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Research Article
Three-Dimensional Visualization of Historical Buildings with Augmented

Reality Technology: The Example of Altintepe Temple
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Abstract: The Urartians, who have an important place in the Eastern Anatolia Region, are very important for the history
of the region. Erzincan / Altintepe Temple, one of the areas where the Urartian dominance reached, is a rare Urartian
artifact. The fact that the structure cannot be accessed at any time and place has made this study necessary. Therefore,
in this way, it is aimed to reach the structure at any desired moment and situation. With this improved feature, the
Ancient History lessons will not only consist of basic images projected from the projector, but technological
developments will also be utilized in the course.

It is important that technological developments can be adapted to the areas where they are needed. Digital visualization
of three-dimensional models of historical buildings with augmented reality technology offers innovation to users.
Especially the easy accessibility of mobile devices has popularized the development and use of augmented reality
applications. In this study, Altintepe Temple was modeled in three dimensions and an application was developed using
augmented reality technology. In accordance with the data obtained as a result of the literature study, Altintepe Temple
was modeled and an augmented reality application was developed using Unity game engine and Vuforia SDK platform.
Keywords: History, Urartians, Altintepe, augmented reality, mobile application.

Arastirma Makalesi
Tarihi Yapilarin Artirllmis Gergeklik Teknolojisiyle U¢ Boyutlu Olarak
Goriintiillenmesi: Altintepe Tapinagi Ornegi

Oz: Dogu Anadolu Bélgesinde énemli bir yere sahip Urartular, bolge gegmisi icin olduk¢a dnemlidir Urartularim
hakimiyetinin ulagtig1 alanlardan olan Erzincan/ Altintepe Tapinagi nadide bir Urartu eserdir. Yapiya istenilen an ve
mekanda ulagilmamasi durumu, séz konusu ¢aligmay1 gerekli kilmistir. Dolayisiyla bu sayede arzu edilen her an ve
durumda yapiya ulagsmak hedeflenmistir. Gelistirilmis bu 6zellik ile Eskicag dersleri yalnizca projeksiyondan yansitilan
temel goriintiilerden ibaret kalmayacak, derste teknolojik gelismelerden de faydalanilacaktir.

Teknolojik gelismelerin, ihtiyag duyulan alanlara uyarlanabilir olmasi dnemli bir husustur. Artirillmis gergeklik
teknolojisi ile tarihsel yapilarin {i¢ boyutlu modellerinin dijital olarak goériintiilenmesi kullanicilara yenilik sunmaktadir.
Ozellikle mobil cihazlarin kolay ulasilabilir olmasi, artirilmis gerceklik uygulamalarin gelismesi ve kullanilmasin
yaygimlastirmistir. Bu ¢alismada Altintepe Tapinagi ii¢ boyutlu olarak modellenmis ve artirilmig gergeklik teknolojisi
yontemi kullanilarak bir uygulama gelistirilmistir. Literatiir ¢aligmasi1 sonucunda elde edilen verilere uygun olarak
Altintepe Tapmagi modellenerek, Unity oyun motoru ve Vuforia SDK platformu kullanilarak artirilmis gerceklik
uygulamasi gelistirilmistir.

Anahtar Kelimeler: Tarih, Urartular, Altintepe, artirilmis gergeklik, mobil uygulama.

Citation: N. Sonmez Okulmus and E. Okulmus, “Three-Dimensional Visualization of Historical Buildings with
Augmented Reality Technology: The Example of Altintepe Temple”, Journal of Studies in Advanced Technologies, vol.
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1. Giris

Mitannilerin son bulmasinin ardindan yayilmaci politika izleyen Asurlar, Dogu Anadolu Boélgesinin
zengin yer alti kaynaklar1 ve cografyasindan istifade etmek i¢in ilerleme gostermislerdir. Bélgede yer alan
Hurri kokenli halk topluluklart artan Asur saldirilarina karst bir baski olusturmak adina bir ¢at1 ekseninde
toplanmis ve MO 13. yiizyilda “ Uruatri- Nairi Konfederasyonu” ortaya ¢ikmistir. Bu donem Urartularin
olusum donemini ifade ettigi icin tarihi kayitlarda “Urartu Arkaik Cag1 veya Urartu 'nun Proto Tarihi” olarak
da nitelendirilmektedir [1], [2], [3]. Urartularin ilk krali Arame ilk krali kentleri ise Sugunia’dir. Krallik
donemi de dahil sirasiyla Urartu baskentleri Sugunia- Aramu, Arzaskun ve son olarak giiniimiiz Van ilinde
bulunan Tuspa’dir. Urartu tarihinin, MO. XIII yiizyilm ilk ¢eyregi ve MO. IX yiizyilin ilk yarisindaki ilk devre
beylikler dénemi olarak nitelendirilmektedir. MO. IX yiizyilin ikinci yarist ve MO. VI yiizyilin baslari
arasindaki devre ise krallik donemi olarak adlandirilmaktadir! [4], [5]. Urartular artan siyasi giicii ve
genisleyen sinirlara bagl olarak bircok alanda yenilik ve degisimler yapma ihtiyaci hissetmis, bu noktada
onceligi dini ve askeri alana vermistir. Devletin politikasina uygun iskan alanlar1 olusturarak hosgoriilii bir
siyaset izleyerek varligini kalici hale getirmeyi hedeflemistir [6].

Urartu dininin kaynagini kraldan alan, devletin bekasini saglayan ve genisleyen sinirlara bagli olarak
farkli tanrilara yer vermeyi gaye edinmis bir zihniyete sahip oldugunu bilmekteyiz. Bu 6zellik Urartu
panteonunda yer alan Hitit, Hurri ve Asurlara ait 6gelerden de anlasilabilmektedir. Dolayisiyla bu 6zellik ¢cok
tanrilt bir yapinin zeminini olusturmaktadir. Urartularda dinin yeri ve dnemine dair bilgilerimizi ¢ivi yazili
metinlerden ve kabartmalardan edinmekteyiz. Urartu dininde ayri bir dneme haiz tanrilara metinlerin ilk
satirinda atiflar yapilmis ve cogunlukla bas tanr1 Haldi, Teiseba ve Sivini’ye yapilan atiflara yer verilmistir
[7]. Kral Ispiuni dénemine ait Meherkap: Yazitinda Urartu panteonunda bulunan tanrilarin adlarina ve onlarin
her birine kag¢ adet kurban sunulmasi gerektigine diar bilgilere yer verilmistir [8], [7]. Goriilmektedir ki din
ve devlet birbiriyle baglantili iki yap1 olarak sosyal hayata da yon vermektedir. Gerek dini konulu gerek savas
ve sefer sonunda ortaya konulan yazitlar kiiltiirel hayatlarinda dini degerlerin 6nemine dair acik delillerdendir.

Urartular dine kiiltiirel hayatlarinda ayri1 bir yer vermis ve bu anlamda tapinim alanlar1 olusturmay1 tercih
etmistir. Tapinaklarin Urartu sosyal yasaminda yer edinmeye basladigint Menua doneminden itibaren
gormekteyiz. Musasir tapinaginin ele gegirilmesi ardindan tanrinin evi olarak nitelendirilmis ve kutsanan tanri
Haldi i¢in kurbanlar kesilerek cesitli hediyeler ile ikramlarda bulunulmustur. Dolayisiyla din faktoriiniin
toplumu birlestirme ve devletin bekasini saglama noktasindaki katkist da olduke¢a agik ve 6nemlidir [9], [8].
Urartu panteonunda tanrilarin 6nem derecelerine gore siralandigina Meherkapr Yazitindaki liste sayesinde
sahit olmaktayiz. Esasen dini ibadetlerini nerede ve ne sekilde yaptiklarina dair bilgileri ise yetersiz arkeolojik
varlik sebebiyle 6grenememekteyiz. Altintepe tapinagi giiniimiize kadar ulagmis en giizide Urartu eserlerinden
biri olarak bu noktada 6nem arz etmektedir. Standart Urartu mimarisini en genis haliyle yansitan Altintepe,
Tiirkiye’nin Dogu Anadolu Bolgesinde yer almaktadir.

