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Oz

Kompozit malzemeler kullanilacagi yere gore tasarlanan ve iiretilen malzemelerdir. Dolayisiyla kompozit malzemeler ayn
iretim metodu kullanilarak kullanilacagi yere gore farkli iiretim parametrelerinde iiretilebilir. Farkli {iretim parametrelerinde
iiretilen kompozit malzemeler farkli mekanik &zelliklere sahip olacag: i¢in bu durum kompozit malzemelerin islenebilirlik
Ozelliklerini etkiler. Bu sebeple kompozit malzemelerin islenmesi esnasinda olusan kesme kuvvetlerinin tespit edilmesi ve
optimizasyonu 6nem arz etmektedir. Bu kapsamda, 3 farkli iiretim sicakligt (350, 400 ve 450°C) ve basinci (480, 640 ve 820
MPa) ile 4 farkl karigim oraninda (ag. %10, ag. %20, ag. %30, ag. %40) iretilen dokme demir (GGG-40) takviyeli ve bronz
matrisli (CuSn10) kompozit malzemelerin kuru kesme sartlarinda tornalanmasi esnasinda kesme kuvvetlerinin optimizasyonu
gergeklestirilmistir. Tam faktoriyel tasarim prensibi ile 36 deney yapilmig ve ii¢c eksende kesme kuvvetleri 6lgiimil alinarak
bileske kesme kuvveti hesabi yapilmigtir. Deneyler esnasinda kesme sartlari sabit tutulmustur (kesme hizi=50 m/dak,
ilerleme=0,128 mm/dev ve talas derinligi=1 mm). Varyans analizi (ANOVA) neticesinde bileske kesme kuvveti lizerine en gok
etkisi olan parametrenin %80 katki oraniyla birlikte iiretim basinci oldugu tespit edilmistir.

Anahtar kelimeler: Kompozit malzemeler, tornalama, optimizasyon, kesme kuvvetleri, varyans analizi

Optimization of Cutting Forces During Turning of Composite Materials
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Abstract

Composites are the type of materials designed and produced according to their usage area. Therefore, composite materials can
be produced in accordance with the usage area using the same production method. This situation affects the machinability
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properties of composites, owing to the fact that different production parameters cause different mechanical properties. For this
reason, it is important that the determination and optimization of cutting forces during machining of composite materials. In this
context, the optimization of cutting forces of bronze matrix (CuSn10) composites which are reinforced with cast iron (GGG-40)
produced using 3 different production temperatures (350,400 and 450°C) and pressure (480, 640 and 820 MPa) and 4 different
reinforcement (wt. %10, wt. %20, wt. %30, wt. %40) during dry turning. Full factorial design based 36 experiments were
performed and resultant force calculation was carried out with measurement of cutting forces in 3 axes. During experiments
cutting conditions were kept constant (cutting speed=50 m/min, feed rate=0,128 mm/rev and depth of cut=1 mm). As a result of
analysis of variance (ANOVA), it was found that the parameter which has the most effect on the cutting forces is the production

pressure with 80% contribution rate.

Keywords: Composite materials, turning, optimization, cutting forces, analysis of variance

1. GIRIS

Kompozit malzemeler, kullanilacagi ortama gore tasarlanip
iiretilebilmesi sebebiyle endiistriyel uygulamalarda sikca
kullanilmaktadir [1, 2]. Matris ve takviye malzemesi olarak
iki temel bilesenden olusan kompozit malzemeler, matris
yapisina gore, polimer matris, seramik matris ve metal
matrisli kompozitler olarak smiflandirilirlar [3, 4]. Metal
matrisli kompozit malzemeler (MMK), yiiksek tokluk ve
mukavemet saglamalari, kullanilan matris ve takviye
malzemesine bagli olarak sira dis1 1s1l ve elektriksel
Ozellikleri, bigimlendirilebilme &zellikleri sebebiyle birgok
uygulamada tercih edilir [5]. Metal matrisli kompozit
malzemeler, haddeleme [6], sicak ekstriizyon [7, 8], , soguk
presleme [9], sicak presleme [10, 11], yiiksek sicaklikta
burulma [12], in situ [13] gibi yontemlerle iiretilebilirler.
Yapilan literatiir incelemesinde, bronz [14], piring [15],
aliminyum [16, 17], magnezyum [18] malzemelerinin
kompozit malzeme iretiminde sikca  kullanildigt
goriilmektedir. Metal matrisli kompozit malzemelerin darbe
[19], basma [14], egilme [11], sertlik ve gbzeneklilik [14],
gibi mekanik 6zelliklerinin yan1 sira islenebilirlik 6zellikleri
[20, 21] de olduk¢a Onemlidir. Yapilan literatiir
incelemesinde, aliminyum [22], titanyum [23], magnhezyum
[24] malzemeleri ile tiretilen MMK malzemelerin ve seramik
takviyeli [25, 26] MMK malzemelerin isleme parametreleri
ile alakali sonuglarin rapor edildigi tespit edilmistir.
Kompozit malzemelerin islenebilirlik ozellikleri
incelenirken, genellikle malzemenin iiretim parametreleri
(tiretim sicaklig1, basinci, karigim orani) sabit tutulmus ve
isleme parametreleri (kesme ve ilerleme hizi) degisken hale
getirilerek isleme parametrelerinin etkisi incelenmistir. Bu
durum kullanilacagi yere gore farkli parametrelerde iiretilen
kompozit  malzemelerin  islenebilirlik  &zelliklerini
belirlemekte yeterli degildir. Ornegin bir malzeme, sadece
bir iiretim parametresini degistirerek yiiksek mukavemetli
bir yatak malzemesinde diisiik mukavemetli ve yiiksek
gozenekli bir filtre malzemesine doniigebilir [14]. Bu sebeple
iretim  parametrelerinin - kesme kuvvetlerine  etkisini
belirlemek olduk¢a 6nemlidir. Uretim parametrelerinin
etkilerinin belirlenebilmesi i¢in istatistiksel yaklagimlar [27,
28] ve tahmin araglar1 [29, 30] kullanilmaktadir.

Metal matrisli kompozit malzemelerin kullanilacagi yere ve
sartlara gbre tasarlanmasi siirecinde segilen alagim
elementleri, takviye malzemesi ve takviye malzemesi orani,
ileri imalat stirecinde malzemenin islenebilirligini dogrudan

424

etkilemektedir. Talagh imalat islemlerinde is parcasi olarak
kullanilan malzemenin igerisindeki diizensizlikler ve sert

pargaciklar, islemin  siireksizligine, kesici takim
asmnmalarina ve ylizey kalitesinin bozulmasina neden
olmaktadir. MMK  malzemelere belirli  6zellikler

kazandirmak icin kullanilan takviye elemanlari, isleme
karakteristigini etkilemekte ve kesme bolgesinde anlik
degisimler meydana getirmektedir. Ozellikle kesici takim ve
is pargasi temas alaninin kesme islemi siiresince degismeler
gostermesi kesme kuvvetlerinin ve kesici takima gelen
yiikiin anlik olarak degismesi sonucunu dogurmaktadir.
Degisken yiik, yiiksek sicaklik ve basincin da etkisiyle kesici
ucun Omriinii erken tamamlamasina, is parcasinin diisiik
kaliteli olmasma yol acar [31]. Bu faktorler g6z Oniine
alimdiginda MMK malzemelerin islenmesinde kesme
kuvvetlerinin takibi ve sonuglarinin degerlendirilmesi
kac¢inilmaz olmaktadir.

Gegmiste, ¢esitli kompozit malzemelerin farkli talasli imalat
yontemleriyle sekillendirilmesi ile ilgili ¢aligmalar
bulunmaktadir. Bunlar, ayni malzemenin farkli kesme
sartlarinda islendigi [28, 32-34] ve farkli kompozisyon
oranlarinda ve farkli kesme sartlarinda [35-38] islendigi
caligmalar olarak iki grupta incelenebilir. Bu caligmalar
dikkate alindiginda literatiirde bir eksiklik goriilmiis ve bu
eksiklik dogrultusunda deneysel ve istatistiksel analize
dayanan bir ¢caligmanin yapilmasi uygun gorilmiistiir.

Bu ¢aligmada farkli iiretim sartlar1 altinda tiretimi yapilan 36
adet metal matrisli kompozit malzeme, sabit kesme
parametrelerinde tornalanmig ve tornalama esnasinda olusan
kesme kuvvetleri dinamometre yardimiyla ol¢lilmiistiir. 3
eksende Olglimii yapilan kesme kuvvetleri hesaplanarak
bileske kesme kuvveti bulunmustur. Malzemelerin iretim
parametreleri olan basing, sicaklik ve karigim oraninin
kesme kuvvetleri lizerindeki etkileri istatistiksel analiz ile
degerlendirilmistir.

2. MATERYAL VE METOT

2.1. Uretim ve Tornalama

Bu calismada kullamilan metal matrisli kompozit
malzemelerin  iretimi [14, 39] literatiirde yer alan

caligmalarda detayli bir sekilde anlatilmaktadir. 1 ve 2 mm
boyutlar1 arasindaki bronz ve dokme demir talaglar1 350,



E SALUR

400, 450 °C sicaklikta 480, 640, 820 MPa basingta sicak
presleme yontemiyle birlestirilmektedir. Bronz matris
icerisindeki takviye dokme demir orani ise ag. %10, 20, 30
ve 40’tir. Deneysel tasarimda kullanilan faktorler ve faktor
seviyeleri Tablo 1’de gosterilmistir. Sicak presleme
sonrasinda kaliptan ¢ikarilan silindirik numuneler Tablo
2’de gosterilen sartlarda tornalanmaktadir. Her bir deney igin

Academic Platform Journal of Engineering and Science 8-3, 423-431, 2020

bir adet numune kullanilmis ve ayri bir kesici ug ile
tornalama yapilmistir. Tornalama esnasinda olusan kesme
kuvvetleri (Fc, Ff, Fr) dinamometre ile 6l¢iilerek bileskeleri
almmistir  (Fb). Deneyde kullanilan TELC markali
dinamometre saniyede 10 veri 6l¢ebilmekte ve dogrudan
bilgisayara veri aktarabilmektedir. Kompozit malzemelerin
iiretimi ve tornalanmasi Sekil 1 de gosterilmektedir.

Tablo 1. Faktorler ve Faktor Seviyeleri

Sembol Parametreler Seviye 1 Seviye 2 Seviye 3 Seviye 4
B Basing (MPa) 480 640 820 -

S Sicaklik (°C) 350 400 450 -

K Karigim Orani (ag. %) 10 20 30 40

CuSn10 ve GGG-40 talaslar | [§ Cift tarafh konik karstinc

Metalik talaslarm karisim

Cift etkili sicak pres

Disi ve erkek kahp

_-_

I Farkh iiretim parametrelerinde iiretilen MMK malzemeler |

Ag. % 60 B % 40 D

+ | Tornalama islemi sonrasi MMK malzemeler |

P

akim tutucu
TelC dinamometre

(b)

Sekil 1. MMK malzemelerin (a) iiretimi ve (b) tornalanmasi.
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Tablo 2. Tornalamada Deneysel Sartlar

Malzeme Ozellikler
Takim Tezgih T-165 MF Universal Torna
Kesici Takim TCMT 16T304 — Bohler

Kesici Takim Geometrisi Yaklagma Agist: 60°

Kesici Takim Tutucu R/L 140 0 20 16 — Takimsas

Kesme Hizi 50 m/dak
ilerleme 0,128 mm/dev
Talas Derinligi 1 mm
Kesme Sivisi Yok
2.2. Varyans Analizi (ANOVA)
Dokme demir takviyeli bronz matrisli  kompozit

malzemelerin {iretim parametrelerinin kesme kuvvetleri
tizerine etkisini incelemek i¢in “Minitab 16.0” yazilim
kullanilarak varyans analizi yapilmistir. Analiz i¢in basing,
sicaklik ve karisim orami bagimsiz degiskenler olarak
secilmigtir. Dinamometre ile 6l¢limii yapilan ii¢ eksendeki
kesme kuvvetlerinden yola g¢ikarak bileske kesme kuvveti
hesaplanmistir. Bileske kesme kuvveti bagimli degisken
olarak belirlenmis ve tam faktoriyel tasarim ilkesine gore 36
deneyin istatistiksel analizi yapilmigtir. 3’er adet basing ve
sicaklik degerinin yani sira 4 adet karigim orani istatistiksel
olarak diizenlenmis ve Minitab programinda tanimlanmustir.

Istatistiksel analiz, Taguchi deney tasarimma bagli olarak
yapilmis ve sinyal-giiriiltii oranlari da hesaplanarak
optimizasyon yapilmistir. Taguchi yaklasimi, sinyal-giiriiltii
oraninin yani sira ortogonal diziler de iceren, bu sayede
deney sayisini ve giriltii faktorlerinin etkisini azaltmayi
amaglayan bir tasarimdir. Taguchi tasariminda bulunan 4
amag fonksiyonu arasindan “kiigiik olan iyidir” (smaller is
better) prensibine dayanan yaklagim tercih edilmistir. Bunun
nedeni tornalama esnasinda kesici takim iizerine gelen
kesme kuvvetlerinin miimkiin olduk¢a kii¢iik olmasinin
istenmesidir. Bu yaklagim i¢in kullanilan matematiksel
formiil denklem 1°de verilmistir. Denklemde y her
deneydeki iretim parametrelerinin kareleri toplamini
verirken, n ise toplam parametre sayisini ifade etmektedir.
SIN = -10log 1/n (Zy?) @
Sonug olarak basing, sicaklik ve karisim oranindan olusan
girdi parametrelerinden her birinin kesme kuvvetleri
iizerindeki etkisi veya katki oranlar1 bulunmustur. Ayrica her
girdi parametresinin en kiigiik kesme kuvvetini verecek
seviyesi de tespit edilerek kesme kuvveti optimizasyonu
yapilmistir.
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3. BULGULAR VE TARTISMA

Tornalama isleminde, talas kaldirirken kesici takim ve is
pargasmin birbirine gore bagil hareket etmesi esnasinda
kesici takimin ilerleme ekseninde (Ff) bir kuvvet meydana
gelir. Bu kuvvete dik iki eksen iizerinde ise, kesici takimi
tezgdhtan disar1 itmeye zorlayan (Fp) ve asagi dogru bastiran
esas kesme kuvveti (Fc) olusmaktadir. Meydana gelen bu
kuvvetler, takim asinmasi, Kkesici ugta 1s1 olusumu,
titregsimler ve parga kalitesi gibi bir¢ok faktor lizerinde etkili
olmaktadir. Kesme igleminin ¢ok kiigiik fakat yiiksek hizlar
ve basincin etkili oldugu bir alanda ger¢eklesmesi kesme
kuvvetlerinde kisa siirede ¢ok hizli degisimlerin olugsmasina
neden olmaktadir. Bu baglamda tornalama dinamometresi
kesme bolgesinin hemen altinda olmasi ve uzama olgerli
(strain gage) yaklasimla 6lgme yapmasi sebebi ile giivenilir
ve anlik bilgi akisi saglamaktadir. MMK malzemelerin
islenmesi esnasinda kesme kuvvetlerinin takip edilmesi,
tiretim parametrelerinin malzeme yapisini nasil etkiledigi
konusunda onemli sonuglarin belirlenmesini saglamistir.
Boylece, kesme kuvvetlerinde meydana gelen degisimlerin
iretim parametrelerine bagli sebepleri anlagilmis olacaktir.
Uretilen MMK malzeme yapist anizotropik oldugu igin
isleme esnasinda olusan tim kuvvetlerin etkisini
degerlendirebilmek adina ii¢ eksendeki kuvvetlerin bilegkesi
alinmistir. Bileske kuvvet hesabi asagidaki denklemden
faydalanilarak yapilmistir.

Fb = /Fc? + Ff2 4 Fp?

Tablo 3’te tam faktoriyel tasarim ilkesine gore diizenlenmis
ve icerisinde deneysel tasarimin bagimsiz degiskenleri olan
basing, sicaklik ve karigim orant ile bagimli degiskenleri olan
kesme kuvveti bilesenleri ve bileske kesme kuvveti
bulunmaktadir. Ayrica, her deney igin bileske kesme
kuvvetine ait sinyal-giiriiltii oranlar1 da hesaplanmistir. Buna
gore en diisiik bileske kesme kuvvetini veren deneysel sartlar
B3 ve S3 degerlerinin bulundugu karigim oranlarinda elde
edilmektedir. Hem sinyal giiriiltii oranlar1 hem de bileske
kesme kuvveti degerleri incelendiginde sonuglarin birbiri ile
uyumlu oldugu goriilmektedir.

@)

Sicak presleme ile iiretim tekniginde sertlik dagilimini
etkileyen en Onemli parametre iiretim basinci, mekanik
kilitlenme (dokme demir talaglarin bronz talaslari
tarafindan kaplanmasi) mekanizmasini etkileyen en 6nemli
parametre ise sicakliktir [39]. Sekil 2°de farkli liretim sartlari
kombinasyonlarinda bileske kesme kuvvetinin degisimi
goriilmektedir.

Sekil 2a’da yiiksek basing degerlerinde sicaklik artis1 ile
bileske kesme kuvvetinin azaldigi, basing degeri diistiikce
sicakligin artis1 ile bileske kesme kuvvetinin arttig
goriilmektedir.
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Hem iiretim basinci hem de iiretim sicakligmin yiiksek

olmasi, bronz talaslarinin asir1  plastik deformasyon
gostermesine ve mukavemetinin dligmesine neden
olmaktadir [4]. Bu durum mekanik kilitlenme

mekanizmasini olumsuz etkileyerek daha kolay islenmesine
diger bir deyisle kuvvetin azalmasma neden olmaktadir.
Basing degeri distiigiinde ise plastik deformasyon sadece
sicakligin kontroliinde gerceklestigi icin daha etkili bir
birlesme olusur ve isleme kuvveti artar [21].

Sekil 2b’de yiiksek basing degerlerinde karigim oraninin
artig1 ile bileske kesme kuvvetinin arttigi, basincin diismesi
ile birlikte karisitm oranindaki artisin  bileske kesme
kuvvetini azalttig1 goriilmektedir. Bu durum, bronza kiyasla
daha sert olan dokme demir talaglarinin oranin artmast
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sebebiyle kompozit malzemenin yapisal biitiinligiiniin
(mekanik kilitlenmenin) saglanabilmesi igin daha fazla
basinca ihtiyag duymasindan kaynaklanmaktadir. Aslan ve
ark. [39] tarafindan yapilan ¢alismada diisiik basingh ve
yiiksek dokme demir icgerikli numunelerde gozeneklilik
degerlerinin  yiiksek ¢ikmasi bu durumu destekler
niteliktedir.

Sekil 2c’de ise diger iki grafikten ayr1 olarak en diisiik ve en
yiiksek kuvvet degerleri arasindaki farkin oldukga az oldugu
goriilmektedir. Clinkii yukarida da belirtildigi gibi sertlik
profili iizerindeki en etkili parametre basingtir. Bu durum
Tablo 3’teki katki oranlart ile kiyaslandiginda, sicaklik ve
karisim oraninin kesme kuvveti iizerinde etkisinin az olmasi
sonucu ile de uyumludur.

Tablo 3. Tam Faktoriyel Deneysel Tasarim

Bagimsiz Degiskenler Bagimh Degiskenler
Basing Sicakhik Karisim Oram Kesme Kuvvetleri
peney B(MPa) S (C) K (ag. %) Fc (N) Ff (N) FP(N)  Fb(N)  Fbigin S/N oram
1 480 350 10 118,86 131,20 217,36 280,33 -48,9536
2 480 350 20 118,50 138,64 195,97 267,71 -48,5534
3 480 350 30 133,00 148,97 191,16 276,42 -48,8327
4 480 350 40 118,66 97,49 127,92 199,87 -46,0152
5 480 400 10 141,83 165,11 247,16 329,34 -50,3530
6 480 400 20 133,97 156,72 210,76 394,83 -49,3917
7 480 400 30 136,39 142,19 199,68 280,52 -48,9594
8 480 400 40 136,76 120,85 162,37 244,28 -47,7580
9 480 450 10 128,59 137,16 192,60 269,15 -48,6002
10 480 450 20 136,79 144,79 206,88 287,19 -49,1635
11 480 450 30 136,68 131,46 175,78 258,58 -48,2519
12 480 450 40 140,58 127,87 162,84 250,26 -47,9681
13 640 350 10 110,41 138,38 180,49 252,81 -48,0561
14 640 350 20 121,66 133,69 179,32 254,62 -48,1181
15 640 350 30 105,20 93,64 131,23 192,50 -45,6889
16 640 350 40 127,09 114,01 145,01 224,01 -47,0056
17 640 400 10 110,03 122,50 135,17 213,03 -46,5692
18 640 400 20 114,13 119,01 137,32 214,58 -46,6321
19 640 400 30 118,59 113,70 115,81 201,00 -46,0642
20 640 400 40 125,86 121,70 133,00 219,86 -46,8433
21 640 450 10 107,42 100,99 135,14 200,00 -46,0208
22 640 450 20 110,33 106,53 123,36 196,82 -46,8817
23 640 450 30 113,96 115,29 128,41 206,80 -46,3113
24 640 450 40 113,14 94,81 116,94 188,32 -45,4983
25 820 350 10 95,19 86,05 82,13 152,35 -43,6573
26 820 350 20 102,18 98,61 96,05 171,44 -44,6824
27 820 350 30 92,06 77,23 78,32 143,44 -43,1335
28 820 350 40 107,79 90,20 87,01 165,31 -44,3660
29 820 400 10 92,48 65,73 52,36 124,96 -41,9360
30 820 400 20 91,45 64,62 30,53 116,07 -41,2946
31 820 400 30 101,30 71,38 63,49 139,25 -42,8759
32 820 400 40 105,25 71,18 61,50 141,16 -42,9945
33 820 450 10 74,11 39,76 16,74 85,75 -38,6655
34 820 450 20 73,26 42,09 19,99 86,83 -38,7736
35 820 450 30 81,27 42,09 2341 94,47 -39,5065
36 820 450 40 91,85 52,47 42,57 114,03 -41,1407
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Sekil 2. Farkl: {iretim sartlar1 kombinasyonlarinda bileske kesme kuvveti degisimi a) Basing-Sicaklik, b) Basing-Karisim Orant,

Tablo 4, sinyal-giiriiltii oranina gore bileske kesme kuvveti
icin varyans analizi sonuglarimi gostermektedir. Her bir
bagimsiz degiskene ait kareler toplami degerinin toplam
degere boliinmesi ile bulunan katki orani ve F-degeri
sonuglaria gore basing, bileske kesme kuvveti tizerinde en
etkili parametre olarak bulunmustur (80%). Basinci takiben
sicaklik (5%) ve karigim orami (0,003) kuvvet iizerinde
oldukga diisiik etkiye sahip olarak bulunmustur. Taguchi
bazli varyans analizinin sonuglar1 yeterli giivenilirlikte
bulunmugtur (R-Sq = 86,7% ve R-Sq(adj) = 83,3%). Normal
sartlar altinda, geleneksel malzemelerin istatistiksel
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analizlerinde, {iretim sartlarinin sabit olmasi ve kompozit
malzemelere kiyasla izotropik Ozellikler —gostermesi
sebebiyle R-Sq oranlar1 daha yiiksek ¢ikmaktadir. Ancak,
kendi igerisinde bir¢ok degiskeni olan (liretim sicakligi,
basing, karisim orani, tane diizensizligi) ve bu degiskenlere
bagli olarak anizotropik ozellikler gosteren kompozit
malzemelerde %87 mertebelerinde giivenilirlik orani elde
edilmesi olduk¢a Onemlidir. Dolayisiyla bu istatistiksel

yaklasimin, kompozit malzemeler icin etkili bir sekilde
kullanilabilecegi sdylenebilir.
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Tablo 4. Sinyal-giiriiltii oranina gore bileske kesme kuvveti igin varyans analizi sonuglari

Bagimsiz SD Kareler Ortalamalar ~ F-Degeri P-Degeri Katk
Degiskenler Toplam Orani
Basing 2 278,989 139,495 84,59 0,000 80 %
Sicakhik 2 20,401 10,200 6,19 0,006 5%
Karistm Oram 3 1,036 0,345 0,21 0,889 0,3%
Hata 28 46,172 1,649 - - 14,7 %
Toplam 35 346,597 - - - 100 %

Tablo 5°te ve Sekil 3’te sinyal-giiriilti oranina gore
elde edilen sonuglar bulunmaktadir. Derece ile ifade
edilen degerler sirast1 ile kesme kuvveti lizerindeki en
etkili parametreleri ifade etmektedir. Tablo.5’ de
goriildiigii lizere kesme kuvvetleri lizerinde en etkili
parametrenin sirastyla basing, sicaklik ve karisim
oram1 oldugu tespit edilmistir. Varyans analizi
tablosunda bulunan katki orami sonuglar1 burada da
bulunmus ve basing, sicaklik, karisim orani siralamasi
ile degiskenlerin etkinligi dogrulanmistir. En kiigiik
kesme kuvveti degerini veren degisken seviyeleri ise
koyu renkli yazi ile isaretlenmigtir. Buna gore
optimum kesme kuvveti basincin ve sicakligin tigiincii
derece, karigim oraninin birinci degerlerinin se¢ilmesi
ile elde edilmektedir (B3=820 MPa, S3=450°C, K1=
ag. %10 GGG-40 takviyeli).

Tablo 5. Sinyal-giiriiltii oranlar1 igin elde edilen
sonuglar

Seviye Basing Sicakhik Karisim Oram
1 -48,57 -46,92 -45,87

2 -46,56 -45,97 -45,83

3 -41,92 -44,65 -45,51

4 - - -45,51

A 6,65 1,77 2,442

Derece 1 2 3

Main Effects Plot for SN ratios
Data Means

42,0
43,5
45,0
46,5
-48,0

BASING SICAKLIK

-42,0- -

43,5 yd

-45,04 g o
@ - S—
S -46,5- o —
] -
8 450 —
E T T T T T T
d 1 2 1 2 3
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[ ]
U
=
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1 2 3 4

Sekil 3. Sinyal-giriiltii oranlar1 igin elde edilen
sonuglar
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4. SONUCLAR

Bu ¢aligmada metal matrisli kompozit malzemelerin
islenebilirligi ve iiretim parametrelerinin tornalama

esnasinda olusan kesme kuvvetlerine etkisi
incelenmistir. Tiim {iretim parametrelerinin kesme
kuvvetine  etkisi istatistiksel ~bir  yaklagimla

incelenerek birbirinden bagimsiz bir sekilde etki
oranlart belirlenmistir. Elde edilen sonucglar asagida
stralanmaktadir.

» S/N oranlari kullanilarak kesme kuvvetlerini
en aza indirmek i¢in kontrol faktorlerinin
optimum seviyeleri belirlenmistir. Kesme
kuvveti icin optimum durumlar iiretim
basinci olarak B3=820 MPa, iiretim sicaklig
olarak S3=450°C, katk1 orani olarak ise K;=
ag. %10 GGG-40 takviyeli seklinde
belirlenmistir.

Yapilan istatiksel analizlerin sonucuna
bakilarak sicak presleme yontemi ile {iretilen
metal matrisli  kompozit malzemelerin
bileske kesme kuvveti {izerine en ¢ok etkisi
olan parametrenin %80 katki oraniyla birlikte
iiretim basinct oldugu tespit edilmistir.
Tornalama sirasinda olusan bileske kuvvetler
tizerinde sicaklik ve katki oraninin etkisinin
basinca gore ¢ok az oldugu gézlemlenmistir.
Yapilan istatistiksel yaklasimim giivenilirlik
oran1 %86,7 olarak tespit edilmis ki bu da
uygulanan modelin kompozit malzemeler
icin etkili bir sekilde kullanilabileceginin
gostergesidir.

Tornalama esnasinda (tiretimden
kaynaklanan bazi istisnai durumlar disinda)
genel olarak en diigik bileske kuvvetler,

iretim basmcmin en yiksek oldugu
degerlerde gozlemlenmistir. Bu durum,
yiiksek basing degerlerine ¢ikildiginda,

metalik talaglarin yumusayarak birbirlerini
daha iyi kaplamasi ve daha iyi yapisal
biitiinliik  saglamasmma  bagli  olarak
numunelerin islenebilirliginin artmasindan
kaynaklanmaktadir.
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Abstract

This work characterizes the various length fluidic oscillators with constant depth and having the same main geometric
dimensions. A change in fluidic oscillator's length affects the frequency and sweeping characteristics of the fluidic oscillators.
These characteristics were extracted by means of constant temperature anemometry hot-wire measurements and water flow
visualizations. A total number of ten fluidic oscillators were compared to the baseline fluidic oscillator design. It was observed
that shortening the fluidic oscillator ceases the oscillations after a threshold oscillator length whereas elongating the fluidic
oscillator decreases the frequency and sweep angle gradually. Furthermore, the frequency maps obtained from hot-wire
measurements for each considered fluidic oscillator design provided overall detail about the frequency of the oscillations for a
wide range of flow rate. For a constant supply flow rate where the frequency and the sweep angle of an oscillator is constant,
changing the length of a fluidic oscillator will allow varying these characteristics of the oscillator. Thus the oscillator can be

tailored for a specific need of an application.

Keywords: Experimental Fluid Mechanics, Aerodynamic Flow Control, Flow Control Actuators, Fluidic Oscillators

1. INTRODUCTION

Fluidic oscillators are useful devices that are capable of
generating an oscillating jet by solely employing the fluid
dynamics principles without any moving parts. They are the
one of the main outcomes of the field of fluidic logic of
1960s and a fluidic oscillator was first designed by Warren
[1]. Since then the fluidic oscillators have been used in
various applications. The most known application for the
fluidic oscillators is their role as automobile windshield
washer nozzles [2]. The spreading of the oscillating jet
created by these devices are useful to spray windshield
washer fluid to a larger area with minimal amount of fluid.
Another main application for fluidic oscillators is the flow
rate metering [3, 4] since the oscillation frequency of a
fluidic oscillator is strictly dictated by the supply flow rate.
However, recently fluidic oscillators have started attracting
more attention to be used in various aerospace applications
in order to obtain aerodynamic, aeroacoustics or aerothermal
improvements. Fluidic oscillators have been used for noise
reduction [5], combustion control [6], and separation control
[7, 8] as the detailed reviews can be found in the literature
[9, 10]. A recent flight test completed by Boeing [11] has
shown that an array of fluid oscillators can delay the flow
separation on an aircraft's tail, which would allow design of
smaller tails thus results in reduced drag and improved

overall fuel economy. Although aerodynamic improvements
have vital importance for air vehicles, it has also become
very important for ground vehicles such as automobiles,
trucks, and trains due to the strict regulations and
competition. The automobiles move through air and face a
force opposing their motion. This force is known as drag and
it can be accounted for more than 60% of the power
consumed by the vehicle especially at higher speeds at
highway travel. Therefore, more studies are focusing on
increasing aerodynamic efficiency of automobiles in order to
decrease the fuel consumption of these vehicles. The
traditional models that are studied for this purpose are known
as Ahmed Body model [12] and Generic European Transport
System (GETS) model [13]. Various passive and active flow
control actuators were used on these models such as an array
of small cylinders as vortex generators [14], pulsed jets [15],
and fluidic oscillators [17, 18]. The drag reductions reported
in these works were as high as 16%. For instance, Woszidlo
et al. [17] used fluidic oscillators to control the separation
behind a GETS model and reported drag reductions up to
16%. In another study, Metka and Gregory [18] used fluidic
oscillators to control the separation behind an Ahmed Body
model and reported drag reductions up to 7%. As these
results indicate fluidic oscillators are promising flow control
actuators for various aerodynamic applications including
automobile aerodynamics. Therefore, characterization of the

*Corresponding author University of Cincinnati Department of Otolaryngology-Head and Neck Surgery, OH 45267, USA,

tomac.1@buckeyemail.osu.edu, (+1) 614-778-9201

Doi: 10.21541/apjes.583500


http://apjes.com/
mailto:tomac.1@buckeyemail.osu.edu
https://orcid.org/0000-0003-1373-4639

M. N. TOMAC

fluidic oscillators is important subject since various scale
oscillators with various characteristics are needed for
different applications.

The internal flow field of a fluidic oscillator has a key role in
defining the characteristics of the device. Various studies
discuss the internal flow fields of different type oscillators
[19-24] and recent studies present new approaches to
manipulate the internal and external flow fields of the
oscillators [25,26] that can dynamically change the
characteristics of the oscillators. The fluidic oscillator design
used in this work is a feedback type fluidic oscillator and was
based on a design by Bray [27] as the geometry of this design
is given in Figure 1. As seen in the schematic, pressurized
fluid feeds the main jet which is issued into an interaction
chamber surrounded by two feedback channels. The main jet
attaches to one of the nearby walls due to the Coanda effect.
In the vicinity of the throat of the oscillator, the main jet
bifurcates into two branches. The first branch leaves the
oscillator and constitutes the exiting jet whereas the second
branch generates a feedback flow in the feedback channel.
This feedback flow enlarges a separation bubble and urges
the main jet to attach to the other nearby wall. This process
repeats itself as long as the oscillator is fed and continuously
changes the flow direction of the exiting jet thus creating

oscillating behavior.
lFIuid Supply

L — Main Jet

_— Island

| Interaction
Chamber

N, Feedback
Flow

Y

Exiting Jet X
Figure 1. The outline of the fluidic oscillator geometry and
the schematic of the internal flow field [27].

Various fluidic oscillator applications require various scale
oscillator with different characteristics. In this work, effect
of fluidic oscillator length on the frequency and sweep angle
characteristics was investigated by means of hot-wire
measurements and flow visualizations. The performance of
the shortened or elongated designs was compared to a
baseline design.

2. EXPERIMENTAL SETUPS
2.1. Design of the Fluidic Oscillators

Total of 11 fluidic oscillator designs were built by laser
cutting out of acrylic material as one of the actual model is
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presented in Figure 2a. Each experimental model was
consisted of four pieces glued together with acrylic glue. The
depth of the oscillators was fixed at 1.5 mm and the throat
exit width was 3.5 mm resulting 2.1 mm of hydraulic
diameter. Figure 2a and 2b show three of these 11 models
built. DO is the baseline design whereas -D4 is the shortest
(10 mm shorter than D0) and +D6 is the longest design (40
mm longer than DO) that were considered. All 11 designs are
shown over the longest +D6 design in Figure 2c. Each
dashed green lines correspond to a shorter design whereas
each dashed blue lines corresponds to a longer design and
red dashed line is the DO baseline design. Note that, next to
each dashed line the name of the design and the physical
length of the design compared to DO baseline design are also
provided.

Do (b)

(c)

-D4

-10 mm)
-D3

-7.5mm)
-D2 (-5 mm)
-D1(-2.5mm)
“““ " =1~ 71"~ ~~BASELINE (D0)

F=4=-=+D1 (+ 5 mm)
=-=+D2 (+ 10 mm)
=4--+D3 (+ 156 mm)
F=4--+D4 (+ 20 mm)

'
1
i
1
1
HE ¥

F=4==+D5 (+ 30 mm)

|F=4=~+D6 (+ 40 mm)

Figure 2. Photo of an actual experimental model for +D6 (a),
the geometry of the baseline (D0) and the smallest -D4
designs (b), and schematic indicating the geometrical length
of each design (c).

2.2. Frequency Measurements

In order to extract the frequency characteristics of each
considered design a Constant Temperature Anemometry
(CTA) system from A.A. Lab Systems (LTD AN-1005) was
used. The hot-wire probe used for measurements was Dantec
Dynamics Type 55R01 probe. This probe's sensor is made
out of 70 pm diameter quartz fiber. It is 3 mm long and
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covered by thin nickel coating (0.5 pm) to be used in air
applications. The probe was located 10mm downstream and
2 mm off the centerline of the oscillator throat for each
measurement as shown in Figure 3 for design +D3. The hot-
wire probe was not calibrated since the power spectral
characteristics of a signal can be accurately obtained from
raw voltage data. Probe signal was sampled at 25.6 kHz
which allows observation of frequencies up to 12.3 kHz due
to the Nyquist Theorem. A mass flow controller (Alicat
Scientific MCR-250SLPM-D/10M) was used to measure the
mass flow rate through the oscillators. The uncertainty in the
measured frequency was calculated to be +4%.

Figure 3. Location of the hot-wire probe relative to +D3
design.

2.3. Water Flow Visualizations

Water flow visualizations were used to visually monitor the
changes in the sweep angle and to quantify the sweep angle
of the each fluidic oscillator design. Fluidic oscillators were
connected to city water and the flow rate was controlled with
a needle valve. Reynolds number (Re) was matched in order
to ensure similar flow fields between water flow
visualizations and hot-wire measurements in air. Re was
based on the exit width as the characteristic length and the
bulk velocity calculated by using the volumetric flow rate
measured by an Omega Engineering FLR1011ST-D flow
meter. The highest flow rate of 50 SLPM chosen for air and
the corresponding flow rate for water flow visualizations was
28.3 mL/s. A Sony DSC-TX30 waterproof digital camera
was used to record the time-averaged images of the external
flow field.

3. RESULTS AND DISCUSSIONS
3.1. Frequency Characteristics

The frequency characteristics for all designs were obtained
from hot-wire measurements. Frequency maps were
generated by using individual power spectrum for each
design. Such power spectrum for baseline DO design for flow
rate of 60 SLPM is provided in Figure 4. The fundamental
frequency (first harmonic) corresponding the oscillation
frequency of the fluidic oscillator for this flow rate was 800
Hz. Also, harmonics up to fourth are visible in the power
spectra. The frequency value corresponding to fourth
harmonic was 3206 Hz. The magnitude of the signal was
observed to diminish significantly for the higher harmonics.

434

Academic Platform Journal of Engineering and Science 8-3, 432-438, 2020

Power/Frequency (dB/Hz)

1 3 4

Frequenzcy (kHz)
Figure 4. The power spectrum for the baseline DO design at
flow rate of 60 SLPM.

Figure 5 presents the frequency maps obtained for the
baseline DO design by combining the power spectra for each
considered flow rate in the range from 10 SLPM to 60
SLPM. The first plot shows the frequency map for up to 4
kHz. In this figure, the fundamental frequencies (i.e.,
oscillation frequencies) are visible and higher harmonics are
also observable. Higher harmonics up to sixth are visible in
the plot for the flow rate of 40 SLPM. In Figure 5, the
zoomed-in plot considers the oscillation frequencies
observed below 1 kHz. As expected the oscillation frequency
increases with the increasing flow rate. The dashed line in
this figure follows the changes in the trend and it was seen to
exhibit quasi-linear character.

{ 1-40

Frequency (kHz)

-80

60

N
I
= {-40
Iy o
g °
§- -60
s
0.28% - -80

-100

‘%0 20 60

FIov???ate (gIL.)PM) %
Figure 5. Frequency map for the baseline DO design for flow
rates from 10 SLPM to 60 SLPM.

Additional frequency maps for other designs were generated
to observe the changes in the frequency characteristics for
the considered flow rate range of 10 SLPM to 60 SLPM.
Figure 6 and 7 present the frequency maps for the rest of the
designs. As can be seen for -D4 and -D3, there is no
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observable oscillation frequency i.e., the oscillator geometry
is not capable of generating an oscillating jet for these
lengths. However, design -D2 exhibits relatively higher
magnitude frequencies than the two designs before it but
these magnitudes were still in the lower end. On the other
hand, -D1 design starts to show distinct oscillation
frequencies for all flow rates. Even some higher harmonics
also start to appear. Other designs starting with +D1 clearly

Frequency (kHz)

Frequency (kHz)

Frequency (kHz)

——

_—7 = = I.i
%o :

Frequency (kHz)

%o 30 40 50
Flow Rate (SLPM)

Frequency (kHz)

20 30 40

Flow Rate (SLPM)
Figure 6. The frequency maps for designs —-D4 to +D1
excluding DO for a flow rate range from 10 SLPM to 60
SLPM.
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show the oscillation frequencies for the considered flow rate
range. However, after the design +D1 the higher harmonics
was tended to disappear for most of the flow rates. Note that,
also after the design +D1 the dark blue contours indicating
lower magnitude signal start to change color indicating the
overall magnitudes of entire frequency range are increasing
beside the fundamental oscillation frequencies.

o
o

Frequency (kHz)

Frequency (kHz)

w1
I
x
>
o
H
g
i 0.

Frequency (kHz)

Frequency (kHz)

20 30 40 50
Flow Rate (SLPM)

Figure 7. The frequency maps for designs +D2 to +D6 for a
flow rate range from 10 SLPM to 60 SLPM.
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Figure 8 was generated in order to isolate the fundamental
oscillation frequencies from the frequency maps. In this
figure, the oscillation frequency for each design is presented
for the considered flow rate range. As seen in here, -D4 and
-D3 yielded zero oscillations i.e., the device does not operate
as an oscillator. However, starting with +D2 this trend
changes and oscillator starts to provide an oscillating jet. As
the length of the oscillator is increased oscillation
frequencies start to decrease and the trend of the frequency
change for a given design becomes more linear. For instance,
it is possible to obtain 1371 Hz with -D2 whereas an
oscillation frequency of 126 Hz is achievable with design
+D6 that are considered in this work. Note that, for both
designs and all designs the exit dimensions were fixed and
only the length of the oscillator was varied. This also implies
that the bulk velocity from each oscillator was constant for a
given flow rate.

1.4 D4
=-D3
1.2 -D2
D1
< 1 --D0
E —+D1
=08 +D2
§ —+D3
2 06l j|—+Db4
o —+D5
o +D6
0.4}
0.2
0 20 30 40 50 80

Mass Flow Rate (SLPM)
Figure 8. Comparison of the oscillations frequencies for all
designs.

Frequency maps can also be generated to present the changes
in the frequency based on the designs. Figure 9 shows these
frequency maps. In here, for each plot the flow rate is
constant and the oscillation frequencies are compared from
one design to another. The nature of the change in the
oscillation frequency with the increasing flow rate is rather
parabolic than linear. Oscillation frequencies increase as the
flow rate is increased as expected.

One of the main observations in here is the fact that when
higher flow rates such as 50 SLPM and 60 SLPM are
considered, the frequency maps indicate some oscillation
frequencies for -D3. But for -D4 no high amplitude
frequency can be observed. Furthermore, as the baseline DO
design is elongated up to 40 mm, the oscillation frequency
becomes broader and this is clearly visible for designs +D4,
+D5, and +D6 from 20 SLPM to 60 SLPM.
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Figure 9. Change of frequency characteristics for all designs
based on the selected flow rate.
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3.2. Sweep Angle Characteristics

The two main components that constitute the characteristics
of a fluidic oscillator are the oscillation frequency and the
sweep angle. The oscillation frequencies for various length
oscillators were measured by means of hot-wire
measurements and sweep angles were obtained by Re
matched flow visualizations. For this purpose, the flow rate
of 50 SLPM chosen and the corresponding flow rate for
water flow visualizations was 28.3 mL/s. Figure 10 shows
such flow visualization for baseline DO design. In this figure,
the sweeping jet generated by the fluidic oscillator can easily
be seen. From this visualization the sweep angle was
measured to be 41° and this value was the highest of all
considered designs.

Figure 10. Flow visualization for the baseline DO design
showing the sweep angle of the oscillating jet generated by
the oscillator.
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The flow visualizations also used to extract the sweep angle
characteristics for the rest of the designs. Figure 11 details
the sweep angle of the each oscillator design. As can be seen
in the visualizations for -D4 and -D3, the sweeping motion
cannot be identified. On the other hand, with design -D2 the
sweeping motion becomes clear and measurable from the
visualizations. After this design, the sweep angle increases
up to 41° for the baseline DO design and starts to reduce
afterwards. The sweep angle goes down to 20° for the longest
+D6 design.

+D2 .

Figure 11. Water flow visualizations for all designs.
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Table 1 summarizes the sweep angle for each design
quantitatively. The measured sweep angle starts from 9° for
-D2, goes up to 41° for the baseline DO design, and goes
down to 20° for the longest +D6 design. Therefore, when the
exit dimensions are kept constant and the length of the
oscillator is changed it is possible to vary the sweep angle
from 9° to 41°.

Table 1. Measured sweep angles for all designs.

Design Sweep
# Angle (©)
-D4 NA
-D3 NA
-D2 9
-D1 37
DO 41
+D1 38
+D2 34
+D3 31
+D4 29
+D5 25
+D6 20

4. CONCLUSIONS

In this work, the fluidic oscillators having the same depth,
throat width, and main geometrical dimensions but various
oscillator lengths were characterized. The characterization
was consisted of oscillation frequency and sweep angle
measurements. The two shortest designs were not observed
to generate oscillations. This fact also yielded an external
flow field similar to that of regular jet for these two designs.
The oscillation frequencies were observed to increase with
the increasing flow rate for a given design. Furthermore, it
was also seen that as the oscillator is elongated compared to
the baseline design, both the oscillation frequency and the
sweep angle reduce. However, when the oscillator is made
shorter, the oscillation frequency increases while the sweep
angle decreases. Furthermore, the oscillator can no longer
sustain the oscillations after a certain length.

Existence of the oscillations were found to be more sensitive
to shortening than elongating the oscillator. The oscillations
were present when the oscillator was elongated by 40 mm
but seemed to cease after shortening the oscillator by 5 mm.
The data and the approach presented in this work can be used
to select a fluidic oscillator with the characteristics that are
specific to the application they are intended to be used for.
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Risk yonetim siirecini biitiinciil bir yaklasimla ele alan kurumsal risk yonetimi (KRY), verimli ig siireglerinin yiiriitiilmesine
olanak saglamaktadir. Siirekli olarak gelisen yapim sektoriinde, karmasik hale gelen projeler igin siire, maliyet ve kalite
faktorlerinde basartya ulagsmak sistemli ve biitiinsel yonetim yaklasimlarini gerekli kilmaktadir. Yapim projelerinin yonetim
stirecinde, olas1 riskleri biitlinsel bir bakis agisiyla yonetebilmek, yapim projelerinin bagart ve verimliligi agisindan kritik 6nem
tasimaktadir. Ancak yapim sektoriinde faaliyet gosteren firmalarda, proje diizeyinde risk yonetiminden kurumsal risk yonetimine
gecis adimlart atilmaya yeni yeni baglanmigtir ve heniiz yeterli olgunluk seviyesine ulagilamamustir.

Bu baglamda bu ¢alismanin temel amaci, risk yoneticisinin varliginin ve KRY yapilagmasinin yapim firmalarinin kurumsal risk
yonetimi olgunluk diizeyine olan etkisini ortaya koymaktir. Bu amagla, yapilan kapsamli literatiir taramas: sonucunda elde edilen
alt1 temel faktor (yonetim kurulu ve tist diizey yonetimin kararliligi, kurumsal risk yonetimine sahip olma, risk tanimlama, analiz
ve tepkisi, kurumsal risk yonetiminin ig siireglerine entegre edilmesi, hedeflerin belirlenmesi ve yeterli kaynaklar) baz alinarak
bir anket alan ¢aligmasi diizenlenmistir. Veriler, betimsel istatistikler ve ANOVA analizi yontemleriyle irdelenmistir. Yiiriitiilen
calisma sonucunda risk yoneticisi varliginin yapim firmalarinda kurumsal risk yonetimi olgunluk diizeyine olan etkisi ve temel
faktorlerin KRY olgunluguna olan etki ve 6nem dereceleri belirlenmis ve karsilagtirmigtir. Bu ¢alisma, yapim firmalarinda KRY
olgunluk diizeylerine iliskin kavramsal ¢ergeveyi irdeleyerek, yapilacak gelecek ¢alismalara 1sik tutmustur.

Anahtar Kelimeler: yapim y6netimi, kurumsal risk yonetimi, kurumsal risk yonetimi olgunlugu, risk yoneticisi.
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Abstract

Addressing the risk management process with a holistic approach, enterprise risk management (ERM) enables efficient business
processes to be carried out. Achieving success in time, cost and quality factors for complex projects in the constantly evolving
construction industry requires systematic and holistic management approaches. In the management process of the construction
projects, managing the possible risks from a holistic perspective is critical to the success and efficiency of the construction
projects. However, in the companies operating in the construction sector, the transition steps from project-level risk management
to corporate risk management have just begun and the level of maturity has not yet been reached.

In this context, the main purpose of this study is to reveal the effect of the existence of the risk manager and corporate risk
managament structuring on the corporate risk management maturity level of the construction companies. For this purpose, six
main factors (stability of the board and senior management, having corporate risk management, risk identification, analysis and
response, integrating corporate risk management into business processes, setting targets, and sufficient resources) are obtained
as a result of a comprehensive literature review and a survey field study was organized. The data were analyzed with descriptive

*1Sorumlu yazar adres, mail ve telefon bilgileri (sadece ilk sayfada olacaktir) / Corresponding author address, mail and telephone (only on the
first page)

Doi: 10.21541/apjes.579463


http://apjes.com/

T ERCAN

Academic Platform Journal of Engineering and Science 8-3, 439-449, 2020

statistics and ANOVA analysis methods. As a result of the study carried out, the effect of the presence of the risk manager on
the maturity level of corporate risk management in the construction companies and the impact and importance levels of the basic
factors on the maturity of ERM were determined and compared. This study shed light on future studies to be done by examining
the conceptual framework regarding ERM maturity levels in production companies.

Keywords: construction management, enterprise risk management (ERM), enterprise risk management maturity, risk manager.

1. GIRIiS

Kurumsal risk yonetimi (KRY) ile ilgili 1995 yilindan bu
yana yapilan tanimlamalarda KRY’nin risk analiz
stireclerindeki etkisine, stratejik ama¢ ve hedeflere
ulagmadaki roliine, maliyet planlamalari ile firma ve paydas
degerleri iizerindeki etkisine ve biitlinciil bir yaklasim
olusuna vurgu yapilmistir. Tiim tanimlar arasindan COSO
(Committee of Sponsoring Organizations) modelinin tanimi
en kapsamli KRY tanimi olarak nitelendirilebilir, bu tanima
gore KRY:

‘bir kurulugun iist yoneticilerinden ve ¢alisanlarindan
etkilenen, kurumsal bir stratejiyle uygulanan, kurulugu
etkileyebilecek  potansiyel  olaylart  tamimlama  i¢in
tasarlanan, risk alabilme sinirlart él¢iisiinde riskleri yoneten
ve kurulusun hedeflerine ulasma basarisini gézeterek makul
giivence saglayan siirectir.” [1].

Son zamanlarda terkedilen bir yaklasim olan geleneksel risk
yonetimi, firmayr risklerin ters etkilerinden korumay1
amaclamaktadir. Buna karsin KRY ise, firmanin genel
stratejisinin bir pargast olur, firmanin riske dayali karar
mekanizmalarin1 6ziimsemesini saglar ve piyasa degerini
artirarak risk yOnetim siirecini gergeklestirir. Ayrica,
risklerin kategorize edilerek ele alindigi geleneksel risk
yonetiminin aksine KRY, ¢esitlilik iceren riskleri entegre
ederek biitiinciil bir sekilde ele alir ve siireglere entegre eder.
COSO (2004) tarafindan olusturulan KRY ¢ercevesinde
KRY temel unsurlar1 olan i¢ ¢evre, hedeflerin belirlenmesi,
olay tanimlamasi, risk degerlendirmesi, risk tepkisi, kontrol
faaliyetleri, bilgi ile iletisim ve gdzlemleme unsurlar1t KRY
stirecini dzetleyen basamaklardir [1].

KRY siirecinde, KRY’nin sundugu biitiinciil yaklasimla,
riskler tanimlanir, risk toleransi géz 6niine alimarak uygun
tepkiler lizerine yogunlagilir, karar verme mekanizmalari
iyilesir ve firma i¢indeki tiim birimlerde genel bir risk
yonetimi farkindaligi olusturulur [2]. Bir diger yandan, KRY
uygulamalarinin proje siireglerine ve firma faaliyetlerine
etkilerinin de belirli araliklarla 6l¢iilmesi ve kontrol edilmesi
gerekmektedir.

Zaman, maliyet ve kalite yonetim siireglerini igeren
karmasik bir planlama agina sahip yapim projelerinin
dongiisii i¢inde yapim firmalarinin risklerle karsilagmasi
kaginilmazdir. Bu planlamalarin istenilen diizeyde ilerlemesi
icin yapilan risk yonetim faaliyetleri cogu firma tarafindan
proje diizeyinde ele alinmaktadir [3]. Ancak proje diizeyinde
kalan geleneksel risk yonetim siiregleri degisen piyasa
kosullarinda 6nemli noktalarin gozden kacirilmasina [4],
zaman, maliyet ve kalite kayiplarina sebep olarak proje
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stireclerine zarar vermektedir. Bu ylizden yapim firmalarinda
risk yonetim siireglerinin sadece proje diizeyinde degil,
kurumsal anlamda orgiitin her alanina yayilan, daha
biitiinciil yaklagim olan KRY ile yonetilmesi siirdiiriilebilir
firma performansi i¢in bir gerekliliktir [5].

Farkli risk gruplariyla yiizlesmenin olast oldugu yapim
sektoriinde KRY konusunda yapilan ¢alismalarin sayisinin
siirlt olmasi ve yapim sektoriindeki firmalarinin KRY
olgunluk diizeylerinin incelenmesinin ve bu konudaki
eksikliklerinin saptanmasit noktasinda bir farkindalik
olugturmasi bu ¢alismanin temel amacidir.

Bu ¢alismanin temel hipotezi ise, etkili KRY siiregleri i¢in
gerekli bir etmen olan risk yoneticisin varliginin yapim
firmalariin KRY olgunluk diizeyine de olumlu etki
edecegidir. Bu baglamda bu ¢alisma 6 anahtar KRY faktorii
ve anahtar faktorlerin 16 alt parametresi ele alinarak
belirlenecek KRY olgunluk diizeyine risk yoneticisinin
varliginin etkisini incelemek amacindadir. Bir diger yandan,
KRY vyapilasma diizeyleri, KRY olgunlugu ve risk
yoneticisinin varligiyla iliskileri de incelenerek KRY
olgunluguna etkisinde 6ne ¢ikan faktorler ve parametreler
arastirilacaktir.

2. RiSK YONETIMINE YENi BIiR PERSPEKTIF:
KURUMSAL RiSK YONETIMIi(KRY)

2.1. Kurumsal Risk Yoénetimi Yaklagim

Literatiirdeki  birgok  ¢aligma, kurumlarin  stratejik
hedeflerine ulagmasi, risklerin analizi, 6lgiilmesi ve tepki
verilmesi, tehditlerin degerlendirilmesi ve yeterli risk istahi
icinde olarak firsatlardan yararlanilmasi, sirket degerinin
artmasi, maliyet/fayda analizlerinde KRY ’nin roliine vurgu
yapmaktadir. Literatiirdeki KRY tanimlarinda ise biitlinciil
bir yaklagim olusuna siklikla deginilmistir, bunun yani sira
KRY’nin is siireglerine etki edis sekilleri ve potansiyel
faydalarina odaklanan galigmalar da dikkat ¢ekmektedir.
Literatiirdeki KRY tanimlamalarini dort temel baslik iginde
ele almak uygun olacaktir.

2.1.1. KRY’nin risk analiz
iizerinden tanimlanmasi

siireclerindeki etKkisi

Holton (1996), KRY’yi risklerin analiz siirecini optimize
etmekle ilgili bulurken [6], Deragon (2000) KRY’yi
varyasyonlar1 en aza indirgemek, dogustan gelen riskleri
azaltmak ve pozitif sinerjileri artirmak igin sistematik
iligkileri yOnetmeyi amaglayan bir yaklagim olarak
tanimlamaktadir [7]. ISO 9001 standartlarinda bir
organizasyonu riskle ilgili yonlendirmek ve kontrol etmek



T ERCAN

i¢in gergeklestirilen koordineli faaliyetler olarak tanimlanan
risk yonetimi, ‘Risk and Insurance Management Society’ ise
orgiit hedeflerinin oncelikli olarak ele alinmasini
vurgulayarak, risk tabani c¢ercevesinde olusturulan risk
portfoytinii hedeflere ulagsmada bir destek sistemi olarak
yoneten stratejik bir is disiplini oldugu belirtilmektedir.

2.1.2 KRY’nin stratejik ama¢ ve hedeflere ulasmadaki
rolii iizerinden tanimlanmasi

Banham (1999), KRY nin hedefinin firma faaliyetlerinden
kaynaklanan riskleri tanimlamak, analiz etmek, 6lgmek ve
karsilagtirmak oldugunu belirtirken [8], Miccolis (2000)
KRY’yi stratejik hedeflere ulagilmasini tehdit eden riskleri
degerlendiren titiz bir yaklagim olarak tanimlamaktadir [9].
IIA (2001) ise daha genel bir tamimlama yaparak, bir
organizasyonun stratejik ve finansal hedeflerinin bagarisini
etkileyen girisimci ve yonetimsel yaklagimin kurumsal risk
yonetimi oldugunu savunmaktadir[10].

2.1.3. KRY’nin maliyet planlamalari, firma ve paydas
degerleri iizerindeki etKisi iizerinden tanimlanmasi

Firmalarin finansal raporlarinda KRY nin firma ve paydas
degerleri lizerinde etkisi, literatiirdeki KRY
tanimlamalarinda yer edinmistir. KRY, stratejiyi, siirecleri,
insanlari, teknoloji ve bilgiyi bir araya getirerek biitlinciil ve
ileriye doniik bir yaklasim gercevesinde isletmenin degerini
yiikselten bir yaklagimken, Tillinghast Perrin’e (2001) gore
KRY, risklerin tehdit ve firsat olarak algilanarak
degerlendirilip ticari amaclarin gerceklestirilmesine yon
veren bir sistemdir [11]. D’archy ve Brogan (2001) ise ticari
amagclar1 biraz daha Ozellestirerek organizasyonlarin
paydaslarina deger katmak amaciyla riskleri tespit etme,
kontrol etme, finanse etme ve gozlemleme siirecini KRY
olarak tanimlamaktadir [12].

2.1.4. KRY’nin biitiinciil bir yaklasim olusu iizerinden
tamimlanmasi

Organizasyonlarin risklerinin yonetilmesinde rol alan
KRY’nin biitiinciil yaklagimi, Dickinson [13], Harrington
[14], Barton [15] ve Liebenberg ve Hoyt’un [16] KRY
kavramlarinda deginilen nokta olmustur. Silo yaklagiminin
tersine biitiinlesmis ve tanimlanmuis, stirekli ve kapsamli,
sistematik ve entegre edilmis, daha saldirgan ve stratejik
KRY’yi tanimlamada kullanilan anahtar kelimeler olmustur.

2.2. Geleneksel Risk Yonetiminden Kurumsal Risk
Yonetimine Gegcis

21. yiizyildan itibaren finansal kurulus ve ortakliklarda KRY
anlayisina verilen destek ve KRY kullanicilarin sayisi
artmistir. Ozellikle kiiresel kriz donemlerinde risklerin
diizgiin tanimlanmasi, analizi ve yonetimine olanak saglayan
KRY anlayisi 6nem kazanmig, diinya capinda pek c¢ok
kurulus basarisizlik ya da finansal zorluk dénemlerine girisi,
diizenli bir risk yonetim sistemine sahip olmadiklarina
baglanmistir [17].
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Geleneksel risk yonetimi firmayi risklerin ters etkilerinden
korumay1 amaglarken, KRY firmanin genel stratejisinin bir
pargast olur ve firmalarin riske dayali karar mekanizmalarini
Oziimseten bir yaklagimla, firma hisselerinin de deger
kazanarak risk yonetim siirecini gergeklestirir.

Tablo 1 Geleneksel Risk Yonetimi ve Kurumsal Risk
Yonetimi Ozellikleri [31]

GELENEKSEL RiSK YONETIMi | KURUMSAL RiSK YONETIiMi

Zayif yapilasma, merkezilesme
ve resmilesme

Ayrik risk kategorilerinin
olusturulmasi

Gliglii yapilagsma, merkezilesme
ve resmilesme

Biitlinciil risk kategorilerinin
olusturulmasi

Risklerin tanimi, analizi ve
tepkisinin organizasyon
geneline yonelik
gerceklestirilmesi

Biitlinciil perspektif ve
entegrasyon

Riski minimize etmenin yani
sira potansiyel firsatlari
girisimci tavirda bulunma

Risklerin tanimi, analizi ve
tepkisinin ayr1 fonksiyon ve
departmanlara yonelik
gerceklestirilmesi
Silo-tabanli perspektif

Kot finans senaryolarina karsi
savunmaci/ korumaci tavirda
bulunma

Tablo 1’de geleneksel risk yonetimi ile kurumsal risk
yonetimi  anlayiglarinin  karsilastirilmast  yapilmistir.
Geleneksel risk yonetimi yapilasma, merkezilesme ve
resmilesme anlaminda zayif kalirken, KRY’de giiclii
yapilagsma, merkezilesmis ve resmilesmis bir ¢erceve vardir
[31]. Silo tabanli, departmanlara yonelik risklerin kategorize
edilmesi, tanimi, analizi ve tepkisinin verildigi bir yaklagim
olan geleneksel risk yonetimin aksine, KRY organizasyon
geneline yonelik biitiinsel bir risk yonetim siireci Onerir.
Geleneksel risk yonetiminde risklerle karsilasildiginda
biiriiniilen savunmaci ve korumaci tavir, koti finans
senaryolarina ve sonuglarina sebebiyet verirken, KRY
siireglerinde riskler minimize edilerek ve sadece tehdit
olarak  algilanmayip  potansiyel  firsatlar ~ olarak
degerlendirilerek yonetilir.

2.3 Kurumsal Risk Yonetimi (KRY) isleyisi

KRY’nin firmalarda adaptasyonu ve isleyisi, yasalara
uygunluk ve kurumsal yonetim gerekliliklerini sart
kosmaktadir [18]. Amerika Birlesik Devletleri'nde bu
gerekliliklerin kurallarim1  diizenleyen New York Stock
Exchange ve Sarbanes- Oxley Act gibi kuruluglarin yaninda
zorunlu olmayan raporlar1 ve yonetim pratiklerini kiyaslama
ve halkin baskisiyla olusturulug standartlar COSO KRY
cergevesinde bir araya getirilmistir [19].

Sekil 1’de COSO’nun KRY c¢ergevesi yer almaktadir.
COSO’nun KRY gergevesi; risk unsurlari, kurum igindeki
birim bilesenleri ve kurumun stratejik ama¢ ve hedefleri
olmak iizere iic boyuta sahiptir. Dahili c¢evre, hedeflerin
belirlenmesi, risk degerlendirmesi, risk tepkisi, kontrol
faaliyetleri, bilgi ve iletisim ve gozlemleme ise KRY nin
temel unsurlar1 olarak yatay siitunda yer almaktadir.



T ERCAN

Risk Ydnetimi Hedefleri

P
= &£ «-f =
[ Dahili Cevre

Hedeflerin Belirlenmesi

Risk Unsurlan

Kurum & Birim Diizey
Bilegenleri

Sekil 1 COSO Kurumsal Risk Yonetimi (KRY) Cercevesi

Kurum igindeki birim bilesenlerinin sayist kurumlarin
organizasyonel yapisina gore degismekte olup, risk yonetimi
hedefleri de kurumlarin stratejik amag¢ ve hedeflerine goére
sekillenerek KRY ¢ergevesinde yerlerini almaktadir.

Yasa ve yoOnetmelikler, tiim bir endiistri igin asgari
standartlar1 olusturmak igin tasarlanmus kiilt araglardir,
ancak her zaman en iyi uygulamalar1 temsil etmemektedir.
Yasa ve yonetmeliklere uyum, herhangi bir risk yonetim
programinda 6nemli bir hedeftir, ancak bunun KRY basarist
icin gerekli ancak yetersiz bir kosul oldugu g6z Oniinde
bulundurulmalidir.

Gelismis KRY siire¢leri platformunu olusturan 4 gereksinim
vardir [20].

Birincisi, stratejik hedeflerin ve organizasyonun gerektirdigi
aktivitelerin gerceklesmesine yonelik bir risk yonetim plant
olmalidir [20].

Ikincisi, risk ydnetim siireglerini destekleyen ve yon veren
kaynaklarin tanimlanmasi ve gerekli kaynaklarin tedarik
edilmesi, sorumlu ve otoritelerin gorev tanimlarinin
yapilmast, iist yonetimin kararliliginin ana hatlarini ¢izen bir
planlama ve kaynak varligi gereklidir.

Uciinciisii, risk yonetim programlarimin uygulamasini iceren
siire¢ler belirtilmelidir.

Dardiinciisii ise, risk yonetim programlarinin uygunlugunun
ve verimliliginin degerlendirilebilmesi igin ydnetimce ve
periyodik olarak gbdzden gecirilmesi bir rutin haline
getirilmelidir [20].

Kurumsal risk yonetiminin gerekliliklerinin saglandig
durumlarda bile uygulamaya geg¢mek kolay degildir.
Kurumsal risk yonetimi, uygulamalarinda esnek orgiitsel
yap1 biiylikk 6nem tasimaktadir, KRY anlayisinin firma
tarafindan benimsenmesi énemlidir. Ust diizey yoneticilerin
risk yonetimi uygulamalarini desteklemesi, bir risk yonetimi
plan1 gelistirmesi, yeterli risk yonetimi bilgi diizeyine sahip
olmast KRY anlayiginin yerlesmesini kolaylagtirir [21].
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Teknolojinin gelismesi, fazla miktarda hesaplama giicii
gerektiren kurumsal risk yonetimi i¢in dnemli bir dis anahtar
etmen olmustur. Gelisen teknoloji aracilifiyla, risklere,
risklerin olasiliklarina, kesinlik derecelerine gore risklere,
risklerin dogru Olciimiine ve risklerin birbirine baglilik
durumlarina ulagilabilmektedir.

Bagarili kurumsal risk yonetimi programlari, gelismis
finansal stabilite, gelismis karar verme mekanizmasi, artan
sorumluluk yonetimi, rekabet avantaji, kaynaklarin verimli
kullanimi ve projelerin kontroliinde gelismislik saglar [22].

3. Yapim Sektoriinde Kurumsal Risk Yonetimi (KRY):
Literatiir Taramasi

Yapim sektort, icerdigi riskler bakimindan, proje diizeyinde
degil daha biitiinciil bir risk yonetim yaklagimina ihtiyac
duyar. Bu ihtiya¢ dogrultusunda yapim firmalari, kurumsal
risk yonetimi adaptasyon siirecinde olmast gereken birincil
sektordiir.

Tablo 2 Yapim Sektérinde KRY Alaninda Yapilan
Calismalar

YAZAR TARIH | KONU ?\{/IONTE
Zhao, Hwangve | 2013 KRY kritik bagari Nicel
Low faktorleri
Zhao, Hwangve | 2013 Bulanik KRY Olgunluk Nicel
Low Modeli Gelistirme
Zhao, Hwangve | 2014 KRY Uygulamalari Nicel
Low
Zhao 2014 KRY Olgunlugunu Nicel
Inceleme
Salawu ve 2015 Risk yonetimi Nicel
Fadhlin olgunlugunu
degerlendirme
Serpell vd. 2015 Yapim firmalarinda risk Nitel
yonetimi pratiklerini
inceleme
Zhao vd. 2015 KRY Etmenleri ve Nicel
engelleri
Zhao, 2016 KRY bilgi tabanli karar Nitel
Hwang ve Low destek sistemi
Renault, Agumba | 2016 KRY etmen ve zorluklar1 | Nitel
ve Balogun
Zhao ve 2016 Firma Karakterinin KRY | Nicel
Singhaputtangkul, Uzerindeki Etkisi
Caiado vd. 2016 Risk Yo6netimi Nitel
Olgunlugu Rehberi
Mazlina ve | 2016 KRY Uygulamalar Nitel
Amirah
Renault, Agumba | 2016 KRY Siiregleri iizerine Nitel
ve Ansary Bir Degerlendirilme
Wibowo ve | 2017 Kamu Ingaat Projelerinin | Nicel
Taufik Miisteri Organizasyonlari
igin Bir Oz
Degerlendirme Risk
Yonetimi Olgunluk
Modeli Gelistirilmesi
Son zamanlarda kurumsal risk yonetimi anlayisinin

yayilmakta oldugu bir sektor olan yapim sektorii, bu alanda
yapilan ¢aligmalarin sayisinin arttigi bir sektdr olmustur.
Literatiirde KRY "nin zorluk ve kolayliklarinin anlagiimasini
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saglayan, KRY basar1 faktorlerini, uygulanma ve olgunluk
diizeylerini ortaya koyan ¢aligmalar yapilmistir (Tablo 2).

Yapim sektoriinde KRY alanindaki ¢alismalar, konu olarak
KRY olgunlugu, KRY uygulamalari, KRY etmen ve
zorluklar1 ve modeller gelistirerek gerceklestirilmistir.

Salawu ve Abdullah tarafindan 2015 yilinda Nijerya’daki
federal otoyol yapimi yiiklenici firmalarinin risk ydnetim
kabiliyetlerini 6lgmeye yonelik yapilan arastirmada
miiteahhitlerin risk yonetim kabiliyet diizeyinin heniiz
olgunlagsmamis oldugu sonucuna varilmstir.

Serpell vd. (2015) ise insaat firmalarinda risk yonetimi
hakkinda bilgi yetersizligi oldugunu 6ne stirmiislerdir. Bilgi
eksikligi konusunda bir farkindalik yaratmanin ve risk
yonetimi konusundaki bosluklart tespit etmenin ve
gelistirmenin ancak risk yonetimi konusundaki bilgi
yonetimini  her  projede  sistematik  bir  sekilde
gergeklestirerek miimkiin olacaginin vurgusu yapilmistir

[23].

Yapim firmalarinda son yillarda artan KRY konulu
arastirmalar, KRY uygulamalarim1 inceleme, KRY
olgunlugu analizi yapma, KRY olgunluk analizleri {izerinden
one c¢ikan faktorleri belirlemeye yonelik olmustur.
Caligsmalarin bir kisminda da modeller iiretilip, modeller
iizerinden ¢ikarimlar yapilmistir. Yapilan aragtirmalarin
sonuglarina gore yapim sektoriinde KRY anlayisinin yeni
yeni yerlestigi, heniiz yeterli olgunluga ulagsmadig1 ve bilgi
eksikliklerinin mevcut oldugu belirlenmistir.

4. Yapim Sektoriinde Kurumsal Risk Yonetimi
Olgunlugu
Kurumsal risk yonetimi olgunlugu (Enterprise Risk

Management  Maturity), kurumsal risk  yOnetimi
uygulamalarinin kapsamliligini yansitarak, degerlendirme
stirecinde uygulamanin giiglii ve zayif yonlerini meydana
cikararak, ele alinmasi gereken zayif noktalarin
iyilestirilmesi konusunda yonetici ekibe yol gosteren bir
yaklagimdir [24]. Agirlikli olarak bankacilik, finans ve
sigorta gibi sektorlerde rastladigimiz KRY anlayisi yapim
sektoriinde faaliyet gosteren firmalarda yeni yerlesmeye
baslayan bir anlayistir. Oysaki, birden fazla disiplinle birlikte
yiiriitillen ¢ok paydash bir siire¢ olarak ingaat projelerinin
KRY adaptasyonu konusunda onciil olmasi beklenmektedir
[22]. Yapim sektoriindeki karmasik is siireglerinin etkili ve
verimli bir sekilde yiiriitiilmesi i¢in olgun ve tam yapilagmis
KRY sistemi dnemli bir gereklilik haline gelmistir. Ancak
yapilan ¢aligmalar incelendiginde yapim firmalarinda KRY
olgunlugu ve KRY bilgi diizeylerinin diisiik oldugu
goriilmektedir [23].

