun Cimlenmesine Etkisi

Oz

Bu ¢aligmanin temel amacit TiO; ve TiO,Ag nanopartikiillerinin marul (Lactuca sativa) bitkisinin tohum
¢imlenmesine etkisinin degerlendirilmesidir. Calismada iki farkli parametre degerlendirilmistir: tohum
¢imlenme sayist ve kok-govde uzamasi. Marul tohumlart petri kaplarina yerlestirildikten sonra farkli
derigimlerdeki (kontrol, 10, 20, 40, 60, 80 ve 100 mg/L) 5’er mL TiO, ve TiO,Ag nanopartikiil
siispansiyonlarina maruz birakilmistir. Sonugta marul tohumlarinin ¢imlenme sayilarinin nanopartikiil
derisimi arttik¢a arttig1 ve bu artigin 6zellikle 80 ve 100 mg/L TiO, konsantrasyonlarinda gergeklestigi
belirlenmistir. Ayrica kok radikula uzamasmin 20 mg/L. TiO, ve 10 mg/L TiO,Ag nanopartikiil
derisimlerinde artig gosterdigi tespit edilmistir.

Anahtar Kelimeler: Lactuca sativa, Nanotoksikoloji, Fitotoksisite, Tohum ¢imlenmesi
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Effect of Titanium Dioxide and Titanium Dioxide-Silver Nanoparticles on Seed Germination of Lettuce (Lactuca

sativa)

1. INTRODUCTION

Nanotechnology is an application of scientific
knowledge to manipulate the nature at the
nanoscale, distinctively with bulk materials [1].
Nanoparticles (NPs) are sized between 1-100 nm
which have some unique properties. Nanoparticles
exist into the nature as a result of some human
activities, this existence can be deliberate (e.g. soil
and water remediation, fertilizer usage) and/or
unintentional releases (e.g. water, air and
application of sewage sludge to the soil) [2].
Physical and chemical properties of nanoparticles
influence their impacts on environment and living
organisms. There are less information in the
literature about properties and application of
nanoparticles and also due to concerns over
possible adverse effects of nanotechnology on the
living organisms so, many question marks about
the nanoparticles [1,2].

Nanoparticles are present in the environment
because of their increasing use and have the ability
to enter, move into different parts of organism, and
damage organisms. Overproduction, common use,
and disposal of NPs will fatefully cause their
release into atmospheric, aquatic and terrestrial
environment [3]. Silver (Ag) and titanium dioxide
(TiOy) nanoparticles are the most widely used
types of nanoparticles. On the basis of common
applications, considerable fraction of Ag
nanoparticles and TiO, nanoparticles will find their
way into aquatic and terrestrial ecosystems in time

[4].

The photosensitivity and biocidal properties of Ag
and TiO, nanoparticles have been found to be toxic
to various organisms. The previous studies provide
valuable information for further understanding the
fate and toxicological risks of Ag and TiO,
nanoparticles.  However, there is  scarce
information about the effects of coexisting Ag and
TiO, nanoparticles on the fate and ecological risks.
On the one hand, coexistence of both of these
nanoparticles may exert enhancing toxicity due to
synergistic effects of Ag and TiO, nanoparticles,
on the other hand, antagonistic effects may also be
observed because of the absorptive effects of TiO,
NPs on Ag ions [4]. Ag nanoparticles are
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commonly used as an antibacterial agent, so this
causes the presence of Ag nanoparticles in the
environment via wastewater. Silver nanoparticles
may easily enter the environment following their
release from Ag nanoparticles and the major
products which contained textiles, cosmetics,
plastics, medical equipment, food containers,
washing machines, pesticides and paints [5].
Ultimately, most nanoparticles will end up in the
aquatic and terrestrial environment. Recently, Ag
nanoparticles fate in the environment has been
investigated and its potential eco-toxicological
affect inspire the interests [6].

Plants are the most important component between
soil and nanoparticles so they may serve potential
pathway for NPs transport and accumulation in the
food chain [7,8]. Crop plants are more likely to be
exposed to nanoparticles than other plants because
of application of treatment sludge in soils and
usage of Ag nanoparticles in pesticides. Seed
exposure to nanoparticles may cause decrease in
seed germination, poor healthy root-shoot growth
and less evapotranspiration and after the root
exposure, the roots uptake the nanoparticles caused
phytotoxic and genotoxic effects [6]. There is an
increasing amount of investigation effect of some
nanoparticles on various organisms but there is
much less knowledge on the effect of TiO,
nanoparticles on plants [3,7,9-11] compared to
animals [12]. In the literature some researchers
studied phytotoxicity of different nanomaterials
(Multi-walled carbon nanotubes, Aluminum oxide,
Zinc oxide, Al, Zn Cerium dioxide, Lanthanum
(1) oxide, Gadolinium (I1l) oxide, Ytterbium
oxide) and effect on seed germination of some
plants (rye grass, corn, radish, rape, tomato,
lettuce, wheat, cabbage, and cucumber). They
reported that the higher concentrations of nano
sized ZnO and Zn nanoparticles inhibited the
germination of corn and ryegrass, respectively
[13]. Lin and Xing [3], reported that the
nanoparticles species and concentrations most
effective parameters in root growth. Other
researchers reported that the CeO, nanoparticles
affected root elongation only lettuce in high
concentration and the other three types of
nanoparticles significantly affected root elongation
at the same concentration [13,14]. Barrena et al.
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determined that metallic nanoparticles (Fe;O4 Ag
and Au) had low effect on lettuce and cucumber
[15]. Most of the nanoparticles cause toxic effects
on plants in high concentrations and the toxicity
threshold changes with species of plants and
nanoparticles [3,16] also the surface characteristic
of nanoparticles is important in the phytotoxic
effects [17].

The main objective of this study is to determine
the effect of TiO, and TiO,Ag nanoparticles on
seed germination of lettuce (Lactuca sativa), also
we measured the root and shoot length of
germinated plants.

2. MATERIALS AND METHODS
2.1. Chemicals

Titanium dioxide and TiO,Ag nanoparticles
(~30 nm) were commercially prepared by Dr. Birol
Karakaya with sol-gel method and the
characterization of the TiO, and TiO,Ag
nanoparticles suspension was performed by TEM
technique.

2.2. Seed Germination and Root Elongation
Assay

According to US Environmental Protection
Agency, seed germination and root elongation
assay are two standard indictors to determine the
phytotoxicity [13]. The seeds selected were of
uniform size to minimize error in seed germination
and seedling vigor. Experiments were performed
at 25°C using 10 seeds in 10 cm petri dishes. Filter
paper cut to fit regular petri dishes was used as
inert material. A double-layer of filter paper was
placed in the petri dish. Ten lettuce seeds were
placed in every petri dishes and were separately
treated with different concentrations (0O (control),
10, 20, 40, 60, 80 and 100 mg/L) of TiO, and
TiO,Ag NPs suspensions. After the 7 days seed
germination, average lettuce plants were chosen in
every petri dish and root-shoot length were
measured. Germination was determined based on
the number of seeds germination in a petri dish,
and also root-shoot length was measured by
millimetric paper. Two parameters are examined in
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this study: number of seed germination and root-
shoot elongation.

3. RESULTS

Seed coat protects the embryo against adverse
environmental conditions and it causes inhibition
of nanoparticles through into the seed via
semipermeable structure, but it may not be
possible at any time [10,18]. Nanoparticles size
and type are the principal factors at this stage.
Titanium dioxide and TiO,Ag NPs application
significantly affected on lettuce seed germinations.
The comparative of seed germination results can
be observed from the table (Table 1). The results
showed that the effect of nanoparticles can be
change nanoparticles type and concentrations. As
shown in Figure 1, at high concentration especially
TiO,Ag NPs application enhanced the seed
germination.

Table 1. Number of the seed germinations after
nanoparticles application

0 7 8
10 8 6
20 7 8
40 9 9
60 8 7
80 10 9

100 10 9

It is important that the healthier plants depend on
having a healthy root system. The root and shoot
elongation help to assess the health of plants, so in
this study, the root and shoot length measurements
was realized for understanding the effect of TiO,
and TiO,Ag nanoparticles on lettuce plants at
seedling stage (Table 2).
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Figure 1. Effect of TiO, and TiO,Ag NPs on
lettuce seed germination

The effect of TiO, and TiO,Ag nanoparticles on
root and shoot elongation of lettuce was shown in
Figure 2a and Figure 2b, respectively. TiO,
nanoparticles had adverse effect on shoot
elongation, after application of the 20 mg/L TiO,
nanoparticles there was significant decreases in
shoot length. On the other hand, TiO,
nanoparticles promoted the root elongation,
especially at 20 mg/L, as shown in Figure 2a.

Table 2. Root and shoot length after application
TiO,Ag and TiO, nanoparticles

TiO,Ag TiO,
NPs Root Shoot Root Shoot
Application | Length | Length | Length Length
(mg/L) (cm) (cm) (cm) (cm)
0 (Control) 2.8 31 2.9 2.6
10 34 3.7 4.0 3.6
20 31 3.2 5.2 2.8
40 2.0 25 34 21
60 2.1 31 45 2.0
80 24 2.7 31 1.9
100 2.8 2.2 2.4 1.8

However TiO,Ag nanoparticles promoted the seed
germination, it had adverse effect on root-shoot
elongation. Titanium dioxide-silver nanoparticles
had adversely effect on root and shoot elongation,
especially at high concentrations. Minimum
elongation was observed at the 40 mg/L TiO,Ag
concentration as shown in Figure 2b. Both of these
nanoparticles effects on lettuce as visual were
shown in Figure 3, briefly.
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Figure 3. Effect of TiO,Ag and TiO, NPs on root
and shoot elongation of lettuce

It is known that the seed germination and root
elongation tests are widely used for determining
the phytotoxic effects in plants. These tests have
some advantages such as rapid, sensitivity, low
cost and suitability for different chemicals [3].
Limited reports in the literature emphasized the
positive, negative or no effects of nanoparticles
on plants. But it is clear that same nanoparticles
have different effects on different plants.
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4. CONCLUSION

Last decades of nanotoxicology research has been
increased in the literature. MWCNT, fullerene and
metallic (e.g. ZnO, TiO,) nanoparticles are test
materials which commonly used for determining
and understanding better the nanotoxicity
mechanisms of nanoparticles. Plants are the most
important  component  between soil and
nanoparticles. Seed coat is the most important part
of the seed germination which has semipermeable
structure. This structure allows or not allows
nanoparticles to pass through the seed coat. If the
nanoparticles pass through the coat, toxic effects
may occur in the seed germination stage. If the
nanoparticles cannot pass through the coat, the
toxic effects may occur in the seedling stage. The
pore size of the plants and nanoparticles size are
the most affective parameters in this stage.
Nanoparticles increase or inhibit the root and shoot
elongation or it may be ineffective. In this study,
we evaluated that the effect of ~30 nm TiO, and
TiO,Ag nanoparticles on seed germination and
root-shoot elongation of lettuce. Titanium dioxide
and TiO,Ag nanoparticles application promoted
the seed germinations, especially in high doses and
also application of TiO, nanoparticles promoted
the root elongation almost whole concentrations as
compared with the control, but there was
decreasing with increasing concentrations on shoot
elongation. TiO,Ag nanoparticles have inhibitory
effects on root and shoot elongations. The lack of
information, the possibility of adverse impacts on
the environment, safety and sustainability, are still
a challenge [2]. Transfer in the food chain of
nanoparticles via plants should be considered in
the life cycle analysis of nanoparticles, especially
through the roots. Future studies should also need
to clarify the nanotoxicology, possible uptake by
plants and translocation of nanoparticles to
different parts of plants [19].
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Abstract

Knowledge of the seismic behavior of cantilever retaining walls is an important component for their
successful design in earthquake prone areas. In this study, a finite element procedure was used to
investigate the effects of backfill soil properties variation on seismic response of a cantilever retaining
wall. In this procedure, not only soil-structure interaction but also backfill-wall interaction was taken into
consideration. Considering four different backfill soil conditions, the dynamic analyses of
backfill-cantilever wall-soil/foundation system were carried out in time domain through ANSYS
program. The magnitudes of lateral displacements and stresses were determined by performing non-linear
time history analyses. As a result, based on the response amplification/reduction pattern observed on the
lateral displacements and stresses, it is concluded that the dynamic behavior of cantilever walls is highly
sensitive to the backfill characteristics.

Keywords: Soil-structure interaction, Seismic response, Finite element method, Time history

Konsol Bir Istinat Duvarimin Sismik Davrams1 Uzerinde Dolgu Etkilesiminin
Degerlendirilmesi Uzerine Parametrik Bir Calisma

Oz

Konsol duvarlarin sismik davraniginin bilinmesi, bu yapilarin deprem bélgelerindeki basarili tasarimini
tesis etmek i¢in 6nemli bir unsurdur. Bu ¢alismada, konsol bir istinat duvarimin sismik tepkisi tizerinde
dolgu ozellikleri degisiminin etkilerini incelemek igin bir sonlu elemanlar yontemi kullanilmistir. Bu
yontemde zemin-yap1 ve dolgu-duvar etkilesimleri dikkate alinmustir. Dort farkli dolgu zemini kosulu
dikkate alinarak, dolgu-konsol duvar-temel/zemin sisteminin dinamik analizleri zaman ortaminda
ANSYS programiyla gergeklestirilmistir. Yerdegistirme ve gerilmeler dogrusal olmayan analizlerle
belirlenmis ve dinamik davranigin dolgu 6zelliklerine oldukg¢a duyarh oldugu ortaya konmustur.

Anahtar Kelimeler: Zemin-yapi etkilesimi, Sismik davramis, Sonlu elemanlar metodu, Zaman ge¢misi

“Sorumlu yazar (Corresponding author): Tufan CAKIR, cakirtufan@hotmail.com

C.U. Miih. Mim. Fak. Dergisi, 31(OS 2), EKim 2016 0S 199



A Parametric Study on Evaluation of Backfill Interaction on Seismic Response of a Cantilever Wall

1. INTRODUCTION

Retaining wall is a kind of structure that prevents
soil from collapsing and sliding by withstanding
the earth pressures generated by soil, and has been
widely used in railways, bridges, building
structures, hydraulic and harbor engineering. For
the safety design of retaining wall under static and
seismic load, earth pressures on retaining wall
need to be estimated. However, reliable prediction
of earth pressures is difficult due to the
soil-structure interaction which is seriously
influenced by backfill and subsoil material
properties, wall flexibility, wall displacement,
wave propagation and so on [1].

Reinforced concrete cantilever retaining walls
represent a popular type of retaining system. It is
widely considered as advantageous over traditional
gravity walls since it combines economy and ease
in construction and installation. The concept is
deemed particularly rational, as it exploits the
stabilizing action of the soil weight over the
footing slab against both sliding and overturning,
thus allowing construction of walls of considerable
height. For walls of this type structural weight is
not predominant as equilibrium depends mainly on
backfill actions and the resistance of foundation
soil [2].

There are mainly three categories of methods for
design and seismic analysis of retaining walls: (a)
analytic limit-state analysis methods where the
wall can displace and/or rotate sufficiently at its
base to induce a limit or failure state in the
backfill, (b) analytic linear elastic or viscoelastic
methods where the wall remains fixed at its base
and the backfill soil is considered to respond in a
linear elastic or viscoelastic manner, (c) numerical
methods of solution, mainly finite element
methods under the assumption of linear elastic or
nonlinear elastoplastic soil behavior [3-6]. The
present paper belongs to the third category of
methods to seismically analyze the cantilever
retaining wall under consideration. An extensive
list of papers for each one of the above three
categories can be found in [3-12], and the details
need not be repeated herein.
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Considering previous investigations on cantilever
retaining walls, it is seen that most of them have
concentrated on the estimation of
earthquake-induced earth pressures. On the other
hand, limited research has been done on the effects
of soil-structure interaction on seismic behavior of
cantilever walls under three dimensional
conditions. Thus, the objective of this paper is to
investigate the seismic response of a cantilever
retaining wall considering the effects of backfill
interaction. In line with this aim, a series of
seismic analyses were carried out taking four
different backfill soil conditions into consideration
in time domain.

2. FINITE ELEMENT MODEL AND
SEISMIC ANALYSIS

For solving the problem of backfill-cantilever
wall-soil/foundation system, the general purpose
structural analysis program ANSYS was used [13].
Numerical analysis of the cantilever retaining wall
problem with backfill and subsoil interactions and
subjected to earthquake loading is a complex
problem. Figure 1 shows the proposed finite
element model for the problem of cantilever
retaining wall. The heights of the wall and soil
stratum are considered to be the same. The vertical
stem height of the cantilever wall is H= 6 m, the
wall stem has a constant thickness of 0.4 m, the
thickness of base slab is 0.6 m, and the base slab
width is 4.0 m. The cantilever wall system is
founded on a deformable soil layer of thickness
2H. In the finite element modelling, the structural
wall is modelled with 3 D reinforced concrete solid
elements (SOLID65) defined by eight nodes
having three translational degrees of freedom in
each node. The SOLID65 is used for the 3 D
modeling of solids with or without reinforcing
bars. The solid is capable of cracking in tension
and crushing in compression. The backfill and
soil/foundation system are modelled with 3 D
structural solid elements (SOLID185) with eight
nodes having three degrees-of-freedom at each
node: translations in the nodal x, y, z directions.
The SOLIDG65 has plasticity, hyperelasticity, stress
stiffening, creep, large deflection, and large strain
capabilities. It also has mixed formulation
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capability for simulating deformations of nearly
incompressible elastoplastic materials, and fully
incompressible hyperelastic materials. Reasonable
modelling of the wall-backfill interface requires
using special interface elements between the wall
and the adjacent soil to allow for separation.
Hence, as a special interface element, nonlinear
spring (COMBIN39) is used between the backfill
and the wall allowing for the opening and closing
of the gaps (i.e. de-bonding and bonding) to model
backfill-wall interaction in this study. COMBIN39
is a unidirectional element with nonlinear
generalized force-deflection capability that can be
used in any analysis. The element has longitudinal
or torsional capability in 1 D, 2 D, or 3 D
applications. The longitudinal option is a uniaxial
tension-compression element with up to three
degrees of freedom at each node: translations in
the nodal x, y, and z directions.

Another important consideration in the dynamic
finite element analyses is the modeling of
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f element
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semi-infinite extent of the soil medium. The
general approach of treating these problems is to
divide the infinite medium into the near field
(truncated layer), which includes the irregularity as
well as the non-homogeneity of the soil adjacent to
the structure, and the far field, which is simplified
as an isotropic homogeneous elastic medium [14].
In this study, the viscous boundary model [15] is
used in three dimensions to consider radiative
effect of the seismic waves through the soil
medium. To represent the behavior of the semi-
infinite backfill medium, the critical minimum
distance from the face of the wall is taken as 10 H,
a value which is believed to approximate
adequately the behavior of the semi-infinite layer
[4,9]. In this context, the dashpots were also placed
10H away from the wall in three dimensions to
improve the accuracy of the simulation. Similarly,
the artificial viscous boundaries have been placed
in three dimensions on the boundaries of
soil/foundation medium.
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Figure 1. Finite element model of the system
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A series of seismic analyses with variation of
parameters such as physical and mechanical
properties of backfill soil were carried out
employing the proposed finite element model.
The Young’s modulus, Poisson’s ratio and unit
weight of the wall are 28000 MPa, 0.2 and
25 kN/m?, respectively. The Young’s Modulus,
the Poisson’s ratio and the unit weight of
cohesionless foundation soil were taken to be
500 MPa, 0.35 and 19 kN/m?, respectively. To
evaluate backfill interaction effects on dynamic

response of the cantilever retaining wall
supported on flexible foundation, four different
backfill soil types were considered in the
analyses (Table 1). “CLS090” component of
1989 Loma Prieta earthquake was used in the
nonlinear time history analyses (Figure 2). The
horizontal peak ground acceleration for the
record reaches 4.7 m/s®. Furthermore, Rayleigh
damping was taken into consideration in the
analyses. The damping values for both structure
and soil were presumed to be 5%.

Table 1. Backfill soil properties considered in this study

Soil types E (kN/m?) G (KN/m?) v ¥ (kKN/m®) V, (m/s) V, (m/s)
s1 300000 111111 0.35 19 241.83 503.40
S2 150000 55556 0.35 19 171.00 355.96
S3 75000 26786 0.40 18 121.99 298.81
S4 35000 12500 0.40 18 83.33 204.12

E: Young’s modulus, G: Shear modulus, v: Poisson’s ratio, y: Unit weight, Vi Shear wave velocity,

V,: Dilatational wave velocity
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Figure 2. CLS090 component of 1989 Loma Prieta earthquake

3. RESULTS AND DISCUSSIONS

Table 2 summarizes the maximum top
displacements and the stress responses at the front
and back faces of the cantilever wall and their
occurrence times depending on the variation of
backfill soil properties. The table indicates that the
responses of the system are different from each
other so that the maximum values of both lateral
displacements and stresses changed with changing
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soil conditions. It is worth stating here that the
displacements represent the relative lateral
displacements of the wall with respect to the
ground.

It is observed from Table 2 that as the backfill soil
stiffness decreases, the displacement response
generally tends to increase for all conditions, and
this reflects a significant backfill influence on the
response. For example, while the maximum lateral
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displacement is estimated as 0.0043 m for S1 soil
type, the same quantity is calculated as 0.0054 m
for S4 soil type under Loma Prieta earthquake.
Thus, it can be highlighted that SSI affects the wall

Tufan CAKIR

behavior so that the increment in the displacement
response is almost at a level of 26% between S1
and S4 soil types.

Table 2. Seismic analysis results considering backfill-wall interaction

Soil types S1 S2 S3 S4
t(s) Value t (s) Value t(s) Value t(s) Value
Uy (M) 4.00 -0.0043 4.00 -0.0050 4.00 -0.0054 4.00 -0.0054
S (MPa) 4.30 -5.4828 4.30 -5.2210 3.90 4.6066 4.30 -3.7675
Syp (MPa) 4.25 -0.8016 4.25 -0.7406 3.90 0.6381 3.90 0.5018
S (MPa) 4.30 -2.0368 4.30 -1.9433 3.90 1.6775 4.30 -1.3360
Sz (MPa) 4.30 5.5371 4.30 5.2822 3.90 -4.6663 4.30 3.8180
Syt (MPa) 4.25 0.5423 4.25 0.4945 4.25 0.4182 3.90 -0.3274
Sy (MPa) 4.25 0.7665 4.25 0.6772 4.25 0.5624 4.25 0.4356
u; : Maximum lateral top displacement of cantilever wall; S;, Sy, and Sy, : Stresses estimated on the back face (backfill side) of the
cantilever wall in z, y and x directions, respectively; Sy, Syt and S : Stresses estimated on the front face of the cantilever wall in z, y
and x directions, respectively.

The computed stress responses can also be
compared to introduce the backfill interaction
effects. As seen from Table 2, the maximum
stresses obtained at the critical sections of the wall
change with varying soil conditions. The table
indicates that as the backfill soil stiffness
decreases, the displacement response generally
tends to decrease for all conditions, and this
reflects a significant backfill influence on the
response. For example, while the peak stress, as
compression, has the value of 5.4828 MPa for S1
soil type, it is calculated as 3.7675 MPa for S4 soil
type at the back face of the cantilever retaining
wall in z direction. This reflects a stress decrement
of about 31% between S1 and S4 soil types due to
the variation of backfill soil conditions. A similar
trend can be observed for the other directions.

4. CONCLUSIONS

The paper presents the results of a parametric
study aimed to assess the dynamic response of a
cantilever T-type retaining wall consisted of a
concrete stem and base slab which form an
inverted T considering not only soil-structure but
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also backfill-wall interactions. The analyses were
carried out using advanced numerical modelling of
backfill-cantilever  wall-foundation/soil ~ system.
Four non-linear time-history analyses were
performed using different backfill soil conditions.
The results are presented in terms of the lateral
displacements and stresses in the wall obtained
from nonlinear time history analyses. It is obvious
that the seismic response of cantilever retaining
wall is significantly affected from the backfill-
structure interaction, and it is found to be very
sensitive to changes in backfill soil properties.