Erzincan ilinin 20 km dogusunda Erzincan- Erzurum karayolu iizerinde Erzincan Ovasindan 60 m.
yiikseklikte 500 metrelik ¢apa sahip Altintepe’de ilk olarak 1959-1968 Prof. Dr. Tahsin Ozgiig, ikinci dénem
2003’den itibaren olmak tizere Prof. Dr. Mehmet Karaosmanoglu tarafindan kazilar gergeklestirilmistir. Tiirk
Tarih Kurumu ve Eski Eserler ve Miizeler Genel Miudiirliigii adina 1959 yili Eylil’iinde Prof. Dr. Tahsin
Ozgii¢ baskanliginda kaz1 ¢alismasi baslatilan Altintepe, Eski Tung Cagina tarihlendirilmekte olup Urartu ve
Orta Cag devletlerinden Akkoyunlular’a kadar iskan alani icerisinde bulunmustur. Urartulardan giiniimiize
kadar en saglam ve kale oldugu acikca anlasilan Altintepe, 1938’lerde tesadiifen eserlerin kesfedilmesi
neticesinde bilim diinyasinda yerini almistir. 1959°da Tahsin Ozgii¢ tarafindan Altintepe’de caligsmalar
baslatilmis daha sonra bolgede Urartu mimarisini yansitan muntazam is¢ilik ve yap1 kalintilarina rastlanmaistir.
Klasik Urartu niteligini yansitan Van Toprakkale ve Karmir-Blur’dan sonra Ornek verilebilecegimiz
Altintepe’de ayrica kale, sur duvarlari, tapiak, avlu ve saray, havuz, su kapisi, mahzen ve depo alanlari,
kanalizasyon, ilk apadana ve genisletilmis apadana ve mezar odalar1 bulunmaktadir [10], [11], [12]. Dogu
Anadolu Bélgesinin kuzeybatisinda ve Yukari Firat havzasinda yer alan Erzincan ovasinda bulunan Altintepe,
cevresinde yer alan volkanik konilerden olugan bir alanda yer almaktadir. Sehir merkezine yakin bir mesafede

! Urartu bagkentleri ve lokalizasyon onerileri hakkinda degerlendirmeler ve detayl bilgi i¢in bkz: Pmarcik, P. (2014). “Urartularin
Baskentleri”. Tarih Arastirmalart Dergisi, 33, 35- 54.Tarhan, M.T. (1978). MO. XIII. Yiizyilda Uruatri ve Nairi Konfederasyonlar,
Yaymlanmamis Dogentlik Tezi, Istanbul., Salvini, M. (2006). Urartu Tarihi ve Kiiltiirii, Istanbul.
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ve ovadan 60 m yiiksek olan bu tepede Prof. Dr. Tahsin Ozgiic tarafindan gergeklestirilen kazilarda? tepeden
elde edilen arkeolojik bulgular® Eskigag Tarihi’ne 6nemli katkilar sunmustur. Zira sundugu kiiltiir bakimimdan
bolge genelinde tek drnek olma dzelligine sahiptir [12]. Tahsin Ozgii¢ déneminde gerceklestirilen kazilardan
sonraki siiregte yogun sekilde tahribata ugramis olsa bile Urartularin kuzeybatiya yayilmalar1 noktasinda
biiyiik 6neme sahip merkezler arasinda yer almaktadir [13], [14], [15].

Altintepe ad1 ve inga edilme siireci hakkinda net bilgiler bulunmamasina ragmen tepede yer alan
mezarlarda “Rusa’min oglu Argisti” ifadesinin okunmasi dolayisiyla Altintepe, II. Argisti donemine
tarihlendirilmistir ve bu donemde yogunlagan Kimmer saldirilarina 6nlem mahiyetinde yapildigi ihtimal
dahilindedir* [6]. Tepede Dogu Roma ve Urartu dénemini simgeleyen sur, i¢ kaleye ait kapi, saray ve mabet,
depo, agik hava tapinak alani ve apadana yer almaktadir [12]. Altintepe’de gergeklestirilen kazilardan sonra
sunulan yayinlarda bilgiler kisith olsa bile tepedeki ilk yerlesimin Tung Cagina ait oldugu, yapiminda el ve
carkin kullanildiginin gostergesi olan Erken Demir Cag seramiklerine de rastlanmistir [10]. Altintepe’de
Urartu dénemine ait yapinin ilk kat1 MO 8. yiizy1la tarihlendirilmekte iken yapinin ikinci katt MO. 7 yiizyila
tarihlendirilmektedir [ 18], [16]. Urartu mimarisinin giiniimiize kadar korunarak gelen en nadide 6rneklerinden
biri olan Altintepe, 27. 2 x 30 m dlgiilerine sahip dikdortgen seklinde etrafinda bulunan revaklar ile ¢evrilmis
avluda yer almaktadir. Tapmagin dort kosesinde yer alan temel taglarin lizerinde bulunan 1 cm derinlik 8, 5
cm Olcilistindeki oyuga hammaddesi tungtan olan 8 cm capinda 0, 8 cm kalinliga sahip birer tane disk
eklenmistir [6], [17]. Tapinak kompleksinin dort kdsesinde yer alan temel taslarin tepesine birer adet disk
yerlestirilmistir [17]. Bu disklerin gorsel estetik amacli mi1 yoksa sunularda kullanilmak tizere mi insa edildigi
hakkinda net bir bilgi bulunmamaktadir. Tapinagin 6n cephesinde yer alan yuvarlak plana sahip alanin ise
kurban sunumu i¢in olusturuldugu diistiniilmektedir [18]. Girisi giineydoguda yer alan duvarin ortasina agilan
tapmnagin avlusunda da tas kaideler yer almaktadir. Girisin iki tarafi da Urartu yapilarina 6zgii bir sekilde
cergeveli sekildedir. Bu 6zelligi ile Meherkap1 ve Yesilalig anitlar1 ile benzerlik gostermektedir [19], [20],
[21]. Urartu doneminde tapinakta ilk apadana ve daha sonra bir nevi tadilat mahiyetinde yeniden olusturulan
genisletilmis apadana yer almaktadir. Tapinak girisinin yaklagik 6 m 6n kisminin ¢aprazina denk gelen sekilde
ana kayayi tirag etmek suretiyle ¢evresine nazaran 2 m yiikseklikte ilk apadana yapilmistir. Giris ise doguda
yer alan kapilardan saglanmistir. Apadana ¢evre zeminden 2 m kadar yliksekte bulundugundan kapi oniinde
yer alan ahsap bir merdiven kullanilmistir [12]. Yap1 duvarlari temeli taslarla oriilii dort kat iizerine kerpig ile
yiikseltilmis ve giris yine ilk apadanada oldugu gibi dogu cephesinden saglanmistir. Dolayisiyla ayn1 yapiya
ek olarak ortaya ¢ikarilan bu yapida zeminden yiiksek bir girise sahip oldugu i¢in girisler yine ahsap merdiven
kullanilarak gerceklestirilmistir. Ne yazik ki bu yapinin da akibeti bir yangin ile nihayet bulmustur [22].
Altintepe’den elde edilen bulgular giiniimiizde Ankara ingiliz Arkeolojisi Enstitiisiinde korunmaktadir.