4.1 Kurumsal Risk Yonetimi Olgunluk Modelleri ve
KRY Olgunlugu Alaninda Yapilan Caliymalar

Kurumsal risk yonetimi (KRY) konusunda diger sektorlerde
pek ¢ok calisma yapilmasina ragmen insaat sektoriinde bu
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say1 ¢ok azdir. Literatiirden farkli sektorlerde kurumsal risk
yonetimi konusunda yapilan c¢aligmalar {izerinden yapim
sektoriine yonelik KRY olgunluk modelleri gelistirildigi
anlagilmaktadir. Bu c¢aligmalar vaka analizleri yapilarak,
modeller iizerinde calisilarak gergeklestirilmis ve olgunluk
diizeyine etki eden faktorler 6ne ¢ikarilmistir.

Yapim firmalarinda yeni tercih edilmeye baglanan kurumsal
risk yonetimi yaklagimiin, ana ¢er¢eve olarak heniiz
tamamlanmamig oldugu yapilan ¢aligmalarin sonuglarindan
biridir. Malezya’da yapilan bir vaka g¢alismasina gore ele
alman 18 ingaat firmasinin heniiz 9 tanesinin tam olarak
kurumsal risk yonetimi yaklasgimini benimsedigi ve
uygulamaya koydugu goriilmektedir [2].

Goyannes ve Caiado (2016) c¢alismasinda yapim
firmalarinda, KRY olgunluk modellerinin uzmanlarca
bilinilirligini  6lgmiis ve KRY olgunluk diizeyini
tanimlamada en ¢ok One ¢ikan dort unsur belirlenmistir.
Buna gore iist yonetim destegi, risk yonetimi bilgisi, acil
eylem plan1 ve paydagslarla iletisim iizerinden yapim
firmalarinda risk yonetim olgunluk diizeyi 6l¢gme olanagi
saglayan yeni bir model gelistirmislerdir[25].

Bir baska c¢aligma, kurumsal diizeyde olmasa da insaat
firmalarinda var olan risk yonetiminin olgunlugunu 6lgmeye
yonelik Endonezya’da gerceklestirilmistir. Caligmada 6z
degerlendirme modeli gelistirilip Caldeon ve Pero (2013),
Cienfuegos (2013) ve Ciorciari ile Blattner’in (2015)
kullandig1 olgunluk seviyesi 6lgiitlerinden faydalanmuistir.
Delphi ve AHP yontemleriyle yiiriitiilen ¢alismada, kamu
ingaat projelerinin miisteri kuruluslar1 i¢in risk yonetim
olgunlugunu, organizasyonel kiiltiir, risk yonetimi siiregleri,
kaynaklar1 ve uygulamalar1 olmak iizere dort boyutta ele
almmistir. Calismanin sonucunda insan faktoriiniin ve
organizasyon kiiltlirliniin 6ne ¢iktig1 goriilmiistiir [26].

Yapim firmalarimin kurumsal risk yonetimi olgunlugu
konusunda ¢aligmalariyla 6ne ¢ikan Zhao, literatiirden elde
ettigi 16 temel kriterle yapim firmalarmin olgunluk
diizeylerini belirlemistir. Zhao, KRY olgunlugunun firma
biiyiikligiiyle pozitif iligkili oldugu ve de KRY olgunluk
diizeylerini artirmaya yonelik hem teknolojik uygulamalara
hem de yonetimsel yapilanmalara Onem verilmesinin
gerekliligi vurgulanmistir [24].

Zhao (2014) sonraki caligmasinda 16 KRY olgunluk
faktoriinii etki derecesine gore siralamis ve etki derecesine
gore en yiksek alti faktorii anahtar faktor olarak
isimlendirmistir[24]. Alt1 anahtar faktor soyle siralanabilir;

e FOl: Yonetim Kurulu ve ist diizey yonetimin
kararliligi
o KRY01 Ust diizey yonetimin KRY
uygulamalar1 konusunda siirekli, kararli ve
tesvik edici olmasi,
o KRY02 Ust diizey yonetimin KRY
uygulamalar1 ve yenilikleri caliganlar
stirekli olarak bildirmesi
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e F02: Kurumsal risk yonetimine sahip olma
o KRY03 Firmanin KRY uygulamalarini
gerceklestirme  sorumlulugunu alarak,
miigteri ve yatirimcilarina giiven vermesi
o KRY04 KRY uygulamalarinin gelistirilmesi
konusunda {ist diizey yoneticilerle direkt
ve silirekli olarak iletisim iginde
bulunulmasi
e FO5Yeterli kaynaklar
o KRYO05 KRY programlarina yeterli biitce

ayrilmasi

o KRY06 Uzmanlagmis KRY grubuyla KRY
uygulamalarinin ileri seviyede
gerceklestirilmesi

o KRYO07KRY siireglerinin yeterli sayida arag

ve ¢alisan ile ytiriitiilmesi
e F06: Risk tamimlama, analiz ve tepkisi

o KRYO08 Risk kaynaklari, riskin sebepleri ve
potansiyel etkilerinin kapsamli olarak
tanimlanmasi

o KRY09 Nicel risk yonetim araglar1 ve
tekniklerinin kullanilmasi

o KRY 10 Kurumsal strateji, riskin 6nemi, risk
toleranst ve kaynak mevcudiyeti goz
Ontine alinarak uygun tepkilerin verilmesi

o KRY11 Tammlanan riskler arasindan
anahtar  risklerin  segilerek  gelecek
hedeflerde yol gostermesi agisindan KRY
uygulamalari tarafindan siklikla
belgelenmesi.

e Fl4:ds siireglerine kurumsal risk ydnetiminin
entegre edilmesi

o KRY12 Giinliikk yonetim ve ig siire¢lerinin

her agamasina KRY 'nin entegre edilmesi

o KRY13 Is siireglerinde ~ KRY’nin
uygulanma diizeylerinin siirekli olarak
kontrol edilip, degerlendirilip, eksik

noktalarin geligtirilmesi
e  F15:Hedeflerin belirlenmesi
o KRY14 KRY programlarimin gidisatina yon
veren hedeflerin dnceden belirlenmesi
o KRY15 Olast bir hedef degisikliginin KRY
programina yansitilmasi
o KRY16 Formiile edilmis ve yaziya
dokiilmiis bir demegle hedeflerin net
sekilde anlagilmasinin saglanmasi [24].
KRY olgunlugunu etkileyen 6 anahtar faktér, yapim
firmalarinda KRY olgunluk diizeyini 6lgen ve KRY
olgunlugunda risk yoneticisinin rolii ile KRY yapilagmasi
arasindaki iligkileri inceleyen bu aragtirmanin temelini
olusturmustur.

5. METODOLOJI
5.1. Arastirmanin Tasarim ve Kavramsal Altyapisi
Bu c¢alisma, iligkileri kesfetmeye yonelik nicel bir

arastirmay1 kapsamaktadir. Temel aragtirma hipotezlerinin
test edilmesi i¢in gerekli veriler anket alan ¢aligmasiyla elde
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edilmistir. Verilerin analizinde PASW-Statistics programi
kullamlmustir. Veriler, betimsel istatistikler ve  ANOVA
analiz yontemleri kullanilarak degerlendirilmistir. Elde
edilen bulgularla baglantilar ve iliskiler test edilerek
bulgularin giivenilirligi ve gegerliligi belirlenmistir (Sekil 2).

o[  Problemin tammlanmasi
Amaglarin belirlenmesi

!

N s\lil‘\'lll manin kﬂ\‘lillllﬂﬂl
gergevesinin kurulmasi

!

1. Literatiir aragtirmasi

2. Kavramsal kurgunun
modellenmesi ve test H Veri toplama l— Anket alan ¢aligmasi
edilmesi
Iliskilerin ve baglantilarin
3. Bulgula vecerliligininl e Analiz yontemleri
3. Bulgularin ggu‘hh_mu = test edilmesi [—
ve giivenilirliginin M
belirlenmesi

Sekil 2 Arastirmanin Tasarimi ve Uygulamasi
5.2. Arastirmanin Kavramsal Altyapisi

Kurumsal risk yoneticisi varligimin KRY olgunluguna
etkisini ve bu iki etmenin KRY yapilagsma diizeyiyle
iligkisini incelemek arastirmanin kavramsal altyapisin
olusturmaktadir (Sekil 3). Risk yoneticisinin varligi, atanmig
bir risk yoneticisinin olusu, olmayisi ve farkli departman
altinda aym1 gorevi goriiyor olusu olmak iizere {i¢ temel
durum tizerinden degerlendirilmistir [16]

KURUMSAL RiSK YONETICISININ KRY OLGUNLUGUNU ETKILEYEN
VARLIGI _ ANAHTAR l-.\l\l()kl.f.k
- Atanmus bir risk yoneticisinin olmas - Ust duzey yonetimin kararlh
- Farkli departman altinda aym gorevi T Risk Tanimlama analiz ve tepkisi
goriiyor olmast - I!cdcﬂcxln belirlenmesi )
- Atanmug bir risk yoneticisinin olmamasi % '\v"“"_"“y'l risk yonetimi varhg
- KRY 'nin ig stireglerine entegre edilmesi
- Yeterli kaynaklar
Liebenberg & Hoyt : G 3 Zhao : 1
1 T 1 T
+ 1 +
KRY YAPILASMA OLCUTLERI
- Yapilagmig bir KRY sistemi meveut olmasi
- Kismen yapilagmig bir KRY sistemi meveut olmasi
- KRY yapilagmasi planlama siirecinde olmasi
- Uygulanabilir bir KRY konsept ve uygulama aragtirmasi
yapilmasi
- Planlanan bir KRY yapilagmasinin olmamasi

Beasley

Sekil 3 Arastirmanin Kavramsal Altyapisi

Yapilagmis bir KRY sisteminin olmasi, kismen yapilagmis
bir KRY sisteminin olusu, KRY nin planlanma siirecinde
olusu, uygulanabilir bir KRY konseptinin arastiriliyor olugu
ve planlanan bir KRY yapilasmasinin olmayisi KRY
yapilasma  Olgiitlerini  olusturmaktadir [27]. KRY
olgunlugunu 6l¢iimii ise Zhao (2013)’nun 6 anahtar faktorii
iizerinden gerceklestirilmistir [28].

5.3. Anket Alan Calismasi

Risk yoneticisinin varhigimin kurumsal risk yOnetimine
etkisini ve KRY yapilagmasiyla iligkisini inceleyen arastirma
icin anket alan caligmasi gerceklestirilmistir. Anket, dort
boliimden olusmaktadir. Birinci boliim, katilimeiyla ilgili
bilgi edinme amagl sorular1 igermektedir. Tkinci boliim,
firmayla ilgili bilgilerin edinildigi boliimdiir. Ugiincii béliim,
firmanin KRY varligy, risk yonetim siireci, risk yoneticisinin
varligi1 ve KRY yapilasma diizeyi ile ilgili sorular1 iceren



T ERCAN

bolimdiir. Doérdiincii bolim KRY olgunluk diizeyini
etkileyen 6 anahtar faktoriin 16 parametresinin KRY
olgunluguna olan etkisi inceleyen boliimdiir.

5.4. Orneklem

Tiirk Miiteahhitler Birligi’'ne liye olan yapim firmalarinin
calisanlarina  LinkedIn iizerinden ulastirilan  anket
araciligiyla yapilan ¢alisma, 24.12.2018 — 06.02.2019
tarihleri arasinda gerceklestirilmistir. 670 kisiye ulastirilan
anket alan ¢aligmast, 95 kisinin yanitiyla sonuglanmis, geri
doniis orant %14 olarak belirlenmistir.

5.5 Arastirma Verilerinin Analizi ve Yorumu
5.5.1 Betimsel Istatistikler

Anket Katilimcilarimin Demografik Ozellikleri

Yapim firmalarinda gorev alan 95 kisinin katilimiyla
gerceklestirilen anket sonuglarma gore, katilimcilarin
%4,2’sinin yas1 25’ten kiigiik, %58,9°u’sinin yast 26-39 yas
araliginda, %35,8’inin yas1 40-59 yas araliginda iken, %1,1’i
60 yas ve ilizerinde oldugu tespit edilmistir. Katilimc1 grubun
geng ve orta yas grubunda oldugu goriilmiistiir (Tablo 3).

Tablo 3 Anket Katilimcilarinin Demografik Ozellikleri

SIKLIK %

'Yas

25'ten kiigiik 4 4,2
26-39 56 58,9
40-59 34 35,8
60 ve tstl 1 11
Egitim durumu

Lise 1 1,1
(Universite 58 61,1
'Yiiksek lisans ve tistii 36 37,9

Katilimeilarin firmalardaki pozisyonlari ingaat miihendisi,
proje midiiri, kurumsal risk koordinatérii, planlama
miihendisi, risk yOnetimi mihendisi, proje kontrol
miihendisi, teknik ofis yOneticisi, yapim ydneticisi, genel
miidiir, list dlizey yonetici finansal kontrol ve raporlama
miihendisi, proje koordinatorii, sdzlesme yoOneticisi ve
yonetim kurulu iiyesidir.

Firmalardaki kurumsal risk yonetimi (KRY) varligt
Firmalarin KRY varligin1 6grenmek tizere yoneltilen soruya
katilmeilarin %57,9’u evet olarak, %42,1 i hayir olarak
yanitlamistir (Tablo 4).

Tablo 4 Firmalardaki KRY Varligi

KUMULATIF
SIKLIK| YUZDE | GECERLI YUZDE YUZDE
Hayir 40 42,1 42,1 421
Evet 55 57,9 57,9 100,0
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Firmalarin KRY yapilasma diizeyleri

Anket verilerine gore firmalarmm %24,2’si yapilagmis bir
KRY sistemine sahiptir. Kismen yapilasmis KRY sistemine
sahip firmalarin orani ise %8,4 olarak Olciilmiistiir. KRY
yapilagmasi planlama siirecinde olan firmalarin oran1 %14,7
iken uygulanabilir bir KRY konsept ve uygulama arastirmasi
yapan firmalarin oran1 %29,5’tir. Katilim gosteren firmalarin
%23,2’sinde ise planlanan bir KRY yapilagsmasi yoktur
(Tablo 5).

Tablo 5 Firmalarin KRY Yapilagma Diizeyleri

GECERLI | KUMULATIF

SIKLIK[YUZDE| YUZDE YUZDE
Yapilasmis bir KRY sistemi| 23 | 242 242 242
mevcut.
K_lsmep yapilasmis bir KRY]| 8 8.4 8.4 326
sistemi mevcut.
K"RY. yapilasmast  planlamal 14 | 147 147 474
siirecinde.
Uygulanabilir bir KRY konsept
ve  uygulama aragtirmasi 28 | 29,5 29,5 76,8
yapiliyor
)I:(l)ell(nlanan bir KRY yapilagmasi 22 | 232 232 100,0

Firmalardaki risk yoneticisi varligi

Firmalarin %38,9’unda atanmus bir risk yOneticisi
mevcutken, %24,2°sinde ayni gorevi yapan farkli bir
departman bulunmaktadir. %36,8’inde ise atanmig bir risk
yoneticisi bulunmamaktadir (Tablo 6).

Tablo 6 Risk Yoneticisi Varligi

GECERLI | KUMULATIF
SIKLIK[YUZDE| YUZDE YUZDE
Atanmis bir risk yoneticisi
— 37 | 389 38,9 38,9
Farkli bir dfpat?man altindal 23 | 242 242 632
lancak ayn1 gérevi yapiyor.
Aéinmls bir risk yoneticisi 35 | 368 36,8 100,0

Firmalarca goz éniinde bulundurulan risk gruplari

Farkl1 risk gruplarina maruz kalindig1 bir sektdr olan yapim
sektoriinde finansal, operasyonel, stratejik ve c¢evresel
risklerden en ¢ok gbz Oniinde bulundurulan risk grubu
finansal risk grubu olmustur. Belirli bir maliyet planlamasi
kapsaminda yiiriitiilen ve piyasa kosullarindan etkilenen is
agina sahip olan yapim sektoriinde faaliyet gdsteren
firmalarin en ¢ok finansal riskleri g6z 6niinde bulundurmasi
kagmilmazdir. Finansal risklerden sonra daha fazla goz
oniinde bulundurulan risk gruplar1 operasyonel ve stratejik
riskler olmustur (Sekil 4). Disiplinler arasi ¢aligmalarin
sergilendigi bir sektor olan yapim sektoriinde operasyonel
risklerin nemi biyiiktiir. Kurumsal risk yonetimin temel
unsurlarindan biri olan hedeflerin belirlenmesi, firma
stratejisine yon vererek bu alandaki risklerin tanimlanmasi,
analizi ve tepkisinin Onemini ortaya koyar. Bu sebeple
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stratejik risklerin géz oniinde bulundurulma firma amag ve
hedefleri agisindan anlamlidir.

B 1 (GokSik) NN 2 3 EE4 S5 (GokNadin)

Finansal riskler Operasyonel riskler

Sekil 4 Firmalarca Goz Oniinde Bulundurulan Risk
Gruplart
KRY uygulamalarimin firmalara sagladig getiriler

Stratejik riskler Cevresel riskler

Anket  katilimecilarmin = cevaplarina  goére  KRY
uygulamalariin firmalara sagladigi getirilere iliskin 6ne
cikan ii¢ temel getiri; proje kontroliinde gelismislik,
kaynaklarim verimli kullanim1 ve gelismis finansal stabilite
olmustur (Sekil 5).

Geligmis Finansal Stabilite 37 (%38,9)

Geligmig Karar Verme

Mekanizmast 35 (%36,8)

Artan Sorumluluk Y&netimi 26 (%27 4)
Proje Kontroliinde Geligmislik 46 (%48.4)
Kaynaklarin Verimli Kullanimi 39 (%41.1)
Rekabet Avantaji 19 (%20)
Diger 17 (%17,9)

Sekil 5 KRY uygulamalarinin firmalara sagladig: getiriler
5.5.2 ANOVA Analizi

Faktor veya faktorlerin istatistiksel olarak anlamli olup
olmadigint belirlemek i¢in deney birimlerinden elde edilen
gozlem degerlerine uygulanan teknige Varyans Analizi
(ANalysis Of VAriance — ANOVA) denir. ikiden fazla grup
durumunda parametrelerin gruplar arasi karsilastirmalarinda
Tek yonlii (One way) Anova testi kullanilir.

KRY olgunluk diizeyine etki eden parametrelerin KRY
yapilagsmasi varligi ile iligkisinin ANOVA analiz sonuglari
Tablo 7 ’de wverilmistir, gruplar arasindaki farki
belirleyebilmek i¢in Tukey testi kullanilarak anlamlilik
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diizeyi p<0,01 alinmistr.

Tablo 7 KRY olgunluk diizeyine etki eden parametreler ve
KRY yapilagmasi varligi: ANOVA Analizi

F SiG.
KRY YAPILA_SMASI

VARLIGI STD.
N | ORTL. | SAPMA

KRY-01 HAYIR[40] 2,332 1,24 29,5] ,00*
EVET |55 363 1,09

KRY-02 HAYIR[40]| 2,25 1,40[ 16,6] ,00*
EVET |55| 3,36 1,23

KRY-03 HAYIR[40] 2,332 1,24 22,41 ,00*
EVET |55| 3,50 1,16

KRY-04 HAYIR[40]| 252 1,32 17,9] ,00*
EVET |55| 3,56 1,06

KRY-05 HAYIR [40] 2,02 1,22 19,9] ,00*
EVET [55] 3,14 1,19

KRY-06 HAYIR [40] 2,05 1,17 22,2] ,00*
EVET [55] 3,27 1,29

KRY-07 HAYIR [40] 2,02 1,16 23,7] ,00*
EVET [55] 3,23 1,21

KRY-08 HAYIR [40]| 2,42 1,12 27,2] ,00*
EVET |55 3,60 1,04

KRY-09 HAYIR [40] 227 1,15 34,8] ,00*
EVET [55[ 354 93

KRY-10 HAYIR [40] 227 1,08 34,2 ,00*
EVET |55 3,58 1,06

KRY- HAYIR[40] 222 1,12 34,9] ,00*
EVET [55] 356 1,06

KRY-12 HAYIR[40] 2,15 1,14 21,2] 00*
EVET [55] 3,20 1,06

KRY-13 HAYIR[40] 222 1,16 [ 24,3] ,00*
EVET [55] 3,40 1,13

KRY-14 HAYIR [40] 2,35 1,12 22,5] ,00*
EVET [55] 3,45 1,11

KRY-15 HAYIR [40] 227 1,21 252] 00*
EVET [55] 350 1,15

KRY-16 HAYIR [40] 2,30 1,20 22,7] ,00*
EVET [55] 350 1,23

[*(p <0,05)

Yapilan ANOVA analizi sonuglar1 tiim parametreler i¢in
KRY yapilagsmas: varligt durumlart arasinda anlamli bir
farklilik bulundugunu géstermektedir (p < 0,01).
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Tablo 8 KRY olgunluk parametreleri ve risk yoneticisinin
varligi: ANOVA Analizi

. P . Py . F SiG.
RISK YONETI_CISININ
VARLIGI STD.
N ORTL. SAPMA
KRY-01 VAR. [37 [2437 1,27 12,9 |,00*
KISMi |23 |[3,13 1,09
YOK |35 |[3,80 1,13
KRY-02 VAR 37 2,13 1,29 13,0 |00*
KISMI |23 [2,95 1,22
YOK |35 |[3,65 1,25
KRY-03 VAR |37 [2,37 1,34 9,8 ,00*
KISMi |23 |3,04 1,14
YOK |35 |[3,65 1,13
KRY-04 VAR. [37 [235 1,27 17,5 |,00*
KISMi |23 [3,21 ,90
YOK |35 |38 1,02
KRY-05 VAR |37 |1,97 1,30 115 |,00*
KISMi |23 [2382 1,02
YOK [35 [331 1,18
KRY-06 VAR |37 |197 1,23 19,5 |[,00*
KISMI |23 [2,60 ,98
YOK |35 |[3,68 1,20
KRY-07 VAR. 14,3 | ,00*
KISMi |23 [2,73 1,13
YOK |[35 [3,48 1,19
KRY-08 VAR |37 [240 1,16 19,0 |[,00*
KISMi |23 [3,00 ,85
YOK |35 |[391 1,01
KRY-09 VAR |37 [229 1,19 15,8 | ,00*
KISMi |23 |3,13 ,96
YOK |[35 |[3,68 ,93
KRY-10 VAR. [37 [237 1,18 135 |[,00*
KISMi |23 [3,00 1,12
YOK |35 |[3,74 1,01
KRY-11 VAR |37 |2,27 1,17 151 | ,00*
KISMI |23 [3,08 1,12
YOK |35 [371 1,04
KRY-12 VAR |37 |213 1,13 13,7 |,00*
KISMi |23 [2,69 1,06
YOK |35 |[345 1,01
KRY-13 VAR. [37 |2,18 1,12 17,2 | ,00*
KISMI |23 [2,82 1,26
YOK [35 [371 ,95
KRY-14 VAR [37 [224 1,16 17,8 |,00*
KISMi |23 [3,04 ,92
YOK |35 |[3,74 1,03
KRY-15 VAR |37 [218 1,19 16,7 | ,00*
KISMI |23 [3,13 1,05
YOK |35 [3,74 1,14
KRY-16 VAR |37 [221 1,20 18,0 |,00*
KISMI |23 [2,95 1,18
YOK |35 |[3,85 1,08
*(p < 0,05)

Tablo 7°de KRY yapilagsmasinin olmadigi durumlarda KRY
olgunluguna etki eden parametrelerin degerleri ortalamanin
altinda  olgiilmiisken; KRY  yapilasmasinin  varlig
durumunda KRY olgunluguna etki eden parametrelerin
ortalama degerlerinin ortalamanin tizerinde ve daha yiiksek
oldugu goriilmiistiir. KRY yapilagmasina sahip firmalar i¢in
16 parametre arasindan etki diizeyi en yiiksek olan {ii¢
parametre ise su sekilde siralanabilir:
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. Ust diizey yonetimin KRY uygulamalari konusunda
stirekli, kararlt ve tesvik edici olmast

. Risk kaynaklari, riskin sebepleri ve potansiyel
etkilerinin kapsamli olarak tanimlanmasi

. Kurumsal strateji, riskin 6nemi, risk toleransi ve
kaynak mevcudiyeti gbz Oniine alinarak uygun tepkilerin
verilmesi.

KRY olgunluk parametrelerinin farklilagmasini, risk
yoneticisinin varligina gore karsilastiran ANOVA analizine
gore ise risk yoneticisinin varligi ve KRY olgunlugunu
etkileyen parametreler arasinda anlamli bir farklilik vardir (p
< 0,05). Tablo 8’ya gore, atanmis bir risk yOneticisi
varliginda KRY olgunluk parametreleri ortalamanin altinda
degerlere sahipken, atanmis bir risk yoneticisi olmamasi
durumunda KRY olgunluguna etki eden parametrelerin
ortalama degerleri daha yiiksek ve ortalama degerin iizerinde
Olclilmiistiir.

Bu iligkiler arasinda etki degeri en yiiksek olarak olgiilen
parametreler;

. Ust diizey yonetimin KRY uygulamalari konusunda
stirekli, kararli ve tesvik edici olmasi
. KRY uygulamalarinin gelistirilmesi konusunda iist

diizey yoneticilerle direkt ve siirekli olarak iletisim iginde
bulunulmast

. Formiile edilmis ve yaziya dokiilmiis bir demecle
hedeflerin net sekilde anlasilmasinin saglanmasi

olmustur.

6. SONUC
Risklerle  kargilasmanin  kaginilmaz  oldugu  yapim
sektoriinde  faaliyet gosteren firmalar icin KRY

uygulamalarint geligtirmek firmalarin siirdiiriilebilir bagarist
icin Onem kazanmaktadir. KRY olgunluk diizeylerini
yiikseltici ve KRY ile ilgili eksik bilgilerin giderilebilecegi
calismalar yapilarak farkindalik saglanmalidir. Bu
caligmalardan elde edilecek bilgiler teknolojik kaynaklarla
da desteklenerek is siireglerinde en yiiksek seviyede fayda
saglanmalidir.

Literatiirde, is siireclerinin ¢ok paydasli yapisina ve kapsami
ve niteligi sebebiyle risklere maruz kalma olasiliginin bir
hayli fazla oldugu yapim sektoriiniin KRY’yi benimsemede
onciil bir sektdr olmasi gerekliligine vurgu yapilmistir.
KRY, firma ve paydas degerlerine katkida bulunan, firma
strateji ve hedeflerine biitiinciil bir yaklagimla yon vererek
etkili risk analiz ve yonetim siireclerine olanak saglayan yeni
bir yaklagimdir.

Bu calisma kapsaminda, yapim firmalarinda KRY olgunluk
diizeyi degerlendirilmis, risk yoOneticisinin ve KRY
yapilagsmasi varliginin KRY olgunluk diizeylerine etkileri
aragtirilmigtir.  Calismanin  temel sonuglart su sekilde
Ozetlenebilir:
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. KRY olgunluguna etkisinde ortalamanin {izerinde
degerler alarak en ¢ok one ¢ikan iki faktor “KRY’ye sahip
olma (F-02)” ile “Risk tamimi, analiz ve tepkisi (F-06)”
olmustur. “KRY’ye sahip olma (F-02)” faktorii, KRY
uygulamalarinin st diizey yonetim ile stirekli iletisim
halinde olarak gelistirilmesini beraberinde getirmektedir.
Ayrica, iist diizey yonetimin KRY uygulamalar1 konusunda
aktif ve istekli olmasi organizasyon igerisinde stirekli
iletisimle KRY uygulamalariin gelistirilerek devam etmesi
KRY olgunlugu i¢in kritik 6nem tagimaktadir. Kurumsal risk
yonetiminin temel unsurlarindan biri olarak nitelendirilen
“risk tanimi, analizi ve tepkisi”, firmanin hedeflerine gore
sekil alan bir siiregtir. Elde edilen sonuglara gore, yapim
firmalarinda hedefler dogrultusunda ve stratejilere uygun
olarak gergeklestirilen risk tanimi, analiz ve tepkisi siireci
firmalarin KRY iglevinin en 6nemli bilesenidir. Arastirmada
temel alinan anahtar faktorlerin altyapisint olusturan
Zhao’nun (2013) calismasinda da risk tanimi, analiz ve
tepkisi en yiiksek etki seviyesine sahip ikinci faktor olarak
belirlenmistir [28]. Kuruluslarin, kurumsal risk yonetimini
hedef ve amaglarina uyarlayarak riskleri tanimlamasi,
degerlendirmesi, tepki vermesi ve gozlemleyerek ilgili
boliimlere rapor etmesi KRY’nin temel unsurlarini
olusturmaktadir (GAO) ve kurumsal firmalarda basariy1
yakalamada kritik bir faktordiir [29]. Arena vd. [29] ile GAO
tarafindan da Onemi vurgulanan “risk analiz, tanimi ve
tepkisi faktorii” bu calisma sonuglarina gore de KRY
olgunlugunda anlamli bir etkiye sahiptir.

. ANOVA analiziyle, hem risk yoneticisinin
varliginin hem de KRY yapilasmasinin varligmin KRY
olgunlugunda yarattigi fark Oolglilmiistir. Elde edilen
sonuglara gore, arastirmanin ¢ikis noktast olan risk
yoneticisinin varliginin KRY olgunluguna olumlu olarak
etki edecegi hipotezi beklenen sonucu vermemistir. Bagka
bir deyisle, tek basina risk yoneticisinin varligt KRY
olgunlugunda etkili degildir. Diger yandan, ANOVA
analiziyle KRY yapilagsmasinin varliginin KRY olgunluguna
etkisi arastirilmistir ve olumlu etkiledigi goriilmiistiir. Bu
sonuca gore risk yoneticisinin varligindan ¢ok organizasyon
igerisinde yerlesmis bir KRY yapilagmasinin varligimin KRY
olgunlugunda etkili oldugu sonucuna ulasilmistir. Beasley
vd. calismalarinin sonucunda atanmis bir risk yoneticisinin
varhigimimn KRY adaptasyonunda ve benimsenmesinde
o6nemli bir faktoér oldugunu belirtmislerdir. Tim bu bilgiler
1s1ginda risk yoneticisinin varliginin KRY olgunluguna
olumlu etki etmesi beklenirken, tek basina yeterli olmadig:
sonucuna vartlmistir [30]. Bir diger yandan, risk
yoneticisinin varligt da KRY yapilagsmasini olumlu
etkileyecek bir faktordiir.

Calismanin sonucuna gore, KRY yapilagsmasinin varliginin
KRY olgunluguna etkisi anlamlidir, bu sonucu COSO’nun
KRY tanimi da destekler niteliktedir. COSO’nun KRY
taniminda, kurumsal risk yonetimi, organizasyon igerisinde
cesitli diizeydeki risk yoneticilerinin ve ¢alisanlarinin dahil
oldugu, aktif bir siire¢ olarak degerlendirilmistir. Ozetle, risk
yoneticisi diizeyinde kalan bir KRY siireci degil,
organizasyon diizeyinde ve organizasyon genelinde
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yiiriitiilen KRY siireclerinin KRY olgunluguna olumlu etkisi
bu ¢aligmanin en temel bulgusudur[1].

. KRY yapilagmast olan firmalarda yeterli
kaynaklarmm 6nemi ve verimli kullanimma iliskin firma
diizeyinde egitimler ve uygulamalar yapilarak farkindalik
pekistirilmelidir. KRY nin is siireclerine entegre edilme
diizeyi KRY sisteminin yapilagma diizeyiyle dogru
orantilidir. Yeterli kaynaklarin kullanilarak is siireglerine
KRY’yi entegre etmek, yapim firmalarinin KRY yapilasma
diizeyini gelistirerek etkili ve verimli KRY siireglerine
olanak saglayacaktir. Ayrica risk yoOneticisinin verilen
tepkileri gézlemlenmesi, KRY siireci igerisinde iist diizey
yonetim ve calisanlar arasinda bilgi akisimi saglayan
baglayict aktor roliinli oynamasi 6nemlidir.

Bu calisma, yapim firmalari baglaminda KRY olgunluk
diizeyini, risk yoneticisi varligi ve KRY yapilagsmasi varligi
ile iliskilendirerek arastirmistir. Diisiik olarak 6l¢iilen KRY
olgunluk ve yapilagma diizeylerini iyilestirmeye, risk
yoneticisinin  varliginin  6nemine iliskin farkindalig:
saglamaya yonelik yapilacak ¢aligsmalar yapim sektoriindeki
KRY siireclerinin gelistirilmesine olanak saglayacaktir.
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The customer churn prediction problem is studied for various sectors under several aspects. In this study, we consider the effect
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leading online fast-moving consumer goods retailer in Turkey. These are important aspects of the churn prediction models as
they help decision makers to determine the optimal length of the past data for predicting the customer churn as well as lifespan
of the predictive models. We find that the length of the customer event history logarithmically increases the predictive power of
models, validating findings in the literature in the newspaper subscription sector. Regarding the staying power of the predictive
models, we conclude that the models in online fast-moving consumer goods retailing has a slightly longer lifespan that the models
discussed in the literature for an Internet service provider and an insurance company.

Keywords: The customer churn, Machine learning, Supervised learning, Length of customer event history, Staying power.

1. INTRODUCTION AND RELATED LITERATURE

The customer churn is an important topic in marketing and
customer relationship management (CRM) in various
sectors. The main reasons for the importance of the customer
churn is increasingly strong competition and the monetary
effects of losing customers. In addition to lost sales, churning
customers provide bad word-of-mouth for the company.
They can create negative experiences and have the potential
to convince other loyal customers to churn. Furthermore,
finding new customers is five times costlier than keeping the
existing customers, Rust and Zahorik [15]. It is therefore,
essential to predict the customer churn for preventing losing
customers that are predicted to churn in the future.

The customer churn prediction problem has been studied for
various sectors, including financial services, insurance,
telecommunications and retailing. Glady et al. [7] predict the
customer churn for a Belgian financial services company
using customer lifetime value analysis. Advances in the data
analytics allows various approaches to be used in the
customer churn prediction problem. Lee et al. [10] use time-
series classification to predict the customer churn for a
telecommunications company. Kim et al. [9] use social
networks to observe propagation patterns of the customer
churn in customers’ networks. In terms of conventional data
analytics approaches, Lemmens and Croux [11] use bagging
and boosting to predict the customer churn for a
telecommunications company. Note that these examples are

from contractual sectors, where switching to a competitor is
more difficult or in some cases costlier, either due to the cost
of breaking a contract or the cost of the effort of breaking a
contract. Predicting the customer churn in retailing provides
an additional challenge as it is required to define customers
and churning customers in this non-contractual setting. In a
non-contractual setting, such as retailing, customers have
lower switching costs. Therefore, it is easier for the customer
to switch part of their purchases to a competitor. This event
is called partial defection. Usually, partial defection leads to
total defection as the customers switch more and more of
their purchases to the competitors. Buckinx and Van den
Poel [3] study customer attrition in FMCG retail, which
requires defining customers and churning customers. They
use RFM (recency, frequency, monetary) variables to predict
the customer churn. The predictors that they use are also
employed in this analysis. To decide on their customer base,
they use a five months period of observation. The customers
are included in the model if they are more frequent, i.e. their
mean frequency is above average, and regular, i.e. the
coefficient of variation for their interpurchase time is below
average. They are labeled as churners if they do not satisfy
this criterion in the next five months. In a recent paper,
Martinez et al. [12] predict customers’ future repurchase
behavior in a non-contractual B2B setting. They use
approaches like Lasso logistic regression, extreme learning
machine and gradient boosting to predict customers’ future
repurchase behavior. In this B2B setting, predicting the
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customer churn becomes especially important for planning
purposes.

The customer churn in a multi-channel setting is important
for different purposes as well. Hernant and Rosengren [8]
study a Swedish grocery retailer that starts to operate an
online store in addition to the physical stores. They find that
the customers who use the physical store and start to also buy
online are more profitable than the single channel customers
or the online customers who start to buy from physical stores.
Thus, predicting and preventing the customer churn is
important for not losing the most profitable customers in a
multi-channel setting.

In addition to predicting the customer churn, other aspects of
the churn prediction problem have also been studied.
Ballings and Van den Poel [1] study the effect of the length
of customer event history. The authors create predictive
models using historical customer data from one to sixteen
years for a newspaper company. They conclude that the
predictive performance of models increases as the length of
the event history increases. However, this increase is
logarithmic and after five years, adding past data has only
marginal effect on the performance of the predictive models.
They leave further study of the topic for other sectors as an
open question. We make a similar observation and assert that
the observations of authors are valid also in online FMCG
retailing and that six months is a good choice for the length
of the event history of the customers to predict the customer
churn. This finding has the potential to impact the customer
churn prediction models in the retail industry in terms of
determining the length of the period of observation.

Risselada et al. [14] study the staying power of various
models for churn prediction. The authors study the staying
power of various models for the churn prediction problem.
After building a model, they use the same model for
predicting upcoming periods and compare the results
obtained in terms of top-decile lift and Gini coefficient. They
use decision trees and logistic regression (with and without
bagging) and report their results on two data sets from an
Internet service provider and an insurance company. They
conclude that the predictive power of the models for the
Internet service provider decreases two periods after the
period of the estimation. For the insurance case, the
predictive quality decreases one period after the estimation
period. They leave further study of the topic for other sectors
as an open question. We observe that the staying power of
our prediction model is slightly longer. We assert that our
model can predict two periods after the period of estimation
with a reasonable success. However, moving further to three
periods marginally decreases the performances of the
models. In other words, it is less crucial to retrain the existing
models in the retail industry as the staying power of the
predictive models is longer.

Studying these aspects of the customer churn prediction
models is important for decision makers on finding the
optimal length of the customer event history, balancing the
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performance of the models and their data requirements, and
on deciding the frequency for updating the predictive
models. In this non-contractual setting, deciding on the
length of the customer event history also allows us to define
customers to be included in the analysis. This study focuses
on these aspects of the customer churn prediction for the
online store of Migros Turkey, one of the leading fast-
moving consumer goods (FMCG) retailers in Turkey. The
online store, Sanal Market, is founded at 1997 and is one of
the pioneers of online FMCG retailing in Turkey. Currently,
Sanal Market operates in more than 20 cities with more than
20.000 products. Even though Sanal Market can still be
considered as an alternative sales channel for Migros Turkey,
the sector is growing much more rapidly than conventional
retailing and with stronger competition, customer retention
measures are essential for Migros Turkey to protect and grow
its online customer base.

The rest of this paper is organized as follows: In Section 2,
we describe the methodology, the approaches, and the time
frame for the study. In Section 3, we investigate the effect of
the length of the customer event history and conclude that
the length of the customer event history logarithmically
increases the performance of the predictive models in online
FMCG retailing as stated by Ballings and Van den Poel [1]
in the newspaper subscription sector. In Section 4, we
discuss the staying power of the predictive models. We find
that the models in the online FMCG retailing have a slightly
longer lifespan that the models for sectors discussed by
Risselada et al. [14]. In Section 5, we present our concluding
remarks.

2. METHODOLOGY

We use supervised learning to predict the customer churn
and compare the results obtained by three approaches:
logistic regression, random forests, gradient boosting. In the
supervised learning, ensemble methods are frequently used
in classification problems. Breiman [2] introduces the
random forests, an ensemble technique based on growing
many decision trees with bootstrapping and selecting feature
subsets and combining their results. As a result, the final
model has some randomness and the approach is known to
be averse to over-fitting. For this reason, the approach is
frequently used in classification problems. The gradient
boosting, introduced by Friedman [5,6] is an iterative
boosting algorithm, where weak learners are trained so that
the errors from the previous iterations are corrected. The
approach becomes more and more popular because of
several open-source packages employing the algorithm, such
as Scikit-Learn, LightGBM, and Xgboost. Logistic
regression, Cox [4], is a statistical technique based on linear
regression models that is developed for categorical
dependent variables. The approach is frequently used as a
baseline approach in the classification problems. This study
uses Scikit-Learn machine learning library, implemented for
Python, Pedregosa et al. [13], where all three approaches are
present.
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In this study, we decide to restrict the customer base to focus
on loyal and regular customers. Upon discussions with the
business units, we decided to focus on customers having
transactions in two different months in the last six months.
These customers are considered as more regular and loyal,
so their churn is more important to the company. Note that
this also prevents us from obtaining artificially good results.
Without such a restriction, new customers or irregular
customers can also be included in the analysis. However,
they are more prone to churn, which can disrupt the patterns
in the data set and inflate the number of churners. This also
may have the effect of falsely improving the results by only
predicting the churn of irregular or new customers correctly.
For the customer churn, we use two definitions, again based
on the discussions with the business units. In the short term
total defection, we predict customers who are not going to
use the online store in the next month. In the long term total
defection, we predict customers who are not going to use the
online store in the next three months. We only consider the
total defection scenarios as they are more valuable for the
business units. The results of this study are also valid for the
partial churn scenario. We use the transaction data from
different time periods in our experiments. Our empirical
study consists of two parts:

o Length of Customer Event History: In this part, we
study the effect of the length of customer event history
using the transaction data from 1 September 2015 to 30
November 2016. We use the data from September,
2016 to label the customers in the short term total
defection scenario and the last three months
(September, 2016 - November, 2016) to label the
customers in the long term total defection scenario.
Then, we use the past customer transaction data from
one month (August, 2016) to 12 months (September,
2015 - August, 2016) by increasing the time interval by
one month for each experiment. In all these
experiments, 70% training - 30% testing split is used
for those customers with the corresponding time
interval.

e  Staying Power: In this part, we examine the staying
power of our predictive models. We build our
predictive models using the data from 1 June 2015 to
29 February 2016. Again, December, 2015 is used for
labelling the customer for the short term total defection
scenario and the last three months (December, 2015 -
February, 2016) are used for labelling the customer for
the long term total defection scenario, and the data is
split into two as 70% training and 30% testing. Then,
we use this model to predict the churn for seven
periods. The first period, labelled t, covers between 1
September 2015 to 31 May 2016. We use the same
model to predict the customer churn for the subsequent
periods from 1 October 2015 to 30 June 2016 (for
period t+1), until 1 March 2016 to 30 November 2016
(for period t+6).
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3. THE EFFECT OF THE LENGTH OF THE
CUSTOMER EVENT HISTORY

In this section, we answer a question from the literature about
the effect of the length of the customer event history. The
length of the customer event history is especially important
in determining the data requirements of churn prediction
models and can shed some light on how models evolve in the
presence of the historic data. Furthermore, storing and
processing data require resources and determining the
optimal length of customer event history is also important in
terms of efficiency. Determining the optimal length of the
customer event history also gives insight into the behaviour
of the customers and can be used to determine the customer
base.

Ballings and Van den Poel [1] observe that the length of
customer event history logarithmically increases the
performance of the prediction in newspaper subscription. In
their experiments, they use data belonging to 16 years to
predict the customer churn or a newspaper subscription.
They observe that the data belonging to the most recent five
years performs almost as well as their best prediction. They
state in Section 6:
“Although we are confident about our results, it is
unclear whether they can be generalized over a wider
range of subscription services. Hence, it would be
interesting to validate our findings on customer
databases in other industries.”

We study the effect of the length of customer event history
by predicting the customer churn using the data belonging to
12 months. The set of features we use include the transaction
amounts (total, product categories), the number of
transactions and transaction days, the discount percentages
per product categories, the number of distinct categories
purchased from, and the private label purchases. We create
25 features for each month and use two types of analysis in
terms of how we include the features in our analysis.

Our performance measure is area under curve. In cumulative
analysis, we use 25 features and whenever we include the
data from previous months we use aggregate values. In the
individual analysis, we use 25 features for each month
included in the analysis, up to 300 features for 12 months.
We build 12 models to study the effect of the length of the
customer event history.

We observe that the performance of our predictions increases
logarithmically with respect to the length of the customer
event history. In the cumulative analysis after six or seven
months, the performance slightly decreases in some cases. In
the individual analysis, the performance of the predictive
model does not decrease with respect to the length of the
customer event history. In most of the cases, the performance
after six or seven months is quite close to the best model. The
results for short term total defection are presented in Figure
1 and the results for long term total defection are presented
in Figure 2. Our results are like Ballings and Van den Poel
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[1] and answer the generalization question from online
FMCG retailing perspective. We find that the length of the
customer event history logarithmically increases the
performance of predictive models and data belonging to the
most recent six or seven months is enough to predict the
customer churn. The length of the customer event history can
also be used to determine the customer base of the company
for the churn prediction problem.
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Figure 1. The results for the effect of the length of the
customer event history for short term total defection. The
performance of the models increases only marginally after
six or seven months.

453

Academic Platform Journal of Engineering and Science 8-3, 450-455, 2020

4. THE STAYING POWER OF THE PREDICTIVE
MODELS

In this section, we answer another question from the
literature about the staying power of the predictive models.
Risselada et al. [14] study the predictive qualities of models
in the periods after the estimation period for an Internet
service provider and an insurance firm. They observe that the
quality of a model decreases one or two periods after the
period of the estimation. They state in page 207:

“Although we are confident with the results, it

remains unclear whether they are generalizable over

a broader range of services that the two we studied.”

To observe the staying power of the churn prediction models
for the online FMCG retailer, we use the three models
mentioned in Section 2, namely gradient boosting, random
forests, and logistic regression, for the short term and the
long term total defection. After creating a model to predict
the customer churn in period t, we use the same model
without retraining to predict the customer churn in the
subsequent six periods, up to the period t+6. We use data
belonging to 18 months (from June, 2015 to November,
2016) and features mostly related to RFM variables, proved
to be effective predictors in the customer churn by Buckinx
and Van den Poel [3]. We evaluate the performances of the
models using two criteria: AUC and top-decile lift. The set
of predictors that we use are presented in Table 1. We use
similar variables to Buckinx and Van den Poel [3], but we
also include the physical store purchases of the customers as
Sanal Market operates in a multi-channel environment. The
predictors that we use allows us to measure the effect of the
recency, frequency, monetary values of the customers as
well as their relationship with the product categories, their
basket contents and their trust relationship with the company.
We train our model using the transaction data from June,
2015 to February, 2016, with the last three months providing
labels for our models. We train the models to predict the
customer churn in time period t (between September, 2015
and May, 2016) and use the same model to predict the
customer churn in six subsequent periods. The performances
of the models increase in period t+1 for the short term total
defection (between October, 2015 and June, 2016, see Figure
3(a)) and decrease only slightly in period t+2 (between
November, 2015 and July, 2016). However, after the third
period the predictive power of a model decreases
significantly. The increase in the predictive performance at
period t+1 is due to the increased churn probability at that
period. Our observations hold for both AUC and top-decile
lift in both scenarios. For the long term total defection, the
models lose their predictive power after two periods, at t+2,
see Figure 4(a). The results for the short term total defection
scenario are presented in Figure 3 and the results for the long
term total defection are presented in Figure 4. We assert that
the staying power of the churn prediction models for online
FMCG retailing is slightly longer than the sectors studied by
Risselada et al. [14]. All three approaches used in the
prediction behave similarly, showing the robustness of the
results in terms of approaches selected.
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In cases where the customer base is large, and the data
preparation and model training are cumbersome, these
results suggest that using a trained model for two subsequent
time periods does not cause a significant decrease in the
predictive performance of the models.
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Figure 2. The results for the effect of the length of the
customer event history for long term total defection. The
performance of the models increases only marginally after
six or seven months.

5. CONCLUSION

We have presented a computational study regarding two
questions from the churn prediction literature, which are
related to the effect of the length of the customer event
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history and the staying power of the prediction models for
FMCG online retailing, respectively. We observe that the
length of the customer event history increases the
performance of the prediction models logarithmically as
observed by Ballings and Van den Poel [1]. Specifically, we
see that the performance of the predictive models increases
when the customer event history is lengthened to up to six
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(a) AUC score of churn prediction model created for time
period t.
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(b) Top-decile lift score of the churn prediction model
created for the time period t.

Figure 3. The staying power of the predictive models for
the short term total defection scenario.

months. After that, the performance gains are only marginal.
In addition to that, we assert that the staying power of a churn
prediction model in online retailing is slightly longer than it
is in Internet service providing and insurance sectors,
Risselada et al. [14]. We observe that the customer churn
prediction models can be used for two or three months (based
on the definition of the customer churn), which is especially
important when the customer base is large and training new
models takes considerable time.

The findings have important implications in terms of CRM
and data warehousing. Using customer data belonging to the
most recent six or seven months can greatly reduce the data
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storage and processing requirements. Similarly, being able to
use the same predictive models for two or three months can
provide advantages to various business units in terms of
managing predictive models and manageability of CRM
actions.
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Figure 4. The staying power of the predictive models for
the long term total defection scenario.
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Oz

Mobil iletisiminin hizli gelismesiyle internet igeriginin ¢ogu giiniimiizde hiicresel aglar ile saglanmaktadir. Hiicresel aglarda
yasanan tikaniklik sirasinda kullanilan algoritmalar paket gecikmesi, kuyruk tagmasi ve darbogaz problemlerini ¢6zmeye
caligmaktadirlar. LTE aglarinda remote-host ile PG-W diigiimii arasindaki veri transferi yiiksek hiz gerektirmekte bu da hiicresel
agmn c¢alisma hizim dogrudan etkilemektedir. Dogru bir kuyruk yonetim algoritmasinin segilmesi LTE hiicresel agi i¢in kritik bir
onem kazanmaktadir. Bu ¢alismada LTE aglarinda remote-host ile PG-W arasinda caligan aktif kuyruk yonetim algoritmalari
olan RED, CoDel, Pie ve pFIFO’nun performanslarinin, ugtan uca ortalama verim, gecikme ve paket diistirme oranlar1 izerindeki
etkisi karsilagtirmali olarak incelenmistir ve sonuglart degerlendirilmistir.
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Abstract

With the rapid development of the mobile communication, most of the internet content is provided by cellular networks. The
algorithms used during the congestion in cellular networks try to solve the problem of queue overflow and bottleneck. In the
LTE network, the data transfer between the remote host and the PG-W directly affects the operating speed of the cellular network.
Choosing an active queue management algorithm is critical to the LTE cellular network. In this study, the effect of the
performance of RED, CoDel, Pie and PFIFO, which are active queue management algorithms operating between Remote Host
and PG-W, on LTE network on end-to-end average throughput, latency and packet dropping rates were evaluated comparatively
and the results were evaluated.

Keywords: Ns-3, Simulator Software, RED, CoDel

1. GIRIS yayginlagsmasi, hiicresel aglarin kullamim oranlar1 ve

alanlarimi genisletmekte ihtiyacin1 dogurmustur. Bununla

Hiicresel aglar mobil cihazlarin artisiyla son yillarda gok
hizli bir degisim gostermistir. Cisco raporuna gore 2022
yilinda; mobil aglarin kullanimi toplam I[P trafiginin
%80’nin temsil edecektir ve akilli telefonlar mobil internet
trafiginin  %90’nim  saglayacaktir [1]. Internetin hizla

birlikte hiicresel aglarda daha az gecikme ve paket kaybi
ihtiyaglarinin kargilanmasi daha fazla 6nem kazanmaktadir.
Bu gereksinimler, LTE (Long Term Evolution) standardina
dayali 4G  hiicresel sebekelerinin tamamen paket
anahtarlamali yapisiyla saglanmaktadir [2].
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LTE, Genisband Kod Bolmeli Coklu Erigim (Wideband
Code Division Multiple Access) (WCDMA) sistemlerine
oranla daha yiiksek bir verimlilik ve diisiik gecikme siiresi
imkant saglamakta, biiyliik Olclide gelistirilmis sistem
kapasitesi, kapsama alani saglayan yeni bir hava arayiizii ve
radyo erisim ag1 sunmaktadir [3]. Bu iyilestirmeler,
gecmisten giiniimiize kadar kullanilan 1G/2G/3G sistemlere
kiyasla, LTE ftizerinde mobil hiicresel aglarda artan
beklentilere yol agmaktadir. [4].

LTE’nin kaynaklarin kullaniminda; yiiksek kullanici veri
hizi, sistem kapasitesinin iyilestirilmesi, gecikme siiresinin
azaltilmast ve kapsama alanmin verimli bir sekilde
kullanilmasi saglanmalidir. LTE aginin veri trafiginde, agin
yiriitme kapasitesini agan bir artis, Evolved Node B
(eNodeB)’deki  kullanici  kuyruklarinda  paketlerin
birikmesine sebep olmaktadir. Bu durum da eNodeB’deki
kuyruk boyutunun kiigiikliigli, fazla gelen paketlerin
tamponda birikerek kuyruktan diismesi ve kuyruk tagmasi
sorunlarina neden olmaktadir [5].

LTE aglarinda Packet Gateway (P-GW) ile remote-host
arasindaki trafik kontrolii sistem performansina dogrudan
etki etmektedir. Remote-host’tan P-GW’ye gonderilen
paketlerin eNodeB’deki tamponlarda birikmesi darbogaz ve
kuyruk tagmasi (paket diismesi) sorunlarina yol agmaktadir.
eNodeB’lerde yasanan dar bogaz, eNodeB’ye baglanan,
baglanmak isteyen ve baska bir hiicresel alana gegmek
isteyen UE’ler i¢in performans sorunlari dogurmaktadir.

LTE’de sikisiklik olustugunda yiiksek verim ve diisiik
gecikmeyi saglamak igin Onerilen ¢alismalar, sunulan
iyilestirmenin tek bir yoniine odaklanmakta, siteme olan
biitiinciil etkisini ve katkisini degerlendirmemektedir. Bu
calisgmada remote-host ile P-GW arasinda ¢alistirilan
algoritmalarin performanslari ugtan uca verim, gecikme ve
paket diisiirme oranlar1 gibi parametrelerle biitiinciil olarak
degerlendirilmis ve her bir algoritmanin avantaj ve
dezavantajlart incelenmis ve Kkarsilagtirilmali  olarak
degerlendirilmistir.

Calismanin devaminda; ikinci bolimiinde literatiirdeki
calismalar incelenmis, Ugiincli boliimde ger¢ek bir ag
yapisinin simiile edilebilmesi igin kullanilacak materyal ve
yontem  ortami  gosterilmistir.  Dordiinci  boliimde
simiilasyon sonuglart ve ¢iktilarinin degerlendirilmesi
saglanmistir ve besinci boliimde ise ¢alismanin sonuglarinin
degerlendirilmesi yapilmustir.

2. ILGILi CALISMA

Kablolu ve kablosuz aglarda, ag tikaniklig1 ve bununla ilgili
performans sorunlarini ele almak igin arastirma topluluklari
ve gelistiriciler ag performansinin artirilmasi i¢in birgok
kuyruk yonetim algoritmasi onermisglerdir. Bu algoritmalar
ag kullanimi, paket kaybi ve farkli trafik yiikleri icin
uyarlana bilirlik gibi 6zelliklerin bazilarin1 veya tamamini
iyilestirmeyi amaclamistir. Bu yapilar, kayip tabanl
titkaniklik kontrolii [8], [9] gecikme tabanli tikaniklik

457

Academic Platform Journal of Engineering and Science 8-3, 456-463, 2020

kontrolii [10], [11] ve hiz tabanh tikaniklik kontrolii [12],
[13] gibi sorunlara ¢oziimler dnermislerdir. Onerilen bu
Aktif Kuyruk Yonetim Algoritmalart (Active Queue
Management) (AQM)’ler kapali yontem [14], [15], acik
yontem [16], [17] ve gecikme bazli yontemler [18], [19] ile
sorunlar1 ¢cozmeye ¢aligmigslardir.

Lakshmikantha vd. kablolu bir agda gercek ve sanal temelli
isaretleme  semalarii/algoritmalarint  karsilastirmustir.
Tasarladiklar1 Sanal Kuyruk (Virtual Queue) (VQ) tabanli
algoritmanin Gergek Kuyruk (Real Queue) (RQ) tabanli
algoritma karsisinda bozulmalara karst dayaniklilik ve diisiik
kuyruk gecikmesine sahip olmasi agisindan daha iyi sonuglar
verdigini gézlemlemislerdir [20].

Uydu aglart icin onerilen AVQRED (Adaptive Virtual
Queue RED) algoritmasi1 Sanal tabanli Kuyruk (Adaptive
Virtual Queue) (AVQ) ve RED’in karsilastigi uyumsuz
kuyruk salinimlar1 ve global senkronizasyon problemlerine
¢ozlim getirerek agin kararliligini artirmistir. Bu kapsamda
baglanti ile ilgili bozulmalar1 azaltmaya calisan PEP'ler,
arabellekte biriken kuyruklarla karsilastiginda sorun
yagsamaktadir. Bu sorunlar1 adaptif bir kuyruk sistemi ile
kaynaklar1 paylastirarak ¢oziim saglamigtir [21].

LTE’de eNodeB icin RLC katmaninda degisken trafik
yiiklerinde tampon sikisiklifi ve paket diismesinin
onlenmesi icin RED’deki varyans degerinin ayarlanmasiyla
calisan akilli AQM olan smRED (smart-RED) ile paket
programcilarinin tek hiicre ve c¢ok hiicrede devretme
(handover) ve devretme olmadan is hacmi/verim, gecikme
ve sapma degerleri lizerine etkisi incelenmistir. RED’in
ayarlanan varyans degeri i disik ve yiiksek yiik
durumlarinda farkli degerler alarak RCL tamponlarinda
biriken paketlerin diismesini etkilemistir [23].

Paket Programlayici Sikisiklik Geri Besleme Mekanizmasi
(Packet Sheduling Congestion Identification and Feedback
Mechanisms) ile kuyruk tagmasindan kaginmak ve
kuyruktaki gecikmeleri azaltmak i¢in kuyruk tagmasi ve
paket gecikme tahmininin erken tanimlanmasi, eNodeB' deki
ag tikanikligmmin tahmini, sikigiklik penceresi boyutunu
ayarlamak igin kaynak diigiime bildirimde bulunulmasi
iyilestirilmeleri bir diizen seklinde yapilmistir. Paketin QoS
degeri ile paketin TCP yada UDP olarak tanimlanmasi
saglanmis ve dolu kuyruklarin tahmini igin ortalama bir
deger hesaplanarak paket diisilislerine dayaniksiz olan TCP
i¢in diisiik, UDP i¢in ise yiiksek diisiik araliklar1 belirlenmis
boylece paket diislisiinden kaginilmistir. Gonderici tikaniklik
penceresi agin trafik durumuna gore yiiksek, orta ve diisiik
olarak ayarlanarak eNodeB’deki kuyruk tagmasinin oniine
gecilmeye ¢aligilmugtir [24].

Bu calismada, NS-3 ag simiilatoriinii kullanarak LTE
aglarinda her bir algoritmanin performans analizine
odaklandik. Ayrica, her algoritmanin kendi parametrelerini
koruyarak ve farkli Kullanici Ekipmani (User Equipment)
(UE) Numaralarina gére simiilasyon ¢alismasi yapilmustir.
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3. MATERYAL VE YONTEM

LTE aglarinda remote-host tarafindan {iretilen paketler P-
GW diigiimiinden eNodeB aracilig1 ile hedeflere ulastirilir.
Hiicresel ag icerisindeki mobil kullanicilar eNodeB’ye hava
arayiizli lizerinden baglanmaktadir. LTE aglarinda yasanan
paket diistisleri, diistiriilen paketlerin yeniden iletilmesi ve ag
kaynaklarinin gereksiz kullanimina sebep olur. eNodeB’deki
kullanic1  kuyruklarindaki ~ yasanan kuyruk tagmasi
problemini azaltmak ve uygun bir sekilde ¢ozmek igin aktif
kuyruk yonetimi algoritmalarindan yararlanilmaktadir. Bu
caligmada sirasiyla LTE mimarisinin genel yapisimi, P-GW
diigimiiniin islevini ve aktif kuyruk yonetim algoritmalari
incelenmektedir.

3.1. LTE Mimarisi

LTE'nin temel amaci, esnek bant genisligi, yiiksek veri hizi,
diisiik gecikme siiresi ve optimize edilmis paket tabanli
radyo erisim teknolojisi saglamaktir. Ayni zamanda, ag
mimarisi, kesintisiz hareketlilik ve yiiksek hizmet kalitesi ile
paket anahtarlamali trafigi desteklemek i¢in tasarlanmustir.

LTE sistemi, Sistem Mimarisi Evrimi (System Architecture
Evolution) (SAE) olarak bilinen bir  mimariye
dayanmaktadir. LTE, yiiksek hizda veri ve sinyal iletimi ve
sorunsuz bir hareket destegi saglamaktadir. Sekil 1'de
gosterildigi gibi, esas olarak ¢ekirdek ag yani Evrimlesmis
Paket Cekirdegi (Evolved Packet Core) (EPC) ve Evolved-
Evrensel Karasal Radyo Erisim Ag (Evolved Universal
Terrestrial Access Network) (E-UTRAN) olarak adlandirilan
iki boliimden olugmaktadir [25].

Gelismis paket ¢ekirdegi IP multimedya alt sistemine (IP
Multimedia Subsystem) (IMS) baglanir. Ev Abone Sunucusu
(Home Subscriber Server) (HSS), EPC’ de veri taban1 gorevi
goren ana IMS veri tabanidir. EPC'nin {i¢ ana fonksiyonel
birimi vardir: Mobilite Yonetimi Varligit (Mobility
Management Entity) (MME), Servis Ag Geg¢idi (Serving
Gateway) (S-GW) ve Paket Veri Ag Gegidi (Packet Data
Network Gateway) (P-GW). MME, aga baglanti kurulduktan
sonra kullanict mobiletesinden, kullanict ekipmaninin
LTE'deki gegis, takip ve ¢agri islemlerinin ele alinmasindan
sorumludur [26].

A

Ixz

eNodeB

\UE

Sekil 1. LTE Ag Mimarisi

S-GW

/ \ SAE /;}
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SGW'nin ana islevi, LTE diiglimleri arasinda kullanici veri
paketlerini yonlendirmek ve diger 3GPP teknolojileri
arasinda ge¢isi yonetmektir. PGW, LTE agini Internet'in geri
kalaniyla birbirine baglayan bir fonksiyona sahiptir. LTE
erisim ag1 UE (son kullanici) ve eNodeB (baz istasyonu)
olarak iki tiir diigiim barindirir.

3.2. P-GW Diigiimii

Ag yonetimi icin giivenlik ve kolaylik saglamak amacryla,
yalnizca iiciincii katmanla ilgili olan geleneksel Internetten
farkli olarak, P-GW, 3GPP'nin LTE' ye eristigi sahnede
uygulama katmani protokolii olarak GTPv2'yi kullanarak
uygulama katmani protokoliinii i¢erir. SAE, ve her kullanict
icin S5 / S8 arayiiziinde Paket Veri Protokolii (PDP) ile
iletisim kurar [22]. Harici agdan veri akigt P-GW diigiimiine
girdiginde, servis veri paketinin hangi kullaniciya
gonderilecegini  ve hangi servis veri paketinin
gonderilecegini belirleyen PDP igerik taramasi yapmaktadir.
Burada, kuyruk yonetimi elde etmek igin uygulama
katmanina tasiir. Uygulama Katmani Kuyruk Yonetim
Algoritmast  Sekil 2' de gosterilmektedir. Uygulama
katmaninda, diisiik paket once PDP igerik eslemesini
gerceklestirir ve bu grubun QoS Simif Tanimlayici (Qo0S
Class Identifier) (QCI) 'sini belirler ve sonra gruplari farkl
QCl'ye gore farkli siralara yerlestirir. [27].

Uygulama
Katmanindaki
I(uvruk

QUS Sinif 1

PDP igerik
Programlama
Haritas Kuyruktan

Cikig

QoS Slmf2

Akig
Orani

QOS Sinif 3

Verisi

Hesaplanan Kuyruk

Sekil 2. Uygulama Katmani Kuyruk Yonetim Algoritmasi
3.3. Aktif Kuyruk Yonetim Algoritmalar:

RED (Random Early Detection), Floyd ve arkadaslari
tarafindan ortaya konulan ilk AQM algoritma ¢alismasidir.
RED paket anahtarlamali aglarda tikanikliktan kaginmak
icin ortalama kuyruk Dbiyiikligiini kullanarak ag
tikanikligin1 hesaplamaya calisir [28]. RED algoritmas,
kuyruk boyutunu dort parametre ile yonetmektedir. Bu
parametreler kuyruk uzunlugu, maksimum esik (Maxth),
minimum esik (Minth), ve maksimum olasilik (Pmax).
Algoritma, ortalama bir kuyruk biyikligiinii korumaya
yonelik caligmaktadir. Paket diisme olasilik degeri (Pd),
Minth ile Maxth degerleri arasinda bulunan ortalama kuyruk
biiyiikliik degisimi ile sifir degeri ile Pmax degeri arasinda
dogrusal olarak degisim géstermektedir. Ortalama kuyruk
boyut degeri Maxth't asarsa, gelen tim paketler
diistiriilmektedir [29]. RED algoritmasi, paket diismesi
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nedeniyle olusan tikaniklik yapisini kontrol edebilmektedir,
¢linkii paket diisiirme mekanizmasi, gegmis degerlerin
hareketli ortalamasina gore islem yapmaktadir.

[ Gonderilen Paket ]

4rtalama Kuyruk (avg) ]

U Minth< Avg< Maxth

\

<+ =
Avg=Minth [ - N } Avg>Maxth
Paket Disme Clasihg{Pd)

[ Paket Kuyrukta ]

Sekil 3. RED Algoritmasinin Akig Diyagrami

[ Dusen Paket J

_

Agdaki darbogaz problemini ¢6zmek igin gelistirilen CoDel
(Controlled Delay), Nichols ve Jacobson tarafindan ortaya
konuldu. Tamponlara gelen paketler normal kosullar altinda
tikaniklik durumunda disiiriilmekte ancak tamponun yiiksek
boyutlu olmasi durumunda siirekli kuyruga eklenen paketler,
paket gecikmesine neden olmaktadir [30].

RED ve CoDel algoritmalar1 baglant1 kullanimi, verim ve
adalet karmasgiklig performanslari bakimindan
karsilagtirtlmistir. RED’in aksine CoDel kuyruk biiytikligii
ve ortalamasi, kuyruk gecikmesi ve diisme orani gibi
parametrelerden bagimsizdir. CoDel, paket gecikmesi
stiresini kullanarak agdaki tikanikligi tespit eder. Paket
iletim siiresi belirlenen hedef degeri astiginda CoDel
tarafindan tikaniklik tespit edilir. Tikanikligin tespitinden
sonra kuyruktaki yigilmayi dnlemek igin paket diigiiriilmesi
amaciyla sinyal gonderilir [31].

pFIFO (Packet limited First In, First Out queue), FIFO
algoritmasi temel alinarak olusturulmus bir aktif kuyruk
yonetim algoritmasidir. Ag trafigi i¢in farkli kanallar goz
Ontine alinarak siniflandirilir. Yiiksek oncelikli trafik daha
once islenmektedir. Temel amaci farklilastirilmig hizmet
siniflarinin desteklenmesi amaciyla basit bir yontem olarak
tasarlanmugtir [32]. pFIFO’nun avantaji diistik hesap yiikleri
ve gergek zamanl uygulamalar da tiretilen trafik iletimidir.
En 6nemli problemlerinden birisi ¢ok fazla sayida yiiksek
oncelikli trafik bulundurmasidir. Agdaki en 6nemli problem
yiiksek oOncelikli trafigin hacminin fazla olmasi, diisiik
oncelikli trafik i¢in ayrilan tampon alaninin azalmasi ve
tagmanin meydana gelmesidir. Bu durum agda paket
diismesine ve agin yavaslamasina sebep olmaktadir.

PIE  (Proportional Integral ~ Controller  Enhanced)
(Gelistirilmis Orantili Entegre Kontrolor), agdaki gecikmeyi
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etkili bir sekilde kontrol etmek i¢in tasarlanmigtir. PIE’ de
ortalama kuyruga girme orani, hareket halinde olmayan
kuyruga gore tahmin edilir. Hiz, mevcut gecikmeyi
hesaplamak i¢in kullamilmaktadir. Daha sonra, periyodik
olarak gecikme, diisme olasiligint hesaplamak icin kullanilir.
Son olarak, paket hedefe vardiginda, bu olasiliga gore bir
paket disiiriiliir (veya isaretlenir). PIE, gecikme egilimine
bagli olarak olasilikta ayarlamalar yapar. Alfa ve beta,
diisme olasiligr artigint kontrol etmek igin segilen statik
olarak secilmis parametrelerdir ve kontrol teorik
yaklagimlari ile belirlenir. Alfa, mevcut ve hedef gecikme
arasindaki sapmanin olasilifi nasil degistirdigini belirler.
Beta, gecikme egilimine bagl olarak ek ayarlamalar
yapmaktadir. PIE zamana duyarli performansini artirmak
icin tasarlanmustir ve yiiksek baglanti kullanimin1 korurken
etkilesimli trafik ve ag istikrar1 saglamaya caligmaktadir
[33]. Kontrol parametrelerini kiiciik artiglarla uyarlayarak,
dengesizlige yol acan biiylik salinimlardan kaginilmasini
saglamaktadir.

4. SIMULASYON CALISMASI

Bu bolimde, LTE ag: igin ag topolojisi ve sistem
parametreleri belirlendikten sonra ugtan uca ortalama verim,
gecikme ve paket kaybi agisindan simiilasyon sonuglari
degerlendirilmistir.

4.1. Ag Topolojisi ve Sistem Parametresi

Agdaki trafigi deneysel olarak gézlemlemenin en kolay ve
en etkili yollarindan biri simiilasyon yontemidir. Bu
yontemle ag diiglimleri, baglantilar ve ag trafigi gercek
diinyaya benzer olacak sekilde tasarlanarak farkli durumlarin
simiilasyonlar1 kolayca yapilabilir. OPNET, OMNET++ gibi
simiilatorlerle karsilastirildiginda egitim ve arastirma amagl
kullanim amaciyla gelistirilen Ns3, GNU ve GPLv2
lisanslar1 altinda kullanilan iicretsiz agik kaynak kodlu ayrik
olay tabanli performansi ile 6nce ¢ikan bir yazilimdir [34].
Bu sebeple kullanilan algoritmalara ait karsilastirmalari
gostermek i¢in ¢alismamizda Ns3 simiilatorii kullanilmastir.
Ugtan uca LTE ag1 olusturmak i¢in LTE / EPC Network
Simulator ve Analysis (LENA) modilini [35]
kullamlmistir. LENA modiilii, EPC ve Evolved E-UTRA
dahil olmak tizere gergek bir LTE sisteminin tiim onemli
Ogelerine sahiptir. Ns3'teki LTE modeli, uyarlamali
modiilasyon ve kodlama, Ortogonal Frekans Bolmeli Coklu
Erisim (Orthogonal Frequency-Division Multiple Access)
(OFDMA), Hibrit Otomatik Tekrar Istegi (Automatic repeat
Request) (ARQ) vb. gibi LTE standardinin ¢esitli yonlerinin
ayrintili bir sekilde uygulanmasini saglar. Ns3 uygulamasi,
3GPP LTE'nin ve cesitli TCP siirimlerinin ayrmntili
ozelliklerini kapsamaktadir. Bu nedenle, simiilasyonda elde
edilen sonuglar gercek bir sistemde neler oldugunu temsil
edebilmektedir. LTE aglarinda Sekil 4’te gosterildigi gibi
once tek hiicreli veya Sekil 5’de gosterildigi gibi ¢ok hiicreli
¢ok kullanici bir ag yapis1 olusturulmaktadir.
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Sekil 5. Cok Hiicreli LTE Ag Topolojisi

Bu calismada gercek duruma uygun bir LTE ag yapisinin
olusturulabilmesi igin ¢ok hiicreli ¢ok kullanicili bir ag
yapist secilmistir. Boylece elde edilen veriler gergek sisteme
daha ¢ok benzemektedir. Deneysel ortam igin, 3 eNodeB
(baz istasyonu) ve sirasiyla 10, 20, 30 ve 40 UE (mobil
kullanici) bir sistem kurgulanmistir. Her bir kullanict sayist
icin RED, Codel, PIE ve pFIFO algoritmalar1 ayri ayri
calistirilmistir. Elde edilen sonuglar da her bir aktif kuyruk
yonetim algoritmasi; ortalama ugtan uca verim, ortalama
uctan uca gecikme ve paket kayip oranlar1 bakimindan teker
teker karsilagtirtlmistir. Simiilasyon ortami igin Tablo 1°deki
simiilasyon degeri kullanilmustir.