5. ACKNOWLEDGEMENTS
This research has been supported by Giimiishane
University Scientific Research Projects

Coordination  Department.  Project  Number:
15.F5110.02.02.

6. REFERENCES

1. Shi, H., Jinxing, G., Yanqing, Z., 2016. Earth
Pressure of Layered Soil on Retaining

0s 203



A Parametric Study on Evaluation of Backfill Interaction on Seismic Response of a Cantilever Wall

Structures, Soil Dynamics and Earthquake
Engineering, 83, 33-52.

2. Kloukinas, P., Penna, A., di Santolo, A.S.,
Bhattacharya, S., Dietz, M., Dihoru, L.,
Evangelista, A., Simonelli, A.L., Taylor, C.A.,

Mylonakis, G., 2012. Experimental
Investigation of Dynamic Behavior of
Cantilever Retaining Walls, Second

Conference on Performance-
in Earthquake Geotechnical

International
Based Design

Engineering, Taormina, Italy, May 28-30,
paper no. 13.08.
3. Nazarian, H.N., Hadjian, A.H., 1979.

Earthquake-Induced Lateral Soil Pressures on
Structures, J. Geotech. Eng. Div., ASCE,
105(GT9), 1049-1066.

4. Veletsos, A.S., Younan, A.H., 1994. Dynamic
Soil Pressures on Rigid Vertical Walls,
Earthquake  Engineering and  Structural
Dynamics, 23(3), 275-301.

5. Vrettos, C., Beskos, D.E., Triantafyllidis, T.,
2016. Seismic Pressures on Rigid Cantilever
Walls Retaining Elastic Continuously Non-
Homogeneous Soil: An Exact Solution, Soil
Dynamics and Earthquake Engineering, 82,
142-153.

6. Cakir, T., 2013. Evaluation of the Effect of
Earthquake Frequency Content on Seismic
Behavior of Cantilever Retaining Wall
Including  Soil-Structure Interaction, Soil
Dynamics and Earthquake Engineering, 45, 96-
111.

7. Theodorakopoulos, D.D., Chassiakos, A.P.,
Beskos, D.E., 2001. Dynamic Pressures on
Rigid Cantilever Walls Retaining Poroelastic
Soil Media. Part I. First Method of Solution,
Soil Dynamics and Earthquake Engineering,
21, 315-338.

8. Gazetas, G, Psarropoulos, P.N,,
Anastasopoulos, 1., Gerolymos, N., 2004.
Seismic Behavior of Flexible Retaining
Systems  Subjected to  Short-Duration

Moderately Strong Excitation, Soil Dynamics
and Earthquake Engineering, 24, 537-550.

9. Psarropoulos, P.N., Klonaris, G., Gazetas, G.,
2005. Seismic Earth Pressures on Rigid and
Flexible Retaining Walls, Soil Dynamics and
Earthquake Engineering, 25, 795-8009.

0sS 204

10. Giarlelis, C.,  Mylonakis, G., 2011.
Interpretation of Dynamic Retaining Wall
Model Tests in Light of Elastic and Plastic
Solutions, Soil Dynamics and Earthquake
Engineering, 31, 16-24.

11. Cakir, T., 2014a. Influence of Wall Flexibility
on Dynamic Response of Cantilever Retaining
Walls, Structural Engineering and Mechanics,
49, 1-22.

12.Cakir, T., 2014b. Backfill and Subsoil
Interaction Effects on Seismic Behavior of a
Cantilever  Wall, Geomechanics  and
Engineering, 6, 117-138.

13. ANSYS 13.0, ANSYS Inc., Canonsburg, PA,
2010.

14. Wolf, J.P., Song, C., 1996. Finite Element
Modelling of Unbounded Media, 11" World
Conference on Earthquake Engineering, San
Francisco.

15.Lysmer, J., Kuhlemeyer, R.L. 1969. Finite
Dynamic Model for Infinite Media, J. Eng.
Mech. Div., ASCE, 95, 859-877.

C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), EKim 2016



Cukurova Universitesi Miihendislik Mimarlik Fakiiltesi Dergisi, 31(OS 2), ss. OS 205-0S 209, Ekim 2016
Cukurova University Journal of the Faculty of Engineering and Architecture, 31(SI 2), pp. S| 205-SI 209, October 2016

Meyve Suyu Endiistrisi Atiksuyundan Mikrobiyal Biyopolimer
Uretiminin Arastirilmasi
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Oz

Biyoplastiklerin, geleneksel plastikler kadar yaygin kullanilmamasinin en énemli nedeni yiiksek iiretim
maliyetleridir. Bu nedenle son zamanlarda yapilan ¢alismalar, yenilenebilir kaynaklar yerine
atiklardan/atiksulardan biyoplastik iiretimine odaklanmigtir. Ayrica atiksudan biyoplastik tiretiminde, saf
kiiltiir yerine aktif camur gibi farkli mikrobiyal topluluklardan olusan sistemlerin tercih edilmesi
sterilizasyon islemini ortadan kaldirdigindan toplam iiretim maliyetinde de azalmaya neden olmaktadir.
Bu calismada, meyve suyu endiistrisi atiksuyunda bulunan karigik mikrobiyal biyokiitle tarafindan
biyopolimer iiretimi arastirilmistir. Bu amagla, Mersin li’nde bulunan bir meyve suyu endiistrisinin
atiksuyu, laboratuvar Slgekli 5 L hacmindeki ardisik kesikli reaktére 10 giinliik alikonma siiresi ve
120 L/sa’lik debi ile beslenmistir. Ilk bolme kisa bolluk, ikinci bélme uzun kitlik ve diciincii bolme
coktliirme iinitesi olarak tasarlanan ardisik kesikli reaktdrden 10 giinliik alitkonma siiresinin sonunda
alman camur deneysel calismalarda kullanilmigtir. Calismada, 1 g camurun kuru kiitlesinden elde edilen

biyopolimer %19 olarak saptanmustir. Ayrica, kimyasal oksijen ihtiyac1 (KOI) giderim veriminin %77,
AKM giderim verimin ise %98 oldugu tespit edilmistir.

Anahtar Kelimeler: Aktif ¢amur, Ardigik kesikli reaktor, Biyoplastik, Biyopolimer, Meyve suyu
endiistrisi atiksuyu

Investigation of Microbial Biopolymer Production from Fruit Juice Industry

Abstract

Bioplastics have not been used as much as traditional plastics because of their cost of production.
Therefore, recent research has focused on producing bioplastics from wastes/wastewater instead of
renewable resources. Moreover, the preference for systems consisting of different microbial communities
such as activated sludge instead of pure culture decrease to total production cost. In this study,
biopolymer production was investigated by mixed microbial biomass in the fruit juice wastewater.
Wastewater of fruit juice industry located in Mersin was fed with a laboratory-scale 5 L sequencing batch
reactor (SBR) with 10 day retention time and a flow rate of 120 L/h. SBR was designed three
compartment; first feast phase, second famine phase and third settling unit. At the end of retention time,
sludge taken from settling unit was used for experimental studies. 19% biopolymer was obtained from dry
mass of 1 g sludge. COD removal yield was 77%; SS removal yield was 98%.

Keywords: Activated sludge, Bioplastic, Biopolymer, Fruit juice industry wastewater, Sequencing batch
reactor
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1. GIRIS

Plastikler, ahsap ve kagit gibi malzemelere gore
daha hafif ve ucuz olmalar1 nedeniyle endiistrideki
tilketimi giderek artmaktadir. Ancak bu tiiketimin
getirdigi c¢evresel problemler, yasal baskilar ve
plastigin  iretiminde  kullamilan  hammadde
fiyatlarindaki dalgalanmalar plastik tiretiminde
alternatif arayislari giindeme getirmistir. Son
yillarda gelistirilen alternatif malzemelerden biri
de biyoplastiklerdir.

Biyoplastikler genellikle, seker, misir ve patates
gibi [1,2] protein, lipit ve polisakkaritleri igeren
yenilenebilir kaynaklardan [3,4] ya da baz
mikroorganizmalardan, alglerden ve mantarlardan
tiretilebilen [5,6] malzemelerdir.

Farkli tiirde mikroorganizmalarin azotga fakir ve
karbonca zengin atiksularda polihidroksi alkanat
(PHA), polihidroksi  biitirat (PHB)  gibi
biyopolimer tiirlerini iiretebildikleri bilinmektedir.
PHA’lar dogada bakterilerin seker ya da yaglari
fermente etmesi ile iretilen diiz zincirli
poliesterlerdir. Bunlar, bakteriler tarafindan karbon
ve enerji depolamak i¢in fretilmektedirler [7].
PHA’lar, ilag ve hormonlarin yavas salinimi i¢in
kullanilan kapsiiller, kemik plakalari, sentetik
kemik iiretimi materyalleri, ameliyat iplikleri gibi
medikal uygulamalarda ve boya iiretimi, yaliim
malzemesi iretimi gibi endiistrilerde ham madde
olarak kullanilabilmektedir. Ayrica herbisit ve
insektisitlerin yavas salinimlari igin tarimda, aroma
ve kokunun zamanla ortaya ¢ikmasi amaciyla gida
endiistrisinde de kullanilabilmektedir.

Yillardir giindemden diismeyen aglik problemleri
nedeniyle biyoplastik iretiminde gida
hammaddelerinin ~ kullanilmas1  ireticiler  ve
tilketiciler tarafindan biiylik bir c¢eliski olarak
gorilmiistiir. Aynit zamanda gida
hammaddelerinden biyoplastigin iiretim maliyetini
artirdig1 da diisiiniilmektedir. Uretim maliyetinin
yilksek  olmasi  biyoplastiklerin  geleneksel
plastikler kadar yaygin kullanilmasint  da
engellemektedir. Ciinkii geleneksel plastiklerin
1 kg1 yaklasik 1,2 € iken, biyoplastiklerin
1 kilogramui 3 ile 5 € arasinda degismektedir [8].
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Bu nedenlerle, son zamanlarda yapilan arastirmalar
biyoplastiklerin {iretim maliyetlerinin azaltilmasi
tizerine odaklanmustir. Ayrica, biyoplastiklerin
tretimi  i¢in (1) daha wucuz subsratlarin
kullaniminin, (2) yeni fermantatif teknolojik
yontemlerin [9,10], (3) biyoplastigin geri kazanim
ve saflastirma yontemlerinin  [11] ve (4)
sterilizasyon olmaksizin karisik kiiltiirler ile tiretim
yontemlerinin arastirilmasi gerekmektedir [12].

Cukurova Bolgesinde bulunan Mersin  1li
Tirkiye’'nin  meyve ve sebze {lretiminin ve
islenmesinin merkezlerinden biridir. Seracilik
faaliyetlerinin gelistigi bu bolge, iklimi nedeni ile
sebze ve meyveleri her sezonda yetistirilebilme
sansina sahiptir. Ozellikle sebze ve meyve islemesi
sirasinda agiga c¢ikan atik sular ve posa, yliksek
karbon igerigi nedeni ile PHA ya da 6zellikle PHB
tirevleri {retebilen mikroorganizmalarin ¢ok
diistik maliyet ile yetistirilebilmesi i¢in oldukga
uygun bir substrat olarak goriilmektedir. Cilinkii
meyve suyu iretim endiistrisi atik sulari organik
asitler ve mono/disakkaritler gibi diisiik molekiil
agirlikli ve kolay pargalanabilir organik igerigi
yiiksek atik sular olarak bilinmektedirler.

Meyve isleme endiistrilerinde olusan atiksularin
arttilmadan dogaya desarj edilmesi, bir dizi
cevresel probleme neden olabilir. Bu nedenle,
yasal diizenlemelerin baskisi altinda fiziksel,
kimyasal, biyolojik aritim tekniklerinden bir veya
birkagi kullanilarak aritimlar1  gergeklestirilir.
Aritim maliyetinin yiliksek ya da diisiik olmasi
atigin  karakterine bagl olarak degigse de bu
maliyet isletme sahiplerine ek yiik getirdiginden,
iriiniin satis fiyatina yansitilmakta ve {riinin
tiketiciye yiiksek fiyattan ulagmasina neden
olmaktadir.

Aktif ¢amur gibi karigtk mikrobiyal biyokiitle
iceren sistemlerin sterilizasyon gerektirmemeleri
ve ucuz/karigik tiirde besin kaynagi (subsrat)
iceren atiksuyun kullanilmasi ile biyoplastik
tiretim maliyetini azaltilacag1 6ngoriilmektedir. Bu
nedenlerle bu c¢alismanin amaci, meyve Suyu
endiistrisi atiksuyunun giderimini saglarken, ayni
zamanda aktif camur prosesi ile bu atiksudan
biyopolimer iiretimini aragtirmaktir.
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2. MATERYAL VE METOT

2.1. Materyal

Calismada biyopolimer iretimi i¢in gercken
mikrobiyal biyokiitlenin eldesinde meyve suyu
endiistrisi atik suyu kullanilmistir. Meyve suyu
endiistrisi atiksuyu Mersin ilinde bulunan Anadolu
Etap Tarim ve Gida Uriinleri San. ve Tic. AS’den
temin edilmistir. Caligmada kullanilan aktif gamur

ise ayni isletmenin atiksu aritma tesisinin
havalandirma havuzundan temin edilmistir. Biitiin
calismalar Mersin  Universitesi, Miihendislik
Fakiiltesi, Cevre Miihendisligi su ve atiksu
laboratuvar1 ile biyoteknoloji laboratuvarinda
gerceklestirilmistir.

2.2. Metod

2.2.1. Atiksu Karakterizasyonu

Meyve suyu endiistrisi atik suyunun

karakterizasyonu amaci ile pH, iletkenlik, sicaklik,
Askida kat1 madde (AKM) ve Kimyasal Oksijen
Ihtiyac1 (KOI) analizleri standart metotlara gore
gerceklestirilmistir [13].

2.2.2. Ardisik Kesikli Reaktor Calismalar:

Calismalar, laboratuvar Olgekli ii¢ kademeden
olusan 5L hacimli reaktorlerde gergeklestirilmistir.

flk kademe mikroorganizmalarm  biyokiitle
artisinin  gergeklesmesi igin, atiksu 120 L/sa’lik
debi ve 10 giin’lik alikonma siiresi ile

beslenmistir. Reaktoriin ikinci kademesi, birinci
kademeden gelen azot orami disik atiksu ile
beslenmistir. Sistemin her iki kademesi de yeterli
¢Ozlinmiis  oksijenin  saglanmasi  amaciyla
havalandirilmis ve tam karisim saglanmistir.
Ayrica reaktoriin her iki kademesine de toplamda
875 mL olmak iizere aktif c¢amur ilavesi
yapilmigtir. Alikonma siiresi igerisinde 1-2-3-5-8-9
ve 10. giinlerde meyve suyu atiksuyunda aritimin
gergeklestirilip  gerceklestirilmediginin  tespiti
amact ile KOI, AKM, pH ve iletkenlik
parametreleri de belirlenmistir.
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Alikonma siiresinin sonunda, biyokiitlenin hasati

¢Oktiirme amagli tasarlanmis olan reaktoriin
igiincii kademesinden ¢oktiiriilerek
gergeklestirilmigtir.  Hasat  edilen  biyokiitle,
biyopolimer ekstraksiyon ¢aligmalarinda
kullanilmaistir.

2.2.3. Biyopolimer Ekstraksiyon Analizleri

Hasat edilen biyokiitle santrifiij edilerek
(6000 rpm, 20 dakika) sivi fazdan ayrilmistir.
Santrifiij sonrasi toplanan biyokiitle tartildiktan
(vas agirlik) sonra 80°C’de 24 saat siire ile etiivde
kurutularak sabit tartima getirilmis ve kuru kiitle
saptanmustir [14].

Ardindan elde edilen kuru kiitleden biyopolimerin
gravimetrik tayini [15] gergeklestirilmistir; 1 g
kuru kiitle hassas terazide tartilarak 50 mL’lik
santrifiij tiipiine konmus ardindan iizerine 12,5 mL
sodyum hipoklorit ve 12,5 mL kloroform
eklenerek ve vortekslenmistir.  Vortekslenen
numune 30°C°de su banyosunda 90 dk bekletilmis,
90 dk’nin sonunda 4000 rpm’de 15 dk
santrifiijlenmigtir. Sanrtifiij sonunda olusan 3
tabakadan (Sekil 1) en alt faz pipetle dikkatlice
almarak bir tipe konulmustur. 7/3 oraninda

hazirlanan metanol/su karigimindan 1,25 mL bu
fazin istiine eklenmis ve filtre edilmistir. Tiipiin
agz1 agik kalacak sekilde 48 saat (¢oziciilerin
ucurulmasi i¢in) c¢eker ocakta bekletilmis, 48
saatin sonunda elde edilen peletlerin tartimu
g kuru kitleden elde edilen
yiizde

yapilmigtir. 1
biyopolimer miktari
sonug¢landirilmistir.

olarak

Sekil 1. Biyopolimerin gravimetrik tayini sirasinda
olusan ti¢ faz
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3. BULGULAR VE TARTISMA

3.1. Atiksu Karakterizasyon Sonuglari

Standart metotlara gore belirlenen meyve suyu
endiistrisi  giris atik suyunun karakterizasyon
sonuglari Cizelge 1’de gosterilmektedir.

Cizelge 1. Meyve isleme endiistrisi giris atiksuyu
parametreleri

8000
6000 *
4000 \
2000

\
o 4t r——

012 3 456 7 8 910

Konsantrasyon,mg/L

zaman, giin

Parametreler Deger
AKM (mg/L) 7554
KOI (mg/L) 7191,4
pH 6,24
[letkenlik (us/cm) 272

3.2. Ardisik Kesikli Reaktor Calismalar:

Uc¢ kademeli 5L’lik reaktdriin alikonma siiresi
igerisinde 1-2-3-5-8-9 ve 10. giinlerinde meyve
suyu atiksuyunda  aritimin  gergeklestirilip
gerceklestirilmediginin ~  tespiti amaci ile
gerceklestirilen KOI, AKM, pH ve iletkenlik
analizlerinin sonuglari Cizelge 2’de
gosterilmektedir.

Cizelge 2. Meyve isleme endiistrisi giris atiksuyu
parametreleri

Parametreler | 1. giin | 2. giin | 3. giin | 5. giin | 8. giin | 9. giin | 10. giin
AKM (mg/L) 7250 | 4266 | 43,93 | 1243 436 1443 130
KOI (mg/L) 464,2 | 509,7 | 1081,1 | 9251 | 1124 | 14126 | 16494

pH 8,8 8,6 6,94 7,62 6,55 7,26 7,35

Iletkenlik 315 301 262 351 362 297 265
(us/cm)

KOI ve AKM parametrelerinin zamana bagl
degisimleri ise Sekil 2 ve Sekil 3’de
gosterilmektedir.

8000
6000 ‘.‘\
4000

\

2000

oL e "\

012345678910

zaman, giin

Konsantrasyon, mg/L

Sekil 2. AKM’nin zamana bagli degisim grafigi
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Sekil 3. KOI’nin zamana bagli degisim grafigi

Analiz  sonuglarmma gore reaktére yiikleme
yapildiktan 1 giin sonra KOI gideriminde %93
oraninda, alikonma siiresi sonunda ise %77
oraninda giderim belirlenmistir. Reaktore yiikleme
yapildiktan 2 giin sonra ise AKM gideriminde
%94, alikonma siiresinin sonunda ise %98 verim
elde edildigi tespit edilmisti. AKM ve KOI
parametrelerinin zamanla degisiklik gostermesi
atiksudaki biyokiitlenin zamanla artig1 ve azaligina
baglanmaktadir.

3.3 Biyopolimer Ekstraksiyon Analizi Sonuclar:

Reaktérden hasat edilen biyokiitlenin  Kkuru
kiitlesine uygulanan gravimetrik biyopolimer
tayini sonucunda 1 g kuru biyokiitleden 0,19 g
biyopolimer elde edilmistir. Buna gore meyve
suyu endiistrisi atiksuyu ile beslenen tam karigiml
reaktorde biyopolimer elde etme verimi %19
olarak tespit edilmistir.

4. SONUC

Deneysel calismalar sonucunda, 120 L/sa’lik debi
ile tam karigimli ardigik kesikli reaktore beslenen
meyve suyu endistrisi atiksuyunun 10 gilin’lik
alikonma siiresi sonunda %77 oraminda KOI
giderimi, %98 oraninda ise AKM giderimi
saglanmig, %19 oraninda da biyopolimer elde
edildigi tespit edilmistir. Alikonma siiresinin
kisaltilmas1 ile artim veriminin de artacagi
diistiniilmektedir. Biyopolimer  ekstraksiyon
yontemlerinin biyopolimer eldesinde Snemli rol
oynadigt diisiiniilerek, caligmanin  farkli
yontemlerle  yinelenmesi ile elde edilen
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yiizdesinin
Dinamik

artirilabilecegi
sartlarda

zenginlestirilen biyokiitlenin daha yiiksek organik
yiikklemelere maruz birakilmasi ile daha fazla
biyopolimer depolayacagi da disiiniilmektedir.
Ayrica calisma sonunda elde edilen biyopolimer
tirtinin  (PHA, PHB vb.) belirlenmesi de
Onerilmektedir.

5.
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Design of the Dual-Wideband Monopole Antenna for UMTS, WLAN
and WiMAX Applications by using a Novel Hybrid Optimization
Algorithm
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Abstract

In this study, a compact dual-wideband monopole antenna is proposed for the universal mobile
telecommunications system (UMTS), wireless local area network (WLAN) and worldwide
interoperability for microwave access (WiMAX) applications. In order to obtain the desired operating
frequency bands, UMTS (1.9-2.1 GHz), WLAN (2.4/5.2/5.8 GHz) and WiIMAX (2.5/3.5/5.5 GHz), a
novel integration technique consisting of the HyperLynx® 3D electromagnetic (EM) platform based on
the method of moments (MoM) and a new hybrid optimization algorithm (HOA) is utilized. The HOA is
developed by integrating powerful mutation and crossover strategies of differential evolution (DE)
algorithm with the onlooker bee phase of the artificial bee colony (ABC) algorithm. The monopole
antenna is capable of producing two distinct operating bands. First impedance bandwidth of 2.48 GHz is
from 1.44 to 3.92 GHz and second band having the bandwidth of 1.58 GHz is between 4.92 and 6.50
GHz. The proposed antenna has been designed, simulated and fabricated on 42x49.2x1.6 mm® FR4
substrate with relative permittivity 4.4 and loss tangent 0.02. The better performance in terms of
impedance matching is achieved, as compared to the double—or triple—band antennas previously published
in the literature. In addition, the design antenna performs the omnidirectional radiation patterns with a
good gain performance in the operating bands.