2. Artirllmis Gerceklik

Artirnllmis gergeklik (AG) teknolojisi dijital ortamlarda hazirlanan igeriklerin, ger¢ek ortamlara entegre
edilerek etkilesim saglanabilen goriintiileme teknolojisidir [23]. Baska bir ifade ile artirilmis gerceklik, gercek
diinya ile bilgisayarda olusturulan ortamlarin birlikte goriintillenmesidir [24]. Artirllmig  gergeklik
teknolojisinin temelleri 1950’11 yillara dayanmakta ve o donem gelistirilen “Sensorama” isimli cihaz bu
teknolojinin ilk 6rnegi olarak tanimlanmaktadir [25]. Sonraki donemde 1992 yilinda Boeing firmasi tarafindan
gelistirilen bir uygulama ile is¢ilerin montaj islemini daha verimli bir sekilde yapmalar1 saglanmistir. Tiim bu
gelismeler 1s18inda artirillmis gerceklik ifadesi ilk kez Ronald Azuma tarafindan kullanilarak diinya
literatiiriine eklenmistir [26].

2 Kazi bulgular ve arkeolojik malzemeler birgok yayma konu olma niteligi saglamistir: Ozgii¢ 1961, 253-269; Ozgii¢ 1963, 43-57; Ozgiig
1964, 43-44; Ciner 1965, 225-245; Ozgiic 1965, 93; Ozgii¢ 1969, 256-263; Klein 1974, 77-94;
3 Altintepe Urartu Mimarlik Eserleri igin bkz: Tahsin Ozgii¢, Altinntepe’de Urartu Mimarlik Eserleri” Anatolia, 1963, 51- 57,

4 Ancak saldirilara karsi yetersiz kalan kalelerden biri olmustur.
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Sekil 1. Artirilmis Gergeklik Tarihgesi

Azuma [27], artirilmis gerceklik teknolojisini, algilanmasi giic olan bilgilerin, dogal ortamlari
gelistirmesi ve giiclendirmesi seklinde tanimlamistir. Bu teknolojinin verimli ve pratik bir sekilde
kullanilabilmesi i¢in mobil cihaz, kamera ve tetikleyici gorselinin bir arada bulunmasi gerekmektedir [28].
Artinnlmis gerceklik teknolojisinde optik ve video goriintiileme teknolojileri kullanilarak igerikler
olusturulmaktadir [27].

Cheng ve Tsai [29] , artirilmis gergeklik teknolojisinin iki farkli sekilde tanimlamistir. Bu tanimlamalar;
1) konum tabanli artirllmig gerceklik ve ii) sekil-isaret¢i tabanli artirilmis gergeklik seklindedir.

Konum Tabanlt Artirilmis Gergeklik: Kullanilan mobil cihazin konum bilgileri dogrultusunda kamera
yardimiyla ortamin algilanmasi ve igeriklerin gergek ortama entegre edilmesidir [30]. Konum tabanl artirilmig
gerceklik teknolojisine en giizel 6rnek 2016 yilinda tiim diinyada kullanilmaya baslayan “Pokemon Go”
uygulamasidir.

Sekil 2. Konum Tabanli Uygulama Ornegi (Pokemon Go)

Sekil-Isaret¢i Tabanli Artirilmis Gergeklik: Bu teknolojide, daha énceden hazirlanan igerik, mobil cihaz
kamerasina okutulan tetikletici gorsel ile goriintiillenmektedir [30].
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Sekil 3. Artirilmis Gergeklik Uygulamasi Ornegi

Sekil-isaret¢i tabanli uygulamalarda tetikleyici gorsel ile goriintiilenecek igerik iliskilendirilmektedir. Bu
tarz uygulamalar kullanicilarin  hazirlanmis igerikleri algilama diizeyleri yilikselmekte ve igerigi
anlamlandirma kapasitesinin artmasini saglamaktadir [31]. Artirilmis gerceklik teknolojisi, gerceklik hissini
degistirmeden insanlara ilgi ¢ekici ortamlar sunmaktadir [32].

Giliniimiizde teknolojik gelismelerin bas dondiiriicii hizla ilerlemesi artirilmis gergeklik teknolojilerinin
ulagilabilirligini artirmis ve birgok alanda kullanilmasini saglamistir [33]. Artirilmis gergeklik teknolojisinin
kullanildig: alanlar Tablo 1°de sunulmustur.

Tablo 1. Artirilmig gergeklik teknolojisi kullanim alanlari

Artirilmis Gergeklik Teknolojisi Kullanim Alanlari
Reklam ve pazarlama

Kiiltiir ve Turizm

Miihendislik

Eglence

Egitim

Askeri

Saglik

Tablo 1 incelendiginde artirilmis gerceklik teknolojisinin yaygin bir sekilde kullanildigi gortiilmektedir.
Artirtllmis gerceklik uygulamalarinin farkli platformlarda kullanilmast ayrica cesitli igeriklerin iiretilmesine
de olanak saglamistir [34]. Bu teknolojinin ger¢cek zaman ve ortam kosullarinda kullanilabilir olmasi,
gerceklik algisini degistirmemesi, kullanicilarin etkilesim diizeylerini destekleyici niteliktedir [35]. Bu
teknoloji iginde bulundugumuz ortami zenginlestirerek, bizlerin ¢evreyle olan etkilesimimizi artiran aragsal
bir yeniliktir [36]. Artirilmig gerceklik ile bilgisayarda hazirlanmig bilgiler dogal ortama aktarilarak
kullanicinin algi esigini gelistirmektedir [37]. Ozellikle bu teknolojiyi kullanirken farkli donanimlara ihtiyag
duymadan zaman ve mekandan bagimsiz olarak kullanabilmek 6nemli bir noktadir [38].

Noook~wbdPE

Fakat son donemlerde artirilmis ile sanal gerceklik kavramlari karistirllmaktadir. Benzer mimari
teknolojiler kullanan bu iki goriintiileme teknolojisinin farkini en bariz sekilde ortaya koymak adina Milgram
ve Kishino’nun olusturdugu “Gergek Sanal Stirekliligi Diyagram1” asagida Sekil 4’te sunulmustur.
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KARMA GERCEKLIK

Artirillmig Sanal
Gergeklik Gergeklik

Sekil 4. Gergek Sanal Siirekliligi Diyagrami

Sekil 4’te ki diyagram incelendiginde artirilmis gergeklik teknolojisinin gercekligi temel aldigi, sanal
gergeklik teknolojisinin ise sanalligi temel aldigi anlasilmaktadir. [28] ¢alismasinda artirilmig gergeklik
teknolojisinde gercek iginde sanal olanin yer aldigini belirtmistir. AG teknolojisi, kullanicinin gerceklik
algisin1 degistirmedigi i¢in kullanicinin davraniglarini kisitlamaz ve etkilesimin en yiiksek seviyede olmasini
saglamaktadir [20].

Artirilmig gergeklik teknolojisinin ¢aligma asamalart;

Isaretci-tetikleyici

- Konum bilgileri

- Isaretleyicinin ¢6ziimlenmesi

- Veritabanindan hazirlanmis icerigin ¢ekilmesi
- Goriintileme seklinde ifade edilebilir.

Teknolojik gelismeler 15181nda artirilmis gerceklik teknolojisinin sahip oldugu potansiyel goriintiileme
teknolojilerine yeni bir soluk ve bakis agis1 kazandirmustir [39]. Thtiyag halinde kolay ulasilir hale gelmesi ve
problem durumlarina ¢dziim sunabilmesi adina kullanicilara kolayliklar sunmakta etkilidir [31]. Cihazlardaki
ekran ve kamera ozelliklerinin gelistirilmesi artiritlmis gergeklik teknolojisi tabanli uygulamalarin niteligini
artirmistir [39].

3. Materyal / Metod

Calismanin bu boliimdi, icerik olarak kullanilacak tapinak modelinin hazirlanmasi ve artirilmis gergeklik
uygulamasinin gelistirilmesi adimlarini kapsamaktadir. Bu adimlar iki baslik halinde sunulmustur.