Tablo 1. Simiilasyon Degerleri

Simiilasyon Parametresi Deger

Trafik Kaynag: Sayist 10-40

Veri Hiz1 100 Gbhps
TCP Trafik Tipi TcpNewReno
Handover/Devretme Algoritmast | A3Rsrp

Hareketlilik Tipi RandomWalk2D

Toplam Simiilasyon Zamani 100 sn
Simiilasyon Baglama Zamani 0.1sn
Ag Topolojisi Coklu Hiicre
eNodeB aras1 Mesafe 250 m
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Simiilasyon ortami i¢in 6nce 3 eNodeB ve 10 adet UE
sisteme rasgele olarak yerlestirilmistir. eNodeB’ler birbirine
X2 arayiizii ile baglanmistir. Ve UE’lerin hareketi esnasinda
eger bir hiicresel yer degistirme olursa, bu degisimle ilgili
varsayilan olarak A3Rsrp algoritmasi ¢aligmaktadir. Her bir
eNodeB’nin aras1 250 metre olarak belirlenmistir.
Simiilasyonda TCP trafigi icin, en ¢ok tercih edilen ve
performans olarak etkili olan TcpNewReno varsayilan
olarak ¢aligmaktadir. Simiilasyonda veri trafigi 0.1
saniyeden itibaren baglamakta ve simiilasyon 100 saniye
stirmektedir. UE’lerin sayist sirasiyla 20, 30 ve 40 olacak
sekilde artirilmakta ve her bir yeni durum igin elde edilen
sonuglar grafiksel olarak gosterilmektedir.

4.2. Uctan Uca Ortalama Verim

Sekil 6’da aktif kuyruk yOnetim algoritmalarinin
caligtirlmasi ile elde edilen ugtan uca ortalama verim
degerinin kullanici sayisina gore degisimi gosterilmistir. 10
mobil kullanicr ile simiilasyona baglanmis ve kullanict sayisi
onar onar artirilmustir. 3 eNodeB igin 10 kullanict bir
simiilasyon ortami ile elde edilen degerler yiiksek iken,
kullanici sayisinin artmasi ile elde edilen ortalama ugtan uca
¢ikis verimi degerleri dogal bir azalma gostermistir. CoDel
algoritmasi, yliksek kullanici gruplari arasinda ugtan uca
verim degeri agisindan en iyi performansi gostermistir.
Sirasiyla diger en iyi performansi veren algoritmalar, RED,
Pie ve pFIFO olarak siralanmaktadir. CoDel algoritmasi,
paket diistislerinin erken tespiti ve paketlerin kuyruga girme
stiresine gore igslem yapmasi sebebiyle en iyi sonucu verir.
Kuyruk dolduktan sonra gelen paketleri birakan pFIFO
algoritmasi, tiim algoritmalar arasinda en kotii sonucu verdi.
Bu pFIFO’nun yiiksek trafik i¢in en savunmasiz algoritma
oldugunu géstermektedir.

10 UE 20 UE 30 UE

P
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=
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Sekil 6. Ugtan Uca Ortalama Verimin Karsilagtirilmast
4.3. Ugctan Uca Ortalama Gecikme

Sekil 7, kullanicinin sayilarina gore ugtan uca ortalama
gecikme siirelerini gostermektedir. Uctan uca gecikmeyi,
PG-W yonlendiricisinden eNodeB digimiine gelen
paketlerdeki modiilasyon, kodlama, paket olusturma siiresi
gibi parametreler ugtan uca gecikmeyi Onemli &lglide
etkilemektedir. CoDel, kuyrugu yonetmek i¢in kuyrugun
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boyutunu kullanmaz, paketlerin kuyruga girme siiresini
kullanir. Bu da CoDel algoritmasinin paket diisliirme
degerinin az olmasint ve buna bagl olarak da uc¢tan uca
verim degerinin diger algoritmalara gore yiiksek olmasini
saglamaktadir ¢linkii fazla paket diisiiriilmesi sitemin ¢ikis
degerini olumsuz etkilemektedir. CoDel algoritmasi en
diisiik paket kaybi oranina sahip olmasiyla, ugtan uca
verimde en iyi performansi goéstermektedir. Sirasiyla bu
algoritmay1 RED, Pie ve PFIFO takip etmektedir.

3
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2

Ugtan Uca Ortalama Gecikme (sn)
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Sekil 7. Ugtan Uca Ortalama Gecikmelerin Karsilagtirilmasi
4.4. Paket Kayip Oram

Sekil 8, kullanicinin sayilarina gore paket kayip oranlarini
gostermektedir. Paket kaybinin fazla yasanmasi paket
kaybmin telafisi igin gegirilen siireler ve sistemin tekrar
kararl1 hale gelmesi gibi nedenlerden dolay1 LTE aglarinda
performansin  olumsuz olarak etkilenmesine neden
olmaktadir. Paket kayip oranlarma bakildiginda PFIFO
algoritmast tiim kullanici gruplarinda en yiiksek paket
diislirme degerine sahip olmasiyla, ag performansini
olumsuz yonde etkileyen algoritmadir. CoDel, tiim kullanici
gruplarinda en diigiik paket kayip orani ile en giiglii aktif
yonetim algoritmasi olarak dne ¢ikmaktadir.

CoDel, tiim simiilasyon sonuglarina gore, ortalama ugtan uca
verim, ortalama ugtan uca gecikme ve paket orani ile en
giiclii aktif kuyruk yonetim algoritmasi olarak caligmaktadir.
Sirasiyla CoDel’i RED, Pie ve PFIFO izlemektedir. RED’in
kuyruga almadaki problemi, farkli boyutlarda ag bant
genislikleri igin parametrelerin ayarlanmasina ihtiyag
duymasidir, CoDel ise bu problemi ¢ézmektedir. CoDel,
ayarlarimin degistirilmesine gerek kalmadan herhangi bir
bant genigligi boyutu araliginda iyi ¢alisir. CoDel, kuyrugu
yonetmek i¢in kuyrugun boyutunu kullanmaz, paketlerin
kuyruga girme siiresini kullanir. Hedef adl1 bir kuyruk siiresi
belirler ve kuyruk siiresi bu hedefin altina distiigiinde
paketleri diisirmez. RED algoritmasmin giicli yonii ise
paket distlirlircken kuyruk uzunlugunu kontrol eder ve
minimum ve maksimum degerler arasinda bulunan esik
degerine gore paketi diisiiriip diistirmeyecegine karar verir.
Bu yoniiyle CoDel’den sonra RED en iyi sonucu
iretmektedir. PFIFO ve Pie kuyruk dolulugunu referans
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almas1 sebebiyle daha basit bir kontrol mekanizmasi ile
¢alismaktadir.
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Sekil 9. Paket Kayip Oranlarinin Karsilastirilmast
5. SONUC

LTE aglarinda, PG-W digiiminden eNodeB’ye gelen
paketlerin tamponda birikmesi sebebiyle sistemde darbogaz
yasanmaktadir. LTE aglarinin yiikiiniin artmasiyla ugtan uca
verim, gecikme ve paket diigiirme degerleri olumsuz yonde
etkilenmektedir. Simiilasyon sonuglarina gore en basarili
algoritma CoDel algoritmasidir. Sirasiyla RED, Pie ve
PFIFO bu algoritmay: takip etmektedir. CoDel, ayarlarinin
degistirilmesine gerek kalmadan herhangi bir bant genisligi
boyutu araliginda iyi ¢aligir. CoDel, kuyrugu yonetmek igin
kuyrugun boyutunu kullanmaz, paketlerin kuyruga girme
stiresini kullanir. Bu da CoDel paket diigiirme degerinin az
olmasini ve buna bagli olarak da ugtan uca verim ve gecikme
degerlerinin az olmasimi saglamaktadir. RED algoritmasi
paket diisiiriirken ortalama kuyruk degerini hesaplar ve bu
deger minimum ve maksimum esik degerleri arasinda oldugu
stirece paket diigiirilmesine izin vermez ancak RED
algoritmast yiiksek yiik durumlarinda maksimum esik
agilirsa tiim paketleri diisiirebilir bu da sistem performansina
olumsuz olarak etkileyebilir. Pie ve PFIFO algoritmalar ise
paket diistiriilmesi i¢in kuyruk uzunluklarini referans alir bu
ise smurlt kaynaklarin oldugu bir sistemde elverisli bir
yontem degildir.
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Abstract

The sensor monitoring of ambient carbon monoxide (CO) which was mainly emitted by the coal mines and power plants was
performed in the center of Zonguldak province of Turkey. It was observed that the recorded amount of CO (ppm) highly
depended on the amount of humidity (H.O) percent and temperature. The sensor monitored higher CO values at higher
temperatures accompanied with lower humidity percent whereas lower CO values at lower temperatures accompanied with
higher humidity percent. Consequently, OC...W, (W: H0) (n = 1-3) long-range (hydrogen-bonding) interactions were modelled
computationally using MP2/6-311++G(d,p) level of theory at selected temperatures. The calculated interaction Gibbs free
energies and performed reactivity and stability analyses supported the possibility of carbon monoxide and humidity interactions
at lower temperatures with higher humidity percent in parallel with the experimental results. It was concluded that the system
presented in this study might be integrated into CO sensor units to improve the sensor response in terms of accuracy and precision.

Keywords: carbon monoxide, humidity, sensor monitoring, computational modeling, MP2

1. INTRODUCTION

The present study includes the monitoring of CO gas with
sensors and modeling of its possible interactions with water
(humidity) molecules. Therefore, the types of sensors and
their characteristics, the general properties of CO gas and its
effects on our health and the previous studies about CO-
water interactions reported in the literature were presented at
the beginning of this section.

Air pollution is one of the main causes of acute and chronic
diseases. The pollutants in the atmosphere are predominantly
particles and gases such as nitrogen dioxide (NO), ozone
(O3) and carbon monoxide (CO) [1]. Compact, low-cost and
portable gas sensors are highly preferable in the field of
ambient air quality monitoring [1-4]. These sensors have
different working principles according to their types. For
instance, photo-ionization based sensors are generally used
for detecting volatile organic compounds [1,5]. Carbon
dioxide (CO2) and methane (CH.) gases can be detected by
optical sensors which are based on measuring gas absorption
at a specific infrared wavelength [1,6]. Semi conductive
metal oxide sensors work on the basis of changes in
conductivity when they are in contact with pollutant gas
molecules [1,7]. Oxidation/reduction reactions that occur on
the electrodes of electrochemical sensors result in change in
current and help in detecting several of the gas pollutants
[1,8,9]. However, the data quality of sensor monitoring is
highly affected from environmental factors such as
temperature, humidity and interference of other air pollutants

[1,4,8,10]. Machine learning methods are used and still in
progress in order to overcome these problems.

CO is an important air pollutant. It is a gas with no color,
odor and taste. It is predominantly produced from the
incomplete combustion of fossil fuels. The other sources of
CO are natural gas, volcanoes, open fires and metabolism of
marine organisms. It is a toxic gas. As hemoglobin (Hb) (the
oxygen transport protein contained in the red blood cells) has
about 220 times more affinity for CO than it does for oxygen,
a rapid poisoning of red blood cells occurs when the body is
exposed to a high concentration of CO. The COHb
concentration should not exceed a recommended universal
level of 2.5%. High levels of CO exposure can cause acute
poisoning, leading the coma and death at COHb levels of
greater than 40% [11].

Atmospheric CO level is highly affected by the amount of
humidity. There exist different studies on this subject in the
literature. The OC...H,O complex was firstly observed
experimentally in solid argon [12]. Rotational transitions for
this structure and its different isotopic versions were
investigated using the molecular beam electric resonance and
Fourier transform microwave absorption techniques [13].
The combination of the supermolecular Meller-Plesset
scheme with the perturbation theory of intermolecular forces
was applied in the analysis of the potential energy surface of
OC...H,O [14]. Additionally, various density functional
methods and local and nonlocal exchange-correlation
functionals were used in the investigation of the structure,
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energetics and vibrational properties of the same complex
[15].

The present study was performed in Zonguldak province of
Turkey. It is located in the western Black Sea region of the
country. The specific geographic property of Zonguldak
center is that the transition between the temperatures in the
winter months is soft while that of the humidity percentages
are quite hard. It is a major mining center of Turkey and CO
emissions from the coal mines to the atmosphere reach very
high values. In addition, there are many power plants near
the city center which use coal as a fuel and release a
significant amount of CO into the environment. These CO
emissions pose a serious threat to the city and therefore need
to be measured correctly. In a region with such
characteristics, first the humidity and then the temperature as
a humidity drier were considered to be very important factors
on carbon monoxide sensors. In this perspective, the
relationship between CO level-humidity and CO level-
temperature were examined by sensor monitoring in
February in Zonguldak center. The month of February was
chosen for collecting experimental data because of hard
humidity percent transitions in winter months. The
experimental records were then computationally modeled
taking into account long-range interactions of carbon
monoxide and humidity at selected temperatures which were
demonstrated as OC...W, throughout the study (OC: Carbon
monoxide interacting from carbon side, W: H,O: Humidity,
n = 1-3). The previous studies mostly focused on structural
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analysis of OC...H,O complex as mentioned earlier. Such a
study consisting of both sensor monitoring and
computational modeling of CO-humidity interactions does
not exist in the literature. Thus, the originality of the study is
revealed.

2. MATERIALS AND METHOD
2.1. Experimental Monitoring

The experimental setup included a semi conductive metal
oxide CO sensor with MQ-7 brand (Figure 1) to record
atmospheric CO levels in ppm and a BME280 branded
sensor (Figure 2) to record pressure (hPa), temperature (° C)
and humidity (%) changes. Data coming from these sensors
were decoded by the use of a 10-bits Atmel based
microprocessor. An Ethernet shield was coupled with the
microprocessor (Figure 3) to save the real time data coming
from these sensors into a SD card. Note that Figures 1-3
show the original pictures of the purchased items. The
working frequency of the experimental setup was adjusted to
1 Hz. The sensor data was collected for a week without any
interruptions. C-Based programming language was used to
create algorithms. Open source libraries provided by the
manufacturers of the sensors were integrated into the
program.

MQ-7 branded sensor is often used to detect CO levels in
industry and car automation setups. It works with 5V DC

BME280
Pressure
emprHumidity

0

"=

SCK___S0I

Figure 1. The picture of a semi conductive metal oxide CO Figure 2. The pictur of a BME280 branded pressure-
temperature-humidity sensor.

sensor with MQ-7 brand.

Figure 3. The picture of microprocessor (bottom component) and Ethernet shield (top component) together.

voltage and sends its data by analog resistance. The detecting
range is between 20 ppm-2000 ppm CO. The sensitivity of
the load resistance is 10 kQ +£5%.

BME280, manufactured by Bosch, is an environmental
sensor. It provides temperature, barometric pressure and
humidity information. Sharp changes of environmental
conditions and weather/environmental sensing can be
monitored using this sensor. It has the capability of
communicating with the microprocessor over 12C or SPI
(12C communication protocol was used to get fast and
accurate conversion in the experimental setup). This low-
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cost sensor can measure humidity with +3% accuracy.
Temperature and barometric pressure can be sensed with the
accuracies of £1°C and £1 hPa, respectively. It needs SV DC
power to work. It was programmed to send its data in each
second in the experimental setup.

The graphs of time versus recorded temperature, pressure,
humidity and CO level were presented in Figure 4. It was
detected that the atmospheric pressure almost stayed at
around 1.00 atm. during the measurements when the
recorded pressures in hPa were converted to atm. Therefore,
pressure was not taken as a variable, was considered as a
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constant, both in experimental monitoring and computational
modeling. The data collected all fluctuated in Figure 4 which
denoted a reasonable time interval was needed to reach
equilibrium and obtain more reliable results. Table 1
presented the minimum, intermediate and maximum CO
levels and other related values obtained from Figure 4. The
data in Table 1 was interpreted like this: At the minute of 100
the minimum CO level was measured as 30 ppm at 6 ° C with
the atmospheric humidity of 68 %. Approximately 8 hours
later (at the minute of 600), the temperature increased to 11
° C and dried the humidity to 54 %. The level of free
atmospheric CO increased to 55 ppm with decrease in
humidity. Then, approximately 6 hours later, at the minute
of 980, the temperature increased to 14 ° C and dried the
humidity some more (52 %). At that point the free CO level
reached its maximum value of 75 ppm. Another
interpretation was like that: The increase of temperature
from6to 11 ° C (At =5 ° C) dried the humidity level 14 %
and increased the free CO level 25 ppm. However, when the
temperature increased from 11 to 14 ° C (At = 3 ° C), the
humidity decreased 2% that resulted in 20 ppm increase in
CO level. After these observations it was concluded that the
amount of change in temperature (At) was an important
factor in determining the humidity % and free CO levels.
Regarding to that, in the cases of 6 and 14 ° C in which At
was 8 ° C, humidity decrease was 16 % and increase in CO
level was 45 ppm. These observations brought to mind that
chemical interactions might take place between CO and

80 70 1021
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humidity (H20) molecules at lower temperatures
accompanying with higher humidity. This was the main
approach used in the computational modeling.

2.2. Computational Modeling

The interactions of CO gas with one, two and tree water
(humidity) molecules were modeled computationally. They
were abbreviated as OC...W (CO molecule was interacting
with one water molecule from carbon side), OC...W...W
(OC...2W) (CO molecule was interacting with one water
molecule from carbon side and the water molecule was
interacting with another water molecule), OC...W...W...W
(OC...3W) (similar to the previous one but there were three
water molecules interacting with each other). All interactions
were detected as long-range (hydrogen-bonding) interactions
after calculations.

The initial structure optimizations leading to the energy
minima were performed using the MM2 method followed by
the semi-empirical PM3 self-consistent field molecular
orbital (SCF-MO) method [16] and Hartree-Fock (HF) SCF-
MO methods [17] at the restricted level. Further
optimizations were performed within the framework of
Second-order Moller-Plesset Perturbation Theory (MP2) at
the restricted level of a 6-311++G(d,p) basis set (MP2/6-
311++G(d,p)) [17]. AIll vibrational analyses and
thermochemical calculations were performed using the same
level of theory. The vibrational analyses had no imaginary
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Table 1. The minimum, intermediate and maximum CO levels and other related values obtained from Figure 4.

Time Temperature
(min) (°C)

100 6

600 11

980 14

Free CO Humidity
(ppm) (%)

302 68

5P 54

75¢ 52

&The minimum and maximum values of CO recorded in
time interval of approximately 15 hours.

bAn intermediate value of CO recorded approximately after
8 hours than the first measurement.

Atmospheric pressure was at around 1.00 atm.

frequencies, which indicated that no transition states or
saddle points were observed on the potential energy surfaces.
The interaction Gibbs free energies of all the considered
long-range interactions were calculated at 6, 11 and 14 °C,
respectively. Then, they were corrected with basis set
superposition error (BSSE) contributions [18,19]. BSSE
corrections use the Boys and Bernardi counterpoise
technique [18,20], which are due to overlap of the wave
functions of the moieties [21]. All of the computations were
performed for the gas phase using the Gaussian 09 software
package [22]. The atmospheric pressure was kept at 1.00
atm. during calculations.

3. RESULTS AND DISCUSSION
3.1. Structure Optimizations
In OC...W (OC...H;0) structure, the hydrogen bond

between the two fragments, CO and H,O (OC...H-O-H),
was determined to be 2.41 A with nonlinearity of 11.5° in the

literature [12,15]. Additionally, the higher stability of
OC...W interaction rather than CO...W interaction was
reported computationally [14] (Long-range interaction was
from the C side in the previous structure, however it was
from the O side in the latter). Similarly, the present study
concentrated on the stable OC...W structure. The values
calculated in the study were close to the ones reported in the
literature. The hydrogen bond length in OC...W structure
was found to be 2.45 A accompanied by a nonlinearity of
10.8° at all temperatures.

The shapes of the optimized structures were similar at all
temperatures of 6, 11 and 14 ° C. Therefore, the
representative temperature was chosen as 6 ° C and the
optimized structures of OC...W, OC...2W and OC...3W
interactions were demonstrated at this temperature in Figure
5. All interactions had OC...H-O-H hydrogen bonds. In
OC...2W and OC...3W interactions, water molecules were
oriented to make additional hydrogen bonds between them.

Interaction

OcC...

0C...2W

0C...3W

°,

9

9

9
o9

9,

Figure 5. The representative optimized structures of OC...W, OC...2W and OC...3W interactions at the theoretical level of

MP2/6-311++G(d,p) at 6 ° C.

3.2. Computed Interaction Gibbs Free Energies and
Relation with Sensor Monitoring

The interaction Gibbs free energies were formulated as in
Equation (1):

AGS, = AG(OC ... W) — [AG°(CO) + n AGC(W)],
n=1-3 )

The BSSE corrected interaction Gibbs free energies of all the
considered interactions were presented in Table 2. The
following results were obtained from calculations: At any
selected temperature the interaction Gibbs free energy was
positive (non-spontaneous) and the energy order was
OC...3W > OC...2W > OC...W. It denoted that the
interaction got more difficult with increasing number of
water. If the amount of water was increased from 1 mole to
2 moles (W was added to OC...W and OC...2W was
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formed), an additional energy more than 20 kiJ/mole was
needed to perform the reaction at any temperature. However,
when the mole number of water molecules were increased
from 2 to 3, less energy was needed (3-4 kJ/mole) (W was
added to OC...2W and OC...3W was formed at any
temperature). Additionally, it needed more energy to
perform OC...W, interaction (n = 1-3) as temperature
increased. This observation was parallel to the sensor
monitoring result in which the concentration of free CO
(non-bonding CO) increased with increasing temperature
(with drying humidity).

3.3. The Frontier Molecular Orbital Analyses

The frontier molecular orbital analyses of the structures were
performed using the orbitals of HOMO (Highest Occupied
Molecular Orbital) and LUMO (Lowest Unoccupied
Molecular Orbital). Absolute hardness (n), global softness
(S), Mulliken electronegativity (X,), electronic chemical
potential (u), electrophilicity index (w) and fy,, index are
important parameters to understand the chemical reactivity

and stability of the compounds. They are calculated by the
Equations (2)-(6) given below.

-4
2

oo 1
- (o)

[23,24] (2)

[24,25] (3)
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Xy = —p= U’;A) [23,25] 4)
2

w==(§n) [25,26] (5)

fan = S [27] (6)

I and A are the ionization potential and electron affinity,
respectively [23]. Note that [ = —eyono and A = —€ym0
within the validity of the Koopmans’ theorem [28], where
Enomo and &.yuo are the energies of the highest occupied
molecular orbital and lowest unoccupied molecular orbital,
respectively.

The calculated frontier molecular orbital energies and related
reactivity and stability parameters of CO, W and OC... W, (n
= 1-3) structures at the theoretical level of MP2/6-
311++G(d,p) were demonstrated in Table 3. According to
the results it was concluded that W had a tendency to interact
with CO as their absolute hardness and global softness values
were close to each other. CO was a little bit harder than W
(nco = 0.32eV,ny, = 0.28eV)and in parallel W was a
little bit softer than CO (S, = 1.79eV™1,S., =
1.56 eV 1), It is important to note that hard-hard (soft-soft)
interactions have more tendency to occur chemically than
hard-soft interactions [29,30]. In this perspective, the
interaction of OC...W with another W molecule (to form
OC...2W) was also favored since the absolute hardness and

Table 2. Calculated interaction Gibbs free energies of CO molecule with different numbers of water molecule (humidity) at the
selected temperatures. MP2/6-311++G(d,p) theoretical level was used in the calculations.

Interaction
Temperature OCc..W OC_..2W OC_..3W
6 19.1 404 433
11 1935 413 431
14 197 421 46.1

Temperatures are in® C.

corrected.

Energies are standard Gibbs free energies in kl/mole and BS5SE

Atm ospheric pressure was fix ed at 1.00 atm . in computations.

Table 3. The calculated frontier molecular orbital energies and related reactivity and stability parameters of CO, W (water) and
OC...W; (n = 1-3) structures at the theoretical level of MP2/6-311++G(d,p).

€HoMo | €LuMO I A n S Xy=-pu 1) fa
(eV) (eV) (eV) (eV) (eV) (ev?) (eV) (eV)
CO -0.56 0.083 0.56 -0.083 0.32 1.56 0.24 0.090 | -6.75
W -0.51 0.043 0.51 -0.043 0.28 1.79 0.23 0.094 | -11.86
OoC..W -0.50 0.050 0.50 -0.050 0.28 1.79 0.23 0.094 | -10.00
OC..2W -0.49 0.042 0.49 -0.042 0.27 1.85 0.22 0.090 | -11.67
OC...3W -0.50 0.045 0.50 -0.045 0.27 1.85 0.23 0.098 | -11.11

global softness values of OC...W and W were the same (n =
0.28 eV, S = 1.79 eV~ for both). Similarly, the interaction
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of OC...2W with another W molecule (to form OC...3W)
was possible when their closer n and S values were taken
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into  account (ny = 0.28 eV, ny¢.ow = 027 eV, Sy, =
1.79 eV, Spe ow = 1.85eV 1),

Electrophilicity index (®) defines the global electrophilic
nature of a molecule relatively [31]. The molecule with
higher ® acts as an electrophile (electron-poor specie)
however the molecule with lower ® acts as a nucleophile
(electron-rich specie). According to Table 3, it was
concluded that CO acted as a nucleophile (o = 0.090 eV)
whereas W acted as an electrophile (o = 0.094 ¢V) in
OC...W interaction. However, OC...W and W had the same
electrophilicity indexes (o = 0.094 eV) in the formation of
OC...2W interaction. Similar to OC...W interaction,
OC...2W acted as a nucleophile (o = 0.090 eV) while W
acted as an electrophile (o = 0.094 eV) in the formation of
OC...3W interaction.

Molecules with high HOMO energy can donate their
electrons more easily than molecules with low HOMO
energy, and therefore they are more reactive in oxidation
reactions. Molecules with low LUMO energy are more
favored to accept electrons than molecules with high LUMO
energy, and as a result they are more reactive in reduction
reactions. This approach is used in describing the reactivity
(stability) of the molecules [27]. The fy,, index is defined as
a stability index of molecules through oxidation. It is the
ratio between HOMO and LUMO energies. (Note that f;;,,
is a unitless index since it is just the ratio of the frontier
molecular orbital energies having the same unit.) Molecules
with low values of fy, show persistent character to
oxidation than molecules with high values of f,,, [27].
According to this phenomena, it was possible to remark that
CO was the most suitable specie for oxidation (fy,, =
—6.75) whereas W was the least suitable one (fy,, =
— 11.86). The OC...W, (n = 1-3) species lied in between
CO and W in terms of oxidizability (Table 3).

4. CONCLUSION

The major outcomes of this research can be listed according
to the experimental (sensor monitoring) and computational
(molecular modeling) studies as follows:

a) Firstly, it would be better to mention that the results all
belong to Zonguldak province of Turkey and may differ
according to the location.

b) The experimental sensor monitoring and OC...W, (n = 1-
3) computational modeling results correlated well with each
other.

c) Temperature and humidity % were found to be the main
factors affecting carbon monoxide and humidity interactions.
d) It was concluded that lower temperatures accompanied by
higher humidity % were more favored for the interaction of
carbon monoxide and humidity since humidity could not be
dried sufficiently at lower temperatures.

e) The possible OC...W, (n=1-3) interactions were
examined theoretically within the limitation of the method
and basis set used. However the computational results may
differ according to these parameters, a post Hartree-Fock
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method of MP2 with 6-311++G(d,p) basis set allowed to
make relative comparisons. On the other hand, the low-cost
components of the experimental setup are generally used in
research and developing prototypes. If they were replaced
with the industrial versions in the present study, the results
would be more improved.

f) The possible sources of error can be listed as follows:
using low-cost sensors, sensor noise, the magnitude and
direction of the wind (since the data was collected in open
air), using a microprocessor with 10-bits analog to digital
converter (ADC) (higher than 10-bits ADC would give better
results).

g) The future work may include higher level theoretical
calculations accompanied by data collections in more days
of the year.

h) The CO-humidity modeling proposed in the present study
may be integrated into next-generation CO sensors so as to
improve the accuracy and precision output. Appropriate
chemical desiccants put in the sensor systems may prevent
the effect of humidity and support the validity of the
proposed chemical model.
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Oz

Aliiminyum ve aliiminyum alagimlari iyilestirilmis mukavemet 6zelikleri, hafif olmalari, iyi 1s1l ve elektrik iletkenlikleri, yiliksek
korozyon direngleri nedeniyle gida, kimya, otomotiv ve gemi insa endiistrileri, tasit, makina ve cihaz yapimi ile mimari alanda,
ingaat, havacilik ve uzay endiistrilerinde ¢ok genis kullanim alanina sahiptirler ve bu alanlarin ¢ogunda aliiminyumun kaynagi
uygulanmaktadir. TIG (Tungsten Inert Gas) kaynagi, ekonomik olusu ve kolay uygulanabilir olmasi nedeniyle aliiminyum ve
alagimlarmin birlestirilmesinde tercih edilmektedir. Bu ¢aligmada Al 1050 alagimui plakalar TIG kaynak yontemi kullanilarak
birlestirilmistir. Kaynakla birlestirilmis numunelere ¢ekme testi uygulanmistir ve ¢ekme dayanimlar 6lgtilmiistiir. Kaynak
bolgesi ve 1s1 tesiri altindaki boélgelerin (ITAB) sertlik degerleri Vickers Sertlik testi uygulanarak incelenmistir. Numunelerin
kaynak uygulamasindan sonraki ana metal, 1s1 tesiri altindaki bolge ve kaynak bolgesi mikroyapilar1 optik mikroskop kullanilarak
incelenmistir. Elde edilen sonuglar dogrultusunda Al 1050 alagiminin TIG kaynak iglemi sonrasi mekanik 6zellikleri ve
mikroyapist tilincelenmistir ve yorumlanmaistir.

Anahtar Kelimeler: Al 1050 alagimi, tungsten inert gaz, kaynak, mekanik 6zellikler, mikroyapi

Mechanical and Microstructure Properties of Aluminum 1050 Alloy Joined with TIG
Welding Method

*1 Arife Kiibra Demirbas, > Sinem Cevik
! Ondokuzmayis University, Department of Metallurgical and Materials Engineering, 55210, Samsun, Turkey,
akubrademirbas@gmail.com
2 Ondokuzmayis University, Department of Metallurgical and Materials Engineering, 55210, Samsun, Turkey,
scevik76@gmail.com

Abstract

Aluminum and aluminum alloys due to their improved strength properties, light weight, good thermal and electrical conductivity,
high corrosion resistance, are widely used in food, chemical, automotive and shipbuilding industries, vehicle, machinery and
equipment, architectural, construction, aerospace industries and in most of these areas the welding of aluminum is applied. TIG
(Tungsten Inert Gas) welding is preferred for joining aluminum and its alloys due to its economical and easy application. In this
study, Al 1050 alloy plates are joined using TIG welding method. Tensile tests were applied to welded samples and tensile
strengths were measured. The hardness values of the weld zone and heat affected zones were examined by applying Vickers
Hardness Test. The main metal, heat affected zone and welding zone microstructures were examined by using optical microscope.
According to the results, mechanical properties and microstructure of Al 1050 alloy after TIG welding were investigated and
interpreted.
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1. GIRIS

Aliminyum ve aliiminyum alagimlart iyilestirilmis
mukavemet Ozelikleri, hafif olmalari, iyi 1s1l ve elektrik
iletkenlikleri, yiiksek korozyon direngleri nedeniyle gida,
kimya, otomotiv ve gemi insa endiistrileri, tasit, makina ve
cihaz yapimi ile mimari alanda, insaat, havacilik ve uzay
endiistrilerinde ¢ok genis kullanim alanina sahiptirler ve bu
alanlarim ¢ogunda aliiminyumun kaynagi uygulanmaktadir
[1-4]. Saf aliiminyum iyi 1s1l iletkenligine sahiptir ve olduk¢a
yumusak bir malzemedir. Aliiminyumun &zelliklerini
degistirmek i¢in az miktarda alasim elementi ilavesi yapmak
yeterli olmaktadir. Teknolojik islemlerden gegcirilebilir ve
arag-geregler, yapisal elemanlar ve diger firiinler igin
kullanilabilirler [5,6]. Aliminyum ve alasimlari, cesitli
kaynak yontemlerini kullanirken dikkat edilmesi gereken
baz1 fiziksel ve kimyasal 6zelliklere sahiptir. Aliiminyum
alasgimlarimin ~ kaynak  uygulamasindaki en  ciddi
problemlerden biri, kaynak havuzunda meydana gelen
tirbiilans sirasinda koruyucu gazlar, hava ve hidrojen gibi
gazlarin sikismasindan olusan gozenekliliktir. Sogutma hiz1
¢ok yiikksek oldugunda, bu gazlar kaynak havuzundan
¢ikamaz ve bu da kaynak bolgesinde gozenek olusmasina
neden olur. Aslinda, tim kaynaklanmis aliminyumlarda az
miktarda gozeneklilik bulunmaktadir. Bunun nedeni,
hidrojenin siv1 ve kati aliiminyumdaki biiyiik ¢oziiniirliik
farki olmaktadir [7-10]. Bu olumsuz 6zelliginin yani sira
aliminyum ve alagimlarinin yiizeyi ¢ok yiiksek sicaklikta bir
oksit tabakasi ile kaplanmaktadir. Bu oksit tabakasi ¢ok siki
bir sekilde yiizeyi sararak oksitlenmenin i¢ kisimlara dogru
ilerlemesini Onlemektedir. Bu oksit kaynak sicakliginda
ergimediginden kaynak dikisine dogru elektrotun ergimesi
ile gecer ve kaynak baglantisinin siirekliligini saglayan
damlaciklarin bir araya gelmesine engel olur [11].

Aliiminyum ve alagimlarmin sahip oldugu olumsuz kaynak
uygulamasi1 6zelliklerinden dolayr kaynak islemi ile
birlestirilmelerinde meydana gelen hatalarin en aza
indirilmesi i¢in yapilacak olan ¢aligmalar olduk¢a dnemlidir.
Her aliiminyum alasimi sahip oldugu farkli kimyasal
ozelliklerinden dolayr kaynak islemini sonrast meydana
gelen yapisi da farkli olmaktadir. Geleneksel kaynak
yontemleri ya da her kaynak yontemi aliiminyum
alagimlariin hepsi i¢in uygun olmayabilmektedir. Al 1050
alagim kolay sekillendirilebilen, yiiksek korozyon direncine
sahip ve mimari ve dekoratif uygulamalarda, kaplama
levhalarinda ve insaat sektoriinde olduk¢a yaygin kullanimi
olan bir malzemedir [12]. Kullanim alani ¢ok yaygin olan bu
aliminyum alasimmin kaynak uygulamalari ve kaynak
sonrast kimyasal ve fiziksel ozelliklerinin iyi bilinmesi
gerekmektedir. Al 1050 alagiminin literatiirde az sayida TIG
kaynak yontemi kullanilarak yapilan deneysel ¢aligmalar
bulunmaktadir. Aliiminyum ve alasimlarimin
birlestirilmesinde TIG kaynak yontemi ekonomik olmasi,
kolay uygulanabilirligi, kaliteli kaynak bolgesi elde edilmesi
nedeniyle genellikle tercih edilmektedir [13-18]. Tungsten
inert gaz (TIG) kaynagi, koruyucu gaz ortaminda,
tilkketilemeyen bir tungsten elektrotu ile ana metal malzeme
arasinda olusan bir ark ile metallerin 1sinarak birlesmesini
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saglayan bir ark kaynagi islemidir. TIG kaynak yontemi; 1s1
girdisi yerel oldugu igin 1s1 iletim katsayis1 yiiksek olan
aliminyum ve alagimlarinin kaynaginda olusan ¢arpilmalari
en aza indirdiginden cok tercih edilen bir gazalti kaynak
yontemidir. TIG kaynaginda, iki ¢esit akim; dogru ya da
alternatif =~ akim  kullanilabilir. ~ Ancak  aliiminyum
alasimlarinin  kaynaginda alternatif akim kullanilmasi
gerekmektedir [19-21]. Normalde, negatif kutup (DCEN)
olarak tungsten ile bir DC arki kullanilmaktadir. Eger is
pargast anot olarak kullanilirsa, oksit tabakasinin bulundugu
aliminyum ve magnezyum gibi metaller i¢in bu arkin
kullanimi miimkiin degildir. Bu katman kaynak havuzunun
olusumunu 6nlemektedir. Hareketli olan katod noktas1 oksit
tabakasin1 dagitabilir, ancak eger anot olarak kullanilirsa
tungsten elektrotunda asir1 1s1 tiretimi olmaktadir [22].

Yapilan bu ¢aligmada Aliiminyum 1050 alasimi TIG kaynak
yontemi ile birlestirilmistir. Birlestirilen numunelerin cekme
dayanimlari, kaynak bdlgesi Vickers sertlik degerleri
incelenmistir. Optik mikroskopta birlesme bolgelerinin
mikroyapilart incelenerek kaynak isleminin alagimin
mekanik  Ozelliklerine  olan  etkisi mikroyapr ile
iliskilendirilerek yorumlanmustir.

2. MATERYAL VE YONTEM

Calismada 4 mm kalinlikta ve 65x100 mm boyutlarindaki Al
1050 alasim levhalart TIG kaynak yoOntemi ile
birlestirilmistir. Kullanilan alasimin agirlikca kimyasal
bilesimi Tablo 1’de verilmistir. Kaynak islemi Oncesi
aliminyum alasimlarin yiizeyinde bulunan ve kaynak
sicakliginda ergimeyen oksit tabakasi paslanmaz gelik firga
ile temizlenerek birlestirme sirasinda bu tabakanin kaynak
dikisine gegisi en aza indirilmistir. Birlestirme i¢in
kullanilan kaynak parametreleri Tablo 2’de verilmistir ve
kaynak islemi sonrasi levha Sekil 1°de gosterilmistir.

Tablo 1. Aliiminyum 1050 alagiminin agirlik¢a kimyasal
bilesimi (%).

Fe Si Zn Ti Mg | Mn | Cu Al
04 | 0,251 0,07 |0,05]|0,05|0,05 (005|995
Tablo 2. Kaynak parametreleri.
Kaynak | Kaynak Ark Koruyucu | Dolgu
Akimi | Gerilimi Tipi Gaz Teli
80 A 7-8V Darbeli Argon Cr4043

—
Sekil 1. TIG kaynak yonte
goruntusui.
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Kaynakla birlestirilen levhalara ¢ekme testi ve Vickers
sertlik testi uygulanmigtir. Kaynak boélgesi, 1s1 tesiri altindaki
bolge ve ana metal bolgesi mikroyapilart optik mikroskop
altinda incelenmistir.

2.1. Cekme Testi

Cekme testleri 10-tone universal MARES ¢ekme-basma test
cihazindan gerceklestirilmistir. 4x20x130 mm
boyutlarindaki 4 adet numuneye ¢ekme testi uygulanmustir.
Cekme testi uygulanan numuneler Sekil 2’de gosterilmistir.
Kaynak ile birlestirilen alasimlarin ¢ekme mukavemetleri
incelenerek yorumlanmstir.

)

Sekil 2. Cekme testi i¢in hazirlanan numuneler.

2.2. Sertlik Testi

Numunelerin sertlik degerleri TMTECK HV-1000B Mikro
sertlik cihaz1 kullamilarak 15 sn siire ile 0.98 kg kuvvet
uygulanarak 3 mm araliklar ile 6l¢iilmiistiir. Kaynak bdlgesi,
1s1 tesiri altindaki bolge ve ana metal bolgesi sertlik degerleri
karsilagtirilarak kaynak isleminin alagimin sertligine olan
etkisi incelenmistir.

2.3. Mikroyapi Incelemesi

Kaynak islemi sonra numunelerin kaynak bolgesi ve ITAB
mikroyapilart Leica DM2500 P optik mikroskopu
kullanilarak goriintiilenmistir. TIG kaynaginin alagimin
mikroyapisina etkisi ve buna bagli olarak numunelerin
mekanik  ozelliklerindeki ~ degisim  yorumlanmustir.
Numuneler optik mikroskop incelemesinden once Keller
ayract (2ml HF + 3ml HCI + 5ml HNO3 + 190ml Su)
kullanilarak 1 dk siire ile daglanmistir. Daglama islemi
sonrast numulerin ana metal bolgesi, kaynak bdlgesi ve
ITAB mikroyapist goriintiilenmistir.

3. BULGULAR
3.1.Cekme Testi Sonuglari

Cekme  testi uygulanan 3 numune  birlesme
bdlgesinden(kaynak bdlgesi) degil 1sidan etkilenen bolgeden

473

Academic Platform Journal of Engineering and Science 8-3, 471-477, 2020

kopmustur. Cekme testi
gosterilmistir.

numune Sekil 3’te

sonrasi

Sekil 3. Cekme testi sonrasi numune.

Numunelerin gerilme degerleri Sekil 4’deki grafikte
gosterilmistir.  Tim  numunelerin  birbirlerine  yakin
degerlerde ¢ekme gerilmesine sahip oldugu goriilmiistiir. 3
numunenin ortalama gerilme degeri Sekil 5°deki grafikte
verilmigtir.

70
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Sekil 4. Cekme testi uygulanan numunelerin gerilme-
gerinim grafigi.
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Sekil 5. Numunelerin ortalama gerilme-gerinim grafigi.

Numuneler siinek bir alagim malzemesi oldugundan ¢ekme
islemi sonrast numune boylarinda uzaman meydana
gelmigtir. Tiim numunlerin uzama(%) degerleri Sekil 6’daki
grafikte gosterilmistir.
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%15,38

%12,30

% 11,53

Uzama (%)

Numune

Sekil 6. Cekme testi sonrasi numunelerin %uzama degerleri.
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3.2. Vickers Sertlik Sonuclar1

Kaynak bolgesi merkez noktast olacak sekilde 3 mm
araliklarla toplamda 7 noktaya vurus yapilmistir. Sirasiyla
ana metal bolgesi, ITAB, kaynak bdlgesi, ITAB ve ana metal
bolgesi sertlik degerleri Olgiilmiistiir. 3 bolgenin sertlik
degerleri tim numuneler igin Sekil 7°de gosterilmistir.

3.3. Mikroyap1 Goriintiileri

Sekil 8’de TIG kaynakli numunenin 5x biiyiitmedeki
mikroyapilart  gosterilmistir. ~ Kaynakla  birlestirilen
numunenin ana metal bolgesi,kaynak bolgesi ve ITAB Sekil
8(A)’da belirtilerek bu bdlgelerin mikroyapilart verilmistir.
%50 biiyiitme alinan mikroyap:r goriintiileri Sekil 9°da
gosterilmistir. Bu gorlintiilerde tane siirlar1 ve poroziteler
acikca gortilmektedir.

=] =] 3 0 3 g o
70 T ] i ——————F— 70
B 1. Humune |
[ 2 Humune
o I I 3. Humune - &0
< Kaynak Bolgesi
z 7 ITAB IS
- 1
% 404 Ana Metal Ana Metal | 44
o
=
T 30
@
w
-
=
10 -
0
-8 -8 -3 1] 3 4] )

Kaynak Merkezine Olan Uzaklik (mm)

Sekil 7. Numunelerin ana metal, ITAB ve kaynak bolgesi sertlik degerleri.
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Avadota)]

Kaynak Bolgesi

Sekil 9. 50x biiyiitmedeki kaynakli numunelerin mikroyap1 goriintiileri, ana metal(A), ITAB(B), kaynak bdlgesi(C).
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4. DEGERLENDIRME VE SONUC

Bu ¢alismada TIG kaynak yontemi ile birlestirilen Al 1050
alasim levhalarin mekanik ve mikroyapisal &zellikleri
incelenmistir. Birlestirilen numunelere ¢ekme ve sertlik
testleri uygulanmistir. Kaynak bdlgesi ve c¢evresinin
mikroyapilar1 optik mikroskop ile incelenmistir.

Aliminyum siinek ve yumusak bir metal oldugundan ¢ekme
testi sonrasinda numuneler siinek kirtlma davranist
gostermistir. Kaynak bolgesi metali ana metal ve 1sidan
etkilenen bolgeden daha saglam ve sert oldugundan ¢ekme
sonrast numuneler kaynak metalinden degil ITAB’dan
kopmustur. Sekil 4’deki grafikten gorildagi tizere en
yiiksek gerilme dayanim 62,23 N/mm? olarak belirlenmistir.
Ortalama gerilme dayammm ise 61,13 N/mm? olarak
hesaplanmistir ve Sekil 5’deki grafikte gosterilmistir. Kumar
K. vd [8], yaptiklar1 calismada AI1050 alasimin1 TIG
yontemi ile kaynaklamis ve ¢ekme testi sonuglarimi 22.03 ile
55.828 MPa arasinda elde etmislerdir. Bu ¢alismada elde
edilen ¢ekme testi sonuglart daha yiiksek olmustur ve bu da
yapilan kaynak isleminin daha diizgiin oldugunu
gostermektedir. Al 1050 alagiminin standart gekme dayanimi
65-80 Mpa’dir. Isidan etkilenen bdlgedeki disiik 1s1 girdisi
ile birlikte gelisen yavas sogumanin meydana getirdigi ve
kaynak bolgesine oranla daha iri taneli olan mikroyapidan
dolay1 bu bolgedeki mukavemette diisiis meydana gelmistir.
Kaynak bolgesine gore daha diisiik mukavemetli olan
ITAB’da ¢ekme testi sirasinda kopma meydana gelmistir ve
bu da numunelerin ¢ekme dayanimlarinda disiise neden
olmustur. Al 1050 alasimi %38’lik uzama oranlarina
¢ikabilen siinek bir metaldir. Fakat kaynak islemi uygulanan
alasimda meydana gelen tane kiiclilmesiyle birlikte
dayanimda bir artis meydana gelmektedir. Sekil 6’dan da
goriildiigi lizere kaynakli numunelerin uzama orani en fazla
%15,38 olmustur. El-Sayed M.A [9] yaptigi calismada
Al1050 alagimina siirtinme kaynagi uygulamig ve test
sonuglarina gore ortalama %9,5 elde etmistir. Buna bakilarak
%15,38’lik uzama degeri bize yapilan kaynak isleminin
uzama oranini az miktarda etkiledigini ve aliiminyum
alasiminin ~ sahip oldugu esnekligi  koruyabildigini
gostermistir. Is1 tesiri altindaki bdlgenin ana metale gore
daha sert olmasi numunelerin uzama oranlarini diistirmiistiir.

Kaynakli numunelere uygulanan Vickers sertlik sonuglari
incelendiginde kaynak merkezlerinin en yiiksek sertlik
degerlerine sahip olduklar1 goralmiistir. Vickers sertlik
degeri 25-30 HV arasinda degisen Al 1050 alagiminin
kaynak bolgesi sertlik degerleri 44-47 HV arasinda
bulunmustur. Sekil 7’ye bakildiginda ana metal bdlgesinden
kaynak merkezine dogru ilerledikge sertlik degerlerinde bir
artiy gozlenmektedir. Alves E.P vd [23] de yaptiklar
calismada birlesme bdlgesinin sertlik degerlerinin ana
metale oranla daha yiiksek oldugunu gostermistir. En diisiik
sertlik degerine sahip bolge en yumusak yapida olan ana
metal bolgesidir. Kaynak bdlgesindeki sertlik artiginin
sebebi olarak yiiksek 1s1 girdisiyle birlikte hizl1 olusan hizli
katilagma sonucu alfa aliiminyum tanelerinin daha kiigtik ve
ince yapida meydana gelmesi gosterilebilir.
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Optik mikroskop goriintiileri incelendiginde kaynak
bolgesinde ve ITAB’da  porozitelerin  bulundugu
goriilmiistiir. Sekil §(D)’de gosterilen, koruyucu gazlarin
kaynak islemi sirasinda metal igerisinde sikismasiyla olusan
bu poroziteler metalin mukavemetinde ve sertliginde
azalmalara yol acabilmektedir. Kaynak sonrasi meydana
gelen mikroyapilar incelendiginde kaynak boélgesinin ana
metale gore daha ince taneli bir yapiya sahip oldugu Sekil
9(B)’de goriilmiistiir. Kumar K. vd [8], yaptiklari ¢aligmada
ana metal ve kaynak bdlgesinin mikroyap1 degisimlerini
gostermistir ve kaynak bdlgesinde olugan ince taneli yapinin
kaynak esnasinda meydana gelen sicaklik degisimlerinden
olustugunu aciklamistir. Olugan tane ve tane sinirlart Sekil
9(C)’de acikca goriilmektedir. Kaynak bolgesinde olusan
ince taneli yap1 kaynak metalinin ¢ekme mukavemetinin ve
sertliginin artmasini saglamigtir.

Yapilan bu ¢aligmadan elde edilen sonuglar su sekilde
siralanmustir;

1) TIG kaynak yontemi ile birlestirilen Al 1050 alagiminin
kaynak bolgesi dikisinin oldukga temiz oldugu porozitelerin
en az seviyede olmasindan anlagilabilmektedir.

2) Kaynak bolgesinde olusan porozite ve oksitlenme
miktarinin oldukg¢a az oldugu goriillmiistiir.

3) Birlestirme islemi sonrasinda alagimin kaynak bdlgesinin
¢ekme mukavemeti ve vickers sertliginde artis meydana
geldigi belirlenmistir.

4) Numunelerin mikroyapilar1 incelendiginde kaynak
bolgesinden tanelerin kiigiildiigii ve daha dentritik bir yapiya
doniistiikleri goriilmiistiir.

5) Al 1050 alagiminin TIG yontemi ile kaynak uygulamasi
sonucunda numunelerin birlesme bolgelerinde ¢ekme
mukavemeti artmistir, numunelerin uzama degerleri Al 1050
alasimi degerleri kadar iyi ¢gikmustir.
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Abstract

In this study, performance of organic acids in the extraction of vanadium from silica sand, a potential vanadium source, were
investigated by leaching method. Silica sand samples used in this study was obtained from a silica sand beneficiation plant
operating in Istanbul, Turkey. In the context of experimental studies, detailed characterization tests and leaching tests with
organic and inorganic acids were performed on the representative samples obtained from the desliming unit of the plant, and the
optimum extraction conditions for vanadium were determined. The obtained results showed that the best result for vanadium
extraction was obtained with hydrofluoric acid. The extraction efficiency of vanadium was found to be 76% under optimal
leaching conditions of 2 h of leaching time, 800 kg/ton of HF amount and 40°C pulp temperature. On the other hand, the best
results among the organic acids were obtained with oxalic acid. The extraction efficiency of vanadium was found to be 50%

under optimal leaching conditions of 2 h of leaching time, 200 kg/ton of oxalic acid amount and 40°C pulp temperature.

Keywords: Vanadium, silica sand, leaching method, organic acids, inorganic acids

1. INTRODUCTION

The existence of vanadium was discovered by Spanish
mineralogist Manuel Del Rio in 1801 in Mexico as a result
of the studies performed on lead vanadate ore [1-2].
Vanadium is a relatively abundant trace element found in the
Earth’s crust and it occurs within many minerals and ore
deposits. While it does not found in its native metal form in

the nature; it co-exists with other elements in many different
mineral species. Vanadium minerals are classified into seven
groups which are namely oxides, phosphates, silicates,
sulphates, sulphurs, titanates and vanadates [3]. Most
common vanadium bearing minerals are carnotite,
mottramite, patronite, roscoelite and vanadinite [2, 4].
Production data for 2015-2018 and the current reserves of
vanadium were presented in Table 1.

Table 1. Worldwide production of vanadium and vanadium reserves [5]

Production Reserves
2013 2014 2015 2016 2017 (x1000 mton)
U.S.A. 591 - 45
Australia 400 - 2,100
Brazil - 1,030 5,800 8,000 8,400 -
China 41,000 45,000 42,000 45,000 43,000 5,100
Russia 15,000 15,100 16,000 16,000 16,000 5,000
S. Africa 21,000 21,000 14,000 10,000 13,000 3,500
Others 600 580 - - - -
Total 79,000 82,700 77,800 79,000 80,000 14,000

Vanadium is almost only significant by-product used in
ferrous and non-ferrous alloys owing to its physical
properties such as high tensile strength, hardness and fracture
strength. It is used in a wide range of alloy combinations with
iron, titanium, nickel, aluminium, chrome and other metals
for various commercial applications such as railroads, steel

tools, catalysts and aviation. Global demand for vanadium is
met by several primary resources as feedstock, concentrates,
metallurgic slags and petroleum wastes. Moreover, mine
tailings and waste ashes have a significant economic
potential as they can contain high amounts of vanadium and
nickel [4, 6].
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Hydro-metallurgical and pyro-metallurgical methods are
used for the recovery of vanadium. Most common methods
are direct acid or alkali leaching and post-roasting acid, alkali
leach or water leaching. Alkali leaching is generally
preferred method for the selective recovery of vanadium
from iron. However, this method may also resulting a partial
dissolution of silica in addition to vanadium. Moreover, it is
somewhat an expensive method due to the reagents used in
the process. On the other hand, dissolution of silica in
sulphuric acid is relatively limited; but selective recovery
with this method is not possible in terms of simultaneous
recovery of nickel and vanadium. At the same time, it is a
cost-effective and efficient method [2].

Lietal., (2010) have investigated the feasibility of vanadium
recovery from black shale using sulphuric acid and
hydrochloric acid leaching routes. The obtained results
showed that the dissolved vanadium was in the form of VO?*
and VO2* in an aqueous solution with high potential and
low pH value. Optimum parameters were determined as 87.5
g/L sulphuric acid concentration, 6-hours reaction time, 15
g/L hydrochloric acid concentration, 1 g/L sodium
hypochloride concentration, 95 °C pulp temperature and 4
mL/g solid/liquid rate. Under these optimum conditions,
vanadium recovery was found to be 86% [7]. Li et al., (2011)
have investigated vanadium production from a low grade
vanadium slag using oxidization process in the presence of
Na,COs. Oxidization conditions were investigated with the
techniques of XRD, SEM/ DS and TG-DSC. The obtained
results showed that vanadium slag was oxidized in the
temperature range of 273 °C and 700 °C and the optimum
oxidizing temperature range was found to be 500-600°C as
water-soluble  sodium vanadates are formed at this
temperature range. On the other hand the samples are
sintered at 800°C, which negatively affects the leaching rate
of vanadium [8]. Aarabi-Karasgani et al., (2010) also
investigated the vanadium recovery from Linz—Donawitz
(LD) converter slag production using alkali roasting-acid
leaching route and determined the effects of different
parameters on vanadium dissolution kinetics. Under
optimum leaching conditions, which were 70°C pulp
temperature, 3 M acid concentration and 150 minutes
leaching time, approximately 95% vanadium recovery was
achieved [9]. Fan et al., (2013) have investigated the
feasibility of both bulk and column tests for the recovery of
vanadium from the vanadium containing chromate solutions
using a mild base resin named D314 [10].

Several studies have also been conducted for the recovery of
vanadium from hard coal [11-12]. In this regard, Wang et al.,
(2013) have performed a study for vanadium recovery from
the hard coal using flotation. A concentrate with 1.88% V205
grade was obtained with a recovery rate of approximately
%77. Moreover, 72.51% of the feed mass was removed as
tailings after this process [12].

In this study, investigation of the applicability of the leaching
method using organic and inorganic acids for the extraction
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of vanadium from silica sand were aimed, and silica sands
were evaluated as a potential vanadium resource.

2. EXPERIMENTAL STUDIES
2.1. Material

The sample used in the experimental studies was taken from
the desliming unit of a silica sand beneficiation facility
operating in Sile, Istanbul. In the facility, raw silica sand was
firstly subjected to scrubbing and filtering, then classified by
hydrocyclones and other hydraulic classifiers and, finally
transferred to the beneficiation plant. The samples used in
the experimental studies were representatively taken from
stockpiled silica sand which were pre-processed in the
desliming unit. Several chemical, physical and mineralogical
analyses were performed to characterize the sample before
leaching experiments. The results of the chemical analysis
carried out with XRF and ICP methods are given in Table 2.

Table 2. Results of chemical analysis of the deslimed sample

Assay Assay
Content value Content value
SiO; (%) 81.63 Cr203 (%) 0.07
Al;03 (%) 15.66 P20s (%) 0.07
TiO2 (%) 1.15 SO3 (%) 0.05
Fe203 (%) 0.54 BaO (%) 0.05
K20 (%0) 0.37 Na20 (%) 0.04
Zr0; (%) 0.17 V (ppm) 50.00
CaO (%) 0.12 Other (%) 0.01
MgO (%) 0.07 Total 100.00
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Figure 1. Particle size distribution of the sample

As seen in the particle size distribution graph of the sample
(Fig. 1), the dso and dgo sizes of the sample are 0.08 mm and
0.12 mm, respectively. Therefore, it can be said that the
sample has a suitable particle size distribution for the
leaching procedure without a need for further size reduction.
Results of the optic and scanning electron microscope
examinations showed that the sample is mainly consisting of
hematite, ilmenite, magnetite and rutile minerals in addition
to the dominant mineral phase, quartz (Fig.2).
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Figure 2. Optic microscope images of the particle size
fractions

According to SEM images (Fig. 3), quartz particles within
the sample have generally preserved their overall euhedral
structures. On the other hand, due to the weathered
conditions in the deposit, a considerable roundness in several
quartz particles were also observed. Additionally, it was seen
that the iron bearing particles, such as magnetite and
hematite, in the sample have also preserved their euhedral
crystal structures. Results of SEM analysis have also
confirmed that the vanadium content in the sample is
commonly distributed within magnetite particles.

e
100,000x
Figure 3. SEM images of the sample

100,000x

2.2. Method

In the context of leaching tests, direct acid leaching method
were applied using different organic and inorganic acids as
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lixiviant for the selective vanadium extraction from silica
sand. The organic acids used were citric, tartaric and oxalic
acids whereas the inorganic acids were sulphuric (H2SO4),
hydrochloric (HCI) and hydrofluoric (HF) acids. The silica
sand samples was subjected to the leaching process for 2
hours under an average leaching temperature (40°C) at
different acid amounts (100, 200, 400, 600, 800 and 1000
kg/t). The leaching tests were performed in 250 cc of conical
flasks in a shaking water bath under shaking rate of 250 rpm.
After the leaching procedure, solid-liquid separation was
performed by filtration, then the obtained residues were dried
at 105°C and finally the vanadium content was analysed
using the ICP method. The vanadium extraction rate was
calculated according to Equation 1.

[ered - Vresidue]

V.E. (%) = «100 (1)

ered
3. FINDINGS

The results of leaching experiments performed with different
organic and inorganic acids were given in Fig. 4 and Fig. 5,
respectively. As seen in Fig. 4, a linear increase in the
vanadium extraction rate was observed up to the acid
quantity of 800 kg/tons with citric acid. The vanadium
extraction rate was found to be 36% at 800 kg/ton citric acid
amount. However, approximately 4% decrease was observed
after a further increase in acid amount to 1000 kg/ton. On the
other hand, despite the fact that vanadium extraction has
increased up to 200 kg/ton acid amount, no significant
change was observed after this point in the leaching tests
performed with tartaric acid. Consequently, the best
vanadium extraction were obtained with oxalic acid among
the organic acids investigated. The vanadium extraction rate
was found to be 50% after the leaching process performed
under 2-hours leaching time, 40°C pulp temperature and 200
kg/ton oxalic acid amount conditions.
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Figure 4. The results of leaching experiments performed
with different organic acids

As seen in Fig. 5, no significant change was observed in
vanadium extraction up to the acid amount of 600 kg/ton in
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sulphuric acid leaching experiments. On the other hand,
vanadium extraction has considerably increased at 800
kg/ton and it decreased to 46% at 1000 kg/ton acid amount.
The decrease in vanadium extraction rate can be associated
with the dissolution of unwanted minerals resulting of a
possible precipitation of extracted vanadium, which should
be investigated in terms of the solution chemistry. In
hydrochloric acid leaching, vanadium extraction rate has
increased up to 400 kg/ton acid amount. At this acid amount,
vanadium extraction was 62%. However, similar to
sulphuric acid leaching, vanadium dissolution efficiency
showed a decrease tendency after further increase in acid
amount. It is clear that the excessive lixiviant amount
hindered the selectivity of leaching in both sulphuric and
hydrochloric acid leaching experiments. In the leaching
experiments performed with inorganic acids, the best results
in terms of vanadium extraction were obtained with
hydrofluoric acid. In comparison to vanadium extraction rate
obtained with 100 kg/ton hydrofluoric acid amount, a
significant increase of about 20% was achieved at 200
kg/ton. Although the increase trend in vanadium extraction
rate has remained constant up to 800 kg/ton but it was slowed
down after 200 kg/ton as seen in Fig. 5. It can be concluded
that the optimum acid amount was 800 kg/ton in hydrofluoric
acid leaching where the best result was obtained as 76%
vanadium extraction rate.
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Figure 5. The results of leaching experiments performed
with different inorganic acids

Fig. 6 shows the residues obtained after leaching process
performed with hydrofluoric and oxalic acids. As seen in Fig.
6, hydrofluoric acid was more efficient than oxalic acid in
terms of total decomposition of mafic minerals including
vanadium bearing magnetite particles.
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: . . -
Figure 6. Images of residues after hydrofluoric (a) and oxalic
(b) acid leaching

4. DISCUSSION AND CONCLUSION

In this study, performance of organic acids in the extraction
of vanadium from silica sand, a potential vanadium source,
were investigated by leaching method. Leaching tests were
performed using different organic and inorganic acids as
lixiviants. In the experiments, leaching time (2-hours), pulp
temperature (40°C) and mixing speed (250 rpm) parameters
were kept constant and the effect of acid amount (100, 200,
400, 600, 800 and 1000 kg/t) of the organic (citric acid,
tartaric acid and oxalic acid) and the inorganic acids
(sulphuric,  hydrochloric and  hydrofluoric)  were
investigated.

Best vanadium extraction were obtained with oxalic acid
among the organic acids investigated. The vanadium
extraction rate was found to be 50% after the leaching
process performed under 2-hours leaching time, 40°C pulp
temperature and 200 kg/ton oxalic acid amount conditions.
In the leaching experiments performed with inorganic acids,
the best results in terms of vanadium extraction were
obtained with hydrofluoric acid. It was concluded that the
optimum acid amount is 800 kg/ton in hydrofluoric acid
leaching where the best result was obtained as 76%
vanadium extraction rate. It was also seen that the excessive
lixiviant amount hindered the selectivity in both sulphuric
and hydrochloric acid leaching experiments as vanadium
extraction was negatively affected after a certain acid
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amount in both cases. Therefore, the investigation of reasons
behind these findings in terms of the solution chemistry is
recommended for the future studies.

Ultimately, it can be concluded that the hydrofluoric acid
was more efficient than oxalic acid in terms of total
decomposition of mafic minerals including vanadium
bearing magnetite particles which were observed in optic
microscopy examinations on the leaching residues.
However, the results obtained in this study have also
revealed that the inorganic acids can be successfully applied
for the extraction of vanadium from silica sands.
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Abstract

Composite materials, which have been used especially in the construction sector to strength beams and columns, have been
produced in pultruded GFRP profiles with different geometries with the pultrusion method. Pultruded GFRP profiles are an
alternative to traditional building elements in many construction applications thanks to their superior properties such as high
strength, chemical resistance, thermal and electrical insulation. Pultruded GFRP profiles are exposed to various loads and change
shapes due to the effect of these loads. It is very important to determine the load and deformation capacities as structural
members. These profiles are often exposed to bending while serving as beams. In this study, a multiscale analysis of the deflection
and stress behavior of pultruded GFRP composite beam is presented. The proposed formulations are verified using the results of
experimental and numerical studies. The comparison of the analytical results to both experimental and finite element results
revealed that the differences between analytical results and the experimental and numerical findings are less than 1%, which

indicates an excellent agreement.

Keywords: Pultruded GFRP, Pultrusion, Bending, Experiment, Analytical, Composite, Delamination

1. INTRODUCTION

Pultruded composite profiles particularly made of glass fiber
reinforced polymer (GFRP) are widely used as critical
elements in civil engineering applications due to their
superior mechanical strength such as high strength/density
ratio, lightness, low density, corrosion resistance and high
resistance to chemicals and electrical insulation [1-5].

Besides its superior mechanical performance on the
production techniques of these materials, increasing
technological developments can also be shown in recent
years. The pultrusion method has been developed to produce
profile type materials economically. Pultrusion requiring
one-way mechanical property is a preferred continuous
production method for the production of special materials
such as rebar, profile and small diameter pipes [6-8]. It is the
fastest improving composite production method, thanks to its
economics and usage by many markets [9]. Continuous
roving, woven roving, felt or a combination of these, which
are used as glass fiber reinforcement in pultrusion, are
preferred through thermoset resin bath and then through a
series of shaping guides. It is passed through the heated steel

mold and it is hardened in the determined section. Forming
guides are used to ensure the highest level of penetration of
the resin into the glass reinforcement material. The product
coming out of the mold is cut to desired lengths by means of
cutting apparatus. Pultrusion method requires low labor.
Methods of the production of pultruded profile, machine
configurations, pultrusion composite diagram and general
configuration of structural fibers distributed throughout the
thermoset resin are given in Fig. 1.

The static, stability and vibration analyses play a significant
role under various types of loading conditions in the design
of composite structures. The research and studies on
composite structures are divided into two groups as
experimental and theoretical in the literature [13-17]. A
number of investigations on theoretical or experimental
studies of pultruded GFRP composite structures can be
found in the literature [18-22]. A comprehensive study was
conducted by Madenci et al. [23]. They investigated the
flexure performances of pultruded GFRP composite beams
with  experimentally and theoretically. Theoretical
approaches for flexural analysis of pultruded GFRP
composite beams were developed with the help of variational
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methods, classical finite element modeling (FEM) was
performed with the help of ABAQUS program and three-
point bending test was utilized to investigate flexure
performance.
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Fig. 1. Pultrusion molding method a) pultrusion machine
configurations b) pultrusion composite diagram c¢) general
configuration of structural fibers distributed throughout the
thermoset resin [10-12].

The studies related to mechanic behavior analysis of
pultruded GFRP composite beams with experimental and
theoretical are very limited. This study aims to analyze the
behavior of pultruded GFRP composite structures under
external loads using a theoretical approach. The deflection
and stress behaviors of pultruded GFRP composite beams
were examined by using multiscale analysis. The results of
the theoretical approach were verified using findings of the
experimental study, where the pultruded GFRP beams were
tested under three-point bending, and numerical analysis,
where finite element modeling using ABAQUS were
conducted. In the theoretical analysis section of the [23],
field equations were obtained with the help of variational
methods and analyzes were carried out with the help of the
mixed finite element method, which is a specific
approximate solution method. In the theoretical analysis part
of this study, an analytical solution was made using simple

484

Academic Platform Journal of Engineering and Science 8-3, 483-490, 2020

body equations. In addition, in the study conducted by [23],
a macro-mechanical model was used for the material
properties, and the results were compared with the results
obtained from the experimental analysis. In this study,
without any macro-mechanical model for the theoretical
solution, the material properties were determined by
experimental analysis and used in the theoretical solution.

2. BASIC EQUATIONS

The deflection and stress behavior of pultruded GFRP
composite beam are summarized according to the classical
laminated plate theory in this section. If the in-plane forces
and displacements are zero the problem is reduced to one of
solving for bending deflection and stresses.

The constitutive relations for laminated beam under bending
loads are given by Reddy [24] as

o*w,
M XX Dll D12 D16 aXZ
o°w,
Myy - D12 Dzz Dze 5’y20 (1)
M D D D
Xy 16 26 66 , 62W0
oxoy
We can write Eq. (1) in inverse form as
o’w,
aXZ Dl*l Dl*z Dl*G M XX
o*w, . . .
ayzo =—| Dy D, Dy 1M W (2
2 aWo Dl*s D;G D;S M Xy
Oxoy

where “D; ” the elements of the inverse matrix of “D; . In

deriving the laminated beam theory we assume that
M, =M, =0 (3)

The differential equation governing the deflection of the
beam with along the x-axis can be written as

o°w, .
aXZO == D11M xx (4a)
o*w, .
ayzo = D12 M XX (4b)
2 *
2 8)(2’; - DM, (4c)
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where “Dj ” are given by

* Dzz Dss B Dze Dze

D, = A (5a)
. D,D,-D,D

D12 _ 16 726 A 12 —66 (5b)
. D,D,-D,D

Dle _ 12726 A 2216 (5C)

with “A” being the determinant of the [Dij] ” matrix can
be expressed as

A= D11 Dzz Dee + 2D12 D16 Dze - D11 Dze Dze ©)
- Dzz D16 D16 - Dee D12 D12

In Egs. (4) indicate that the transverse deflection “ W, ” isn’t
independent of the y-axis while the Poisson effect “ D;,” and

anisotropic shear coupling “ Dl*G ” independent of the y-axis.