Keywords: Hybrid optimization method, Artificial bee colony (ABC), Differential evolution (DE), Dual—
wideband monopole antenna

Yeni Bir Melez Optimizasyon Algoritmas1 Kullanarak UMTS, WLAN ve WiMAX
Uygulamalan icin Cift—-Genis Banthh Monopole Anten Tasarim

Oz

Bu calismada, UMTS (universal mobile telecommunications system), WLAN (wireless local area
network) ve WiMAX (worldwide interoperability for microwave access) uygulamalari i¢in bir kompakt

“Sorumlu yazar (Corresponding author): Deniz USTUN, denizustun@mersin.edu.tr

C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), Ekim 2016 08 211



Design of the Dual-Wideband Monopole Antenna for UMTS, WLAN and WiMAX Applications by using a Novel
Hybrid Optimization Algorithm

¢gift-genisbantli monopol anten onerilmistir. UMTS (1,9-2,1 GHz), WLAN (2,4/5,2/5,8 GHz) ve
WIMAX (2,5/3,5/5,5 GHz) uygulamalarinda arzu edilen ¢alijma bantlarini elde etmek amaciyla,
momentler metoduna dayali HyperLynx® 3D elektromanyetik platformundan ve yeni bir melez
optimizasyon algoritmasindan (MOA) olusan entegre yeni bir teknik kullanilmistir. MOA, farksal gelisim
(FG) algoritmasinin gii¢lii mutasyon ve c¢aprazlama operatorlerinin, yapay art kolonisi (YAK)
algoritmasinin izleyici ar1 fazina entegre edilmesi ile gelistirilmistir. Modellenen anten iki ayr1 ¢alisma
bandi {iretmistir. Birinci banda ait genislik, 1,44 GHz’den 3,92 GHz’e kadar toplam 2,48 Ghz’dir ve
ikinci ¢alisma bandi ise 4,92 GHz’den 6,50 GHz’e kadar toplam 1,58 GHz’lik bir geniglige sahiptir.
Onerilen anten tasarimdan sonra benzetimleri gerceklestirilmis daha sonra, 4,4 dielektrik sabitli ve
0,02 tanjant kayipli 42x49,2x1,6 mm® boyutlarinda FR4 alttas malzemesi kullamilarak tiretilmistir.
Empedans eslemesi acisindan, daha oOnce literatiirde yaymlanan c¢ift ve {i¢ bantli antenlerle
karsilastirildiginda, onerilen antenin ¢ok daha iyi bir performansa sahip oldugu goriilmiistiir. Bununla
birlikte, ¢calisma bandlar1 ig¢inde tarsarlanan anten, ¢ok iyi bir kazangla birlikte yonsiiz bir radyasyon
desenine sahiptir.

Anahtar Kelimeler: Melez optimizasyon metodu, Yapay ar1 kolonisi (YAK), Farksal gelisim (FG), Cift-

genis bant monopol anten

1. INTRODUCTION

The wireless communication technologies which
are universal mobile telecommunications system
(UMTS), wireless local area network (WLAN),
and worldwide interoperability for microwave
access (WIMAX) applications have rapidly
developed in recent years. At the same time, due to
the increasing application areas of multiband
frequency microstrip antennas in the modern
world, the most of microstrip antenna designs have
focused on the structures of antenna integrating
various frequencies into a single system. The
microstrip antennas have various advantages such
as small size, low cost, wide bandwidth, good
radiation pattern, simplicity in fabrication and easy
integration with microwave devices. Additionally,
these antennas have been widely utilized in
wireless communication applications to meet the
multiband, wideband applications and size
reduction operations. So far, numerous microstrip
antennas have been proposed to reduce size,

enhance bandwidth, obtain multiband
characteristic [1-18]. Two different coplanar
waveguide (CPW) fed monopole antennas

embedded slots into the patch and ground plane
have been reported for operating in WLAN [1,2].
The triple-band antennas designed by using
defected ground structure were presented for the
WLAN and WiMAX, respectively [3,4].
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In Ref. [5], a multiband characteristic for WiMAX
has been obtained by using a planar inverted L—
shaped monopole antenna design with L—shaped
parasitic strip. In Ref. [6], a monopole antenna
designed by utilizing a modified fork—shaped strip
has been reported for the multiple impedance
bandwidths covering WLAN and WiMAX. In [7—
9], the CPW-fed monopole antennas designed by
using different strip geometries have been
investigated to achieve the tri-band for
WLAN/WIMAX applications. In Ref. [10], a
novel, broadband, compact and slot antenna with a
parasitic element and a grounded inverted L-
shaped strip was reported for WLAN/WiIMAX
frequencies. In [11,12], the two microstrip
antennas which have different geometries for
WLAN and WIMAX have been presented to
produce dual resonant modes, respectively. The
novel microstrip antenna designs [13-16] with
different geometric shapes have been investigated
to achieve multiband operation covering the
frequency bands of WLAN and WiMAX. In Ref.
[17], a compact triband square—slot antenna for
WLAN and WiMAX applications was reported,
while a compact ACS—fed monopole antenna with
open-ended have been presented to cover the
WLAN and WiMAX operation bands [18].

Unfortunately, although above-mentioned
microstrip  antennas show good multiband
performance, many of these have complex

structure [3,11,15-18], large in size [2,10,12,14,
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16]. In addition, most of these antennas do not
cover whole frequency bands of WLAN and
WiIMAX. [1,2,4-9,11-17].

In terms of design success, the optimization
performance of antenna parameters is one of the
important factors in the antenna design process.
With the development of the artificial intelligence
optimization algorithms, the various methods
involving these optimization algorithms have been
applied to  microstrip antennas  [19-22].
In Ref [19], the multiband and wideband patch
antennas were designed by using parallel particle
swarm optimization and finite difference time
domain (FDTD) algorithm. The optimized
parameters of a rectangular microstrip antenna
(RMSA) have been calculated by particle swarm
optimization (PSO) algorithm [20]. The genetic
algorithm (GA) based on biological evolution [21]
was used to determine the optimum feed position
of the probe—feed microstrip antenna. In Ref. [22],
the broadband patch antenna was designed by
using differential evolution (DE) algorithm and
moment of the method (MoM). In addition, the
resonant frequency of the microstrip antennas
having various geometries has been calculated by
using Al optimization methods [23-26].

In this study, a compact dual-band microstrip
monopole antenna is proposed for UMTS, WLAN
and WiMAX applications. The monopole antenna
is designed by using a new and efficient hybrid
optimization method based on the ABC [27-29]
and DE [30] algorithms In order to obtain more
effective search performance, the powerful
mutation and crossover strategies of the DE
algorithm were integrated to the onlooker bee
phase of the ABC algorithm. The usage of the DE'
method strategies improved the exploitation ability
of the standard ABC algorithm while the kept
employed bee phase as the standard ABC' updating
strategy retains the exploration ability. In this
manner, the between of exploitation and
exploration was established a good balance during
the search process for the good performance.
Finally, the proposed hybrid optimization
algorithm was tested on a set of four optimization
benchmark functions and also compared with the
optimization techniques like DE and ABC
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algorithms. The obtained results demonstrated that
the proposed hybrid optimization technique was
superior to both of standard the ABC and DE
algorithms on the used benchmark functions. The
developed hybrid optimization algorithm was
integrated with HyperLynx® 3D electromagnetic
(EM) platform [31] based on methods of moment
(MoM) [32] and then a monopole antenna having a
dual-wideband was designed by using this
integrated modality. To this end, a RMSA is
chosen as the starting antenna, the proposed
method is then utilized to modify some
geometrical parameters of this starting antenna to
operate in the designed bands. Desired frequency
bands are selected in complying with the
applications of UMTS (1.9-2.1 GHz), WLAN
(2.4/5.2/5.8 GHz) and WiMAX (2.5/3.5/5.5 GHz).
The HOA is relatively new and powerful
optimization technique based on ABC and DE
algorithm is used to find optimal solutions. The
mask of desired bandwidth is utilized as an
objective function in HOA to find the optimal or
near optimal values of the antenna geometric
parameters. The designed antenna is then
fabricated and measured to evaluate the
performance achievable. A successful comparison
of the proposed antenna with the antennas
previously published in the literature [1-18] is
carried out with respect to operating frequency and
bandwidth.

2. HYBRID OPTIMIZATION ALGO-
RITHM (HOA) BASED ON ABC
AND DE ALGORITHMS

ABC [27-29] algorithm is a swarm based
optimization methods discovering near—optimal
solutions for the optimization problems by the
motivation foraging behavior of honey bees. In
this optimization method, the model of the ABC
algorithm consists of three different kinds groups
of bees: employed bees, onlooker bees and scout
bees. The virtual bees in the ABC fly around to
search in a multidimensional solution space in
order to discover the optimal solution of the
optimization problem. The employed bees are
assigned to specific food sources depending on
experiences of themselves. The onlooker bees
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decide food source location based on watching the
dance of employed bees within the hive and adjust
position. Scout bees carry out a random search for
determining the new food source. The proposed
differential evolution (DE) algorithm by Storn and
Price [30] applied to find the optimal solution of
numerous optimization problems in different fields
is improved by inspiring the natural evolution of
species in the world. In the optimization process of
a difficult problem, the DEA is obtained an
excellent performance using expert knowledge.
The hybrid process is performed in the Onlooker
bees step of the ABC algorithm. By incorporating
the above—mentioned powerful mutation and
crossover steps of the DE, an optimization
algorithm consisting of ABC and DE has been
developed as a hybrid model. The standard DE
algorithm has a good exploiting property owing to
powerful mutation and crossover strategies and it
can easily determine the regions of the desired
global minimum or maximum in the search space.
On the other hand, the standard ABC algorithm is
generally faster at the exploration of the problem
solution, however its exploitation ability is
comparatively poor. Therefore, an effective hybrid
optimization method by integrating mutation and
crossover steps of the DE into the onlooker bees
step of the ABC algorithm has been developed to
provide the improving of the rectangular
microstrip antenna bandwidth. Thus, this hybrid
optimization technique can explore new possible
solutions in the search space with the help of DE
mutation and crossover abilities and exploit the
population information by the employed bee
operator of ABC algorithm. Hence, the exploration
and exploitation problems can be overcome by
using the powerful hybrid optimization technique
consisting of the ABC and DE algorithms.

3. NUMERICAL RESULTS OF
HYBRID OPTIMIZATION
METHOD

The performance of the developed HOA is
compared ABC and DE algorithms. The
parameters of the wused hybrid and other
optimization techniques are given in Table 1.
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Table 1. The  parameters  of  optimization
algorithms
Parameters - Algorithms

Hybrid ABC DE
Population Number 100 100 100
Max. Iteration/generation 3000 3000 3000
Evaluation number 300000 | 300000 | 300000
Trial number NPxD | NPxD -
Scale factor (F) 0.6 - 0.6
Crossover constant (CR) 0.4 - 0.4

NP: Number of population, D: Problem dimension

In order to evaluate performance of the hybrid
optimization algorithm, four benchmark functions
are used. All experiments are repeated 30 times
independently for each test function. These
functions are given in Table 2. In the Table 2, the
search range of functions indicates a subset of SR,
D is the dimensions of the benchmark functions
and it is equal of 30 for all functions. C column is
denoted characteristic of these functions. The
minimum value of the chosen four benchmark
functions for evaluating the performance of the
algorithms is equal of zero. The functions 1, 2 are
unimodal a high—dimensional functions while the
benchmark functions 3, 4 are multimodal and high
dimensional—functions. The mean results of thirty
independent runs obtained in the experiment are
shown in Table 3. It can be clearly seen from the
experimental results that the HOA is significantly
better than the DE algorithm. The multimodal
functions have many local minimums. The HOA
obtained the best results for the f;, f, functions
having multimodal property. The results show that
the improved HOA can determine better optimal
solutions than DE algorithms within the maximum
number of the evolution number. Additionally, the
HOA has a powerful ability to avoid from poor
local optima and find a good near—global
optimum. On the other hand, compared with ABC
algorithm, the HOA is reached better solutions
than ABC. It is oblivious that the performance of
the proposed HOA is more effective than DE and
ABC for the high-dimensional benchmark
functions. Figure 1 shows the average convergence
graphs of the used HOA, ABC and DE algorithms
for the used some benchmark functions in the
performance test. It is clear that the HOA has
better performance than the ABC and DE
algorithm for all functions. Especially, compared
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with the convergence of the ABC and DE
algorithm, our hybrid technique is better fast and
stable.

Table 2. The benchmark function used in the
experiment
Functions SR C Formulations
f n
1 _ 2
sumsquares | 10100 | US fl_zllux,
=
(X4i73 +10x4;, )2
n/4 2
541 — X4
f, [-4, 5] UN f,= + ( 4i-1 4-)

Powell 4
it | T (X4i—2 - 2X4i—1)

+1qx4i73 — Xgi )4

n
f .
schmenlzze | 15905001 | Ms fS:Z—xism(‘”in
i=1

10sin?(ay, )
n-1
o
f4=F i=1
xh+105inz(zzym)]

f
i (v -1

Penalized1 [-50.50] MN
n

+ ) u(x,101004)
i=1

1
yi =1+X(Xi +1)

U: Unimodal, M: Multimodal, S: Separable, N: Non-Separable

Table 3. The comparative experimental results of
HOA, ABC and DE algorithms

Functions | Algorithms Mean Star_1de_1rd
deviation
ABC 4.95E-016 6.62E-017
fi DE 1.41E-024 6.51E-025
HOA 1.74E-032 9.50E-033
ABC 3.16E-003 4.26E-004
fa DE 4.78E-011 2.16E-011
HOA 1.75E-014 1.06E-014
ABC -12569.5 2.87E-012
fa DE -10882.4 693.105
HOA -12569.5 1.85E-012
ABC 4.44E-016 7.84E-017
fs DE 9.20E-024 5.08E-024
HOA 8.22E-032 4.63E-032
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Figure 1. Average convergence performance of
ABC, DE algorithms and HOA

4. ANTENNA DESIGN
OPTIMIZATION

AND

The antenna is constructed on a volume of
42 x 49.2 x 1.59 mm?® FR4 substrate with dielectric
constant 4.4 and loss tangent 0.02. Also, the
antenna is excited by a microstrip line with 50 Q
impedance and signal strip width of 3 mm. The
simulation process is performed by using packaged
software named HyperLynx® [31] depended on the
MoM [32]. Firstly, the design process has been
started by using a monopole rectangular microstrip
antenna. In order to obtain the desired bands
corresponding UMTS, WLAN and WiMAX, the
performance of impedance matching of the
antenna has been improved by embedding slots
into the patch and the ground. In this study, the
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aim is to design a compact dual-band microstrip
antenna by using a novel efficient method
consisting of the MoM technique with the HOA.
HOA uses the fitness evaluation to find well a
solution. Each mathematical expression used to
evaluate the fitness is referred to as a fitness factor.
In order to optimize the geometry of the last
antenna structure with respect to the desired
performance of impedance matching of the
antenna, the mathematical formula given in (1) is
used as fitness function which having fitness
factors.

fitness function = {1— [i% + iG(n)]} 1)
n=1 n=1

—20, other

1
G(n):{oy

Here, n=1, 2, ..., N for f(n) = {1.7, 1.8, 1.9, 2.0,
2.1, 2.4, 25, 35, 5.2, 5.5, 5.8} GHz frequencies
and N is the number of the fitness factor and is
equal of value 11. The methodology of the used
method combining HyperLynx® 3D
electromagnetic (EM) platform [31] based on the
method of moments (MoM) [32] and HOA is
illustrated in Figure 2. At first, the initial
parameters such as colony size, trial and iteration
numbers of the HOA was set, and the possible
solutions of the antenna geometric parameters are
randomly determined as defined in the initial phase
of the HOA. The geometry of the antenna is then
simulated for those of each solution points by
using HyperLynx® 3D electromagnetic (EM)
platform [31] based on the method of moments
(MoM) [32]. The fitness function is evaluated by
considering the results of MoM. Eventually, the
best solution which is closest to the desired
performance of impedance matching of the
antenna is memorized for every iteration. The
solutions are being recursively enhanced by a
specified iteration number.

D(n)z{—4o, if f(n)=2.4,f(n)=3.5,f(n)=5.SGHz} @

it S,,(f(n))<-10 dB} @)

if S,(f(n))>-10dB
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Optimum geomety values of
the monopole antenna with
wideband

Constraint of the
antenna design d

parameters

HOA % )
MoM [ _ HyperLynx"

Figure 2. The antenna design and optimization
methodology

Design parameters of the proposed antenna were
given in Figure 3. The design parameters for a
compact dual-band microstrip antenna are
tabulated in Table 4. The values of optimization
algorithmic parameters in the HOA are chosen as
follows: population size (NP) = 100, food number
= 50, F=0.6 (scale factor), CR=0.4 (Crossover
rate), trial value = NPxD. D is the number of the
antenna design parameter. The maximum iteration
number is set to 2000. The optimum values of the
antenna are found by using the proposed
optimization method. The optimized values of
geometric parameters are listed in Table 5.

i

A

+
T

P;

Y

<«+— Patch
= <— Substrate

I |<+— Ground

Figure 3. The last structure and design parameters
of the proposed antenna

Table 4. Lower and upper bounds of the design
Parameters (in mm) for compact dual-
band monopole antenna

Bounds | Py | P, | Ps [ Py | Ps | Ps | P7 | Ps | P | Pio

Lower 10 [ 35 | 55 | 7 [ 20 ] 20 | 8 8 | 10 | 15

Upper | 1 |0 |0 |1 ]10]10]0]0]o0]o0
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Table 5. Values of the geometric parameters (in
mm) for optimized compact dual-band
monopole antenna

Pl PZ P3 P4 P5 PG P7 PB P9 PlO

2.7 3 [492| 31 |134|162| 43 | 19 | 82 | 115

The simulated and measured return loss curves of
the final (optimized) and the antenna are given in
Figure 4. The final antenna has two different
operating bandwidths with S;;<-10 dB. The first
operating frequency interval having a bandwidth of
2.1 GHz is between 1.74 and 3.84 GHz and second
operation band which has between 4.85 and
6.5 GHz have a bandwidth of 1.65 GHz. Finally,
the desired performance of the proposed antenna is
reached by using optimization technique based on
HOA integrated in MoM method. The optimized
antenna with the dimensions given in Table 5 has
been successfully fabricated to test the accuracy of
the optimization method in practical patch antenna
designs. The return loss of the development
antenna was measured with an Agilent E5071B
ENA Series RF network analyzer. It can be clearly
seen that there is a good agreement between the
measured and  simulated  results.  Some
discrepancies between the measured and simulated
results can be attributed to the substrate variations,
fabrication tolerances, and feed connector
misalignment. The photographs of the fabricated
antenna are shown in Figure 5.

Return Loss - 5;¢ (dB)

“ === Simulated

Measured

-50

1 2 3 4 5 [ 7
Frequency (GHz)

Figure 4. The measured and simulated return loss

curves for the antenna
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Table 6. Reported multiband antennas in the

literature
UMTS WLAN WIMAX
References | (1.9-2.1) (2.4/5.2/5.8) (2.5/3.5/5.5)
GHz GHz GHz

[1] - (2.4/5.2/5.8)

[5] - - (2.5/3.5/5.5)
[11] - (2.4/5.2/5.8) (2.5/3.5/5.5)
[12] - (5.2/5.8) (3.5/5.5)
[17] - (2.4/5.2) (2.5/3.5)

Proposed
Antenma | (1921 | (24/5.2/5.8) (2.5/3.5/5.5)

]

Figure 5. The photographs of the fabricated
antenna : (a) Top plane and (b) Bottom
plane

Measured return loss of the proposed antenna
shown that the impedance bandwidth of the two
distinct operating bands with —10 dB return loss
were about 2.48 GHz (1.44-3.54 GHz) and
1.58 GHz (4.92-6.50 GHz) which are wide enough
to cover the desired bandwidths of UMTS, WLAN
and WiMAX applications. It is clearly seen that
the proposed antenna obtained better results, when
the obtained measurement result compared to
previously proposed multiband antennas results in
the Table 6 in terms of operation bands covering
the frequencies of UMTS, WLAN and WiMAX
applications. Figure 6 demonstrates the antenna
radiation patterns at 2.4, 3.5 and 5.5 GHz. The
symmetrical radiation patterns are seen in the x-z
and y-z planes as depicted in the Figure 6. In
addition, the radiation patterns with nearly
omnidirectional radiation pattern are observed for
these frequencies.
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Figure 6. Radiation patterns of the proposed antenna
for different frequencies: (a) 2.4 GHz,
(b) 3.5 GHz and (c) 5.5 GHz x-y plane
( ), y-z plane (-==+---- )

The gain of the antenna is illustrated in Figure 7. It
has been observed from Figure 6 that the gain at
2.4, 35 and 5.5 GHz are 1.84, 2.6 and 0.7 dBi,
respectively. According to the gain curve, there is
gain reduction at 5.5 GHz compared to the other
frequency bands because of current is distributed
in more than one frequency.

-
150

3,0

2,5

L

Gain (dBi)

0,5

0,0

1 2 3 4 5 6 7

Frequency (GHz) 7

Figure 7. Gain of the proposed antenna
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5. CONCLUSION

A novel dual-band microstrip antenna design
based on the patch monopole for UMTS, WLAN
and WiMAX applications has been proposed with
simulated and measured results. In this antenna
design, in order to achieve the required bands of
the UMTS, WLAN and WiMAX applications, the
different methods which are the cutting the patch
and embedding slots into the ground has been
applied to the geometry of the antenna. According
to obtained results, there is close agreement
between the measurement and simulation results.
The proposed antenna has the capable of
producing two distinct operating bands with
—10 dB return loss. The operating bands were
about 2.48 GHz (1.44-3.54 GHz) and 1.58 GHz
(4.92-6.50 GHz). In addition, it also ensures the
gain of 1.84, 2.6 and 0.7 dBi for 2.4, 3.5 and
5.5 GHz, respectively. The antenna radiation
pattern with nearly omnidirectional has been
obtained. As a result, the proposed design can be a
suitable antenna for using in UMTS, WLAN and
WIMAX applications.
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Abstract

In this study, a new medical bone screw was designed and manufactured by Ti6AI4VELI GR23 material
and tested in accordance with the ATSM F 543-02 test procedure experimentally. This test is used to
measure the axial tensile force required to fail or remove a bone screw from a defined material.
Concurrently, 3-D Finite Element Analysis (FEA) models of these medical bone screws were developed
to simulate and biomechanically evaluate the pull-out forces and stiffness of the screw samples using
FEA software ANSYS. Obtained results from the FEA models are in reasonable agreement with the
experimental data on the pull-out strength of the medical bone screw. Results from FE models are
experimentally verified.

Keywords: Medical screws, Finite element analysis (FEA), Pull-out, Biomechanics

Ortopedik Operasyonlarda Kullamilan Medikal Vidalarin Siyirma Performansi
Oz

Bu galismada, Ti6Al4Veli GR23 malzemesi kullanilarak yeni bir medikal vida tasarlanmis, ASTM-543-
02 test prosediiriine uygun test edilmis ve tretilmistir. Bu testte tanimlanan bir malzemeden vidanin
kirtlmasin1 veya kemik malzemeden ayrilmasina neden olan kritik eksenel kuvvet hesaplanir. Ayni
zamanda, tasarlanan vidanin ii¢ boyutlu sonlu elemanlar modeli ANSYS programi kullanilarak siyirma
kuvvetleri ve dayanimlari degerlendirilmek ve simule edilmek igin olusturuldu. Sonlu elemanlar
modelinden elde edilen sonuglar deneysel siyirma mukavemeti sonuglariyla uygunluk gostermistir.
Bdylece sonlu elemanlar ile elde edilen sonuglar deneysel olarak dogrulanmustir.

Anahtar Kelimeler: Medikal vidalar, Biyomekanik, Sonlu elemanlar yontemi, Styirma
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1. INTRODUCTION

Medical bone screws are commonly used in
orthopaedic implants for internal fracture fixation
[1]. They are placed into bone for the fixation of
fractures in epiphyseal and metaphysical areas
such as the femoral head and condyles, proximal
and distal tibia, talus, calcaneus, pelvis and spinal
vertebrae [2,3] (Figure 1).

Problems associated with medical screws include
loss of fixation, improper placement, fatigue and
bending failure, cerebral spinal fluid leaks, nerve
root injury and infection. In addition, any problems
such as loss of reduction, vertebral body fractures
after screw fixation, or metallic failure after the
use of pedicle screws in osteoporotic spines [4].
Metallic medical bone screws are tested according
to ASTM F543 for solution of these problems,
such as torsion, driving torque, axial pullout, and
self-tapping performance testing.