3.1. Materyal Modelleme

Calismada Prof. Dr. Tahsin Ozgii¢ tarafindan 1956-1968 yillar1 arasinda gergeklestirilen arastirmalar
sonucunda agiga ¢ikartilan tapinak kompleksi {i¢ boyutlu modelleme programi kullanilarak, gelistirilen
artirllmis gergeklik uygulamasinda kullanmak amaciyla modellenmistir. Modelleme isleminin yapilabilmesi
icin agagidaki Sekil 5’te verilen ¢izim taslak olarak kullanilmistir.
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Sekil 5. Altintepe Tapinagi Referans Cizimi ve 3b modeli

Sekil 5’te 3ds Max programi kullanilarak taslak ¢izim {izerinden Altintepe Tapinagi modellenmis ve
sonraki agamada mimari 6zelliklerine uygun sekilde kaplama islemleri gerceklestirilmistir.

Sekil 6. Altintepe, Kazi agma alan1 ve plani



Journal of Studies in Advanced Technologies 2024, 2, 1 8

3.1. Artirtlmis Gergeklik Uygulamasi

Calismada Altintepe tapinaginin mevcut bilgiler 1s18inda {i¢ boyutlu olarak goriintiilenmesi adina
artinnlmis gerceklik teknolojisi kullanilmistir. Bu amacla Unity oyun motoru ve Vuforia SDK gelistirici
platformlarindan faydalanilmistir.

Unity oyun motoru bilgisayar, mobil cihaz ve oyun konsollari i¢in igerik gelistirilmede kullanilan bir
yazilimdir. Ilk olarak 2005 yilinda yayimlanan bu program ile iki ve ii¢ boyutlu oyunlar ve uygulamalar
gelistirmek olduk¢a miimkiindiir.

Bu ¢alismada gelistirilen uygulamanin mobil cihazlarda kullanilabilmesi amaciyla Unity oyun motoru ile
uyumlu olarak calisabilen Vuforia platformu kullanilarak bir veri tabani olusturulmustur. Vuforia kameranin
cevrildigi alandaki tetikleyici gorseli algilayarak daha onceden hazirlanan igerigin algiladigi gorsel {izerine
konumlanmasini saglayan yazilimdir.

File Edit Assets GemeObject Component Window Help

Sekil 7. Unity Oyun Motoru ve Uygulama Gelistirme Agsamasi

engine s .
Aveloper norol Home Pricing Downloads Library Develop Support

Account Manager  License Manager Target Manager Credentials Manager

Target Manager

Use the Target Manager to create and manage databases and targets.

Search
Database Type Targets
Altintepe Device 1

Sekil 8. Vuforia Sdk Gelistirme Platformu Arayiizii

Gelistirilen uygulamanin kullanilabilmesi i¢in uygulamanin kullanilacak mobil cihazda yiikli olmasi ve
cihaz kamerasina asagidaki Sekil 8’de ki Altintepe Tapinag1 gorseli okutulmalidir.
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Sekil 9. Uygulama Tetikleyici Gorseli

Sekil 10. Uygulamanin mobil cihazda kullanimi1

3. Sonug ve Tartisma

Son yillarda bilgisayar ve goriintiilleme teknolojilerindeki gelismeler uygulama gelistiricilerine farkl
imkanlar sunmaktadir. Bilginin farkli teknolojilerle desteklenerek kullanilmasi olduk¢a dikkat cekmektedir.
Ozellikle kullanicilara gesitli etkilesim olanag1 sunacak gelismelerin fazla olmas1 heyecan yaratici bir durum
olmustur. Bu noktada son dénemlerde farkli alanlarda sik sik karsilastigimiz artirilmis gerceklik teknolojisinin
tarih alaninda kullanilabilir olmast olduk¢a 6nem arz etmektedir. Bireylere tarihi bilginin aktarilmasinda
artirllmig gerceklik teknolojisinin kullanilmasi teknolojik etkilesimin artmasini ve tarihi yapilarin ge¢gmisine
dair bilgilenmemizi saglamaktadir.

Bu calismada 6nemli bir tarihi yap1 olarak adlandirilan ve Urartulara ait olan bugiine ulasmis tapinak
ornegi olan Altintepe ele alinmistir. Altintepe’nin se¢ilmesinde en 6nemli etmen yapi katlarinin belirgin olusu
sayesinde ge¢misine dair bilgi almamizin sundugu kolaylik ve alaninda nadide bir yap1 olmasidir. Esasen bu
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ozellikleri ve tarih alanindaki 6nemi sebebiyle derslere konu olmaya devam etmekte olusu ve ayni1 zamanda
glinlimilizde hala ayakta olusu yapinin ¢alisilmasina kaynaklik etmistir. Giiniimiizde farkli sebeplere bagli
olarak yok olma noktasina gelen Altintepe Tapinagi, li¢ boyutlu modelleme programlarindan biri olan 3ds
max programi kullanilarak modellenmistir. Bu modellemenin yapilabilmesi igin Prof. Dr. Tahsin Ozgii¢’iin
hazirladig cizimler, referans gorselleri olarak kullanilmistir. Modelleme programi ile hazirlanan {i¢ boyutlu
Altintepe Tapinagi “.fbx” uzantili bir dosya seklinde disa aktarilmistir. Modelleme isleminden sonra artirilmis
gerceklik teknolojisi tabanli uygulama gelistirebilmek adina kullanilabilecek farkli program ve platformlar
arasindan Unity oyun motoru ve Vuforia platformu tercih edilmistir. Artirilmis gergeklik teknolojisi
kullanilarak gelistirilen bu uygulama ile tarihi yapilarin tanitilmasi, gorsellestirilmesi tarih egitim ve
ogretiminde farkli bir deneyim ve bakis agis1 sunmasi elde edilmistir. Dolayistyla tarihi eserleri veya yapilari
ii¢ boyutlu olarak goriintiillemek hem bireylere hem gelecek nesillere arkeolojik bulgular yok olma noktasina
gelmis olsa bile 6nemli firsatlar sunmaktadir.
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Abstract: Drought refers to a situation of insufficient moisture due to lack of precipitation over a certain period of time.
Different drought indices are applied to determine temporal and spatial drought characteristics. Determining the drought
index and monitoring its changes is of great importance in terms of planning and management of usable water resources
such as stream flow, lake and reservoir levels, snow cover, soil moisture and groundwater, and solving problems related
to environmental, ecological and economic systems. In this study, Standard Precipitation Index (SPI) and Standardized
Precipitation Evapotranspiration Index (SPEI) analysis was carried out using monthly precipitation and monthly average
temperature data recorded between the hydrological years 1980-2022 at Ardahan meteorology station no. 17046 in the
Eastern Anatolia Region. Drought evaluations were made for different time periods such as 1, 3, 4, 6, 9 and 12 months,
and the effects of indices on drought analysis were examined. Accordingly, it has been seen that the SPI index has the
advantage of being calculated more practically in cases where only precipitation data is obtained, but is more stable for
long periods of time, while the SPEI method can effectively evaluate drought for all time periods. Analysis results show
that drought has tended to increase in Ardahan province, especially in the last 6 years, due to the decrease in precipitation
and the increase in temperature.