These effects can be neglected only when the length-to-
width ratio of beam is large. We assume that the laminated
beam under consideration is long enough to make the effects

of the Poisson ratio “ D, and shear coupling “ D ;" on the

deflection negligible. In the familiar form used in the Euler-
Bernoulli beam theory, the differential Eq.(4a) can be written

b
“E. . moment

XX 2

in terms of the effective Young’s modulus

of inertia “ |yy ” defined as

(7)

For static bending without axial force, the general solutions
are obtained by direct integration by [25]

Efxlwwo(x)=I[TM<§)dé}dn+b1x+bz ©®)

where the constants are evaluated using boundary conditions
for simply supported beam and three point bending

. dw, N
W, (0) =0; W(/z)—o 9)

The in-plane stress in the nth layer computed as

485

Academic Platform Journal of Engineering and Science 8-3, 483-490, 2020

o’w,
Ol B
O Q Qu Qg X
— — — 0w
Oy (=1 Q, Qyu Q6 - ayzo
Tyy Qs Qi Qg ) ow, (10)
oxoy
= = = k) * * *
Q: Qu Qe D, Dy Dy | (M
Z| < — — * * *
:B le sz Qze D, D,, Dy 0
616 626 Qee D1*e Dss Dge 0

The components of the matrix in Eq. (10) in terms of the
stiffness coefficients in the direction of principal axes of
material orthotropy can be written as Eq. (11)

QY =Qc'+2Q) +2Q77)¢*s™+Q;s*

QY = (@Y +QY ~4Q)es QY (e +s")

QY = Qs +2(QY +2Q0)c* s+ QY ¢

QY = (QY -QY -2Q¥)c’s+(QY -QY +2Q%) s’
Q) =@ -QY —20)es™+ QY -Q +2Q.7)¢’s
QY = QY +QY -2QW)c? s+ QY (c*~s?)*

(11)

where “c” is “c0s 6 and “s” is “Sin € ” and “ @ is the angle
between material orientation and x-axis. The terms of
engineering constants of the kth orthotropic lamina are

(k) (k) (k)
w_ & w0 _ Uk w_ B
= v W = v W =
1-v,0, 1-v,0, 1-v,0, (12)
(k) _ (k) _ (k) _
i =G Qi =Gy, Qe =Gy,

The laminate material stiffnesses *“ D; ” are given based on
transformed rigidity

(13)

3. EXPERIMENTAL STUDY

In order to verify theoretical results, the experimental study
which was conducted by the Authors [23] was utilized. For
the sake of completeness, the details of the experimental
study are explained herein. According to burnout test the
volume fraction of fiber and matrix were determined as 54%
and 46%, respectively. Interested readers can refer to
Madenci et al [23] for more detail. In the experimental study,
three different type of specimens were tested under three
point loading using SHIMAZDZU universal test machine



L. GEMI

shown in Fig. 2. The specimens were taken from the
pultruded GFRP profile. Specimens CB1 and CB2 were
taken from longitudinal direction while CB3 specimen was
taken from the transverse direction. Dimension and fiber
orientation of specimens are given in Table 1.

Fig. 2. st setup

Table 1. Properties of the specimens

Specimen  Fiber Thickness Width  Span
Orientation  (mm) (mm)  Length
CB1 0° 6 25 190
CB2 0° 6 13 96
CB3 90° 6 150 100

Tensile tests were performed in order to measure tensile
strength and elasticity modulus for longitudinal and
transverse directions. Modulus of elasticities were measured
as 23 GPa and 7 GPa for longitudinal and transverse
directions, respectively. Stress and strain curves of the
results of tensile test for the longitudinal and transverse
directions are given in Fig. 3. For more details, Ozkili¢ et al
[26] can be referred.

350
300 A ¢
H
250 "
§
S 200 1
4
£ 150
wn
----- LD Test |
100 1 ’ = = =LD Test 2|
. — LD Test3
04 B 00000 ===-- TD Test 1
" - — =TI Test 2
0 — T Test 3
0 1 2 3

Displacement (mm)
Fig. 3. The tensile test results of longitudinal direction (LD)
and transverse direction (TD)

4. NUMERICAL STUDY
In the content of the study [23], the numerical study was also

conducted to further verify the theoretical formulation. In
this present study, the results of numerical study were also
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included herein. The numerical study was carried out using
a commercial finite element (FE) software, ABAQUS.
ABAQUS is a powerful and reliable tool used by many
researchers to solve civil engineering problems [27]. The
specimen was modeled using S4R shell elements. The
supports and loading nose were modeled using C3D8R solid
elements. Mesh size was determined after the convergence
analyses. 5 mm mesh size was utilized to model the beams.
Lamina type of material model was considered for modelling
the beams. Elastic modulus of 23 GPa and 7 GPa was used
for the longitudinal and transverse directions. Numerical
model is shown in Fig. 4. More detail related to numerical
model can be found in the study conducted by Madenci et al.
[23].

Fig. 4. Numerical model

5. RESULTS

In the results, 3 replicates were made for each sample
combination. Load and displacement measurements were
carried out 3 replicates for each sample and these values are
given in Table 2. The obtained results are compared in terms
of maximum displacement and maximum normal stress.
Maximum displacements of the specimens are compared in
Table 3. It is seen that the results of the analytical and FEM
match very closely each other. On the other hand,
experimental results are slightly higher than those of the
calculated results which are analytical and FEM results. The

differences between experimental findings and the
calculated results are less than 1% which indicates an
excellent agreement between experimental and the
calculated results.
Table 2. Standard deviation (SD) of specimens
Specimen  Load (N) SD Disp. (mm) SD

CB1-1 945.3045 10.8512

CB1-2 973.4536 13.78 11.9744 0.64

CB1-3 975.5137 12.3642

CB2-1 930.3281 3.5642

CB2-2 942.1822 18.39 3.8998 0.16

CB2-3 973.9020 3.9059

CB3-1 3725171 2.7421

CB3-2 342.3757 13.39 2.1765 0.27

CB3-3 368.6370 2.7613

Table 3. Maximum displacements of specimens
Maximum displacement (mm)
Specimen Experimentally  Analytical FEM

CB1 11.73 11.71 11.70

CB2 3.79 3.76 3.75

CB3 2.56 2.45 2.46
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Table 4 demonstrates maximum normal stress occurred at
the specimens. Similar to previous results, herein very close
results from analytical and FEM studies are obtained
whereas experimental results are slightly lower than the
calculated results. Again the difference between
experimental findings and the calculated results are less than
1%.

Table 4. Maximum normal stresses of specimens
Maximum normal stress (MPa)

Specimen Experimentally Analytical FEM
CB1 362 363 363.06
CB2 422 421.3 421.24
CB3 68 68.5 68.42

The values obtained as a result of the analytical solution were
very close to each other with the results of the theoretical
solution in the study conducted by Madenci et. al. [23]. In
the study conducted by the [23], the material properties were
obtained by establishing a detailed mechanical model, while
the material properties were obtained experimentally in this
study. Thus, the results of the analytical solution and the
results of the theoretical solution used in the study conducted
by the Madenci et. al. [23] came close.

The comparison of the load-displacement curves for CB1,
CB2 and CB3 are given in Figs. 5, 6 and 7, respectively. It is
seen that, all repeat tests give similar results in terms of
maximum loading and corresponding displacement. It can
seen from these figures that both analytical and finite
element (FE) results can successful predict the elastic region
of the pultruded GFRP.

1200

CBI

1000

0 10 20 30
Displacement (mm)

Fig. 5. The comparison of the load-displacement curves for

CB1

40

The composite structures produced in different production
methods and geometries are subjected to damage analysis
after the experimental study [28-33]. Each type of composite
materials has their own unique damages. It is very important
to provide feedback through the composite production
method stage in order to determine the damage modes and to
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minimize these losses by developing the production method
[34-46].
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Fig. 6. The comparison of the load-displacement curves for
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Fig. 7. The comparison of the load-displacement curves for

CB3

Fig. 8 demonstrates damage analyses for this present study.
For CB1 and CB2, a slight reduction in loading after
reaching maximum loading was observed. This reduction
was occurred due to the cracks formed in the first glass mat
layer. With the first damage occurring and displacement
continues to increase, interlaminar cracks (delamination)
damages gradually occur between the glass mat and glass
roving layers. Glass mat layers with different fiber
configuration (multidirectional) started to be damaged
before glass roving layers. As the increase in displacement
continues, intralaminar cracks began to form between the
glass roving layers. With the formation of fiber breakages
starting in the first glass roving layer under ongoing loading
conditions, sudden drops in the load were observed. After
this drop in the load, the result damage occurred as a result
of similar damages gradually occurring in other layers.
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On the other hand, CB3 which is different from CB1 and
CB2 suddenly failed at averagely at 361 kN due to matrix
cracks in the fiber direction of 90° (glass roving). Due to the
direction of the extraction of this specimen, the fiber
orientations in the glass roving layer were not able to carry
the load since they were parallel to the applied load. In this
specimen, the load carriage was carried out through glass
mat layers. The glass roving layer behaved like a filling
material; therefore, it caused a low load carrying capacity.

a l,m

Fig. 8. Damages occurred during the experiments

6. CONCLUSION

This paper presents a classical laminated plate theory to
solve bending deflection and stress. The presented analytical
study was verified with the experimental study as well as
numerical study. The comparisons of these studies revealed
that the presented theoretical study can be used successfully
to predict bending deflection and stress. The numerical
results were also compared with the results obtained with the
experiments and ABAQUS simulation results, and the
results were found to be very similar.

The results of the study by Madenci et. al. [23] were very
close to the results in this article. A simpler solution method
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was used in this study by using basic equations instead of the
complex solution used in [23] article. No mechanical model
was used in analytical calculations and the values obtained
from the experimental results were used. Thanks to the
common use of experimental and analytical work, there is no
need for complex equation solutions.

In the CB1 and CB2 specimens, the glass roving and glass
mat layers moved together and reached an average load
capacity of 464 kN and 448 kN, respectively. Unlike the
other specimens, only the glass mat layer carried a load and
reached an average load capacity of 361 kN in specimen
CB3. While damage development was observed in the CB1
and CB2 specimens as interlaminar (delamination) and
intralaminar cracks damage modes, in the CB3 specimen, the
initiation of the damage was observed in the glass roving
layer in the form of dense matrix cracks in the direction of
fiber.

REFERENCES

[1] S. Satasivam, Y. Bai, and X.-L. Zhao, "Adhesively
bonded modular GFRP web—flange sandwich for building
floor construction"”, Composite Structures, vol. 111, pp. 381-
392, 2014.

[2] J.R. Correia, F.A. Branco, and J.G. Ferreira, "Flexural
behaviour of GFRP-concrete hybrid beams with
interconnection slip"”, Composite Structures, vol. 77, pp. 66-
78, 2007.

[3] J.R. Correia, F.A. Branco, and J.G. Ferreira, "Flexural
behaviour of multi-span GFRP-concrete hybrid beams™,
Engineering Structures, vol. 31, pp. 1369-1381, 2009.

[4]1F. Aydin, A. Saribiyik, M. Saribiyik, and M. Ipek,
"Experimental Study of Flexural Performance of Reinforced
Concrete Beams and Hybrid Beams", Acta Physica Polonica
A, vol. 134(1) pp. 244-247, 2018

[5] M. Saribiyik, and P. D. Gosling, "Experimental study of
a bonded plastic fiber reinforced polymer connector
assembly”, Journal of Composites for Construction, vol.
8(6), pp. 549-559, 2004.

[6] A. Vedernikov, A. Safonov, F. Tucci, P. Carlone, and I.
Akhatov, “Pultruded materials and structures: A
review”, Journal of Composite Materials, In Press, 2020.

[7]1 M. Saribiyik, "Design of light-weight structure by
pultruded glass reinforced plastic", Journal of the Faculty of
Engineering and Architecture of Gazi University, vol. 22(1),
pp.199-205, 2007.

[8] M. Saribiyik, A. Cumhur, F. Aydin, and A. Saribiyik,
“Pultruzyon Metodu ile Uretilen Cam Fiber Takviyeli
Plastik Profillerin Sera Modellemesinde Kullanilmas1”,
International Symposium On Advances In Earthquake &
Structural Engineering, pp. 674-682, Antalya, Turkey,
October 24-26 2007.

[9] G. Boscato and S. lentile, "Experimental and numerical
investigation on dynamic properties of thin-walled GFRP
buckled columns", Composite Structures, vol. 189, pp. 273-
285, 2018.

[10] Bedford, URL:
(Visited on Feb. 15, 2020)

http://bedfordreinforced.com



L. GEMI

[11] M. Saribyik, F. Aydin, N. Caglar, and A. Saribiyik,
“Use of the Pultruded Glass Reinforced Plastic in the
Modelling of Earthquake Resistant Structure”, In 8th
International Congress on Advances in Civil Engineering,
Eastern Mediterranean University, Famagusta, North
Cyprus, pp. 15-17, 2008.

[12] M. Bell, D. Fick, R. Ament, and N.M. Lister, "The
Use of Fiber-Reinforced Polymers in Wildlife Crossing
Infrastructure”, Sustainability, vol. 12(4), pp. 1557, 2020.
[13] J. Arbaoui, M. Tarfaoui, and A. El Malki Alaoui,
"Dynamical characterisation and damage mechanisms of E-
glass/vinylester woven composites at high strain rates
compression”, Journal of Composite Materials, vol. 50, pp.
3313-3323, 2016.

[14] E. Madenci, "A refined functional and mixed
formulation to static analyses of fgm beams", Structural
Engineering and Mechanics, vol. 69, pp. 427-437, 2019.
[15] A. Oziitok and E. Madenci, "Static analysis of
laminated composite beams based on higher-order shear
deformation theory by using mixed-type finite element
method", International Journal of Mechanical Sciences, vol.
130, pp. 234-243, 2017.

[16]  L.Gemi, C. Aksoylu, S. Yazman, Y.O. Ozkilig, and
M.H. Arslan, "Experimental investigation of shear capacity
and damage analysis of thinned end prefabricated concrete
purlins strengthened by CFRP composite”, Composite
Structures, p. 111399, 2019.

[17] V. Kahya, S. Karaca, F.Y. Okur, A.C. Altunisik,
and M. Aslan, "Free vibrations of laminated composite
beams with multiple edge cracks: Numerical model and
experimental  validation”, International Journal of
Mechanical Sciences, vol. 159, pp. 30-42, 2019.

[18] L. Almeida-Fernandes, N. Silvestre, and J.R.
Correia, "Characterization of transverse fracture properties
of pultruded GFRP material in tension", Composites Part B:
Engineering, vol. 175, p. 107095, 2019.

[19] C. Wang, "Test on pultruded GFRP I-section under
web crippling”, Composites Part B: Engineering, vol. 77, pp.
27-37, 2015.

[20] H. Xin, A.S. Mosallam, Y. Liu, C. Wang, and J. He,
"Experimental and numerical investigation on assessing
local bearing behavior of a pultruded GFRP bridge deck”,
Composite Structures, vol. 204, pp. 712-730, 2018.

[21] A. Saribiyik and M. Saribiyik, "Design of
permanent greenhouse structure by pultruded glass
reinforced plastic”, Scientific Research and Essays, vol. 6,
pp. 3629-3637, 2011.

[22] A. Saribiyik and N. Caglar, "Flexural strengthening
of RC beams with low-strength concrete using GFRP and
CFRP", Structural Engineering and Mechanics, vol. 58, pp.
825-845, 2016.

[23] E. Madenci, Y.O. Ozkilig, and L. Gemi,
"Experimental and Theoretical Investigation on Flexure
Performance of Pultruded GFRP Composite Beams with
Damage Analyses", Composite Structures, vol. 242, pp.
112162, 2020.

[24] J. N. Reddy, Mechanics of laminated composite
plates and shells: theory and analysis: CRC press, 2004.

489

Academic Platform Journal of Engineering and Science 8-3, 483-490, 2020

[25] J. N. Reddy, "Energy principles and variational
methods in applied mechanics", John Wiley & Sons, 2002.
[26] Y.O. Ozkilig, E. Madenci, and L. Gemi, "Tensile
and compressive behaviors of the pultruded GFRP lamina",
Turkish Journal of Engineering (TUJE), vol. 4, pp. 169-175,
2020.

[27] Y.O. Ozkilig, "A new replaceable fuse for moment
resisting frames: Replaceable bolted reduced beam section
connections", Steel and Composite Structures, vol. 35(3), pp.
353-370, 2020.

[28] L. Gemi, “Investigation of the effect of stacking
sequence on low velocity impact response and damage
formation in hybrid composite pipes under internal pressure.
A comparative study”, Composites Part B: Engineering, vol.
153, pp. 217-232, 2018.

[291 L. Gemi, O.S. Sahin, and A. Akdemir,
“Experimental investigation of fatigue damage formation of
hybrid pipes subjected to impact loading under internal pre-
stress”, Composites Part B: Engineering, vol. 119, pp. 196-
205, 2017.

[30] L. Gemi, M. Kayrici, M. Uludag, D.S. Gemi and
0.S. Sahin, “Experimental and statistical analysis of low
velocity impact response of filament wound composite
pipes”, Composites Part B: Engineering, vol. 149, pp. 38-48,
2018.

[31] L. Gemi, U. Koklii, S. Yazman and S. Morkavuk,
“The effects of stacking sequence on drilling machinability
of filament wound hybrid composite pipes: Part-1
mechanical characterization and drilling tests”, Composites
Part B: Engineering, vol. 186, pp. 107787, 2020.

[32] L. Gemi, S. Morkavuk, U. Koklii and S. Yazman,
“The effects of stacking sequence on drilling machinability
of filament wound hybrid composite pipes: Part-1 damage
analysis and surface quality”, Composite Structures, vol.
235, pp. 111737, 2020.

[33] C. Aksoyly, S. Yazman, Y.O. Ozkilig, L. Gemi and
M.H. Arslan, “Experimental analysis of reinforced concrete
shear deficient beams with circular web openings
strengthened by CFRP composite”, Composite Structures,
vol. 249, pp. 112561, 2020.

[34] L. Gemi, E. Madenci and Y.O. Ozkilig, “Celik, Cam
FRP ve Hibrit Donatili Betonarme Kiriglerin Egilme
Performansiin Incelenmesi”, Diizce Universitesi Bilim ve
Teknoloji Dergisi, vol. 8(2), pp. 1470-1483, 2020.

[35] E. Madenci, L. Gemi and Y.O. Ozkilic, “An
Investigation on Flexure Behavior of Pultruded Glass Fiber
Reinforced Polymer Composite Beams”, 1st International
Symposium on Innovations in Civil Engineering and
Technology, pp. 379-384, 23-25 October, Afyon, Turkey,
2019.

[36] E. Madenci, Y.O. Ozkiligc and L. Gemi, “The
Effects of Length to Depth Ratio on the Reinforced Concrete
Pultruded GFRP Beams”, st International Symposium on
Innovations in Civil Engineering and Technology, pp. 386-
391, 23-25 October, Afyon, Turkey, 2019.

[371 Y.O. Ozkilig, E. Madenci and L. Gemi,
“Performance of Pultruded Glass Fiber Reinforced Polymer
Composite Beams under Quasistatic Load”, 5th International



L. GEMI

Conference on Engineering Science, pp. 207-2212, 19
September, Ankara, Turkey, 2019.

[38] Y.O. Ozkilig, L. Gemi and E. Madenci. “Hybrid
Reinforced Concrete Filled Pultruded GFRP Beams
Strengthened by GFRP Composites”, 5th International
Conference on Engineering Science, pp. 213-217, 19
September, Ankara, Turkey, 2019.

[39] L. Gemi, E. Madenci and Y.O. Ozkilig,
“Investigation of Reinforced Concrete-Filled Pultruded
Beams Strengthened By GFRP Composite”, The
International Aluminium-Themed Engineering and Natural
Sciences Conference, pp. 313-316, October 4-6, Seydisehir,
Turkey, 2019.

[40] L. Gemi, Y.O. Ozkilig and E. Madenci. “An
Experimental Investigation on Buckling Behavior of the
Pultruded GFRP Beam”, The International Aluminium-
Themed Engineering and Natural Sciences Conference, pp.
306-308, 4-6 October, Seydisehir, Turkey, 2019.

[41] A. Saribiyik, B. Abodan, and M.T. Balci,
“Experimental study on shear strengthening of RC beams
with basalt FRP strips using different wrapping methods”,
Engineering Science and Technology, an International
Journal, In Press, 2020.

490

Academic Platform Journal of Engineering and Science 8-3, 483-490, 2020

[42] A. Castellano, A. Fraddosio, S. Marzano, and M.D.
Piccioni, “Some advancements in the ultrasonic evaluation
of initial stress states by the analysis of the acoustoelastic
effect”, Procedia Engineering vol. 199, pp. 1519-1526, 2017.
[43] L. Gemi, and M.A. Kéroglu, “Cekme bolgesi lifli
beton olan cam fiber takviyeli polimer (GFRP) ve ¢elik
donatili etriyesiz kiriglerin egilme etkisi altindaki davranisi
ve hasar analizi”, Selguk Universitesi Miihendislik, Bilim ve
Teknoloji Dergisi, vol. 6, pp. 654-667, 2018.

[44] L. Gemi, M.A. Koroglu, and A. Ashour,
“Experimental study on compressive behavior and failure
analysis of composite concrete confined by glass/epoxy £55°
filament wound pipes”, Composite Structures, vol. 187, pp.
157-168, 2018.

[45] A. Castellano, P. Foti, A. Fraddosio, U. Galietti, S.
Marzano, and M.D. Piccioni, "Characterization of Material
Damage by Ultrasonic Immersion Test", Procedia
Engineering, vol. 109, pp. 395-402, 2015.

[46] E. Madenci, Y.O. Ozkilig, L. Gemi, “Buckling and
free vibration analyses of pultruded GFRP laminated
composites: Experimental, numerical and analytical
investigations”, Composite Structures, vol. 254, pp. 112806,
2020.



Academic Platform Journal of Engineering and Science 8-3, 491-499, 2020

Academic Platform Journal of Engineering and Science

¢
ACADEMIC

PLATFORM

journal homepage: http://apjes.com/

Numerical Analysis of Heat Transfer of a Brazed Plate Heat Exchanger

1Gokhan Sevilgen, *?Halil Bayram
!Department of Automotive Engineering, Faculty of Engineering, Bursa Uludag University, 16059, Bursa, Turkey,

gsevilgen@uludag.edu.tr,
2Department of Mechanical Engineering, Faculty of Technology, Amasya University, 05100, Amasya, T urkey

halil.bayram@amasya.edu.tr,

Research Paper Arrival Date: 01.02.2020 Accepted Date: 14.05.2020

Abstract

In this paper, the heat transfer characteristics of a brazed plate heat exchanger were investigated by using Computational Fluid
Dynamics (CFD) method. Due to its compact structure, the plate type heat exchangers are used in many engineering applications
such as manufacturing, automotive, etc. Heat exchangers are generally analyzed considering both rating and sizing parameters.
We only examined the rating parameters such as flow direction, mass flow rate, and the inlet temperature value of hot water on
the thermal performance of a brazed plate heat exchanger, numerically. We also conducted experiments under the same
conditions for getting comparative results with the numerical simulations. Theoretical calculations were achieved by using the
Logarithmic Mean Temperature Difference (LMTD) method for a single-phase flow and the thermal efficiency of the heat
exchanger was evaluated for different conditions. The maximum total heat transfer rate was calculated about 3.1 kW for
experimental study whereas this value was about 3 kW for numerical study under the counter flow conditions. Considering the
increase in percentage for the total heat transfer rate, the mass flow rate had more effects than the other rating parameters such
as flow direction and hot water inlet temperature values. Another important result was that the effectiveness values of the heat
exchanger were calculated higher under the counter flow conditions. The numerical results were in good agreement with the

experimental data used in the study.

Keywords: Brazed plate heat exchanger, counter-flow, LMTD method, thermal performance, CFD

1. INTRODUCTION

Heat exchangers are devices that perform heat transfer
between two or more fluid zones and can be classified
according to their different properties such as processes type,
flow arrangements, and heat transfer mechanisms [1, 2]. On
the other hand, mild steels and alloy steels, copper alloys and
for special purposes ceramic and graphite were commonly
used materials for the construction of heat exchangers. A
great number of factors need to be considered such as
durability under different environmental conditions,
corrosion resistance, heat transfer coefficients, the efficiency
of the heat exchanger, total pressure drop etc. during the
manufacturing process. Moreover, the manufacturing
methods include increasing the total surface area by using
porous substrates or formation of adding surfaces to enhance
the total heat transfer rate [3]. Direct Metal Laser Sintering
(DMLS) method was suitable for producing complex
geometries as an alternative to existing manufacturing
methods. This method was more preferred when to produce
a compact heat exchanger which had smaller volume and
higher thermal performance [4]. For many industrial
applications plate heat exchangers have shown advantages
such as small size and weight, high thermal efficiency, less
maintenance cost, higher total heat transfer coefficient,

easily installation, compactness, etc. over the other types of
heat exchangers [2, 5-9]. The plate heat exchanger consists
of a series of adjacent corrugated or wavy thin metal plates
with complex geometries. The heat transfer occurs through
plates and brazed plate heat exchangers are more suitable for
use with higher temperature and pressure values than the
other type of plate heat exchangers. On the other hand,
brazing the stainless-steel plates together eliminates the need
for sealing gaskets and thick frame plates. Due to
geometrical structures of plate surfaces, some mechanisms
occur such as swirl and vortex flows, disruption and
reattachment of boundary layers, small hydraulic diameter
flow passages, and increased effective heat transfer area.
And these mechanisms were the basic factors to get the
higher heat transfer coefficient values compared to the
tubular heat exchangers. The weight and the volume values
of the plate heat exchanger for the same effective heat
transfer area are approximately 30% and 20%, respectively,
compared to the values of shell and tube heat exchangers.
Moreover, there is no need for insulation because only the
edges of the plates are in contact with the outdoor. And the
heat transfer between the heat exchanger and outdoor can be
acceptable as negligible [10]. A well designed and built
computational fluid dynamics (CFD) numerical model can
be a useful tool to obtain the flow and heat transfer
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characteristics of a heat exchanger. The CFD method can be
utilized to get the appropriate flow and heat transfer
characteristics considering the desired heat transfer rate and
pressure drop [11]. The CFD method can be used both in the
rating and iteratively in the sizing of heat exchangers. In this
numerical study, a three-dimensional CFD model of a brazed
plate heat exchanger was developed, and the numerical
results were also compared to the experimental data obtained
from this study. We also employed theoretical calculations
for the total heat transfer rate by using the LMTD method
and evaluated thermal efficiency for different conditions.
The novelty and the main contributions to the current
literature of the present study may be stated as follow:

. To represent a numerical and experimental
approach for the evaluation of a brazed plate heat exchanger
considering rating parameters.

. The more realistic a three-dimensional CFD model
includes both solid and fluid zones is performed to get the
fluid flow and heat transfer analysis of a small type brazed
plate heat exchanger.

. To present detailed calculations based on the
LMTD method and effectiveness for getting comparative
results in such numerical calculations.

2. MATERIALS AND METHODS
2.1. Numerical Simulation

The Computer Aided Design (CAD) model of a brazed plate
heat exchanger was developed by using the dimensions of
the heat exchanger used in the experimental study and this
heat exchanger is shown in Figure la. The plate heat
exchanger had seven plates and the material of these plates
was stainless steel in this study. The dimensions and the
technical properties of this heat exchanger are listed in Table
1 and the CAD model is shown in Figure 1b. The
computational domain consists of solid and fluid zones. In
the solid zones, there were seven plates include cover and
effective ones demonstrated in Figure 1b. However, the
effective plates which shown in grey were only used in CFD
calculations. In the fluid zones, the red and blue regions
represent the hot and cold water, respectively.

Table 1. Technical details of the plate heat exchanger

Brazed Plate Heat Exchanger

Plate type Brazed
Total heat transfer area 0.048 m?
Plate material Stainless steel

Number of plates 7
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Cold Water Inlet

Cold Water Outlet

(b)
Figure 1. (a) A brazed plate heat exchanger used in the
experimental study (b) CAD model of a brazed plate heat
exchanger used in the numerical study

The mesh structure of the numerical model is shown in
Figure 2. Due to the importance of the stability and precision
of the numerical results, we used the Cartesian mesh
structure which consists of mostly hexahedral elements. The
numbers of total elements were determined considering
mesh independent results. Due to mesh structure
significantly effects the numerical results and also
computing time, mesh dependence test was performed. As a
result, it was found that six million elements were quite
enough to get the mesh-independent results and slightly high
number of total elements had occurred because the plates are
quite thin that to provide the heat conduction analysis.



H.BAYRAM

0.00 0.02 0.04 (m)

0.01 0.03

Figure 2. The mesh structure of the brazed plate heat
exchanger used in the numerical calculations

In the numerical calculations, ANSYS-Fluent software
package was used. In the numerical calculations, second
order discretization method was used for convection terms
and SIMPLE algorithm was chosen for pressure-velocity
coupling. The numerical calculations were performed with
steady-state conditions. The convergence is assumed when
the normalized residuals of the flow equations are less than
10 and the energy equation is less than 10-. The equation
for conservation of mass can be written in Equation 1. Fluent
software package solves continuum, energy and transport
equations numerically and the equation for conservation of
mass can be written in Equation 1.

du
ox

v odw
ay+ 3, = © (€D)]
Conservation of momentum and energy equations are given
in Equations 2-3.

V.((oVWV)=-Vp+V.(T) +pg + F

)
V.(V(pE +p)) = V ke VT — Z hi+ (Tepr. V)| + Si 3)
J

In these equations p is the static pressure, T is the stress
tensor, g is the gravitational acceleration, p is the density and
F can be given by the user of the term referring to other
sources, E is unit of energy, k.(VT is transmission, Y. ; h;J;

is diffusion and 7="eff.V is viscous energy loss [4]. In the
CFD model, three different computational domains named
hot fluid zone, solid plates, and cold fluid zone were modeled
that heat transfer occurred through these plates and the
surfaces of each fluid zone and plates in which contact with
the environment were assumed as adiabatic. In the numerical
calculations, the mass flow rate ranged from 0.02 kg/s to 0.04
kg/s and hot water inlet temperature values were ranged from
45°C to 60°C, respectively. The boundary conditions used in
the numerical study are shown in Table 2.
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Table 2. The boundary conditions and solution settings used
in the numerical calculations

Supply temperature

of hot water

Supply temperature

of cold water

Mass flow rate

(both sides)

Outer surfaces

(fluid domains and plates)

Outlet nozzle

(both sides)

Simulation conditions

45 - 60 °C

10 °C

0.02 - 0.04 Kg/s

Adiabatic conditions

Gauge pressure
equals to 0 Pa

Steady state

Standard k-&
turbulence model
Pressure-based solver
Cartesian mesh
structure includes

six million hexahedral
SIMPLE

Turbulence model

Solver type

Mesh structure and
total elements

Pressure-velocity
coupling algorithm

Second order
scheme

Discretization method upwind

The Reynolds (Re) number can be calculated by using
Equations 4 and 5 to define the flow characteristics inside the
heat exchanger [2]. In plate heat exchangers, due to the very
small hydraulic diameters, turbulent conditions are observed
at very low Re [12]. According to the calculated Re values
for both mass flow rates, all the CFD analyses were
performed for turbulent flow. The standard k- model was
chosen for the turbulent modeling and this turbulence model
is generally used for such calculations because of its stability
and precision [3, 4, 7].

G D
Re = % (4)
_ mch
Gch - Ncprw (5)

2.2. Validation of the numerical results
The schematic view of the experimental set-up consists of

two different fluid zones which provide hot and cold fluid
recirculation is shown in Figure 3.

,—.1 r#md waber ilet
P
) —

[Hot water Iank

®

‘hot water outlet temperature
3: r of cold water inlet temperature
T4: Sensor of cold water outlettemperature

Cold water outlet
Figure 3. Schematic view of the experimental setup with
brazed plate heat exchanger used in this study
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In the experiments, we selected four different mass flow rates
and inlet temperature values of the hot fluid side considering
that the comparative results can be obtained when these type
of heat exchangers works with low and high temperature
sources. All experiments were performed until the steady
state conditions were nearly achieved. Selected test
conditions for all experiments were listed in Table 3 and the
values of the mass flow rate of hot and cold water sides were
set equal for each experiment and this value was ranged from
0.02 kg/s to 0.04 kg/s. The inlet temperature value of the cold
water side was kept constant at 10°C during all experiments.
On the other hand, the inlet temperature value of the hot
water side increased gradually and changed between 45°C
and 60°C considering low and high temperature sources.

Table 3. The performed experimental conditions in this
study

Mass flow rate Inlet temp. values

Cases

(both sides) (kg/s) of hot water (°C)
Case 1 0.02 45
Case 2 0.04 45
Case 3 0.02 60
Case 4 0.04 60

2.3. Theoretical Calculations

In theoretical calculations, the total heat transfer rate and the
total heat transfer coefficient can be calculated for brazed
plate heat exchangers by using the LMTD method. In this
method, the total heat transfer rate can be calculated by using
Equation 6, where 1y (kg/s) is the mass flow rate, cpp
(kj/kgK) is the specific heat and the Ty and Th, are the inlet
and outlet temperature values of the hot fluid, respectively.
The total heat transfer rate can also be calculated from
Equation 7 for the cold side, where mc (kg/s) is the mass
flow rate, ¢, ¢ (kj/kgK) is the specific heat and the T¢;and Tc,o
are the inlet and outlet temperature values of the cold fluid,
respectively. The total heat transfer rate can be rewritten as
stated in Equation 8, where U (W/m?K) is the total heat
transfer coefficient, A (m?) is the total heat transfer area and
the ATm is the logarithmic mean temperature difference
which can be calculated from Equation 11, where AT; and
AT, are the temperature differences described in Equations
9-10 considering flow direction. Thus, the total heat transfer
coefficient can be determined from Equation 8 [2].

Qn = (m Cp)h' (Th,i - Th,o) (6)

Q. = (i Cp)c' (Teo = Tei) (M)

Q = U.A. ATy, (8)

For parallel flow; AT, =Ty,; — T, ATy =Tho — Tep (9)

For counter flow; AT, =T,,; — T, ATy =Tho — Tey (10)
ATy — AT,

Alim = {0 AT, AT, (11)

The heat exchanger effectiveness allows for getting
comparative results. This can be calculated and written as
follows in Equations 12 and 13 [2].
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Cn = (mcp)h Ce= (mcp)c
Q — Ch (Th,i - Th,o) — Cc (Tc,o - Tc,i)
Cmin (Th,i - Tc,i) Cmin(Th,i - Tc,i)

(12)
(13)

£ =
Qmax

3. RESULTS AND DISCUSSIONS

The measured and calculated hot water side temperature data
for the outlet section of the heat exchangers are shown in
Table 4. The calculated temperature differences between
inlet and outlet temperature values of hot side water are
shown in Figure 4. According to these results, we can easily
say that higher temperature values were obtained from
parallel flow conditions compared to the counter ones for
both experimental and numerical results. In general, higher
temperature difference values were measured in cases that
had low mass flow rates and counter flow for both
experimental and numerical studies.

The maximum temperature difference was obtained for
experimental study was for Case 3 for counter flow condition
and its value was about 23°C in Case 3 for counter flow
condition. Another important result is that the temperature
values obtained from experimental and numerical studies
were slightly different, but they had the same trends. In
addition, for the all hot water outlet temperature values of
both studies, the temperature values for parallel flow were
calculated higher than the values of counter flow.

Table 4. Measured and calculated outlet temperature values
of hot fluid sides for both parallel and counter flow (°C)

Cases Experimental results Numerical results
Parallel Counter Parallel ~ Counter

flow flow flow flow

Case 1 32.2 29.6 31.86 30.21

Case 2 33.0 31.7 34.20 33.86

Case 3 40.9 36.9 40.17 37.92

Case 4 419 414 43.19 42.72

The calculated total heat transfer rate and the total heat
transfer coefficient by using experimental data were shown
in Table 5. From these results, when the inlet temperature
value of the hot fluid side was 45°C, which was acceptable
for low temperature source, the maximum calculated total
heat transfer rate for counter flow conditions was about 1.9
kW for both experimental and numerical studies. When the
inlet temperature value of hot fluid side was 60°C, which was
accepted for high temperature source, the maximum
calculated total heat transfer rate was nearly about 3.1 kW
for experimental study, however, this value was about
2.9 kW for numerical study. The main reason for this
difference is that the decrease in total effective heat transfer
area due to simplifying the geometrical shape of plate which
were selected as rectangular.
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Numerical Counter
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Figure 4. The calculated temperature difference values obtained from experimental and numerical study

Table 5. Calculated total heat transfer rate and total heat transfer coefficient values for both parallel and counter flow cases

Total heat transfer rate (W)

Exp. Results Num. Results
Cases Parallel Counter Diff. in Parallel Counter Diff. in
flow flow Percent. (%) flow flow Percent. (%)
Case 1 1069.66 1286.82 32.80 1098.28 1235.66 12.51
Case 2 2005.65 2222.86 10.83 1804.41 1862.09 3.20
Case 3 1597.31 1931.46 20.92 1657.96 1846.41 11.37
Case4  3027.51 3111.07 2.76 2811.27  2891.01 2.84
Total heat transfer coefficient (W/m?K)
Exp. Results Num. Results
Cases Parallel Counter Diff. in Parallel Counter Diff. in
flow flow Percent. (%) flow flow Percent. (%)
Case 1 1207.49 1474.50 22.11 1237.45 1301.11 5.14
Case 2 2095.01 2290.29 9.32 1681.45 1636.14 -2.69
Case 3 1349.01 1630.31 20.85 1323.65 1363.57 3.02
Case 4 2398.91 2296.72 -4.26 1846.14 1785.37 -3.29

From the comparison of the measured data for Case 2 and
Case 4, when the hot water inlet temperature value was
increased from 45°C to 60°C, the total heat transfer rate
increased about 1.5 times in both parallel and counter flow
conditions. The maximum enhancements in the total heat
transfer rate were calculated by about 32.8% and 12.5% in
the experimental and numerical study, respectively by
changing the flow direction. According to the comparison of
the total heat transfer coefficient values in Table 5, the
maximum value was calculated about 2400 W/m?K in the
experimental study at high temperature heat source (60°C)
with parallel flow conditions. The maximum total heat
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transfer coefficient value of the numerical study was
approximately 1900 W/m?K at high temperature heat source
with parallel flow conditions, too. Calculated total heat
transfer rates and the total heat transfer coefficients for
different temperature values, mass flow rates and the flow
directions for both experimental and numerical studies were
shown in Figure 5 and Figure 6, respectively. In Figure 5, it
can be easily seen that the total heat transfer rate of both
studies increased with the increasingly hot water inlet
temperature values at all mass flow rates.
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Figure 5. Calculated total heat transfer rate values for (a) parallel (b) counter flow conditions
According to results shown in Figure 6, the total heat transfer were nearly the same in Case 4 under counter flow
coefficients of both studies increased with increasing hot conditions.
water inlet temperature values, too. However, these values
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Figure 6. Calculated total heat transfer coefficient values for (a) parallel (b) counter flow conditions
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Figure 7. Comparison of calculated total heat transfer rate values of (a) experimental and (b) numerical studies under parallel
and counter flow conditions
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The effect of changing the flow direction on the total heat
transfer rate of both experimental and numerical studies can
be seen in Figure 7. According to the results, in the
experimental study, the total heat transfer rate values of
parallel and counter flow conditions at 60°C with a high
mass flow rate (0.04 kg/s) were nearly equal. At all the hot
water inlet temperatures, the calculated values of the total
heat transfer rate for counter flow directions were higher than
the calculated parallel ones under the same mass flow rates.
The calculated total heat transfer rate and the total heat
transfer coefficient were compared to the experimental data
in Table 6. The total heat transfer rate and the total heat
transfer coefficient values were calculated by using Equation
6 and these values were about 1085 W and 1225 W/m?K,
respectively, for the hot side and these calculated values were
close to 1070 W and 1200 W/m?K obtained from
experimental results for Case 1 under parallel flow condition.
The difference in the percentage of total heat transfer rate
and total heat transfer coefficient obtained from numerical
and experimental results was about 2.7% and 2.5%,
respectively. From these results, we can easily say that the
CFD tool can be useful for the prediction of the total heat
transfer coefficient and the total heat transfer rate of the
brazed plate of heat exchanger. The heat exchanger
effectiveness values for all cases of the experimental study
were calculated by using Equations 12 and 13 and the
distribution values were shown in Figure 8. It can be easily
seen that the counter flow conditions had better effectiveness

1.00e+01

A

y = 0.00075 m

Flow

y = 0.00375 m
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values than parallel flow conditions for all cases. The
predicted temperature data at the middle section plane of
each fluid zone are shown in Figure 9 and 10. The predicted
temperature values for the section planes of the cold side
were ranged from 10°C to 27°C in general and these values
were computed between 27°C and 45°C for the hot side.

Table 6. The calculated total heat transfer rate and total heat
transfer coefficient for both sides and comparison to the
experimental for Case 1

QW) U (W/m?K)

=

y = 0.00675 m

y = 0.00975 m

Experimental data ~ 1069.66 1207.49
Numerical results 1098.28 1237.45
= Parallel flow Il Counter flow

Case 1
Case 2

Case 3

Case 4
Figure 8. Effectiveness values of all cases calculated from
experimental data

3.63e+01 4.50e+01

y=0.01575 m

Figure 9. Predicted temperature distribution at the middle section plane of each channel for Case 1 and parallel flow conditions

D
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y = 0.00375 m
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Figure 10. Predicted temperature distribution at the middle section plane of each channel for Case 1 and counter flow conditions
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4. CONCLUSIONS

In this paper, the heat transfer characteristics of a brazed
plate heat exchanger that used in many engineering
applications due to its compact structure were performed
numerically by using a three-dimensional CFD model. We
also employed an experimental study for getting comparative
results by changing the main parameters such as the mass
flow rate, flow direction, and the inlet temperature value of
hot water. These parameters were selected accordingly for
getting the thermal performance of the heat exchanger by
using lower and higher temperature sources. The theoretical
calculations about the total heat transfer rate and the total
heat transfer coefficient were achieved by using the LMTD
method. Consequently, the main results of this study are
listed below.

e The counter flow effects can easily be noticed in both
experimental and numerical results. The enhancement in
the total heat transfer rate was observed by changing the
flow direction. The effectiveness results of counter flow
conditions were considerably better than parallel ones
for all cases.

e The maximum value of the total heat transfer coefficient
was calculated about 2400 W/m?K in the experimental
study at a high temperature heat source (60°C) with
parallel flow conditions. This value was obtained about
2300 W/m?K at high temperature heat source with
counter flow conditions. These values were close to each
other and this indicates that source temperature had
more effect on the total heat transfer coefficient than the
flow direction especially at high temperature values.

e When the inlet temperature value of the hot fluid side
was selected as a lower temperature source (45°C), the
maximum calculated total heat transfer rate for counter
flow conditions was obtained about 2 kW by using
experimental and numerical data. When the inlet
temperature value of the hot fluid side was selected as a
higher temperature source (60°C), the maximum
calculated total heat transfer rate was obtained about
3 kW by using experimental and numerical data for
counter flow conditions. As a result, we can easily say
that the increase in hot water inlet temperature values
had a great effect on the heat transfer rate.

e Due to the rising mass flow rate from 0.02 kg/s to
0.04 kgfs, the total heat transfer rate was increased by
72% and 61% for low and high temperature sources used
in the experimental study, respectively. Considering the
increase in percentage for the total heat transfer rate, the
mass flow rate had more effects than the other rating
parameters such as flow direction and hot water inlet
temperature values.

e The difference in percentage values of the total heat
transfer rate and total heat transfer coefficient obtained
from experimental and numerical data was about 2.7%
and 2.5%, respectively. According to the numerical
simulation results, the temperature difference calculated
for the hot side was close to the experimental results.
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Thus, the numerical results were in good agreement with
the experimental data used in this study.

In further studies, we will plan to investigate the effects of a
wide range of mass flow rate on the heat transfer rate of a
brazed plate heat exchanger with using dimensionless
parameters through a detailed CFD model.

NOMENCLATURE

A total heat transfer area [m?]

b mean channel gap [m]

cp specific heat at constant pressure [J/kg K]
C flow stream heat capacity rate [W/K]
De equivalent channel diameter [m]

€ heat exchanger effectiveness -

Gch channel mass flow rate [kg/m s]
Lw plate width inside gasket [m]

m’ mass flow rate [ka/s]
Ncp Number of channel per pass -

Q total heat transfer rate W]

Re Reynolds number -

T temperature [°C]

u, v, w velocity components [m/s]

U total heat transfer coefficient [W/m K]
X, Y,z position coordinates -

u dynamic viscosity [Pas]
Subscripts

c cold water

ch channel

cp channel per passes

C,i cold water inlet

c,0 cold water outlet

h hot water

h,i hot water inlet
h,o hot water outlet
Im logarithmic mean
max maximum

min minimum

w wall

A delta operator
REFERENCES

[1].M. M. A. Bhutta, N. Hayat, M. H. Bashir, A. R. Khan, K.
N. Ahmad and S. Khan, “CFD applications in various heat
exchangers design: A review”, Applied Thermal
Engineering, vol. 32, no 1, September 2012.

[2].S. Kakag, H. Liu, A. Pramuanjaroenkij, Heat exchangers:
selection, rating, and thermal design, CRC Press: Florida,
2012.

[3].0. Ipek, M. Kan and B. Gurel, “Examination of Different
Heat Exchangers and the Thermal Activities of Different
Designs”, Acta Physica Polonica A, vol. 132, no 3, pp. 580-
584, 2017.

[4]1.M. Kan, O. Ipek and B. Gurel, “Plate heat exchangers as
a compact design and optimization of different channel



H.BAYRAM

angles”, Acta Physica Polonica A, vol. 128, no 2-B, pp. B-
49-B52, 2015.

[5].K. Thulukkanam, Heat Exchanger Design Handbook,
CRC Press, 2013.

[6].0. F. Genceli, Is1 Degistiricileri, Birsen Yayinevi, 2017.
[7]1.A. K. Tiwari, P. Ghosh, J. Sarkar, H. Dahiya and J.
Parekh, “Numerical investigation of heat transfer and fluid
flow in plate heat exchanger using nanofluids”, International
Journal of Thermal Sciences, vol. 85, pp. 93-103, June 2014.
[8].V. S. Gullapalli, Ph.D. Thesis, Estimation of Thermal and
Hydraulic Characteristics of Compact Brazed Plate Heat
Exchangers, Lund University, 2013.

[91.M. Fernandez-Torrijos, J. A. Almendros-Ibafiez, C.
Sobrino and D. Santana, “e—NTU relationships in parallel—
series arrangements: Application to plate and tubular heat

499

Academic Platform Journal of Engineering and Science 8-3, 490-498, 2020

exchangers”, Applied Thermal Engineering, vol. 99, pp.
1119-1132, February 2016.

[10]. L. Wang, B. Sundén, R. M. Manglik, Plate Heat
Exchangers, WIT Press, 2007.

[11]. H. Bayram and G. Sevilgen, ‘“Numerical
Investigation of the Effect of Variable Baffle Spacing on the
Thermal Performance of a Shell and Tube Heat Exchanger,”
Energies, vol. 10, no. 12, p. 1156, August 2017.

[12]. R. L. Pradhan, D. Ravikumar, D. L. Pradhan,
Review of Nusselt Number Correlation for Single Phase
Fluid Flow through a Plate Heat Exchanger to Develop C#
Code Application Software, 2nd National Conference on
"Recent Developments in Mechanical Engineering, Pune,
India, 2013.



Academic Platform Journal of Engineering and Science 8-3, 500-513, 2020

Academic Platform Journal of Engineering and Science

A

ACADEMIC journal homepage: http://apjes.com/
PLATFORM

R22 ve Alternatifleri R438A ile R417A Sogutucu Akiskanlari icin Kizilotesi Goriintii
Isleme Teknikleri Kullanarak, Sogutma Sistem Performansinin Incelenmesi

IFerzan Katircioglu, *2Zafer Cingiz, *Yusuf Cay, *A. Etem Giirel, °Suat Saridemir, ®Ahmet Kolip
D.U. Diizce MYO Elekt. ve Otomasyon Bél. Diizce, ferzankatircioglu@duzce.edu.tr
?D.U. Diizce MYO Elektrik ve Enerji Bél. Diizce, zafercingiz@duzce.edu.tr
3SUBU Teknoloji Fak. Makine Miih. Bél. Sakarya, ycay@subu.edu.tr
“D.U. Teknoloji Fak. Makine ve imalat Miih. Bol. Diizce, alietemgurel@duzce.edu.tr
5D.U. Tekn. Fak. Makine ve Imalat Miih. Bél. Diizce, suatsaridemir@duzce.edu.tr
8SUBU Teknoloji Fak. Makine Miih. Bél. Sakarya, akolip@subu.edu.tr

Arasgtirma Makalesi Gelis Tarihi: 25.04.2020 Kabul Tarihi: 07.07.2020

Oz

Giiniimiizde gesitli protokoller ile halojenik Kloroflorokarbon (CFC) ve hidrokloroflorokarbon (HCFC) sogutucu akigkanlarinin
ilerleyen zamanlarda kullanilmayacagi ve bu akiskanlara gesitli alternatiflerin olusturulmasi gerektigi gozlemlenmistir.
Geleneksel sogutma etkinlik katsayisi (COP) hesaplama yonteminde, termodinamik 6zellik tablolar1 ve basing-entalpi
diyagramlar1 kullanilmaktadir. Onerilen yontem sayesinde, COP hesaplanirken, bu tablo ve diyagramlarin kullanilmasina gerek
duyulmayacaktir. Kizilétesi goriintiileme sistemi ile belirtilen bolgelerden goriintii alinmasi yeterli olacaktir. Bu ¢aligmada, R22
akigkanina alternatif olan, ozon tabakasina dost R417A ve R438A akigkanlarinin ticari sogutma sistemlerine yonelik performans
analizi yapilmistir. CFC gazlarin tiiketiminin yasaklanmasi ile birlikte gelinen siirecte ozon tabakasina zarar veren diger bir gaz
grubu olan HCFC gazlarin da kullanimi 6nce sinirlandirilmig ardindan tamamen yasaklanmistir. Bu gazlardan en ¢ok kullanilant
R22 gazidir. Referans R22 gazi ile R438A ve R417A gazlarinin performanslari kizilétesi goriintii analizi ile gerceklestirmek igin
bolgesel 6z nitelik veri elde edinimi ile COP olmak iizere iki yontem Onerilmistir. Ayrica gergeklestirilen iki ara yiiz izerinde,
kizilotesi goriintiilerden elde edilen biiytikliikler, grafiksel ve sayisal olarak karsilagtirilmaktadir. Elde edilen sayisal ve gorsel
uygulama sonuglarina gére, R22 gazina en yakin performansi R438A géstermistir. Geleneksel hesaplamali performans testlerine
gore, uygulanan sistemin kullanim kolayligi, uzaktan 6l¢iim ve es zamanli kayit alma noktasinda daha avantajli oldugunu
gostermistir.

Anahtar Kelimeler: Kizilotesi goriintii isleme, COP, sogutucu akiskan

Investigation of refrigeration system performance using infrared image processing
techniques for R22 and its alternatives, R438A and R417A refrigerants.
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Abstract
Today, it has been observed that with various protocols, halogenic chlorofluorocarbon (CFC) and hydrochlorofluorocarbon
(HCFC) refrigerants will not be used in the future and various alternatives must be created. In the conventional cooling efficiency

coefficient (COP) calculation method, thermodynamic property tables and pressure-enthalpy diagrams are used. Thanks to the
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proposed method, it will not be necessary to use these tables and diagrams when calculating the COP. It will be sufficient to take
images from the regions indicated by the infrared imaging system. In this study, performance analysis of commercial refrigeration
systems of R417A and R438A fluids that are alternative to R22 fluid, which are friendly to the ozone layer, has been performed.
With the prohibition of the consumption of CFC gases, the use of HCFC gases, another gas group that damages the ozone layer,
has been restricted and then banned. The most used of these gases is R22 gas. In order to perform the performances of reference
R22 gas and R438A and R417A gases with infrared image analysis, two methods are proposed: COP with regional feature data
acquisition and COP. In addition, on the two interfaces realized, the sizes obtained from infrared images are compared graphically
and numerically. According to the obtained numerical and visual application results, R438A showed the closest performance to
R22 gas. Compared to traditional computational performance tests, the ease of use of the system has shown that it is more
advantageous in terms of remote measurement and simultaneous recording.

Keywords: Infrared image processing, COP, refrigerant
1. GIRIS

Mevcut ¢aligmalar sogutucu akiskanlarin performanslarini
termodinamigin birinci ve ikinci yasasi c¢ercevesinde
incelemekte ve buna gore performans degerlendirmesi
sunmaktadir. Sogutma insanoglu i¢in vazgecilmez ihtiyagtir.
Ciinkii sogutma gidalarin korunmasinda, her tiirlii konfor
sistemlerinde (konutlar, tasitlar, is yerleri vb.), sanayide,
saglik sektoriinde kisacast bir¢ok alanda yaygin olarak
kullanilmaktadir. Sogutma sistemleri, ozellikle endiistride
kullanilanlar1 ~ gittikge Onem kazanmaktadir. Refah
seviyesinin yiikselmesiyle birlikte tiiketim maddelerinde
aranan kaliteyi de, beraberinde getirmektedir. Ozellikle gida
maddelerinin ilk iretildigindeki tazeligini ve &zelliklerini
koruyabilmesi ancak uygun sicaklik ve nem ortami
olusturularak saklanabilmesiyle saglanabilir. Literatiir
incelendiginde, R22 ve alternatifleri olan R417A ve R438A
sogutucu akigkanlar1 i¢in deneysel ve teorik ¢aligmalarin
oldugu, genelde performans ile verimlilik {izerine
yogunlasilmis oldugu goriilmektedir. Allgood ve dig..,
yaptiklart ¢alismada, mevcut sogutma ve iklimlendirme
sistemlerinde R438A'y1 denemis ve R22'ye kiyasla benzer
sogutma performansi ve enerji verimliliginin elde edildigini
bildirmistir. Yenileme sirasinda yag degisiminde herhangi
bir degisiklik olmadan diisiik desarj sicaklifi, benzeri
evaporator ve kondenser basinct gozlenmistir [1]. Baraz,
yaptigi calismasinda dogrudan genlesmeli sistemlerde
alternatif ~ sogutucu  akiskanlar  kullanmistir.  R22
alternatiflerinden R422D ve R417A sogutucu akiskanlari
teorik ve deneysel kullanilmis ve sonuglar karsilastirilmistir
[2]. BOCK Kompresorleri, kompresorlerinde R422D
(M029), R417A (MO59) ve R438A (MO99) degerlerini test
etmigler ve ¢ alternatif sogutucu arasinda sikistirma
sicakliginin R417A igin en diisiik oldugunu bulmuslardir;
R438A en yiiksek sogutma kapasitesine sahipken R417A,
R22'ye kiyasla en yiiksek enerji verimliligine sahip oldugu
gorlilmiigtir [3]. Ergiin ve dig., yaptiklar1 g¢aligmada,
ozellikle soguk depoculukta ve iklimlendirme sistemlerinde
oldukga yaygin olarak kullanilan R-22 sogutucu akiskanina
alternatif olarak piyasaya siiriilen ve ozon tabakasina dost
olan, iki sogutucu akigkan R-417A ve R-438A termodinamik
acidan incelenmistir. Yapilan ¢alismada, R-22, R-417A ve

R-438A sogutucu akigkanlarinin performanslari
karsilastirilmistir.  Farkli  evaporasyon sicakliklar1 igin,
sogutucu akigkanlarin performanslart1 termodinamigin

birinci ve ikinci kanunu kullanilarak degerlendirilmis ve
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sistemlere ait performans katsayilar1 hesaplanmistir. Sonug
olarak incelen 3 akigkan ig¢in R22 akiskanina en iyi
alternatifin R438A oldugu tespit edilmistir [4]. La Rocca ve
dig., yaptiklar1 calismada, R413A, R417A, R422A ve
R422D’nin R22’nin yerini almasi i¢in diisiik sicaklikli bir
sogutma iinitesinde incelemis, diisiik enerji verimliligi ve
daha yiiksek enerji tiiketimi gdsteren tiim alternatif
akigkanlar i¢in COP’un daha diisiik oldugunu bildirmistir.
[6]. Cingiz ve dig., yaptiklar1 c¢alismada, sogutma
sistemlerinde yaygin olarak kullanilan R22 sogutucu
akigkanina alternatif ve ozon tabakasina dost R417A,
R438A, R422A ve R422D sogutucu akiskanlarinin
performanslar1 termodinamigin birinci ve ikinci yasasina
gore incelenmistir. Calismanin sonunda, R22 sogutucu
akigkanina alternatif olarak gelistirilen R417A, R438A,
R422A ve R422D akigkanlarindan, R438A akiskaninin daha
yiikksek COP degerlerine sahip oldugu belirlenmistir [6].
Termal kamera ile yapilan calismalar, genelde yalitim
uygulamalar1 ve enerji tiikketiminin belirlenmesi amaciyla
kullanilmistir. Goriintii isleme teknigi gelismis ilkelerde
uzun yillardir kullanilmakta olup, uzay arastirmalari, tip
alaninda ¢esitli hastaliklarin tespit edilmesi, tarim ve gida
miihendisligi alaninda iriin kalitesinin, makine ve ingaat

miihendisligi alaninda ¢esitli mekanik ve beton
malzemelerin ozelliklerinin, korozyonlarmin
belirlenmesinde,  ayrica  kalite  kontrol  alaninda
yararlanilmistir. Termal kamera ile goriinti isleme

tekniginin sogutucu akigkan ile sistem performanslariin
belirlenmesine yonelik yapilan c¢alismalara literatiirde
rastlanilmamistir. Goriintli isleme yontemiyle performans
tespiti her ne kadar R22, R417A ve R438A iizerinde
gerceklestirilse de yontemin uygulama sinirlar1 belirlenip

farklt sogutucu akigkan gruplar1 icinde kullanimi
genigletilecektir. Calisan ve dig., termal kamera
gorlntiilerini, ekipmanlarin ve cihazlarin arizalarinin

giderilmesi, bakimlar1 gibi fonksiyonlar icra etmek igin
kullanmiglardir.  Tesisin  bakim ve plansiz olusan
aksakliklarina bagl maliyetler termografi maliyetinden daha
pahali olmaktadir [7]. Weinmann ve dig., yaptiklar
calismada, borulardaki ve binalardaki izolasyon kusurlarini
belirlemede termal goriintiileri kullanmislardir.
Yapacagimiz c¢alismada sogutma sistemindeki arizalar,
bakim periyotlart ve borulardaki izolasyon eksiklikleri ve
hatlar1 da rahatlikla belirlenebilecektir [8]. Katircioglu ve
dig., sundugu calismada, sogutma sistemlerinde termal
gorlintii analizi ile farkli sogutucu akiskanlarin uzaktan
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sensorsiiz olarak performanslarinin karsilastirilmast igin,
elde edilen termal goriintiilerin iyilestirilmesi Onerilmistir

[9].

Gergeklestirilen bu calismamin  6zgiin degeri; ticari tip
sogutma sistemlerinde, sistem iizerinden alinacak Ol¢iim
degerleri (sicaklik, basing vb.) yerine kizildtesi goriintii
analizi isleme teknigi kullanilarak farkli sogutucu
akigkanlarin COP degerinin belirlenmesidir. Calismada, R22
sogutucu akigkaninin alternatifleri, kizilotesi goriintii igleme
teknigi agisindan incelenmistir. R22’ye ek olarak R417A ve
R438A sogutucu akigkanlari ele alinarak, kurulmus olan
sogutma sisteminde yapilan deneyler ve alinan veriler
incelenip hesaplamalar yapilmig, buna ek olarak ticari tip
sogutma sisteminde kizilotesi goriintiileme analizi hususu da
incelenmistir. Elde edilen sonuglar sogutma etkinlik
katsayisi1 (COP) performansi agisindan degerlendirilmistir.
Bu calisma ile ticari tip sogutucular ve endiistriyel tip
sogutma sistemleri igin performans iyilestirilmesi
hedeflenmektedir. Olusturulacak olan kullanici ara yiizii bu
alanda ¢alisacak teknik elemanlarin kullanimina uygun, basit
ve kolay algilanabilir gekilde tasarlanacaktir. Bu sayede,
yontemin yayginlastirilmasi  hedeflenmektedir. Basari
durumunda, endiistriyel sogutma sistemlerinde kizilGtesi
goriintiileme analizinin ele alinmasi ile teknolojik Gnemi
olan sonuglar elde edilmesi beklenmektedir. Kiziltesi
goriintii  verilerinin farkli bir algillama elemani olarak
kullanilmas1 6nemli bir yeniliktir. Sogutma sistemini hizli ve
kolay bir yolla izleme kolayligi getirecektir. Baglanti
olmaksizin termal kamera ve bir bilgisayar, sistemin
performansint test etmek icin yeterli olacaktir. Uzaktan
algilama sayesinde, sisteme yaklagim agisindan is
giivenligini yiikseltme ve kullanim kolayligi saglamaktadir.
Mevcut arastirmamizda, Bolim 3.1.°de; 6znitelik ¢ikartim
yontemi ile sogutma sistem performansi belirlenmesi, Boliim
3.2’de COP yontemi ile sogutma sistem performansinin
belirlenmesi, Bolim 4.°de ise deneysel sonuglarin
degerlendirilmesi ¢aligmalar1 gergeklestirilmistir.

2. R22, R438A ve R417A GAZLARI iLE SOGUTMA
SISTEMININ KURULUMU

2.1. Kullanilan gazlarin genel 6zellikleri

CFC gazlarn tiiketiminin yasaklanmasi ile birlikte gelinen
noktada ozon tabakasina zarar veren diger bir gaz grubu olan
HCFC gazlarin da kullanimi 6nce sinirlandirilmig ardindan
tamamen yasaklanmistir. Bu gazlardan en ¢ok kullanilani
R22 gazidir. R22 gazinin alternatifi olarak gesitli gazlar
kullanilmistir. En sik kullanilanlar1 R404A, R407c ve
R410A gazlaridir. Ancak bu gazlarin mevcut sistemlerde
kullanilmasinda bazi problemlerle karsilagilmaktadir. R22
yerine bu gazlardan herhangi birinin sisteme alinabilmesi
icin sistem boru hatlarinda ve ekipmanlarinda degisiklikler
yapilmasi gerekmektedir. Bu durum, uygulamada onemli
glicliikler ¢ikarmaktadir. Bu giicliikleri asabilmek amaci ile
iki yeni alternatif HFC grubu gaz olan R417A ve R438A
sogutucu akigkanlar1 piyasaya siiriilmiistiir. Bu sogutucu
akigkanlarin 6n 6nemli avantaji; sistem boyutlandirmasinda
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herhangi bir degisiklige gerek kalmamasi ve sadece
kurutucu-filtre degisimi ile sisteme uyum saglayabilmesidir.
R417A ve R438A akiskanlart HFC karigimlaridir.
Biinyesindeki akigkanlarin kiitlesel miktarlar1 ve ozon yok
etme potansiyeli (ODP), kiiresel 1sinma potansiyeline
(GWP) degerleri Tablo 1’de verilmigtir. Tablo 1’de
goriildiigii lizere, R417A ve R438A akiskanlarinin ozon
tiketim degerleri olmamasina ragmen, kiiresel 1sinma
potansiyelleri bulunmaktadir. R22 sogutucu akigkanin GWP
degeri alternatifi olan akiskanlardan daha diisiiktiir. Ancak
ODP degerlerinin sifir olmasi sebebiyle orta vadede R22 ile
calisan  sistemlerde  kullanilmasmnin  uygun olacagi
diisiiniilebilir.

Tablo 1. Sogutucu Akiskanlarm Ozellikleri (Properties of
Refrigerants) [6]

S _ —~
s s 55| 2] g2 .
£4 22 | x| £z 3 3
¥ S X ¥ 2 EAR~ o o
2 =l e X o
5 7 z
<
R22
Bilesim 86.5 96.2 -40.8 0.05 | 1810
Saf
R417A
Bilesim
R125 (% 46.6) 106.8 87.1 -39.1 0 2346
R134a (% 50)
R600 (% 3.4)
R438A
Bilesim
R125 (% 45)
R134a (% 44.2) 99.1 85.3 -42.3 0 2264
R600 (% 1.7)
R601a (% 0.6)
R32 (% 8.5)

Icerdigi klor atomlar1 sebebiyle R22, ozon tabakasinin
tikenmesine yol agmaktadir. Bu yiizden R22 ile calisan
sistemler, uzun vadede (ODP) degeri sifir olan diigiikk (GWP)
sahip sogutucu akiskanlarla degistirilmelidirler. Yiiksek
GWP, yiiksek g¢evresel etki demektir. Sonug olarak diisiik
GWP sogutucularinin benimsenmesi toplam c¢evresel
etkilerin azaltilmasi acgisindan etkili bir ¢6ziim oldugu
sonucuna varilmustir [6]. R417A, R125, R134a ve R600in
kullanim: kolay, ozon tiiketmeyen bir HFC giiclendirme
sogutucu karisimidir. Tipik olarak, direkt genlesmeli sabit
iklimlendirme ve orta sicaklikta sogutma sistemlerinde
R22'nin yerine kullamlir. R417A, kompresoriin dmriinii
uzatabilen R22'den onemli olgiide daha disiik desarj
sicakligina sahiptir. Cogu sistemde bu iirtin gerekli sogutma
kapasitesini ve enerji tasarrufu saglar, ancak bazi sistemler
daha diigiik kapasitede ¢aligabilir. Bu sogutucu, hizli, kolay
ve uygun maliyetli iyilestirmeler saglayan geleneksel ve yeni
yaglayicilarla uyumludur ve tim sogutucu sarjini
cikarmadan servis sirasinda doldurulabilir. R417A  bir
karisim oldugu igin, sistemi sarj ederken, daima bir sivi
olarak silindirden ¢ikarilmalidir. Klima ve kiigiik ticari
sogutma uygulamalari i¢in uygun olup MO/AB/POE yaglari
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ile uyumludur [10]. R438A, kullanimi kolay, ozona zarar
vermeyen HFC sogutucu akiskan karigimidir. Performans,
kapasite, kiitle akis1 ve basing karakteristiklerine agisindan
tim klima ve chiller uygulamalar1 i¢in R22'nin yerine
alternatif olarak kullanmilmak i¢in uygundur. Genlesme
valfinin sabit bir delige sahip oldugu veya sistemin
kapasitesine ¢ok yakin oldugu R422D'ye gore avantajlari
vardir, R417A'ya gore daha iyi kapasiteye sahiptir. Bu iiriin,
geleneksel ve yeni yaglayicilarla uyumludur, hizli, kolay ve
uygun maliyetli bir iyilestirme saglar ve servis sirasinda tim
sogutucu sarjin1 ¢ikarmadan tamamlanabilir. R438A bir
karisim oldugu i¢in, sistemi sarj ederken daima bir sivi
olarak silindirden ¢ikarilmalidir. Ticari klima, 1s1 pompalari,
dogrudan genlesmeli (DX) sogutma sistemleri i¢in uygun
olup, MO/AB/POE vyaglar1 ile uyumludur [10]. Ozellikle
R22 ve alternatifleri olarak ele alinan sogutucu akiskanlar
diistik sicaklik uygulamalarindaki ticari tip sogutma
sistemleri i¢in uygundur.

2.2. Sogutma sistemi deney seti kurulumu

Deney setine iliskin genel goriiniis Sekil 1°de verilmistir. Ug
sogutucu akigkanin enerji degerlendirmesi i¢in kullanilan
deneysel sistem, baslangigta R22 ile c¢aligmak iizere
tasarlanmig  buhar sikistirmali  sogutma  ¢evrimidir.
Tasarlanan deneysel sistemde, R22, R417A ve R438A
sogutucu akigkanlari kullanilmisgtir. Deney sisteminde
hermetik pistonlu tip kompresdr, hava sogutmali evaporator
ve kondenser, digtan dengelemeli termostatik genlesme
vanast kullanilmis olup, evaporatdr yalitimli ve sabit hacimli
bir kabin igerisine konulmustur. Test edilen her sogutucu gaz

oncelikle sistem vakum edilerek elektronik terazi
kullanilarak 900 g miktarinda gaz sarji yapilmustir.
Deneylerin stabil ve saglikli bir  ortamda

gerceklestirilebilmesi, farkli gazlarin performanslarinin daha
gercekei sekilde incelenebilmesi igin sistem kapali bir
ortamda, dis sicaklik sabit olacak bir sekilde imal edilmistir.
Ti¢: 22 9C (ig-ortam sicakligi) olarak kabul edilmistir.
Sogutma sisteminden kizilétesi goriintiilerin alinma prosesi
Sekil 2°de gosterilmistir. Onerilen yontemde kullanilacak
bolgeler, numaralandirilmis ve bolge isimleri de yine sekil
tizerinde verilmistir. Tablo 2°de kullanilan sogutma sistem
bilesenleri ve 6zellikleri verilmistir. Her sogutucu akigkan ile
sistem ¢aligirken termal kamera ile gériintiiler, sistem bir saat
caligarak kararl hale geldikten sonra alinmigtir. Daha sonra
verisi alinan sogutucu akiskan sistemden bosaltilip, sistem
vakumlandiktan sonra diger sogutucu akiskan basilmistir.
Tablo 2. Sogutma sisteminin bilesenleri ve 6zellikleri

Malzemenin adi Ozelligi
Hermetik kompresor Embraco NEU 6215 GK
P Giig: 1/2 HP

Kondenser hava akigh
Evaporator hava akislt

Karyer KT 3/4 HP

Karyer KT 3/4 HP

Dunan TGV, PS 46 bar

Caligma aralign: -40/+10 °C

Flir E8-XT 320x240 (76800 piksel)
-20 °C — 550 °C

R22, R438A, R417A

Genlesme vanast

Termal kamera

Sogutucu akiskan
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Sekil 1. Sogutma sistemi deney seti
Deney sisteminden R22, R438A ve R417A sogutucu
akigkanlari i¢in alinan infrared goriintiiler Sekil 3. a, b ve ¢’
de goriilmektedir. Sistemin sematik gosterimi Sekil 4'de
verilmistir. ~ Calisilan  akigkanlarin  performanslarini
degerlendirebilmek icin, sistemin her ana eleman giris ve
cikiglart (kompresoriin giris-gikisi, kondenser giris-gikisi,
termostatik genlesme valfi girisi, evaporator giris-cikisi) ile
kompresor, kondenser ve evaporatdr ylizeyindeki
sicakliklar, sistem {izerinde belirtilen noktalardan termal

kamera ile elde edilerek karsilastirilmigtir.
GENLESME

KONDENSER VALFi GiRiS EVAPORATOR

KONDENSER
CIKIS

KONDENSER
CIKIS

KOMPRESOR EVAPORATOR EVAPORATOR
GIiRiS

KOMPRESOR

K ESOR CIKIS
Sekil 2. Sogutma sistemi lizerinden infrared (kizilGtesi)
gOriintii alinan bolgeler
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orup

— —

(a) R22 sogutucu akigkani infrared goriintiisti

Sekil 3. Deney sisteminden alinan sogutucu akigkanlara ait
infrared goriintiiler

Alternatif gazlarmm kullamimi sistem maliyeti agisindan
(revizyona ihtiya¢ kalmadigindan) daha uygun goriilmiistiir.
Bu sayede, alternatif akiskanlarin sogutma etkinlik katsayisi
(COP) geleneksel hesaplama yonteminin diginda, termal
kamera ile almman sicaklik verileri kullanilarak, termal
goriintii isleme analizi (kompresor, kondenser, evaporator
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yiizeylerinden alinacak termal goriintiiler ile ana elamanlarin
girig-¢ikiglarindan alinacak termal goriintiiler) olarak

incelenerek, yapilacak sogutucu akigkan  doniisiim
islemlerine ~ ve  performanslarmma 151k tutulmasi
hedeflenilmistir.