CRERERRARERRER

Figure 1. Assembly of the internal  fracture
fixation using bone plate and screw

Durability of fixation is important for life quality
of patient. Biomechanical performance of fixation
systems plays a major role in this manner. Pullout
strength is one of the most important parameters
that effect durability of fixation. Pullout strength
can be used to measure loss of reduction of screw.
This test is used to measure the axial tensile force
required to fail or remove a bone screw from a
defined material. Improving the pullout strength of
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the screw is complicated because the pullout
strength is dependent on several factors, including
the screw design, insertion technique, bone quality
and shape of the bone [5]. In previous studies,
different types of screws were designed for
improving the pull-out performance. Inceoglu
studied that the effects of stress relaxation on the
mechanical properties of the interface were
different for different screw designs [6]. Yaman
was conducted to measure the pullout strengths of
newly designed transpedicular screws.

Transpedicular screws redesigned with modified
helical angles exhibit higher pullout strength
compared to the classical transpedicular screws
and can be inserted more rapidly with the same
number of screwing rounds result with doubled
insertion depth [7]. It’s important to find out the
stress concentrations and deformation zones of
implants, so FEA is the best method for analysis of
stresses and deformations of Ti6AI4V [8].
Chatzistergos was aimed to the design of a FE
model simulating accurately the pullout behaviour
of cylindrical pedicle screws and predicting their
pullout force. Three commercial pedicle screws,
subjected to pure pullout from synthetic bone were
studied experimentally. The results were used for
the design, calibration and validation of a FE
model [9]. Chao compared experimental study and
FE analysis to investigate the bending strength and
pullout strength of conical pedicle screws, as
compared with conventional cylindrical screws
[10]. Feerick has been studied the screw pullout
from cortical bone using the UDMGINI subroutine
with the extended FE method (XFEM) [11].

Pullout strength of a screw is significantly
correlated with the screw designs like screws with
radial holes, different core geometries, thread
designs, cannulated and expandable screws [12].
Bone screws have almost a V or buttress shape of
thread. Kim showed that the V-shaped thread had
the highest pullout strength in osteoporotic bone
and that the V and buttress shapes of threads
maintained the highest pullout strength in a normal
bone density [4]. By reducing the core diameter
toward the tip while maintaining the same nominal
diameter, achieves frictional connection, and better
locking, by means of better pullout strength [13].
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In this study, a new medical bone screw was
designed and manufactured by Ti6Al4V ELI
GR23 material and tested in accordance with the
ATSM F 543-02 test procedure experimentally.
Concurrently, 3-D FEA models of these medical
bone screws were developed to simulate and
biomechanically evaluate the pull-out forces and
stiffness of the screw samples using FEA software
ANSYS.

2. MATERIALS AND METHODS
2.1. Design of a New Medical Bone Screw

A screw is a device which converts rotational
forces into linear motion. Thread design may vary
according to the physical characteristics of the
bone in which the screw is intended to gain
purchase. The two main thread types of surgical
screws are for cortical bone and for cancellous
bone. Each screw type is available in fully
threaded and partially threaded format. Screws can
also be cannulated. Such a screw can be introduced
over a threaded-tip guide wire. The guide wire is
inserted preliminarily, partly as temporary fracture
stabilization, and partly so that the final orientation
can be checked radiologically, prior to screw
insertion.

A surgical screw is a device manufactured to high
specifications, and is to be used with great care and
precision. In order to select the correct instruments
and technique for insertion of any screw, the
surgeon needs to be familiar with its dimensions.
The diameter of the core determines the minimal
hole size for the screw to be accommodated in the
bone and determines the drill used to create the
pilot hole for the screw. An appropriate length of
screw needs to be chosen. If it is too short, it will
not gain full purchase in the bone. If it is too long:
it may cause problems by irritating the soft tissues,
or protruding subcutaneously.

The pitch of the screw is the length travelled by the
screw with each 360° turn of the spiral. The
shorter the distance, the “finer” the pitch; the
longer the distance, the ‘“coarser” the pitch.
Cortical bone screws have a fine pitch; cancellous
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bone screws have a coarse pitch. The more threads
engaged in the cortex, the greater the pull-out
resistance. For a screw that crosses a fracture plane
to produce interfragmentary compression, the
thread must purchase in only the far cortex. A
gliding hole is drilled in the near cortex. Special
partially threaded cortical, or shaft-screws are also
available for this purpose. If the screw that crosses
the fracture plane purchases in both cortices, it
cannot produce interfragmentary compression.
Screws are also commonly used to attach implants
to the bone by compressing them onto the bone
surface using plates. As the plate hole is larger
than the outside diameter of the conventional
cortex screw and the screw has good purchase in
the underlying bone, as it is tightened it
compresses the plate to the bony surface.

In this study, a new bone screw was designed
using CATIA Computer Aided Design (CAD)
software package and technically detailed. General
representation and designaltions related to new
developed bone screw can be seen in Figure 2.

\\\\\\\\\\\\\\\\\\\

Figure 2. Engineering design of the medical bone
screw

2.2. Material Properties

The high strength, low weight ratio and
outstanding corrosion resistance inherent to
titanium and its alloys has led to a wide and
diversified range of successful applications which
demand high levels of reliable performance in
surgery and medicine as well as in aerospace,
automotive, chemical plant, power generation, oil
and gas extraction, sports, and other major
industries.
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In the majority of these and other engineering
applications, titanium replaces heavier, less
serviceable or less cost-effective materials.
Designs made using the properties provided by
titanium often result in reliable, economic and
more durable systems and components.

Ti6AI4V ELI (Grade 23) is very similar to
Ti6AI4V (Grade 5), except that Ti6Al4V ELI
contains reduced levels of oxygen, nitrogen,
carbon and iron. ELI is short for Extra Low
Interstitials, and these lower interstitials provide
improved ductility and better fracture toughness
for the Ti6AI4V. The mechanical and chemical
properties for Ti6AI4V ELI can be seen in Table 1.
and Table 2.

Table 1. Mechanical properties of Ti6AlI4V ELI

Mechanical Properties Ti6A14V ELI
Yield Strength (Mpa) 795
Ultimate Tensile Strength (Mpa) 860
Poisson Ratio (%) 0.24
Young Modulus (Gpa) 114
Rockwell Hardness (HRC) 30-35
Elongation (%) >10
Reduction of Area (%) >25
Fatigue Strength @ 600 Mpa (Cycle) 10°
Table 2. Chemical properties of Ti6AI4V ELI
Chemical Properties Ti6A14V ELI
Aluminum, Al 5.5-6.5%
Vanadium, V 3.5-4.5%
Carbon, C < 0.08%
Iron, Fe <0.25%
Oxygen, O <0,13%
Nitrogen, N < 0.05%
Hydrogen, H <0.012%
Titanium, Ti Balance to

2.3. Pull out Test Procedure and Testing

The Medical Bone Screw test samples Ti6AlI4V
ELI were prepared (as shown in Figure 3.) and
tested in accordance with the “F 543-02 Standard
Specification and Test Methods for Metallic
Medical Bone Screws” test procedure [14].
Samples were tested using 2,5 KN capacity tensile
test machine at room atmospheric conditions. Pull
out test method is used to measure the axial tensile

0S 224

force required to fail or remove a bone screw from
a defined material.

R

Figure 3. The medical bone screw test sample

Machines used for testing the axial pull out
strength of screws conform to the requirements of
F 543-02. A suitable test fixture as shown in
Figure 4, used for testing. This fixture incorporate
the test block which has material Ultra-High-
Molecular-Weight Polyethylene (UHMW,
UHMWPE) test block clamp, and bushing support.
In addition to these requirements, the test block
clamp and bushing support sufficiently rigid such
that deflection wunder the required loading
conditions is negligible. The test block clamp has a
minimum grip span of five times the major
diameter of the bone screw with the screw centered
between the grips.

UHMWPE is a material better known as high
performance polyethylene which is a thermoplastic
polyethylene. Owing to its long chain like
structure it can distribute loads more efficiently
helping to reduce wear and increase stability. It has
a high resistance to chemical attack and absorbs
only minute amounts of moisture. In terms of
medical applications UHMWPE is the preferred
material when performing arthroplasty procedure
for spine and orthopaedic implants.

=5

Loa

!

Load Fixture

Pedicle Screw

z
2

d

Insertion Depth
T

Test Clamps

Test Block

Figure 4. A test fixture for testing medical bone
screw

C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), EKim 2016



The test block fabricated from a uniform material
that conforms UHMWPE as shown in Table 3. The
top and bottom surfaces have flat, smooth, and
parallel as required to ensure that the test block
will be supported in the fixture with the top surface
at an angle of 90° to the centerline of the test
specimen. The test block has a 25 mm diameter.
The bone screws inserted into the standard
material in accordance with the insertion torque
test method. The screws inserted at a rate of
3 r/min to a depth of 20 mm.

Table 3. Typical average physical properties of
UHMWPE [15]

Physical Properties UHMWPE
Molecular weight (106 g/mol) 2-6
Melting Temperature (°C) 125-138
Yield Strength (Mpa) 21-28
Ultimate Tensile Strength (Mpa) 39-48
Poisson Ratio (%) 0,46
Young Modulus (Gpa) 0,8-1.6
Elongation (%) 350-525
Impact Strength (J/m) >1,070(no break)

The test block and test block clamp fixed to the
base of the load frame so that the longitudinal axis
of the screw is aligned with the direction of the
applied load. The screw’s placed in the slot of the
load fixture and seated in the recess. The load
fixture then attached to the load frame. A tensile
load applied to the test specimen at a rate of
5 mm/min until the screw fails or releases from the
test block.

2.4. Finite Element Analysis (FEA)

CAD Model and Material Properties: The CAD
software (CATIA V5R18) was used to create the
solid model of the screw and test block as shown
in Figure 5. The study includes FEA deformation
simulations based on the standard of ATSM. The
pullout experiments were simulated by FEA using
ANSYS Workbench 16.0. The geometric model of
the test sample was imported to ANSYS and
mechanical properties of Ti6Al4V ELI and
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UHMWPE as screw and test block material shown
in Table 1 and 3 are defined as material
parameters.

Figure 5. CAD model of the pullout test

Meshing: ANSYS software was used to generate
meshes for the assembly. Tetrahedral elements of
identical size and shape were employed for
meshing. Mesh sensitivity was performed on the
model using a workbench mesh tool called
relevance.

Boundary Conditions: Boundary condition of FEA
model was shown in Figure 5 using ANSYS.
3000N axial load was applied on B area and A was
fixed area. These boundary conditions are similar
to pullout test standards.

3. RESULTS AND DISCUSSION

3.1. Experimental Test Results

Typical Force (N) versus Elongation (mm) curves
using UHMWPE block material and Ti6Al4V ELI
medical bone screws created by the method of
ASTM F 543-02 to determine axial pullout
strength. In experiments; maximum load applied
and the mode of failure executed (screw shaft,
screw threads, or material failure). Pullout strength
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was analyzed using the Instron servo hydraulic
materials testing system. All trials concluded with
screw pullout. There were no screws visibly
damaged during testing. There was also no
evidence of cracking or fissuring of block or
intrinsic block damage that extended into adjacent
screw holes. Figure 6 demonstrates a typical
profile obtained during the pullout test of a screw
by plotting the force-displacement curve. The peak
axial force and maximum deformation were
determined as 2947 N and 15, 64 mm,
respectively.

Figure 6. Force-deflection  characteristics  of
medical bone screws

3.2. FEA Results

Reliable results can be obtained with experimental
studies, but these studies do not give distribution
of stress and deformation on test samples. If we
want to achieve optimum design, must
demonstrate  these distributions for reliable
interpretations. FEA was used for demonstration
and simulation of stress, and deformation of
designed model in boundary conditions. Also, it
will guide for improving of design without time
consuming and material waste. In this study, the
FEA results are presented in Figure 7. It is clear
from figure that for 3000 N applied force,
deflection can be seen on solution model. This
study shows that maximum and minimum
deflections are distributed on the model. Thus,
FEA results give some opinions such as critical
area, minimum effected zone.
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Figure 7. Ttal dplacent on the screw and the
bone

It was observed that at peak load the bone at the
bone-screw interface experienced high stress
gradient that led to the failure of the bone at edges
of screw thread. The corresponding peak von
Mises stresses (< yield stress) in the screw were
also observed in the thread region at the bone-
screw interface.

A decrease in stress values was observed as the
bone was traversed from the bone-screw interface
to the outer circumference of the bone illustrating a
large stress gradient. Hence, it can be deduced that
the failure of the model occurred in the bone
around the outer diameter of the screw. The stress
values were the highest in the first two threads at
the ends and the failures stresses were evenly
distributed at the bone-screw interface. It was
observed that at peak load the elements
representing cortical and cancellous bone near the
thread tip region experienced high stresses.
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The stress values in the screw were different from
that of the bone in that they were not as evenly
distributed as in the bone. It was observed that
stress values in the screw decreased for threads
away from the head as compared to those near the
head. The stress experienced by the screw was
much lower than its yield stress. Hence it can be
concluded that failure during pullout testing occurs
in the bone at the bone-screw interface without
plastically deforming the screw threads. The
displacement of the head of the screw was the
largest as in the experimental evaluation.

4. CONCLUSION

In this study, a new medical bone screw was
designed using Ti6Al4V ELI GR23 material and
tested in accordance with the ATSM F 543-02 test
procedure experimentally. Concurrently, 3-D FEA
models of these medical bone screws were
developed to simulate and biomechanically
evaluate the pull-out forces and stiffness of the
screw samples using FEA software ANSYS.

Pullout strength was determined by screw thread
design. Thread designs that allow for greater screw
purchase result in higher screw pullout strengths.
The pullout strength of new design was measured
and compared against the FEA results. Screw
pullout was measured by inserting the screws into
@2.5mm holes drilled into UHMWPE blocks. The
strength is measured as the amount of axial load of
the screw can endure until failure or removal
occurs.

The main factors affecting the pullout force of a
bone screw are its design, the material properties
of the bone and the insertion technique followed
by the surgeon. Conflicts still exist whether to
perform experimental study using cadaver or
synthetic foam blocks since results may vary
within the materials. A continuous study is needed
to gather information and knowledge as much as
possible to enhance more stable and rigid spinal
fixation system. Extra concern must be put on to
the osteoporosis cases since major problems of
fixation stability and rigidity.
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Abstract

Robotic swarms have been modeled in a myriad of ways. One property of the swarms is their multitude.
As their numbers increase to uncountable numbers, the thermostatistical mechanics may come into play.
Authors took advantage of this fact so as to generate global statistics for the swarm. Three distinct
ensembles are explained and formulated. When isolated, the swarms behave as if microcanonical
ensemble reigns. But when a predator or a prey appears, transitions are observed depending on the
conditions. Therefore, both the formulations and the transitions are all contingent. Finally, observed
probabilities were discussed.

Keywords: Swarm modeling, Statistical physics, Ensembles, Robotics

Siiriiler Probleminin Topluluk Baglami A¢isindan Modellenmesi
Oz

Siirli robotlar1 yiizlerce farkli sekilde modellenmistir. Kalabalik olmalari siiriilerin bir 6zelligidir.
Sayilamayacak kadar ¢ok sayiya ulastiklarinda, termo-istatiksel mekanik devreye girebilir. Yazarlar bu
avantaj1 kullanarak siirii robotlar1 i¢in evrensel istatistik olusturmak istediler. Ug temel topluluk aciklandi
ve formiile edildi. Siiriiler izole edildiklerinde mikrokanonik uyum ortama hakim olurken, ortama av veya
avcl girisi olur ise, duruma bagli olarak degisimler gozlemlenir. Bu yiizden formulasyonlar ve gegisler
sarta baglidir. Son olarak gézlemlenen olasiliklar tartigildi.
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1. INTRODUCTION

Swarms so far have been modeled through a
multitude of techniques in literature. These
techniques range from stability analyses to
modeling biological inspired swarms, and particle
swarm optimization. To exemplify, Rauch,
Millanos, and Chialvo have studied pattern
formation by mean-field stability analysis [1].
They generated a Langevin like equation for
motion of particles. Another modeling study
published by Matinoli, Easton, and Agassaunon
mentions distributed control of robots in a case
study of collaboratively completing a given task.
They introduced a research which concerned with
probabilistic and non-spatial model of swarm
robotics. This research was not interested in spatial
distribution or trajectories of robots [2].
Additionally, Chen and Fang have investigated
collective behavior of social foraging swarms with
the help of Lyapunov stability theory [3]. Arlotti,
Deutsch, and Lachowicz have proposed a
Boltzmann-type mathematical swarm model for
groups of agents moving orderly into the same
direction [4]. More over most of the other
publications have made use of Particle Swarm
Optimization (PSO) [5-9]. Even though there is a
plethora of literature modeling dynamics down to
particle scale, none of them has dealt with particle
locations specified by probability functionals.
Probability functionals may be acquired in many
ways. One of these ways is by means of
thermostatistical mechanics.

When one scours through the articles about
modeling by ensembles, it may easily be seen that
ensembles are being used in different branches of
science from astrophysics to food chemistry. To
name a few, Zhang has created a canonical
ensemble model in order to examine the statistical
significance of the quantum tunneling radiation
spectrum [10,12]. Roman and Dukelsky have
introduced grand canonical and canonical
ensemble modeling in order to detect the low
energy excited states in the pairing model of
superconductivity (Bardeen-Cooper-Schrieffer
model) [11]. The main objective of Nogawa, Ito,
and Watanabe was to investigate the evaporation-
condensation transition of the Potts model. In
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accordance with this purpose, an intrinsically
system-size-dependent discrete transition between
supersaturation state and phase-separation state has
been surveyed in the microcanonical ensemble
[13]. Wang and Yang have aimed at improving the
capability of numerical calculation on statistical
model with large lattice sizes by means of
microcanonical ensemble theory [14]. Hilbert and
Dunkel have introduced  one-dimensional
evaporation model and they have analyzed this
model by calculating thermodynamic functions
both for microcanonical and canonical ensembles.
By doing so, they have analogized and exemplified
the differences between the microcanonical and
canonical ensembles [15]. Alkhimov has submitted
a d-dimensional model of the canonical ensemble
of open self-avoiding strings [16]. Knani,
Khalfaoui, Hachicha, Ben Lamine, and Mathlouthi
have used grand canonical ensemble in food
chemistry for modeling of water vapor adsorption
on food products [17]. Knani, Mathlouthi, and Ben
Lamine have delved into the peripheral mechanism
of taste perception by the aid of grand canonical
ensemble [18]. But none yet may be found on
swarm modeling.

In this paper, the authors have modeled the swarm
behavior ~ using  ensembles  within  the
thermostatistical mechanics framework. The
classical statistical mechanics have three formally
posed ensembles, i.e. microcanonical, canonical
and grand canonical ensembles. Each of the three
ensembles will be explained below.

2. ENSEMBLES

In statistical mechanics, a little is known about a
system when a system is defined as one particle.
This knowledge however, is not enough to
describe exact state the system is in. Therefore,
using an N number of same structure particle
system and observing average behavior in distinct
probable states provides more information. Such
systems are called ensembles [19].

Statistical mechanics does not govern the cases

where one or more but limited number of particles
is involved. Knowing how many particles hit
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boundary walls of a system is more of a concern
than knowing when one specific particle hits the
walls [20].

2.1. Microcanonical Ensemble

Microcanonical ensemble can be described as a
system insulated from energy and particle transfer,
with a known internal energy denoted by “U” [21].
All state probabilities are equal to each other and is
equal to pi = 1/W, where W is number of the
states. Also, its temperature is given as it follows.

I _ 9Spg _ | dnW
T U k au @)
T = Temperature

Sgs = Boltzmann-Gibbs Entropy
U = Total Energy of the System
k = Boltzmann constant

W = Number of States

EM\‘crocanonica\
Ensemble

= Reservoir

e Particle

Figure 1. Representation  of  microcanonical

ensemble

It can be imagined as an insulated box, shown in
Figure 1, with N particles in it, and walls to be
assumed rigid and smooth in order to talk about
energy conservation when particles bump to the
walls of box [20].

2.2. Canonical Ensemble

Canonical ensemble, in Figure 2, is a system that
consists of N many particles and is in thermal
equilibrium with a heat bath. Energy transfer is
allowed with the heat bath, but particle transfer is
impermissible. Heat bath can be described as a
system with a relatively large heat capacity, in so
much that its temperature remains constant in spite
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of any energy transfer [22]. Since the energy
transfer can be shown between the system and the
heat bath, exact energy of the system is unknown.

QinJL

\ Q Canonical
[ i out

Ensemble

= Heat Bath

Particle

Figure 2. Representation of canonical ensemble

However, mean energy U of the system can be
calculated as it follows.

U =X piE; (2)
-BE;
pi =200 ®3)
_ w

Zpe = 2, exp(—BEy) 4)

=1 (5)

1 _ 986

T au ©)

Fge = U —=TSpe = —%ln Zpg (7

U=-2inz 8
T N Zpg (8)

U = Mean Energy of the System
pi = Probability of The States

E; = Energy Eigenvalue

W = Number of States

B = Lagrange Parameter

Zgs = Partition Function

Fgc = Helmholtz Free Energy

2.3. Grand Canonical Ensemble

Grand canonical ensemble is a statistical ensemble
whose particle number N is also given in form of
average as well as its mean energy U. It means, a
grand canonical ensemble can exchange particles
with a reservoir. This reservoir can also act as a
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heat bath, thus allows energy transfer as well [23].
Simply, a grand canonical can be seen in Figure 3
as an open system in contact with a reservoir [22].

Grand
Q'" | L | ;Q?Q‘ 7777777 Canonical
3..'.... ot @ Ensemble
' o0 * 9
L .C..... * = Reservoir
L * .0 0,
e 80 0 4 00 o
- "_—LJ L] Particle
UAN®
Figure 3. Representation of grand canonical
ensemble

3. ENERGY AND MASS CONCEPTS
IN SWARMS

Next, the authors wish to proceed by representing
the swarms as a collection of particles, with a
difference that they will be cast in ensembles. As
may be read below, the differences and
equivalences in ensembles appear as the
occurrence of both the prey and the hunter. Prey
and the hunter have an effect on swarm, and it can
be described as a form of energy.

Other factors, such as environmental interactions,
leadership disputes, etc. may also be described as
disturbance and/or energy, and are omitted for the
clarity of the thesis of this paper.

) Swarm
o ° ) Agents
e o [
® o o ° [
o o ¢ °
o © °
[ ] ] PY ® o
[ ] [ ] PY
o ©® o
® o

Figure 4. Swarm in microcanonical state
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A swarm shows microcanonical characteristics
when it is away from interactions of prey and/or
hunter. There are no external influences on the
swarm, and the swarm acts as if it is an isolated
system, Figure 4.

All by itself, a microcanonical ensemble model
would simply state that any formation is equally
likely, and no preference of a particular
configuration is observed. Its internal energy is
constant; a minute temperature fluctuation is
observed. Temperature may substitute for any state
of the swarm, such as average speed, average
distance, etc.

Aside from environmental interactions, leadership
disputes, and all other psychologic reasons can be
described as energy.

A swarm shows microcanonical characteristics
when it is away from interactions of prey or
hunter. There is no influence on swarm, and swarm
acts as if it is an isolated system.

4. SWARM CAST IN ENSEMBLES,
AND ENSEMBLE TRANSITIONS

4.1. Microcanonical to Canonical Ensemble
Transitions

Transitions from the microcanonical to the

canonical ensemble, and therefore the

representation swarms in the canonical ensemble
framework are given in the following two
categories. These categories are heat dissipation
and contraction, and heating and expansion as
follows.

4.1.1. Heat Dissipation and Contraction: The
Prey

When the swarm finds a prey, probabilities in
phase space change. Probabilities of the states
close to the prey builds up, Figure 5, and it
becomes likely to see more agents around the prey.
Interactions between a swarm and a prey force
the swarm to congregate at the location where the
prey is. This shrinking in effective swarm radius
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is an expected result of the energy dissipation from
the system. Then it can be said that the presence of
prey (food) has an effect of cooling on system.