Keywords: Drought, drought analysis, standardized precipitation index, precipitation, hydrology

Arastirma Makalesi

Farklh Zaman Periyotlar1 Kullanilarak SPI ve SPEI indisleri ile Kuraklik
Analizleri

Oz: Kuraklik belirli bir zaman periyodunda yagis eksikligi nedeniyle yetersiz nem durumunu ifade etmektedir.
Zamansal ve alansal kuraklik Ozelliklerinin belirlenmesinde farkli kuraklik indisleri uygulanmaktadir. Kuraklik
indisinin belirlenmesi ve degisimlerin izlenmesi akarsu akisi, gol ve rezervuar seviyeleri kar ortiisii, toprak nemi ve
yeralt1 sulart gibi kullanilabilir su kaynaklarinin planlamasi ve yonetimi, ¢evresel, ekolojik ve ekonomik sistemlere
yonelik sorunlarin ¢ézlimii agisindan biiylik 6neme sahiptir. Bu ¢aligmada Dogu Anadolu Bolgesi’nde yer alan 17046
no’lu Ardahan meteoroloji istasyonunda 1980-2022 hidrolojik yillar1 arasinda kaydedilen aylik yagis ve aylik ortalama
sicaklik verileri kullamlarak Standart Yagis indisi (SPI) ve Standartlastirilmis Yagis Evapotranspirasyon Indisi (SPEI)
analizi gergeklestirilmistir. 1, 3, 4, 6, 9 ve 12 ay gibi farkli zaman periyotlari i¢in kuraklik degerlendirmesi yapilmis ve
indislerin kuraklik analizi tizerindeki etkileri incelenmistir. Buna gére SPI indisinin sadece yagis verilerinin elde edildigi
durumlarda daha pratik bi¢imde hesaplanmasindan dolay1 avantaj tasidigi ancak uzun zaman periyotlari i¢cin daha kararli
oldugu, SPEI yonteminin ise tiim zaman periyotlar i¢in kuraklig1 etkili bir sekilde degerlendirebildigi goriilmiistiir.
Analiz sonuglar1 Ardahan ilinde yagisin azalmasi ve sicakligin artmasina bagli olarak 6zellikle son 6 yil igerisinde
kurakligin artig egiliminde oldugunu gdstermektedir.

Anahtar Kelimeler: Kuraklik, kuraklik analizi, standart yagis indisi, yagis, hidroloji.
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1. Giris

Kuraklik, belirli bir zaman periyodunda buharlasma ve terleme oraninin yagis oranini ge¢cmesi
durumunda meydana gelmekte ve kiiresel iklimin stirekli 1sinmasi ile kuraklik siklig1 ve yogunlugu da artis
gostermektedir. Bu da toplumun siirdiiriilebilir kalkinmasimni onemli 6l¢iide etkilemektedir [1]. Kuraklik
genellikle meteorolojik, hidrolik, tarimsal ve sosyo-ekonomik faktorlere bagli olarak siniflandirilmaktadir [2].
Meteorolojik kuraklik ciddi yagis eksikligi sonucu olusmakta ve kuraklik analizi i¢in yagis eksikliginin
miktar1 ve siiresi incelenmektedir. Hidrolojik kuraklik ise akarsu ve nehirler iizerindeki meteorolojik
kurakligin etkisini yansitmakta ve kuraklik analizinde yagisin yetersiz oldugu periyotlarda yiizey ve yeralti su
kaynaklar1 tizerindeki etkileri incelemektedir [3], [4], [5], [6]. Uzun periyotlarda goriilen meteorolojik
kurakligin tarimsal ve sosyo-ekonomik faktorler {izerinde de ciddi etkileri bulunmaktadir [7], [8]. Kiimiilatif
artis gosteren, baslangi¢ ve bitisi belirsiz olan ve ayn1 anda bir¢ok kaynak tizerinde etkisi olan kuraklik diger
dogal afetlere kiyasla daha ¢ok insani1 etkilemesi nedeniyle diinyanin en maliyetli dogal afetidir. 2008 yilinda
yapilan bir aragtirmada kiiresel olarak kurakligin etkisi yillik 6-8 milyar ABD dolarma esdeger bulunmustur
[9] Kurakligin etkileri ve yayginligi g6z Oniine alindiginda, erken tespitin saglanabilmesi ve gesitli onlemlerin
aliabilmesi amaciyla kuraklik olaylarinin siire, etki alani, frekans ve siddetinin belirlenmesi gerekmektedir.
Bu amagla kurakligin yogunlugu ve siddetini belirlemek ve izlemek i¢in ¢esitli indisler gelistirilmistir. Mevcut
literatiirde meteorolojik kuraklik analizinde yaygin olarak kullamlan yéntemler; Standart Yagis indisi,
Normalin Yiizdesi indisi, Standartlastirilmis Yagis Evapotranspirasyon Indisi, Palmer Kuraklik Siddet Indisi
(PDSI), De Martonne-Gotmann Indisi, Thornthwaite Y&ntemi Indisi, Ering Kuraklik Indisi, Bagnauls-
Gaussen Indisi, Modifiye Fournier indisi seklindedir [5], [9], [10], [11], [12].

Kuraklik indisleri meteoroloji istasyonlarindan elde edilen yagis, sicaklik ve buharlasma gibi
parametreleri kullanarak hesaplanmaktadir. Bu yontemlerden bazilar1 sadece yagis verisini kullanirken
bazilar1 hem yagis hem de sicaklik verilerini kullanmaktadir. SPI indisi sadece yagis verisini kullanmasi, kolay
hesaplanmasi ve giivenilir sonug¢ vermesi nedeniyle en yaygin olarak kullanilan kuraklik indisidir [13]. SPI ve
SPEI meteorolojik, hidrolojik ve tarimsal kurakliklari izlemek igin kullanilabilir. Yu vd. [3], Cin’de 1951-
2010 doénemi i¢in kurakligin uzun vadeli egilimleri, yogunluk, siire, siklik ve etkilenen alanin yiizdesi gibi
cesitli Ozelliklerini aragtirmislardir. Aylik yagis ve sicaklik verileri kullanilarak SPEI kuraklik indisi
hesaplanmis, 6zellikle yagislarin azalmasi ve sicakligin artmasi nedeniyle kuruma egilimleri tespit edilmistir
[3]. Vicente-Serrano vd. [12] yaptiklar1 ¢alismada kurakligin hidrolojik, tarimsal ve ekolojik parametreler
tizerindeki etkilerini izlemek amaciyla farkli kuraklik indislerinin performanslarini degerlendirilmistir. Bu
amacla calismada SPI, PDSI ve SPEI yontemleri uygulanmistir. Parametrelerin kurak tizerindeki etkilerini
degerlendirmede PDSI’mn istiin bir yetenegi oldugu, SPEI'm ise yaz aylarindaki kuraklik etkilerini
belirlemede daha yiiksek kapasiteye sahip oldugu tespit edilmistir.

Kuzey Zambiya’da yer alan Kafue havzasinin kurakligini i¢in 1960-2015 yillar arasinda farkli zaman
periyotlar1 kullanilarak SPI ve SPEI yontemleri ile elde edilen zaman serileri kiyaslanmistir. Havzada yagis
yetersizliginden dolayi ¢esitli kurakliklar yasandigi ve kurakligin artis egiliminde oldugu belirlenmistir [8].
Qaisrani vd. [14], calismalarinda Pakistan’in Belucistan eyaletinde bulunan kurak bir bolgenin kuraklik
donemleri 38 yillik 1, 3, 6, 9 ve 12 aylik farkli zaman periyotlarinda SPI ve SPEI kullanarak arastirmigtir.
Sonuglar kisa zaman periyotlarinda dalgalanmalar oldugunu gostermektedir. Tiirkiye’de de kuraklik indisleri
kullanilarak birgok calisma yapilmistir. Ornegin Yiice vd. [15], Samsun ili i¢in SPI ve SPEI ydntemlerini
kullanarak 3, 6, 9, 12 ve 24 aylik zaman periyotlarinda kurakligi belirlemeye calismiglardir. Calismada,
kurakligin zamansal ve mekansal etkilerini belirlemek amaciyla 31 yillik sicaklik ve yagis verilerini
kullanarak De Matonne-Gottman ve SPI yontemleri ile kuraklik analizi gergeklestirmistir. Batan [10], kurak
bir iklimde bulunan Batman ilinin kurakligin1 degerlendirmek i¢in ¢esitli kuraklik indisleri kullanarak kurak
bolgeler i¢in en uygun indisler degerlendirilmistir. Topgu ve Karagor [17], Kuzeydogu Anadolu Bolgesi’nde
yer alan Erzurum ilinin kurakligin1 analiz etmek i¢in SPEI ve Biitiinlesik Kuraklik Indisi y&ntemlerini
kullanmiglardir. Calismada, 1975 ve 2008 yillar1 arasinda 1, 3, 6, 12 ve 24 aylik periyotlari i¢in yagis, sicaklik,
nispi nem, buharlagsma ve giineslenme siireleri verileri ile kuraklik incelenmistir. Sonuglar istasyonda siklikla
hafif kurakligin yasandigini asirt kurakligin ise az oldugunu gostermektedir. Celik [18], Dogu Anadolu
Bolgesi’nde 1967 ve 2017 yillar1 arasindaki kuraklik egilimini belirlemek amaciyla 14 il i¢in SPI analizi
uygulanmis, ayrica iklim siiflandirma yontemlerinden faydalanilmistir. Arastirmada, Tiirkiye’de mevsimlik
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kurakliklar incelendiginde Dogu Anadolu Bolgesinde son yillarda yagis azalmasina bagli olarak hissedilir
kuraklik egilimi dikkat cekmektedir.