3. SOGUTMA SISTEM PERFORMANSI iCiN

KIZILOTESI GORUNTU iSLEME YONTEMLERI

3.1. Oznitelik ¢ikartim yontemi ile sofutma sistem
performansi belirlenmesi

Uzerinde calisilan goriintiiden 6znitelik ¢ikarma, goriintii
analizi ve karar islemleri igin Onemli bir adimdir.
Goriintiilerin igsel igerigini miimkiin oldugunca eksiksiz
yansitabilen ideal ozelliklerin nasil ayiklanacagi hala
bilgisayar analiz sistemlerinde zor bir siiregtir. Goriintiilerde
Oznitelik ¢ikarim yontemlerini, renk, doku ve sekil olmak
iizere {i¢ ana baslik altinda toplamak miimkiindiir. Onerilen
calismada, kizilotesi goriintii kullanilmasindan dolayr renk
ve doku iizerine daha fazla yogunlagilmistir. Kizilotesi
goriintii iizerinde istenilen bolgelerin se¢imi yapildiktan
sonra asagida sirasi ile verilen 6znitelikler elde edilmektedir.

3.1.1. Standart sapma

Dijital goriintii isleme uygulamalarinda histogram, goriintii
seviyesi ile istatistiksel olasiligi arasindaki iligkiyi
gostermek i¢in yaygin olarak kullanilmaktadir [11].
Goriintiideki her bir pikselin, ortalamadan ne kadar uzakta ya
da yakinda toplandig1 bilgisini veren degere standart sapma
denir.  Standart sapmasi kii¢iik olmasi bir goriintideki
degerlerin birbirine yakin oldugunu gosterir, biiyiik olmasi
ise degerlerin birbirinden uzak oldugunu gostermektedir.

L-1

5= |D (g-9P@) &)
g=0

Esitlik 1°de verildigi gibi P(g) goriintiiniin birinci dereceden

histogram olasilig1 olup, su sekilde tanimlanir:

P(g) =2 @)

Burada M goriintiide ki toplam piksel sayisini, N (g) g renk
tonunda ki piksel sayisini ifade etmektedir. Esitlik 1°de
verilen g goriintiniin ortalama degeri olup Esitlik 3’de
verildigi gibi bulunur [12].

-1

g= 2 9P(9)
g=0

3.1.2. Entropi

©)

Entropi bir degiskendeki belirsizligi 6l¢gmek icin kullanilir.
Degiskenin biitiin degerleri birbirine esit oldugunda
belirsizlik yoktur ve entropi degeri sifir olur. Ancak degisken
tamamen Dbirbirinden farkli degerler aliyorsa entropi
maksimum degerine ulagir [13].
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L-1
Entropi == ) P(g)log,(P(9)) (4)
g=0

3.1.3. Kontrast

Goriintiinlin en agik ve en koyu bolgeleri arasindaki farktir.
Yiiksek kontrastli goriintii hem 1518in ¢ok gii¢lii oldugu
bolgelere hem de ¢ok koyu golgelik alanlara sahiptir.
Kiiresel kontrast 6l¢iisii olarak Michelson esitligi kullanilmig
olup Esitlik 5°de verildigi gibi ifade edilmektedir [14].

L — L

max mn

Esitlikteki C global kontrast degerini temsil ederken
maksimum parlaklik Lmax ve minimum parlaklik Lpyin ile
gosterilmistir.

3.1.4. Carpikhk

Renk bilgisi kizilotesi  gorintiillerinin  en  &nemli
ozelliklerinden biridir. Segilen bolge alani belirlendikten
sonra carpiklik degeri Esitlik 6’da verilmistir. Segilen bolge
icerisinde piksel renk degerleri simetrik degildirler. Bundan
dolay1, carpiklik, kullanilan ortalamanin  simetrik
ozelliginden ne kadar uzak olabilecegini gdstermektedir.

1
3

1 N
Vi = NZ(fij - Mi)3 ®)
j=1

Esitlik 6°da verildigi gibi f;; degeri j. goriintii pikselinin i.
kanaldaki renk degerini, y; i. kanalin renk ortalama degerini,
N ise goriintiide ki toplam piksel sayisini temsil etmektedir.
y; ise her bir kanaldaki ¢arpiklik degeridir.

3.1.5. Maksimum ve minimum yiizey sicaklik degeri

Uzerinde ¢alisilmak icin kesilen bolgenin maksimum,
minimum ve ortalama sicaklik degerleri analiz i¢in gerekli
Oznitelik verilerini olusturmaktadir. Bunun igin Esitlik 7°de
verildigi gibi maksimum ve minimum sicaklik verilerinin
elde edilis yontemleri sunulmustur.
Thax = max(Tlow + (Thigh - Tlow) * T—I) (7)
Trin = min(Tlow + (Thigh - Tlow) * T—I)
Esitlik 7° de verildigi gibi T_I, renkli kizilotesi gortintiiniin
gri termal goriintiiye donustiriilerek elde edilen giris
gorlintlisiinti, Tiow V€ Thigh sicaklik barmmin alt ve dist
degerlerini gostermektedir.

3.1.6. Ortalama yiizey sicakhk degeri

Belirlenen bolgenin kizilétesi goriintiisiinde yer alan sicaklik
degerlerinin ortalama degeri Esitlik 8’de verilmistir.

?11 Z;ylelow + (Thigh - Tlow) * T—I 8
Ty = (®)
) M« N
Esitlik 8’de verilen, M ve N kesilen bolgenin boyut
bilgileridir.
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3.1.7. En yogun yiizey sicaklik degeri

Belirlenen bolgenin kizildtesi gorlntiisiinde en ¢ok
kargilasilan sicaklik degerini tespit etmek icin Algoritma 1
kullanilmustir.

Algoritma 1. En yogun yiizey sicaklik deger belirleme kodu.
Adim 1. Her bir piksele karsilik gelen sicaklik degerini bul.
Adim 2. En yogun yiizey sicaklik degerini bulma

for i=1:satir
for j=1:siitiin
deger=T I(i,j);
frekans(deger)=frekans(deger)+1;
end
end
Adim 3. En yogun sicaklik degerini goster
Tyogun =Max(frekans(deger));

3.2. COP yontemi ile sogutma sistem performansi

Buhar sikistirmali sogutma sistemleri, diisiik sicakliktaki bir
ortamdan 1s1y1 ¢ekerek yiiksek sicakliktaki ortama aktaran ve
boylece bulundugu ortami sogutan sistemlerdir. Sistemde,
cevrim esnasinda sogutucu akiskan cesitli termodinamik
islemler gegirerek sogutma isini gerceklestirilmektedir.
Sekil 4°de goriilen tek kademeli bir buhar sikistirmali
sogutma  sisteminin temel elemanlar;, kompresdr,
yogusturucu (kondenser), kisilma vanasi ve buharlastiricidan
(evaporatér) olugmaktadir. Bu ¢alismada, sistemin
performans analizi, termodinamigin birinci kanununa goére
yiriitilmiigtiir. Sogutma sistemine ait birinci kanun
analizinde, kondenser, kompresor ve evaporator kapasiteleri,
Sekil 4 iizerindeki ¢evrim noktalart goz Oniine alinarak,
sirasiyla asagidaki esitlikler aracilifi ile hesaplanmaktadir

[4].

Kondenser 3
I
™
4
7 — = -
1
s o Kompresor
NP B Yiksek Basing
W Algak Basing

5 6

Genlesme
Valfi

|

JER——
7

smsusmbuane o)
(

v

“urarvarr e

v

R 4
Evaparator

Sekil 4. Bir buhar sikistirmali sogutma ¢evriminin semasi
ve temel elemanlari
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Qkand = msa- (h3 - h4) (9)
Qevap = msa- (h7 - hﬁ) (10)
Wkomp = msa- (hl - hz) (11)

Kompresore uygulanan elektrik giicii ise kompresor
giicliniin, elektrik ve mekanik verimlere boliinmesi ile
bulunmaktadir.

Wkomp
Net X Nmek
Bir sogutma sisteminin performansi COP, sogutma etkinlik
katsayist ile degerlendirilir. ideal buhar sikistirmali bir
sogutma ¢evrimi i¢in sogutma etkinlik katsayisi Esitlik 13°de
verilen denklem ile tanimlanmaktadir.

Wkomp,el = (12)

Qevap

COP = — (13)

komp,el

COP, sogutma sisteminin veriminin, sikistirma isleminde
harcanan enerjinin, buharlagsmada sogurulan enerjiye orani
ile belirlenen miktar1 veya olgiistidiir. Sikistirma isleminde
ne kadar az enerji harcanirsa, sogutma sisteminin etkinlik
katsayisi COP, o kadar biiylik olur. Bu yiizden, diger
Ozellikleri ve faktorleri esit olan sogutucular arasindan, en
yilksek COP’a sahip olan sogutucu seg¢ilmelidir. COP
degerinin hesaplanmasi, birinci kanun analizinde, gaz
sogutucusu sicakligi, evaporatdr sicakligi, asirt kizdirma
sicakligl ve kompresor verimi degigimleri igin gereklidir.
Yukarida verilen esitliklerde (Esitlik 9-13), h ilgili referans
numarast ile gosterilen entalpi degerini  (kJ/kg)
gostermektedir. 1, sogutucu akiskan debisini (kg/s)
belirtmektedir. Esitlik 10, 12 ve 13’ de verilen termodinamik
denklemlerinden esinlenilerek kizilotesi goriintii isleme
yontemlerinde kullanilabilecek sogutma sistem performans
katsayis1 Onerilmistir. Onerilen COPys,; katsayist Esitlik
14°de verildigi gibi, sistemin yiizey sicaklik bilgilerinin
kullanimini esas almaktadir. Buradaki COPyse, kizilotesi
goriintii isleme (kdgi) olarak kisaltma kullanilmigtir.
COPkﬁgi _ (Kompgtkls - Kompgiris)
(Evapgtkls - Evapgiri§)

Esitlik 14°de verilen Komp,,s ve Kompg;y;s , kompresoriin
giris ve cikis yiizeysel sicakhik degerlerini, Evapgy,s ve
Evapg,;is ise evaparatoriin giris ve cikis yiizey sicaklik
degerlerini temsil etmektedir. Onerilen ¢alismada, R22,
R438A ve R417A gazlarinin kizildtesi goriintiileri tizerinde
yukarida ki dort bolge se¢imi yapildiktan sonra, elde edilen
degerler Esitlik 14’e uygulanmaktadir. Segilen bolgelerde
ortalama sicaklik degeri esas alinmistir.

(14)

4. DENEYSEL SONUCLAR

4.1. Oznitelik ¢ikartim yontemi ile sofutma sistem
performans deneysel sonuclari

MATLAB (MATrix LABoratory) 1985 yilinda C.B Moler
tarafindan matematik ortaminda kullanilmak iizere
gelistirilmis olup, sayisal hesaplama, veri ¢oziimleri ve
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grafik iglemlerinde kullanilabilecek genel amagli olmakla
beraber, 6zel amagl modiiler paketlere de sahip etkilesimli
bir paket programlama dilidir [15]. MATLAB ‘’da
problemler, komut satirinda c¢alisgan programlar yazarak
coziilebilecegi gibi, MATLAB GUI (Graphical User
Interfaces) gelistirme aracini kullanarak, formlar ve butonlar
gibi  nesnelerden  olugan  gorsel  yazilimlar  da
olusturulabilmektedir [16, 17]. Oznitelik Cikartim Yontemi
(OCY) olarak adlandirilacak olup, ara yiizii Sekil 5°de
verilmistir. Uzerinde calisilan sogutma gazinin kizildtesi
goriintiisii.  yiiklenerek,  baglanmaktadir.  KizilGtesi
goriintiisiinde yer alan sicaklik bar gostergesinin alt ve {ist
sicaklik degerleri girildikten sonra “Kes” butonuna basilir.
“Kes” butonuna basilmasiyla goriintiiniin sol {ist kdsesi ve
sag alt kosesinden istenilen koordinat noktalar
girilmektedir. Boylece deney setinin arka plan kisimlari,
sicaklik bar gostergesi gibi istenilmeyen bolgeler kesilerek
atilmaktadir. Ayrica sozde renkli kizilStesi goriintii
iizerinden her bir piksel i¢in sicaklik atama hesaplamalari bu
boliimde yapilmaktadir. Bu islemden sonra, kullanicidan
kesilen goriintiiyii kag alt bolgeye ayirmasi gerektigi sorulur
ve bunun i¢in satir ve siitiin bilgileri girilmektedir. Calisma
da biitiin goriintiler 20x20 olmak iizere 400 alt bdolge
olusturularak analiz islemi gergeklestirilmistir. “Boliitleme”
butonuna basilmasiyla goriinti alt bolgeleri kirmizi ¢izgi ile
belirlenmis  olarak ara  yiizde, orta  bdliimde
giincellenmektedir. islem hizim artirmak ve kullanicimin
istedigi bolgelere yogunlagsmak icin kullanicidan hangi
bolgeleri istiyor ise o bolge numaralari girilerek, “Analize
Bagla” butonuna basilmaktadir. Segilen bolgeler i¢in standart
sapma, entropi, kontrast, carpiklik, maksimum, minimum,
ortalama ve en yogun sicaklik Oznitelik verileri elde
edilmektedir. Ayrica bélgelerin goriintiileri ve &znitelik
egrileri ara yiiziin sol tarafinda olusmaktadir. OCY, R22,
R438A ve R417A gazlari igin 3 kizil6tesi test goriintiilerinde
calistirilmigtir. Her bir test gorintiisi i¢in 10 bdlge
belirlenerek 8 6znitelik elde edilmistir. Tablo 3”'iin sayisal
sonuglarina bakildiginda, gazlarin performans sonuglari i¢in
kesin bir sonug climlesi sdylemek veya karsilastirma yapmak
zordur. Bunun i¢in Tablo 3’de yer alan ii¢ gazin 6znitelik
verileri ve belirlenen bolgeler i¢in karsilastirmali kutu grafik
caligmalar1 gergeklestirilmistir. Kutu grafikleri degiskenin
dagilim seklini, merkez egilimini ve yayilim diizeyini
gormek ve bir degiskenin farkli kategorilerini birbiriyle
kargilagtirmak igin kullanigh bir grafik tiirtidiir. Bir veri
setinin en kii¢iik deger, alt ¢eyrek, ortanca, iist geyrek ve en
biiyiik deger olmak lizere bes sayili 6zetini gostermektedir.

Ust
ceyrek

Al Ortanca

En kiigiik deger ceyrek

En bitviik deger

Sekil 6. Kutu grafigi ve boliimleri

Sekil 6°da goriildiigi gibi birinci ¢eyrekten ligiincii ceyrege
bir kutu ¢izilmektedir. Kutunun uzunlugu verilerin orta
boliimlerde yayilma 6zelligini vermektedir. Ortanca deger
kutudan diisey bir ¢izgi ile gegmektedir. Verinin ug degerleri
kolaylikla goriilmekte olup kutudan bu noktalara c¢izilen
cizgi ile gosterilmektedir. Sekil 7°de goriildiigii gibi OCY de
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belirlenen bolgeler karsilagtirmali olarak verilmistir. Her bir
bolge goriintiisiiniin biitiin gazlarda birbirlerine ¢ok benzer
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bir sonug elde etme ydniinden yeterli degildir. Bunun igin
Sekil 7. ve Tablo 3. gazlarin performans karsilastirmalarinin

olmalar1 yapilan goriintii alma ve bolgelerin elde edilme goriintillerden ~ alman  verilerin  analiz  edilerek
siireclerinin hassas ve dogru yapildigin1 gostermektedir. gerceklestirilebilecegi sonucunu vermektedir.
Sekil 7.°de verilen gorsel karsilagtirma, ayni sekilde Tablo
3.°de verildigi tizere sayisal karsilagtirmada oldugu gibi,
performans karsilastirmalar1 veya benzerlikleri icin bilimsel
(4 Analiz_Ver_03 - X
o Kesilen bolgelerin dagilim grafikleri
Analiz icin gorintd yikleme 80
_ 80 ST
2
':?: 40
2 20
8
0
1 -20
0 2 4 6 8
Oznitelik Sayisi
Gérinta Ag s Kesilen bolgelerin goruntalenmesi
s B
Gorinti Bolitieme Unitesi T : _ -
: = u—l
Goranta alt ve Ost s»cakhls degerlerini giriniz 3
AT | 126 UST | 672 = Py
Gorantide kesilecek bolgeyi belirleyiniz Kes is g6 ckartian 6zniteli _
Std. Sap Entropi Kontrast Skewness\ Max_Sic \ Min_Sic Ort_Sic Yog_Sic \
36.9847 6.2014 0.8078 0.5915 35.4583 26.6437 33.0318 35 _ & e
orlintiks boliHems Sabr Ve Siia SayRn g 22210 57610 04196  -03346 64993 102108 00277 2 N -
— 26.6430 6.2616 0.4549 -0.1112 25.4980 21.5032 23.8852 24 TR—.
20 20 Bolutleme
66.0050 6.2871 0.7569 0.5308 20.6148 -12.6000 14.8513 21
71.3851 5.2198 0.9088 1.6090 6.5104 -11.3971 -2.5451 5 ¥y
48,5391, 105, 116, 148, 153, 292, 329, 352 33.4703 6.2115 0.7490 0.3502 32.1626 26.7118 29.2593 29 -
e e 383264 60026 07608 11155 65885  -4.4411 38898 7
39.9538 6.1089 0.7843 0.2699 17.7344 15.6765 17.0208 18
Analize Bagla 9.7271 4.9708 0.1843 -0.5304 63.4157 56.5904 58.7594 S8 |
49.0981 6.6817 07804  -0.2893  36.3438 363438  36.3438 3%

Sekil 5. Matlab GUI 6znitelik ¢ikartim yontemi ara yiizi

Tablo 3. Kullanilan gazlarin dznitelik verileri

Kullanilan | Bolge Standart _ Maksimum [ Minimum | Ortalama| Yogun
Gaz No Sapma Entropi | Kontrast | Carpiklik Slcoakhk Slcoalkhk Slc(:’ikllk Slcoakhk
49 WY) Y) O

1 36,6833 6,1615 0,8078 0,5668 35,3073 26,6688 | 33,1339 35

2 22,0723 5,6714 0,4157 -0,4939 6,4720 -8,3904 0,9701 3

3 26,8951 6,1363 0,4824 -0,2508 25,3572 24,5039 | 24,8075 25

4 66,0363 6,2439 0,7529 0,5303 20,6042 -12,6000 | 15,4080 21

«~ 5 72,5085 5,3650 0,9098 1,4670 8,0104 -11,3111 | -1,7654 8
&l 6 33,3421 6,1935 0,7373 0,3995 32,4176 26,5357 28,8928 29

7 39,0315 5,7217 0,7333 1,3231 6,3277 -4,4732 3,5585 6

8 41,1147 5,9001 0,7569 0,3608 18,0521 15,5177 | 17,2708 18

9 9,7317 5,0100 0,1843 -0,5107 63,2381 56,5474 | 58,8153 58

10 53,2030 6,7760 0,7882 -0,1830 36,2240 36,2240 | 36,2240 36
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1 380885 | 64576 | 07098 | -01814 | 32,5208 | 257958 | 31,6172 33
2 27,5112 5,7803 0,6235 0,0182 9,4731 -9,4249 -0,0100 2
3 26,2515 6,1035 0,5804 0,0342 26,4944 19,6666 21,4126 20
4 808172 | 53689 | 08392 0,6535 16,3646 | -11,0000 | 87909 16
g 5 62,4135 5,7927 0,8157 1,3845 5,1563 -8,0589 -1,4210 5
5 6 341888 | 61954 | 07176 | -03053 | 32,4003 | 255389 | 27,1124 26
7 42,9209 | 58744 | 07569 1,2369 9,3270 | -4,4058 | 60444 7
8 306146 | 52852 | 07465 0,3512 180402 | 132177 | 17,2452 18
9 24,7249 5,1750 0,5059 -2,1834 48,4942 45,4583 46,1272 45
10 479484 | 67031 | 07804 0,0820 283220 | 195795 | 27,2729 28
1 346510 | 61051 | 0,6667 0,6263 200792 | 245244 | 287198 30
2 180584 | 53165 | 03569 | -0,2330 94002 | 53404 | 39494 4
3 26,0092 | 61373 | 04078 | -00354 | 204905 | 125472 | 174716 17
4 669122 | 63828 | 07725 0,1575 231719 | -10,1000 | 18,4552 23
s 5 46,9458 5,4537 0,7176 1,4172 2,5052 -6,9146 -1,3101 -1
5 6 326006 | 61934 | 07333 0,4949 281146 | 255027 | 27,4975 28
7 351863 | 58219 | 07529 1,5207 52708 | -1,8404 | 32072 5
8 290314 | 57603 | 0,6196 0,2096 133907 | 89304 | 11,7171 13
9 11,8201 4,9199 0,2706 -0,5267 51,4177 47,5103 48,2992 48
10 549558 | 67278 | 07686 | -00582 | 268125 | 268125 | 268125 27
Belirlenen | ooy R438A | R417A
Bolge No
T —
. [
A ]
g || —
5
6 E ._l_E -
7
— vl TR R
9
o (R T/ /& 1

Sekil 7. Ug gazin belirlenen bolge kizildtesi goriintiileri
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Sekil 8 'de kullanilan 3 gazin 8 6znitelik degeri yoniinden
karsilagtirmal1 kutu grafiklerine yer verilmistir. Sekil 8 a, c,
e, f ve g ortalama yoniinden, Sekil 8 b, d, e, f ve h alt ve iist
ceyrek yoniinden, Sekil 8 c, d, g ve h st limit yoniinden,
Sekil 8 d, e, f, g ve h alt limit yoniinden R22 ve R438A
birbirlerine ¢cok yakindir. Ozellikle standart sapma, entropi,
maksimum, minimum ve ortalama sicaklik 6znitelik verileri
R22 ve R438A gazlarmin birbirlerine benzer oldugunu
gostermektedir. Ayrica c¢arpiklik ve en yogun sicaklik
Oznitelik degerleri bakimindan R438A ile R417A birbirine
benzer, kontrast 6znitelik kargilastirmasinda R417A ile R22
birbirine benzer ¢ikmustir. Sonug olarak, 6znitelik veri
karsilastirmasinda R22 gazi performans sonuglart R438A’ya
daha yakindir. OCY'nin uygunlugunu ve performansini
daha iyi test etmek amaciyla bdlgelerin iic gaz icin
karsilastiritlmas: Sekil 9°da yapilmustir.

Grafikler incelendiginde R22 gaz sonuglarinin 2, 4, 5, 7 ve
9. bolgelerde daha normal bir dagilima sahip oldugu, buna
karsin 1, 3 ve 6. bolgelerde goriildiigii gibi, R438A gazinin
Oznitelik degerlerinin daha yiiksek rakamlarda toplandig
tespit edilmistir. Yani 5 bolge i¢in R22, 3 bolge i¢in R438A
gazmin daha basarili olduklart goriilmektedir. Sekil 9 1, 2,
3, 4, 6 ve 8. bolgeleri i¢cin R22 ve R438A gazlari, Sekil 9 7
ve 9. bolgeleri igin ise R22 ve R417A gazlar birbirlerine
yakin performans gostermiglerdir. Ayrica Sekil 9 10. bolge
icin R438A ve R417A gazlar1 benzer ve Sekil 9 5. bolge
icin ise ii¢ gazda birbirine yakin performans gostermislerdir.
Sekil 9°da ki OCY ’nin bolgesel gorsel sonuglarina gore,
sirastyla R22, R438A ve R417A performans siralamasi
yapilabilir. Ek olarak bolgesel performans benzerliginde
R22 gazina en yakin gaz R438A ¢ikmustir.

4.2. COP yontemi ile sogutma sistem performans
deneysel sonuglari

COP yontemi ile sogutma sistem performans ara yiizii Sekil
10’da verilmistir. OCY yonteminde oldugu gibi COP
yontemin kizildtesi goriintiilerin analiz islemine sokulmast
i¢in 6n hazirlik ¢aligmalar yer almaktadir. COP yonteminde
evaporator girig ve ¢ikis ile kompresor giris ve ¢ikis
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bolgeleri i¢in bolimlenmis goriintli iizerinden bolge
numaralart  girilmelidir.  “Analize Bagla” butonuna
basildiktan sonra, ara yiiziin sol alt tarafinda ilgili gazin
COP degeri yazilmaktadir. Ayrica iizerinde calisilan dort
bolge goriintiisii ve hesaplamaya katilan sicaklik degerleri
tablo halinde sol kisimda olugsmaktadir.

Tablo 4. Kullanilan gazlarin COP sonuglart

Gaz Bolge Sicaklik (°C) COP
Evaporator Girig -2,3791
Evaporator Cikis 1,9503
R22 3,6231
Kompresor Giris 18,7736
Kompresor Cikis 34,4593
Evaporator Girig -2,4081
Evaporator Cikis 1,1318
R438A 3,5653
Kompresor Giris 17,4287
Kompresor Cikis 30,0493
Evaporator Girisg -3,2319
Evaporator Cikis 1,1500
R417A 2,9617
Kompresor Giris 12,4807
Kompresor Cikis 25,4585

COP, R22, R438A ve R417A gazlari i¢in 3 kizil6tesi test
goriintiilerinde ¢alistirilmistir. Her bir test goriintiisii i¢in 4
bolge tizerinden COP degeri hesaplanmistir. Tablo 4'in
sayisal sonuglarina bakildiginda, {i¢ gazda birbirine yakin
performans gdstermislerdir. COP’un sayisal sonuglarina
gore, sirasiyla R22, R438A ve R417A performans
siralamast yapilabilir. Ek olarak bolgesel performans
benzerliginde R22 gazina en yakin gaz R438A ¢ikmuistir.
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2
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Bolitieme nalize Basla.
Sekil 10. Matlab GUI 6znitelik ¢ikartim yontemi ara yiizii

5. SONUC performansi, insan giicli maliyetini ile zaman tasarrufunu

Bu c¢aligmada, R22 akigkanina alternatif olan ve ozon
tabakasina dost R417A ve R438A akiskanlarmin ticari
sogutma  sistemlerine  yonelik performans analizi
Onerilmistir. Matlab GUI ara yiizii ve kizilotesi goriintiileme
kullanilarak 6znitelik veri elde edinimi ve yeni bir COP
sogutma etkinlik katsayis1 olmak {iizere iki ydntem
kullanilmustir.  Yapilan deneyler sonucunda, kizilotesi
goriintilleme sayesinde sogutma sisteminin basarili bir
sekilde uzaktan performans analizinin ger¢eklestirilebilecegi
ispatlanmistir. Oznitelik veri elde ediniminde, standart
sapma, entropi, maksimum, minimum ve ortalama sicaklik
degerleri R22 ve R438A gazlarinin birbirlerine benzer
oldugunu gostermektedir. Ayrica yeni COP’un sayisal
sonuglarina gore, sirastyla R22 (3,6231), R438A (3,5653) ve
R417A  (2,9617) performans siralamasi  yapilmustir.
Gelistirilen kizilotesi goriintii isleme ile performans testi
uygulamasinda calistirila bilirligi ortaya konmustur. Yapilan
calismada kullanilan kizilGtesi goriintileme ile sensor
montaji, maliyeti ve kablolama problemi ortadan kaldirilmis,
ara yiiz 6zelligi ile daha gorsel hale getirilmistir. Sistem i¢in
gelistirilen yazilim, Kullanici igin kolay programlanabilir
Ozellikte olup, es zamanli kayit ve grafik ¢izebilme
Ozelliklerine sahiptir. Caligmanin sonunda, R22 sogutucu
akigkanina alternatif olarak gelistirilen R417A ve R438A
akigkanlarindan, R438A akiskaninin daha yiiksek COP
degerine sahip oldugu goriilmiistiir. Incelen 3 akiskan icin
R22 akigkanina en iyi alternatifin R438A oldugu tespit
edilmistir. Ticari tip sogutma sistemlerinde kullanilacak en
uygun alternatif sogutucu akiskan belirlenmistir. Sensorsiiz
uzaktan algilamanin bu sistemlere uygulanmasi ve sistem
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elde edilerek saglanmistir.
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Oz

Gilinlimiizde yiiksek dayanimli betonlar (YDB) genis bir kullanim alanina sahiptir. Fakat beton karisimlari ile ilgili agrega tiirti,
ozelikleri, daglimi1 ve mineral katkilarin kullanim oranlart mekanik ve fiziksel 6zelliklerine 6nemli etkileri olmaktadir. Bu
calismada, kalker ve metagabro agregalar1 ayri ayri kullanilarak yiiksek dayanimli betonlar iiretilmis ve agrega tiiriiniin
betonlarin 6zelliklerine etkileri incelenmistir. Bu amagla iki farkli agrega grubu, iki farkli F sinifi ugucu kiil ve silis dumant ile
12 karigim hazirlanarak tiretilen numunelere birim agirlik, yogunluk, su emme ve bosluk orant, basing dayanimi ve ultrases gegis
hiz1 deneyleri uygulanmistir. Su/baglayict orani 0,40, ¢imento dozaji 400 kg olarak belirlenmistir. Karigimlara %10 oraninda
mineral Katkilar ayr1 ayr1 ve ikili karisimlar seklinde ilave edilmistir. Kivami 15+2 c¢m degerinde tutabilmek igin beton
karigimlarina %1 oraninda hiper akigkanlastirici eklenmistir. Metagabro agregalari ile iiretilen betonlarda en yiiksek 28 giinliik
basing dayanimi (76,7 MPa) Sugozi ugucu kiilii ve silis dumaninin beraber kullanildigi karigimlarda elde edilmistir. Kalker tipi
agregalar ile 81,4 MPa elde edilmistir. Hem metagabro hem kalker tipi agrega grubu ile yiiksek dayanimli beton elde
edilebilirken, kalker tipi agregalar ile iiretilen betonlarda %15’e varan oranlarda daha yiiksek basing dayanimi elde edilmistir.

Anahtar Kelimeler: Kalker, Metagabro, Mineral katki, Yiiksek dayanimli beton

Investigation on the Use of Metagabbro Aggregates in High Strength Concretes
Made with Different Mineral Additives
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Abstract

Today, high strength concretes (HSC) have a wide usage area. However, considering the type, properties and gradation of
aggregates, and amount of mineral additives used in concrete mixtures have important effects on their mechanical and physical
properties. In this study, high strength concretes were produced by using limestone and metagabro aggregates separately and the
effects of aggregate type on the properties of concretes were investigated. For this purpose, 12 different mixtures were prepared
with two different aggregate groups, two different F class fly ash and silica fume, and unit weight, density, water absorption and
porosity, compressive strength and ultrasonic pulse velocity tests were applied. Water to binder ratio and cement dosage of
mixtures are determined constant as 0,40, as 400 kg/m?, respectively. For the constant slump value of 15 = 2 cm, 1%
hyperplasticizer was added to the mixtures. The highest 28 days’ strength of the concretes made with metagabbro aggregates
was 76.7 MPa obtained on the mixture produced with binary mixture of Sug6zii fly ash and silica fume. It was obtained as 81,4
MPa with limestone aggregates. While high-strength concrete can be obtained with both metagabbro and limestone type
aggregates, up to 15% higher compressive strength has been achieved in concretes produced with limestone-type aggregates..
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I. 1. ATABEY

1. GIRIS

Diinyadaki beton tiiketimi 2012 yili itibariyle 10 milyar
metrekiipii asmustir [1]. Bu devasa tiiketim her gecen giin
artarak devam etmekte ve 2050 yili itibariyle de 18 milyar
tona ulasacagi tahmin edilmektedir [2]. Artan tiiketim ile
beton iretiminde kullanilan hammaddelerin
stirdiiriilebilirligi sorgulanir hale gelmistir. Ekonomikligi ve
yiiksek dayanimi nedeniyle betonda en ¢ok kullanilan
malzeme olan agregalar ig¢in de tedarik sorunu meydana
gelmeye baglamistir. Bu nedenle cesitli kayaglardan elde
edilen agregalarm beton firetiminde kullanilabilirliginin
arastirtlmasi da siirdiiriilebilir beton iiretimi igin elzemdir.
Bu amagla agrega tiiriiniin betonun mekanik ve durabilite
Ozellikleri iizerine etkileri daha Once bir¢ok arastirmaci
tarafindan irdelenmistir.

Aitcin ve Mehta [3] benzer karisim oranlar ile diyabaz,
kirectas1, granit ve dere agregalarini ayri ayri kullanarak
betonlar iiretmislerdir. Arastirmacilar diyabaz ve kiregtast
agregalart ile trettikleri betonlarn basing dayanimlarimin
granit ve dere agregalari ile irettikleri betonlara gore daha
yiiksek oldugunu rapor etmislerdir. Bishr ve ark. [4] yiiksek
dayanimli betonlarin basing ve yarmada ¢ekme dayanimlari
lizerine iri agrega tlirliniin etkilerini aragtirmiglardir. Deney
sonuglar1 demir-gelik cilirufu agregasi ile iiretilen betonlarin
kirectast ile iiretilenlere gore daha yiiksek basing ve yarmada
¢ekme dayanimina sahip oldugunu gostermistir. Ezeldin ve
Aitcin [5] dort farkli iri agrega ile normal ve yiiksek
dayanimli betonlar iiretmisler ve iirettikleri betonlarin
egilme ve basing dayanimlarinin agrega tlirline gore
degisimini arastirmiglaridir.  Arastirmacilar, {irettikleri
normal dayanimli betonlarin dayanimlarinda agrega tiiriine
gore onemli bir degisim gbzlememislerdir. Ancak, kirectasi
ile iiretilen yiliksek dayanimli betonlarin ¢akil veya granit ile
iretilenlere gore daha yiiksek basing dayanimina sahip
oldugunu belirtmislerdir. Kili¢ ve ark. [6] bazalt, gabbro,
kuvarzit, kiregtast ve kumtasi agregalari ile ayri ayri
iirettikleri yiiksek dayanimli betonlarin dayanim ve aginma
Ozelliklerine agrega tiirliniin etkisini arastirmiglardir.
Arastirmacilar basing dayanimlarimin yiiksekten diisiige
sirastyla bazalt, gabbro, kiregtasi, kuvarzit ve kumtagsi
kullanilan betonlarda elde edildigini rapor etmislerdir. En
yiiksek egilme dayanimi ise gabro ile iretilen betonlarda
gozlemislerdir. Arastirmacilar, gabro ve bazalt agregasi ile
iiretilen betonlarin aginma direncinin diger betonlara kiyasla
daha yiiksek oldugunu ve kum tagsi ile {iretilen betonlarin
diger betonlarda gbre daha diisiik asinma direncine sahip
oldugunu belirtmiglerdir. Diger taraftan bir tiir entriisiv
volkanik kaya¢ olan metagabronun da beton iiretiminde
kullanilabilirliginin arastirilmasi da siirdiiriilebilir {iretim,

yerel kaynaklarin  degerlendirilmesi ve performans
degerlemesi acisindan Onem arz etmektedir. Ancak,
metagabro  kayaclarmin  betonda  agrega  olarak

kullanilabilirligine dair halen yeterli sayida c¢alisma
yaptlmamistir. Cimento iiretimi 2010 yili verilerine gore
kiiresel CO2 saliniminin yaklagik %7 sinden sorumludur [7].
Bu devasa salinim bilim insanlarinin ¢imento icerigi daha az
beton iretilebilirligini aragtirmaya sevk etmistir [8].
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Geleneksel betona gore daha g¢evreci, ekonomik ve yiiksek
performansli beton iiretmenin bir yolu da ¢imento yerine
cimento ile birlikte cesitli puzolanlarin kullanilmasidir. Bu
amacla, ucucu kiil [9,10] silis dumani [11,12], yiiksek firin
clirufu [13,14], piring kabugu kiilii [15,16] ve metakaolin
[17,18] gibi bir¢ok dogal ve yapay puzolanin normal ve
yiiksek dayanimli betonda kullanilabilirligi ve beton
ozelliklerine etkileri arastirillmis ve arastirilmaya halen
devam etmektedir. Bununla birlikte, ¢imento yerine
kullanilan puzolanin kimyasal ve fiziksel karakteristigi
betonun ozelliklerini 6nemli derecede etkilemektedir. Bu
nedenle de, 6zellikle endiistriyel atiklarla {iretilen betonlarin
ozellikleri farklilik gostermektedir. Bu caligmada, betonda
yaygin olarak kullanilan kalker agregasi ile betonda
kullanimi noktasinda daha az arastirillan metagabro
agregalar1 ayr1 ayr kullanilarak yiiksek dayanimli betonlar
iiretilmis ve agrega tiirliniin iiretilen betonlarin 6zelliklerine
etkileri irdelenmistir. Ayrica Catalagzi (Zonguldak) ve
Sugdzii (Adana) Termik Santrallerinden alinan iki farkli
ugucu kil ve Antalya Eti Elektrometalurji tesisi atig1 olan
silis dumaninin yiiksek dayanimli betonlarin birim agirlik,
yogunluk, ultrases gegcis hizi, basing dayanimi, su emme ve
bosluk oranina etkileri arastirilmustir.

2. MALZEME VE YONTEM
2.1. Cimento ve Mineral Katkilar

Caligmada TS EN 197-1’e¢ [19] uygun CEM I 42,5R tipi
¢imento (PC) kullanilmigtir. Mineral katki olarak ASTM
C618 [20] standardina gore iki farkli F sinifi ugucu kiil
kullanilmistir. Adana ili Yumurtalik ilgesi Sugdzii koyilinde
bulunan Sugdzii Termik Santrali Ugucu Kiilii (SG UK) ve
Zonguldak ili Catalagzi beldesinde bulunan Catalagzi
Termik Santrali Ugucu Kiilii (CA UK) temin edilmistir. Silis
duman1 (SD) Antalya Ferrokrom tesislerinden elde
edilmistir. Cimento ve mineral katkilara ait kimyasal ve
fiziksel 6zellikler Tablo 1°de verilmistir

Tablo 1. Cimento ve mineral katkilarin kimyasal ve fiziksel
ozellikleri

Ozellik PC SGUK CAUK SD
SiO2 (%) 18,80 60,51 54,68 93,10
Al03 (%) 5,81 21,69 25,94 0,55
Fe203 (%) 2,61 7,85 6,81 1,35
CaO (%) 62,90 1,52 3,12 0,49
MgO (%) 1,29 1,65 1,55 0,36
SO3 (%) 2,74 0,53 0,34 0,1
Naz20 (%) 0.74 0,92 0,39 0,29
K20 (%) ’ - - 0,91
Ser.CaO (%) 0,70 0,18 0,02 -
Cl' (%) 0,033 0,010 0,004 -
K. K. (%) 3,27 2,42 3,30 2,85
>45 Mik. (%) - 18,47 29,0 -
Yog. (g/cm?) 3,15 2,29 2,13 2,31
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2.2. Agrega

Beton karigimlarinda maksimum tane boyutu 22,4 mm olan
iki farkli metagabro (Sekil 1) ve kalker agregasi (Sekil 2) ayr1
ayrt kullanilmistir. Agregalara ait degerler Tablo 2’de
verilmigtir.

Tablo 2. Agrega tane dagilim gruplar1 ve 6zgiil agirhiklar

- Gradasyon Ozgiil

Agregalar Ozellik Yiizdel)e/:ri Aglgllk
0-5 mm %45 2,69
Metagabro 5-12 mm %34 2,78
12-22.4 mm %21 2,79
0-5 mm %45 2,74
Kalker 5-12 mm %34 2.72
12-22.4 mm %21 2,71

Sekil 2. Kalker agregast
2.3. Hiper Akiskanlastirici ve Su

Beton iiretiminde karigim suyunu yiiksek oranda azaltan TS
EN 934-2+A1 [21] standardina uygun hiper akiskanlastiric
beton katkis1 Polydos EG 450 kullamilmistir. Katki
ozellikleri Tablo 3’de verilmistir. Karisim hazirlamada TS
EN 1008’¢ [22] gore igilebilir musluk suyu kullanilmistir.
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Tablo 3. Hiper akigkanlastirici katkinin 6zellikleri

Kimyasal Ozelligi Polikarboksilat Esasl
Renk-Goriiniim Kahverengi Sivi
Yogunluk 1,05+0,02 kg/1

Alkali Igerigi (TS EN 480-12)  <%4

Klor Igerigi ( TS EN 480-10) <%0,1

2.4. Yontem

Bu calismada, baglayici ¢cimento dozaji birim metrekiip icin
400 kg’dir.  Su/baglayict  orant  0,40°tir.  Deneysel
calismalarda hazirlanan karigimlarin ¢okme degerleri 15 + 2
cm olacak sekilde ¢imento agirhigmim %1 oraninda hiper
akigkanlagtirict  katki  maddesi  kullanilmigtir.  Beton
karisimlarinda mineral katki olarak Sugozii Ugucu Kiilii,
Catalagzt Ucucu Kiili ve Silis Dumani toplam g¢imento
oraninin %10’u kadar kullanilmustir. iki farkli (metagabro M
ve kalker tipi K) agrega i¢in hacimce es deger oranlarda ii¢
grup agrega ile karisim hazirlanarak 100x100x100 mm
numuneler liretilmistir (Sekil 3 ve Sekil 4). 0-5 mm agregalar
%45, 5-12 mm agregalar %34 ve 12-22,4 mm agregalar %21
oraninda alinarak 1 m® beton igin karistm miktarlar1 Tablo
4°te verilmigtir. Laboratuvar ¢aligmasi sonucu iiretilen 12
grup beton numunelerine 28 giin sonunda birim agirlik ve
yogunluk, su emme ve bosluk orani, basing dayanimi ve
ultrases gegis hiz1 deneyi uygulanmustir.

Sekil 4. Kalker agregas ile hazirlanan numuneler
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Tablo 4. 1 m® karigima giren malzeme miktarlart

w S B & g 2

= —~

— a0 ] = 1Y v < _ - <
e 2 % 8= 32 o 2 & E=¢
© g ] (2 = s = Q5 2 o oM 4 XX ~ o < =
(=) Z S X UM .9 23 S = < =) NES
o z g -2 Q= = < a < c N %‘,
2 2 5 X3 o2 2 & N R

< < o 55 X o a s o i —

== 22 2 I S @
MO 400 - - - 4 0,40 160 862,4 6516 4024
g M1 400 40 - - 4 0,40 160 840,8 6353 3924
© M2 400 - - 40 4 0,40 160 8399 634,6 3920
g M3 400 20 - 20 4 0,40 160 840,4 6350 392,2
S M4 400 - 40 - 4 0,40 160 8392 634,1 3916
M5 400 - 20 20 4 0,40 160 8396 634,3 3918
KO 400 - - - 4 0,40 160 858,0 648,3 4004
o K1 400 40 - - 4 0,40 160 8365 632,1 3904
g K2 400 - - 40 4 0,40 160 8357 631,4 390,0
g K3 400 20 - 20 4 0,40 160 836,1 631,7 390,2
K4 400 - 40 - 4 0,40 160 836,55 632,1 3904
K5 400 - 20 20 4 0,40 160 836,1 631,7 390,2

3. BULGULAR
3.1. Birim Agirlik ve Yogunluklar

Calismada {retilen numunelerin agirliklar1 alinip numune
hacmine boliinerek birim agirliklar1 hesaplanmistir. Ayrica
beton drneklerinin Arsimet yontemi ile sudaki agirlik, suya
doygun ve etiiv kurusu agirliklart tartilarak yogunluklari
belirlenmistir. TS EN 12390-7 [23] standardina gore elde
edilen sonuglar Tablo 5 ve Tablo 6’da verilmistir.

Tablo 5. Metagabro agregasi igeren betonlara ait birim
agirlik ve yogunluk deney sonuglari

° a2 =) g E E
z T ~ TS = = =
E )E'DmE > )Ebi .g ) )EL)ME )EQME
Z 45X <%= 2B ° S S S
E E®2 EE S8EF T® I®
2 i % "% %

a a = a
MO 2,62 2,57 2,62 2,50 2,54
M1 2,55 2,50 2,60 2,47 2,52
M2 2,60 2,56 2,59 2,50 2,54
M3 2,63 2,60 2,61 2,52 2,55
M4 2,63 2,59 2,63 2,52 2,56
M5 2,63 2,60 2,62 2,54 2,57
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Tablo 6. Kalker agregasi igeren betonlara ait birim agirlik
ve yogunluk deney sonuglari

e ¥ €35 § = E
z =¥ =5 E@ S g .
g e 00 =) o0 & o0 &
7S <= <= B © o © o
= EE EE ST Z® I®
a i ST a
KO 2,50 245 260 246 251
K1 2,52 248 257 246 2,50
K2 2,45 242 259 251 254
K3 2,48 244 258 248 2,52
K4 2,51 246 257 245 250
K5 2,51 248 254 245 2,49

Metagabro tipi agrega kullanilarak iiretilen YDB’larin DKY
birim agirliklari 2,55-2,63 g/cm?, kuru birim agirliklar 2,50-
2,60 g/cm?, goriiniir yogunluklar1 2,59-2,63 g/cm?, kuru
yogunluklar1 2,47-2,54 g/cm®, DKY yogunluklar1 2,52-2,57
g/cm? arasinda hesap edilmistir (Tablo 5). Kalker tipi agrega
kullanilarak tiretilen YDB’larin DKY birim agirliklari 2,45-
2,52 g/cm?®, kuru birim agirliklar 2,42-2,48 g/cm?, goriiniir
yogunluklar 2,54-2,60 g/cm?, kuru yogunluklar1 2,45-2,51
g/cm?®, DKY yogunluklar1 2,49-2,54 g/cm® arasinda hesap
edilmistir (Tablo 6).
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Sk | Aot g b Agrega Tirli M
) W Metagabro [ Kalker 3
B
Z g
Eaf 1 §
e e
= =
) B
< <
£ g
Q
£t hoE
£ £
" 2]
0 all
Karigimlar
Sekil 5. Agrega tiiriine gore birim agirliklarin degisimi
3 ootttk b B L 8 BB N R LK A Agréga Tiirii ‘
' § BEMetagabro  [Kalker
& §
Y4
s 2
5 §
E E
z 3
k=
: 2
Sor 10
>
ob—~—+——tt -ttt U ; Lo
FPARE AR MR AR AR U S P "SI PR P 7%
Karigimlar
Sekil 6. Agrega tiiriine gére yogunluklarin degisimi
Metagabro gurubu agregalarin  yogunluklar1  kalker

agregasindan fazla oldugu igin genel olarak yogunluk ve
birim agirlik degerleri metagabro agregali yiiksek dayanimli
betonlarda daha yiiksektir (Sekil 5 ve Sekil 6). Her iki agrega
tipi i¢in de farkli mineral katkilarin yogunluklarinin birbirine
yakin olmast YDB’larin birim agirlik ve yogunluklarinda
biiyiik farklar olusturmamustir. Yiiksek dayanimli beton
oldugu icin hiper akiskanlagtirici ile su orami azaltilarak
bosluklar azalmis bdylece yogunluklar ile birim agirliklar
arasinda 6nemli fark meydana gelmemistir.

3.2. Su Emme ve Bosluk Oram

Sertlesmis beton numunelerinin su emme ve bosluk
oranlarmin belirlenmesi igin 28 giinlik 100x100x100
mm’lik kiip numuneler kullanilmistir. Numunelerin etliv
kurusu agirliklar1 ve suya doygun agirliklar1 belirlenerek
Tablo 7’°deki degerler elde edilmistir.
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Tablo 7. Su emme ve bosluk orani deney sonuglari

E gEX x= E gX xS
2o EZ =2 2o =) )
=Z2 w s g = ==z w s S =
~ 38 ®B& ¥ 38 ®#S
MO 1,93 4,81 KO 2,06 5,09
M1 1,95 4,82 K1 1,76 4,32
M2 1,39 3,47 K2 1,43 3,51
M3 1,15 2,91 K3 1,26 3,16
M4 1,68 4,23 K4 1,89 4,63
M5 1,36 3,42 K5 1,50 3,71

i i ' : Agrega Tiirii
¢ ‘ B Mctagabro  [Kalker r3

IS
T

L,.
T
Su Emme Orani1 (%)

Bogluk Orant (%)

)
T

LY
Karigimlar

Sekil 7. Su emme —bosluk orani degisimi

LR %

L6

Metagabro tipi agrega ile iiretilen YDB’larin su emme
oranlar1 %1,15-1,95, bosluk oranlar1 %2,91-4,82 arasinda
elde edilmistir. Kalker tipi agregalarla ise su emme oranlar1
%1,26-2,06, bosluk oranlart %3,16-5,09 arasindadir. Hem
kalker hem metagabro agrega grubu ile iiretilen YDB’larda
mineral katki kullanimi su emme ve bosluk oran: degerlerini
distirmistiir (Sekil 7). Sugdzii ugucu kiilii ile {iretilen
betonlarin su emme ve bosluk oran1 Catalagzi kiili ile
iretilen betonlardan daha diisiik degerlerdedir. Kiillerin
fiziksel  Ozelikleri  har¢larin  bosluk  yapisim1  da
etkilemektedir. Her iki kiil i¢inde silis dumani ilavesi ile
bosluk oranlar1 dolayisiyla su emme degerleri diigmiistiir.
Ugucu kiil tanelerinden daha ince olan silis dumani ara
bosluklar1 doldurarak daha siki bir yap1 olusturdugu
ongorillmektedir. Benzer sekilde Delikurt ve Sevim [24]
ucucu  killii  yiiksek  dayanimli  beton  irettikleri
calismalarinda %10 ugucu kiil igeren karisimlarda kiil
icermeyen kontrol numunelerine gore daha diisiik su emme
ve bosluk orani degerleri elde etmislerdir.

3.3. Basin¢ Dayanim ve Ultrases Gegis Hiz

Basing dayaniminin tayini igin 100x100x100 mm’ lik kiip
numuneler iretilmistir. Numunelerin 28 giinliik basing



I. 1. ATABEY

dayanimlari belirlenmistir. Numuneler, TS EN 12390-4 [25]
standardina uygun olarak beton presinde basing dayaniminin
tayini i¢in deneye tabi tutulmuslardir. TS EN 12504-4 [26]
standardina gore betonun icerisine ses istii dalgalari
gonderilerek betonun bir yiizeyinden digerine ultrases gecis
siiresi hesaplanmustir. Tahribatsiz yontem olan ultrases dalga
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hiz1 ile betonun basing dayanimi ve bosluk oranlar1 arasinda
iliski elde edilebilmektedir (Sekil 8). Mineral katkili farkli
agregalar ile iiretilen betonlara ait basing dayanimlar1 ve
ultrases hiz1 deney sonuglar1 Tablo 8’de sunulmustur.

Tablo 8. Basing dayanimi ve ultrases hizi deney sonuglari

Karisim  Ultrases Ultrases Basing Karisim Ultrases Ultrases Basing
No Hizi, m/s Hizi, m/s Dayamimi, No Hizi, m/s Hizi, m/s Dayamimi,
(DKY) (Kuru) MPa (DKY) (Kuru) MPa
MO 5154 4926 60,1 KO 5208 5025 62,5
M1 5181 4938 65,3 K1 5291 5102 67,8
M2 5208 5051 70,5 K2 5335 5163 80,6
M3 5263 5076 76,7 K3 5272 5003 81,4
M4 5128 4820 59,4 K4 5091 4878 62,3
M5 5177 4904 67,2 K5 5226 4908 70.2

Deneyler sonucunda metagabro tipi agrega ile iretilen
YDB’larin DKY ultrases hizlar1 5128-5263 m/s, kuru
ultrases hizlar1 4820-5076 m/s arasindadir. Kalker agregasi
ile DKY ultrases hizlar1 5091-5335 m/s, kuru ultrases hizlar
4878-5163 m/s arasindadir. Her iki agrega grubu YDB’larda
ultrases hizi degisimi kontrol karigimi ile mineral katkili
harglardaki degisim bosluk oranlarindaki degisim ile
anlamlidir. Metagabro tipi agregalarda Sugdézii ugucu
kiilii+Silis Duman katkili harclarda bosluk oran1 %2,91 ile
en diisiik degerde iken DKY ultrases 5263 m/s ile en yiiksek
degerdedir. Benzer sekilde kalker tipi agregalarla iiretilen
YDB’larda bosluk orani %3,16 ile en diigiikk degerde iken
DKY ultrases 5272 m/s ile en yiiksek degerdedir.

o.,__g‘ : : T6.000

80

1 AN PE PR SE 5.500

40

i .\\:—jA, T5.000

w=e Basing Dayanimi-Bosluk Oram i
==:u Ultrases Gegis Hizs-Bosluk Orami -

| "OKalker
0 - - 4,000

Basing Dayanimi (Mpa)

Ultrases Gegis Hiz1 (m /s)-Kuru

@=e Basing Dayanimi-Bosluk Orani
w01 Ultrases Gegis [Tizi-Bogluk Orani

Basing Dayanimi (Mpa)

Ultrases Gegis Hiz1 (m /s)-Kuru

() Metagabro

T t 4.000

4,80

T
3,30

3,?‘{0 4,310
Bogluk Orani (%)
Sekil 8. Basing dayanimi-ultrases hizlarinin bosluk orani ile

degisimi

T
2,80
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Ultrases gecis hizi ile betonun kalitesi Feldman [27]
tarafindan Tablo 9°da asagidaki gibi iliskilendirilmistir.
Tablo 9 incelendiginde, bu galismada kiregtast ve metagabro
agregalar ile Uretilen tim yliksek dayanimli betonlarin
miikemmel kalitede oldugu goriilmiistiir. Bununla birlikte,
metagabro agregalarinin yiliksek kaliteye sahip beton
iiretiminde kullanilabilecegi sdylenebilir.

Tablo 9. Ultrases gegis hiz1 ile beton kalitesi iligkisi,
Feldman [27]

Ultrases Gegis Hizi, m/s Kalite
>4500 Miikemmel
3600-4500 Iyi
3000-3600 Stipheli
2100-3000 Zayif
<2100 Cok Zayif

Ugucu kiil, silis dumani1 ve ugucu kiil ile birlikte silis dumani1
icerigi yiikksek dayanimli betonlarin ultrases gecis hizlarim
artirmigtir. Bunun nedeni hem kimyasal olarak ugucu kiil ve
silis dumaninin puzolanik reaksiyonu ile hem de 6zellikle
silis dumaninin tanecik boyutunun ¢imentoya gore c¢ok
kiigiik olmast nedeniyle beton igerisindeki bosluklart
doldurmasi ile fiziksel olarak agiklanabilir [28,29,30].

Metagabro tipi agregalarla Tiretilen betonlarin basing
dayanimlarinda kontrol grubu 60,1 MPa iken mineral katkili
YDB’lar 59,4-76,7 MPa arasindadir (Sekil 9). En yiiksek
dayanim Sug6zii ugucu kiiliiniin silis dumani ile karigimi
olan M3 kangiminda 76,7 MPa olarak gerceklesmistir.
Yogunlugu Catalagzi ucucu kiiliinden daha yiiksek olan
Sugdzii ugucu kiilii ile kiil arasina iyi bir dolgu olan silis
dumani daha yogun hamur kivami olusturarak dayanimin
gelismesine yol agmustir.

Kalker tipi agregalar ile YDB’larda kontrol grubu 62,5 MPa
iken mineral katkili YDB’lar 62,3-81,4 MPa arasindadir
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(Sekil 9). En yiiksek dayanim Sugdzii ugucu kiili ile silis
dumani karisiminda K3 karigiminda 81,4 MPa olarak elde
edilmistir. Yine metagabro tipi agregali betonlarda oldugu
gibi dayanim i¢in hamur yapis1 mineral katkilarin fiziksel
ozelliklerine bagli olarak karisim sonucu daha iyi
olusmustur. Genel olarak metagabro tipi agregalarin
yogunluklarinin kalker tipi agregalardan yiiksek olmasina
ragmen basin¢ dayanim degerlerinde olusan diisiik degerler
agrega ¢imento hamuru ara ylizey yapisinin kalker tipi
agregalarda daha iyi olugsmasidir.

Agrega Tiirii

L ! .Mctagabro O Kalker
sof |
P
£ ool
=
s |
=
=
S
S EE NS I SRR S N EE B BN E B mea
a
o doF
Z
<
o

20

0 7 3 % S 3

2 L G N B o T e b A

Karisimlar

Sekil 9. Karisim gruplarina ait basing dayanim degerleri

Benzer sonuglar daha oOnce yapilan ¢alismalarda da
goriilmiistiir. Thomas ve ark. [31] ¢imento yerine F sinifi
ucucu kiil, silis dumani ve silis dumani ile birlikte F sinifi
ucucu kiilii ayr1 ayrt ikame ederek beton karisimlart
iretmiglerdir. Ugucu kiil ile birlikte silis dumaninin ¢imento
yerine ikame edildigi betonlarda 7. giinden itibaren kontrol
betonlarina kiyasla daha yiiksek basing dayanimi elde
edilmistir. Ayrica, ileri yaslarda (90 giin ve sonrasi) en
yikksek basing mukavemetine de ugucu kil ve silis
dumaninin beraber kullanildigi betonlarda ulagilmustir.
Erdem ve Kirca [32] dort farkli baglayict dozaji ile yiiksek
dayanimli betonlar iiretmislerdir. Arastirmacilar, ¢imento
yerine agirlik¢a %5, 10 ve 15 oranlarinda silis dumani ikame
ederek silis dumaninin yiiksek dayanimli betonlarin basing
dayanimlar tizerine etkilerini arastirmislardir. En yiiksek
basing dayanimlarina %10 ve %15 silis dumani ile {iretilen
betonlarda ulasilmistir. Ayrica, ¢aligmada silis dumanindan
daha diisiik dayanim aktivite indeksine sahip F ve C smnifi
ucucu kiiller ile silis dumani beraber kullanilarak betonlar
iiretilmistir. Deney sonuglar1 %5 ugucu kiil ile birlikte %5
silis dumani (toplamda %10 puzolan igerigi) ile iiretilen
betonlarin 28 giinliik basing dayanimlarinin %10 silis
dumanu ile iiretilenlere gore genellikle daha yiiksek oldugunu
gostermistir. Bu calismada da ugucu kil ikame edilen
betonlarda silis dumani ikame edilen betonlara gére daha
diisik dayanim elde edilmesine ragmen, bu iki puzolanin
beraber kullanildig1 betonlarda sadece silis dumani ile
iretilen betonlardan daha yiiksek basing dayanimi elde
edilmesi mikro yapidaki doluluk ile agiklanabilir. Cimento,
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ucucu kiil ve silis duman ile tiretilen betonlardaki baglayici
gradasyonunun daha iyi dagilimi ile baglayici olarak ¢imento
ve silis duman ile iiretilen betonlardan daha kompakt bir
pasta elde edilmistir. Zhao ve Sun [33] diisiik su baglayici
orant ile hazirlanan ¢imento pastalarinin makro bosluklarinin
silis dumanu ile birlikte azaldigini ancak ucucu kiil igerigi ile
birlikte bosluk yapisinin gelismedigini rapor etmislerdir.
Bununla birlikte silis dumam ve ugucu Kkiiliin birlikte
kullanildig1 ¢imento pastalarinin bosluk yapilarinin sadece
silis dumani ile {iretilen pastalar ile benzer oldugunu
belirtmislerdir.

Yiiksek dayanimli betonlarda ugucu kiil ve silis dumani
icerigi ile birlikte goriilen basing dayanimi artiginin ana
nedenlerinden biri bu puzolanlarda bulunan amorf yapidaki
SiO; ile bir ¢imento hidratasyon iriinii olan Ca(OH)2 nin
reaksiyonu sonucu ikincil C-S-H (kalsiyum silikat hidrat)
jellerinin olusmasidir [24,34,35]. Bu iki puzolan igerisinde
bulunan amorf SiO; miktar1 ile puzolanlarin farkli tanecik
boyutlarina ve incelige sahip olusu, yiksek dayanimli
betonlardaki dayanim artisinin puzolan tiiriine gore farklilik
gostermesine neden olmustur.

4. DEGERLENDIRME VE SONUC

o Kalker agregasi ile iiretilen kontrol karigimlari
metagabro ile iiretilen kontrol karigimlarin basing
dayanimlarindan %4 daha fazladir. Puzolan igeren
karisimlarda da kalker ile iiretilen karigimlarin
basing dayanimlari, metagabro ile iiretilenlere gore
%4 ile %15 oranlari arasinda daha yiiksektir.

e  UK-14SD katkili metagabro veya kalker agregalari
ile tretilen betonlarin basing dayanimi kontrol
karigimlarindan (MO veya KO0) yaklasik %28 daha
fazladir.

e En yiiksek dayanim veren M3 karisiminin bosluk
orani kontrol karigimit M0’in bosluk oranindan %40
daha disiiktiir. Kalker tipi agregali karisimlarda ise
K3’iin bosluk oran1 K0’dan %39 daha disiiktiir.

e K3 grubu karigimlarin bosluk oran1 %3,16 iken, M3
grubu karigimlarin 2,91°dir. Az da olsa K3 yiiksek
bosluk oranina sahip olmasina ragmen M3 den
yiiksek dayanim vermesi agrega-¢cimento hamuru
ara yiizey yapisi ile agiklanabilir.

e Kalker tipi agregalar ile iiretilen beton karigimlarin
(K) ultrases gegis hizlari, metagabro tipi ile tietilen
karisimlarn (M) ultrases hizlarindan daha
yiiksektir. Bu sonuglar bosluk oranlari ile basing
dayanimlar arasindaki degisim ile uyumludur.

e Tiim karigimlarda benzer gradasyonda kullanilan
metagabro agregalarinin ortalama yogunlugu 2,74
g/cm?, kalker agregalarmin ortalama yogunlugu ise
2,73 glcm®'tiir. Bu nedenle her iki grup agrega ile
iiretilen karigimlarda da (K ve M )birim agrilik ve
yogunluklar birbirine yakin degerlerdedir.

e Genel olarak hem metagabro hem kalker agregasi
yiiksek dayanimli beton iiretimi i¢in uygundur
ancak kalker agregasi ile daha yiiksek dayanim elde
edilebildigi i¢in ¢imento maliyeti agisindan da
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kalker tiirli agrega yiliksek dayanimli beton iiretimi
i¢cin metagabro agregasina gore daha uygundur.

e Ayrica mineral katki olarak farkli boyutlara sahip
silis dumani1 ve ugucu kiiliin bir arada kullanimi
daha iyi dolgu 6zelligi sagladigt i¢in bu katkilarin
ayr1 ayr1 kullanimina gore daha iyi performans elde
edilmesine yol agmuistir.

e Calismanin gelecekteki asamalarinda kapsami
genigletilerek mineral katki oranlart degisimi
incelenip yliksek sicaklik ve SEM analizi yapilarak
icyapidaki degisimin dayanim deneyleri ile
baglantis1 daha net ortaya konabilir.
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In this study, the dynamic analysis of Euler-Bernoulli bridge beam, single-degree of freedom moving vehicle and vibration
absorber is discussed according to vehicle and bridge dynamics. The equations of motion entire system representing the physical
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1. INTRODUCTION

Dynamic analysis of structures effect of moving car are
important in science and have been studied over a century by
scientist [1,2]. The first studies related to moving load
studies are those in which moving load is considered as
concentrated load. Since these studies are mainly focused on
bridge dynamics rather than vehicle dynamics, this
acceptance is not a problem in terms of bridge engineering.
However, if the vehicle dynamics are to be analysed in
addition to the bridge dynamics, the adoption of the
concentrated load is insufficient and the studies in this field
are limited [3]. With the passing of vehicles such as heavy
tonnage trains on flexible structures such as bridges, this
issue was examined by mechanical engineers in terms of
vehicle dynamics. If vehicle dynamics is to be investigated
in addition to bridge dynamics, then vehicle-bridge
interaction (VBI) analysis is required. In this field, some of
numerical studies [4-8] are important for the dynamics of
the bridge effect of different conditions and boundary cases.
Taking into account inertial impact of the moving loads the
subject have been studied using analytical and numerical by
finite element method (FEM) [9-11]. Dynamic analysis of
Euler-Bernoulli beam and control have been studied by In
the studies performed, it has been shown that the PTMD
placed in the anti-mode part of the mode shapes of the bridge
beam is highly effective in damping the vibrations.

The biggest problem of using vibration absorbers in flexible
structures, the impact frequency of the moving car is variable
and when the car velocity changed. The others, the moving
vehicles on the bridge have different dynamic
characteristics. In this study, in order to dampen the
vibrations of Euler-Bernoulli beam under the influence of

moving carriage, the idea of placing the anti-nodes of the
beam used in previous studies[12] as a vibration absorber
was developed. For this purpose, the idea of placing a
vibration absorber at the joint points corresponding to more
than one mode shape of the bridge beam was used.
Vibrations occurring in any structural system can be
considered as the sum of multiple vibration modes that make
up this structural system. Therefore, in this study, the
vibrations of the first four modes of the bridge beam are
considered. For this purpose, a vibration absorber is placed
in the antinode section (bridge half distance) corresponding
to the first mode of the bridge beam. A second vibration
absorber is located in the first quarter and last quarter of the
bridge distance, which are the anti-node portions of the
second mode of the bridge beam. In addition, the effect of
damped and non-damped vibration absorber on the bridge
dynamics and the effect of the position of the vibration
absorber on the bridge dynamics are also examined. In
addition, the effects of the mass ratio parameter defined by
the ratio of the mass of the absorber and the bridge beam to
the vehicle and the bridge dynamics are shown. In
conclusion, this study proved that the use of vibration
absorber can be effective in damping vibrations caused by
forces caused by moving mass in flexible structures such as
bridges.

2. MATHEMATICAL MODELLING

2.1. Governing of equation of motion vehicle-bridge
absorber interaction system

In order to damping the disturbing vibrations between the
moving vehicle and the flexible structure, the physical model
given in Figure 1 is discussed. The parameters m, ¢, k on this
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model are respectively the mass of the moving vehicle, the
damping value and the spring coefficient. The parameters
and, respectively, are the mass and spring constants of the
damper suspended on the bridge beam. Besides, wy (X, t)
parameter is the transverse deformation of the bridge at point
X at time t.

For the system given by Figure 1, the kinetic and potential
energies are given by Eq.(1-2) respectively.

[ [ i (x,1) ] lx

+my? (t)+m 7 (t) ¢,
+m, Y5 (£) +my Y3 (t)

)

[ Ewg (x,

+k[y(®) —w, (S0, D] H(x, £1)
+h [y, (0w (L/ 4D

+k, [y, (0 -w, (L/ 2,0)]

ks [ys (- w,(BL/ 4,1

2

y
A

g(t)= vt
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where w1 and El, refer to the mass of the unit length and
flexural rigidity of the bridge beam, respectively. For any
point x on the bridge beam and any time t, transverse
deformation is written by Galerkin function as follows:

W, (x,t) = i(oi (X)77,; (1),
Wi, (X, 1) = i(/’i ()73, (1),

n (3)
w, (x,t) = Z ()1, (1),

goi(x):\/%sin(iﬁTXj, i=12,.

N,

Figure 1. Model of Euler-Bernoulli Bridge beam with attached PTMDs and subjected to moving vehicle.
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where i is the i-th time dependent generalized nodal

coordinate, @i is i-th mode shape function. The
orthogonality of the modes can be expressed as:

L

[ 116,09, () dx = N,

X 4)

L
[E1p/()p ()dx = TT;55,
0

In Eq. (4) 6;; (i, j=1,2,....,n ) are the Kronecker delta
function. For the vehicle- bridge system the Rayleigh’s
dissipation function can be expressed as below:

L
o E{L {CaW? (X, ) }
2 [l y(1) —vi, (E(0), DT H (x— E(1))

In Eq. (5) ceq is the equivalent damping coefficient of bridge
girder. By using the Galerkin function given by equation (3),
the equations of motion of the VBI system are obtained by
Lagrange equation. Accordingly, the equation of motion for
vehicle body vertical vibrations can be obtained by:

6))

y = {-c[y(®) - v, (x, )] - KLy(1) -Wb(X,t)]}% (6a)

And first absorber vertical acceleration is governed by:

5, = (YO w, (14,01} (6b)

The equation of motion of second vibration absorber is given
by:

. 1
¥, = {-k,[y(®) _Wb(L/th)]}m_ (6¢)
2
And finally the third absorber motion equation:
. 1
s = (Haly®) -w, (3L/4.0]) — (6d)

3
the equation of motion representing the bridge dynamics is
written as follows:

Ny, (£) + Co? ()75, (t)

f+c[ W, (£(t),t)A, - y(O) ]
I, (t) + A (4(t)
O+ Aol ){+k[w(§(t),t)A-y(t)] }
+ky [w, (L/4,1) - v (0] + K, [w, (L/2,1) - v, (1)]
+ky[W, (BL/4,1) - y,(1)] =0 i=12,34.

O]

where A is:
31, for O£ t<
L= ? b (®)
{0 elsewhere,

2.2. Solution of equation of motion entire system with
state-space form and using fourth-order Runge-
Kutta method

In this study fourth order Runge-Kutta algorithm has been
used for the equation of motion entire system given by
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Eqgs.(6-7). The bridge dynamic is represented by second
order differential equation and in this study, the first four
modes are used for calculate to dynamic response of bridge
beam. For this reason, four second order differential
equations have been obtained for bridge dynamics. These
four second order differential equations are reduced to eight
first order differential equations using appropriate state
constants. Similarly, vehicle dynamics is expressed by two
first order differential equations. Vibration absorbers are
represented by six first order differential equations. As a
result, a total of sixteen first order differential equations were
solved with a special program prepared in computer.
Detailed information about the solution algorithm is given
by [13-16] studies.

3. NUMERICAL ANALYSIS

Figure 2 shows four different VBI cases. In case 1, the
vibration absorber which contain only spring and mass is
attached the midpoint of the bridge. The frequency of this
vibration absorber is set to the first mode frequency of the
bridge beam (f; = 0.2108 Hz). In the case 2, a damper was
added to the absorber placed at the midpoint of the bridge.
The parameters of the damper given by Table 1. In case 3,
the first two modes of the bridge are taken into account and
placed on three absorber bridges (f;=0.2108 and f,=0.8432
Hz). In Case 4, no dampers were used to compare other
cases. The vehicle and bridge parameters used in this study
given by study [16].

Table 1. Damping properties of the vibration absorber used
Case 2.

Parameters Value

Critical damping 26476.46 Nsm'!
Damping ratio 0.377

Damped natural frequency | 0.195 Hz

In Figures 3 and 4 comparisons of the matrices constituted
from the vectors of displacements and accelerations
depending on the position and the vehicle speed on the bridge
are shown, respectively. The Frobenius norm used for
comparison of the matrices is expressed as given:

)

In Eqg. (9), A is any matrix with the dimension of maxna and
|4;;| is value of the element at the ith row and jth column.
Figures 3a-d are for the displacements, and Figures 4a-d are
for the accelerations of the bridge for the cases of the usage
of the cases 1, 2, 3and 4. A comparison of the Figures 3 and
4 is briefly given in Table 2.

For the four cases, the displacements and accelerations of the
vehicle are presented in Figures 5a and b depending on the
velocity of the vehicle between 1 and 90 m/s with an
increment of 1.2 m/s. In all the cases the absorbers are tuned
to the fundamental frequency of the bridge which is
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,=0.2108 Hz. except for case 3 the absorbers at the locations
of 0.25L and 0.75 L are tuned to the frequency of the second
mode of the bridge that is f,=0.8432 Hz. As can be seen
from Figure 5a the maximum displacement is occurred at the
velocity of 19 m/s as 19.9 mm in the case 4 that there is no
absorber, while, the maximum is 16.8 mm at 11 m/s in the
case 1.