° Swarm
Agents

A Prey

Figure 5. Swarm in canonical state, interaction
with prey

4.1.2. Heating and Expansion: The Predator

When it comes to the interactions between the
swarm and the predator, the swarm tries to get
away and expand. This scene is similar to
heating of the system. The state probabilities
around the predator go to lower values, Figure
6, and the agents may tend to isolate the
hunter, leaving a void around it, or flee from
that location depending on the swarm size.

® Swarm
L o ©® Agents
® o [ ]
® o O ° o
o o '. °
e 0o° %,0
]
®o g0 © o o
o
. .
c N
@ B Hunter

Figure 6. Swarm in canonical state, interaction
with hunter
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4.2. Canonical to Grand Canonical Ensemble
Transition

There may be multiple ways where a grand
canonical ensemble appears. One such case may be
observed when two swarms start mingling. If the
agents of these two swarms are identical, but
assumes a predator role, not only an exchange of
particles but loss of agents may be observed. Or
simply that the swarm loses an agent, since it is a
particle transfer, a loss or a gain of an agent can be
defined as another transition, in this case, from
canonical to grand canonical ensemble.

4.3. The Probabilities

The probabilities change after the transition from
microcanonical to canonical ensemble. The
probabilities that were originally uniform now
become nonuniform. The probabilities of the states
in canonical ensemble are functions of energy and
the pseudo temperatures of those states, hence
nonuniform. Temperature gradient (or speed
gradient) is the cause of the new probability
distribution.

Local interactions can be described as energy
fluctuations when mass of hunter or prey is
negligible compared to total mass of the swarm.
This may very well be pronounced as ensemble
equivalence.

5. CONCLUSION

In this study, the behavior of the collection of
particles i.e. swarms is evaluated in
thermostatistical mechanics framework. Statistical
ensembles are utilized to describe the behaviors of
those particles and, hence this study focuses on
modeling the swarm problem in the statistical
ensembles. The authors deal with the swarm
problem in three widely known statistical
ensembles i.e. microcanonical, canonical and
grand-canonical, each of which approaches the
swarms in a different point of view. The initial
state of the swarms is described within
microcanonical ensemble where the agents of the
swarms are isolated, Figure 4. In the following
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scenarios, the transition from microcanonical to
canonical and then to grand canonical ensembles
are discussed in this paper. The scenarios of the
transitions between the ensembles are illustrated
and explained over predator, prey and swarm
agents. It is assumed that the effects of prey and
predator emerge in the form of energy. Thus, in the
canonical ensemble context, the interaction
between the swarm and the prey or predator would
change the probabilities in the phase space,
exhibiting the heating or cooling effects on the
system, similar to Figure 5, and Figure 6. In grand
canonical case, exchange of particles is also
crucial, and in this paper, in the form of loss or
gain of the agents is considered in the grand
canonical ensemble. The authors believe that this
new approach could deliver the researchers a tool
that could bring in also a new insight regarding
swarm behavior.
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Abstract

The aim of the present study was to investigate the effect of chitosan modification of silicon urethral
catheters to improve antibacterial activity against to biofilm formation for long term catheterization.
Chitosan was first immobilized on the silicon surface through a (3-aminopropyl) triethoxysilane (APTES)
bridge in ethanol, toluene and acetone solutions, and glutaraldehyde used as cross linker. Fourier
Transform Infrared Spectroscopy and Scanning Electron Microscopy were used for imaging surface
modifications and characterization of silicone catheters. Biodegradability of chitosan hydrogel coatings
was investigated with using artificial urea solution through pH measurements. The results showed that
successful formation of chitosan hydrogels at catheter surface was observed both silicone urinary
catheters

Keywords: Chitosan, Hydrogels, Urethral catheter, Silicone

Uriner Kateterlerin Biyofilm Olusumunu Engellemesi i¢in Kitosan Hidrojelinin
Yeni bir Uygulamasi

Oz

Bu caligmada, uzun dénem Kkateterizasyonda kullanilan silikon iiriner kateterlerin biyofilm olusumuna
kars1 antibakteriyel aktivitesini artirmada kitosanin etkisi incelenmistir. Kitosan; etanol, toluen ve aseton
kullanilarak hazirlanan (3-aminopropil) trietoksisilan (APTES) c¢ozeltileri vasitasiyla silikon ylizeye
baglanmistir. Capraz baglayici olarak glutaraldehit kullanilmistir. Yiizey karekterizasyonu i¢in Fourier
Transform Infrared Spectroscopy (FTIR) ve Scanning Electron Microscopy (SEM) kullanilmis, yapilan
kitosan hidrojel kaplamalarin biyobozunurluklar1 yapay ire sivisinda, sivinin pH degisimlerinin
Olglilmesiyle incelenmistir. Sonug olarak, kullanilan silikon iiriner kateterlerin {izerinde kitosan hidrojel
kaplamalarin basarili bir sekilde olusturuldugu gozlenmistir.
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1. INTRODUCTION

Chitosan, one of the most important and wide
natural polymer, have many usages in medicine,
agriculture and food industry. The antimicrobial
activity of chitosan against to microorganisms,
such as bacteria, yeast, and fungi, has been
revealed.

There is a lot of urethral catheter materials like
latex, polyvinyl chloride (PVC) in market for
using catheterization. Latex is cheap and
biocompatible material, it can be shaped easily, so
it is suitable for catheterization; but therewithal
latex is an allergic material for humans so there are
some complications for usage as a urethral catheter
material. PVC is also cheap, it can be producible
and shaped easily, but PVC is just not enough to
be protected biofilm formation. There is no
antibacterial properties of PVC itself, so, for
urethral catheterization, it needs coatings and some
additives against to biofilm formation. Some
coatings are preferred like hydrogels, or some
additives like antibiotics or silver nanoparticles to
increase the antibacterial properties of urethral
catheters.

Silicon (Si) is one of the suitable polymers to use
for produce of urethral catheters. Silicone is
stronger and flexible material than latex or PVC.
And also it is more permeable and more
deformable, with this features it is more suitable
for patients comfort. Furthermore, occurrence of
biofilm layer is more difficult at a silicone surface.
These superior properties make silicone safer and
more useful material for urethral catheters [1-3].

In this study, chitosan was used as a hydrogel
coating for silicone urinary catheter to improve
antibacterial activity against to biofilm formation.
Chitosan was first immobilized on the silicone
surface through a (3-aminopropyl) triethoxysilane
(APTES) bridge, and glutaraldehyde was used as
cross linker.

Fourier Transform Infrared Spectroscopy (FTIR)
and Scanning Electron Microscopy (SEM) used
for imaging surface  modifications and
characterization of silicone catheters. Also
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biodegradability of chitosan hydrogel coatings was
investigated with immersion of catheters in
artificial urea solution for 25 days.

2. EXPERIMENTAL PROCEDURE
2.1. Materials

Silicon catheters were obtained from Riisch,
Teleflex, Malaysia. For artificial urea solution;
urea, sodium chloride, disodium hydrogen
orthophosphate (anhydrous), potassium
dihydrogen orthophosphate, ammonium chloride,
creatinine and sodium sulfite were used. Artificial
urea solution chemicals, sodium carbonate, sodium
phosphate, and chitosan (medium molecular
weight) purchased from Sigma (USA). Acetone,
toluene, ethanol, hydrogen peroxide and sulfuric
acid purchased from Merck (USA).

2.2. Silicone Surface Modification

Silicone surface modification was performed
according to the method of Lii Xiaoying et. al. [4].
This method was modified in the view of the
immersion time, solvent types and the percentage
by volume of solvents. Silicone catheters were cut
into 4 mmx10 mm pieces and underwent cleaning
in methanol, toluene and acetone, each for 10 min
at centrifuge, and dried under N, atmosphere. The
process was as follows; the cleaned silicone pieces
were immersed in a 3:7 piranha solution
(98% H,SO, and 30% H,0,) for 5 h and washed
with deionized water to give a hydrophilic surface
to bond with APTES. After dried under
N,atmosphere, silicone pieces were immersed in
2% APTES/95% acetone, 2% APTES/95% toluene
[5] or 2% APTES/95% ethanol solutions [6] for 1h
and 2h to investigate the effects of different
solvents and time for binding process. After this
process, samples were washed five times.
Whereby, an —NH, surface was obtained. After
being dried, the silicone pieces with the —NH,
surface was immersed in 2%
glutaraldehyde/H,0.2% glutaraldehyde/acetate
buffer (pH 4.2), 2% glutaraldehyde/phosphate
buffer (pH 7.2) or 2% glutaraldehyde/carbonate
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buffer (pH 10.2) solutions to investigate the effects
of different pH values for binding process for
1 h and 2h. After washing with deionized water,
the silicone pieces were immersed in a 1%
chitosan/HAc solution for | h. Then, the silicone
pieces were taken out and dried in air dryer.
Finally, silicone pieces were treated with a 0.1 M
NaOH solution for 1 h and washed with deionized
water until the pH value of the waste water
reached the pH value of deionized water. After this
process silicone pieces were dried at air dryer.
Also silicone pieces were immersed in 10%
APTES/90% toluene or 10% APTES/90% ethanol
solutions to investigate the effects of APTES
concentration for binding process. Silicone pieces
immersed in 10% glutaraldehyde/H,O solutions.
The same steps were applied for these samples.

2.3. Characterization

Infrared spectra of the samples were collected by
using an FT-IR spectrometry (Thermo Scientific
Nicolet iS10, USA) in the wave number range of
650 to 4000 cm-1.Scanning Electron Microscopy
(SEM) was used for imaging chitosan hydrogels at
the silicone surface. Artificial urea solution was
used to determine the biodegradability of chitosan
hydrogel coatings.

2.4. Results and Discussion

The results showed that, homogeneity of chitosan
hydrogel coatings were affected by immersion
time, solvent types and the percentage by volume
of solvents.

2.4.1. FT-IR Studies

Figure 1 and 2 show the FT-IR spectra of chitosan
hydrogel coated catheters. The peaks at around
3400 cm-1 and 1630 cm-1 are assigned to isolated
hydroxyl groups. The spectrum exhibits the
asymmetric and symmetric bending of the Si—O-Si
bonds at around 1055 cm -1 and 794 c¢cm -1 for
silica. C=N bonds gives peaks at around
1650 cm-1. The peaks between 1650 cm-1 and
1350 cm-1 confirmed the existence of chitosan [5].
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spectrum of chitosan hydrogel

catheters  prepared  with
2%  APTES/95%  toluene  and
2%  glutaraldehyde/acetate buffer
chitosan hydrogel (dark green)

Figure 1. FT-IR
coated
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Figure 2. FT-IR spectrum of chitosan hydrogel

coated catheters  prepared  with
10%  APTES/90%  toluene  and
10%  glutaraldehyde/acetate  buffer

chitosan hydrogel (green)
2.4.2. SEM Analysis

Figure 3 and Figure 4 show the SEM images of the
chitosan hydrogel coated catheters. The samples
consisted of irregular shape of chitosan hydrogels.
While immersion time at chitosan increased from 1
hour to 2 hours, the APTES ratio and
glutaraldehyde ratio was also increased 2% to
10%, catheters were coated more homogenous.
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Figure 3. SEM images of prepared with 10%
APTES/90%  toluene and 10%
glutaraldehyde/acetate buffer chitosan
hydrogel a) 200 X b) 500 X c) 1.00K
X d) 2.00K X

N .

Figure 4. SEM images of prepared with 2%
APTES/95%  toluene  and 2%
glutaraldehyde/acetate buffer chitosan
hydrogel €) 50 X f) 200 X g) 1.00K X
h) 2.00K X

2.4.3. Biodegradation Studies

Figure 5 and Figure 6 show the biodegradation of
chitosan hydrogels in artificial urea solution.
Biodegradation of chitosan hydrogels were studied
for prepared with 2% APTES/95% toluen and 2%
glutaraldehyde/acetate buffer chitosan hydrogels.
The samples were immersed in artificial urea
solution for 25 days.
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In first week (Figure 5), pH of artificial urea
solution increased slowly. In 25 days (Figure 6)
pH of artificial urea solution increased from 5,84
to 6,25.

In both studies pH of the artificial urea solution
increased overtime. This can be interpreted as
shown in the figures, degradability of the material
increased by immersion time. (Figure 5, Figure 6).

day(s)

with 2% APTES9S%
T oyl scetate
~#— with 2% APTES95%
plutaraldebyde acetate

Figure 5. Biodegradation studies of prepared with
2% APTES/95% toluene and 2%
glutaraldehyde/acetate buffer chitosan
hydrogels in 7 days

with 2% APTES95% telun(1h) 204 2%
shutaraldahyde/acetate buffer(2h)

PH value

1 7 14 2
day(s)

—®— with 2% APTES95% toluen(1h) 2nd 2%
slstaraldahyde acetate buffer(2h)

Figure 6. Biodegradation studies of prepared with
2% APTES/95% toluene and 2%
glutaraldehyde/acetate buffer chitosan

hydrogels from day 1 to day 25

3. CONCLUSION

In this study, chitosan was used as a hydrogel
coating for silicone urinary catheter to improve
antibacterial activity against to biofilm formation.
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Chitosan was first immobilized on the silicone
surface through a (3-aminopropyl) triethoxysilane
(APTES) bridge, and glutaraldehyde was used as
cross linker and examined by FT-IR, SEM and
biodegration studies. Homogeneity of chitosan
hydrogel coatings affected by immersion time,
solvent types and the percentage by volume of
solvents. Based on the results, the samples which
were prepared with 10% APTES and 10%
glutaraldehyde had more homogenous chitosan
hydrogel coatings than samples which were
prepared with 2% APTES and 2% glutaraldehyde;
but samples which were prepared with 10%
APTES and 10% glutaraldehyde had some
complications like changing color, so samples
which were prepared with 2% APTES and 2%
glutaraldehyde promising candidates for potential
applications.
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Tufanbeyli Linyitlerinin Mineral Madde I¢eriginin Interaktive
Rietveld Temelli X-Isim1 Difraksiyonu Yontemi ile Kantitatif Olarak
Incelenmesi
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Oz

Bu caligmada, Tufanbeyli linyit numunelerinin mineral madde igerikleri X-1s1m1 difraksiyon (XRD)
teknigi ile incelenmistir. Orijinal linyit numunelerinin X-151n1 difraktogram ¢ekimleri Rietveld yontemi ile
calisan SIROQUANT yazilimi kullanilarak degerlendirilmis ve mineral madde igerisindeki kristal
formdaki mineraller ve bunlarim miktarlar1 belirlenmistir. Toplam mineral madde miktarinin énemli bir
kismini olusturan ve amorf formdaki inorganik maddelerin miktarini belirlemek igin 6ziitleme (lig)
yontemi kullanilmistir. Numunelerde degisen miktarlarda kuvars, kalsit, aragonit, illit, illit/smektit,
montmorillonit, goétit ve pirit minerallerine rastlanilmistir. Linyit numunelerinin mineral madde
miktarinin biiyiik bir kismini suda ve asitlerde ¢oziilebilen inorganikler olugturmaktadir.

Anahtar Kelimeler: Tufanbeyli, Kantitatif XRD, Rietveld, Siroquant, Oziitleme

A Quantitative Investigation of Mineral Content of Tufanbeyli Lignite by
Interactive Rietveld Based X-Ray Diffraction Method

Abstract

In this study, mineral matter contents of Tufanbeyli lignite samples were investigated by X-ray diffraction
(XRD) technique. The X-ray diffractograms of the original lignite samples were evaluated using the
SIROQUANT software operating with the Rietveld method. The minerals and their quantities in the
crystalline form in the mineral matter were determined. The extraction (leaching) method was used to
determine the amount of inorganic substances in the amorphous form, which constitutes a significant
portion of the total mineral content. Quartz, calcite, aragonite, illite, illite/smectite, montmorillonite,
goethite and pyrite minerals were found in varying amounts in the samples. Most of the mineral content
of lignite samples is soluble in water and acids.

Keywords: Tufanbeyli, Quantitative XRD, Rietveld, Siroquant, Extraction
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Tufanbeyli Linyitlerinin Mineral Madde Iceriginin Interaktive Rietveld Temelli X-Isini Difraksiyonu Yontemi ile

Kantitatif Olarak Incelenmesi

1. GIRIS
Komiiriin  icerdigi mineral madde, komiiriin
tretimini, hazirlanmasim ve kullanimini

etkilemektedir. Bu islemlerin basarisi, komiiriin
icerdigi mineral maddenin ozelliklerinin iyi
taninmasina baglhdir. Komiir hazirlama
tekniklerinin etkinlikleri ne olursa olsun, daima
o6nemli miktarda mineral madde komiirde kalmakta
ve  kOmiriin  kullaniominda ~ 6nemli  rol
oynamaktadir. Koémiir, bir yakma initesinde
yakildiginda, igerdigi mineral madde Onemli
degisikliklere = ugrayarak; klinker  olusumu,
korozyon, cliruf ve kurum gibi sorunlar
yaratmaktadir.  Komiirin  temiz  yakitlara
doniistiiriilmesi amactyla uygulanan, sivilagtirma,
gazlagtirma ve piroliz islemleri de komiiriin
icerdigi mineral maddenin miktarindan, tiiriinden
ve dagilimimdan onemli 6lgiide etkilenmektedir.
Igerdigi mineral maddeden kaynaklanan sorunlarin
azaltilabilmesi i¢in, kullanilan komiiriin mineral
madde igerigi konusunda yeterli bilgi sahibi olmak
gerekmektedir.

Vorres’e [1] gore mineral madde, komirdeki
inorganik maddelerin ve elementlerin toplami
olarak degerlendirilmektedir.

Komiirde bulunan mineral maddeler {i¢ ayr1 sinifa
ayrilmaktadir [2]:

* Bosluk suyu igerisinde ¢6ziinmiis tuzlar ve diger
inorganik kalintilar;

* KOmiiriin organik yapist
inorganik elementler; ve

* Belli bir kristal yapis1 olan inorganik tanecikler

igerisinde bulunan

Yukarida adi gegen ilk iki sinif mineral maddenin
mineral olmayan inorganik kismini olusturmakta
ve bunlar genellikle diisiik kaliteli komiirlerde
mineral madde miktarinin 6nemli bir kismin
olusturmaktadir [3-5]. Yine Ward [5]’e gore
bitimli ve diger yiiksek komiirlesme derecesine
sahip komiirlerde mineral madde miktarinin biiyiik
bir kismini inorganik tanecikler ve mineraller
olusturmaktadir.

Bu caligmada diisiik komiirlesme derecesine sahip
olan Tufanbeyli komiir numunelerinin [6] mineral
madde igerikleri oziitleme ve XRD teknikleri
kullanilarak belirlenmeye ¢alisilmistir.
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2. TUFANBEYLI LINYIT SAHASININ
TANITILMASI

Tufanbeyli’de bulunan, MTA Genel Miidiirliigii’ne
ait, OIR 4289 ve OIR 2767 nolu ruhsat sahalari,
1/25000 olgekli Elbistan 136, a3, b4, cl, d2
paftalarinda yer almakta ve toplam 41,37 km?’lik
bir alan1 kaplamaktadir.

MTA Genel Midiirligi tarafindan sahada 1985
yilinda Jeolojik etiitle baslayan caligmalar 1989 ve
1990 yillarinda rezistivite, yliksek ayrimli sig
sismik ve yapilan 19 adet sondajli arama
calismalar1 ile tamamlanmistir. Bu caligmalarin
degerlendirilmesiyle sahadaki komiir rezervi
hesaplanmistir. Linyit havzasi Adana’ya 130 km
mesafedeki Tufanbeyli ilgesi simnirlari igerisinde
yer almaktadir (Sekil 1).

Sehl 1. Tufanbeyli (Ad?ana) linyit havzasi yerﬂ
bulduru haritasi

Birbirlerinin miicaviri olan iki ruhsatin yer aldig
komiirlii saha kenarlara dogru yiikselen diiz bir ova
gorliinlimiindedir. Sahadaki en Dbiiyilk akarsu
sahanin ortasinda kuzeyden gilineye dogru akan
Sariz irmagidir. Saha Akdeniz Bolgesi icerisinde
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yer almasmna karsin, daha ¢ok I¢ Anadolu
Bolgesinin karasal ikliminin etkisi altindadir. Bu
nedenle yagiglar kis mevsiminde kar, ilkbahar ve
yaz mevsiminde yagmur seklindedir. Ortalama
rakim 1400 metre’dir. Dogal bitki ortiisii tamamen
yok olmustur. Sariz irmagi kenarindaki verimli
aliivyon topraklarinda sekerpancari, fasulye daha
yiksek ve kurak yerlerde ise nohut ve hububat
tarimui yapilmaktadir. Adana-Tufanbeyli kara yolu
sahanin yanindan ge¢cmektedir. Bu nedenle sahaya
ulasim son derece kolaydir.

2.1. Genel Jeoloji
2.2. Stratigrafi

Sahada yapilan etiitler sonucunda iki ayri birim
ayirtlanmigtir.

- Temel birimler

- Ust pliyosen-pleistosen birimleri

2.2.1. Temel Birimler

MTA Genel Midiirliigii tarafindan yapilan etiitler
sonucunda bu birimler yas veya litolojik olarak
ayirtlanmamis, genel olarak Temel Birimler adi
altinda gosterilmistir [7]. Komiirlii birimin altinda
bulunan ve temeli olusturan bu birimler Paleozoik
ve Mezozoik yasli kayaglardan olusmaktadir.
Litolojik olarak c¢ogunlukla kirectagi-dolomit ve
kuvarsittirler.  Litolojik  ozelliklerin ~ benzer
olmasina karsin doku ve yap1 farkliliklar: belirgin
olarak gozlenebilmektedir. Daha geng¢ birimlere
oranla asinmaya karst daha dayanikli olmalari
nedeniyle  sahadaki  6nemli  yiikseklikleri
olusturmuslardir.

2.2.2. Ust Pliyosen-Pleistosen Birimleri

Tamami sahada mostra vermeyen bu birimler
asagidan yukariya (Sekil 2) dogru bes ayr1 birime
ayrilmigtir [7].

1. Konglomera Cakilli Kil: Komiirlii birimin
tabanini olugturan bu birim sahanin higbir yerinde
ylizeylenmemektedir. Paleozoik—Mezozoik yagh
birimlerden kopuk gelen c¢akillardan olusmaktadir.
Havzanin ilk olusumu sirasinda yamag¢ molozu ve
camur akintist halinde gelmesiyle ¢okelmistir.
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Kalinligt  10-50 m  arasinda
tabakalasma gostermemektedir.

2. Kil-Kémiir-Gidya: Kil ve siltten taneli olusur.
15-100 m arasinda degisen kalinliga sahiptir.
1,35-28,6 arasinda degisen kalinlikta komiir
damarlar1 icerir. Komiir damarlar1 arasinda Gidya
tabakalar1 yer alir. Yer yer bol olmak tizere tatli su
Gastropodlar1  igerirler. Birim olduk¢a bol
karbonatli olup az tutturulmustur.

3. Ufak Cakil Serpantinli Kil: Kalinlig1 100-150 m
dolayinda olan bu birim gri-yesilimsi gri renkli,
karbonatli silt-ince kum mercekli ve ufak g¢akil
serpantinleri igerir ve tabakalanma
gbzlenmemistir. Havza ortasinda daha ince taneli
olan bu birim havza kenarlarina dogru gittikce
kumtagi ve konglomeralara gegis yaparlar.

4. Konglomera: 100-150 m arasinda degisen
kalinliga sahip olan bu birim koétii boylanmali,
polijenik az tutturulmus, belirsiz, yer yer capraz
katmanli, kumtas1 mercekli, camur akintili, sarimsi
kahverengidir.