Bu ¢alismada Ardahan il merkezinde bulunan 17046 numarali meteoroloji istasyonundan 1980 ve 2022
hidrolojik yillar1 arasinda kaydi alinmis aylik ortalama yagis verileri kullanilarak SPI, aylik ortalama yagis ve
aylik ortalama sicaklik verileri kullanilarak SPEI yontemleri kullanilarak kuraklik analizi yapilmis, sicaklik
verisinin kuraklik {izerindeki etkisini gdzlemleyebilmek amaciyla bu iki yontem tercih edilmistir. Istasyonun
her iki yontemle elde edilen kuraklik indislerinin 1, 3, 4, 6, 9 ve 12 aylik zamansal degisimleri izlenmis,
yontemlerin kuraklik degerlendirme kapasiteleri karsilastirilmis, kuraklik karakteristikleri incelenmistir.
Calismanin kuraklik egilimi gosteren Ardahan ili i¢in kurakligin etkilerini azaltmak amaciyla erken uyari
sisteminin kurulmasi, gerekli planlamalarin yapilmasi, su kaynaklarinin korunmasi ve su yapilarinin
projelendirilmesi konular1 kapsaminda referans olusturacagi diistiniilmektedir.

2. Materyal ve Yontem
2.1. Calisma Alani ve Veriler

Bu calismada Tiirkiye’nin kuzey dogusunda Dogu Anadolu Boélgesi ve kismen Dogu Karadeniz’de
cografi konum olarak 41° 6' 36" Kuzey enlemleri, 42° 42’ 12" Dogu boylamlar1 arasinda bulunan toplam 4.934
km? yiizdlgiimii ve 1900 m rakima sahip Ardahan ilinin farkli zaman periyotlarinda kuraklik analizi
hesaplanmistir. Ardahan il haritas1 ve konumu Sekil 1°de verilmistir.

K ISARETLER
N ) @ lice merkezi
Y Q iimerkezi
e [ GE SINITIAR
il sinirlan
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....... o &
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Sekil 1. Ardahan il Haritas: (https://www.ardahanvakfi.org/)

1827 m rakima sahip 41.1061 enlem ve 42.7055 boylaminda bulunan 17046 numarali Ardahan Merkez
istasyonundan 1980 ve 2022 hidrolojik yillart arasinda kaydedilen aylik yagis ve aylik ortalama sicaklik
verilerinin yillara gore degisimi Sekil 1°de grafik halinde verilmistir. Calismada kullanilan veriler Meteoroloji
Genel Miidiirliigii MEVBIS sistemi iizerinden temin edilmistir.
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Sekil 2. Aylik ortalama yagis P(mm) ve sicaklik degerleri T (°C) (1980-2022)

Meteoroloji Genel Miidiirligii tarafindan 2016 yilinda yapilan iklim siniflandirmasi ¢aligmasima gore
Ardahan iklimi Koppen-Geiger Dfb sinifinda yer almaktadir [19]. Giincel bir konu olan iklim degisikligi ile
iklim siniflandirma ¢aligsmalar1 devamli olarak giincellenme ve diizenleme gerektirmektedir. Tablo 1°de 1980
ve 2022 yillar aras1 Ardahan iklim 6zellikleri sunulmustur.

Tablo 1. Ardahan iklimi (1980-2022)
Aylar 1 2 3 4 5 6 7 8 9 10 11 12

En yiiksek
sicaklik (°C) 45 29 3 82 122 16 192 198 154 91 32 09
Ortalama
scakhk °C) 107 94 29 47 94 132 163 164 124 68 02 75
En diisiik
sicaklik (°C) -182 -146 -94 -08 66 111 138 133 96 37 45 13
En yiiksek 679 57,8 745 1104 1557 1956 1748 1476 1032 107,7 102 658
yagislar (mm)
Orta'(i‘nmn?)yag‘s 219 212 335 522 849 931 72,7 628 356 404 31,8 238
F’Jn diisiik 1.4 3 1,9 88 181 335 11,3 155 36 4,7 0,5 4
yagislar (mm)

1980 ve 2022 yillar1 arasinda aylik ortalama sicaklik verileri incelendiginde maksimum sicakliklarin 19,8
ve 19,2 °C ile agustos ve temmuz aylarinda, minimum sicakliklarin -18,2 ve -14,6 °C ile ocak ve subat
aylarinda oldugu, yillik ortalama sicakliklarin ise 6,76 °C ile 2010 yilinda maksimum ve 1,525 °C ile 1992
yilinda minimum oldugu goriilmektedir. Maksimum yagislar siras1 ile 195,6, 174.8 ve 147,6 mm ile haziran,
temmuz ve agustos aylarindadir. Aylik ortalama yagis bazinda ise en yiiksek yagislar sirasi ile 93,12, 84,93
ve 72,66 mm ile haziran, mayis ve temmuz aylarindadir. Yillik yagis miktarlar1 incelendiginde 824,7 mm ile
2005 yilinda maksimum ve 365,4 mm ile 1980 yilinda minimum yagis goriillmektedir.
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2.2. Kuraklik Indisleri
2.2.1. Standart Yagus Indisi (SPI)

SPI yontemi, 1993 yilinda McKee vd. [20] tarafindan belirli zaman periyotlar1 i¢in yagis eksikligini
Olgme amaciyla gelistirilmistir. Suyun varligt ve kullaniminin analizinde zaman periyotlarinin 6nemini
tantyan bir kuraklik gostergesi olarak tasarlanmistir. Yagisin (Xi), ortalama yagistan (X) farkinin standart
sapmaya (s) orani seklinde esitlik 1 kullanilarak hesaplanmaktadir.
X

SPI = XT' 1)

Esitlikte Xi; belli bir periyot i¢in toplam yagisi (mm), ; ayni periyot i¢in ortalama yagist (mm), s ise
yagislarin standart sapmasini ifade etmektedir. SPI analizinde en az 30 yillik yagis verisi 1, 3, 6, 9, 12 ve 24
aylik zaman periyotlar1 i¢in degerlendirilmektedir. Ancak 12 ay ve daha kisa olan zaman periyotlarinda yagis
verileri normal dagilima uymayabilir bu durumda her bir veri seti i¢in gama fonksiyonu uygulanir [17], [21].

1
BT ()

Burada o sekil parametresini, B 6l¢ek parametresini, x yagis miktarini, I' gama fonksiyonunu ifade
etmektedir. Gama fonksiyonu esitlik 3 ile hesaplanmaktadir.

') = fomx“_le_xdx 3

gx) = x% e, x >0 )

a ve B icin en iyi degerler maksimum olabilirlik yontemi ile tahmin edilmektedir. Bunun i¢in 4, 5 ve 6
numarali esitlikler kullanilmaktadir.

1 44
a—a+(1+ 1+?) (4)
X

== ()
A=ln(z) — 222 (6)
Burada n yagis seri sayisidir. Belirli bir ay i¢in kiimiilatif olasilik esitlik 7 ile hesaplanmaktadir.