Moreover, for the case 2, it is 17.5 mm at 14 m/s, and for 3
it is 17.3 mm at 12 m/s. In Figure 4, the maximum
acceleration is 0.2248 for case 4, and 0.212 for the case 1,
0.2046 for case 2, and for the case 3 it is 0.1298 m/s2.
Generally, the case 3 is the best design both the bridge and
the vehicle. In Figures 6a and b, the displacements and
accelerations of the vehicle body for a travelling speed of
v=25 m/s are given. Inaddition, Table 3 shows a comparison
of the maximum displacements and accelerations and their
locations of the bridge at which they are occurred.

The mass ratio p, is the ratio of the mass of the damper and
the mass of the bridge beam, is expressed as below

(i=1,2,3) (10)

mi

B L
In terms of vehicle and bridge dynamics, the effects of the
mass ratios up to 1 percent of the bridge mass are presented
in Figures 6a and b. The mass of the unit length of the beam
is u=2x10* kg/m and total mass of the bridge beam is
M=2x108 kg for the given length L=100 m. Taking the mass
ratio 0.0001< f <0.01, with an increment of 2.02x10* the
analysis have been done for a travelling velocity of the
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absorbers at 0.5L and 0.25L and 0.75 L are kept constant
using stiffness coefficients of the springsk; = 2f*mm;(i =
1,2). Thus, the frequency of the absorber at midpoint is kept
as the first natural frequency of the bridge beam. In addition,
for the others at 0.25 and 0.75 L the frequencies are kept as
the frequency of the second mode. As can be seen from
Figure 6a and b the best performance has been achieved for
the vehicle and bridge vibrations using the case 3. However
for all the cases, when mass ratio (5) is increased the
displacements of the wvehicle and bridge are generally
decreased. Figure 7 shows the effect of the mass ratio on the
vertical displacement of the vehicle body and the maximum
deflection of the bridge midpoint. As shown in the figures,
the maximum displacement amounts decrease as the mass
ratio increases.

In this section, for the effect of the position of the one
absorber on the bridge, the vehicle and bridge dynamics were
studied. The absorber has been placed at the positions on the
bridge starting from 5 to 98 m with a 0.8 m increment from
the left to the right end of the bridge. For this analysis, the
resonance frequency of the absorber is tuned to the
fundamental frequency of the bridge beam. In addition, for
all the positions of the absorber, analyses were performed
using the time step size and constant speed of the vehicle
bridge as At=0.01 s and 25 m/s, respectively. Moreover, for
analysing the effect of different absorber stiffness and
masses for a particular tuning frequency, the stiffness and the
mass are multiplied with a parameter a. With this parameter,
the tuning frequencies of the absorber are defined as follows.

vehicle v=25 m/s and 4¢ = 0.01. The frequencies of the £ 1 fak, (an
Yo 2z\am,
Table 2. Frobenius norm value of the bridge for vertical displacement and acceleration.
cases "y (x/ |,v)|| Vibration reduction rate (%) ||a (x/ |,\,)|| Vibration reduction rate
max F max F
(%)
1 0.6195 14.29 2.3717 0.67
2 0.6308 12.72 2.2421 6.1
3 0.5875 18.71 0.9968 58.25
4 0.7228 2.3878

Changing the value of this parameter will not change the
natural frequency of the absorber, however, the increase or
decrease of this value will cause the absorber to increase or
to decrease the stored potential energy in spring and Kinetic
energy in mass. The effects of the absorber location points
on the beam are presented in Figure 8. The minimum
displacements have occurred at the midpoint of the beam
when the position of the absorber is about 55-60 percent of
the beam length for all the values of a. Moreover, the better
performance is achieved for the greatest value of the=1.8.
This is because the absorption capacity of the absorber is
increased. When a realistic application of the passive
vibration absorber is considered, a design engineer should
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optimize the range of this parameter considering its
performance in vibration reduction and adverse effect of
additional forces on the bridge beam due to the increased
mass of the absorber.

Figures 9a and b show the maximum displacements and
accelerations of the vehicle body depending on the position
and values of o. The displacement of the bridge forces the
vehicle to vibrate due to the interaction between them. When
the displacements of the bridge are reduced as in Figure 8,
this means that the displacements and the accelerations of the
vehicle are reduced at the same time. However, as seen from
Figures 9a and b, respectively, the minimum value of vehicle
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body displacement is obtained for the absorber location at 52 these positions of the absorber. However when the
percent of the bridge length while the minimum value of the parameter a is increased from 0.6 to 1.8 the displacements of
body accelerations is obtained for the location of the the vehicle is dropped from 0.0158 to 0.0122 m, while the
absorber between 60-65 percent of the length. It is also acceleration is dropped from 0.044 to 0.033 m/s?.

observed that any increase in the parameter a does not affect

Y a-)Casel ¥ Y b-)Case 2

o

ElG,.uA

Y c-)Case 3 YO mode 2 d-)Case 4 y(t)

El,Gq.t1,A

Figure 2. Euler-Bernoulli beam traversed by a moving car (a) Case 1; (b) Case 2; (c) Case 3; (d) Case 4.
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Figure 3. The maximum vertical displacements (m) of the bridge according to vehicle velocity and bridge location (a) case 1;
(b) case 2; (c) case 3; (d) case 4.
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Table 3. Comparisons of maximum vertical displacements and accelerations for different VBA cases.

cases | Max. disp. | Location (%) Vibration Max. Location Vibration
(mm) reduction rate acc. reduction rate
(%) (m/s?) (%)
1 14.49 67.25 21 0.0407 75.75 21.12
2 15.27 715 16.7 0.0468 75.75 9.3
3 14.25 68.25 22.3 0.0372 68 27.9
4 18.34 68.25 0.0516 75.25

Figures 10a and b show the displacements of the absorber
depending of its position on the bridge. For both the
displacement and the acceleration of the absorber the
maximums are achieved when its location at the 52 percent
of the bridge beam length. This is an expected result that
where the displacements of the beam are minimum, the
displacement, and the acceleration of the absorber mass
should be maximum, because the absorber absorbs some
portion of the vibration energy of the beam.

Figures 1la-d, respectively, show the maximum
displacement of the vehicle body, maximum displacement of
the midpoint of the bridge beam, maximum displacements of
the absorber and the energies of the absorber, depending on
the parameter o and the positions of the absorber on the
bridge beam. It is also observed from the Figures that when
the absorber possess the maximum energy all the
displacements of vehicle and bridge beam are at minimum
values for the position of the absorber between 50-55 percent
of the bridge beam length.

The total energy of the absorber is defined summing of its
kinetic and potential energiesT, + U, as given below:

k_ - 2
e 1 4u, < L[kO-yLI20)
2(+my?

(12)
(i=123),

In addition, for higher values of the parameter a, the decrease
in both displacements of vehicle and bridge beam are more
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when compared to the lower values. Figures 12a and b show
the accelerations of the vehicle body and absorber mass. It
is shown that when the vehicle body accelerates in a higher
value, the acceleration of the absorber mass is minimum, and
vice versa.

4. CONCLUSIONS

In this study, the effect of vibration absorber placed on Euler-
Bernoulli beam on vehicle and bridge dynamics was
investigated. For this purpose, the equation of motion
between Euler-Bernoulli beam and a single degree of
freedom moving vehicle is obtained by using Lagrange
equation. As a result, it was found that it is sufficient to take
into account the first four modes of the bridge beam for the
Galerkin function used to calculate the vibrations of any
bridge beam.

The results of the study show that the best case among the
three cases is the three absorber model, which is placed in
consideration of the first two modes of the bridge beam. This
is because in other cases, only the vibrations of the first mode
are damped, while in cases 3 the vibrations of the first two
modes are damped.The effect of the absorber position on the
bridge beam has also been analysed and then it is observed
that the reduction effect of the absorber was dependent to the
position of the absorber and the velocity of the vehicle. For
the same tuning frequency, the effect of the parameter o is
very significant in terms of the reduction of the vibrations of
both the bridge and vehicle. Any increase in a parameter
reduces the responses of the VVBI system. The more the
parameter o is increased the more the vibrations are reduced.
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Oz

Gelecek yillarin en 6nemli ¢evresel sorunlarindan biri su kirliligi ve su kitligidir. Bu nedenle boyahaneleriyle yiiksek miktarda
su tiiketen tekstil enddistrisi gibi iiretim tesislerinin atiksulariin ileri diizeyde aritimi oldukga 6nemlidir. Bu atik sularin uygun
sekilde aritilmamasi insan ve canli gevre iizerinde toksik ve kanserojenik etki yapmaktadir. Boyarmaddelerim karmasik
kompleks yapilart kirlettikleri suyun aritimini oldukga zorlagtirmaktadir. Bu nedenle klasik aritim yontemleri yetersiz
kalmaktadir. Son zamanlarda, bir ileri aritim teknigi olan fotokatalitik yontem boya giderimi konusunda ilgi cekmeye baslamistir.
Bu ¢alismada katyonik boyanin (metilen mavisi) fotokatalitik yontemle sulu ¢6zeltiden giderimi ve mineralizasyonu ¢aligilmistir.
Deneyler igin kullanilan reaktor laboratuvarda o6zel olarak tasarlamustir. Ultraviyole 1sik kaynagi olarak UV-C lambalar
kullanilmustir. Katalizor olarak en yaygin kullanilan iki katalizor olan TiO; ve ZnO segilmistir. Mineralizasyon ¢alismasinin yani
sira katalizorlerin optimum pH’lari, karisim halinde kullanildiginda alinan verim ve tekrar kullanima uygunluklar
degerlendirilmis ve kiyaslanmistir.
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Photocatalytic Dye Removal And Mineralization From Wastewater
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Abstract

One of the most important environmental problems for the coming years is water pollution and water scarcity. For this reason,
advanced treatment of wastewater from production facilities such as the textile industry, which consumes large amounts of water
through dyeing plants, is very important. Improper treatment of these wastewaters has toxic and carcinogenic effects on human
and living environment. Complex structures of dyestuffs make the treatment of the water contaminated by them quite difficult.
Therefore, classical treatment methods are insufficient. Recently, photocatalytic method, an advanced treatment technique, has
begun to attract interest on dye removal. In this study, removal and mineralization of cationic dye (methylene blue) from aqueous
solution by photocatalytic method was studied. The reactor used for the experiments was specially designed in the laboratory.
UV-C lamps are used as ultraviolet light source. TiO, and ZnO as the catalyst most widely used two catalysts were selected. In
addition to the mineralization study, the optimum pH of the catalysts, the efficiency obtained when used as a mixture and their
suitability for reuse were evaluated and compared.

Keywords: dye, photocatalytic, mineralization, TiO2, ZnO

1. GIRIS kaynaklarmin kirlenmesi canli saghgmi olumsuz yoénde

etkileyen en ciddi kiiresel sorunlardan biri haline gelmistir.
Sanayilesmenin bir sonucu olarak, c¢evre kirliligi her yil Her yil bityiik miktarda atik su, aritilmadan veya yeterince
artmakta ve diinyada onarilamaz bir hasara neden aritilmadan su kaynaklarina desarj edilmektedir. Farkli su
olmaktadir. Insan ve canli gevre igin hayat kaynagi olan su Kirleticileri arasinda boyarmaddeler baglica kirleticilerden
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biridir. Asit, bazik, direkt, dispers, metalik, mordan,
pigment, reaktif, solvent ve kiikiirt gibi ¢esitli siniflara
ayrilabilen boyalar; kumas, deri, kagit, gida, kozmetik,
tarimsal arastirma, ilag ve elektro kaplama gibi ¢esitli
sektorlerde kullanilmaktadir. Yilda 10.000.000 tondan fazla
ticari boya {iretilir ve bunun %65'1 tekstil endistrisinde
tikketilir [1, 2]. Tekstil atiklarindaki en biiyiik sorun, yiiksek
oranda kimyasal madde ve boya kullanilmasidir [3]. Tekstil
boyama iglemleri sirasinda bunlarin %20'sinin endiistriyel
atik olarak atildigi varsayilmaktadir [4]. 1 Kg tekstil
tiretilirken, yaklagik 200 L su kirlenir [5].

Suda boya kirliligi, boyalar suyun saydamligini ve estetik
ozelliklerini ¢ok diisiik konsantrasyonlarda bile etkiledigi
icin gozle kolayca goriilebilir. Tekstil atik suyunun yiiksek
inorganik ve organik ¢6ziinmiis madde igerigi, degisken pH
ve biyolojik olarak zor c¢oziinebilir bilesiklerin varligt
nedeniyle yiiksek kimyasal oksijen ihtiyaci degerlerine sahip
oldugu kabul edilmektedir [2]. Boya, giines 1s1ginin diisiik
konsantrasyonlarda bile suya girmesini onler ve sudaki gaz
¢Oziintirliiginii azaltir [6, 7]. Boylece sudaki organizmalarin
bliyiimesini engeller ve fotosentezi Onler. Ayrica,
konsantrasyonlarina ve maruz kalma siirelerine bagli olarak
organizmalar iizerinde akut veya kronik etkileri olabilir.
Ornegin, mutajenlik, kanserojenlik, insanlarda solunum
problemleri, merkezi sinir sistemi bozukluklari, davranissal
problemler ve alerjik reaksiyonlara neden olabilir [8, 2]. Bu
nedenle,  boyarmaddelerin  gideriminin  yam1  sira
toksisitelerinin de giderilmesi veya azaltilmas: 6nemlidir.

Boya igeren atik sularin aritilmasi igin fiziksel, kimyasal ve
biyolojik yontemler kullanilmaktadir [9]. Biyolojik aritma,
atik su aritiminda yaygin ve ekolojik bir yontemdir. Bununla
birlikte, boyalar karmagik kimyasal yapilari nedeniyle
genellikle biyolojik olarak pargalanamazlar ve bu nedenle
boyalarin giderilmesinde biyolojik yontem genellikle tatmin
edici degildir. Ayrica, biyolojik aritma isleminde ¢amurun
bertaraf edilmesi ek maliyet ve is¢ilik gerektirir. Tekstil atik
sularindan renk giderimi i¢in sedimantasyon, adsorpsiyon,
klorlama, ozonlama, flokiilasyon, ters osmoz ve
ultrafiltrasyon gibi fiziksel ve kimyasal islemler de
kullanilabilir [4]. Fiziksel ve kimyasal yontemler etkili olsa
da, aritma islemi sirasinda olusan ¢amur ilave maliyet getirir
[10, 11, 12]. Ek olarak, kullamlan kimyasallar ikincil
kirlenmeye neden olabilir. Ultrafiltrasyon ve ters 0zmoz gibi
membran sistemler de her ne kadar etkili olsalar da kisa
Omiirleri ve yliksek maliyetleri nedeniyle, boya gideriminde
yaygm degildirler [7, 13]. Bu nedenle alternatif aritim
yontemlerine ihtiya¢ vardir. Tekstil boyasi atik sularinin
toksikolojik etkileri, uygun yontem kullanilmadik¢a asla
azalmayacaktir [14, 15].

Son yillarda, boyalarin atiksudan tamamen giderimi igin yar1
iletken parcaciklardaki fotolitik reaksiyonlara duyulan ilgi
artmakadir [16]. Fotokatalitik sistem, bir katalizor ve bir
ultraviyole 151k kaynagindan olusur. Bu yontem, hidroksil
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radikallerinin {iretimine dayanan hizli, se¢ici olmayan ve
etkili bir yontemdir. Bu siiregte, organik maddeler H,O, CO»
ve diger toksik olmayan inorganik bilesiklere dontistiiriiliir
ve ikincil kirlilik yaratmaz [16]. Suda mevcut olan herhangi
bir boyarmadde bilesiginin fotokatalitik bozulmasinda
katalizor malzemenin bant enerji boslugu bilyiikk bir rol
oynar. Islemin etkili olmasi icin foton enerjisinin katalizoriin
bant enerji boslugu seviyesinden biiyiik veya ona esit olmast
gerekir. Bu aktivite molekiilin uyarilmasiyla sona
ermektedir [17]. Uyarilmus yariiletkende elektron ve elektron
boslugu ciftleri olusur. Bu islem tersine ¢evrilirse ve elektron
ile ortaya ¢ikan elektron boslugu geri birlestirilirse aritma
verimliligi diiser. Literatiirde, bant boslugu seviyesi 2.0 ila
3.3 eV araliginda olan yariiletkenlerin atiksu aritiminda
fotokatlizor ~ olarak  etkin  kullanimlarinin ~ oldugu
bildirilmistir [2].

TiO,, yiiksek fotokatalitik aktivitesi ve sulu ¢ozeltideki
yiiksek kararliligit nedeniyle en yaygin kullanilan
katalizordiir, ancak yeterince ekonomik degildir. ZnO'nun
benzer bir foto pargalanma mekanizmasi ve diigiik maliyeti
ile TiOy'ye bir alternatif oldugu diisiinilmektedir [4, 10]. Bu
caligmada Metilen Mavisi (MM) boyarmaddesinin sudan
tamamen giderilmesi arastinildi. Islem TiO, ve ZnO
katalizorleri ile gerceklestirildi ve katalizorler karsilastirild.

2. MALZEME VE YONTEM
2.1. Deneysel Yontem

Deneyler i¢in 400 ml'lik MM sulu ¢6zeltiler hazirlanmustir.
Cozeltilere toz katalizorler eklenmis ve reaksiyon yapay UV-
C 5181 altinda gergeklestirilmistir. Cozelti, reaksiyon
sirasinda sabit hizla manyetik karistirict ile karigtirilmustir.
Katalizorler ¢ozeltiye eklendikten sonra, ¢ozelti UV-C
lambalar1 agilmadan 1 dakika boyunca karigtirilmis ve ilk
numune alimmigtir. Bu numune grafiklerde “0 dk” olarak
adlandirilmigtir. Daha sonra UV-C lambalar1 agilmig ve 180
dakika boyunca her 30 dakikada bir su numunesi alinmstir.
Numunelerdeki katalizorler 0.45 mikron filtre ile ayrilmistir.
Bu filtreler MM boyarmaddelerini tutamamaktadir.
Numunelerin renk degerleri, spektrofotometrik yontemle
Olglilmiis ve reaksiyon verimi yiizdeleri hesaplanmustir.
Cozeltilerin pH degerleri, 0.01N NaOH ve 0.01N H>S04
kullanilarak istenen degerlere ayarlanmustir.

2.2. Fotokatalitik Reaktor

Sekil 1'de gosterilen kesikli tip silindirik reaktdr arastirma
icin tasarlanmustir. Is181 sagilmasinin engellemek i¢in reaktor
siyah folyo ile kaplanmistir. 6 adet UV-C lambasi esit
araliklarla reaktdriin ¢evresine yerlestirilmistir. Kullanilan
lambalar 254 nm dalga boyunda 151k yayan 8w floresan
lambalardir. Sulu ¢6zelti, 500 ml hacimli bir kuvars tiip ile
reaktdrilin ortasina yerlestirilmis ve ¢ozeltinin homojenligini
saglamak i¢in manyetik bir karigtirici kullanilmgtir.



S. F. SELCUK

X-X Kesiti

T—c
\w—y——2D [-71‘—’5
| 6 o J—
Sekil 1. Fotokatalitik reaktoriin sematik gOsterimi. A:

Kapak, B: Quartz tiip, C: UV-C lamba ve duy, D: Manyetik
balik, E: Silindirik reaktor, F: Manyetik karigitirici.

2.3. Boya ve Katalizorler

Deneyler i¢in katyonik bir boya olan MM kullanilmistir. Bu
boya balik yetistirme ¢iftlikleri, tip ve tekstil endiistrisi gibi
bir¢ok farkli alanda kullanilmaktadir. Boyanin kimyasal
formiili “Ci6H18N3SCI”, Amax degeri 663nm (Sekil 2) ve
molekiiler agirligi 373.9 g/mol'diir.
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Sekil 2. Metilen Mavi boyasinin dalga boyu taramasi.

Anataz ve rutil katalizor olarak yaygin olarak kullanilan TiO,
formlaridir. Caligmada anataz yapisinda TiO; kullanilmis ve
fotokatalizér alindigi sekilde kullanilmigtir. Tablo 1’de,
kullanilan TiO; hakkinda veriler goériilmektedir. TiO2'nin
SEM goriintiisi, Sekil 3'te verilmistir.

WD: 10.01 mm

SEM HV: 10.0 kV

|

500 nm

MIRA3 TESCAN|

SEM MAG: 100 kx

Sekil 3. Kullanilan TiOz nin SEM goriintiisii.
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Tablo 1. Kullanilan TiO2’nin tanecik boyutlar

En Biiyiik Tanecik Boyutu 286.64 nm
En Kiigiik Tanecik Boyutu 84.49 nm
Ortalama Tanecik Boyutu 163.723 nm
BET Yiizey Alan1 Olgiimii 16.00 m?/g
Gozenek Hacmi 0.1847 cclg
Molekiil Agirlig: 79.87 g/mol

ZnO genis optiksel enerji bant boslugu seviyesine sahip bir
yari iletkendir (Eq = 3.33 eV). Bu nedenle kullanimi
yaygmlagsmistir. Katalizor olarak Wurtzite yapisinda ZnO
kullanilmis ve fotokatalizér alindigr sekilde kullanilmustir.
Tablo 2’de, kullanilan ZnO hakkinda veriler goriilmektedir.
ZnO'nun SEM goriintiisi, Sekil 4'te verilmistir.

Tablo 2. Kullanilan ZnO’nun tanecik boyutlari

En Biiyiik Tanecik Boyutu 395.52 nm
En Kiigiik Tanecik Boyutu 63.10 nm
Ortalama Tanecik Boyutu 197.90 nm
BET Yiizey Alami Olgiimii 15.81 m?/g
Gozenek Hacmi 0.07616 cc/g
Molekiil Agirligi 81.37 g/mol

MIRA3 TESCAN|

SEM MAG: 100 kx

Sekil 4. Kullanilan ZnO’nun SEM goriintiisii

Performance in

3. BULGULAR
3.1. Optimum pH Tayini

Suyun pH", amfoterik Ozelliklerinden dolayr katalizor
yiizeyi i¢in onemli bir parametredir. Sistemde boyarmadde
molekiilleri yiizeye adsorbe olarak bozundugu ve OH®
radikalleri yiizeyde olustugu i¢in katalizoriin yiizey yiikii cok
onemlidir [18].

Optimum pH degerlerini bulmak i¢in pH; 2.5, 5.5, 7.0 ve 9.0
degerlerinde 180 dk ¢alisilmigtir. Calismada 1 g/L katalizor,
3 adet UV-C lamba, 25 mg/L konsantrasyonunda MM sulu
¢ozeltisi kullanilmugtir. TiO, ile yapilan analizlerin renk
giderim verimlerinin grafigi Sekil 5’te verilmistir. Sekilden
de goriildiigi gibi, maksimum giderim verimi pH 2.5’te ve
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%99.88 olarak bulunmustur. TiO; ile pestisit giderilmesi
konusunda yapilan bir ¢alismada, optimum pH degeri pH 3-
4 araliginda oldugu ifade edilmistir [19]. Ortam pH’1,
TiOz’nin izoelektrik degeri olan pH 6.8’in altina indikge
TiO; yiizeyi pozitif yiiklenir (Denklem 3.1). Pozitif yiiklenen
yiizey OH" iyonlariyla kaplanmakta ve boylece ortamda
hidroksil radikali {iretimi artmaktadir. Denklem 3.2°de
goriilecegi tizere pH 6.8”den yiiksek oldugu durumlarda OH’
radikali yogunlugu diismekte ve dolayisiyla aritim verimi
azalmaktadir [20].

TiOH + H* — TIiOH,* (pH < pHiep) (3.1)
TiOH + OH — TiO + H;0 (pH > pHiep) (3.2)
——pH25 —B—pHS55 —&—pH7 pH 9
120.00
100.00
= 80.00
=
& 60.00
[C]
£ 40.00
20.00
0.00
0DK 30 60 90 120 150 180
DK DK DK DK DK DK

Sekil 5. TiO2’nin renk giderim verimine pH’1n etkisi.

pH 25'teki MM ¢ozeltisine ait Ornekler Sekil 6'da

verilmistir. Sekil 7°de sudan ayrilmis katalizorler filtre
kagid1 lizerinde goriilmektedir. Grafik incelendiginde, islem
120-180 dakika arasinda durgun olarak goriilmesine ragmen,
Sekil 7'de goriildiigii gibi suda olmasa bile katalizor {izerine
adsorplanmis boyalarin giderimi devam etmektedir.

Sekil 6. pH 2.5'te 1 g/L TiO; ile 25 mg/L MM ¢ozeltisinin
renk giderimi (Soldan saga; baslangig, 0. dakikada ve sonra
30 dakika arayla alinan numuneler).

Sekil 7. pH 2.5'te 1 g/L TiO; ile 25 mg/L MM ¢ozeltisinin
renk gideriminde filtre edilmis katalizorler (Soldan saga; 0.
dakikada ve sonra 30 dakika arayla alinan 6rnekler).

Optimum pH ¢alismasinda ZnO ile renk giderim verimi
Sekil 8'de verilmistir. Calisilan tiim pH degerleri ZnO'nun
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izoelektrik  degerinin (pH 9.5) altindadir.  Grafik
incelendiginde, nihai verim tiim pH'larda neredeyse aynidir.
Bununla birlikte, pH 9'daki baglangi¢ verimi énemli dlgiide
daha yiiksektir. Bagka bir deyisle, boya pH 9'da ZnO'ya ¢ok
daha hizli adsorbe edilir. ZnO ile yapilan bir ¢aligmada
yiiksek pH degerlerinde daha yiiksek verim elde edilmis ve
pH 10'da maksimum verim elde etmistir [21].

~—4—pH2,5 —M—pH55 =—k—pH7 pH9
120.00
100.00
80.00

60.00

% GIDERIM

40.00

20.00

0.00
0 DK

30
DK

60
DK

90
DK

120 150 180
DK DK DK

Sekil 8. ZnO’nun renk giderim verimine pH’1n etkisi.

Sekil 9'da, pH 9'da gerceklestirilen g¢alismada ZnO'dan
alinan numuneler, Sekil 10'da filtre ile ayrilan katalizorler
gostermektedir. Suda 180. dakikada su verimi %99.56 iken,
Sekil 10'da goriildiigii gibi katalizor yiizeyine adsorbe olmusg
onemli miktarda boya hala mevcut.

Seki 9.pH9'da1g/L ZnO ile 25 mg/L MM ¢ozeltisinin renk
giderimi (Soldan saga; baslangig, 0. dakikada ve sonra 30
dakika arayla alinan numuneler).

Sekil 1. pH 9'da 1 g/L ZnO ile 25 mg/L MM ¢ozeltisinin
renk gideriminde filtre edilmis katalizorler (Soldan saga; 0.
dakikada ve sonra 30 dakika arayla alman 6rnekler).

3.2. Mineralizasyonun izlenmesi

Mineralizasyonun izlenmesi igin, Kkatalizor eklenmeden
(baslangic), katalizor eklendikten sonra lambalar agilmadan
(0 dakika) ve lambalar agildiktan sonra her 30dk’da bir
alinan numunelerin spektrometrede dalga boyu taramalari
yapilmig ve grafikleri birlestirilmistir. TiO. ile yapilan
caligmanin grafigi Sekil 11'de ve ZnO ile yapilan galigmanin
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grafigi Sekil 12'de verilmistir. Grafikler incelendiginde tiim
abs degerlerinin azaldig1 ve sifirlandig: goriilecektir. ZnO ile
yapilan farkli ¢alismalarda da absorbans spektrumundaki
tiim absorbans degerlerinde bir azalma g6zlenmistir [21, 22;
23]. TiO; ile yapilan ¢aligmada, 360-420 nm arasindaki
absorbans degerlerinde kiigiik bir artis 90 dakikaya kadar
g6zlenmistir. Daha sonra tiim dalga boylarinin absorbans
degeri sifirlanmustr.

—¥%— Abs 180 dk
—&—Abs 150 dk
Abs 120 dk
Abs 90 dk
—¥—Abs 60 dk
—=— Abs 30dk
—&— Abs 0 dk

720 770 820

620 670
—8— Abs baslangi¢

320 370 420 470 520 570

DALGA BOYU (NM)

Sekil 11. TiO, ¢alismasinda mineralizasyon izlenmesi (25
mg/L MM, 1 g/L TiOy, pH 2.5).

—¥k— Abs 180 dk
——Abs 150 dk
Abs 120 dk
Abs 90 dk
—%—Abs 60 dk
—=— Abs 30dk

—8—Abs 0 dk

N

o ® e -
320 370 420 470 520 570 620 €70 720 770 820

DALGABOYU (NM)

—B— Abs baslangig

Sekil 12. ZnO caligmasinda mineralizasyon izlenmesi (25
mg/L MM, 1 g/L ZnO, pH 9).

3.3. Kanisim Katalizorler

Katalizorlerle karisim olarak calisildiginda verimlerini
gormek i¢in 3 farkli karisim hazirlanmistir. Karisim 1; 0.1
g/L TiO2 + 0.9 g/LL ZnO, Karisim 2; 0.3 g/L TiO. + 0.7 g/L
ZnO, Karisim 3; 05 ¢/L TiO; + 05 g/L ZnO
konsantrasyonlarinda hazirlanmistir.  Caligmada ortam
kosullari, pH 2.5, 3 adet UV-C lamba ve 25 mg/L MM olarak
ayarlanmigtir. Verim grafikleri Sekil 13'te verilmistir.

Karisim 1 ile yapilan ¢alismada, nihai verim %98.16 ile
karigim katalizorleri arasinda en yiikksek verim olmustur.
Ayni pH degerinde 1 g/L ZnO'da %97.84 verim elde edildi
(Bkz. Sekil 8). Verimler birbirine ¢ok yakin oldugu igin
etkisinin  olmadigr  sOylenebilir.  Bununla  birlikte,
karigimdaki TiO2 oranmin arttirlldigi, karigim 2 ile yapilan
calismada, oksidasyon orani dnemli Ol¢iide azaltilmis ve
nihai verim %76.24 olmustur. TIO, oranin1 daha da artirarak
Esit TiO, ve ZnO miktarlarinin kullanildigi Karigim 3 ile
yapilan ¢aligmada verim %84.68'e yiikselmistir. Bununla
birlikte, ¢alismada ayn1 kosullar altinda sadece 0.5 g/L TiO;
ile %86.04 verim elde edilmistir. Tim veriler dikkate
alindiginda, tiim oranlardaki katalizrlerin birbirlerinin
caligmasini inhibe ettigi sdylenebilir. Karisim katalizorlerle
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yapilan baska bir ¢aligmada, saf ZnO katalizorii ile TiO, ve
ZnO’nun karigimindan daha yiiksek bir verim elde etmistir
[24].

—&—Kansim 1 Karngim 2 Karigim 3
120.00
100.00
= 80.00 /‘
4
a 60.00 |
& 40.00
20.00
0.00
0DK 30 60 90 120 150 180
DK DK DK DK DK DK

Sekil 13. Karisim katalizorlerin verim grafigi (pH 2.5, 25
mg/L MM, 1 g/L katalizor).

3.4. Katalizorlerin Karsilastirilmasi

Katalizorlerin ~ kiyaslanmasi  i¢cin 25 mg/lL MM
konsantrasyonunda, optimum pH degerlerinde en yiiksek
verim alman TiO; ve ZnO degerleri ayrica karigim
katalizorlerinden en yiliksek verim alman Karigim 1
calismasinin degerleri Sekil 14’te grafiklestirilmistir. Sekil
15’te ise baslangic konsantrasyonu, ZnO ile aritilan su ve
TiO; ile aritilan su ornekleri yan yana fotograflanmustir.
Grafikten goriilecegi lizere nihai verimler ¢ok yakin olsa da
karisim katalizoriin oksidasyon hizi TiOz’ye gore oldukga
diisiiktiir. ZnO ve TiO; karsilastirilacak olursa, lambalar
calistirilmadan 0.dk’da alinan numunelerde ZnO ¢ok yiiksek
verim vermistir ancak nihai verim %99.56 olmustur. TiOzile
ise nihai verim %99.88’le azda olsa ZnO’dan fazla olmustur.
Bu durum ZnO ile elde edilen giderim hizinin
adsorpsiyondan kaynaklandigint goéstermektedir. Ayrica
Sekil 15 incelendiginde TiO: ile renk giderimi saglanan
suyun gozle goriiniir renk kalmadigi anlagilmaktadir. Sekil 7
ve Sekil 10°da goriilen filtre {izerindeki katalizorler
kiyaslandiginda katalizor iizerindeki rengin ZnO’da daha
gec giderildigi goriilmektedir.

——Ti02 Zn0 Kansim 1
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Sekil 14. 25 mg/L MM konsantrasyonunda katalizor
verimlerinin karsilastirilmasi.
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s-el;il 15.25 rﬁg/L MM baslangi¢ kons. (soldaki), 1 g/L ZnO
ile pH 9°da aritilmis su (ortadaki) ve 1 g/L TiO- ile pH 2.5°te

aritilms su (sagdaki).
4. DEGERLENDIRME VE SONUC

Optimum pH tayini ¢alismasinda; TiO; katalizorii i¢in en
yiiksek verim pH 2.5'te %99.88 olmustur. ZnO katalizorii
i¢in en yiiksek verim pH 9'da %99.56 olarak bulunmustur.

Mineralizasyon izlenmesinde; her iki katalizorle de farkl
dalga boylarinda sulu ¢ozeltinin absorbans degerlerinin
azaldig1 gézlenmistir. TiO; katalizorii ile reaksiyon sirasinda
az miktarda bir ara {iriin olusumu gbzlenmis, ancak bu ara
iiriinler de aritim sonucunda giderilmistir.

ZnO ve TiO; katalizorleri karigim halinde kullanildiginda
birbirlerini inhibe ettigi tespit edilmistir. Saf katalizorler ile
karigim katalizorlerden daha yiiksek verimler elde edilmistir.

TiO, Kkatalizorii ile ZnO Kkatalizoriinden ¢ok daha hizli
oksidasyon saglanmistir. ZnO katalizorii ile TiO2'den ¢ok
daha hizli adsorpsiyon saglanmigtir. TiO; katalizorii ile
arttim verimliligi daha yiiksektir. TiO,, katalizoriin yeniden
kullanimi igin daha uygundur ve ZnO, degisken veya yiiksek
pH degerleri olan atik sularda kullanim i¢in daha uygundur.
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Oz

Meyve posalari icerdigi besin degerlerinden dolayi, giibre olarak kullanimimin yaninda hayvan yemi olarak da kullanimi ¢ok
yaygindir. Kusburnu, portakal, havug, turp gibi birgok meyve sebze atiklart posa olarak degerlendirilmektedir. Calismada
kapsaminda, kabin tip bir kurutucu ile 60, 65 ve 70 °C sicaklik degerlerinde kurutularak, armut posasinin ortalama kuruma
siireleri, renk, asitlik (pH), suda ¢dziinebilir kuru madde (SCKM) ve titrede edilebilir asitlik (T.A.) degerleri belirlenmistir. Uriin,
kurutma havasi sicakliklarinda yas baza (y.b.) goére % 10-13 nem seviyelerine kadar kurutulmustur. Sicaklik degerlerine goére
ortalama kuruma siireleri sirasiyla; 24, 21 ve 12 saat olarak tespit edilmistir. Kurutma islemi esnasinda uzaklagsan nem oranlari
kurutma esitliklerinde islenerek egrileri olusturulmus ve en iyi tahmin eden modelin Midilli-Kii¢iik oldugu belirlenmistir.
Kurutulan iriinlere ait 6lgiilen renk degerleri tazeye gore kiyaslanarak istatistiki agidan en uygun kurutma havasi sicakligi
belirlenmistir. Hesaplanarak belirlenen renk kriterlerinden olan, kroma degerleri tazeye gore kiyaslandiginda en uygun deger
65 °C kurutma sicakliginda belirlenmistir. Kurutulan @iriinlerin pomolojik 6zellikleri hakkinda 6nemli bilgiler veren pH, SCKM,
ve T.A. Ozelliklerine ait en yiiksek ve en diisiik ortalama degerler ise sirasiyla; 3.65-3.44, 2.70-2.33, 1.68-1.10 olarak
belirlenmistir.

Anahtar Kelimeler: Armut posasi, konvektif kurutma, renk, kimyasal analiz
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Abstract

Due to the nutritional value of fruit pulp, it is very common to use it as animal feed besides fertilizer. Many fruit and vegetable
wastes such as rosehip, oranges, carrots and radishes are considered to be pulp. Within the scope of the study, average drying
time of pear pulp, color, acidity (pH), water soluble dry matter (WSDM) and titratable acidity (T.A.) values were determined by
drying in temperatures values of 60, 65 and 70 °C with a cabinet type dryer. The product was dried to 10-13% moisture levels at
the drying air temperatures according to the age base (w.b.). Average drying times according to temperature values are as follows;
24, 21 and 12 hours. During the drying period, the moisture values in the unit time away from the product were processed in the
thin layer drying models and drying curves were formed and the best estimating mathematical model was determined as the
Midilli-Kiigiik. The measured color values of dried products were compared according to freshness and the most suitable drying
air temperature was determined statistically. When the chroma values were compared to freshness, the most suitable value was
determined at 65 °C drying temperature. The pH, WSDM and T.A. the highest and lowest average values are; 3.65-3.44, 2.70-
2.33,1.68-1.10.
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1. GIRIS

Armut (Pirus communis L.) giilgillerden olup [1], ilk olarak
Asya kitasinda yetistirilerek tiim diinyaya yayilmis olan bir
meyve tiridiir [2]. Armut meyvesi diinyada elma ve
iiziimden sonra en fazla yetistirilen meyvedir. Diinya
tizerinde 5000 'den fazla armut ¢esidi bulundugu ve bunlarin
yaklagik 640 tanesi iilkemizde yetismektedir [3-6]. Taze
armudun biinyesinde; Vitaminler, fenolik bilesikler, organik
asitler, yag asitleri ve biiylik miktarda da su bulunmaktadir
[7-11].

Armudun meyve suyu seklinde tiiketimi, ¢ay ve kahve gibi
kafein igerikli iceceklere gore daha dogal olmasindan dolay1
son yillarda 6nemli seviyede artis gostermektedir [12-13].
Armut, biinyesinde barindirdig1 ortalama % 75-80 civarinda
su orani ile meyve suyu {retiminde yaygin bir sekilde
kullanilmaktadir. Meyve suyu iiretiminde olusan meyve
posalar1 ise yiiksek oranda lif icermektedir. Bu nedenle,
meyve posalart genellikle hayvan beslemesinde yaygin
olarak kullanilmaktadir. Bunun i¢in yil boyu bozulmadan
kullanabilmek i¢in meyve suyu iretimi sonrasinda olusan
posalar uygun yontemlerle kurutularak depolanmalidir. Aksi
takdirde hem kotii kokular olusur hem de besin degerleri
hizla pargalanip kaybolur.

Kurutma; Yas meyve posalarinin giivenli bir sekilde
saklanabilmesi i¢in uygulanan en yaygin metotlardan biridir.
Kurutma islemi ile iriindeki nemin biyiik bir kismu
uzaklastirilmakta ve tiriin su aktivitesi degerinin diisiirtiliip,
mikroorganizma faaliyetleri engellenmektedir [14]. Meyve
ve posalarina ait nem seviyelerinin dislirlilmesi igin
genellikle giines, golge ortamlar1 ile yapay kurutucular
kullanilmaktadir. Dogal kurutma yonteminde, kurutma
siiresinin uzun olmakta ve besin degerleri ¢ok fazla
kaybolmaktadir. Bunun yaninda, zehirli gaz ve boceklerin
iiriinlerin {lizerine konarak saglik agisindan uygun olmayan
durumlar olusturmaktadir.

Meyve posayla ilgili literatiir de; [15]" deki ¢alismada, sprey
kurutma yontemini kullanarak kuruttugu Barbados kirazi
posasinin fiziksel ozelliklerini belirlemistir. [16]° da ki
caligmaya gore, kurutulan {izim posasi orneklerine katilan
farkli maddelerin neticesinde posanin aneorabik ve bazi
diger kriterlere olan etkilerini belirlemistir. [17]” de belirtilen
calismaya gore, farkli kurutma sartlarinda kuruttugu kayisi
posasinin  sosis  {iretiminde  kullanim  olanaklarini
incelemistir. [18]" de ifade edilen g¢aligmada, ii¢ farkli
kurutma sicakligi kullanarak kuruttugu zeytin posasinin
kuruma karakteristiklerini belirlemislerdir. [19]” da ki
belirtilen calismada, akiskan yatakli bir kurutucuda zeytin
posasint kurutarak {iriiniin kuruma kinetigi degisimini
incelemistir. [20]” de belirtilen ¢alismaya gore, elma, kayisi
ve seftali posalarinin bazi fiziksel ve kimyasal 6zelliklerini
arastirmiglardir. Literatiir taramasi sonucunda bazi meyve
posalar1 iizerine yapilan kurutma ¢aligmalarinin var oldugu
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ancak armut posasinin kurutma sicakliklari altinda renk ve

bazi kimyasal ozellikler acisindan uygun kurutma
sicakliginin ~ belirlenmesi  konusunda bir caligmaya
rastlanilmamustir.

Bu c¢aligmada, kabin tip bir kurutucu ile kurutulan armut
posalarinin kurutma sicakliklart agisindan en uygun kuruma
sliresi, renk ve bazi kimyasal Ozellikleri belirlenerek
literatiire katki saglanmas1 amaglanmustir.

2. MATERYAL VE YONTEM
2.1. Kurutulacak iiriin

Armut posasi, meyve ve siit riinleri tiretim igletmesinden
temin edildikten sonra kurutma laboratuvarina getirilmistir.
Islemler sonlanana kadar posalar +4 + 0.5 °C sicakliktaki bir
buzdolabinda muhafaza edilmistir.

2.2. Nem tayini

Yas meyve posalart kurutulmadan 6nce nem igerikleri
belirlenmistir.  Nem  tayini isleminde  ortalama
70" er g olmak iizere dérder tekerriir olarak yapilmistir. Islem
70 °C sicakliga sahip bir firinda, iriinler belli siire
araliklarinda agirliklar1  Olgiilerek sabit degere kadar
bekletilmistir [21].

2.3. Kurutma islemi

Islemler kabin tip bir konvektif kurutucuda 60, 65 ve 70 °C
sicakliklarda gerceklestirilmistir. 3' er tekerriir halinde
yapilan iglemlerde ortalama 70 + 0.5 g iiriin kullanilmistir.
Kurutulan iirlinler ara ara belirli siirelerde % 1 hassasiyete
sahip bir terazide tartilarak su igerigi % 10-13 seviyesine
diisene kadar islemler devam etmistir [22-23].

2.4. Etiiv kurutucu

Kurutma isleminde kullanilan konvektif kurutucu Simsek
Laborteknik marka olup ST-120 tip model kullanilmistir.
Kurutma sicakligini istenilen sicakliga ayarlayabilmek icin,
iizerinde bulunan PID kontrol denetliyiciler kullanilarak 30-
250 °C sicakliga kadar ayarlanabilme  ozelligi
bulunmaktadir.

2.5. Renk dl¢iimii

Tarimsal ve gida friinlerinin en 6nemli kalite degerleri
kriterlerden birisi de renk 6zelligidir. Uriinlerde meydana
gelen olumsuz renk degisimleri, iirinlerin market degerini
onemli seviyede olumsuz etkilemektedir [24-25]. Taze ve
kurutulmus armut posalarinin renk Ol¢limlerinde Minolta



H POLATCI

marka CR300 modeli renk &lger kullanilmigtir. Renk Slger
ile posasnin Hunter Lab Chromameter degerleri 6l¢tilmiistiir.

Olgiilen degerlerden L posasinin parlakligini temsil ederken
0 ile 100 arasinda degismektedir. a degeri posanin kirmizi ve
yesil, b degeri ise sar1 ve mavi renkleri temsil etmektedir
[26]. Olgiilen L, a ve degerleri tek baslarina bir anlam ifade
etmezken bu degerler kullanilarak hesaplanan kroma degeri,
hue agisi, toplam renk farkliligi ve kahverengilesme indeks
degerleri hesaplanmustir.

Kroma degeri: Uriin renginin tonunu ifade etmektedir. [27]°
de belirtilen yonteme gore, kroma degeri 1 nolu esitlik
kullanarak hesaplandigini ifade etmislerdir.

C=(a%+b*)" (1)

Hue degeri: Hue renk agisi degeri 360° 'lik bir renk
gradyantinda her agiya karsilik gelen renklerin neler
oldugunu ifade etmektedir.

Sekil 1. Hue acisinin renk radyanti [28].

0° kirmizi, 90° sar1, 180° yesil ve 270° ise iiriiniin mavi
renkte oldugunu bu ag1 degerlerinin aralarina kargilik gelen
kisimlarda ara renklerin olustugunu ifade edilmistir (Sekil
1). [29-30]" yapilan caligmalara gore, hue renk agisi
degerinin 2 nolu esitlik kullanilarak hesaplandigini ifade
etmislerdir.

h® =tan™ (E) )
a

Toplam renk farkhilik degeri: Taze iiriiniin olglilen renk
degerleri ile kurutulduktan sonraki renk degerleri arasindaki

Tablo 1. Ince tabakali matematiksel kuruma modelleri
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degisimi ifade etmek i¢in kullanilmaktadir. [28]" de
belirtilen yonteme gore, toplam renk farklilik degerinin 3
nolu esitlik kullanilarak hesaplandigini ifade etmislerdir.

AE = (L~ L) + (@ —a )2 + (b —b)? @)

Esitlikte Li a: ve by degerlerinin sirasiyla taze tiriiniin
parlaklik, kirmmzi-yesillik ve  sarilik-mavilik — renk
degerlerini ifade ederken, Ly, ax ve bk degerleri ise kuru iiriine
ait renk degerlerini ifade etmektedir.

Kahverengilesme indeksi: Uriiniin kahverengilesme indeks
degerini simgeleyen " BI " ile " x " katsayis1 degerleri ise
iriintin kuruma sonrasi kahverengilesme degerini ifade
etmektedir. [31]" ifade edilen c¢alismaya  gore,
kahverengilesme  indeks degeri ile bu  degerin
hesaplanmasinda kullanilan "x" katsayisinin 6 ve 7 nolu
esitlikler kullanilarak hesaplandigini gostermislerdir.

Bl - [100(x - 0,31)]

4
0,17 @

X a+(1,75xL)
~ [(5,645xL) + (a—(3,012xb))]

®)

2.6. Kuruma modeli
Armut posasinda siireye gore uzaklasan su oram degeri 8
nolu esitlik kullanilarak tespit edilmistir.

M- M,

ANO=—*
MO_Me

(6)

ANO: Posadan uzaklasabilen su miktar1

M: Posa igerisinde bulunan o andaki su miktar1
Me: Posanin o sartlardaki denge nemi

Mo: Posanin su igerigi

Armut posasinin kurumasi esnasinda uzaklagan su oranlarina
ait degerleri modellemek ig¢in literatiirde ¢ok sik kullanilan
Page, Midilli-Kii¢iik ve Yagcioglu esitliklerinde islenmistir.
Kullanmilan modellere ait esitlikler Tablo 1° de verilmistir.

No Model ismi Esitlik
1 Page MR =exp (-h . (t))
2 Midilli kiigiik MR = h.exp (-.(t) + (I . t)

3 Yagcioglu

MR = k.exp(-h.t)+j
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2.6. Kimyasal analizler

Taze ve kurutulmug armut posalarinin pH, T.A. ve SCKM
degerleri belirlenerek tazeye gore en uygun kurutma havasi
sicaklik degerleri belirlenmistir. Yapilan analizler;

pH: Her bir sicaklikta kurutulan meyve posalari belirli
oranlarda sulandirildiktan sonra laboratuvar kosullarinda pH
metre ile okuma yapilmistir.

Titre edilebilir asit oram (%): Sulandirilmis taze ve
kurutulmus armut posalarindan, 5 mL alinarak 0.1 N NaOH
¢ozeltisi ile ve bir pH metre yardimiyla titre edilmistir.
Titrasyon islemi 3 paralelli olarak yapilip, titrasyon
sonuglarinin ortalamasindan titre edilebilir asit miktar1 %
olarak saptanmustir.

Tablo 2. Armut posasinin kuruma performans degerleri
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Suda c¢oziinebilir kuru madde (SCKM) (%): Taze ve
kurutulmus armut posalarindan rasgele segilen drnekler pres
ile sular1 ¢ikarilip, suda ¢6ziinebilir kuru madde miktarlar
portatif hassas dijital (£0.01) refraktometre ile okunmustur
[32-33].

3. BULGULAR VE TARTISMA

3.1. Kuruma degerleri

Kurutulan armut posasinin su igerigi ortalama % 77.65
olarak belirlenmistir. Uriiniin kurutma sartlar1 altindaki
ortalama kuruma siireleri belirlenmis ve kurutma
sicakliginin kuruma degerlerini degistirdigi ve sicakligin
yiikselmesiyle kuruma degerlerinin azaldigi goriilmiistiir
(Tablo 2).

Ortalama son nem

Kuruma siireleri

Kurutma sicakhklar degerleri (saat)
(%)
0
o % 10,15 24
0
6 oc % 10,05 21
70 °C % 11,00 12

[34]’ de belirtilen calismaya gore, kuzukulag bitkisini 40, 50
ve 60 °C sicaklik ve 1 m/s-2 m/s hava hizlari altinda yaptig1
kurutma g¢alismasinda sicaklik ve hava hizinin artmasiyla
iiriiniin kuruma siiresinin azalttigin1 ifade etmistir. Benzer
bulgulari, [35-38]” de yapilan ¢alismalarda tespit etmislerdir.

Tablo 3. Page modeline ait baz1 degerler

3.2. Kuruma modellerine ait katsayilar, "R?" ve
degerleri

Armut posasinin kurumasi esnasinda uzaklasan su oranlarina
ait degerleri modellemek i¢in kuruma egrileri belirlenmistir.
Modellere ait katsayilar, giivenilirlik degerleri ve tahmin
yakiligm ifade eden R? degerleri Tablo 3., 4. ve 5. te
verilmistir.

p"

Kurutma sicakliklari k h R? p
60 °C 0,0340 1,4120 0,9949 <0,0001
65 °C 0,0454 1,3819 0,9954 <0,0001
70 °C 0,1095 1,2796 0,9958 <0,0001
Tablo 4. Midilli-Kii¢iik modeline ait baz1 degerler
Kurutma .
sicakliklar: K h ] m R? P
60 °C 1,2450  0,9962 0,0397 -0,0057 0,9990 <0,0001
65 °C 1,2175  0,9969 0,0523 -0,0061 0,9993 <0,0001
70 °C 1,1236 0,9993 0,1175 -0,0099 0,9991 <0,0001
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Tablo 5. Yagcioglu modeline ait bazi degerler

scakiklar . " j R P
60 °C 1,5948 0,0446 -0,5740 0,9979 <0,0001
65 °C 1,5025 0,0563 -0,4835 0,9983 <0,0001
70 °C 1,3564 0,1088 -0,3452 0,9988 <0,0001

Page modeli kuruma egrilerini en iyi 70 °C kurutma havasi

sicakliginda tahmin ederken, Midilli-Kii¢iik modeli, 65 °C 3.3. Renk degerleri

kurutma havasi sicakliginda, Yagcioglu modeli ise kuruma

egrilerini en iyi 70 °C kurutma havasi sicakliginda tahmin Kurutma materyaline ait renk olgerle belirlenen renk
etmistir. Tahmin edilen tiim kuruma egrilerinde modellerin degerleri kullanilarak iiriiniin rengi hakkinda daha fazla bilgi
giivenilirlik degerlerinin p<0.05 oldugu yani kullanimlarinin veren hesaplanan degerleri hesaplanmistir (Tablo 6).

uygun bulunmustur. Uygulanan modeller i¢erisinde ise en iyi
tahmin edenin Midilli-Kiigiik oldugu tespit edilmistir.

Tablo 6. Olgiilen renk degerleri ve Duncan test sonuglari

Kurutma sicakliklari L a b
Taze 41,612 5,08° 17,37¢
60 °C 38,992 8,54% 28,422
65 °C 31,930 8,728 23,240
70 °C 34,09° 8,542 26,782

* Duncan testleri (p<0.05) degerine gore yapilmustir.

Tablo 6 'de renk degerlerine ait duncan test sonuglari etkisini istatistiksel olarak farki ifade edebilmek i¢in duncan
verilmigtir. Polatct1 ve Tarhan (2009), farkli kurutma testini kullanmuglardir. Tablo 7. 'da ise taze kurutulmus
sartlarin reyhan yapraklarinin renk degerlerine olan posaya ait hesaplanan ikincil renk degerleri verilmistir.

Tablo 7. Hesaplanan ortalama renk degerleri

Kurutma sicakhiklar C H° AE X BI

Taze 18,10 73.71 - - -

60 °C 29,68 73,28 29,17 0.54 133.34

65 °C 24,82 69.44 23.92 0.54 137.05

70 °C 28,10 72.32 26.76 0.57 151.03
Tablo 6 'te taze posasmin parlaklik (L) degerine gore 70 °C kurutma havasi sicakliginda korundugu belirlenirken
kurutma havasi sicakliklarinda belirlenen tiim L degerleri en fazla korunmanin ise 65 °C kurutma havasi sicakliginda
uzaklagmigtir. Tazeye gore parlaklik degeri en az 65 °C belirlenmistir.
kurutma havasi sicakliginda korundugu belirlenirken en az
fazla korunmanin ise 60 °C kurutma havasi sicakliginda Tablo 7 'ya gore piyasa degeri agisindan 6nemli bir kiriter
tespit edilmistir. Bunun sebebinin iirlinin kurutma olan kroma degeri agisindan taze iiriine gore kurutulmus
sicakliginin artmasiyla beraber diisiik sicaklik degerlerine griinler kiyaslandiginda tiim kurutma sartlarinda kroma
gore daha hizli kuruyarak renk degerlerini koruyamadigim degerleri artmistir. Ancak taze {irline en yakin kroma degeri
ve diisiik sicaklik degerinde ise iiriin uzun siire sicakliga 65 °C kurutma havast sicakliginda yapilan kurutma
maruz kaldigindan dolay1 parlaklik degerini muhafaza isleminde belirlenmistir.
edemedigi diisiiniilmektedir. Taze iirline gore kurutulmus
iriinlerin  kirmizilik degerlerinin tiimiinde bir artmanin 3.4. Kimyasal analiz degerleri
oldugu ve kurutma sicakliklarinda belirlenen kirmizilik
degerleri arasinda ise istatistiksel olarak dnemli bir farklilik Taze ve kurutulmus armut posasinin pH, SCKM ve T.A.
olusmamustir. Taze {irline gore sarilik degerinin en az 60 ve degerleri belirlenmistir (Tablo 8).
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Tablo 8. Belirlenen ortalama pH, S.C.K.M ve T.A. degerleri ile Duncan test sonuglari

Kurutma sicakhiklar:

Kimyasal Ozellikler
Taze 60 °C 65 °C 70 °C
SCKM 2.47° 2.33¢ 2.33¢ 2.702
pH 3.68? 3.440 3.50° 3.65%
T.A. 1.16° 1.68? 1.23° 1.10°
Taze posaya gore kurutulan tirinlerin SCKM degerlerinde Martins, and S.AM. De Oliveira, “Pear drying

artisin oldugu belirlenmistir. Kurutulan {irtinler icerisinde en
yiiksek SCKM degerinin 26.58 ile 70 °C kurutma havasi
sicakliginda belirlenmistir. Taze ve kurutulmus tirtinlerin pH
degerleri acisindan incelendiginde aralarinda onemli bir
degisikligin olmadig1 ve taze posaya gore en yakin pH
degerinin 65 °C kurutma havasi sicakliginda belirlenmistir.
Titrde edilebilir asitlik degeri agisindan taze ve kurutulmus
tirlinler arasinda bir artisin oldugu ve tazeye en yakin T.A.
degerinin 65 °C kurutma havasi sicakliginda belirlenmistir.

4. SONUC

Armut posasi icerdigi hem besin degerleri hem de etken
maddeleri agisindan hayvan beslemesinde kullanilan 6nemli
bir meyve posasidir. Calismada, kabin tip bir konvektif
kurutucu ile kurutulan armut posasina ait kuruma, renk,
kuruma egrileri, pH, SCKM ve T.A. degerleri belirlenmis ve
bazi sonuglara ulasilmistir;

1) Kurutma havasi sicaklik degerlerinin {iriiniin kurumasinda
etkili bir kriter oldugu ve sicaklik degerinin artmasiyla
kuruma siiresinin azaldig belirlenmistir.

2) En uzun kurutma igleminin, 60 °C kurutma havasi
sicakliginda 24 saat siirdiigii belirlenirken, en kisa kurutma
islemi ise, 70 °C kurutma havasi sicakliginda 12 saat siirdiigii
belirlenmistir.

3) Uygulanan ince tabakali kurutma modelleri igerisinde en
yiiksek R? degeri Midilli-Kiigiik modeli  oldugu
belirlenmistir. Bu nedenle Midilli-Kiigiikk modeli uygulanan
ince tabakali matematiksel kurutma esitlikleri arasinda
kuruma egrisini en iyi tahmin eden model olarak
belirlenmistir.

4) Uriiniin piyasa degeri acisindan onemli bir renk kriteri
olan kroma degeri agisindan, iiriin rengi tazeye gore, 65 °C
kurutma havasi sicakliginda kurutulmasinin daha uygun
oldugu tespit edilmistir.

5) Kurutulan {riinlerin tazeye gore, incelenen kimyasal
ozellikleri agisindan en uygun sicakligin 65 °C oldugu
bulunmustur.

Sonu¢ olarak armut posasi konvektif bir kurutucu ile
kurutulacaksa 65 °C kurutma havasi sicakliginin secilmesi
onerilmektedir.
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Whale Optimization Algorithm (WOA), WOA is a recently developed, nature-inspired, meta-heuristic optimization algorithm. The
algorithm was developed in 2016, inspired by bubble hunting strategies used by humpback whales. To determine the performance
of each optimization algorithm developed, they should be tested on a different type of optimization test problems. In this paper,
we aim to investigate and analyse WOA logarithm on constrained optimization the performance and accuracy of the proposed
method are examined on 13 (G1-G13) constrained numerical benchmark functions, and the obtained results are compared with
other meta-heuristic optimization algorithms which taken from the literature. The experimental results show that WOA has low

performance on constrained optimization.

Keywords — Whale optimization algorithm, meta-heuristic algorithm, Constrained Optimization

1. INTRODUCTION

Optimization algorithms are used frequently for solving many
problems [1]. The optimization is a mathematical discipline
that aims to find the minimum or maximum value of an
equation. For the solution of the optimization systems,
heuristic methods are used along with the mathematical
methods [2]. In literature, the term Meta-Heuristic is formed
by the combination of the terms Meta and Heuristic and is
defined as a whole of methods that solves problems through
some rules and procedures [3]. Some of the heuristic
techniques studied frequently in the literature are Artificial
Neural Networks (ANN), Genetic Algorithm (GA), Ant
Colony Optimization (ACO), Simulated Annealing (SA),
Tabu Search and Particle Swarm Optimization (PSO). Some
of the more recent or less studied meta-heuristics are Bee
Colony Algorithm (BCA), Harmonic Search Algorithm and
Kangaroo Algorithm [4]. The optimization algorithm
developed needs to be tested in order to measure its
performance. In the performance measurement of
optimization algorithms, Traveling Salesman Problem,
Unconstrained Test Problems and Constrained Test Problems
are used [1]. Restricted test problems are frequently used and
difficult to solve mathematical problems in applications such
as engineering applications, structural optimization and
allocation problems. For academics, it is very important to
solve problematic problems efficiently [5]. Several different
meta-heuristic methods have been proposed in the literature
to solve different problem types. In the studies carried out, it

is seen that meta-heuristic methods generate better results, in
large-scale problems in particular. One of the recently
developed meta-heuristical algorithms is the WOA. The
whale optimization algorithm is a new optimization method
proposed by Mirjalili and Lewia in 2016. The WOA method
was tested with 29 different mathematical problems and the
results of the tests showed that it could compete with other
optimization algorithms [6]. This study is inception and
different studies in relation to WOA are available in the
literature. Experimental studies were performed on the breast
cancer data set of WOA and successful results were obtained
[7]. One of the data set studies where WOA is used is the
problem of selecting the attributes in the datasets. In this
study, the WOA was compared to the particle swarm
optimization algorithm and it was demonstrated that it had
performed better [8]. Saidala and Devarakonda conducted
another data set study where WOA was used in 2017. Enron-
Spam data set with high similarity value was selected as the
data set. For the comparison, linear, quadratic, polynomial
and RBF methods were used. According to all results obtained
by evaluating the results concerning precision, accuracy,
recall and F-values, it is seen that the values generated by
WOA are competitive with other methods [9]. The WOA
method was also used to aggregate the data of MR images
taken for the liver. Concerning experimental results, it was
confirmed that the WOA method had a higher predictive
value [10]. The WOA method was used to train artificial
neural networks on 20 different data sets. The method was
compared to back-propagation learning algorithm and six

*Coresponding Author: Karabuk University, Karabuk/Turkey, yukselcelik@karabuk.edu.tr

Doi: 10.21541/apjes.551526


http://apjes.com/
mailto:alperkaradeniz@ibu.edu.tr

Y CELIK

evolutionary algorithms in terms of training and, it was
confirmed that WOA had superior performance over existing
algorithms in terms of both local optimal value avoidance and
convergence rate [11]. In this study, we implemented and
applied constrained optimization on WOA then analysed
performance and accuracy on several constrained numerical
benchmark function optimizations [12]. The rest of the paper
is structured as follows. Section 2 describes the WOA
algorithm in detail. Section 3 presents constrained
optimization and test functions. Experimental studies are
reported and discussed in Section 4. Finally, some
conclusions are drawn in Section 5.

2. WHALEOPTIMISATION ALGORITHM

The whale optimization algorithm is one of the meta-heuristic
algorithms developed based on the bubble-net hunting
strategy of humpback whales [6]. Humpback whales are
usually fed by small schools of fish near the water surface.
Humpback whales create air bubbles when approaching the
prey to keep their prey together as well as to allow them to
approach the prey without being seen [13]. The hunting
strategy of humpback whales is shown in Figure 1 [6].

Figure 1. Hunting of humpback whales

The whale optimization algorithm is fundamentally
composed of 3 parts. These parts are encircling prey, Bubble
Net Attacking and Search for Prey [6].

2.1. Encircling Prey

Humpback whales can recognize the location of the prey and
encircle them. As the best solutions not known a priori in the
optimization problems, the best solution or a point close to the
best solution is considered the best solution. After the best
solution is defined, the positions of the other solutions are
updating accordance with the best [6]. The mathematical
model of the encircling behaviour of the whales is presented
in Equations 1 and 2 below [6].

D" =|C.X () - X (D) (1)
Xt+1)=X+@t)—A.D )
Where represents the current iteration, A~ and C~ the
coefficient vectors, and X* the best solution vectors.

Calculation of the vectors A™ and C~ are demonstrated in
Equations 3 and 4 [6].
A=2a.7—a

C=21r

©)
(4)
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Where a represents the vector linearly decreased from 2 to 0
during the iteration, and rather random vectors [6].

2.2. Bubble Net Attacking Method

The algorithm approaches, after the prey is located, the prey
in two different moves, namely Shrinking Encircling
Mechanism and Spiral Updating Position. Spiral Updating
Position and the locations of the whales are modelling Figure
2 [6].

S

(X.Y)

0.5

Figure 2. Spiral move

The mathematical formula for figuring out the difference
between the best agent and the search agent for the spiral
movement is shown in Equation 5 [6]. In Equation 6, it is
demonstrated that D™ is the difference between the best
search agent and the existing search agent [6].

X (t+1) = D" e(bl).cos(2ml) + X * (©)
D= X* () =X (t

(®)
(6)

Where b indicates the constant for logarithmic spiral, and | is
a random number in the range of [-1, 1]. The points around the
best search agent are positioned through coefficients A~ and
C.

When whales move towards their prey, they chose either one
of the linear moves or spiral moves. In WOA, which one of
these linear moves or the spiral moves to be chosen is
performed in a 50% probability, as shown in Equation 7 [6].

X (t+1) ={X(t)-A". D" p<0, 5

D™. e .cos( 2ul) + X “*(t) p=>0,5 7
Where p is a randomly produced number between [0, 1].
2.3. Search for Prey

Whether a Global or a Local search is to be carried out is
decided considering the value of the vector A™. In cases where
A™>1 or A"<-1, it is considered a Global Search, because in
these cases the points farther away from the best points can be

chosen. The mathematical modelling is shown in Equations
8 and 9 [6].

D' =C.Xrand — X~ 8)
X(t+1)=Xrand — A.D” 9)
The X rand shown in Equations 8 and 9 indicates a randomly
selected search agent.
The pseudo code of the Whale Optimisation Algorithm is
given in Figure 3 [6].
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Initialize the population Xi (i =1, 2, ..., n)
Calculate the fitness of each search agent
X*=the best search agent
while (t < Max #iterations)
for (each search agent)
Update a, A, C, land p
if (p <0.5)
if Al <1)
Update the position of the current search agent in equation (1)
elseif 141> 1)
Select a random search agent (X_rand)
Update the position of the current search agent in equation (9)
end if
elseif (p =2 0.5)
Update the position of the current search by the equation (5)

end if

end for
Assign limit values for individuals getting out of boundaries
Calculate the value of the objective function
Update search agent if there is a better solution
t=t+1
end while
return X*

Figure 3. Pseudo code of WOA
3. CONSTRAINED OPTIMIZATION PROBLEMS

In order to observe the comparative performances of the
algorithms proposed to solve real-world problems, they need
to be tested with the test problems frequently used in the
literature. One of them is numerically constrained
optimization problems. Constrained optimization problems
play an important role in the determination of challenging test
performance of optimization algorithms [13]. It is extremely
The results of the empirical tests are presented in Table2.
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difficult to solve such problems [1]. This difficulty originates
from the attempt to find solutions within the region permitted
by the constraints, due to the structure of the problems [1].

In this study, 13 constrained test functions, which are
frequently used in literature, were selected and the details are
shown in Table 1 [12].

Table 1. Detailed comparison of test functions

Problem n Type of p f(xX*)

Objective

Function
GO01 13 quadratic 0.0111% -15.0000000000
G02 20 nonlinear 99.9971% -0.8036191042
GO03 10 polynomial 0.0000% - 1.0005001000
G04 5 quadratic 51.1230% - 30665.5386717834
G05 4 cubic 0.0000% 5126.4967140071
G06 2 cubic 0.0066% - 6961.8138755802
G07 10  quadratic 0.0003% 24.3062090681
G08 2 nonlinear 0.8560% - 0.0958250415
G09 7 polynomial 0.5121% 680.6300573745
G10 8 linear 0.0010% 7049.2480205286
Gl1 2 quadratic 0.0000% 0.7499000000
G12 3 quadratic 4.7713% - 1.0000000000
G13 5 nonlinear 0.0000% 0.0539415140

4. EMPIRICAL TESTS

At the empirical tests of the WOA algorithm in this study, the
iteration number of the G1-G13 constrained test problems was
500 and the problem coefficient (number of repeats) was 30.

Table 2. Test results of WOA. /” indicates values for which no solution was obtained.

Problem Optimum Best Worst Average Standard Deviation
Gl -15 -15 -6 -11.9097 2.5033852
G2 -0.803619 / / / /

G3 -1.000500 0 0 0 0

G4 -30665.539 -30587.303 -29313.357 -30102.268 238.19937
G5 5126.4981 / / / /

G6 -6961.81388 -6961.42989 -6945.91212 -6958.47643 3.1177653
G7 24.306 28,630 79.259 43.992 12.049

G8 -0.095825 -0.095825 -0.095825041 -0.095825041 1.17591E-10
G9 680.6300573 683.6303371 762.4505978 704.8788225 18.48857643
G10 7049.248 8977.340 1.29993E+14 1.46376E+13 3.62535E+13
Gl11 0,75 1 1 1 0

G12 -1 -0.988 -0.845 -0.934 0.036

G13 0.0539498 / / / /

When the test results of WOA in Table 2 are analysed, it is
seen that the optimum value was reached in G1 and G8,
optimum value was considerably converged in G4, G7, G9
and G12, the

values too far from the optimum value were obtained in G3,
G6, G10 and G11, and no results were produced in G2, G5
and G13.
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4.1. Penalty Function

Penalty function is a method used to solve constrained
optimization problems. Constrained problems are multiplied
by a penalty parameter to the extent of the violation of the
restriction and added to the current value. In this way, the
individual outside the boundaries is included in the problem
solving again from a remote location [14]. Penalty function
method pseudo code is shown in Figure 4.

Constraint Function
Penalty = 10"15
For i=1 to #inequality
If inequality check result = true
Objval = Objval + Penalty
End If
End for
For i=1 to #equality
If equality check result = true
Objval = Objval + Penalty
End If
End for

Figure 4. Pseudo code of Penalty Function

In the experimental studies conducted, the average test results
of WOA and Non Penalty Whale Optimization Algorithm
(NPWOA) were compared and shown in Table 3.

As seen in Table 3, WOA gave much better results than
NPWOA. Because the penalty function multiplies the values
that do not match the constraint by a high number and does
not allow bad results to be included in the solution. Penalties
are not used in the algorithm, bad results are resolved,
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going to good value, and at some point, it makes the solution
impossible by attaching to the local best. Based on the tests
and information, we can say that it is very important to use
the penalty function in constrained optimization problems.

Table 3. Comparison of Average Values of WOA and NPWOA

Pro
Gl
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13

Opt

-15
0.803619
1
-30665.53
5126.498
-6961.814
24.306
0.095825
680.63
7049.25
0.75

1

0.05395

WOA
-11.909
/
0
-30102.26
/
-6958.476
43.992
-0.095825
704.8788225
1.46376E+13
1
-0.934
/

NPWOA
-306

/

1,98
-32217.04

6.903
/

/

4.2. Empirical Test Result and Compared

The test results obtained were compared with GA, ABC, PSO,
FA and BA. Comparison of said algorithms with WOA in
Table 4. [15] [16] [5] [17] [18].

preventing

Table 4. Comparison of the Best Values of the algorithms.
Pro Opt GA ABC PSO FA BA WOA
Gl -15 -14.44 -15 -15 -12.432 -15 -15
G2 0.803619 0.796231 0.80360 0.8033 -0.803619 0.8036191 /
G3 1 0.99 1 1 -1 0.99998 0
G4 -30665.53 -30626.053 -30665.539 -30665.5 -30378.381 -30665.539 -30587.303
G5 5126.498 / 5126.484 / 5126.497 5126.498 /
G6 -6961.814 -6952.472 -6961.814 -6961.7 -6961.811 -6961.813 -6961.429
G7 24.306 31.097 24.330 24.442 24.307 24.306 28.630
G8 0.095825 0.095825 0.09583 0.09583 0.095825 0.095825 0.095825
G9 680.63 685.994 680634 680.657 680.63 680.630 683.63
G10  7049.25 9079.77 7053904 7131.01 7072.41 7049.26 8977.34
Gll 075 0.75 0.75 0.75 0.75 0.75 1
G2 1 1 1 1 -1 1 -0.98
G13  0.05395 0.13405 0.76 / 0.054 0.0539499 /

Comparison of the best values of the algorithms given in Table 4 is presented in Table 5. The (+) sign was used to demonstrate
the results with better or equal values, (-) for the worse results and (/) for no results.
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Table 5. Comparison of best values of algorithms.