5. Tifit: Erciyes volkanizmasina bagli olarak
olusmus, pembe renkli andezitik ozellikteki bu
birimin kalmligit 0-5 m arasinda degisir. Bu
birimin en iyi goriildiigli yer Tilki Tepe’nin bati
yamacidir.

6. Aliivyon: Sariz rmagi ve buna bagli kollarin
kenarlarinda gelisen tutturulmamis ¢akil-kum ve
kilden olugmaktadir. Sahanin batisinda olduk¢a

degismekte

genis ve verimli aliiviyal topraklari
olusturmuslardir.
B Siltli Kil
10 m—} Tiif
20 m-
Konglomera
30 m—
40 m-
50 m Kil
60 m-
70 m™] Linyit
80m - Gidya
Linyit
90 m T
Kil
100 m ™

Sekil 2. Tufanbeyli komiir sahas1 genellestirilmis
stratigrafik kesiti [7]
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2.3. Jeoloji Tarihgesi

Pliyosen baglarinda Temel Birimlerinde olusan
faylanmalarla daglar arasi ¢okiintii havzasi
olusmus, bu havzaya kenarlardan gravite
kaymalari ile akarsularla tabandaki konglomeratik
birimler ¢okelmeye baslamistir. Bir siire sonra bu
havza s1g gol bataklik ortami haline gelismis ve
komiirlii biriminde bulundugu birimler havzada
olusmaya baslamigtir. Bu olusum pleistosen
ortalarna kadar devam etmistir. Ust pleistosen
baslarinda havza akarsu-aliiviyal yelpaze &zelligi
kazanmis ve bu sirada istteki konglomeralar ve
bunun da tizerine Erciyes volkanizmasi tirinii olan
tiifitler ¢okelmislerdir. Havza bugiinkii
goriniimiinii Holosen’de kazanmaya baslamistir

[71.
3. MATERYAL VE METOT

Tufanbeyli, linyit sahasinda yapilan karotlu
sondajlardan alinan alti adet komiir numunesinin
XRD ¢ekimleri Anadolu Universitesi, Malzeme
Bilimi ve Miihendisligi Boliimii’nde
gerceklestirilmigtir.  XRD  ¢ekimleri  Rigaku
difraktometre ile Cu Ka tiiple, 5°-60° arasinda,
0,02°/dakika ganyometre hizinda yapilmig ve
sonuglar sayisal olarak bir dosyaya kaydedilmistir.
S6z konusu numunelere iliskin faz analizleri
Anadolu  Universitesi, Malzeme Bilimi ve
Miihendisligi Bolimii’'nde yapilmistir. Bu dosyalar
SIROQUANT bilgisayar yazilimina tanitilarak
kristal haldeki mineraller ve bunlarin miktarlar
belirlenmistir. [8] en kii¢iik kareler yontemini
kullanarak, @XRD  grafiginin  herhangi bir
noktasinda bir mineralin siddetini (intensity)
hesaplayabilen bir formiil gelistirmistir. [9] bir
karigimdaki 25 farkli mineralin miktarlarini
belirleyebilen Rietveld temelli SIROQUANT
yazilimini hazirlamstir (Sekil 3).

Kantitatif faz analizi yapilacak numunelere iliskin
XRD  dosyalari  SIROQUANT  bilgisayar
yazilimina tanitilmis ve yazilimin
“BACKGROUND” modu amorf maddenin XRD
¢ekiminde olusturdugu alan ¢ikartilmistir (Sekil 4).
Daha once kalitatif faz analizinde belirlenmis olan
minerallerin  “*.hkl” dosyalar1 yazilimin veri
tabanindan bulunarak olusturulan dosyaya tanitilir
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(Sekil 5). Yazilimin otomatik 6n tarama modu
kullanilarak mineral fazlarina iligkin “*.hkl”
dosyalart XRD patternine yerlestirilir (Sekil 6).
Daha sonra en az 5 agamadan olusan ince tarama
islemi vasitastyla orijinal XRD ¢ekimi ile
modellenen XRD grafigi st liste c¢akistirilir
(Sekil 7). SIROQUANT her fazin toplam kristal
formdaki mineraller igerisindeki agilikca oranini,
yine her faz i¢in Rietveld olgek faktoriine gore
standart sapmasmi ve orijinal XRD grafigi ile
modellenen XRD grafigi arasindaki uygunluk
degerini (¥2 boliinmesi) vermektedir. 2 degerinin
1,0 olmasi XRD grafigi ile modellenen XRD
grafigi arasindaki uygunlulugun tam olarak
saglandigini gosterir (Sekil 8).

100
(a) Integrated Intensity XRD Data
I 50 43
30
30 20
| 10 | 10 I
| l -
20 —»
:‘ (b) Rietveld XRD Data
' " o M
B A Ty
20 —p
Sekil 3. Rietveld tahmin yontemi ile kantitatif faz
analizi
Siroquant (elk2)

e Prameters Progess Display [rformation Options 10 Hep

MJJJ Qe[ 0

Aaghe 3004 " Counts: 270 DSpace: 2208 & Rl Intensity: B5%

Sekil 4. XRD  ¢ekimine  “BACKGROUND”
modunun uygulanmast
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Edit Task (elk2) | x|
Available HKL Files: Phases to be quantified :# of phases:5
@: j amesit.hkl Al fc:isqwinv25\elbistanigz65.hkl
arab5.hkl c:\sqwinv25'elbistan\gyp65.hkl
Bel calb5.hkl c:\sqwinv25\elbistan\goethi.hki
clor§5.hkl c:'sqwinv25\elbistan illis5.hkl
£ elistan gibbst.hkl c:isqwinv25\elbistaniclor§5.hkl
4 igoethi.hkl Add>
yp65.hkl
halloy.hkl
5 hkd < Remove
kao65.hkl
leonhr.hki
imaghem.hkl
mont65.hkl
pri6S.hkl b
Phase Details:

— [ o] |

Sekil 5. Mineral fazlarma iliskin*.hkl dosyalarinin
hazirlanmasi

R siroquant (elk2) =181x|

DR el 2.cob - E2 (Backgios

Boest| 3 @ 4 ZWTE YE Emoositeo.. | Facoseeso... [Tanvome—- Yooz [« BH s

Sekil 6. Otomatik on-tarama modu ile *.hkl

dosyalarmin tanitilmasi islemi

P
e [ o]

[ Use automaic pre-scale [ Refin

I" Refine Asymmety Parameter
opess ] it 4| ot [0 j

~ Stage Refinement Parameters

e [sm IU lv IWIWIWIWIMI Ih I= Im[ﬁlslm [in Im
Gypsum

Quirkz :: . X i x ]

Caleite [hex - L o

Sekil 7. En az 5 asamadan olusan ince tarama
islemi
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Sekil 8. Kantitatif faz analiz sonuglari

Toplam mineral madde miktarinin 6nemli bir
kismini olusturan ve kristal formda olmayan
inorganik maddelerin miktarint belirlemek igin,
Ward’in [10]’in kullandig1 teknik esas alinarak,
oziitleme (lig) yontemi kullanilmustir. Ik asamada
3 g komiir numunesi igerisinde 85 ml saf su
bulunan santrifiij tiipline yerlestirilerek kati-sivi
ayrimi1 yapilmis ve aynt numuneler 80°C su
banyosunda 24 saat bekletildikten sonra ayni1 islem
tekrarlanmigtir. Daha sonra tiiplerdeki su ve diger
¢ozeltiler uzaklastirilarak, numunenin saf suda
agirhigini ne kadar kaybettigi Ol¢iilmiistiir. Daha
sonra ayni numuneler amonyum asetat ve HCI
¢ozeltileri ile muamele ile muamele edilerek tekrar
agirhik kayiplart  belirlenmistir.  Numunelerdeki
kati-sivi ayirimi proje kapsaminda temin edilen
6000 devirli Hettich marka santrifiij ile
gergeklestirilmigtir. Bu islemden sonra geriye
kalan numuneden AS 1038,22 (2000) standardina
uygun olarak 370°C’de kiil elde edilmistir. 212 pm
elekten gecirilen numuneler darast alinmisg
krozelere yerlestirildikten sonra yeniden tartilarak
200°C sicakliga getirilmig olan firina yerlestirilir.
Ayni numunelerin piritik ve siilfat kiikiirt yiizdeleri
belirlenir. 2 saat’lik siire igerisinde firmin 1s1s1
yavas yavas 370°C’ye c¢ikarilir. Numuneler giinde
2 kez firindan ¢ikarilarak nikel veya porselen bir

kasikla karistirtlir. Bu  islemin amaci heniiz
yanmamis karbon parcaciklarini ortaya
cikartmaktir. Bu islemler numunelerin agirlig:

~%]1 oraninda sabit tarttya gelinceye kadar
stirdiirtiliir. Numunelerin tamamen okside olmasi
yaklasik olarak 5 giin stirmektedir.
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4. ARASTIRMA BULGULARI
4.1. Kantitatif XRD Analizi

Daha once faz analizi ile varligi tespit edilen her
bir mineral fazi i¢in Rietveld formatinda XRD veri
dosyalar1 hazirlandiktan sonra agirlik¢a yiizdeleri
elde edilmistir. SIROQUANT her fazin toplam
kristal formdaki mineraller igerisindeki agilik¢a
oranini, yine her faz i¢in Rietveld dl¢ek faktoriine
gore standart sapmasini ve orijinal XRD grafigi ile
modellenen XRD grafigi arasindaki uygunluk

Cizelge 1. Kum i¢in model parametreleri

degerini (¥2 bolinmesi) vermektedir. y2 degerinin
1.0 olmasit XRD grafigi ile modellenen XRD
grafigi arasindaki uygunlulugun tam olarak
saglandigini gostermektedir (Cizelge 1). Sekil 9°da
Tl numunesine iligkin orijinal XRD grafigi,
modellenen XRD grafigi ve her iki grafik
arasindaki fark gOriilmektedir. Numunelerde
degisik oranlarda kuvars, kaolinit, montmorillonit,
illit, kalsit, aragonit, jips, feldspat ve pirit
minerallerine rastlanilmis olup kuvars ve kil
mineralleri major minerallerdir.

Tl T2 T3 T4 T5 T6
Kuvars (%) 10,9(3) 24,3(2) 25,8(4) 15,6(2) 16,4(2) 23,2(4)
Kaolinit (%) 10,3(9) 12,7(4) 4,5(4) 1,2(6) 7,7(6) 14,7(7)
Montmorillonit (%) 6,9(7) 18,4(5) 22,9(5) 8,6(5) 16,9(4) 11,6(5)
11it (%) 10,6(8) 11,3(9) 10,5(4) 2,3(8) 9,7(7) 22,6(6)
Kalsit (%) 1,7(3) 0,5(6) 1,2(3) 2,8(6) 0,9(2) 3,8(3)
Aragonit (%) 0,4(2) 0,6(3) 1,0(2) 2,5(4) 1,7(2) 4,5(2)
Jips (%) 53,9(5) 29,5(6) 23,8(2) 63,9(4) 40,7(3) 14,0(4)
Feldspat (%) 4,7(5) 3,2(7) 9,1(4) 1,3(2) 4,9(2) 2,1(4)
Pirit (%) 0,6(2) 0,4(9) 1,2(3) 1,8(3) 1,1(3) 3,5(4)
Global 5 35 4,2 2,4 3,7 4,1 3.2

4.2. Suda ve Asitte Coziinebilen Mineral mineral madde miktarlari %61 ile 79 arasinda

Madde Miktarinin Tayini

Toplam mineral madde miktarinin 6nemli bir
kismint olusturan ve amorf formda olan inorganik
maddelerin miktarin1 belirlemek {izere numuneye
once su banyosu, daha sonra da amonyum asetat
ve HCIl asit banyolart yaptirilarak mineral
maddenin suda ve asitte ¢oziinen kismu agirlikca
belirlenmistir (Cizelge 2). Numunelerdeki toplam

Cizelge 2. Oziitleme deney sonuglar

degismektedir. Ayrica bu mineral madde
miktarlarinin %30,4 ile %49,6 arasindaki bir kismi
da suda ve asitlerde ¢oziinmektedir. Tufanbeyli
komiirii gibi geng¢ bir komiirde, mineral madde
miktarinin iigte biri ile yarist arasindaki bir
kisminin  suda ve asitlerde ¢Ozlinmesi bu
koémiirlerin hazirlanmasini ve kullanimini etkileyen
onemli bir 6zelligi olarak ortaya ¢ikmaktadir.

T1 T2 T3 T4 TS5 T6

Suda ve asitte ¢oziinen mineral madde (%)

49,6 34,2 30,4 32,3 | 4477 31,6

Toplam mineral madde miktar1 (%)

790 | 610 | 640 | 620 | 690 | 63,0
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Sekil 9. T1 kdmiir numunesine iliskin (a) orijinal
XRD grafigi; (b) modellenen XRD
grafigi: (c) her iki grafik arasindaki fark

5. SONUC

Bu ¢alismadan elde edilen sonuglar asagidadir:

* Komir numunelerinin toplam mineral madde
miktarlart %61 ile %79 arasinda degigsmektedir.

* Toplam mineral madde miktarlarmin %30 ile
%50’s1, oziitleme islemleri ile, suda ve asitlerde
¢Oziinmiistiir. Tufanbeyli komiirii gibi geng bir
komiirde, mineral madde miktarinin iigte biri ile
yarist arasindaki bir kismimin suda ve asitlerde
¢Oziinmesi bu komiirlerin hazirlanmasimi  ve
kullanimini etkileyen onemli bir 6zelligi olarak
ortaya ¢ikmaktadir.

* Numunelerde degisik oranlarda kuvars, kaolinit,
montmorillonit, illit, kalsit, aragonit, jips, feldspat
Ve pirit minerallerine rastlanilmustir.

e Kiristal formdaki minerallerin Onemli bir
bolimiini kuvars ve kil mineralleri
olusturmaktadir.
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Oz

Bu arastirmanin amaci, Adana Ili Seyhan Ilgesi’nde apartmanlarda ikamet eden halkta, su depolarinn
halk sagligi iizerine olan etkilerini aragtirmak ve bu konuda halktaki farkindalik ve bilincin 6l¢iilmesidir.
Aragtirmaya Adana ili Seyhan ilgesi’nde ikamet edip su deposu kullanicist olan 102 kadin 426 erkek
olmak {tizere toplam 528 kisi katilmistir. Denekler basit rastgele d6rnekleme yontemine gore secilmis,
anketler yiiz yiize goriisme teknigi kullanilarak uygulanmig, veriler Spss 15.0V paket programi
kullanilarak ¢6ziimlenmistir. Her bir soruya verilmis olan cevaplar i¢in frekans ve ylizde dagilimlar
hesaplanmig, gruplar arasindaki farkin anlamlilik seviyesinin belirlenmesinde ise ki-kare testinden
yararlanilmistir. Elde edilen verilerin analizi sonucu, katilimcilarin %88,6’sinin  sudan hastalik
bulasacagim bildigi, %42,6’sinin depo temizlenme sikligini bilmedigi, su depolarinin dnerilen siklikta
temizlenme oraninin %22,5 oldugu, %62,3’liniin 6liimciil etkileri olabilecegini belirttikleri belirlenmis,
yapilan g¢apraz tablolarda egitim 6zelliginin bircok cevap icin istatistiksel olarak anlamli farka sebep
oldugu gozlenmistir. Su depolar lizerine halktaki biling ve farkindalik diizeyinin dlgiilmesi konusunda
karsimiza ¢ikan en biiyiik sorunun egitimsizlik oldugu goériilmiistiir.

Anahtar Kelimeler: Su depolari, Depo temizligi, Farkindalik, Sudan bulasan hastaliklar, Anket

An Analysis of Awareness and Consciousness of Public on the Indoor Water
System in Apartment Building in Terms of Accessing to Clean Water

Abstract

The purpose of this research is to investigate on health effects of water storage tanks on public health and
to analyze awareness and consciousness of residents live in an apartment building in province of Seyhan,
Adana. The research has conducted on total of 528 people;102 woman and 426 man, who use water from
water storage tanks and lives in Seyhan district, Adana. Participants were chosen according to simple
random sampling method, questionnaire were completed by using face to face interview method, data
were analyzed using SPSS 15.0V. Frequency and percentage distribution were calculated for each answer

“Sorumlu yazar (Corresponding author): Rozelin AYDIN, raydin@adanabtu.edu.tr
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given and chi square tests were used to determine statistical significance between the groups. The analysis
of questionnaire showed, of the 582 participant 88.6% knew about disease transmission risks from
contaminated water,42.6% had no knowledge of the cleaning frequency of the storage tanks while the
tanks that have cleaned in recommended frequency was 22.5%, 62.3% stated that contaminated water
may have lead to deaths. Also, education characteristic showed statistically significant relationships with
most of the questions in cross-tabulations. Lack of knowledge was determined as the most important
problem in terms of awareness and consciousness levels of public on water storage tanks.

Keywords: Water storage tanks, Water storage tank cleaning, Awareness, Waterborne diseases, Survey

1. GIRIS

Su insan hayatinin en Onemli yapitaglarindan
birisidir. Yetigkin bir insanmn viicut agirliginin
%70’ine kadarmi olusturabilen suyun yeterli
miktarda viicutta bulunmasi, tiim hiicre ve organ
sistemlerinin diizgiin ¢aligmasi i¢in gereklidir [1].
Sadece igme amagli degil kisisel temizlik,
besinlerin temizligi ya da yasam alanlar1 vb.
temizliginde de suya ihtiyag duyulmaktadir. Insan
sagligi i¢in Onerilen gilinliik su tiiketim miktari
kadinlar igin 2,7, erkekler i¢in 3,7 litredir [2].
Burada en 6nemli olan parametre tiiketilen suyun
saglikli ve temiz olmasidir. Saglikli ve temiz su,
renksiz, tatsiz ve kokusuz olmakla birlikte,
icerisinde hastalik yapict mikroorganizmalar ve
zararli kimyasallar bulundurmayan sudur [1,3,4].

Kirletici etmenler; ¢6ziinmiis oksijen, fekal
koliform bakteriler, siispansiyonel sediment,
¢ozlinmiis katilar, fosfor ve patojen gibi biyolojik
etmenler olarak siralanabilir. Ancak sudan gelen
en Onemli tehlike, sularin hastalik yapici
mikroorganizmalar ile bulagik olmasidir [1].
Hastalik  yapici  mikroorganizmalarin  suya
taginmasi, sularin ya hayvan ya da insan diskisi ile
temasi ile olugturmaktadir [1,5]. Bulagik olan bu
sular kolera, diyare, dizanteri, hepatit A, tifo ve
polyo (gocuk felci) gibi oOliimciil olabilecek
hastaliklara sebebiyet verebilmektedir [3,5-7].
Sudan bulasan hastaliklardan 6liimciil sonuglarla
sonuglananlarinin ~ baginda  viicudun  susuz
kalmasmma neden olan diyare gelse de,
sistozomiazis gibi hastaliklarin goriilme orani da
oldukga yiiksektir [1].

Diinya Saglik Orgiitii (DSO) verilerine gore, her
yil 3,4 milyondan fazla insan su kaynakh
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hastaliklardan dolayr 6lmekte, 502.000 insan
bulagik sulara bagli ishal sebebi ile hayatina
kaybetmekte, 240 milyon kisi sistozomiazisten
tedavi gormektedir [4]. Halk arasinda yaygin olan
“Bulagmalar sadece kirli suyun igilmesi ile
gergeklesir” diisiincesi ise gercegi
yansitmamaktadir. Nitekim Pseudomonas,
Flavobacterium ve Klebsiella cinslerine ait bakteri
tiirleri ile bulagik sularin deri ve goz gibi bolgeler
ile temasi halinde g¢esitli enfeksiyonlara sebep
olduklari bilinmektedir [3].

Ulkemizde de tiim diinyada oldugu gibi temiz suya
ulasim yillar i¢inde kolaylasnmis, kaynagindan
alman sular tesisatlar ile toprak altindan
kilometrelerce taginarak depolara ve evlere kadar
getirilmistir.  Ancak, kaynagindan kullanim
asamasina kadar en kolay kirlenen madde sudur.
Bu tasgimim asamasinda isale hatlarinda kullanilan
metallerin ~ oksitlenmesi,  kullanilan  plastik
malzemelerin  kalitesine gore c¢evreden bazi
kontaminantlarin ~ difiizyonuna olanak vermesi,
dagiimda boru baglantilariin  dogru sekilde
yapilmamasi ve borularda olusabilecek hasarlar
gibi sebeplerle sularin kimyasal ve mikrobiyolojik
olarak Kkirlenmesine neden olarak, bireylerin
saglikli suya erisiminde Dbiiyiik bir risk
olusturmaktadir [1,5]. Bunun 6niine gegilmesi i¢in,
saghkli ve giivenli igme-kullanma suyunun
topluma ulastirilmas: ile yiikiimli olan yerel
yonetimlerce  sular  Kklorlanmakta ve ilgili
parametreler diizenli olarak test edilmektedir.
Temiz bir sekilde binalara ulasan suyun bina igi
yolculugu ne yazik ki sahipsiz kalmaktadir. Bina
icine ulasan su, ilk asamada kullanilmak {izere
depolarda bekletilmektedir. Saglik Bakanligi su
depolarmin yilda iki kere profesyonel ekiplerce
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temizlettirilmesi gerektigi konusunda kullanicilari
uyarsa da, bu uyar1 bircok kesim tarafindan
bilinmemekte, bazi durumlarda ise bilinmesine
ragmen depo temizligi dogru bir sekilde, alaninda
uzman bir ekip tarafindan yapilmamaktadir [8].

Bu ¢alismanin amaci Adana Ili Seyhan Tlgesi’ndeki
apartmanlardaki su deposu kullanan insanlarin, su

deposu ve temizligi iizerine farkindalik ve biling
diizeylerinin 6l¢iilmesidir.

2. MATERYAL VE METOT
2.1. Arastirma Evren ve Orneklemi

Arastirmanin evrenini Adana ili’nin Seyhan Tlge

siirlari icerisinde bulunan yetiskinler
olugturmaktadir. Arastirmanin Orneklemini ise,
2014  yilmin  Ocak-Nisan aylar1  arasinda

aragtirmay1 kabul eden, basit rastgele 6rnekleme
yontemi ile secilmis apartmanlarinda su deposu
kullanan 528 denekten olusturmaktadir. Bu amag
ile 744 kisi ile anket yapilmis ancak uygun
goriilmeyenler elenmistir.

2.2. Veri Toplama Araci ve Analizi

Calismanin amaci, su deposu kullanan bireylerin
suyun O6nemi ve su depolarmin temizligi iizerine
farkindalik ve biling diizeylerinin  6lgiilmesi
amaciyla hazirlanmis olan anketimiz, yliz yiize
gorisme teknigi kullanilarak uygulanmis, veriler
SPSS  15.0V  paket programi kullanilarak
degerlendirilmistir. Her bir soruya verilmis olan
cevaplar i¢in frekans ve yiizde dagilimlar
hesaplanmis, gruplar arasindaki farkin anlamlilik
seviyesinin belirlenmesinde ise ki-kare testinden
yararlanilmigtir.

3. BULGULAR

Yapilan anket sonucunda katilimcilarin
%33,7’sinin  36-46 yas araliginda oldugu,
%80,7’sinin erkek, %58,9’unun ilkokul mezunu ve
%55,1’inin kapici oldugu belirlenmistir
(Cizelge 1).
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Cizelge 1. Katilimcilarinin demografik 6zellikleri

Tamtic1 Ozellikler Kgg;‘;:a ;ﬁfge(y/::)
24 ve Alt1 7 1,3
25-35 88 16,7
Yas 36-46 178 33,7
47-57 164 31,1
58 ve Ustii 91 17,2
Cinsiyet Kadin 102 19,3
Erkek 426 80,7
Ilkokul Mezunu 311 58,9
Egitim Lise Mezunu 139 26,3
Universite Mezunu 78 14,8
Goriisiilen Kapici _ 291 55,1
Kisi Apartman Sakini 85 16,1
Apartman Y0netimi 152 28,8

Ayrica katilimceilarin sebeke suyunu yiiksek oranda
besinlerin  yikanmas1 (%97,9), yemek yapimi
(%96), genel ev temizligi (%98,5) ve kisisel
temizlik (%99,8) amag¢h kullandigi gorilmiistiir.
Bu kullanim alanlarin1 %84,3 gibi bir oranla igme
suyu amaglh kullanim takip etmistir (Cizelge 2).