— X — 1 X a—-1 —X/ﬁ

G(x)= [, g(x)dx ) Jo x*7t e7/Fdx (7)

G(x), I fonksiyonuna bagli yagis olasilik dagilimini ifade etmektedir.

Gama fonksiyonunda yagis dagiliminin 0 degeri icermesi nedeniyle tanimsiz oldugu durumlarda ise
toplam olasilik esitlik 8 ile hesaplanmaktadir.

H(x)q+ (1 -qG6x) (8)

Esitlik 8’de g, x’in 0 degeri alma olasiligini ifade etmektedir ve esitlik 9 ile hesaplanabilir.

m

g=" ©

Burada m, bir yagis serisinde bulunan yagissiz giinleri, H(x) toplam olasilig1 ifade etmektedir.

SPI ise su sekilde hesaplanir.

t—(c2t+c10)+c0
[(d3t+d2)t+d1]t+1.0

SPI=S (10)
1

t = lnm

(11)

Burada S pozitif veya negatif katsayidir. G(x)>0.5 durumunda S=1 ve G(x)< durumunda S=-1 degerini
almaktadir. Denklemdeki sabitler ise:

c0=2.5155, d1=1.4327, ¢1=0.8028, d2=0.1892, ¢2=0.0103, d3=0.0013tiir.
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Bu calismada SPI sirasiyla 1, 3, 6, 9, 12 ve 24 aylik gézlemlenen yagis toplamlarina karsilik gelen zaman
periyotlari i¢cin hesaplanmistir. Bu periyotlardan kisa olanlar topragin nem kosullarini yansitirken uzun olanlar
yeralt1 sularini, nehir akis1 ve gol suyu seviyelerini yansitmaktadir.

2.2.2. Standartlastirilmis Yagis Evapotranspirasyon Indisi (SPEI)

Standartlastirilmis bir 6l¢cek olan SPEI, ¢esitli bolgesel ve zamansal Olgeklerdeki kurakliklar
karsilastirmak amaciyla kullanilmaktadir. Vicente-Serrano vd. [12] tarafindan gelistirilen SPEI, Yagis ile
potansiyel buharlasma ve terleme (PET) arasindaki fark ile hesaplanir ve iklimsel su degisimini belirlemede
etkilidir. PET ise Penman-Monteith yontemi kullanilarak hesaplanmaktadir. Bu yontemde yagis, sicaklik,
riizgar hizi, glines 15181 miktar1 gibi ¢esitli iklim degiskenleri de hesaba katilmaktadir [6].

SPEI, cesitli zaman periyotlarinda su seviyelerinin yani1 sira kuraklik olasiliginin ciddiyetini
degerlendirmekte etkilidir. SPEI asagidaki islem adimlari ile hesaplanmaktadir:

Di = Pi — PETi (12)

Burada D fark, i zaman periyodu (ay), P aylik yagistir (mm) ve PET Potansiyel Evapotranspirasyon [22]
yontemine gore aylik ortalama sicaklik ve degerlendirilen bdlgenin cografi konum verileri kullanilarak
hesaplanir.

PET = 16k(~ )" (13)

T aylik ortalama sicaklik (°C), k meteorolojik istasyonun enlemi ve ayin bir fonksiyonu olarak hesaplanan
bir diizeltme katsayisi, I 12 aylik sicaklik indis degerlerinin toplam1 ve m, I ile iliskili bir katsayidir. Farkli
zaman periyotlari i¢in D degerleri su sekilde hesaplanir [3].

DY = Y5 (Paci — PET,_), n>k (14)

Burada k (ay), toplam zaman periyodunu ve n hesaplanan ay1 ifade etmektedir. k>n olmasi durumunda
D degerleri tanimsizdir bu nedenle D serisini standartlastirmak ic¢in ii¢ parametreli bir dagilima ihtiyag
duyulmaktadir. Genellikle, Kolmogorov-Smirrov testi kullanilarak {i¢ parametreli log-lojistik dagiliminin tiim
zaman periyotlarinda SPEI i¢in daha iyi sonu¢ verdigi tespit edilmistir [23]. D ve log-lojistik olasilik
yogunlugu asagidaki esitlikler kullanilarak hesaplanir.

9 = LS+ (20) 12 (15)

Burada , ve o0lgek, sekil ve orjin parametrelerini ifade etmektedir [24]. D serisinin olasilik dagilim
fonksiyonu su sekilde verilir:

B
) = [1+(5-y) 1™ (16)
Boylece SPE], f(x)’in standartlastirilmis degerleri kullanilarak kolaylikla elde edilebilmektedir.

Co+CiW+C2W?

SPEl =W — 1+d, W+d, W2+d3; W3 a7

Burada;

P<0.5 W =,/—2In(P) P, belirli bir D degerinin lizerine ¢ikma olasiligidir.

P>0.5 SPEI'nin isaretinin tersi kullanilir. W, P’nin PET’ten yiiksek veya diisiik olmasina bagh
katsayidir. Denklemdeki sabitler:

C0 =2.515517,d1 = 1.432788, C1 = 0.802853,d2 = 0.189269, C2 = 0.010328, d3 = 0.001308.
SPIve SPEI indis degerleri i¢in tanimlanan kuraklik siniflar1 Tablo 2’de sunulmustur.

Tablo 2. SPI ve SPEI indis degerleri ve iklim 6zellikleri [25].
Asirinemli |  Cok nemli Orta nemli Normal Orta kurak | Siddetli kurak | Asir1 kurak

>2 1.5,1.99 1.0,1.49 0.99,-0.99 | -1.0,-1.49 -1.5,-1.99 <-2.0




Journal of Studies in Advanced Technologies 2024, 2, 1 19

Kurak periyotlar negatif degerler ile nemli periyotlar pozitif degerler ile gosterilmekte, 0,99 ve -0,99
aralig1 ise normal sinifi temsil etmektedir.

3. Analiz ve Tartisma

Kuraklik analizi ve izlenmesinde zaman periyotlarinin kullanimi oldukg¢a &nemlidir. Ornegin belirli bir
zaman araliginda 1 aylik periyotlardaki yagis miktarinin toplam yagis miktari ile tarihsel karsilastirmasini
iceren 1 ayllk zaman periyodu icin hesaplanan indisler meteorolojik kurakligin belirlenmesinde
kullanilmaktadir. Kisa donemi temsil eden 3 ve 4 aylik periyotlarda hesaplanan indisler nem kosullarinin
etkilerini degerlendirmek ve mevsimsel degisimleri izlemek ve tarimsal kurakligi belirlemek amaciyla
kullanilmaktadir. Kisa periyotlarda su kaynaklari etkileri goriilmezken toprak nemi ani bir sekilde
etkilenebilmektedir. 6 aylik indisler yagis ve sicaklik verilerinin orta vadeli egilimlerini belirlenmesi ve yil
icinde yagis degisimlerini tespit etmede etkilidir. 9 ve 12 aylik uzun dénem periyotlarda hesaplanan indisler
hidrolojik kuraklik etkilerinin tespit edilmesi ve yiizey suyu kaynaklariin izlenmesinde etkilidir. Clinkii yagis
eksikliginin su kaynaklari tizerindeki etkisi belirli bir siire sonra ortaya ¢ikabilmektedir. Kurakligin en baskin
bilesenlerinin belirlenmesi i¢in 12 aylik SPI ve SPEI indisleri kullanilmaktadir. Daha uzun periyotlar i¢in
hesaplanan indisler ise kurakligin sosyo-ekonomik ve ¢evresel etkilerinin belirlenmesinde olduk¢a dnemlidir
[6], [14], [26].