Pro GA-WOA ABC-WOA PSO-WOA FA-WOA BA-WOA
Gl - + + + + + - + + +
G2 + / + / + / + / + /
G3 + - + - + - + + + -
G4 + - + - + - - + + -
G5 / / + / / / + / + /

G6 -+ + - + - + - + -
G7 -+ + - + - + - + -
G8 + + - + - + + + + +
G9 - + + - + - + - + -
G10 - + + - + - + - + -
G11 + - + - + - + - + -
G12 + - + - + - - + + -
G13 + / + / / / + / + /

Total 7 6 12 2 10 2 100 5 13 2

When data of the best test results in Table 5 are analysed,
WOA has 17 better (+) results in total. This indicates that
WOA has a competitive structure, however, the other
algorithms result

better in most of the constrained test problems.
In Table 6, a comparison of the worst values of the algorithms
used for the performance evaluation of the WOA is presented.

Table 6. Comparison of the worst values of algorithms.

Pro Optimal Value GA [5] ABC [15] PSO [16] BA[17] WOA [18].
Gl -15 -14.015 -15 -15 -12.45309 -6

G2 0.803619 0.77914 0.7703 0.6316 0.5625529 /

G3 1 0.956 1 1 0.93641 0

G4 -30665.539 -30567.105 -30665.5390 -30665.5 -30665.539 -29313.3576
G5 5126.498 / 5374.4300 / 5181.4744 /

G6 -6961.814 -6784.255 -6961.8130 -6956.8 -6961.81388 -6945.912123
G7 24.306 38.686 24.8350 31.1843 24.30799 79.25964946
G8 0.095825 0.095723 0.0958 0.09583 0.095825 0.095825

G9 680.63 698.297 680.641 681.675 680.630 762.450

G10 7049.25 11003.533 7493.9430 8823.56 7051.7822 /

G11 0.75 0.752 0.7500 0.75 0.750000012 1

G12 1 0.999 1 1 1 -0.845586734
G13 0.05395 / 1 / 0.0539723 /

For the comparison and interpretation of the worst values of

the algorithms given in Table 5, Table 6 was created. The (+)
sign in Table 7 was used to demonstrate the results with
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better or equal values, (-) for the worse results and (/) for no
results.
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Table 7. Comparison of the worst values of algorithms.
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Pro GA-WOA ABC-WOA PSO-WOA BA-WOA
Gl + - + - + - + -
G2 + / + / + / + /
G3 + - + - + - + -
G4 + - + - + - + -
G5 / / + / / / + /
G6 + - + - + - + -
G7 + - + - + - + -
G8 - + - + - + + +
G9 + - + - + - + -
G10 + / + / + / + /
G11 + - + - + - + -
G12 + - + - + - + -
G13 + / + / / / + /
Total 11 1 12 1 10 1 13 1

When the results of the comparison in Table 7 are analysed,
WOA has 4 better (+) result values. In a comparison of the
worst values, WOA obtains results less successful than other

Table 8. Comparison of average values of algorithms.

algorithms. In Table 8, a comparison of the average values of
the said algorithms is presented [15] [16] [5] [17] [18].

Pro Opt GA ABC PSO FA BA WOA

Gl -15 -14.236 -15 -15 -10.161 -14.658 -11.909

G2 0.803619 0.788588 0.7924 0.7521 -0.782942 0.75347 /

G3 1 0,976 1 1 -1 0.98955 0

G4 -30665.539 -30590.455 -30665.5390 -30665.5 -30259.518 -30665.539 -30102.26858
G5 5126.498 / 5185.7140 / 5126.835 5129.4248 /

G6 -6961.814 -6872.204 -6961.8130 -6960.7 -6961.786 -6961.8138 -6958.476433
G7 24.306 34.98 24.473 26.71 24.311 24.306 43.992

G8 0.095825 0.095799 0.0958 0.09583 -0.095825 0.095825 -0.095825
G9 680.63 692.064 680.64 680.876 680.63 680.63 704.878
G10 7049.25 10003.225 7224.4070 7594.65 7388.856 7049.4713 1.46376E+13
G1l1 0.75 0.75 0.7500 0.75 0.75 0.75 1

G12 1 1 1 1 -1 1 -0.9349
G13 0.05395 / 0.9680 / 0.252 0.053952 /

For the comparison and interpretation of the average values
of the algorithms given in Table 8, Table 9 was created. The
(+) sign in Table 9 was used to demonstrate the results with
better or equal values, (-) for the worse results and (/) for no
results. With reference to the comparison value in Table 9,
WOA has 9 better (+) values. In consequence of the
comparison of the average values of the algorithms, it is seen
that WOA results worse than other algorithms, however, has
a competitive structure. As a result of the tests, it is seen that
WOA obtains no results in problems G2, G5 and G13, it
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reaches the optimum value in problems G1 and G8, it is
considerably close to the optimum value in problems G4, G6,
G9 and G12, and the optimum value is reached in problems
G3, G7, G10 and G11.

The best values, worst values and average values of the said
algorithms were compared to that of WOA. It is seen that
WOA generates 17 better results in comparison of the best
values, 4 better results in comparison of the worst values and
in 9 better results in comparison of the average values
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Table 9. Comparison of average values of algorithms.

Academic Platform Journal of Engineering and Science 8-3, 547-554, 2020

Pro GA-WOA ABC-WOA PSO-WOA FA-WOA BA-WOA
Gl + + + + + -
G2 + / + / + / + / + /
G3 + + + + + -
G4 + + + + + -
G5 / / + / / / + / + /
G6 - + + + + + -
G7 + + + + + -
G8 - + + + + + +
G9 + + + + + -
G10 + + + + + -
Gi11 + + + + + -
G12 + + + + + -
G13 / / + / / + +
TOTAL 9 2 2 1 10 1 10 4 2 1
5. CONCLUSION AND DISCUSSION [5] N. Bacanin, M. Tuba, “Improved seeker optimization

Meta-heuristic algorithms are now widely used in many
fields. WOA is one of the recently proposed meta-heuristic
algorithms inspired by the hunting strategy of humpback
whales. In this study, we proposed a constrained WOA and
applied well know 13 constrained numeric optimization test
functions. The experimental results were compared with
well-known similar meta-heuristic algorithms GA, ABC,
PSO, FA, and BA algorithms to demonstrate the
performance of WOA. The problems between the G1 and
G13 were used for the comparison out of the constrained test
problems.

The experimental results conducted over 13 constrained
benchmark functions indicate that the OWA demonstrated
has not well capabilities related to accuracy, robustness, and
efficiency on constrained optimization.

Our future work will improve and modify OWA research
mechanism and try again on different optimization
benchmark functions.
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Bu makalede, LS-DYNA sonlu elemanlar ¢oziiciisii kullanilarak gergeklestirilen dinamik simiilasyonlarda, bdlintiiniin
geometrik seklinin, basmcin havadaki ilerleyisine ve biiyiikliigiine etkisi incelenmistir. incelenen geometrik sekiller kiibik,
silindirik ve kiiresel olarak secilmistir. Dinamik simiilasyonu modellemek i¢cin ALE metodu kullanilmistir. Hedef bir noktadaki
pik basing degerleri, test sahasindaki dinamik testten elde edilen deger ile kiyaslanmistir. Son olarak c¢aligmada belirtilen
kosullarda hangi boliintiiniin geometrik seklinin daha dogru sonuglar verebilecegi degerlendirilmistir.
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Abstract

In this paper, the effect of the geometrical shapes of the mesh on the progress of pressure wave and magnitude was investigated
in the dynamic simulations by using LS-DYNA finite element solver. Cubic, cylindrical and spherical geometrical shapes were
chosen to be examined. ALE() method was carried out to model dynamic simulation. Peak pressure values at a target point were
compared with the value obtained from the dynamic test in the test area. In conclusion, it was investigated that which mesh
geometric shape could give more accurate results under the conditions specified in the study.

Keywords: Dynamic simulation, Arbitrary Lagrangian-Eulerian (ALE), Finite Element Analysis, LS-DYNA

1. GIRiS

Gilintimiizde, askeri alanda artan tehditlere Kkarsi
yapilarin/askeri araglarin koruma yeteneklerini artirmak
amaciyla dinamik simiilasyonlar yapilmaktadir. Dinamik
yiiklerinin hesaplanmast i¢in en bilinen yontemlerden bir
tanesi, LS-DYNA sonlu elemanlar kodu igerisinde bulunan
Arbitrary Lagrangian-Eulerian (ALE) yontemidir [12]. Bu
yontemde, enerji kaynagi ve hava Euler tipi elemanlarla

modellenirken, hedef yap1 Lagrange tipi elemanlarla
modellenir. Enerji kaynaginda agiga ¢ikan enerji, hava
icerisinde ilerleyerek [10,11] ilgili kontak algoritmalar [15]
yardimiyla hedef yapiya iletilir.

Z. S. Tabatabei [6] ve arkadaslar1 calismalarinda, test
sahasinda beton panellere gelen dinamik yiikiin etkilerini
incelerken enerji kaynaginin olusturdugu agik hava basincini
da oSlgerek analiz ¢aligmalar ile karsilagtirmiglardir. S. A.
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Kilic [5] ve arkadaslar1 ¢aligmalarinda, eleman ¢oziiniirliigi,
eleman topolojisi ve kati sivi etkilesim parametrelerini
incelemislerdir. Simiilasyon sonuglarint Conwep yontemi ile
kiyaslamislardir. Elde edilen sonuglara gore kiiresel
geometriye sahip hava hacmi ile ALE yontemini kullanarak
tam arag {izerinde dinamik  yikleme analizi
gerceklestirmiglerdir.  W. Xiao [7] ve arkadaslart
calismalarinda farkli konfigiirasyonlardaki beton duvarlarin
sok dalgasina karsi dayanimlarini, ALE metodu kullanarak
incelemislerdir. Calismada duvar arkasinda kalan bolgedeki
basing degerlerini, LS-DYNA sonlu elemanlar kodu
kullanilarak gerceklestirilen dinamik analizler ile belirlemis
ve test sonuglari ile kiyaslamiglardir.

Bu caligmada bir enerji kaynagindan ortaya ¢ikan basing
dalgasinin ilerleyisi hem niimerik olarak hem de deneysel
olarak incelenmistir. Bu ¢alisma kapsaminda diger
calismalardan farkli olarak, hava hacmine ait geometrik
seklin kendi basina sok dalgasinin ilerleyisine ve siddetine
etkisi incelenmistir. Son olarak sonuclar test Ol¢limii ile
kiyaslanarak degerlendirme ve ¢ikarimlar yapilmustir.

2. MALZEME VE YONTEM
2.1. Deneysel Calisma

Deney caligmasi, dinamik etkileri dis etkilerden arindirmak
icin a¢ik havada ve agik arazide gergeklestirilmistir. Enerji
kaynagi Sekil 1’de gosterildigi gibi, yerden 1 m yiikseklikte
konumlandirilmigtir.  Basinglger  sensor  ise,  enerji
kaynagindan yatayda 5 m uzakliga konumlandirilmis olup,
yerden yiiksekligi, yer diizlemine ¢arparak olusacak yansima
basimncindan etkilenmemesi i¢in enerji kaynagindan daha
yiiksege konumlandirilmistir.

Agik hava
Basing sensori

Enerji

kaynas % / / |

Sm T

Sekil 1. Deney diizenegi sematik gosterimi
2.2. Arbitrary Lagrangian-Eulerian Coziim Metodu

LS-DYNA sonlu elemanlar kodu igerisindeki ALE metodu,
dinamik simiilasyon modellerinde siklikla kullanilan bir
metotdur [7,8]. Enerji kaynagi ve hava hacimleri, Euler tipi
iic boyutlu elemanlarla modellenir ve ortak diiglim noktalari
ile birbirlerine baglidirlar. Enerji kaynagi ve hava hacimleri,

Euler formiilasyonundan  dolay1  akigkan  ozellik
gostermektedir. ALE yonteminde akiskan-kati (FSI)
etkilegimleri gozlemlenebilmektedir [3,13]. Kati

komponentler Lagrange tipi elemanlarla modellenirler ve
akigkan hacimlerin icerisinde gdmiilii halde bulunmalarina
karsin herhangi bir ortak diigiim noktalar1 bulunmamaktadir.
Akiskanin yarattig1 etkiler kontak algoritmalar ile kati
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yaptya iletilir [14]. Lagrange ve Euler tipi yapilarin birbiriyle
olan karsilikla karsilikl1 etilesimleri
*ALE_MULTI_MATERIAL_GROUP kart1 ile
saglanmaktadir [8].

Yiiksek enerjili kaynagin olusturdugu basing dalgasi, enerji
kaynagimin malzeme modelinde tanimlanan hizda enerji
kaynagi hacminde ilerler. Basing enerji kaynagi-hava
sinirina ulastiginda ortak diigiim noktalar: vasitasi ile hava
hacmine aktarilir ve ilerleyisine hava hacminde devam eder.
Hedef yapi ile basing dalgasi etkilesimi LS-DYNA kodunda
bulunan *CONSTRAINED_LAGRANGE_IN_SOLID
fonksiyonu ile saglanmaktadir. Akiskan-kati etkilesimi
penalty formiilasyonu temeline dayanmaktadir [1].

2.3. Basing Dalgasi

Acik havada gergeklestirilen bir dinamik yiiklemede, bir
noktadaki basing degerinin zamana bagli olarak degisimi
incelendiginde, sok dalgasi sebebiyle ani ve dik bir artisin
ardindan  eksponansiyel egri  benzeri bir azalis
gostermektedir. Kisa bir siire atmosferik basing degerinin
altinda kaldiktan sonra (vakum etkisi), atmosferik basing
degerinde dengeye gelmektedir. Basing sok dalgasinin
basing-zaman profili Sekil 2’de gosterilmistir.

Olgiilen en yiiksek basing Pma ile atmosferik basing Pa
arasindaki fark, pozitif asir1 basing (overpressure) Po olarak
ifade edilmistir. Ampirik diizeltme faktoriiniin eklendigi,
zamana bagli basing degisimini ifade eden denklem (1)’de
verilmistir [2].

—a L
P(t)=Py (1-=)e () 1)
d
+ Basing

Pﬂi(f‘(
Positif Agirs
rerpressure)

Py

- ——

Zaman
Sekil 2. Basing sok dalgasmin basing-zaman profili

Burada a azalim parametresi, t zaman, P, t anindaki basing

degeri, Po maksimum asir1 basing, t; pozitif faz siiresi, e
dogal logaritma tabanidir. Kinney [2], azalim parametresini

farkli P%) ve é degerleri i¢in ¢aligmasinda sunmaktadir.

Basing impuls degeri ile azalim parametresi arasindaki
bagmt1 formiilii (2)’de verilmektedir.

I= [{*P()dt [i -2a- e‘“)] @)



H.HACIOSMANOGLU

2.4. Malzeme Bilgisi

Analiz ¢alismasinda, enerji kaynagi modellenirken
*MAT_HIGH_EXPLOSIVE_BURN malzeme kart1
kullanilmistir. Malzeme kartinin yaninda hal denklemi de
kullanmak gerekmektedir. LS-DYNA kodu igerisinde enerji
kaynagi malzemelerin madellenmesinde *EOS_JWL kart:
kullanilmaktadir [1]. Jones-Wilkins-Lee (JWL) durum
denklemi, enerji kaynagmin ateslenmesinden sonraki
safhada, enerji kaynaginin enerjisinin ortama aktarilmasi ve
sok dalgalarinin  hareketini agiklayan ampirik bir
denklemdir. Bu denkleme gore basing, bagil hacim ve birim
hacim bagina diisen enerjiye bagli olarak degismektedir

(3)[1.9].

— v |,-rv W | ,-rv 4 WEo
P—A[l—Rl—V]e ! +B[1—R2—V]e 2V 4 200 3)
Burada P basing, V bagil hacim, Eq 6zgiil i¢ enerjidir. Ry, Ry,
A, B malzeme degiskenleridir. Bagil hacim V = Ul olarak

0

ifade edilirken, vo tepkime Oncesi enerji kaynagmin ilk
hacmidir. Enerji kaynagimin malzeme bilgileri, Dobratz ve
Crawford [4] tarafindan g¢aligmalarinda sunulmustur. Bu
degerler Tablo 1°de paylasilmistir. Inflak hizi D, Pc;
Chapman-Jouguet enerji kaynagi basinci, po ilk yogunluk
olarak verilmistir. Inflak siireci, LS-DYNA kodu igerisinde
bulunan programlanmis atesleme yaklagimi ile baslatilir.
Inflak, programda uygulayici tarafindan belirtilen noktada
baglayarak, yiiksek enerji kaynagi malzeme igerisinde sabit
D hiz1 ile ilerler. inflak tiim enerji kaynagi hacminde
tamamlandiktan sonra hava hacmi ile etkilesim baglar ve
olusan basing hava hacmine aktarilir.

Hava malzemesi *MAT _NULL malzeme kart1 ile
tamimlanmistir. Hava malzeme modeli i¢in gerekli olan
durum denklemi lineer polinomal hal denklemidir ve (4)
numarali formiil ile verilmistir [3].

P =Cy+ Cipt + Cop® + Cap® + (C4 + Cspp + Ceu*)E - (4)

Burada P basing, index numarasi 0-6 arasinda degisen C
degerleri malzeme katsayilaridir. 4 degiskeni, (5) numarali
denklemde verildigi sekli ile hacimsel orani, E ise birim
hacimdeki enerji degerini ifade etmektedir.

p==2-1 ®)

Po

Gazlar i¢in ideal gaz denklemine gére C0=C1 =C2 =C3 =
C6 =0,C4 =C5=qg—1 “dir. y 6zgil 1s1 oranim ifade
etmektedir ve hava i¢in 1.4 degerini almaktadir. Bu degerlere
gore (4) numarali denklem, agagidaki (6) numarali denkleme
doniismektedir.

P=(-1, ©)

2.5. Bdoliintiiniin Geometrik Sekilleri
Calismada 3 farkli geometrik sekil ile analizler yapilmustir.
Kiibik, silindirik ve kiiresel olarak se¢ilen bu geometrilere ait

detaylar, Sekil 3’de paylagilmistir.

Enerji kaynagi tim modellerde, deney ¢alismasinda oldugu
gibi silindirik sekilde modellenmistir, kiitlesi ve boyutlari
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sabit tutulmustur. Karsilagtirmalarin  yapilacagi  ve
sonuglarin incelenecegi geometriler hava hacmine aittir.
Tablo 1. Malzeme parametreleri
[mm, kg, ms]
*MAT_NULL
Ro Pc
1.23E-9 0.0
*EOS_LINEAR_POLINOMIAL
Hava Co C1 C2 | Cs Cs Cs | Ce
0.0 0.0 0.0 | 0.0 04 |04]00
Eo
2.58E-4
*MAT_HIGH_EXPLOSIVE_BURN
Rho D Pcs
Enerji | 1.63E-6 | 6930.0 | 21.0
Kaynagi *EOS_JWL
A B R1 R2 | Omeg | Eo | Vo
371.213 | 3231 [415|095| 03 |7.0]|1.0
/\ Kubik

. S}

Enerji kaynag:

kﬂml kaynagl T
A A

Sekil 3. Kiibik, silindirik ve kiiresel geometriler sematik
gosterimleri

Kuresel

Tiim geometrilerde hava ve enerji kaynagina ait euler
hacimler, 8 diiglim noktal1 altiyiizlii (hexahedral)
elemanlarla modellenmistir. Merkez konumda bulunan
enerji kaynagi her zaman silindirik sekilde oldugundan;
kiibik ve kiiresel hava hacmi geometrisi elde edebilmek igin
enerji kaynagindan hava hacmine gegislerde, eleman dizilis
dogrultularinda diizenlemeler yapilmistir. Silindirik hava
hacmi geometrisi elde etmek icin eleman dizilis
dogrultularinda herhangi bir degisiklik yapilmasma gerek
duyulmamustir. Her bir geometriye ait ag yapisi, Sekil 4’de
paylastlmistir.
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Sekil 4. (a) kiibik, (b) silindirik ve (c) kiiresel ag yapilar1 ¢eyrek model gosterimleri

Geometriler iki eksende simetrik oldugundan ¢oziimlerde
simetri kosulu uygulanarak ¢eyrek modeller kullanilmustir.
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Hesaplamali  akigkanlar mekanigi esitlikleri, Euler
hacimlerde genellikle yiiksek eleman ¢oziiniirligiine
gereksinim duymaktadir. Bunun anlami, eleman boyutunun
kiigiilmesi ile birlikte, analiz modelindeki eleman sayisinin
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artmasidir. Dolayisiyla, yiiksek hassasiyete sahip analiz
coziimleri i¢in gerekli olan depolama alanlari ve analiz
hesaplama siireleri dramatik olarak artmaktadir. Bu ylizden
analiz modeli olusturulurken, ag yapisi i¢cin optimum eleman
boyutu belirlemek gerekmektedir. Bunu “béliintii hassasiyet
analizi” olarak isimlendirmek miimkiindiir. Bu c¢alismada
boliintii hassasiyet analizi yapilmamis olup, bu konuda
literatiirden ¢alismalar incelenerek uygun eleman boyutu
belirlenmistir [5].

Enerji kaynagi hacminde eleman kenar uzunluklari, birbirine
esit sayilabilecek uzunluklarda modellenebilirken, silindirik

Academic Platform Journal of Engineering and Science 8-3, 555-564, 2020

ve kiiresel hava hacimlerinde elemanlar radyal yonlerde
biiylimektedir. Kiibik hava hacminde ise elemanlar, kenar
uzunluk oram1  1’e ¢ok yakin olacak sekilde
modellenebilmektedir.

Sonuglara etkilerini goérmek amaciyla, secilen eleman
boyutunu 4 kat biiyiiterek olusturulan modellerle de analizler
yapilmigtir. Sonraki béliimlerde, secilen eleman boyutu d, 4
kat biiyiitiilen eleman boyutu 4d olarak isimlendirilecektir.

Modellere ait eleman sayilar1 Tablo 2’de verilmistir.

Tablo 2. Analiz modellerine ait eleman ve diigiim noktasi sayilari

ENERJI KAYNAGI HAVA
Model Eleman Sayisi Diigiim Nok. Sayis1 Eleman Sayisi Diigiim Nok. Sayisi
d mm Merkez Kiibik 4896 5810 35974656 36320317
Elemanlar Silindirik 4896 5810 1910592 2081840
Kiiresel 4896 5810 1208292 1317924
4d mm Merkez Kiibik 168 270 3907974 4010109
Elemanlar Silindirik 168 270 59934 71559
Kiiresel 168 270 38157 45753
3. BULGULAR 6l¢limiine gore sapma ytizdeleri paylagilmistir.

3.1. Dinamik Yiikleme Analizi Sonuclar1 ve Deneysel
Calisma ile Kiyaslanmasi

Kiibik, silindirik ve kiiresel geometrilerin iki farkli eleman
boyutu ile hazirlanan  modelleri ile  analizler
gerceklestirilmistir. Oncelikle Sekil 5, Sekil 6 ve Sekil 7°de
bu geometrilere ait d mm elemanlarla hazirlanan ¢eyrek
modellerde, sok basmcinin zamana bagl ilerleyisi
goriilmektedir. Kiibik geometride, sok dalgasi ilerleyisi
sirasinda yatayda enerji kaynagi hizasinda daha hizli yol
aldig1, daha sonra ilerleyisin dengelendigi goriilmektedir.
Silindirik geometride, sok basinci formu daha yumusak
gecislere sahiptir. Kiiresel geometride ise, ag yapisinda
eleman dizilislerindeki dogrultu farkindan dolay1 sok basinci
formunun bozuldugu gbézlemlenmektedir.

Sekil 8, Sekil 9 ve Sekil 10’da 4d mm elemanlarla hazirlanan
ceyrek modellerde, sok basincinin zamana bagh ilerleyisi
goriilmektedir. Genel olarak tim 4d mm elemanlarla
hazirlanan geometriler d mm elemanlarla hazirlanan
geometrilerle  karsilastirlldiginda, ilerleyislerin  benzer
oldugu goriilmektedir. Ancak eleman yogunlugu yiiksek
olan d mm elemanlarla hazirlanmig geometrilerde, sok
basincinin  havadaki dagilim daha detayli olarak
goriilebilmektedir. Sekil 11°de, dinamik yiikleme testi
sirasinda 6lgiilen maksimum deger ile 6l¢iim alinan bu
noktanin analiz modelinde karsilik gelen konumundan alinan
basing-zaman egrileri, Tablo 3°de ise bu degerler ve test
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Egriler incelendiginde, basing sok dalgasinin dlglim
noktasina ulagma  siirelerinde  farkliliklarin ~ oldugu
gozlemlenmistir. Ayni eleman boyutuyla modellenen farkl
geometrilerde, kiibik geometriye sahip modelde basing sok
dalgasi en hizli sekilde 6l¢iim noktasina ulagirken, kiiresel
geometriye sahip modelde en ge¢ ulagmaktadir. Farkli
eleman boyutuyla hazirlanan ayn1 geometrideki modellere
bakildiginda ise, kiigiikk eleman boyutuyla hazirlanan
modellerde basing sok dalgasi 6l¢iim noktasina daha hizl
ulagmaktadir.

Maksimum basing degerleri incelendiginde d mm boyutlu
modellerin 4d eleman boyutlu modellere gore daha iyi
sonuglar verdigi goriilmektedir. Bu durumun nedeni,
boyutlarin kii¢iilmesi ile birlikte hesaplama noktasi sayisinin
artmast, dolayisiyla daha hassas hesaplama ile birlikte, analiz
sonuglarmin bir miktar degismesidir.

Geometrik yapilarin maksimum basing degerlerine etkisi
incelendiginde ise test degerine en yakin sonucu d boyutlu
da kiiresel geometri vermesine ragmen 4d boyutluda ise en
kotl sonucu vermistir. Bu hatanin kiiresel hava hacimlerinde
elemanlarin radyal yonlerde biiytimesi gosterilebilir. Kiibik
ve silindirik geometriler kiyaslandiginda ise ayni eleman
boyutunda silindirik geometri daha iyi sonu¢ vermistir. Hava
hacmi geometrisinin sonuglar1 etkilemesinin sebebi, hava
hacminin geometrik sekline gére eleman akisinin degisiyor
olusudur.
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Sekil 7. d mm eleman boyutuna sahip kiiresel geometri
modelinde sok basincinin ilerleyisi
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Sekil 8. 4d mm eleman boyutuna sahip kiibik geometri
modelinde sok basincinin ilerleyisi
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Sekil 10. 4d mm eleman boyutuna sahip kiiresel geometri
modelinde sok basincinin ilerleyisi

d mm Kibik
0.6 n d mm Silindirik
| n d mm Kuresel
e
05 ik = = = = 4d mm Kiibik
\
(] ‘\ = = == 4d mm Silindirik
0.4 i\t \
. ] 'l \ 4d mm Kdresel
© \ .
& 0.3 : [\ ‘\ Test - Olglilen Maks. Basing Degeri
F | A
» 0.2 I
@
(-]
0.1
0
0 1 2 8
-0.1
-0.2
Zaman (ms)
Sekil 11. Sok basincinin 6lgim noktasindaki zamana bagl degisimi - Test maksimum 6lgiim degeri
Tablo 3. Analizler ile hesaplanan egri maksimumlarinin test 6l¢iimiine karsilik sapma yiizdeleri
Maksimum Basing [kPa] % Sapma
d mm Kiibik 0.586 10.57
d mm Silindirik 0.503 -5.09
d mm Kiiresel 0.508 -4.15
4d mm Kubik 0.587 10.75
4d mm Silindirik 0.487 -8.11
4d mm Kiiresel 0.455 -14.15
Test 0.53 0.00
4. DEGERLENDIRME VE SONUC Hava hacmi geometrisinin sonuglari etkilemesinin sebebi,
hava hacminin geometrik sekline goére eleman akisinin
Bu c¢alismada LS-DYNA sonlu elemanlar kodu ile degisiyor olusudur. Sonlu eleman boyutunun sonuglari

gergeklestirilen analizler ile kiibik, silindirik ve kiiresel
geometriye sahip hava hacminin basing sok dalgasinin
ilerleyisine ve biiyiikligiine etkisi incelenmistir. Hedef
yapinin ve enerji kaynaginin yerden yiiksekliklerinin belirli
araliklarda oldugu durumlarda bu ¢alisma referans alinabilir.
Analiz sonuglar1 incelendiginde, geometrik degisimlerin ve
sonlu elemanlarn biiyiikliigliniin basing sok dalgasinin
ilerleme hizin1 ve biiyiikligiini etkiledigi belirlenmistir.
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etkilemesinin sebebi ise; boyutlarin kiictilmesi ile birlikte
hesaplama noktas1 sayisinin artmasi, dolayisiyla daha hassas
hesaplama ile birlikte, analiz sonuglarinin bir miktar
degismesidir. Yapilacak calismanin igerigine gore, dogru
sonuclar elde edebilmek icin hava hacminin geometrik
sekline, sonlu elemanlarin biiytikliigiine, elemanlarin dizilis
dogrultularina, eger 6nemli ise basing sok dalgasinin ulagma
zamanina bakilmasi gerektigi anlasilmigtir.
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Bu c¢aligmada, sayisal sonuglarin dogrulanmsi i¢in gerekli
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Kuyumcu atolyelerinde, miicevherat yapimu siiresince, ¢aligma ortaminda toz olarak biriken altininin geri doniisiimi
ramatgilar tarafindan saglanmaktadir. Altin geri dontstimiintin kral suyuyla (hidroklorik asit ve nitrik asit karigimi)
yapildig1 cila ramati metodunda olusan azot oksit(NO), hem ¢alisma ortaminda bulunmakta hem de atmosfere
salinmaktadir. Bu tesislerde olusan NO gazinin giderilmesi i¢in Kostikle yikama yapilmaktadir. NO gazinin suda
¢Oziiniirliigii ¢ok diisiik oldugu icin, alkali maddelerle yapilan sulu-yikamali filtreleme sistemi tek basina yeterli
olmamaktadir. Bu ¢alismada yapilan cila ramat1 prosesinde, kral suyuna eklenen kati siilfamik asit ile NO olusumu
azaltilarak, ortama ¢evre ve insan sagligi i¢in zararsiz olan nitr6z oksit gazi(N.O) verilmistir. Yapilan l¢iimlerde NO
parametresinin sifir oldugu ve ortamda proses boyunca hi¢ bulunmadigi gézlemlenmistir.
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Abstract

In jewelry workshops, during the production, the gold is accumulated as dust in the working environment. The recovery
of these golden micro particles is provided by gold recycle workers. Nitric oxide is formed in a method called
“polishing waste” which is the leaching process of gold within aqua regia (mixture of hydrochloric acid and nitric acid)
for gold recovery. Nitric oxide is not only found in the working environment but also released into the atmosphere. Wet
scrubbing with sodium hydroxide is used in order to eliminate NO gas, formed in the process. Since the water solubility
of NO gas is very low, the wet scrubbing filtration system made with alkali materials is not sufficient alone. In this
study, nitrous oxide gas (N2O), which is harmless to environment and human health, is given off to the atmosphere by
reducing NO formation with addition of solid sulfamic acid to aqua regia. It was observed that NO parameter was zero
and nitric oxide was not present at all during the process.
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H. OZET

1. GIRiS

flkgaglardan giiniimiize popiilerligini kaybetmeyen altina
olan talep, giin gegtikge artmaktadir. Turkiye altin rezervi
bakimindan Diinyada ilk siralarda yer almasa da,
miicevherat imalatinda, Italya'dan sonra hurda kullamimiyla
birlikte Avrupa'da ikinci, Cin, Hindistan ve italya'dan sonra
diinyada dordiincii sirada yer almaktadir. Tirkiye
Cumhuriyeti Ticaret Bakanlhigi, 2018 Miicevherat Sektor
Raporu’na gore yilda 250-300 ton altin islenmektedir.
Uretim sirasinda ciddi miktarlarda altm mikronize toz
halinde tezgahlarda, zeminde, kiyafetlerde, el yikama
suyunda birikmektedir. Atolyede belirli araliklarda toplanan
ve ramat adi verilen bu altin tozu, kirlerden arindirilarak
geri doniistimii yapilmak lizere ramatgilara
gonderilmektedir. Ramatgilar da c¢ogunlukla cila ramati
metoduyla kral suyuyla (hidroklorik asit ve nitrik asit
karisimi) isledikleri altin ramatini, islenebilir altin olarak
sektore geri kazandirmaktadirlar. 2006 yilina kadar
Eminénti Kapaligarsi’da ilkel yollarla ¢alisan ramatgilar,
belediyece alnan Kkararla Ikitelli Organize Sanayii’ ne
tasmmustir. Is sagligi ve giivenligi adina daha donanimli
olan bu tesisler Cevre ve Schircilik Bakanliginca kontrol
edilmekte ve akredite laboratuvarlar tarafindan diizenli gaz-
buhar emisyon dl¢iimleri yapilmaktadir.

Diinya Saglik Orgiitii'ne gore dis, hava Kalitesinin diisiik
olmasi sigara igmekle hemen hemen ayni saglik risklerini
olusturmaktadir. Diinya Saglik Orgiitii, 2019 yil icin saghk
acisindan en 6nemli 10 tehdit arasinda ilk siraya hava
kirliligiyle birlikte iklim degisikligi sonucu ortaya g¢ikan
saglik sorunlarimi yerlestirmistir [1]. Ayrica Tirkiye Toraks
Dernegi 2016 yilinda “Nefes Alamiyoruz” adh
sempozyumda, Tirkiye’de hava kirliligi nedeniyle her yil
32 bin kisinin 6ldiiginii ve {lkemizin 81 ilinin 80’inin
havasinin Diinya Saglik Orgiitii kriterlerine gore Kirli
oldugunu ve her yiiz bin 6limiin, 44’tiniin hava kirliligi
nedenli oldugunu, a¢iklamistir [2].

Ulkemizde, 2008 yilinda AB uyum siirecinde hazirlanan
hava kalitesi yonetimine iligkin usul ve esaslar, Hava
Kalitesi Degerlendirme ve Yonetimi  YOnetmeligi
(HKDYY) ile belirlenmisgtir. Ancak tilkemizde kabul edilen
ulusal sinir degerler, hem Avrupa Birligi simir degerlerine,
hem de Dinya Saghik Orgiiti (DSO) hava Kalitesi
rehberlerinde yer alan simir degerlere gore ¢ok yiiksektir.
Bu yonetmelikle iilkemizin 2019 yilma kadar kademeli
olarak hava kirleticilerinin parametrelerini azaltmasi ve en
gec 2024°de de Avrupa Birligi limit degerlerine tamamen
uyum saglanmasi hedeflenmistir.

TMMOB Cevre Miihendisleri Odas1 2018 Hava Kirliligi
Raporuna gore, endiistriyel tesislerin  yogun oldugu
Basaksehir ilgesinin yillik ortalama NOy(toplam NO ve
NO2) sinir degeri 30 pg/m3 olmasi gerekirken, 56 pg/m3
oldugu gortlmiistiir [3]. Bu bolgede yer alan Cevre Sanayii
Sitesi’nde tehlikeli kimyasallarla ¢alisan ramat tesisleri
birlikte bulunmaktadir. Asit yagmurlar1 ve solunum yolu
hastaliklar1 gibi zararl: etkilerden ¢ok daha fazlasina neden
olan azot oksit(NO) ve azot dioksit (NO)gazlarinin
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emisyon degerleri, bu sitede yer alan, pilot bir ramat tesisi
secilerek incelenmistir. Akredite laboratuvar tarafindan
yapilan 6l¢tim raporunda NOy parametresinin 23,8 pg/m3
oldugu ve Bakanlik tarafindan belirlenen simir degerin(30
ug/m®) agilmadign goriilmiistiir. Ancak 2024 yilina kadar
her yil kademeli olarak distiriilecek NOx  smir
degerlerinden dolay1 bu parametrelerle ilgili iyilestirmelere
ihtiyag duyulmaktadir. Ayrica, ramat tesislerinin aym
sanayii  sitesinde  yerlesik oldugu g6z  Oniinde
bulunduruldugunda, genel o6lgim sonucuna olan etkisi
azimsanamaz. s saghig ve giivenligi acisindan yapilan
degerlendirmelerle, segilen tesiste olusan NOy degerinin,
calisgma ortaminda ve atmosfere salimmun daha disiik
seviyeye indirilmesi amaciyla laboratuvar ortaminda
deneysel ¢alismalar yapilmistir. Bu caligmayla olusturulan
kapal1 sistem sayesinde g¢alisanlar, asit kabininden yayilan
NOyx gazlarina maruz kalmadiklar1 gibi, asit buharlarinm
solumamakta ve sigrayan asit kaynakli cilt tahrigsinden de
korunmaktadirlar.

2. AZOT OKSITLER
2.1. Azot Oksitlerin Ozellikleri

Azotun oksijenli bilesikleri, diazot oksit (N20), azot
monoksit(NO), azot dioksit (NO-), diazo trioksit (N20s),
diazot tetroksit (N2O4), diazot pentoksittir (N2Os). NOy ile
gosterilen, NO (azot monoksit) ve NO; (azot dioksit) hava
kirliligi bakimindan 6nemli olan azot oksitlerdir. 1770 de
Joseph Priestley tarafindan kesfedilen bu gazlardan NO,
keskin kokulu, renksiz, suda ¢oziiniirliigii ¢ok diistik, erime
noktast 163.6 °C ve kaynama noktas1 151.8 °C dir. NO
elektron yapisindan dolayr kolaylikla hava olan ortamda
oksijenle reaksiyona girerek NO> yi olugturur(Reaksiyon 1)

[4].

2NO(g) + O2(9) — 2NO2(9) (@)

2NO; + H0 — HNO3 + HNO; 2)

Azot dioksit ise kirmiziya yakin kahverengi renkli, keskin
kokulu ve zehirli bir gazdir. Su ile reaksiyona girerek nitrik
asit ve nitréz aside doniigiir (Reaksiyon 2). Koku alma alt
sinir degeri 0.5 ppm’dir.

2.2. Calisma Yerlerinde Azot Oksitler ve Etkileri

Azot oksitler endiistriyel tesislerde yogun bir sekilde
olusmaktadir. Ozellikle siilfiirik asit elde edilmesinde, nitrik
asit ve nitratlarin yapiminda, boya ve patlayici maddelerin
iretiminde, nitroselliloz  boya, yapay kumaslarin
formiilasyonunda, giibre ve siyanamid yapiminda
goriilmektedir. Ulkemizdeki ¢ogu endiistri kurulusunda
azot oksitler igin yeterli aritma sistemi mevcut degildir.
Yeni yonetmeliklerin getirdigi yaptirimlar sonucu, yeni
yapilan tesisler, limit degerlerinin altinda emisyon salinimi
saglayamayan tesisler, aritma/yikama tesisleri
kurmaktadirlar. Motorlu tagitlardan ¢ikan egzoz gazlariyla
da ¢evreye NOyx gazlari salinmaktadir. Egzoz gazlarinda
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azot monoksit (NO) miktar1, azot dioksite (NO2) gore daha
fazladir [5].

Isyeri havasinda NOz'nin esik smir degeri 5 ppm ’dir.
Normal temiz hava saatlik NO; esik simir degeri ise 0.25
ppm dir. Azot dioksit etkisini ¢ok cabuk gosteren bir
gazdir. 250-500 ppm NO;'e maruz kalan bir kimse koku ve
gorliniigiiniin farkina varmaksizin ¢ok kisa siire igerisinde
yasamini1 kaybedebilir. Daha disiik dozlari ise etki siiresine
gore olumciil olabilir. Kronik zehirlenmede bas agrisi,
halsizlik, kabizlik, agiz ve yutak mukozasinda iilserasyon
goriiliir. Caliganlarin igyerinde, 5 ppm NO: in 4 saatlik
maruziyeti sonucu, solunum siklig1 artarak tahribat etkisi
goriilmeye baglanir [5].

Azot gazlan (6zellikle azot monoksit),
methemoglobinemiye  (hemoglobinin icerigindeki ki
degerli demirin, g degerli ferri haline doniismesi ve
dokulara oksijen tasinamamasi durumu) neden olabilir. NO2
miktar1 yiiksek sehir havasimi soluyan c¢ocuklarda akut
bronsite ve yiksek methemoglobine rastlanmustir.
Methemoglobinemi kandaki toplam hemoglobinin, %210
unu gecmesi siyanozise (morarma), %30 unu ge¢cmesi
halsizlik, bulanti, akciger 6demine, %70 i ge¢mesi ise
oliimlii vakalara neden olmaktadir [5,6].

2.3. Azot Oksitlerin Ekosisteme Etkileri

Atmosfer biinyesinde %78 oraninda azot bulunmaktadir.
Azotun yanmasi sonucunda ortaya ¢ikan azot oksitler(NOy)
hava kirliligine yol agan Onemli emisyonlardir. Birgok
iilkede oldugu gibi tilkemizde de belirlenen y6netmelikle
bu kirleticilerin ol¢iilmesi, degerlendirilmesi ve 6nlemler
almmas1 zorunludur. Diinya Saghk Orgiitii rehberinde
yaymlanan ve Avrupa Birligi tilkelerince belirlenen NO;
standartlartyla, ulusal smir degerlerimiz  kiyaslandigi
durumda, parametrelerde farklilik gériilmektedir (Tablo 1).
Ancak, iilkemiz limit degerleri kademeli olarak her yil
diigtiriilerek en geg¢ 2024’e kadar AB ile uyumlu olacaktir

13].

Tablo 1: Ulkemizde 2018 yilinda uygulanan simir degerler
ile AB Ulkelerinde uygulanan ve Diinya Saghk Orgiitii
tarafindan belirlenen sinir degerler [3,7]

Olgiim Sinir Degerler(NO2)

Periyod Tirkiye’de AB Diinya

u Uygulanan Ulkelerinde  Saglhik
(2018) Uygulanan Orgiitii

Saatlik 260 ug/m® 200 pg/m® 200 pg/m®

Yilhik 44 pg/m® 40 pg/m® 40 pg/m?®

Atmosfere salinan NOy degerinin gogunlukla 6ncelikle azot
monoksit(NO) fazinda olmasi, endiistriyel tesislerin yogun
bulundugu sehirlerde gergeklesir [8]. Azot oksitler,
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atmosferin %75’inin toplandigi, yere temas eden en alt
troposfer katmaninda, hava Kalitesini ciddi oranda diistiren
fotokimyasal sis olusuma neden olmaktadirlar. Atmosferin
iist katmanlarinda dogal olarak bulunan 0zon(Os), giinesten
gelen mor oGtesi 1inlart azaltan 6nemli bir gazdir. Ancak,
troposfer katmaninda giines 1s51¢inda, NO2 nin fotoliziyle
zararli hava Kirleticisi olarak olusmaktadir. Fotokimyasal
dengeyle olusan ozonun, NO ile reaksiyonuyla tekrar NO-
olugmaktadir [9,10].

Bu reaksiyonlar sirasinda, ortamda bulunan hidrokarbon
(HC), ugucu organik bilesikler (VOC) ve radikaller (RO5)
ozonun tiikketimi tam ger¢eklesmeden, NO, olusumunu
saglarlar. Fotokimyasal dengenin bozulmasiyla 0zon
seviyesinde artis olur. Biriken fazla ozonun, hava
hareketleriyle dagilmasi sonucunda, fotokimyasal sis
olugsmaktadir. Bu olayla yeryiiziinde dolanan fazla ozon,
ekosisteme ciddi zarar vererek insan, hayvan ve bitki
saghigina, malzemenin giivenligine ve Omriine olumsuz
etkiler yapar. Giin 1s;1gimmda tam yanmayan hidrokarbonlar
ozon varhiginda, azot oksitlerle PAN (peroksiasetil nitrat)
olugsumunu saglayarak, fotokimyasal siste yer alir [9].

NO. havada bulunan nem ve su buhariyla birleserek, bir
dizi reaksiyon sonucu nitrik asit(HNOs) olusumunu saglar.
Bu asidik yapi1 ¢ig, sis, kar ve yagmurun ph seviyesini
diistirerek asidifikasyonuna neden olur. Yeryiiziine inen bu
hidrometeor asit yagislari, tarim alanlarini, ormanlari, suda
yasayan canlilari, kisaca tiim ¢evreyi ve canlilar1 olumsuz
etkilemektedirler [11]. Troposferde gergeklesen bu
fotokimyasal sis olayina Sekil 1’ de yer verilmistir.

Azot(N2)
/ Oksijen(02)

Azot monoksit(NO)

/ Oksien)

1. Azot dioksit(NOz)

UV Radyasyon
Su Buhan(H:0) Hidrokarbeular

(Peroksiasetil nitrat)
PAN

<

‘ Azot monoksit(NOQ) Azot monoksii(.\‘O)‘

ve ve
Oksijen atomu(0) Nitrik Asit(HNO:)
Uguen Organik Karbonlar(VOC)

"4
Cesitli Kirleticiler

Sekil 1: Fotokimyasal sisin olusumu [11]
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3. CiLA RAMATI PROSESI

Kuyumcu atolyelerinde, miicevherat iiretimi sirasinda
yapilan kesme, sekillendirme, egeleme, cilalama gibi
islemlerde kopan mikronize altin pargaciklar1 tezgahlar, is
elbiseleri, duvarlar, yerdeki izgara aralari, havalandirma
filtresi gibi yerlerde birikirler. Diizenli araliklarla toplanip
vakumlu torbalara koyulan, bu altin igerikli tozlara altin
ramatt denilmektedir. Bu tozlardan altin geri kazanimini
ramatgilar saglarlar. Ramatgilik sektoriinde farkli yontemler
kullamlsa da c¢ogunlukla, kral suyunun kullanildig1 cila
ramati metodu uygulanmaktadir. Cila ramatinin genel
isleyisi Sekil 2’de belirtilmistir.

Atolyelerde biriktirilen altin  icerikli toz ramatlar,
ramatcilara torbalarla gonderilir. Oncelikle sanayii tipi
firnlarda yakilarak organik Kirlerden arindirilan altin
ramati, asit kabininde diizenli karistrma ve 1sitma
saglanarak, kral suyuyla li¢ edilir.

Kral suyunda hurdanin ¢éziimlendirilmesi sonucunda altin,
platin, paladyum, bakir, kursun ve kalay gibi metaller
¢oziinerek sivi faza geger. Giimiig, kloriir, rutenyum,
iridyum, rodyum ve osmiyum ise ¢oker. Saf altimin kral
suyunda ¢6ziinmesi sonucu olusan ¢ozeltinin rengi saridir,
yapidaki bakir miktarina bagh olarak ise sarimsi yesile
donebilir.

¥
KRAL SUYU I

4

COZELTIS

A
Au KOMPLEKS
i
A

4

Au COKTURME | €<—— NaHSO; l

[:\TIK COZELTI

I Au TELVESI ’

Sekil 2: Cila ramati igleyisi akim semasi [12]

Kral suyu olusumu ve altin ramatiyla gergeklesen reaksiyon
(Reaksiyon 3,4) asagida belirtilmistir [12].

HNO3+3HCI — 2H,0+Cl, +NOCI (3)
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Au+4HCI+HNO3; — HAUCI4+NOy+2 H,0 4)

Kral suyunun olusumu reaksiyonunda(Reaksiyon 3) nitrozil
kloriir ve kloriir gazi olusmustur. Nitrozil kloriirde kendi
iginde [13];
2NOCl—2NO(+Clz) ®)
2NO(+02 (2)—2NOz() (6)

azot monoksit ve kloriire doniismektedir. Azot monoksit ise
atmosferdeki oksijenle reaksiyona girerek azot dioksit
gazina donismektedir (Reaksiyon 6). Olusan ¢evre ve insan
saglig i¢in zararli olan azot oksit (NO) ve azot dioksit
(NO2) gazlari, kostik(NaOH) igerikli  sulu-filtreme
sistemiyle azaltildiktan sonra atmosfere salinmaktadir.
Altin ramatinin kral suyuyla reaksiyonu sonucu, sivi fazda
bulunan altin ve diger degerli metaller ile ¢camur halde
¢okenlerin tamamen ayristirilmasi i¢in santrifiij makinesi
kullanilmaktadir. Kiikiirt dioksit (SOz), sodyum bisiilfit
(NaHSO,), demir (1) siilfat (FeSO4) gibi kimyasallarla kral
suyunda bulunan altin ¢oktiiriiliir. Rediiksiyon i¢in en
yaygm kullanilan sodyum bisiilfittir (Reaksiyon 7). Cila
ramat1 prosesi sonunda %97- %99 oraminda altin geri
kazanimi saglanir [13].

3NaHSO; + 2HAUCIs + 3H20 — 3NaHSO, +8HCI+2Au
@

4. MATARYEL VE METOT

Istanbul’un Basaksehir ilgesinde, ikitelli Organize Cevre
Sanayii’'nde yer alan pilot bir ramat tesisi secilerek, kral
suyu metodunun is saghigi ve givenligi agisindan
degerlendirmeleri yapilmistir. Bu ¢alisma sonucunda
yapilan islemlerin optimizasyonu saglanmstir. Pilot tesis
cila ramati akim semasinda yer alan basamaklara gore
isleyis gostermektedir.

2.basamakta yer alan kral suyuyla altin ramatinin
reaksiyonun gerceklestigi islemde, asit kabininde bulunan
kazanda karistirma, el ile aralikli olarak yaklagik 1.5 saat
boyunca yapilirken, ¢alisanlar tehlikeli asit buharlarini,
proses gazlarnmi(NO ve NO;) solumakta ve sigrayan
kuvvetli asitlere maruz kalmaktadirlar (Sekil 3).

Sekil 3: Kral suyuyla altin ramati reaksiyoun
kazan
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Pilot ramat tesisinde gaz yikama filtreme sistemi
bulunmaktadir. Proses sonucu ¢ikan gazlar, filtreleme
sisteminde bulunan sodyum hidroksitle (NaOH) yikanarak
NOx emisyon parametresi diistirilmektedir. Emisyon
degerleri akredite laboratuvar tarafindan diizenli dlgiimler
saglanarak, raporlanmaktadir. Bu raporlara gore, NOy
emisyon degerleri 23.8 pg/m® oldugu ve bakanlik
tarafindan belirtilen sinir degerin (30 pg/m®) altinda oldugu
gorilmiistiir.

Cila ramatt metodunda kullanilan kral suyu prosesini, is
saghgt ve giivenligi bakimindan iyilestirmeler yapmak ve
cevreye salinan NOy degerini daha da disiirmek igin
laboratuvar ortaminda deneysel ¢alismalar yapilmigtir.

Bu c¢alismada kullanilan ekipmanlar;
e Manyetik karistiricili balon 1sitici,
e 1000 ml. cam reaksiyon balonu ve 4 boyunlu cam
kapagi,

e  Kurutma borusu,
o Kapiler, civali termometre ve adaptorii,
o (Gaz yikama sisesi,
e Penta NO 6l¢lim cihazi
e Laboratuvar tipi vakum pompasi,
e Baglantilar i¢in silikon hortumlar
Deneysel calismalarda da kral suyu hazirlamak igin

hidroklorik asit (%35) ve nitrik asit (%55), kral suyunda
¢Ozmek igin 2 gr altin (24 ayar), reaksiyon sonu g¢ikan azot
oksit gazinin eliminasyonu igin siilfamik asit (HsNSOs),
filtreleme i¢in sodyum hidroksit(NaOH), ¢6ziinen altimin
geri kazanim i¢in sodyum meta bisiilfit ve altin testi igin
kalay kloriir (SnCly) ve Indiiktif eslesmis plazma-kiitle
spektrometresi (ICP-MS) kullanilmugtr.

Oncelikle ortamda olusabilecek maksimum NOy degerinin
Olgiimii  ve  azot monoksit gaz-Olger  cihazin
degerlendirilmesi i¢in kontrol deneyi gergeklestirilmistir.
90 °C sicaklikta, 1:3.5 oraminda HNO3z; ve HCI cam
reaktorde karigtirtlmasiyla olusan kral suyunda, gaz diizenli
olarak izlendiginde, deger siirekli artarak 250ppm’e kadar
yiikselmistir.

Kontrol deneylerinden sonra, Sekil 4’ de gosterilen
deneysel diizenek kapali ¢eker ocak igerisinde
hazirlanmistir. Gaz yikama sisesine, filtreleme i¢in Imolar
NaOH ¢ozeltisi hazirlanarak konulmustur. Azot oksitlerin
azaltilmast i¢in kullanilan alkali ¢ozeltileri etkenliklerine
gore asagida belirtilmistir [14]. Ramat tesislerinde sodyum
hidroksit kullanildigi i¢in (daha ekonomik olmasindan
dolay1), bu ¢aligmada da sodyum hidroksit ¢ozeltisi tercih
edilmistir.

KOH > NaOH > NH4OH > Na,CO3 > K,CO3 > (NH4)2CO3

Cam reaksiyon balona 6ncelikle 11M HCI asit ¢ozeltisi ile
2 gram altin (24K) koyulup, manyetik karistiric1 ve 1sitict
(90 °C) acik hale getirilerek reaksiyonun hizlanmasi
saglanmigtir. 11M HNOs asit ¢ozeltisi yavasga eklenerek
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kral suyu olusumu baslatilmistir. Kisa siire sonra altin, kral
suyu igerisinde ¢oziinmiis ve kirmizi-kahverengi renkli NO
ve NO; gaz olusumu bagladiginda, siilfamik asit(HsNSOs3)
kati olarak eklenmistir (Reaksiyon 9). Siilfamik asit
eklenmesiyle kral suyunun olusumunda ortaya ¢ikan
nitrozil kloriir miktari(Reaksiyon 3) azaltilmistir. Buna
bagli olarak olusacak NO miktar1 da disiirilmiistir
(Reaksiyon 8). Ayrica, bu reaksiyonda olusan siilfiirik asit
(H2SO04) ramatta kursun bulunmasi durumunda, kursunu
cokerterek altindan ayristirmaktadir (Reaksiyon 9). Bu
adimda, eklenecek stilfamik asit miktarini belirlemek ¢ok
onemlidir. Fazla eklendiginde altinin bir kismi ¢dkeltiye
gecerken, az ceklenmesi NOx miktarinin  yeterince
azalmamasina neden olmaktadir. Silfamik asit, cam
balondaki kral suyuna degisiklik gozlemlenmeyene kadar
azar azar ilave edilmistir.

HNO3 + HiNSO3 — HpS04 + N;O + H,0  (8)

Pb(NO3); + H2SO4 — PbSO4| + 2HNO3 9)

Tablo 2’de NOy i¢in indirgeyici maddeler, yukaridan
asagiya pahalilik ve etkenlik agisindan siralanmustir [15].
Hidrazin en etken maddeyken en pahali kimyasaldir.
Ramatcilik sektorii finansal agidan dar gelirli grubuna
girdiginden ve siilfamik asidin kolay bulunabilirliginden
dolayi siilfamik asit, indirgen madde olarak seg¢ilmistir.

Tablo 2: NOy eliminasyonu saglayan yaygin amin gruplari
(-NHZ) [15]

N H
2 2

Hidrazin

Hidroksil amin HONH2

Hidroksil amin Siilfat (HONHZ)Z- sto4

Stlfamik Asit H3sNSO3

Ure H N-CO_-NH
2 2 2

Gaz ¢ikist bitinceye yani reaksiyon tamamlanincaya kadar
azot oksit dlger cihaz aktif halde tutulmus ve izlenmistir.

Reaksiyon cam balonunda olusan sarimsi1 ¢ozelti
soguduktan sonra, kral suyunda ¢oziinmeyen maddelerden
filtre kagidiyla ayrigtirilmustir. Igerisinde altin bulunan sari
¢ozeltideki altim ¢okertmek i¢in, hazirlanan sodyum
metabisiilfit ¢ozeltisi altin ¢ozeltisine eklenmigtir. Tam
¢Okeltinin olusmasindan sonra, SnCl; ile ¢ozeltide altin
varligt  On-kontrolii  yapilmistir.  Yapilan ¢aligmada,
¢ozeltideki altinin tamaminin ¢6ktigii belirlenmistir. Daha
sonra ileri analiz yapilarak ¢6zeltideki olas1 altin varhgi
tespit edilmistir. BOREN Ar-Ge Merkezi Laboratuvarinda,
Indiiktif eslesmis plazma-kiitle spektrometresi (ICP-MS) ile
yapilan analiz sonucunda ¢ozeltide kalan altin miktarinin
0.031ppm oldugu ve altinin tamaminin  ¢Otigl
belirlenmistir (Tablo 3).
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Tablo 3: ICP-MS Analizi sonucu: Cozeltideki altin miktar

AnalizTest Kodu: KA-02

Numune Kayit
Mo

20-H-00067

Ay
ppb
Numona 1 (Au) | 0031

Numune |gares |

Daha sonra ¢okelti siiziiliip, tamamiyla kuruduktan sonra
tartilarak yiizde verimlilik hesaplanmustir.

—

5 9
¥

Sekil 4: Cila ramatinin laboratuvar ortaminda dizayni
5. BULGULAR

Deneysel c¢alismanin, kral suyuyla altin ¢oéziinmesi
adiminda, azot oksit 6l¢me cihaziyla diizenli olarak yapilan
olgtim, sifir parametresini deney sonuna kadar, degisim
olmadan gostermistir. Proses ortamda azot oksit gazi
olusumu olmadan tamamlanmustir.

Deney sonunda 1.983 gram saf altin elde edilmistir.

Proses verimi;

2 gram 24 k altin Kitlesinin igerisinde 1.99 gr saf altin
bulundugundan

1.983/1.99x100 = % 99.6 olarak hesaplanmustir.

1.99 gram saf altin1 ¢oziindiirmek igin, 1.95 ml HNOs, 7 mi
HCI, 3 gram kati siilfamik asit ve rediiksiyon i¢in 2 gram
sodyum bisiilfit (NaHSO,) yeterli olmustur.

Kral suyuna eklenen kati siilfamik asit, olusan NOjy
miktarmi  diistirmektedir. Reaksiyon sonucunda ortaya
cikan diazot oksit (N2O) ise ¢evre ve insan saghg igin
zararsizdir. Ortamda c¢alisir halde bulunan NO dlgerle
yapilan takipte, solunan havada azot oksitin hi¢ olusmadigi
tespit edilmistir.

2 gram saf altin ile yapilan bu ¢alismadan sonra altin mikta-
11 azaltilarak deneyler tekrarlanmistir. 1.5g ve 1g saf altimin
¢oziinmesi i¢in kullanilan HCl ve HNO3 oranlar1 benzerlik
gostermigtir (Tablo 4).

Tablo 4: Saf altinin ¢6ziinmesi igin gerekli kral suyu
miktari

Saf altin (24K) | HCI(ml) | HNO3 (ml)
1 35 0.95
15 5.2 1.40
2 7.0 1.90
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Daha sonra, altimin ¢6ziinmesinde sicakligin  etkisi
arastirilmig ve 1.5 g saf altina 3 farkli sicaklikta (30°C -
60°C - 90°C) kral suyu uygulanmistir. Yapilan ¢aligmada,
alinin 90 °C de 1.5 saatte (90dk) tamamen ¢oziindiigi
tespit edilmistir. Bu ¢6ziinme siiresi 60°C de 105, 30°C de
ise 130 dakikaya ¢ikmustir. Deney sicakliginin yiikseltilme-
siyle altinin ¢6ziinme hizinin arttigi, gaz cikiginin da
hizlandig1 tespit edilmistir.

6. SONUC

Cila ramati1 prosesinde, kullanilan kral suyundan dolay:
¢alisma ortaminda olusan ve atmosfere salinan NOy gazlari
insan saghgim ve g¢evreyi tehdit etmektedir. Ramat
evlerinde filtrasyon igin kullanilan sodyum hidroksit
igerikli sulu yikama filtre sistemi azot oksit emisyonunu
disiirmek igin yeterli olamamaktadir. Bunun nedeni azot
oksidin (NO) suda ¢oziiniirliigiiniin ¢ok diisiik olmasidir.
Ayrica galiganlar, proses boyunca kuvvetli asidik yapili kral
suyunu el ile karnigtirmakta ve ciddi tehlikelerle
karsilagmaktadirlar. Is saghgn ve giivenligi adina yapilan
optimizasyon galismalar1 sonucunda;

e Fazla kullanilan kimyasallar ¢evre ve insan sagligini
olumsuz etkilediginden, HNO;3; kullanimin asgari
seviyede tutulmasi gerekmektedir. Ramat tesisinde 1
gram altini (24K) ¢6ziindiirmek i¢in ortalama 2 ml nitrik
asit kullanilirken, bu g¢alismada uygulanan proses igin
0.95 ml HNO; yeterli olmustur.

e Deney sicakliginin yiikseltilmesiyle altinin ¢6ziinme
hizinin  arttigi, gaz c¢ikiginin da  hizlandigr  tespit
edilmistir.

e Cila ramatinin kral suyuyla li¢ adimu siirecince, yapilan
azot oksit Sl¢iimiiniin sifir “0” degerini gostermesi,
siillfamik asit ile azot oksit indirgeme isleminin
basarili oldugunu kanitlamaktadir.

e Proses sonunda %99’un iizerinde altinin geri donisiimi
saglanmustir. Bu sonug, altin geri kazaniminda siilfamik
asit  kullanmmimin  olumlu  bir etkisi oldugunu
gostermektedir.

e (Calisanlarin saghgm biiyiik 6l¢iide tehdit eden “cila
ramati prosesinin optimizasyonu is saglig: ve giivenligi
acgisindan biiyiik 6nem arz etmektedir. Altmin kral
suyuyla ¢oziinmesi isleminin kapali sistemde, otomatik
karistiriciyla  yapilmast  sonucunda, ¢alisanlar  asit
kazanindan sigrayan asitlere maruz kalmayacak,
ortamdaki tehlikeli asit buharlar1 ve gazlarim da
solumayacaklardir.
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Oz

Bu calismada AISI 316 paslanmaz geliginin yiizey O6zelliklerinin atmosferik plazma sprey kaplama yontemi kullanilarak
iyilestirilmesi amaglanmstir. Yiizey 6zelliklerini gelisimini ve degisimini inceleyebilmek ig¢in iki farkli kimyasal igerige sahip
toz kullanilmustir. Birincil toz karisim %100 woka (Ni 78-82% Cr 18-22) 7202 tozu ve ikinci olarak %50 woka 7202 (Ni 78-
82% Cr 18-22) -%50 diamalloy 2002(Ni 66%-Cr 18%) toz karigimi hazirlanarak kaplama yapilmigtir. Kaplama numunelerine
mikroyap1 incelemesi yapilip ve sonrasinda optik goriintiileri alinmistir. Kaplanmig numunelerin yiizeyinden igeriye dogru
sertlik 6l¢timleri, XRD analizi, SEM analizi, EDS analizi yapilmis, 2D ve 3D yiizey piiriizliliigi goriintiileri alinmistir. Asinma
deneyi aliimina bilya kullanilarak farkli hiz ve yiik parametrelerinde gergeklestirilmistir. Asinma deneyi sonucunda EDS ve SEM
analizleri ile asinma yiizeyleri detayl bir sekilde incelenmistir.

Anahtar Kelimeler: Termal sprey kaplama, asinma, 316 paslanmaz ¢eligi, sertlik, yiizey

Improvement of Surface Properties of Stainless Steels by Thermal Spray Process
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Abstract

In this study, the recovery of surface properties of AISI 316 stainless steel was aimed by atmospheric plasma spray coating
method. Two powder metal alloys with different chemical composition were used in order to investigate the change and
development of surface properties. First powder mixture is 100 % woka (Ni 78-82% Cr 18-22) 7202, and the second one is
composed of 50 % woka 7202 (Ni 78-82% Cr 18-22) and 50 % diamalloy 2002(Ni 66%-Cr 18%). The coated samples were
exposed to microstructure investigations, microhardness measurements from surface to center, XRD, SEM and EDS analyses
and the 2D and 3D surface roughness measurements were performed. In addition, all samples were exposed to wear test with
different load and velocities by using alumina ball. The worn surfaces were detected by EDS and SEM analyses at the end of
the wear test.

Keywords: Thermal spray coating, wear, 316 stainless steel, hardness, surface

1.GIRIS ozelliklerinin  iyilestirilmesi ve ortam kosullarindan

korunmasi maksadi ile gelistirilen uygulamalara kaplama
Malzemelerin ~ korozyon direnci, yiiksek  sicaklik, veya yiizey islem teknikleri denilmektedir [1,2]. Korozyona
oksidasyon, yorulma ve asmnma dayanimi gibi yiizey ugramis parcalarin tamiri, aginmis yiizeylerin iyilestirilmesi
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ve endiistriyel parcalarin korunmas: amaciyla kaplama
teknikleri endiistride yaygin kullanim alanlar1 bulmaktadir.
Atmosferik plazma sprey kaplama yontemi; malzemelerin
yiizey Ozelliklerinin iyilestirilmesinde kullanilan ekonomik
ve uygulama olarak ytiksek sicakliklara ¢ikilabilen bir yiizey
kaplama islemidir. Bu yontemle gergeklestirilen kaplama
ana malzemenin lstiin 6zellikleri korurken ayni zamanda
istenilen 6zellikleri de bir arada bulundurabilmektedir. Cok
ince kaplama kalinliklaryla istenilen ozelikler parcaya
eklenmis olur. Yiiksek basing uygulanarak argon, helyum,
azot, hidrojen gibi inert gazlar kullanilarak mekanik,
manyetik, elektrik, 1s1, 151n enerjisiyle plazma formuna
dontisiir. En ¢ok kullanilan ve kolay olan yontem ise gaz
kiitlesine elektrik vererek enerji olusturmaktir. Plazma ile
tiim malzemelerin kat1 formundan s1vi formuna doniistiirmek
miimkiindiir. Bu sistemde gaz kaynagi, kontrol iinitesi,
tabanca, nozul, toz besleme iinitesi, gii¢ kaynagi
bulunmaktadir.

Su L R Toz Besleme
Su Sodutucu

Sekil 1. Plazma sprey kaplama sistemi iinitesi

Yapilan kaplamada porozite miktarinin fazla olmasi, asinma
dayanim, sertlik ve mukavemet 6zelliklerini negatif yonde
etkilemekte fakat bazi durumlarda porozite yapida
istenmektedir. Termal izolasyon uygulamalarimin yapildigi
ucak ve uzay sanayisinde porozite 1s1 yalittimini sagladig
icin istenen bir Ozelliktir. Toz partikiil boyutunu biiyiik
secmek ve tabanca mesafesini uzun tutmak poroziteyi
arttirmaya sebep olacaktir. Kaplamalarda diger onemli faktor
ise mukavemettir mukavemet 6zelligi kaplama kalinlig1 gibi
bircok Ozellige baghdir. Kaplama kalinligi arttikca
mukavemet azalacaktir [3,4]. Gerilmenin artmasina bagl
olarak yapigma mukavemeti azalmaktadir. Elastisite modiili
arttiginda kaplamanin porozitesi artar, sertlik ve mukavemet
diiser. Plazma sprey kaplama tabakalari heterojendir ve
farkli kimyasal ve fiziksel 6zellik gosterirler [5].

Cok yiiksek ergime noktasina sahip tozlar bu yontemle
kaplama malzemesi olarak kullanimma olanak saglar.
Malzemenin oksitlenmesi kullanilan inert gazlar sayesinde
en aza indirilir.

Biiylik boyutlu, karmasik sekillerdeki ve farkli formlardaki
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pargalarin kaplamasina ve seri liretimine imkan tanir [5, 6].
Plazma sprey kaplama yontemi kolaylikla biitiin sistemlere
entegre edilebilir. Kaplamanin yapilacagi sistem cevreyle
izole oldugu i¢in cevre dostu bir yontemdir. Kararsiz karbiir
fazlarinin olusumuna neden oldugu igin karbiir esasl
malzemelerin mukavemet ozelliklerini olumsuz
etkilemektedir. Kullaniminda bir takim kisitlar olmasina
ragmen plazma sprey kaplama yontemi bircok malzemeye
uygulanabilir olusu, hizli ve ekonomik olmasi gibi
sebeplerden dolay1 endiistride ¢ok yaygin kullanim alani
bulmaktadir.

Zor ¢alisma sartlar1 altinda malzemelerin dmriiniin uzatmak
icin, boriir, nitriir, karbiir, intermetalik, oksit, esash
kaplamalar tercih edilir. Viicut implantlar1 i¢in veya zarara
ugramis parcalarin kullanimint saglamak i¢in bagvurulan
yontemlerdir. Endiistriyel olarak kullanim alanlart:
otomotiv, tip, kimya, hidrolik makineler, cam endiistrisi,
ucak ve uzay endiistrisi, niikleer teknoloji olarak belirtmemiz
miimkiindir.

AISI 316 paslanmaz geligi iyi sekil verilebilir, iyi kaynak
yapilabilir ve yiiksek korozyon direncine sahip bir
malzemedir. Paslanmaz ¢elikler yiiksek korozyon direnci ve
yiiksek mekanik ozelliklere sahip olmalar1 nedeniyle genis
kullanim alanina sahiptir. Yiiksek oranlarda Cr ve Ni yapida
korozyon direncini arttirmasina karsin malzemenin islene
bilirligini diisiirmekte fakat ilave edilen bazi elementler
sayesinde malzemenin korozyon direncinden herhangi bir
sey kaybetmeden islenebilirlik kabiliyeti arttirilmaktadir.
Kimya ve petrokimya endiistrisinde, gida tesislerinde, buhar
kazanlarinda, agindirict etkinin ¢ok fazla oldugu tanklarda ve
kazanlarda yaygin kullanima sahiptir. Bu ¢alismada iki farkl
toz ile termal sprey yontemi kullanarak kaplama yapilmis ve
akabinde yiizey Ozellikleri ve asmnma Ozellikleri
incelenmistir.

2. MALZEME VE YONTEM

Deneysel c¢aligmalarda; altlik olarak paslanmaz ¢elik
secilmigtir ve igerigi Tablo 1’de verilmektedir. Yapilan
deney caligmasinda kaplama tozu olarak 2 farkli bilesige
sahip toz karisimlari kullanilmistir.  Kullanilan  toz
karistminin kiitlece oranlart Tablo 2.’de verilmistir Toz 1;
%100 Woka 7202 ve Toz 2; %50 Woka 7202 ile %50
Diamalloy 2002 toz karisimi kullanilarak atmosferik plazma
sprey ile paslanmaz g¢elik yiizeylere kaplama islemi
yapilmistir. Kaplanan yiizeye XRD analizi yapilarak
meydana gelen fazlar incelenmistir. Kaplanan yiizey
ozelliklerinin detayli bir sekilde incelenmesi igin SEM
goriintiileri alimmistir.  Asmma testleri 2N ve 3N yiik ve
mesafe olarak 100m i¢in yapilmistir. Asinma Deneyleri
esnasinda hava sicaklig1 ortalama 25°C ve nem orani %30
civarindadir. Yiizey pirizliligliniin malzeme asinma
direncine etkisinin incelenmesi i¢in ylizey piiriizlilik
Olclimleri yapilmistir. Asinma deneyi ile numunelerin
strtiinme katsayilar1 ve asinma hacimleri hesaplanmustir.
Asinan ylizeylerden SEM ve EDS analizi yapilmustir.
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Tablo 1. AISI 316 Paslanmaz g¢eliginin kimyasal 6zellikleri
G Nn Si P S Cr Ni Mo | (u
0,039 | 18116 | 06704 | 00323 | 0,005 | 16,5397 | 102502 | 18677 | 0,9313

Tablo 2. Kullanilan tozlarin kiitlece oranlar:

Toz-1 Toz-2
%50 Woka 7202 Cr3C,-
%100 Woka 7202 CrsC,- 25NiCr
25NiCr %50 Diamalloy 2002
(WC12Co)

3. BULGULAR

Sekil 2 ve 3’ de Toz 1 ve Toz 2 kullanilarak termal spray
kaplama yapilan numunelerin kesit yapilarinin optik
mikroyapilart  verilmektedir. Optik goriintiilerden de
anlasilacagi lizere kaplama tabaka kalinliklar1 tozlarin igerik
durumuna gore degisiklik gostermektedir. %100 7202 Woka
tozu kullanilarak yapilan kaplama islemi kalinligi 200 um
iken, %50 7202 Woka ve %50 2002 Diamalloy tozu
kullanilarak yapilan kaplama islemi kalinligi 180 pum’dir.
Yer yer ergimeyen tozlardan dolay1 olusan poroziteler goze
carpmaktadir. Genel olarak homojen denilebilecek bir
kaplama tabakas1 goriilmektedir.