Cizelge 2. Katilimcilarin sebeke suyunu kullanim
amagclarina gore dagilimlari

Evet Hayir
Su kullanim amaci N Ey N %
Besinlerin yikanmas1 | 517 | 979 |11 | 21
Yemek yapim 507 96 21 4
i¢me suyu 445 | 84,3 |83 | 157
Genel ev temizligi 520 | 985 | 8 15
Kisisel Temizlik 527 | 99,8 1 0,2

*N: Katilimer sayisi, %0: Yiizdelik dilim

Su depolarinin temizligi konusunda katilimcilarin
%57,4’1 temizlenme sikligini bildigini belirtmistir.
Ancak Onerilen siklikta temizlenme orami %22,5
olarak belirlenmistir (Cizelge 3).

Cizelge 3. Katilimcilarin su depolarinin
temizlenme siklig1 cevaplarina gore
dagilimi

N %

Yilda 2 kere 119 22,5
Efn?zll‘;'glikta Yilda 1 kere | 228 | 432
yapiliyor? Dgha_ seyrek 161 30,5

Bilmiyorum 20 3,8
Temizliginizin ne | Evet 303 57,4
siklikla yapilmasi
gerektigini biliyor | Hayir 225 42,6
musunuz?
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Depo temizliginin diizenli olarak yapilmamasi
durumunda dogabilecek sonuglar soruldugunda,
katilimcilarin =~ %86,7  bakteri  {irer cevabim
verirken, bu cevabi tesisatin tikanmasi (%58,9)
secenegi takip etmistir. Sudan hastalik bulagir m1
sorusuna katilimcilarin  %88,6’s1 evet cevabini

verirken, sudan bulagsmasi muhtemel hastaliklar
konusunda ise, katilimcilarin %51,7’si bagirsak
paraziti, %48,3’i goz hastaliklart ve %36,6’s1
bilmiyorum derken, 6liimciil etkisi olabilecegini
disiinen kisilerin oran1 ise %62,3’te kalmistir

(Cizelge 4).

Cizelge 4. Katilimcilarin su depolarmin temizlenmemesinden olusacak problemler ve sulardan gecen
bulasici hastaliklara verdikleri cevaplara gore dagilimlari

Evet Hayir
N % N %

Depo temizlenmezse ne olur?

Tesisat tikanir 311 58,9 217 411
Sofben bozulur 263 49,8 265 50,2
Bakteri iirer 458 86,7 70 13,3
Bir sey olmaz 22 4,2 506 95,8
Fikrim yok 35 6,6 493 93,4
Sudan bulasan hastahklar:

Uyuz 135 25,6 393 74,4
Sarihk 172 32,6 356 67,4
Bagirsak paraziti 273 51,7 255 48,3
Goz hastahg 255 48,3 273 51,7
Besin zehirlenmesi 136 25,8 392 74,2
Deri hastahklar: 137 25,9 391 74,1

Genel duruma bakildiginda, bireylerin %86’st  Cizelge 5. Katilimcilarin su depolarmin

hastalik Onlenebilecekse depoyu
degistirebilecegini, %52,3°1 ise bu agamada fiyatin
onemli oldugunu belirtmistir (Cizelge 5). Hastalig
Onleyebilecekse degistiririm cevabi verenler i¢inde
ise, bu asamada fiyatin oOnemli oldugunu
diistinenlerin oram1 %53,5 olarak belirlenmistir.
Benzer sekilde, oliimciil etkileri vardir cevabi

verenlerinse  %91,8’lik  bir kismu  hastalik
Onlenebilecekse depoyu degistirebilecegini
belirtirken, %54,4’i icin bu asamada depo

fiyatinin 6nemli oldugu gorilmiistiir.
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temizlenmemesi sonucu ortaya ¢ikan
saglik riskleri ve depo fiyatlarmin depo
degistirilmesi iizerine olan etkisine goére

dagilimlari

N %
Oliimciil etkileri var Evet 329 | 62,3
mdir? Hayir 105 | 19,9
Hastalig1 Evet 454 | 86
onleyebilecekse,
depoyu degistirir Hayir 74 14
misiniz?
Bu agamada fiyat Onemlidir 276 | 52,3
ne kadar 6nemlidir? | Onemli degildir | 252 | 47,7

C.U. Miih. Mim. Fak. Dergisi, 31(0S 2), EKim 2016



Depolarin temizlenme siklig1 iizerine goriisiilen
kisilerde, kisilerin statiisi ve egitimi arasinda
istatistiksel olarak anlamli bir fark gorilmemistir.
Sudan hastalik bulasir mi, bulasabilecek hastaliklar
ve oliimciil etkilerinin olup olmadigi sorularmin
egitim oOzelligi ile yapilan capraz tablolarinda,
aralarinda istatistiksel olarak anlamhi iligki
bulunmayan (X?=4,6 p>0,05) tek ozelligin besin
zehirlenmesi oldugu goriilmiistiir. “Sudan hastalik
bulasir m1?” ve “Oliimciil etkileri var nudir?”

Rozelin AYDIN, Yagmur ATAKAV, Seda CEYLAN

istatistiksel olarak anlamli bir iliski bulunmustur
(p<0,05) (Cizelge 6). Sudan hastalik bulagir m,
bulasabilecek hastaliklar ve 6liimciil etkilerinin
olup olmadig1 sorularinin yas ve cinsiyet 6zelligi
ile yapilan ¢apraz tablolarinda istatistiksel olarak
anlamli bir fark goriilmemistir.

Goriisiilen kisinin statiisii ile yapilan tablolarda ise
sadece sudan hastalik bulasir mi1, gbz hastaliklar
bulagir m1 ve 6liimciil etkileri var midir sorularina

sorularina verilen cevaplar ile “Hangi hastaliklar  verilen cevaplar istatistiksel olarak anlaml
bulasir?” sorusunun “Bilmiyorum” cevaplarinda  (p<0,05) bulunmustur.
ilkokul mezunlari ile diger egitim gruplar1 arasinda
Cizelge 6. Sudan bulagan hastaliklar ve olas1 saglik risklerinin egitim bazinda degerlendirilmesi
Egitim Ki Kare P Deseri
ilkokul | Lise | Universite | Degeri cge
Sudan hastalik bul Evet 261 135 72
m‘i‘,a“ astalik bulasit "Havir 33 2 5 18,4 p<0,05
) Bilmiyorum 17 2 1
Evet 66 245 20
Uyuz Hayir 49 90 58 99 p<0,05
Evet 84 58 30
Sarihik Hayir 297 8l 48 10,9 p<0,05
o .. Evet 143 82 48
Bagirsak Paraziti Hayir 168 57 30 10,1 p<0,05
. Evet 128 87 42
Goz Hastaliklar1 Hayr 185 52 36 19,9 p<0,05
. . . Evet 71 45 20
Besin Zehirlenmesi Hayir 240 92 58 4.6 p>0,05
. Evet 66 49 22
Deri Hastaliklar1 Hayr 545 90 56 10,1 p<0,05
. Evet 50 42 13
Hepsi Hayir 261 97 65 12,7 p<0,05
A Evet 128 38 26
Bilmiyorum Hayr 183 101 55 8,3 p<0,05
Oliimeiil etkileri Evet 175 96 58
ml‘(;;‘r‘,f“ etiafert var Hayir 68 24 13 13,8 p<0,05
) Bilmiyorum 68 19 7

4. TARTISMA ve SONUC

Adana ili Seyhan ilgesinde 528 katilimer ile

yapilan  arastirmamiz  sonucunda, depolarin
temizliginde  katilimcilarin  sadece  yarisina
yakininin depolarini profesyonellerce
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temizlettirdiklerini belirtmeleri, bizlere depolarin
yarisindan fazlasinin dogru sekilde
temizlenmedigini gostermektedir. Ayrica kisilerle
yapilan birebir goriigmelerde, profesyonel olarak
adlandirilan kisilerin yetkinligi {izerine de siipheler
dogmustur.
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Temiz Suya Ulasmada Bina I¢i Su Yapilar: Uzerine Halktaki Farkindalik ve Bilincin Olgiilmesi

Profesyoneller tarafindan
depolarmm  temizligininse;

temizlenmemis  su
limon  tuzu-sirke

soliisyonlari, kireg¢ sokiiciiler, deterjanlar ya da
boyama gibi hijyen saglamaktan uzak ve kullanilan
son derece zararh
gerceklestirildigi

materyalin cinsine gore
olabilecek uygulamalar ile
gorilmiistiir (Sekil 1-a, 1-b).

RGN N S
Sekil 1. a. Temizligi yapilmayan galvaniz depo
b. Temizligi yapilmayan fayans depo

Depo temizlenme sikliginm bilinirligi ile depo
temizlenme sikliginda goriilen farkl
uygulamalarin arasinda istatistiksel olarak anlamli
(X?=24,598 p<0,05) bir iliski oldugunun
belirlenmis olmasi, bu konudaki bilinglenmenin ne
kadar 6nemli oldugunun bir kanitidir. Buna gore,
kisilerin su depolarinin temizlenme siklig1
hakkinda biling ve farkindalig: arttikga, saglikli ve
temiz suya erisebilme oranlar1 da artacaktir. Sudan
bulagan hastaliklar kisminda bagirsak paraziti ve
g6z hastaliklarmin daha fazla secilmis olmasinin
sebebi, kisisel tecriibeler olabilecegi gibi, dzellikle
kirli sulardan kaynakli ishal vakalarinin yazili ve
gorsel medyada genis yanki uyandirmasindan
kaynaklanmaktadir. Buna ragmen sudan bulasan
hastaliklar ile 6limciil etkileri konusunda halkin
yeterli bilince sahip olmadigi goriilmektedir.

Bireylerin sudan bulasan hastaliklarin 6liimciil
etkileri lizerine bilinci ile bu sebeple yapilacak
olan depo degisimlerine bakis acilar1 arasinda
istatistiksel olarak anlamli (X?=28.752 p<0,05) bir
iliski oldugu gézlenmis ve bu bilincin fiyat ile bir
iligkisinin ~ olmadigr  goriilmiistiir. =~ Buradan
hareketle, her ne kadar depo fiyatlar1 halk
tarafindan bilinmiyor olsa da, saglik s6z konusu
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oldugunda bireylerin fiyata onem vermedikleri
ortaya ¢ikmaktadir.

Calismamizin kilit sorularindan biri olan sudan
hastalik bulagir m1 ve 6liimciil etkiler var midir
sorularinda cinsiyet ve yas Ozellikleri acisindan
istatistiksel olarak anlamli (p>0,05) bir iliski
goriilemez iken, stati ve egitim oOzellikleri
bakimindan oldukg¢a paralel bir iliski goriilmiistiir.
Bu paralelligin sebebinin anketimize katilanlarin
bliylk bir cogunlugunu olusturan kapicilarin
biiylk oranda ilkokul mezunu olmasindan
kaynaklanmaktadir. Bu kisilerin egitiminin bina i¢i
temiz suya ulagsmada kilit noktalardan biri oldugu
yadsinamaz bir gercektir.

Elde ettigimiz tiim bu veriler 1s18inda, bina
icerisinde saglikli ve temiz suya ulagmada, su
depolarinin temizlenmemesi sonucunda ortaya
cikabilecek saglik sorunlari iizerine yerel halktaki
gbzlenen farkindalik ve biling eksikliginin temel
nedeninin egitim oldugu ortaya c¢ikmistir. Bu
ylizden bu konunun ¢ézlimiine dair yapilacak ilk is
egitim tlzerine ¢alismalara hiz vermektir. Yetkili
kamu kurum ve kuruluslarinca verilmesi gereken
bu egitimlerle; temiz suyun Onemi, sudan
bulasabilecek hastaliklar ve bina i¢i su yapilarinin
temizligi konularmi icermeli ve miimkiin
oldugunca genis kitlelere duyurularak topluma
yayilmasi saglanmalidir. Bu konuda en biiyiik
sorumluluk yerel yonetimlere diigmektedir.

Suyun bina i¢i yolculugunda denetimsiz kalmasi
birgok  saglik  sorununu da  beraberinde
getireceginden, konusunda son derece yetkin ve en
son teknolojik donanimlara sahip bir birim ve/veya
ekip kurularak kullanilamaz durumdaki su
depolarim kullanima izin verilmeyip, yenileme
stirecine gidilmesi ve yilda 2 kere depolarin
profesyonel ekipler tarafindan temizlenmesi
saglanmalidir. Temiz bir igme suyuna ulagmanin
en temel insan hakki oldugu unutulmayarak bina
icindeki su yapilar1 denetimsiz birakilmamalidir.

5. TESEKKUR
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Abstract

In this study, a novel product search engine system which supports “find the best products for a given
category” type queries is proposed. The product search engine system consists of a focused crawler, a
record linkage system, a sentiment analyzer, and a query engine system. The focused crawler is used to
crawl product information from various e-commerce sites; the record linkage system determines the
identical products that are crawled from different e-commerce sites; the sentiment analyzer classifies
users’ reviews about the products as positive or negative so that our product search engine can decide
which product is the best for a given category; and the query engine takes the user queries and displays
the result. All implementations are done by using C# programming language in .NET 4.5 framework, and
MS-SQL Server 2014 database management system is employed for data storage. The core of our system
is the record linkage part which is based on a modified incremental Hierarchical Agglomerative
Clustering algorithm. To improve the success of record linkage process we also develop a product code
matching system such that if the two products from different e-commerce sites have the same product
code they are considered as the same. In our experimental analysis we observe 96.25% F-measure in
record linkage of E-commerce products and 100% precision in most related products search. Our system
can successfully offer best products for a given category. The proposed system achieves to provide better
user experience than the existing systems.

Keywords: Sentiment analysis, Focused crawler, Record linkage, Comparison shopping agent, Product
ranking

“En Iyi Uriin” Sorgularm Destekleyen Bir Uriin Arama Motoru
Oz

Bu ¢alismada, “verilen bir kategori igin en iyi iriinleri bul” tarzindaki sorgular1 destekleyen 6zgiin bir
iriin arama motoru sistemi Onerilmektedir. Gelistirilen {irin arama motoru sistemi, bir odakli tarayici, bir
kayit eslestirme sistemi, bir duygu analizi sistemi ve bir sorgu motoru sisteminden olusmaktadir. Odakli
tarayict sistemi gesitli e-ticaret sitelerindeki tiriin bilgilerini elde etmek icin kullanilmaktadir; kayit
eslestirme sistemi farkli e-ticaret sitelerinde satilan ayni iriinleri tespit etmektedir; duygu analizi sistemi
iiriinlere yapilan kullanici yorumlarini olumlu veya olumsuz olarak siniflandirmakta ve bu siniflandirma
hangi iirlinlerin aranan kategori igin en iyi iiriin oldugunu belirlemek igin kullanilmaktadir ve sorgu
motoru ise kullanicilarin sorgusunu alip kullanicilara sonuglari gostermektedir. Biitiin sistem C#

“ Sorumlu yazar (Corresponding author): Furkan GOZUKARA, furkangozukara@gmail.com
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programlama dilinde .NET 4.5 alt yapis1 kullanilarak gelistirilmistir ve veri depolamak i¢in MS-SQL
2014 veri tabani yonetim sistemi kullanilmistir. Onerilen sistemin temelini artimsal olacak sekilde
degistirilmis Hiyerarsik Aglomeratif Kiimeleme algoritmasina dayanan kayit eslestirme sistemi
olusturmaktadir. Kayit eslestirme isleminin basarisini artirmak i¢in iiriin kodu eslestirme sistemi
gelistirilmistir. Bu sistem farkli e-ticaret sitelerinde satilan ismi farkli olarak yazilmig ancak ayni {iriin
koduna sahip tiriinleri tespit edebilmektedir. Deneysel analizlerimiz sonucunda, e-ticaret iiriinlerinin kayit
eslestirmesinde %96,25 F-0lcegi ve en alakali {irlinler aramasinda %100 kesinlik elde edilmistir.
Gelistirilen sistem verilen kategori i¢inde en iyi tirlinleri basarili bir sekilde kullaniciya sunabilmektedir.
Onerilen sistem mevcut sistemlere gore daha basarili bir kullanici deneyimi sunabilmektedir.

Anahtar Kelimeler: Duygu analizi, Odakli tarayici, Kayit eslestirme, Karsilagtirmali aligveris ajani,

Uriin siralama

1. INTRODUCTION

For the last 2 decades, the rapid spread of usage of
the Web and the advances in Internet technology
brought many commercial opportunities along
with it, both in Turkey and in the world.
Interactive product selling can be said as one of the
biggest opportunity. The volume of interactive
buy/sell is exponentially increasing and it has
become a common part of the trade business. The
interactive buy/sell of products over electronic
systems such as Internet is described as E-
commerce (Electronic Commerce) [1]. The E-
commerce shopping is becoming an irrevocable
part of our lives as each year passes. With the
emerging new technologies, and the increase in the
technological education level of the consumers, it
is now much easier to do E-shopping than before.
According to the Turkey’s official BKM
(Interbank Card Center) statistics [2], the
electronic shopping volume in Turkey has
increased to 50.682.910.000 TL in 2015 from
16.553.790.000 TL in 2011. This massive increase
in transaction volume attracts many businesses to
start operating in E-commerce area. Thus, many
new E-commerce websites are starting to operate
continuously. Due to the stiff competition among
E-commerce businesses, many companies also
have to halt their operations. Additionally, because
of the competition, the E-commerce websites
constantly update their prices and make discounts
or campaigns. Therefore, it is quite not possible
for average consumers to keep track of numerous
E-commerce websites when going to make an
online purchase. To provide best prices for an
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online product and the other features of the product
to the consumers, CSA (Comparison Shopping
Agent) systems are developed [3]. These systems
collect the necessary information from E-
commerce websites and provide the processed
structured information to the consumers. Because
of these stated reasons, in this study we present a
full scale CSA system for Turkish E-commerce
websites. Our proposed system crawls 50 different
E-commerce sites in Turkey to collect product
information. After that our developed record
linkage system clusters the same products from
different sites, then we extract title, price,
category, and user reviews for each unique
product. Our sentiment analysis system classifies
users’ reviews for each product and according to
positive and negative reviews we rank the products
for each product category. Finally the query engine
of our system takes user query and returns the
“most related” and “best” products with their price
and reviews for the given category. To develop our
product search engine, we design our own focused
crawler, sentiment analyzer, record linkage, and
product ranking metric,c and we observe
performance improvement in the developed
systems with respect to state of the art systems.

The rest of the paper is organized as follows: in the
next section a summary for the related work about
CSA systems, focused crawlers, sentiment
analysis, and record linkage are presented. In the
third section we briefly explain the methods used
in our system. The fourth section includes
experimental evaluation results, and finally section
five concludes the study.
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2. RELATED WORK
2.1. CSA Systems

The first widely recognized comparison agent is
Bargain Finder [4] which is a focused CSA system
that scans only online CD (Compact Disc) stores.
It uses internal search system of the E-commerce
websites in order to display results to the users.
When a user submits a query, it transforms query
into the internal searching structure of the online
CD stores and then submits query to the registered
online stores in its system. When the results return
from the online CD stores, it integrates results and
then displays to the users. It does not utilize any
record linkage system. There exist numerous CSA
studies in the literature such that [5,6] conducted
by Guttman et al. and Sadeddin et al. Moreover,
Pathak has published a detailed survey about the
CSA systems [3].

2.2. Focused Web Crawlers

Web crawlers are software systems that are used to
collect information from websites. Their main task
is fetching websites, processing fetched source
code and extracting new target hyperlinks to crawl.
General web crawlers start with root URLs and
continue until crawling all of the hyperlinks that
they can find. However, this task is tedious and not
doable for small or even average scale
applications. Only a few large-scale commercial
general search engines (e.g., Google, Bing, Yahoo,
Yandex, and so on) can cope with the challenges
and the massiveness of the entire Web and keep
their index fresh. Therefore, developing focused
Web crawlers are much more feasible and
commonly practiced. Focused Web crawlers are
specialized versions of general Web crawlers that
crawl only certain topics or certain Web sites [7].
Even though they are much smaller scale than
general Web crawlers, still many challenges and
tough tasks await the developers who are going to
build focused Web crawlers [8]. Studies of Heydon
and Najork [9], Shkapenyuk and Suel [10], Boldi
et al. [11], and Gomes and Silva [12] include how
to design a general web crawler; studies of
Shkapenyuk and Suel [10], Yohanes et al. [13],
and Liu and Milios [14] discuss how to decide
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more relevant pages for a focused web crawler to
reduce resource requirements such as space,
bandwidth, computation power, etc., in the
crawling task.

2.3. Sentiment Analysis

With the emerging new technologies, today,
electronic platforms such as internet blogs,
E-commerce Web sites, digital newspapers,
Facebook, Twitter, online forums, etc. become
crucial for our lives. People not only read these
platforms, but also leave their opinions about the
related subjects. The analysis of these opinions has
become a major interest recently in the NLP
(Natural Language Processing) field. Sentiment
analysis or opinion mining is the computational
study of people's opinions, appraisals, attitudes,
and emotions toward entities, individuals, issues,
events, topics and their attributes [15]. There has
been much research in the opinion mining and
sentiment analysis area recently. There are three
recent major surveys made by Pang and Lee [16],
Liu and Zhang [15], and Vinodhini and
Chandrasekaran [17].

2.4. Record Linkage

Grouping same entities from different sources into
the same cluster is known as record linkage [18] in
the literature and has been widely researched. As
the record linkage task is heavily domain
dependent, there exist numerous different
algorithms proposed by Tejada et al. [19], Jin et al.
[20], Yan et al. [21], Kopcke and Rahm [22], and
Christen [23] for this task. Supervised (i.e.,
classification), unsupervised (i.e., clustering), and
mixture of supervised and unsupervised methods
are generally used for record linkage tasks. Many
of the previous works are done on single category
entities; for example, only on restaurants, or only
on authors, or only on electronic devices, etc.
However, in our study we have infinitely many
number of categories such as video cameras, led
TVs, smartphones, hard disks, printers, fans, grass
mowers, perfumes, etc. and we try to develop a
record linkage system to deal with all these
categories.

0s 261



A Product Search Engine Supporting “Best Product” Queries

3. ARCHITECTURE OF THE
PRODUCT SEARCH ENGINE

The proposed product search engine consists of
four main components that are i) focused crawler,
ii) sentiment analyzer, iii) record linkage system,
and iv) query processor. The details for each
components are explained in the below
subsections.

3.1. The Focused Crawler

The proposed focused web crawler is used to crawl
and extract information from 50 Turkish
e-commerce web sites including hepsiburada,
vatanbilgisayar, gittigidiyor, nll, trendyol,
markafoni, etc. The crawler system starts crawling
process from the seed URLs of the e-commerce
sites, downloads and processes the Web pages,

extracts product information from product pages,
and generates new URLs to be crawled. This
process continues until no new pages from the
e-commerce sites are found. Estimated numbers of
Web pages in some e-commerce sites are
presented in Table 1. As can be seen from the
Table 1, there are thousands of Web pages to be
crawled and processed. To achieve this goal our
focused Web crawler is implemented in
multi-threaded fashion and for each e-commerce
site up to 50 concurrent connections have been
made to provide both politeness for the
e-commerce servers and fast crawling of the pages.
Moreover, we develop some rules to distinguish
product pages from other pages such that if a Web
page satisfies the rules, the page is a product page
and we extract product title, price, category, and
users’ reviews for the product and store these
information in a database for further processing.

Table 1. Estimated number of Web pages to be crawled for some e-commerce sites

E-commerce Site Number of Web pages E-commerce Site Number of Web pages
Gittigidiyor 788,000 Teknosa 1,070,000
N11 781,000 Markafoni 473,000
Hepsiburada 778,000 Sanalpazar 552,000
Vatanbilgisayar 3,230,000 Kitapyurdu 627,000
Trendyol 570,000 Tozlu 1,110,000

3.2. The Sentiment Analyzer

We use sentiment analysis to determine the
polarity of the users’ reviews for each product,
therefore try to rank products for a given category
and be able to answer “best product” queries. The
crawled user reviews are classified by using an
SVM classifier. To train the classifier, we
manually labeled some of the users’ reviews and
obtain 600 positive and 600 negative comments.
Then we apply lowercase conversion, transform
diacritics, remove punctuations and non-ASCII
characters. We do not remove stopwords and apply
stemming as they decrease classification
performance. After these preprocessing steps, the
user reviews are converted to bag-of-words format
and vectors are formed. Classifier is trained by
using the labeled reviews then other reviews can
be labelled by the trained model.
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3.3. The Product Record Linkage System

As we crawl product information from different
e-commerce Web sites, we need to identify the
same products from different sources. As each
e-commerce site can give different names to the
same products this identification process is not
easy. For example, while “Sony Xperia Z2 Cep
Telefonu” and “Telefon Sony Z2 Xperia” refer to
the same products, “Sony Xperia Z2 Cep
Telefonu” and “Sony Xperia M2 Dual Cep
Telefonu” are completely different products and in
this study we need to successfully distinguish these
two cases. To identify the same products from
different sources, we propose a record linkage
system which is the core part of this study.

The proposed record linkage system is based on a

hierarchical agglomerative clustering algorithm
and works in incremental fashion. Our system uses
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some domain expert defined rules while clustering
the products. First of all prices of the products are
compared, if the ratio of the prices of the two
products are greater than a threshold value (e.g.,
1.5) the two products can not be the same. If the
products pass the price test, then their brands are
compared. If both of the two products have brand
information and the brands are different, they can
not be the same product. If the products also pass
the brand test then word conflict check is made.
For example “pc” and “ps3” are conflicting words.
The first one is used to define computer games
while the second one defines PlayStation games.
As an example, products having titles “PC
DRAGON AGE INQUISITION” and “PS3
DRAGON AGE INQUISITION” are different
although they seem very similar. If the two product
titles have conflicting words, then they are
considered as different. The last test that is applied
is product code test. If the two product titles have
product codes and these codes are different, then
these two products can not be the same. We also
propose an algorithm for product code detection
and our algorithm can successfully detect product
codes as in titles “18.5 PHILIPS 193V5LSB262
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5SMS SIiYAH LED MONITOR” and “19.5
PHILIPS 203V5LSB26 5MS SIiYAH LED
MONITOR” and our record linkage system can
decide that these two products are different.

3.4. The Query Engine and User Interface

The user interface allows user to enter his query
and shows the results. Two different query types
are supported by our system. The first query type
is used to search for the most related products
according to the user input as shown in Figure 1.
As an example when user enters the search term
“photograph (fotograf)” and clicks on the “Search
a Product” button, the search terms are queried
from the database and the products having the
titles which includes the search term are displayed.
The other products that are at the same cluster with
the found ones are also listed. As shown in the
Figure 1, minimum and maximum price
information, and number of positive and negative
comments for the products are also displayed. User
is allowed to see the details of the products by
clicking on the product names as shown in Figure
2.

Home Page Search Product  Search Category
fotograf 0 Search a Product | O Search Most Popular
#of #of
# Product Image Product Name Price Offers Comments
Min Max
1 NIKON D7000 18-105MM VR KIT DIJITAL 5 4 45
FOTOGRAF MAKINESI F3
2050% 3,106
Min Max
B Nikon D810 Body DSLR Dijital Fotograf s %0
Makinesi Fo
6,000 9,600
Min Max
o 5 41
3 Nikon CoolPix $2800 Dijital Fotograf Makinas 7 o
269 297
Min Max
. . 0
4 Nikon CoolPix P510 Dijital Fotograf Makinasi 1 Fo
1,206 1,206
Min Max
5 Nikon Coolpix S800C Siyah Dijital Fotograf 3 40
Makinesi F0
549 699

Figure 1. Most related products search result in our proposed CSA system
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Home Page  Search Product  Search Category

) or category name (most popular)

Products List Positive Comments Negative Comments

# Product Image

2 Nikon D7000 + 18-105mm VR Kit Dijital Fotograf Makinesi

Product Name

Nikon D7000 + 18-105mm VR Lens Kit 16.2 MP 3" LCD
Prafesyonel DSLR Fotojjraf Makinesi

hitp//www.buroteknik.com/en-ucuz-nikon-d7100-18-105mm-fiyati-ozellikleri 92925 himl

Nikon DSLR D7000 SIr + 18-105 MM VR Lens Kit Fotograf

£ Search a Product

£ Search Most Popular

Price Go to Store

2050% [2 Go to the Seller

2975% [2 Go to the Seller

3 Makinesi 2,278% Lo BT o
4 Nikon D7000 18-105 VR KIT 2312% [2 Go to the Seller
5 Nikon D7000 16.2 Mp 3" LCD 18-105mm VR Lens Dijital SLR b 3174 [% Go to the Seller

Fotograf Makinesi

Figure 2. Details of a product

The second query type is to find the “best
product”. As shown in Figure 3, when user enters
search terms “graphic card (ekran kart1)” and
clicks on the “Search Most Popular” button, the
product categories that matches with the user
query are fetched. Then, the sub-categories of the
previously found categories are also retrieved.
After that, all products that belong to the found
categories and their clusters are searched. All
products that belong to these clusters are also
found and displayed. Then, all comments for these
products are retrieved, popularity scores of all
clusters are calculated, and the clusters are
presented to the user according to the popularity
score in descending order.
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The popularity score is computed according to
equation 1, where scoreP; is the popularity score
of the i-th cluster, C,; is the total number of
positive comments in the i-th cluster, C,; is the
total number of negative comments in the i-th
cluster, S; is the number of different E-commerce
stores in the i-th cluster.

scoreP; = (Cpi-Cni)XSi Q)

User can also see positive and negative comments
made for that product as shown in Figure 4. These
comments are cumulatively collected from all of
the E-commerce stores that particular product is
sold.
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Home Page Search Product Search Category

ekran karti L search a Product £ Search Most Popular

#of #of
# Product Image Product Name Price Offers  Comments
Min Max
1 SAPPHIRE 4GB R9 290X OC TRI-X GDDR5 10 ét 3
512 Bit 11226-00-40G HDMI 2xDVI ATI 16X F1
1,144 % 1,692 %
Min Max
5 Asus GTX780 ROG POSEIDON GDDR5 3GB 7 ét 3
““ 384Bit Nvidia GeForce DX11.2 Ekran Karti F1
B in 1,225% 1,896 %
e = ©OT08
Min Max
3 EVGA GTX980 SuperClock ACX 4GB GDDR5 3 ét 2
256 Bit Ekran Karti - 04G-P4-2983-KR F1

2,055% 2,128%

Figure 3. Screenshot of search best products results

Search product name (best price) or category name (most popular) P Search a Product | SO Search Most Popular

Products List Positive Comments Negative Comments

5 Yildizi hak eden bir triin ¢ok giizel bir Grin fiyat uygun bu model bir fotograf makinasini uygun bir Uriin tavsiye ederim.Profesyonel
fotografeilar igin mukemmel bir alet......

kaginimayacak bir makina fiyati da cok uygun bu fiyata baska yerde aradim bulamadim en uydugunu bu buda teknosa farki olsa gerek
Arkadaslar urun tam profesyonel bir Grin ve suan bunun 2 . Eli bu fiyata satiliyor sifirini teknosa bize cok uyguna veriyor kaciriimaz bence bu

Tam anlamiyla bir prof makine. Ozellikleri zaten yazilmis tekrardan yazmayacagim. Benim hosuma giden kismi beraberinde verilen lensi. 18-105
benim igin ideal bir lens. Yakin gekim ve uzak gekim igin birebir bir Grlin. Yaninda orjinal sirt gantasininda verilmesi ekstra masraftan kurtariyor.
Tesekkurler teknosa.

Nikon D0'in yeni versiyonu bu Uriin sinifinin en iyi DSLR'sidir bence ve bir D0 kullanicisi olarak canona'a gore daha saglam gévdesi ve
durusuyla ve gekim kalitesiyle tereddiitsiiz tavsiye ederim.

d7000

3 aydan bu yana kullaniyorum harika bi Grln ilk basta d5100 ile d7000 arasinda kalmistim simdi kesinlikle d7000 diyorum

Tam Profesyonel

] Saglam govde, hizhi gekim. kaliteli fotofraf ve Full HD Video, mikemmel iso kalitesi wve pil &mrii
W@ Elsik  yoninid  bulamadim

Fotograf gekmenin hakkini verebilecek ilginiz varsa bu fiyata bu makine kagmaz. lleride bu fiyata alinirmi bilmiyorum ama uzun yillar severek
kullanabilecediniz bir makinadir nikon D7000. Bu makina hakkinda neler yazilr ki! Sadece sunu belirtmek yeter saninm; 2012 yilinda bu makine
EISA tarafindan "EN Yl DSLR MAKINE" segildi. Ayrica, Teknik Gériintii Basin Birligi tarafindan da "en iyi DSLR makine ve "en iyi (riin tasanmi"
odiliine layik gérildl. Baska soze gerek var mi?

Figure 4. Screenshot of how positive comments of a product are displayed
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4. EXPERIMENTAL EVALUATION

The success of our system highly depends on the
performance of the record linkage system.
Therefore we perform several experiments to
evaluate the performance of our record linkage
algorithm. We collect a dataset from our crawled
Web pages for performance evaluation
experiments and this dataset is available on
https://github.com/FurkanGozukara/Record-
Linkage. Our system has 96.25% F-Measure value
while the best state-of-the-art algorithm has

89.12% F-Measure for the dataset. For more
information we refer to the study [24].

The performance of the proposed search engine is
evaluated by making some queries and computing
the top-n precision of the results. We compare our
system with most popular 7 commercial CSA
websites in Turkey by submitting 5 different
queries. For calculating the precision, we check
whether the top 10 returned results are related to
the query or not. The results of this experiment are
presented in Table 2.

Table 2. Top-10 precision of the CSA systems for the given queries

Top-10 precision of the CSA systems

Query 1 2 4 5 6 7 8

Nikon D810 100% 100% 100% N/A N/A N/A 50% 100%
Dishonored Pc Oyun 100% N/A 100% N/A | N/A | N/A 0% 100%
Canon CLI-551 100% 100% 100% N/A N/A N/A 100% 100%
Asus Xonar DSX 7.1 100% N/A 100% N/A N/A N/A 33% 100%
Fakir Buharh Utii 100% 100% N/A N/A N/A N/A 0% 100%

In Table 2, the query column lists the queries made  promoted by the E-commerce Web sites.

on the CSA systems. Column numbers from 1 to 8
are used to give short names to the CSA systems.
Names of the CSA systems that are used in the
experiment are listed as follows: 1 refers to
www.akakce.com, 2 is www.cimri.com, 3 means
www.teknofiyat.com, 4 is www.iyi.net, 5 is used
for www.uygunfiyat.com, 6 represents
www.efiyat.com, 7 refers to www.fiyatarat.com,
and finally 8 is used for our system. As shown in
Table 2, akakce.com and our system have
performed 100% precision for all queries.
Teknofiyat.com has performed 100% precision for
four queries, cimri.com has performed 100%
precision for 3 queries; iyi.net, uygunfiyat.com,
and efiyat.com can not give relevant results to any
of the queries; and fiyatarat.com has performed
with 36.6% precision on the average for all
queries.

For analyzing performance of “best products in a
category” query of our system, we compare our
system with Google as other CSA systems do not
have support for this query type. For the query
“best graphic card (en iyi ekran kart1)”, the top
result returned by Google is the sponsored results
as shown in Figure 5. Basically they are the ads
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Moreover, two results of the displayed six results
are not even graphic cards as shown in Figure 6.
The two results of the displayed four graphic cards
are professional graphic cards and most of the
users who look for graphic cards would not be
interested in them. CSA systems cannot be queried
with such “best product” queries. However, CSA
systems like akakce.com support categorical listing
and in these listings, they sort the results by their
internal ranking mechanisms such as in our search
engine as shown in Figure 3. The 2", 10" and 11"
results of Google lead to category listing of the E-
commerce stores in Turkey. The 3" 6" and 8"
results are journal posts about best graphic cards
however, they are heavily outdated. The 4™ result
is a video about best graphic cards and again it is
outdated as well. The 5" result is pictures of
graphic cards. The 7" and 9" results of Google are
about what consumers should consider when
purchasing a graphic card. However, when a user
query our system to find out best products in a
category, our system always provide the most
updated information and rank them according to
our proposed ranking mechanism as shown in
Figure 3.
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en iyi ekran ka... icin Google Aligveris sonuglar Sponsoriu

B

MSI GT80S Sapphire Amd  SAPPHIRE Asus 4gb R7  Asus ROG Amd X3 Oyun

AMDR
X3
.
©
-

_)

6QF(Titan ...  Firepro W9100 AMD FirePro  Amd R7 240 ... MATRIX- ... Bilgisayar + ...
120.854,00 $13.790,40 116.821,90 299,85 $3.193,03 869,00
Hepsiburada n11.com Bilisimport.com n11.com sanalmarketi... n11.com

Figure 5. The top result of Google “best graphic card (en iyi ekran kart1)” search

Ekran Kartlari Nvidia ve Ati Ekran Karti Modelleri - Vatan Bilgisayar@

www vatanbilgisayar.com/ekran-kartlari/

Mvidia ve ati gibi markalardan oclusan ekran karti modellerini en uygun fiyatlarla ekran kartlan ve tzel
taksit secenekleriyle Vatan Bilgisayarda.

Mvidia - Amd - ASUS Ekran Kartlan - MSI Ekran Kartlan

En lyi 10 Ekran Karti - ShiftDelete.Net@

shiftdelete_net/en-iyi-10-ekran-karti-20709

18 May 2010 - Piyasada bulunan onlarca ekran karti modeli arasinda en iyileri hangisi biliyor musunuz?
Sizler icin su an satilan kartlar arasin da en iyi 10 ..

Dlnyanin En Gugll 10 Ekran Karti - YouTube®

LT https:/iwww.youtube com/watch?v=2aiHBBGEONE -
-Eﬂ':;un';"fg‘ - rﬁ. 10 Sub 2015 - Donamim Arsivi tarafindan yiklendi
'[QE'_“] AMD nin yeni siriciliride cok iyi bir sekilde giincellendi. ... 3000 tl ekran karti
e L gta 5 icin alacagim omegin en ..

en iyi ekran karti ile ilgili gorseller Gorseller hakkinda kétiye kullanim bildirin

*E:

en Iyl ekran karti icin diger resimler
Figure 6. Google best graphic cards query
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Ekran karti tavsiyesi 2015 Oyun ici En iyi ekran kartlari &
www.uzmantavsiyesi.net » Teknoloji

19 Nis 2015 - Ekran kart tavsiyesi 2015 en kaliteli en ucuz en iyi izl pci oyun icin popdler ekran
karti Gnerisi tavsiyeleri hangisini almalyim hizh fps ...

Ekran kartl seciminde hedefi 12'den vurun! - Sayfa 3 - CHIP Online®
www.chip.com.tr » Satin Alma Rehberi «

Ekran karti seciminde AMD veya Nvidia mi sorusunu yanitlamaniz elbette ... Linux, size Windows
veya OS X'i biraktirabilecek kadar iyi bir seviyeye geldi mi?

Nvidia ve AMD ekran kartlari karsi kargiyal - CHIP Online@
www.chip.com.tr » Galeri =

Puan: 30,6 (100 Gzerinden) Fiyat: 232 TL Sessizlik: %67.9 Ekipman: %62.0 Performans: %14.4 Giig
tasarrufu: %48.8 Yiksek yizdeler, o daha iyi olduguna ...

Ekran Karti Alirken Nelere Dikkat Edilmelidir? - Webtekno®
www.webtekno.com/.fekran-Karti-alirken-nelere-dikkat-edilmelidir-nd106.html

8 Ara 2014 - (Boyle dedik diye Bit degeri yuksek olan benim ekran kartim daha iyi demesin. Cinkd
buda ekran kartinin daha iyi olmasinda énemli olan ...

Ekran Karti Modelleri ve Fiyatlar - Gold.com.tr@&@
www.gold.com_tr » Bilgisayar » Bilgisayar Bilesenleri =
En iyi ekran karti markalanm Gold'da bulabilirsiniz. Asus ekran karti ve dider markalann ekran karti

fiyatlan cesitli kampanyalarla her cebe uygun! Ekran karti ..

Ekran Karti Cegsitleri ve Fiyatlar | Media Markt@&

www.mediamarkt.com.ir » Bilgisayar » Bilgisayar Bilesenleri » Ekran Karti «

Bilgizayannizin performansina en uygun Ekran Karti Cesitlerine ... Bu konuda tercih yapilirken, en iyi
Figure 6. Google best graphic cards query (Continued)

5. CONCLUSION

In this study we present the main components of a
product search engine which allows finding
products on a given category, listing the prices
from different vendors, and ranking the products
according to user reviews. The core of the system
is the record linkage part and the proposed record
linkage algorithm clearly outperforms the similar
algorithms that are previously designed. The
product code detection along with the price
matching, brand matching, and conflict words
matching rules that we have proposed significantly
improve the success of the record linkage task. We
also show that the proposed system is successful
by submitting queries to the system and other
well-known CSA systems.
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Cukurova Universitesi Miihendislik-Mimarhk Fakiiltesi Dergisi Yazim Kurallari

Cukurova Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi miihendislik bilimlerindeki giincel bilimsel ve teknik
gelismeleri arastirmacilara ve miihendislere ulastirmayr hedeflemektedir. Tiim miihendislik alanlari ile ilgili
teorik/deneysel ve uygulamaya yonelik calismalar Dergi’nin ilgi alanindadir. Cukurova Universitesi
Miihendislik-Mimarlik Fakiiltesi Dergisi daha dnce baska hicbir yerde yayimlanmamis, 6zglin ve giincel bilimsel
aragtirma ve uygulamalar igeren makale ve kisa bildirileri ile Dergi’de daha once yayimlanmis makalelerle ilgili
tartigmalar1 kabul etmektedir. Ceviri ve derleme makaleler kabul edilmemektedir. Makaleler Tiirkge veya Ingilizce
olabilir. Dergi’ye gonderilen yazilar yaymlansin veya yayinlanmasin iade edilmez. Makaleleri yaymlama yetkisi
dergi yaym kuruluna aittir.

Makalenin tamanmu bilgisayar ortaminda hazirlanmali baskiya hazir bigimde iki adet (birisinde yazar adlarn ve
adresleri olmamak iizere) Dergi web sayfasinda verilen 6rnek sablona uygun hazirlanmis olarak elektronik
ortamda veya e-posta ekinde gonderilmelidir.

Makale, A4 (210x297 mm) boyutlu kagida, Windows uyumlu Word ortaminda, Times New Roman font kullanilarak,
birer aralikla yazilmali, ana bagliklar 12 Punto (koyu), yazar adlar1 12 Punto (koyu), alt bagliklar ve metin 10 punto
olmalidir.

Cizimler ve ¢izelgelerle birlikte, makaleler 15 sayfadan, kisa bildiriler 4 sayfadan daha uzun olmamalidir. Makale
Tiirkce ise: Tiirk¢e Bashk, ingilizce Bashk, Oz, Anahtar Kelimeler, Abstract (ingilizce 6z), Keywords, Metin,
Semboller (gerekliyse), Tesekkiir (gerekliyse) ve Kaynaklar,

Makale ingilizce ise: ingilizce Bashk, Tiirk¢e Bashk, Abstract, Keywords, Oz (Tiirkge 6z), Anahtar Kelimeler,
Text, Notations (gerekliyse), Acknowledgments (gerekliyse) ve References sirasi i¢inde diizenlenmelidir.

Bashik kisa ve acik olmals, icerigi yansitabilmelidir. Oz (ve Abstract) caligmanin amacini, kapsamini, yontemini ve
ulagilan sonuclar1 kisaca tanimlamali ve 150 kelimeyi asmamalidir. En az ii¢, en fazla bes tane anahtar kelime
verilmelidir. Bashk, Oz ve Ingilizce baslikli Abstract birinci sayfaya sigdirilmali ve ana metin ikinci sayfadan
baslatilmalidir. Metin yali bir dil ve anlatimla yazilmali, makale Tiirkce ise Tiirkce, makale Ingilizce ise Ingilizce
yazim kurallarma uygun olmalidir.

Boliim ve alt boliim bagliklart numaralanmalidir. Denklemler numaralanmali ve bu numaralar satir sonunda parantez
icinde gosterilmelidir. Yazilarda yalnizca SI birimleri kullanilmalidir. Semboller uluslararasi kullanima uygun
segilmeli; her bir sembol ilk kullanildig1 yerde tanimlanmalidir. Tesekkiir olabildigince kisa olmali, ¢aligmaya katkisi
ve destegi bulunan kisi ve kuruluslar belirtilmelidir. Cizelgeler, ¢izimler ve fotograflar metin igine yerlestirilmeli, her
birine numara ve baslik verilmeli ve bagliklar ¢izim ve fotograflarin altina, ¢izelgelerin {istiine yazilmalidir.

Kaynaklar metinde kdseli parantez icinde numaralanmali ve kaynaklar listesinde metin i¢inde verilis sirasina uygun
bicimde belirtilmelidir. Etik kurallar1 geregince, alintilar tirnak i¢inde verilmeli ve bir referans numarasi ile kaynak
belirtilmelidir. Kaynaklarda su bilgiler verilmelidir: Yazar(lar)in soyadi, adinin bas harfi, diger yazarlar, makalenin
(bildirinin veya kitabin) tam basligi; Makale ise:, derginin adi, cilt, say1, baglama ve bitis sayfalari, y1l. Kitap ise: cilt
numarasi, varsa editorii, yaymlandigi yer, yaymlandigi yil. Bildiri ise: konferansin adi, yapildig: yer, yil. Elektronik
ortamdan alinmus ise: Bildiri sadece CD/DVD’de yayinlanis ise: Yazar(lar)in soyadi, adinin bag harfi, diger yazarlar,
bildirinin ad1, konferansin adi (CD/DVD), yapildig yer, yil. “Konferansin adindan hemen sonra parantez icerisinde
CD/DVD oldugu belirtilecektir.” Tez ise: Yazarin soyadi, adinin bas harfi, tezin adi, derecesi, sunuldugu kurum, y1l.
Rapor ise: Yazarin soyadi, adinin bas harfi, diger yazarlar, raporun adi, tiirii, numarasi, kurulusun adi, yayinlandigi
yer, yil. Web Sitesi ise: Yazar(lar) belli ise; yazarin soyadi, adinin bas harfi, diger yazarlar, yazinin bashigi, web
adresi (http://WWW.XXXXX.XXXX.XXX), giin, ay, yil olarak alint1 tarihi, varsa yayinlandig: yil. Kurum/Kuruluslara ait
ise; Kurum adi, yazinin baghgi, web adresi (http://WWW.XXXXX.XXXX.XXX), giin, ay, yil olarak alint1 tarihi, varsa
yaymlandigi yil. Elektronik kitap/rapor ise: Yazar(lar)in soyadi, adinin bas harfi veya kitap/raporu yayimlayan kurum
veya kurulusun adi, giin, ay, yil olarak alint1 tarihi, varsa yayinlandigi yil.
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