Sekil 2. %50 7202 Woka tozu -%50 Diamalloy tozu 200x
biiyiitmedeki optik goriintii

Sekil 3. %100 7202 Woka tozu 200x biiylitmedeki optik
gorlntiist
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%100 7202 Woka tozu ve %50 Woka tozu ile %50 2002
Diamalloy tozu kullamlarak uygulanan atmosferik plazma
sprey kapli AISI 306 paslanmaz ¢eliklerinin XRD analizleri
yapilmistir ~ (Sekil4-5).  Kaplama ile  numunelerin
yiizeylerinde toz iceriklerinde bulunan elementler ve oksit
yapilarina ait fazlar gézlemlenmistir. Bu fazlar sert fazlardir.
Bu fazlarin varligi mekanik 6zelliklerinin gelisimi agisindan
son derece 6nemlidir. Tungsten faz igeriklerin varlig yiizey
mekanik 6zelliklerinin gelisimine katki verecektir. Ozellikle
%50 7202-%50-2002 olarak karisim hazirlanmig toz
yapisindaki sert fazlar yogundur.
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Sekil 4. %50 7202 Woka tozu ve %50 2002 Diamalloy tozu
kullanilarak hazirlanan karisimin kaplama numunesine ait
XRD analiz sonuglari.
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Sekil 5. %100 7202 Woka tozu kullanilarak
hazirlanankaplama numunesine ait XRD analiz sonuglari.
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Kaplam iglemi ile olusan sert fazlar sebebiyle yiizeyde sertlik
degerlerinde artis goriilmiistiir. Altlik olarak segilen
paslanmaz c¢eligin sertligi 200 HV iken yapilan kaplama
islemi ile ylizeyde ki sertlik degerlerinde neredeyse 5 katlik
bir artis meydana gelmistir. %100-7202 woka tozunun
sertlik degerleri 1022 HV iken karisim tozunun 1200 HV dir.
Bu sertlik artig1 kaplam islemi ile meydan gelen sert faz
olusumlarina atfedilmektedir.

3.1 Asinma Testleri

Hiz, yiizey pirizliligli, malzeme sertligi, karsi ylizey
malzeme cinsi, olusan film tabakasi, ortam sartlari,
uygulanan yiikk gibi parametrelere bagli olarak stirtiinme
katsayis1  degisiklik gostermektedir. Uygulanan yiik
artmastyla siirtinme katsayist ve asinma oraninda artis
goriiliir. Yapi igerisinde olusan karbiir gibi sonradan olusan
fazlar da siirtiinme katsayisini etkilemektedir. [7, 8, 10].

0,6

0,5

Surtinme Katsayisi (L)
0,386

Asinma Hizi
e e
w =

o
o

0,154

0,1

2N

2N

2N 3N
Asinma Yiikii (N)

Sekil 6. 2N yiik altinda, 100m mesafede 0,1, 0.2 ve 0.3m/sn
hizda asinma sonucu numunelere ait siirtiinme katsayisi-yiik
grafigi.

3N 3N

Sekil 6°da farkli yiikler altinda, 100 metre mesafede 0,1 m/sn
0.2m/sn ve 0.3m/sn hizda asinma testlerinde siirtiinme
katsayilarinin yiik ve hiz ile iliskisi verilmistir. %100 7202
woka tozu kullanilarak yapilan kaplamadaki siirtiinme
katsayisinin  karigiminkine gore daha yiiksek oldugu
goriilmektedir. XRD analizlerinden de gorildiigii iizere
karisim tozu ile yapida daha fazla sert faz tespit edilmistir.
Yapidaki bu sert fazlar siirtiinme katsay1 degerlerinde pozitif
bir etki yaparak diislise neden olmugtur[9]. 2N yiik altinda en
yiiksek siirtiinme katsayis1 goriilmiistiir. 0.3 m/sn hiz ve 3N
yiik etkisi altinda goriilen siirtiinme katsayisinin diisiisiiniin
sebebi yiik artisiyla aginma {rilinleri numune yiizeyine
stvanmig ve siirtiinme katsayinin diislisiine neden olmustur.

Unal ve arkadaslar1 siirtiinme katsayisindaki azalmaya
yikiin artig géstermesini neden olarak gormiislerdir [12].
Kaplama tozlarinin igerisinde Cr, Mo, W gibi karbiir yapici
elementler bulunuyorsa krom karbiir, volfram karbiir gibi
¢okeltiler olusabilir ve bu durumda asinma direnci arttirir.
Yapida ki karbiir fazlar1 abrasif asinmaya direnci arttirmakta
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fakat sertlik ve aginma direnci arasinda dogrudan bir iligki
bulunmamaktadir [13].

Uygulanan hiz arttik¢a kaplama yiizeyinde meydana gelen iz
derinligi ve stirtinme katsayisi da artis gdstermistir. Bununla
birlikte aginma oranlarinda da benzer durum séz konusudur.

I;nma Hacmi (mm3/m)
2N 2N 2N 3N 3N

viik (N)

Sekil 7. %100 Woka 7202 tozu kullanilarak hazirlanan
numunelerde 100 metre mesafede 0,1 m/sn, 0,2m/sn ve 0,3
m/sn hizlarda 2N, ve 3N yiikler altinda asinma orani grafigi

035

0,3

0,25

Q,2

Asinma Hizi

0,15

0,0

[0

3N

Asinma orani (mm3/m)

1
2N 2N 2N 3N 3N 3N

Yiik (N)

Sekil 8. %50 Woka 7202 -%50 Diamalloy 2002 tozlart
kullanilarak hazirlanan numunelerde 100 metre mesafede 0,1
m/sn, 0,2m/sn ve 0,3 m/sn hizlarda 2N ve 3N yiik altinda
asinma grafigi.

Asinma Hizi

f=] f=) =]
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—_— o [ o ) wh
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Uygulanan yiik arttikca genel olarak aginma oraninda artis
goriilmiistiir. Aym sartlar altinda hizin artmasiyla aginma
orani benzer sekilde artis gdstermistir. Asinma oran1 %50
7202 woka tozu - %50 2002 diamalloy tozu kullanilarak
yapilan kaplamalarda daha diigiiktir. Karisim tozunun
icerisinde var olan poroziteler kaplamanin asinma
dayanimim arttirmigtir. % 100 -7202 tozu kullanildiginda
kaplama icerigindeki porozite miktar1 biraz daha diisiik
oldugu i¢in bu tozla yapilan kaplamanin aginma orani daha
yiiksektir (Sekil 8).
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Sekil 9°da %50 Diamalloy 2002 ve %50 Woka 7202 tozlari
kullanilarak 2N yiik altinda 0,3 m/sn hizla 200 metre
mesafede  kaplanan numunenin SEM  goriintiileri
gosterilmistir. Yiizeyde ki izlerden goriilecegi lizere plastik
deformasyon meydana gelmistir. Ince kilcal catlak
olusumlar1 gozlemlenmistir. Asinma {irtinleri ylizeyde
goriilmektedir. Kaplamada asinma hiz1 yiiksek olmasi
sebebiyle ayrilmalarda meydana gelmistir [14]. Hiz artist
yiizeyde deformasyonu hizlandirmustir.

d)
Sekil 9. %50 Diamalloy 2002 ve %50 Woka 7202 tozlar1
kullanilarak 2N yiik altinda 0,3 m/sn hizla 200 metre
mesafede agindirlam numunenin SEM goriintiileri.
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Sekil 10. %100 Woka 7202 tozu kullanilarak 2N yiik altinda
0,3 m/sn hizla 200 metre mesafede kaplanan numunenin
SEM goriintiileri  verilmistir. Yiizeyde abrazif asinma
olusumlari goriilmektedir [14].

Sekil 10. %100 Woka 7202 tozu kullanilarak 2N yiik altinda
0,3 m/sn hizla 200 metre mesafede kaplanan numunenin
SEM goriintiileri.
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Sekil 11’de 2N yiik altinda 0,1 m/sn hizla 100 metre
mesafede %50 Diamalloy 2002 ve %50 Woka 7202 tozlart
kullanilarak  hazirlanan kaplama numunesinin EDS
gorlintiisii gésterilmistir. Elementel analiz sonuglari Tablo
7’de verilmektedir. 1.bolgede cok yiiksek miktarda W
goriilmesine ragmen yiizeyden igerilere dogru gidildikce
azalma egilimi gostermistir. 1. bolgede agirlikca cok az
miktarda bulunan Ni elementi diger bolgelerde artis
gostermistir. Oksijen elementi analiz sonucunda agik
atmosferde yapildig: i¢in oksijenin var olmasi beklenen bir
sonugtur. Oksitlenme arttikga daha fazla aginma meydana
gelecektir.

Sekil 11. 2N yiik altinda 0,1 m/sn hizla 100 metre mesafede
%350 Diamalloy 2002 ve %50 Woka 7202 tozlar1 kullanilarak
hazirlanan kaplama numunesinin EDS goriintiisii.

Tablo 6. 2N yiik altinda 0,1 m/sn hizla 100 metre mesafede
%50 Diamalloy 2002 ve %50 Woka 7202 tozlar1 kullanilarak
hazirlanan kaplama numunesinin 1, 2, 3 ve 4 no’lu
noktalardan alinmig EDS analizleri.

No %C %0 %Al %Cr %Ni
1 | 0327 | 22926 | 0.395 | 64.385 11.966
2 | 2.860 | 8550 | 0.154 | 66.674 21.762
3 | 1512 | 21.848 | 0.178 | 61.400 15.063
4 | 0209 | 5890 | 0.060 | 75.591 18.251

Sekil 12. 2N yiik altinda 0,2 m/sn hizlal00 metre mesafede
%100 Woka 7202 tozlar1 kullanilarak hazirlanan kaplama
numunesinin EDS goriintiisii gdsterilmistir. Analiz sonucu
incelendiginde (Tablo.7) yapi igerisinde Al elementi azalma
egilimi gostermistir. Cr ve Ni elementleri agirlikca
kullanilan  tozun igerigine bagli olarak beklenilen
miktarlardadir. Ag¢ik atmosferde yapildigi icin yiizeyde
oksijen birikmesi beklenen bir sonugtur. Yap1 igerisinde var
olan WC asinmaya kars1 direnci arttirmaktadir. Asindirici
bilye olarak aliimina kullanilmistir bilyeden aginmaya maruz
kalip bilyeden ayrilan ve sistemden uzaklastirilamamis
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pargacigin malzeme yiizeyinde oldugu gozlenirken oksit
yapilarin varligi da belirlenmistir. Yiiksek miktarlardaki
oksitlenme daha fazla aginma kayb1 anlamina gelmektedir.

Sekil 12. 2N k altinda 0,2 m/sn hizla 100 metre mesafede
%100 Woka 7202 tozlar1 kullanilarak hazirlanan kaplama
numunesinin EDS goriintiisii

Tablo 7. 2N yiik altinda 0,2 m/sn hizla 100 metre mesafede
%100 Woka 7202 tozlar1 kullanilarak hazirlanan kaplama

No Oé’ %0 | %AI | %Cr | %Fe | %Co | %Ni | %W
L |19] 090023 186|040 5.26 272866
71/ 0 | 4|6 |5 |5 |8 |3t
, |48[229(042(520 (02100317519
69 13 | 1 | 60 | 8 | 1 |29 | 0
5 [09]307 155350 [0.83]0.86 | 224 | 7.47
55081 | 7 | 97| 1|0 |45
4 |25[460(03031.2]041]017 |59.1]126
59| 2 | 9 | 33| 7 |6 | 9| 3

numunesinin 1, 2, 3 ve 4 no’lu noktalardan alinmis EDS
analizleri.

Sekil 13’te %100 Woka tozu kullanilarak hazirlanan
numunenin aginma yiizeyinin kiigiik bir alanina ait 3 boyutlu
piiriizliilik goriintiisii verilmektedir. Yapilan test sonucunda
3D optik yiizey profilometresi kullanilarak aginma sonrast
ylizey yapist incelendiginde homojen bir dagilimin soz
konusu olmadigi goriilmiistiir. Uygulanan kaplama islemi
sonucu numune yiizeyinde 59,9 pm derinligine sahip olan
numunede yer yer yiizey derinlik farkliliklar1 mevcuttur.
Asmmanin kaplamada meydan getirdigi deformasyon iz
derinliklerinin farkliligina sebep olmustur. Kaplama iist
yiizeyinden alinan goriintillerde yiizey topografyasinda
farkliliklar goriilmektedir. Kirmizi renk en derin bdlgeyi
ifade etmektedir.
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Sekil 13. %100 Woka tozu kullanilarak hazirlanan

numunenin asinma sonrasi ylizeyden alinan 3 boyutlu
pliriizliliik gorintiisi.

4, DEGERLENDIRME VE SONUC

Yapilan bu deneysel ¢alismada, AISI 316 paslanmaz ¢elik
yiizeyleri atmosferik plazma teknigi ile farkli tozlar ve toz
karigimlart kullanilarak yiizey ozelliklerinin iyilestirilmesi
hedeflenmistir. {lk kaplama numunesi tozu olarak %100
7202 woka tozu, ikincisinde ise %50 7202 Woka ve %50
2002 Diamalloy toz karisimi kullanilmustir. Atmosferik
plazma sprey kaplama yontemi tercih edilmistir yapilan
deneysel caligmalar sonucunda;

1-Metalografik incelemeler sonucunda, tabaka kalinliginin
kullanilan toz igeriklerine bagli olarak degistigi tespit
edilmistir. Kaplama tabaka kalinliklar1 %100 7202 Woka
tozu kullanilarak yapilan kaplama isleminde 200 um iken,
%50 7202 Woka ve %50 2002 Diamalloy tozu kullanilarak

yapilan kaplama isleminde 180 um’dir.

2-Yiizeyde ergime ve birtakim bozulmalar gézlemlenmistir.
Ozellikle %100 7202 Woka tozu kullanilarak yapilan
kaplamlarda diger karigim toz tabakasina gore daha
poroziteli oldugu goriilmektedir. Yer yer ergime problemleri
olusmustur. Az oranda da olsa yer yer bu problem
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goriilmiigtir. Tamamen diiz ve homojen bir yiizey
olusmamasina neden olarak yiizeye piiskiirtiilen tozlarin
ergime noktalarinin  farkli olmasina baglayabiliriz.
Ergimelerde bazen cihaz kaynakli sikintilar
olugabilmektedir.

3-SEM analizleri neticesinde yapida gozenekli poroz
yapilarin mevcudiyeti s6z konusudur. Buna oksijenin neden
oldugu disiiniilmektedir. Yapilan kaplama islemi agik
atmosfer sartlar1 altinda uygulandigi i¢in EDS analizleri
sonucunda oksijen elementine rastlanilmasi beklenen bir
sonugtur. Poroz bir yap1 olagandir.

4-XRD analizleri sonucunda kaplama tabakasinda %50 7202
Woka tozu ve %50 2002 Diamalloy tozu kullanilarak
hazirlanan karisimin WC, W, Cr7Ni3, CO, Cr203, Cr7C3,
Cr bilesiklerinin olustugunu gostermistir. Olusan bu fazlarin
varligi  asinma dayanimini  ve sertlik  degerlerini
artirmaktadir. Ayrica numune pik siddetleri degerlerinde
degisiklige yol agmis oldugu goriilmiistiir. En yiiksek pike
sahip olan fazlar W ve CO’dir. %100 7202 Woka tozu
kullanilarak hazirlanan kaplama numunesinde olusan fazlar
ise Cry03, Cr;Cs, Cr,Cs, Cr’ dur. En yiiksek pike sahip olan
faz miktarca da yiiksek oranda bulunuyor demektir. Cr,C3
yapt igerisinde en fazla bulunan bilesiktir. Sertlik
degerlerindeki artiga bu sert fazlar neden olabilir.

5-Kaplama yapilan numunelerden alinan mikrosertlik
degerleri kaplama Oncesine kiyasla arttifi goriilmiistiir.
Kaplama yapilmadan alinan ¢elik sertlik degeri 200HV “dir.
Kaplama tabakasinin farkli bolgelerinden alinan ortalama
mikrosertlik degerlerinde elde edilen en yiiksek deger 1200
HV (%50 7202 Woka Tozu-%50 2002 Diamalloy Tozu), en
disiik deger 1022 HV (%100 7202 Woka Tozu). Sertlik
degerlerinin farkliligina sebep olarak toz igeriginin farkli
olmasi goriilmiistiir. Farkli toz karisimi ile yeni ve farkli sert
fazlar olugsmustur. Bu sert fazlar mikro sertlik degerlerinde
pozitif bir egilim saglayarak artiga neden olmustur.

6-Asimma testi 2N, ve 3N yiikler uygulanarak 0,1, 0,2 ve 0,3
m/sn hizlarda 100metre mesafelerde yapilmigtir. Yiik
arttikca siirtlinme katsayisinda da artis gdzlenmistir. Bu
deney sonucunda en diisiik siirtiinme katsayist 2N yiik
uygulanarak 0,1 m/sn hizla 100 metre mesafedeki numunede
0,154 (um) olarak o6l¢ilmiistiir. Yiikteki azalma siirtiinme
katsayisinda azalmaya neden olmustur. Buna bagli olarak
asinma oranlarim1 da etkilemis oldugu diisiintilmektedir.
Hizin artmasiyla siirtinme katsayisinin artmasi ylizeyde
olusan aginma tirtinlerinin varligindan dolayi olabilir. Olugan
sert fazlar siirtinme katsayisi degerlerinde diisiise neden
olmustur. Asinma esnasinda elde edilen asinma iiriinlerinde
alimina bilyadan kopan pargalarin miktar1 fazladir. Agik
atmosfer kosullarinda yapildigi igin oksitlenen ylizeyler
metallerin temasimi engelledigi i¢in adhezyon aginmasini
azaltmaktadir.

7-Yapilan yiizey piirtizliiliik test sonucunda 3D olarak yiizey
yapist incelendiginde kaplama tabakasinda homojen bir
dagilimm s6z konusu olmadigt gorilmistir. 3D
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goriintiilerde goriildiigii lizere aginma yiizeylerinde plastik
deformasyon olusumlar1 ve malzeme kopmalar
gozlemlenmistir. Derinlik farkliliklar1 vardir. Bu da bolgesel
olarak asmma olusumuna verilen tepkisel farkliliktan
kaynaklanmaktadir. Bolgesel olarak kaplamalarda kopmalar
bu sebepledir. Farkli renklerle ifade edilen kaplamada ki
derinlik ve yiikseklik ifadelerinden yiizeydeki asinma
olusumlari net bir sekilde goriilebilmektedir.
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Biopreservation has been a critical area of technical and scientific research as it enables various forms of biomolecular therapeutic
agents to find practical use in medicine. The mechanism at which biomimicry-inspired solutions to stabilize biomolecules has
been of great scientific interest. We have studied the behavior of lysozyme immersed in glycerol and trehalose, two solvents
frequently used in the bio-preservation of proteins, with the purpose of identifying the microscopic origins of their very different
dynamical suppression capabilities. In agreement with experiments, we find that glycerol is superior to trehalose at low
temperatures, although the latter is deeper in the glassy state, while trehalose is better at higher temperatures. We traced the basis
of this phenomenon to the different temperature dependencies of the intermolecular hydrogen bonds between the model protein

structure and the surrounding solvent.

Keywords: structural dynamics, protein, solvent, biopreservation

1. INTRODUCTION

Biomolecules are essential for life. They represent
therapeutic agents and targets in treating various medical
diseases and conditions. Biological activity and properties of
biomolecules (e.g., deoxyribonucleic acid (DNA),
ribonucleic acid (RNA), proteins) depend on their three-
dimensional (tertiary) structure. The tertiary conformational
structure also dictates the biological activity of proteins such
as enzymes, transporters, growth factors, receptors,
antibodies, and signaling molecules. When biomolecules are
introduced into environments with high or low temperature,
acidity, pressure etc., they can go through significant and
irreversible conformational changes (i.e., denaturation) that
make them biologically inactive.

Understanding the molecular basis of the denaturation
process and the investigation of the stability of proteins is an
active area of interest in biological physics[1], [2]. Such an
understanding is crucial in the development of various
biomedical applications.[3] In fact, the scientific knowledge
in this field built over the years has resulted in many real-life
applications such as in developing detection kits for
antibiotics resistant bacteria[4], lyophilized preservation of
bone morphogenetic protein[5], biopreservation systems to
preserve not just proteins but also cells[6], and stabilization
of lyophilized antibody powders[7]. It is now well
established that many sugars and polyols act as
cryoprotectants in various species[3]. Hence, they are used

in pharmaceutical applications of proteins as active
ingredients. Their addition to the formulation help improve
the stability of the active protein and extend the shelf life.

Among the various bio-preserving agents available, glycerol
(1,2,3-propantriol) has proven to be very efficient in
stabilizing the native state of proteins and the activity of
enzymes at low temperatures.[8] Specifically, for low-
temperature applications, glycerol has proven to be superior
to other bio-preserving agents such as sugars. However, one
sugar, trehalose (a-D-glucopyranosyl a-D-
glucopyranoside), is known to be more effective than
glycerol at room temperature and it has been reported to be
the most effective bio-protecting agent by means of
functional recovery[9]. On the other hand, studies of
geminate CO combination to myoglobin in trehalose and
glycerol environments showed significant differences in
terms of reaction kinetics.[10], [11] Counterintuitively, the
rebinding kinetics was found to be faster in trehalose than in
glycerol at low temperatures (<215 K). The mobility of
myoglobin was higher in trehalose than in glycerol. This
experimental finding has posed an unanswered question of
how glycerol is more effective than trehalose at low
temperatures.

The biological function of proteins shown to be reliant on
structural fluctuations among their various conformational
sub-states[12]. Consequently, the study of the dynamics of
proteins is valuable for the understanding of the biological
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activity and the stabilization by the bio-preserving agents.
Low-temperature Raman spectroscopy of lysozyme
embedded in glycerol and trehalose has revealed that the
former is a better bio-preserving agent than the latter even
though trehalose is deeper in the glassy state.[13] On the
other hand, trehalose was found to be more efficient at high
temperatures. These results correlate with the kinetics of CO
rebinding to myoglobin.[11] Namely, at low temperatures (<
200 K), glycerol inhibits the reaction kinetics more
effectively. Caliskan et al.[13] argued that these
counterintuitive findings in the dynamics of the protein are
not due to the decoupling of protein-solvent interactions,
rather the fragile character of trehalose. Namely, a lower
energy barrier for conformational fluctuations in trehalose
lead to a lower energy barrier for conformational fluctuations
in the protein. However, experimental or theoretical
evidence has not been presented and the nature of these
interactions remains to be explored.

The main goal of this study is to identify and study the
protein-solvent interactions based on the same model system
(i.e., lysozyme in glycerol and trehalose) and to bring
insights into to the peculiar influence of these two solvents
on the dynamical behavior of proteins[14], [15] using
Molecular Dynamics (MD) simulations.

2. MODELING AND SIMULATION METHOD

The simulations were performed AMBER molecular-
dynamics package[16] with ff99 force field[17] to model
lysozyme, trehalose and glycerol. The crystal structures of
the solvent molecules (trehalose and glycerol) were
optimized using the software package GAUSSIAN 03.[18]
The same package was used to determine the electrostatic
potentials on atom surfaces. The source of the 3-dimensional
structure of our model protein (lysozyme, 193L) was
retrieved a structural database.

The 6-12 Lennard-Jones potential was used for the van der
Waals interactions. The Lennard-Jones parameters for the
lysozyme-solvent interactions were calculated using the
standard combination equations. The electrostatic
interactions were determined using the particle-mesh Ewald
method with a cutoff distance of 0.8 nanometers.

The initial velocities of atoms were assigned randomly using
the Leap-frog Verlet algorithm. 1 fs of the simulation step
size was used.

Rectangular and parallelepiped simulation box was created
and periodic boundary conditions were used. Solvents were
equilibrated at room temperature. The protein was placed in
the middle of the simulation box after energy minimization.

The protein-solvent mixtures went through a series of
equilibration steps in both the constant volume (first at 500
K and then at 300K) and the constant pressure conditions
(0.1 MPa) for over 600 ps. After the equilibrium stages, the
simulation was run at constant pressure conditions for over 2
nanoseconds.
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The system was cooled down from an equilibrated state to
low temperatures using 0.1 K/ps cooling rate for a 50K
interval. Once the desired temperature has been reached, a
further constant pressure equilibration simulation was run for
300 ps. Only after the system has reached the equilibrium,
the data collection simulations were run.

3. RESULTS AND DISCUSSION

In order to reveal the impact of solvents on the dynamics of
our model protein, i.e., lysozyme, within a nanosecond (ns)
time range, we compared the dynamics of lysozyme in each
solvent. We compared the ratio of the mean square
displacement ((u?)) of lysozyme in glycerol to the one in
trehalose at 1 ns resolution shown in Figure 1. Clearly,
glycerol provides a better suppression of the dynamics as
compared to trehalose at low temperatures in alignment with
experimental studies[13] .

We used incoherent intermediate scattering function
(S(g,t)) in addition to {u?) to study lysozyme’s dynamics.
The formula for S(g, t) is given below.

N
S(q,t): %<Z e'q;{ itR j(0)]> (Equation 1)
=1

Here, q is the scattering wave vector, t is time in n. N stands
for the number of hydrogen atoms, Rj(t) is the three
dimensional location of the j-th atom at time t. The brackets
mean that the averaging takes place over time. This function
presents important insights about the dynamic behavior and
the relaxation of the biomolecule. Namely, since this
function is presented over time scale, one can infer the
various forms of relaxation from this representation such
vibrations, conformational changes and translations.
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Figure 1. The ratio of (u2) for lysozyme hydrogen atoms in

solvents at 5 different temperatures. Averaging of (u2)(t)

was carried out over 1 ns.
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It is clear that in Figure 2a (as also in Figure 1), at elevated
temperatures (i.e., 300 K), the pico-nanosecond range
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dynamics of lysozyme in glycerol is faster than in trehalose.
The physical origin of this result is intuitively explained by
the fact that the liquid nature of glycerol and the glassy
behavior of trehalose at this temperature. Indeed, glycerol is
well above its glass transition temperature (Tg) of 192 K,
while trehalose is well below its T4 of 388 K. At this
temperature, glycerol allows fluctuations among the
conformational sub-states of the protein beyond the
harmonic-like motions,[14] whereas trehalose prevents such
motions and limits the dynamics to harmonic-like
motions.[15] However, at lower temperatures the dynamic
behavior of lysozyme reverses. Indeed, at 200 K lysozyme
becomes slower in glycerol than in trehalose, although the
latter is substantially deeper in the glassy state. This result
agrees with experiments performed on the same systems and
was attributed to the superior effectiveness of glycerol in the
preservation of biological agents at low temperatures[13].

o
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Figure 2¢ Figure 2a. S(q,t)) of lysozyme in trehalose
(continuous lines) and glycerol (dashed lines) at three
temperatures. b. HB correlation function for the hydrogen
bonds between the protein and glycerol (dashed lines) and
trehalose (continuous lines) at three temperatures.

While the conformational denaturation of proteins occurs at
a time scale which is substantially longer than the resolution
of the experimental measurements and the current simulation
study, the protein motions at this shorter time scale could be
precursors to larger scale conformational changes.[19]
Firstly, it is known that the rapid and small scale atomic
fluctuations in the native conformation of a protein play a
key role in protein function.[20] Additionally, it has been
shown that these fluctuations serve as a “lubricant” for larger
scale motions such as perturbation of the average structure
by the binding of ligands.[21], [22] This idea can further be
clarified using the concept of the hierarchical arrangement of
substates. Tier O refers to few unique conformations each
corresponding to different biological functions. Each of
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these tier-O substates can assume many tier-1 statistical
substates, which perform the same functions at varying rates.
Since motions in tier-0 occur as a result of successive
transitions among substates in tier-1, Fenimore et al.
suggested that freezing out these transitions would prevent
the occurrence of the mations in tier-0.[23] This idea could
be extrapolated to the larger scale protein motions that
exceed the transitions involving protein function and
extending to the conformational denaturation. Namely,
suppressing the atomic motions in pico-nanosecond time
range might improve the conformational stability of the
protein. Indeed, this idea has been supported by studies that
combine the analysis of the short-time dynamics and the
measurements of enzyme activities.[24] These ideas are also
supported by our findings that the dynamics of lysozyme in
the nanosecond time window correlate with the experimental
findings of its stability embedded in the solvents.

The dynamics of proteins are greatly influenced by hydrogen
bonds.[25] More specifically, it has been shown that before
the relaxation of the protein could occur, the hydrogen
bonding (HB) network (between the protein-solvent) has to
go through a relaxation.[26] Since the solvents under the
consideration are highly capable of establishing HB network,
the conformational dynamics of such protein-solvent
systems will naturally be affected by the hydrogen bonds at
the protein-solvent interface. In fact, it has been shown that
the dynamical behavior of the HB network present between
the model protein and the first solvent layer dictates the
structural relaxation of the entire model protein.[14], [15]
Consequently, we studied the HB network based on a set of
criteria involving distances and angles among atoms forming
hydrogen bonds.[27] We analyzed the hydrogen bonds using
a correlation function, c(t).

(h(t)h(0))
{h)

Here, h(t) is 1 when a acceptor-donor pair satisfies the
hydrogen bond criteria and it is 0 otherwise. Since c(t) is time
dependent, it indicates the probability that a random
hydrogen bonded donor-acceptor at time zero is still bonded
at time t. Therefore, the change of c(t) quantifies the
longevitiy of hydrogen bonds.

c(t) = (Equation 2)

Figure 2b shows c(t) for lysozyme in pure glycerol and in
pure trehalose at different temperatures. The initial decline
relates to the vibration of atoms and rotation of hydroxyl
groups of solvent molecules which lead to short living
hydrogen bonds (i.e., lifetimes < 1 ps). Therefore, they have
limited influence over the dynamics of the model protein. On
the other hand, the secondary decline observed at longer
times relates to long-living hydrogen bonds. Since, these
long-living hydrogen bonds have lifetimes that are similar to
the structural relaxation of lysozyme (e.g. relaxation of
S(q,t)), the secondary decline in c(t) has important
consequences on the dynamics of the protein. The
comparison of the hydrogen bond correlation function with
S(q, t) shows a clear correlation between both functions. At
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low temperatures, the efficacy of the HB network between
lysozyme and glycerol is more robust than the one between
lysozyme and trehalose, i.e. c(t) for trehalose declines faster
than for glycerol at long times. Whereas the opposite is true
at 300 K. At intermediate temperatures (250 K), the strengths
of HB networks for both systems are similar in line with the
similar dynamics displayed by lysozyme in both solvents,
Figure 2a.

These findings follow the findings of the work of Tarek and
Tobias[26]. They find that the structural relaxation the
protein associate with the dynamics of protein-solvent
hydrogen bonds and infer that the hydrogen bonding
relaxation is a priori for the structural relaxation of the
protein [26].

We observe that the dynamic behavior of the protein-solvent
HB network is has a determining role in the nature of the
structural dynamics of the protein. We also infer that his
relation can also include the bio-preserving capabilities of
the solvent. To bring a deeper understanding to the effect of
the HB network, we calculated the protein-solvent hydrogen
bonds life-time. We calculated the occupancy and the mean
HB lifetime (1) Of the intermolecular hydrogen bonds. The
occupancy means the average number of simulation steps
during which a hydrogen bond existed. The averaging is
done over hydrogen bonds. trg is the occupancy multiplied
by the simulation time step and divided by the number of
times that the hydrogen bond is broken. These two quantities
represent the strength of the hydrogen bonds since the
frequency of occurrence and the duration of a hydrogen bond
indicate the level of stability of the hydrogen bond. Figure 3
shows the results of this analysis. Observe that the results for
glycerol decay at a faster rate than those for trehalose with
increasing temperature. These different dependencies on
temperature result in stronger lysozyme-glycerol hydrogen
bonds at low temperatures (T < ~250 K) and weaker
hydrogen bonds at high temperatures (T > ~250 K). The
crossover seen at around 250 K implies that both solvents are
equally effective at this temperature in suppressing the
dynamics of the protein. This finding supports the results
shown in Figure 1, where the relative dynamics of lysozyme
in different solvents merge at 250 K. A comparison of
important properties in relevance to the discussion is
presented below in Table 1. It is clear that the dynamical
parameters (i.e., Tug and occupancy) of the hydrogen bond
network are as expected comparing their molecular weight
and T for these molecules at 350K. Trehalose suppress the
lysozyme’s dynamics more effectively. The same parameters
at 150 K, on the other hand, counterintuitively switch in
order and glycerol suppresses lysozyme’s dynamics more
effectively. This observation is similar in essence to the
experimental results of the rebinding kinetics of myoglobin
[10], [11]. The rebinding kinetics was found to be faster in
trehalose than in glycerol at low temperatures. Therefore, it
is possible that the molecular mechanism of the switching we
observe in this study might also be responsible in myglobin
kinetics and other biomolecules in similar systems[13].
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Table 1
Thp at T at Occ.at  Occ. at
Molecule (g'\//ln\{gl) (-I}—(g) 150 K 350 K 150 K 350 K
(ps) (ps) (%) (%)
Glycerol 92 192 780 3 95 14
Trehalose 342 388 490 8 92 52

The strong correspondence between the hydrogen bond
analyses and the structural relaxation of the protein supports
the idea that the HB network at the protein-solvent interface
is accountable for the efficacy of glycerol at low
temperatures. Lowering the temperature strengthens the
intermolecular hydrogen bonds in glycerol solvent (between
glycerol and lysozyme) at a faster rate than trehalose does.
This is due to the fact that glycerol, a simple polyol with
three hydroxyl groups attached to each carbon atom, with a
Tg of 192 K has significantly higher degree of mobility to be
able to form intricate HB network with the protein as
compared to trehalose. Trehalose (a disaccharide connected
by a glycosidic linkage) with a T, 0f 388 K, loses its mobility
at the glycosidic linkage hindering its ability to change its
conformation and at the hydrogen bonding capable hydroxyl
groups to be able to form and maintain long lasting hydrogen
bonds to form an effective dynamics-suppressing network.
Thus, even though glycerol has a significantly higher
mobility in its pure form than trehalose, it is capable of
suppressing protein dynamics more effectively due to its
superior HB network forming capability.
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Figure 3. Lifetime (tHg) and occupancy for hydrogen bonds
formed between lysozyme and glycerol/trehalose.
Occupancy is presented as percent of the total number of
simulation steps.
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4. CONCLUDING REMARKS

We conclude that the HB network at the protein-solvent
interface is responsible for the effectiveness of solvent in
suppressing structural relaxation of the protein. The degree
at which the solvents are able to form and maintain an
intricate HB network dictates the relative effectiveness of the
dynamical suppression. The effectiveness of this network is
of such critical importance that it supersedes the relative
internal mobility of the solvents.

It is important to note that there is a substantial difference in
the time scales available to MD simulations and those
involved in conformational denaturation of proteins. As the
boundaries for the computational limitations expand the gap
between these time scales will diminish. By then, the
molecular simulations could clarify if there are other
molecular mechanisms that are responsible for the
conformational denaturation.
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Globallesen diinyamzda Ingilizce artik diinya dili haline gelmistir. Cogu iilkede Ingilizce; dili ana dil disinda, ikinci dil olarak
ogretilmektedir. Gerek iilke politikalari olsun gerekse bireysel tercihler olsun ingilizce dilini 6grenmek igin yiiksek miktarlarda
para harcanmaktadir. Bu alanda &zellikle iilkemizde yapilacak calismalara, gergeklestirilecek yatirimlara, karar verilecek
politikalara 151k tutmak amactyla bu calismada, iilkemizdeki Ingilizce seviyesinin analizi yapilmis ve faydali bulgular elde
edilmistir. Bu analizin yapilmast icin proje kapsaminda gelistirilen uyarlanabilir Ingilizce gevrimigi egitim sistemi kullanilarak
cok fazla sayida gergek kisiye ¢evrimici seviye tespit sinavi uygulanmistir. Tiirkiye’deki her bir sehir ve bolge agisindan faydali
bilgiler elde edilmistir. Genel anlamda Ingilizce seviyesinin diisiik ¢iktig1 iilkemizde beceri bazli analiz yapilmis ve durumun
baz1 beceriler agisindan daha da kotii oldugunu goriilmiistiir. Yas ve cinsiyet bazli analizler yapilmis olup ¢alismada detaylt
grafikleri verilmistir. Cevrimigi seviye tespit sinavlarinda sinav siiresi énemli bir etken oldugu i¢in bu ¢alismanin ana
amaglarindan biri, ¢evrimigi seviye tespit sinavlarinda makul siiresi belirleyebilmektir. Yapay zeka tekniklerini de kullanarak bu
stire kabul edilebilir diizeye diisiirtilebilir. Belli yas gruplar1 ve 6zelliklere gore sistem gelistirecek girisimcilerin, bu ¢alismadaki
analizleri dikkate alip gelistirmeyi ona gore yapmalar1 maksimum fayda almada 6nem arz etmektedir.
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Abstract

In our globalizing world, English has become the world language. English in most countries; is taught as a second language
besides the native language. High amounts of money are spent on English language learning, whether it is country policies or
individual preferences. In this study, in order to shed light on the studies to be carried out, investments to be made and policies
to be decided in this field, the level of English in our country was analyzed and useful results were obtained. In order to perform
this analysis, using the adaptive English online education system developed within the scope of the project used and a huge
number of real person online exam information was obtained. Useful information was obtained for each of the cities and regions
in Turkey. In general, skill level analysis was conducted in our country where the level of English was low and it was found that
the situation was even worse in terms of some skills. Age and gender analyze were made and detailed graphics were given in the
study. One of the main objectives of this study is to determine the reasonable time in online placement exams, since the exam
duration is an important factor in online placement exams. This period can be reduced to an acceptable level by using artificial
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intelligence techniques. It is important that the entrepreneurs who will develop the system according to certain age groups and
characteristics take into consideration the analyzes in this study and develop them accordingly.

Keywords: English level, adaptive learning, placement test, the situation in Turkey
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Sekil 1. Ingilizce dilinin kiiresel dil 6grenim endiistrisindeki yeri (soldaki 2015 yil1, sagdaki 2020 yil1 ngoriisii)

1. GIRiS

Geligsmekte olan birgok iilkede oldugu gibi iilkemizde de
yabanct bir dili 6grenmek adina biiylik zaman ve para
harcanmaktadir. Fakat yogun calisma yasami ve egitim
hayati; insanlarn  dil  6grenimiyle ilgili zaman
ayiramamasina sebep olmaktadir. Bu durumda da ¢evrimigi
sistemler 6nem kazanmaktadir. Yabanci diller arasinda
bilindigi iizere en biiyiik pay: ingilizce almaktadir [1]. 2015
yilinda gergeklesen ve 2020 yili igin dngoriilen Ingilizce
dilinin kiiresel dil 6grenim endiistrisindeki yeri Sekil 1.’de
gosterilmistir [2]. Yine Sekil 1.’den goriildiigi iizere 2015
yilinda dijital Ingilizce dil 5grenimi %3 iken 2020 yilinda bu
oranin %7’e gelmesi ongorillmiistiir.

Bunun yaninda Ingilizce dil 6greniminde dijital satin alma
yoluyla en ¢ok harcama yapan iilkeler arasinda Tirkiye
bulunmaktadir. Buna ragmen ingilizce yeterlilik endeksinde
Tiirkiye neredeyse listenin sonundadir [2]. Yabanci dil
6greniminde ¢evrimdis (sinif, basilt materyal birlesimi) ve
gevrimigi olarak iki farkli yaklagim bulunmaktadir.
Giliniimiizde yayginlagan 6gretim materyallerinin dijital e-
O0grenme seklinde oldugu ve hizlica yaygmlastig
goriilmektedir. Dijitallesmenin  getirdigi fayda olarak
erisimin kolay olmasi, siire kisitlamasinin olmamasi, gorsel
ve isitsel yontemlerle 6grenmeyi desteklemesi gosterilebilir.
Sadece sinifa ve bir yonteme bagli kalmanin ¢ok basarili
olmadig: sinif diginda da bu siirecin etkili bir sekilde devam
ettirilmesi gerektigi vurgulanmistir [3]. Uyarlanabilir egitim
sistemlerinin amaci1 6grenme siirecini hizlandirmak ve kisiye
Ozgii egitim modeli sunabilmektir [4]. Ayrica, bu ¢evrimigi
sistemler Ogretmenin siniftaki &grencileri daha iyi analiz
edebilecegi egitim performanslarini  dgrenciye 0zgi
cikartabilecek bir model sunmaktadirlar [5], [6]. Geriye
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dogru bircok bilginin kaydedilebildigi ve analiz i¢in biiyiik
bir verinin oldugu disiiniiliirse kisideki basarisizligin temel
sebebi kolayca analiz edilebilir. Kisiye 6zgii miidahalenin
yapilabilecegi bu sistemler her yastaki bireyin egitimi igin
onemlidir ve gelecekte vazgegilmez bir duruma
geleceklerdir.

1.1. Benzer Calismalar

Kisiye 6zgii egitim modelleri literatiirde incelendiginde ¢ok
faydali caligmalarin oldugu goriilecektir. Kisilestirilmis
Ogretim 6grenme stratejileri online egitime yani bu ¢evrimigi
sistemlere entegre edilebilir [7]. Uyarlanabilirlikten kasit
bireylerin 6grenme stillerinin ¢ikarilmasi ve buna goére yol
izlenmesidir. Cilinkii  6grenme  stillerinin  bireylerin
basarilarmi  etkiledikleri  goériilmiistiir. Nakayama ve
arkadaslarinin yaptiklari bir ¢aligmada her birey bir 6grenme
karakteristiginin ~ oldugundan  bahseder = ve  bu
karakteristiginin ¢evrimigi egitimde dikkate alinmasi
gerektigini belirtir [8]. Ingilizce dgrenmeye baslama yasi,
basladifi mekan ve cinsiyet gibi parametrelerin ingilizce
seviyelerinde etkili oldugu goriilmiistiir [9]. Sadece belli
becerilere yogunlasan ¢alismalar da bulunmaktadir. Ornegin
okuma becerisinde bulanik mantik temelli uyarlanabilir bir
model gelistirilmis ve basarili geribildirimler alinmistir [10].
Yine bulanik mantik kullanan bir diger 6rnekte anlasilmayan
konularin igaretlenmesi i¢in kisiye 6zgii bir yaklagim tercih
edilmistir [11]. Kisilik yapisin1 ve 6grenme stillerini temel
alan bir diger ¢alismada veri madenciligi alaninda karar
agaclarint  kullanarak uyarlanabilir egitim siireclerini
tanimlamiglardir  [12]. Web tabanli egitimler igin
uyarlanabilir ve akilli teknolojiler alaninda bir¢ok modelin
referans aldig1 egitim alaninda kuvvetli dayanaklari olan
Brusilovsky yine bu sistemlerin 6nemini vurgulamustir [13],



F ADAK

[14]. Uyarlanabilir ¢evrimi¢i egitimde &zellikle popiiler
olmus birkag sistem incelenecek olursa, Anki, Supermemo,
Orion ve Dualingo ornekleri verilebilir. Anki kelime
ezberleme iizerine kurulmus bir sistem olarak diisiiniilebilir,
eskiden kartlar kullanilarak yapilan bu yontemi ¢evrimici
sisteme uyarlamislardir [15]. Yine hatirlamaya yonelik
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uyarlanabilir bir sistemin gelistirildigi Supermemo belli bir
beceriyi hedef aldigi ve basarili oldugu séylenebilir [16].
Wiley tarafindan gelistirilen Orion’da da uyarlanabilir bir
sistemden s6z etmek miimkiindiir. Detayli raporlamanin
oldugu bu sistemde basarilt sonuglar alinmstir [17].

Sekil 2. Ingilizce seviye tespit sinavina katilan kisilerin Tiirkiye il bazinda dagilin

[smi yazilan bu dort sistemden belki de en etkilisi
Dualingo’dur. Cevrimigi dil egitimini amaglayan ve
uyarlanabilir bir sistem olan Dualingo farkli becerileri
igerisinde barindirir. Uzun siireli hafizay1 basarili kilmak igin
belli etmeden tekrar yolunu kullanir [18]. Bu ¢alismanin
temel amaci gelistirilen cevrimigi Ingilizce seviye tespit
sinavindan toplanan bilgiler ile analizler yapilmis ve
cevrimigi tespit sinavinin siiresi ortalama hangi araliklarda
olmas1 gerektigi belirlenmeye c¢alisilmistir. Yine yapilan
analizlerle Tirkiye igerisinde hangi bdlgede hangi beceriye
yonelik caligmalar yapilmasi gerektigi, yas araliklarinin ne
olacagi beklenecek basari degerlerinin hangi diizeylerde
olmast gerektigi belirlenmistir. Bu ¢alismada e-6grenme
sistemlerinin bir alt dali olan g¢evrimigi seviye belirleme
siavi Ingilizce dili igin gerceklestirilmis ve Tiirkiye icin
sonuglar  gosterilmistir.  Calismanin  bundan  sonraki
asamalarinda metodoloji bilgisi verilecek ve bulgular
gosterilecektir. Caligmanin son kisminda ise sonuglar ve
tartigmalar belirtilecektir.

2. Materyal ve Metot

Ingilizce seviye tespit smavi kiginin Ingilizce egitimine en
dogru yerden baslamasi adina biiyiik 6nem tagimaktadir.
Giiniimiizde Ingilizce seviye belirleme sinavlari Tiirkiye’de
OSYM tarafindan gergeklestirilen YDS, eYDS ve YOKDIL
ile saglanabilmektedir. YDS ve YOKDIL smavlarinda
gramer, kelime bilgisi ve okudugunu anlama béliimleri
bulunmaktadir. eYDS’de ise YDS’nin tamamen aynisi olup,
sadece elektronik ortamda gergeklestirilmektedir. Yurtdist
menseili ILTS, TOEFL, IBT gibi Ingilizce seviye tespit
sinavlarinda ise yazma, dinleme, okuma, dil bilgisi ve
konusma one ¢ikmaktadir. Kisinin seviyesinin tespit
edilmesinde ¢ogunlukla dilbilgisi, okuma, dinleme ve kelime
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bilgisi becerilerine dikkat edilmektedir. Fakat bu 4 beceride
kisinin seviyesinin tespit edilebilmesi i¢in ¢ok fazla sayida
soru sorulabilmektedir. Bu islemde sikici olabileceginden
kisi smavi erken birakip aslinda daha yiiksek seviyeden
baslayabilecekken sistemde alt seviyelerden
baslayabilmektedir. Bunun Oniine gegebilmek i¢in kisinin
seviyesinin en hizli bir sekilde belirlenmesi gerekmektedir.
Bundan dolay: her beceri i¢in ayr1 bi¢imde calisacak bir
sistem uygulanmaktadir. Bu sistemde bir seviyeden 6 soru
sorulmaktadir. Bu 6 soru igerisinde cevaplanan her sorudan
sonra sorunun zorluk seviyesi artarak yeni bir soru
gelmektedir. Eger soru yanlis cevaplanirsa zorlugu daha
diisiik olan bir soru gelmektedir. Yani bir basamak modeli
kullanilmaktadir. 6 soru igerisinde kullanici basamaklarda
inip ¢ikabilmektedir. Bu sekilde 6 soru tamamlandiginda
kisinin bir iist seviyedeki 6 soruyu goriip géremeyecegine
karar verilmektedir ve bdylece seviye belirlemesi
yapilmaktadir. Bu ¢alismada Smart egitim ¢6ziimleri firmasi
tarafindan gelistirilmis olan TUBITAK destekli Wext online
yabanct dil egitim platformu (https:/www.wext.com/)
igerisinde bulunan Ingilizce seviye tespit sinavi yardimiyla
78.505 kisi g¢evrimigi sinavina katilim gdstermistir. Bu;
Tirkiye ortalamasinda ulagilmis olan ¢ok biiyiik bir
katilimdir ve 01.01.2019 — 01.10.2019 tarihleri arasindaki
verilerden olugsmaktadir. Toplanan bilgiler 1s18inda bu
Tiirkiye’deki Ingilizce seviye durumu bircok farkli
perspektiften analiz edilmistir. Ingilizce seviye tespit
smavina katilan kisilerin Tirkiye il dagilimi Sekil 2.’de
verilmistir.

En yiiksek kullanici say1st 24.498 ile istanbul’da olurken, en
diisiik kullanict sayis1 4 ile Ardahan’da ger¢eklesmistir. 2018
TUIK (Tiirkiye Istatistik Kurumu) il bazinda niifus sayilari
ele alindiginda, il bazli katilim orani en yiiksek Ankara’da
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(%01,654) gerceklesirken sonrasinda Istanbul ve Adana bu
degere ¢ok yakin katilima sahip olmustur. Niifusa bagl en
diisik katillm oram1 ise Mus ve Bitlis’te (%00,343)
gerceklesmistir. Tiirkiye’nin her kdsesinden katilim oldugu
icin analiz ve istatistiksel veri olarak Onemli sonuglar
verecegi aciktir. Yapilan calismada elde edilen veriler
iizerinde bolgelere gore kullanici oranlari, sinavi tamamlama
yiizdeleri, sinavi tamamlama siireleri, cinsiyete ve yasa gore
dagilimlar ve son olarak seviyeye gore dagilimlar
irdelenmistir.

Kullanicilarin Sinav Tamamlama Oranlart

10.40%
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3. Bulgular

Yapilan analizler ve istatistiksel calismalar birgok faydali
sonucun alinmasint saglamistir. Bu bilgilerden biri sinavi
tamamlama oranidir. 78.505 kisi tarafindan toplanan bilgiler
dogrultusunda sinavi tamamlama oranlar1 6nemlidir. Ciinkii
ozellikle okuma becerisinin 6l¢iildiigii boliime gelindiginde
genelde kisiler sikilip siavi kapatabilmektedirler. Tiirkiye
geneli sinavi tamamlama oranlari Sekil 3’te verilmistir.

)
0.00%  25.00%

Sekil 3. Tiirkiye il bazinda sinavi tamamlama oranlar1

Sinavi tamamlama orani en yiiksek Giimiishane %25 oranla
olurken, Siirt, Hakkari ve Ardahan’da smavlar
tamamlanmamustir.

Tiirkiye i¢in illerden bagimsiz agirlikli sinav tamamlama
orant %9,98 olarak belirlenirken, iller bazinda agirliksiz
sinav tamamlama orani %6,98 olarak belirlenmistir.

Sinavi tamamlanmasi diginda sinavda harcanan siire de
onemlidir. Bu bilgi aslinda gelistirilen modelin kisinin
seviyesini tespit etmek i¢in ne kadarlik bir siiresinin
oldugunu gostermektedir. Model performanslarinda bu siire
referans olarak dikkate alinabilir. Kullanicilarin seviye tespit
sinavinda harcadiklar1 toplam siire ortalamasi Sekil 4’te
verilmistir. Elde edilen verilere gére en yiiksek ortalama siire
588,94 (9,81 dakika) saniye ile Erzincan’da olurken; en
diisiik siireyi bulmak i¢in en az %4 siav tamamlanan ve en
az 5 orneklem bulunan iller ele alinmistir. Buna gore Siirt,
Hakkéri ve Ardahan’da sinavlar tamamlanmadigindan en
diistik siire hesabinda listede yer almamuistir. Bu {i¢ il diginda
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Diizce ve Erzincan’da da sinav tamamlama orani %4’{in
altindadir (Sekil 3). Bing6l, Bitlis, Kilis, Sinop, Cankiri,
Burdur, Kars, Tunceli, Artvin, Bayburt, Mus, Glimiishane,
Igdir illerinde de 5 kisiden daha az sayida smavi
tamamlayanlar oldugu ic¢in en diisiikk siire listesinde yer
almamiglardir. Bu iki kisitlama sonrasinda en diisiik
ortalama siire 106,18 (1,81 dakika) saniye ile Kirikkale’de
gerceklesmistir (Sekil 4). Burada yer alan siireler ii¢ farkll
kullanic1 grubuna aittir ve bu gruplar sirasiyla; kendini
denemek isteyenler, sistemi gormek isteyenler, kendini
denemek isterken istemedigi sonucu alacagini diisiindiigii
i¢in sistemde sorulari rastgele cevaplayanlar. Bu ii¢ kullanici

grubunda kendini denemek isteyenler disinda kalan
kisimdaki  kullanicilarin =~ sistemde  kalma  siireleri
incelenmistir. Bu incelemeye gore gercekten siavi

yapanlarin ortalama siirelerin 20 dakika civarinda oldugu
goriilirken, diger gruptaki kullanicilarin sistemde sinavi
tamamladiklar1 stire 3 dakikanin altinda olmustur. Siire ile
ilgili analizler “Yaslara Gore Dagilimlar” kisminda
detaylandiriimustir.
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Kullamicilarin Sinav igin Harcadiklan Ortalama Sire (sn)
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Sekil 4. Kullanicilarin Tiirkiye il bazinda sinavda harcadiklari toplam siire ortalamalar1
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Sekil 5. Hemen ¢ikma ve sinavi tamamlama oranlarinin cinsiyete gére dagilimi

3.1. Cinsiyete Gore Dagihimlar

Bu c¢alismadaki analizlere gore kullanicilarin smavi
tamamlama oranlar1 ve hemen ¢ikma oranlari cinsiyete gore
Sekil 5.’te verilmistir. Sol eksen hemen ¢ikma oranini
gosterirken, sag eksen sinav tamamlama durumunun oranini
gostermektedir. Hemen ¢ikma orani kullanicilarin sisteme
giris yaptiktan sonraki ilk soruda sistemi terk etmelerini
belirtmektedir. Buna gore kadinlarin hemen ¢ikma orani
erkeklere gore %1,6 daha yiiksek olmustur. Smav
tamamlama durumunda ise kadmlarin erkeklerden %0,78
daha yiiksek oldugu goriilmektedir. Tiirkiye genelinde ise
cinsiyetten bagimsiz olarak hemen ¢ikma orani %24,14,
sinav tamamlama orani ise %6,82 olmustur. Bu durum,;
kadinlarin erkeklere gore sinavi eger yapmak isterlerse daha
ciddiye aldiklarimi, fakat erkeklerin kadinlara gére sinavi
basta ciddiye alip sonrasinda tamamlamadiklarini
gostermistir.
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Kullanict sayilart ve ortalama oturum siireleri agisindan
cinsiyete gore dagilimlar Sekil 6.’da verilmistir. Sol eksen
kullanicilarin sayilarmi gosterirken, sag eksen ortalama
oturum siirelerini gostermektedir. Sinavi tamamlayan 78.505
kisinin 35.925’inin cinsiyeti belirlenebilmistir. Buna gore,
cinsiyet bildirerek sinava giren erkeklerin sayisi kadinlardan
5940 daha fazladir. Sinav ortalama oturum siiresinde ise
kadinlar erkeklere gore 36 saniye daha uzun smavda
kalmistir. Sinav siiresi yaklasik ortalama 270 saniye (4,5
dakika) olmustur. Bu sayilara sinavi tamamlamayan ve
hemen ¢ikan kullanicilar da dahil edilmistir. Kullanicilarin
zamana bagli seviye tespit sinavina giris oranlari cinsiyet
kirthminda Sekil 7°de verilmistir. 10 aylik siire boyunca
erkeklerin sayist %60 civarinda olurken, kadinlar %40
oraninda seviye belirleme sinavina girmislerdir. Cizgisel
grafik ise kadin-erkek giinliik bazda smava giren kisi
sayilarini gostermektedir.
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Sekil 6. Kullanici sayisinin ve ortalama oturum siiresinin cinsiyete gore dagilimi
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Sekil 7. Kullanicilarin zamana bagli seviye tespit sinavina giris dagilimi

Grafigin sol ekseni alan grafiginin oranlarini gosterirken, sag
eksen kullanici sayilarini gostermektedir. Buna gore giinliik
sisteme giren kullanict dagilimlarinda erkeklerin kadinlara
gore daha yogun sinava girdigi goriilmiistiir. Seviye tespit
smavimin herkese duyurulmasi i¢in Google, Facebook,
Instagram reklamlart kullamilmigtir. ki ay boyunca
reklamlar ile smnava girisler saglanirken, mart aymda
reklamlar kapatilmis ve reklamin etkisi sinanmistir. Bir ay
boyunca reklamsiz olarak sinava ortalama giinde 20 kisi giris
yaparken, reklamlarin bulundugu zamanlarda giinde 184 kisi
giris yapmustir.

3.2. Yas Gruplarina Gore Dagihimlar

Bu c¢alismada yapilan analizin diger 6nemli bir perspektifi
yas dagilimidir. Yasam boyu 6grenmenin popiiler oldugu
giiniimiizde, yas ile seviye belirleme sinavindaki davranisin
arasindaki iliski ortaya konulacaktir. Sinav tamamlama ve
hemen ¢ikma oranlari yas gruplarina gore Sekil 8’de
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verilmistir. Sol eksen hemen ¢ikma oranini gosterirken, sag
eksen sinav tamamlama durumunun oranini gostermektedir.
Buna goére hemen c¢ikma orant en diisik 25-34 yas
araliklarinda gerceklesirken, en yiiksek hemen ¢ikma orani
65 yas iistii kullanicilarda gergeklesmistir. Sinav tamamlama
durumunda ise 18-24 yas araligi %10,05 ile en yiiksek
tamamlama oranina sahipken, 65 yas tistii %2,84 ile en diisiik
sinav tamamlama oranina sahip olmustur. Bu verilerde yasi
tespit edilemeyen kullanicilar dahil edilmemistir. Tiim yas
grubu tespit edilebilen kullanicilarin hemen g¢ikma orant
ortalamasi %23,77, sinavi tamamlama ortalamasi %6,68
olmustur. 45 yas ve istii kullanicilarin smavda sikildiklar
smav tamamlama oranindaki distikliikten, isteksizlikleri ise
hemen ¢ikma oranindaki yiikseklikten goriilebilmektedir.
Kullanicilarin yaslaria goére sayilari ve ortalama oturum
stireleri Sekil 9’da verilmistir. Sol eksen kullanicilarin
sayilarimi gosterirken, sag eksen ortalama oturum siireleri
gostermektedir. Toplamda yas grubu belirlenebilen 31.019
kisi bulunmaktadir. Buna gore smava giren kullanicilar
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arasinda en yiiksek sayiy1 25-34 yag araligi 10.769 kullanici
ile almigtir. En disiik 65 yas iistii kullanicilar sinava girmistir
(1.111 kisi). Sinav ortalama oturum siiresinde ise 35-44 yas
araligindaki kullanicilarin  306,1 saniye ile en yiiksek
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sistemde kalma siireleri oldugu bulunurken, 65 yas istii
kullanicilarin 160,28 saniye ile en diisiik sistemde kalma
stireleri oldugu goriilmiistiir.
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Sekil 8. Kullanicilarin yasa gore alinmis sinav tamamlama ve hemen ¢ikma oranlari
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Sekil 9. Kullanicilarin yaga gore sayilart ve ortalama oturum siireleri

Sekil 9., 18-44 yas araliginin sinavi tamamlamada istekli ve
diizgiin bi¢cimde gergeklestirdigini gosterirken, 45 yas ve
istii  kullanicilarin ~ sikilgan  ve isteksiz  olduklarim
gostermistir.

Kullanicilarin zamana bagli seviye tespit sinavina giris
oranlar1 yas araliklar1 temelli olarak alan grafigi tipinde Sekil
10°da verilmistir. Cizgi grafiginde yag aralik temelli glinliik
bazda siava giren kisi sayilar1 gosterilmistir.
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Grafigin sol ekseni alan grafiginin oranlarini gosterirken, sag
eksen kullanict sayilarmi gostermektedir. 10 aylik siire
boyunca 25-34 yas araliginin en yiiksek oranda kullanicilar
oldugu goriiliirken (%34), 18-24 yas aralig1 kendisini takip
etmistir (%28). 65 yas istii aralik en diisiik kullaniciya
sahiptir (%3). Yine mart ayinda reklamlarin olmamasindan
dolay1 smavin gergeklestirilme sayilarinda diisiis meydana
gelmistir.
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Sekil 10. Kullanicilarin yasa gore sayilari ve zaman araligi

591



F ADAK Academic Platform Journal of Engineering and Science 8-3, 585-595, 2020

40 37.99 70.00%
60.32%
35 33.19 33.95
- 32.14 60.00%
30
50.00%
24.67
25
40.00%
20 0.04%
30.00%
15 13.36
20.00%
10
5 o 10.00%
1] 0.00%
Beginner Elementary Pre-Intermediate Intermediate Upper-Intermediate Advanced
Sekil 11. Seviye tespit sinavina katilan bireylerin Ingilizce seviyeleri
3.3. Seviyelerine Gore Dagilimlar
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Sekil 12. Becerilere gore seviye dagilimlari (a) Okuma , (b) dilbilgisi
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Bu Yapilan ¢evrimigi seviye tespit sinavinda, sinava katilan
bireylerin genel Ingilizce seviyeleri Sekil 11°de verilmistir.
Ayrica aym grafikte sinav siirelerinin  ortalamasi
gosterilmistir. Sol eksen ortalama sinav siiresini gosterirken,
sag cksen ilgili seviyedeki kullanicilarin yiizdesini
gostermektedir. Sekilde istatistikleri bulunan kisiler simavi
tamamlamis kisilerden olusmaktadir. Elde edilen sonuglara
gore smava katilan kullanicilarin  %60,32si  Bagslangig
(Begineer) seviyesinde olup, bunu %30 ile Temel
(Elementary) seviye takip etmigtir. Kullanicilarin yaklagik
%8,2’si  Alt-Orta  (Pre-Intermediate) seviyesinde
bulunmustur. Orta (Intermediate) ve Tlsti seviyedeki
kullanicilarin toplami %2’nin altinda kalmistir. Sinavda
gecirilen siire ele alindiginda ise Orta (Intermediate)
seviyedeki kullanicilarin ortalama 38 dakika ile en yiiksek
ortalama siirede smmavi tamamladiklar1 goriilmektedir.
Baslangi¢ (Begineer) seviyesindeki kullanicilar ise smnavda
ortalama 13,36 dakika harcamiglardir. Bunun sebebi sunulan
modelde ilk 6 sorudan sonra bagka soru gérmemeleridir. Bu
siire; baslangic seviyesinin bir Ustiinde yer alan temel
seviyenin neredeyse yarist kadardir. Seviye belirleme

Academic Platform Journal of Engineering and Science 8-3, 585-595, 2020

smavinda dil bilgisi, kelime bilgisi, dinleme ve okuma
becerilerinin sinandig1 unutulmamalidir. Dinleme ve okuma
asamalarinin siire iizerinde etkisi fazladir. Sekil 11°de yer
alan seviye tespit sinavi sonucunda Ingilizce seviyeleri
verilen kullanicilarin beceri bazli seviyeleri Sekil 12 ve Sekil
13’te verilmistir. Sekil 12°de okuma ve dilbilgisi becerisine
gore seviye dagilimlari gosterilirken, Sekil 13°de kelime
bilgisi ve dinleme becerilerine gore seviye dagilimlari
gosterilmistir.

Sekil 12°de Sol eksen ortalama sinav siiresini gosterirken,
sag cksen ilgili becerideki kullanicilarin yiizdesini
gostermektedir. Sonuglara gére sinava katilan kullanicilarin
okuma becerisinde (Sekil.12(a)) %66,43’1, dilbilgisi
becerisinde ise %95’ Baslangic (Begineer) seviyesinde
sahip olup, bunu sirasiyla %22,35 ve %3,79 ile Temel
(Elementary) diizey takip etmistir. Orta (Intermediate) ve
istli seviyedeki okuma becerisine sahip kullanicilar
%10’nun ¢ok az istiindedir. Dilbilgisi becerisinde ise Orta
Alt (Pre-Intermediate) ve Ustii seviyedeki kullanicilar %1,22
oraninda kalmisgtir.

45 66.43% 70.00%
40
60.00%
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50.00%
30
25 40.00%
20 30.00%
15
20.00%
10
10.00%
5
0 0.00%
Beginner Elementary Pre-Intermediate Intermediate Upper-Intermediate Advanced
40 95.00% 100.00%
35 33.96 90.00%
29.27 80.00%
30 28.24 - 29.02
70.00%
25 60.00%
20 18.23 18.74 50.00%
15 40.00%
30.00%
10
79% 20.00%
5 10.00%
0.65%
0 0.00%
Beginner Elementary Pre-Intermediate Intermediate Upper-Intermediate Advanced

Sekil 13. Becerilere gore seviye dagilimlari (a) Kelime bilgisi, (b)dinleme
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Sinavda gegirilen siire ele alindiginda ise Orta Ust (Upper-
Intermediate) okuma seviyedeki kullanicilarin ortalama
39,48 dakikada sinavi tamamladiklart goriilmektedir. Bu
stire dilbilgisi becerisinde Orta Alt (Pre-Intermediate)
seviyesi i¢in sinavda gegirilen siire 18,74 dakika olmustur.
Sinav ortalama siiresi i¢in okuma becerisinde en yiiksek Orta
Ust (Upper-Intermediate) seviyesinde gergeklesmistir. Bu
bagar1 grubu dilbilgisi seviyesinde de degismemistir ve en
yiiksek ortalama sinav siiresine sahip olmustur. Baglangi¢
(Begineer) seviyesindeki kullanicilar ise okuma becerisinde
sinavi ortalama 13,98 dakikada tamamlamislar ve en diisiik
ortalama sinav siiresine sahip olmuslardir. Sekil 13’teki
sonuglara gore smava katilan kullanicilarin kelime bilgisi
becerisinde %93,61°1, dinleme becerisinde ise %61,65°1
Baslangi¢ (Begineer) seviyesinde sahip olup, bunu sirasiyla
%3,95 ve %14,31 ile Temel diizey takip etmistir. Orta ve
iistii seviyedeki dinleme becerisi kullanicilarin %15’e yakin
olustururken, kelime bilgisi becerisinde bu oran %1’in ¢ok
az ustiindedir. Dinleme becerisinde yer alan sorularda
sinirsiz dinlenme hakki verilmesinin ve sorudaki secenek
sayisinin az olmasinin buradaki kullanicilarin seviyesini
yukari ¢ektigi ongdriilmiistiir.

Smavda gecirilen siire ele alindiginda kelime bilgisi ve
dinleme becerileri birbirine yakin sonuglar tiretmistir. Seviye
arttikca dogal olarak sinavda harcanan siirenin de artmasi
beklenmektedir. Fakat kelime bilgisi becerisinde Orta
(Intermediate) seviyesinde diger tiim seviyeler gore daha
fazla zaman harcandig1 gorilmistiir.

4. TARTISMA VE SONUC

Bu calismada iki ana unsur iizerinde durulmustur. Birincisi
beceri tabanli ve kisisel 6zellikler 6n planda tutularak seviye
tespit sinavindan alinan bilgiler ile analiz yapilmigtir. Diger
ana unsur ¢evrimigi seviye tespit sinavinin siiresinin beceri
bazli hangi araliklarda olacaginin analizidir. Seviye tespit
smavlarinda karsilasilan problem bir¢ok ¢aligmada seviye
tespit smavinin basma kalip bir sekille yapilip kisinin
seviyesinin dogru belirlenemedigi icin sistem igerisinde
yanlis konumlardan baglayip kisiyi sikabilmesidir. Bu
calismada gelistirilen uyarlanabilir seviye tespit smavi
yardimiyla kigisel 6zellikler dikkate alinarak en hizli ve
basarili bir sekilde seviye tespiti yapilmis ve bireyler isabetli
konumlardan baslatilmistir. Yine literatirde incelenen
seviye tespit sinavlarinda uzun siirenin bireyleri siktigini ve
smavi erken terk etme gibi sorunlarin oldugu analiz
edilmistir. Bunun ic¢in bu c¢alismada gelistirilen sistem
sayesinde bu siire en optimum noktaya indirgenmis ve
sistemden ayrilma oranin1 dikkate deger bir sekilde
diisiirmiistiir. Ulkemizdeki Ingilizce seviyesi diger iilkeler ile
karsilastirildiginda  olduk¢a geri oldugu bilinen bir
durumdur. Bunun sebeplerini aragtiran bir¢ok ¢aligma
yapilmistir. Bu ¢alismada uyarlanabilir ingilizce seviye
tespit sinav sistemi kullanilarak yiiksek sayida kisi tizerinde
seviye tespit sinavi uygulanmig ve analizleri ¢ikarilmistir.
Sinava girenlerin ¢ok biiyiik bir kism1 baglangic seviyesinde
¢ikarken bunun en biiyiik sebebinin dil bilgisi ve kelime
bilgisi becerilerinin oldugu goérilmistiir. Sinava girenlerin
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¢ogunun gen¢ yas niifusu oldugu ve iilkemiz agisindan 20-
30 yas gruplar igin ayr1 plan-program yapilmasi gerektigi
sonuglardan elde edilmistir. Ingilizce seviye belirleme
anlaminda zeki bir model gelistirilecekse 15 dakika ya da
maksimum 20 dakikada kiginin seviyesini belirlemelidir.
Daha fazla siiren ¢evrimici sinavlar kisiyi stkmakta ve sinavi
terk etmesine sebep olmaktadir. Smav ilerleyisinde beceri
bazli yerine karma sistem tercih edilmesi smavin terk
edilmesinin ~ Oniine  gecilecegini  Ongdérmekte  ve
onerilmektedir. Boylelikle hem daha az soruda seviye
belirlenebilirken hem de ayni tip soru siirekli arka arkaya
gelmemis olacaktir. Sinav baslamadan bazi kullanici
Ozellikleri  alinabilirse  smav  ilerleyisi ona  gdre
giincellenebilir. Ornegin; cinsiyete gore, smava baslangic
beceri tiiri degistirilebilir, egitim diizeyine gore; sorularda
kullanilacak resim ve materyal degistirilebilir. Analizlerden
bu gibi ¢ikarimlar elde edilmistir. Giiniimiizde halen ciddi bir
problem olan ingilizce egitimi gelecekte de problem olmaya
devam edecektir. Bu c¢aligmadaki ve bu calismadakine
benzer analizler problemi ¢ozmede bir basamak teskil
edebileceginden 6nemli analizler oldugu diisiiniilmektedir.
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