Calismada sadece yagis verisini girdi parametresi olarak kullanan SPI ve hem yagis hem de sicaklik
verilerini girdi parametresi olarak kullanarak buharlasmanin etkisini de g6z 6niinde bulunduran SPEI indisleri
ile kuraklik analizi gergeklestirilmis ve sicakligin kuraklik analizi iizerindeki etkisi indisler karsilastirilarak
degerlendirilmistir. SPI indisi istatistiksel bir hesaplama araci olan R4.3.1. RStudio yazilim1 SPI paketi 1.8.1
stirimii kullanilarak, SPEI indisi ise SPEI yazilimi kullanilarak hesaplanmigtir. 1980-2022 hidrolojik yillar
arasinda 1, 3, 4, 6, 9 ve 12 aylik zaman periyotlarinda hesaplanan SPI ve SPEI indislerinin yillara gore
degisimini gosteren grafikler Sekil 2’de sunulmustur. Grafikte kirmizi ile belirtilen eksi degerler kurak
donemleri temsil etmektedir. Tablo 3’te ise her iki yontem i¢in elde edilen kurak aylarin sayis1 ve degisimi
sunulmustur.
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Tablo 3. SPI ve SPEI yontemlerine gore kurak aylar sayisi

2015

2015

015
2020

N

2020

2020

indisler Asirinemli Coknemli Ortanemli  Normal Ortakurak Siddetli kurak  Asiri kurak
>2 1.5,1.99 1.0,149 0.99,-0.99 -1.0,-1.49 -1.5,-1.99 <-2.0
SPI 3 6 28 54 342 53 20 11
SPEI 3 3 28 58 336 57 28 4
SPI 4 6 28 51 350 43 25 10
SPEI 4 5 29 64 326 58 26 5
SPI 6 5 26 56 343 56 17 8
SPEI 6 3 34 61 319 62 29 3
SPI 9 7 29 47 343 59 20 3
SPEI 9 4 33 54 330 64 21 2
SPI 12 10 27 39 340 66 20 3
SPEI 12 3 32 56 319 73 17 5

Sekil 2 ve Tablo 3’te 1980 ve 2022 hidrolojik yillar1 arasinda farkli zaman periyotlarinda hesaplanan SPI
degerleri incelendiginde;

Mevsimleri ifade eden 3 aylik SPI analizine gore 11 ayda asir1 kuraklik, 20 ayda siddetli kuraklik ve 53
ayda orta kuraklik ve toplamda 84 ayda kuraklik gézlenmistir. Zamansal olarak incelendiginde son 6 yilda 14
ayin orta kurak, 3 ayin siddetli kurak ve 3 ayin da asir1 kurak gectigi gozlenmistir. 4 aylik SPI analizinde 10
ayda asir1 kuraklik, 25 ayda siddetli kuraklik ve 43 ayda orta kuraklik oldugu belirlenmistir. Son 6 yilda 14
ayin orta kurak, 2 ayin siddetli kurak ve 3 ayin da asir1 kurak oldugu belirlenmistir. 6 aylik SPI degerlerine
gore, 8 ayin asir1 kurak, 17 ayin siddetli kurak ve 56 ayin orta kurak gectigi goriilmekte, asir1 kurak aylarin
1980 ve 1990 yillar1 arasinda dagilim gosterdigi son 6 yilda ise 16 ayin orta kurak ve 3 ayin asir1 kurak gegtigi



Journal of Studies in Advanced Technologies 2024, 2, 1 21

goriilmektedir. 9 aylik SPI degerleri incelendiginde 3 ayin asir1 kurak 20 ayin siddetli kurak ve 59 ayin orta
kurak oldugu ve bunlardan 16 orta kurak gegen ay ve 4 siddetli kurak gecen ay son 6 yil icerisindedir. Son
olarak yillik (12 aylik) degerler incelendiginde 3 ayin asir1 kurak, 20 ayin siddetli kurak ve 66 ayin orta kurak
oldugu goriilmekte ve bunlardan 13 orta kurak ay ve 4 siddetli kurak ayin son 6 yilda gergeklestigi
goriilmektedir. Tiim zaman periyotlarinda SPI degerleri incelendiginde 1980 ile 1986 yillar1 arasinda ve 2017
ile 2022 yillar1 arasinda kurakligin yogunluk gosterdigi gézlemlenmistir.

Sekil 2 ve Tablo 3°te 1980 ve 2022 yillar1 arasinda farkli zaman periyotlarinda hesaplanan SPEI degerleri
incelendiginde; 3 aylik SPEI analizine gore 4 ayin asir1 kurak, 28 ayin siddetli kurak ve 57 ayin orta kurak
gectigi gozlenmistir. 4 aylik SPEI analizinde 5 ayin asir1 kurak, 26 ayin siddetli kurak ve 58 ayin orta kurak
gectigi gozlenmistir. 6 aylik SPEI degerlerine gore, 3 ayin asir1 kurak 29 ayin siddetli kurak ve 62 ayin orta
kurak oldugu, 9 aylik SPEI, 2 aym asir1 kurak 21 aymn siddetli kurak ve 64 aym orta kurak oldugu
belirlenmistir. 12 aylik SPEL 5 ayin asir1 kurak, 17 ayin siddetli kurak ve 73 ayin orta kurak gectigi asir1 kurak
aylardan 4 tanesinin de 2017-2022 yillar1 arasinda gergeklestigi, siddetli kurak aylardan 4 tanesinin 2017, 1
tanesinin 2019 ve 4 tanesinin de 2020 yilinda gerceklestigi, orta kurak aylarin da 21 tanesinin yine son 6 ayda
gerceklestigi tespit edilmistir.

4. Sonuglar

Kurakligin izlenmesi, karakteristiklerinin belirlenmesi ve etkilerinin azaltilmasi1 su kaynaklarinin
planlanmasi agisindan dnem tasimaktadir. Bu ¢alismada Ardahan ili 17040 numarali merkez istasyonundan
elde edilen 1980-2022 hidrolojik yillar1 arasi kaydedilen yagis ve sicaklik verileriyle farkli zaman periyotlari
(1, 3, 4, 6, 9 ve 12 aylik) icin SPI ve SPEI kuraklik indisleri hesaplanmistir. 42 yillik meteorolojik veriler
incelendiginde yagislarin azalma sicakliklarin ise artma egiliminde oldugu goriilmektedir. 3 aylik zaman
periyotlar1 i¢in hesaplanan indisler incelendiginde ilkbahar ve yaz mevsimlerinde nemliligin hakim oldugu,
sonbahar mevsiminde kurakliklarin arttigi ve kis mevsiminde ise kurak ve nemli dénemlerin bulundugu
goriilmektedir. Sadece yagis parametresini girdi degiskeni olarak kullanan SPI ve hem yagis hem de sicaklik
parametrelerini girdi degiskeni olarak kullanan SPEI indisleri ile hesaplanan degerler incelendiginde SPI’da
kisa zaman periyotlarinda daha fazla kuraklik goriilmiis ve uzun zaman periyotlar1 ile kiyaslandiginda
dalgalanmalar gozlemlenmistir. SPEI indisinde ise kararlilik diizeyi daha yiiksek ve 6zellikle yaz aylarinda
kuraklik belirleme kapasitesinin daha gelismis oldugu tespit edilmistir. Yagis parametresi kurakligin
izlenmesinde temel gostergedir fakat sicakligin buharlagma-terleme ve nem parametrelerini kontrol etmesi,
kurakligin olusmasi ve izlenmesinde olduk¢a 6nemli bir parametre oldugu goézlemlenmektedir. Elde edilen
bulgular neticesinde SPI indisinin uzun zaman periyotlarinda SPEI ile yakin sonuglar olusturdugu ve bu
nedenle uzun zaman periyotlarinda etkili bir ara¢ olarak kullanilabilecegi, SPEI indisinin ise tiim zaman
periyotlarinda kullaniminin uygun oldugu tespit edilmistir. Bu c¢alismada izlenen kuraklik degisimleri
neticesinde Ardahan ilinin kuraklik egiliminde oldugu ve erken uyar: sistemlerinin planlanmasi gerektigi ve
aynt zamanda c¢alismanin nem kosullarinin degisimi ile tarimsal kuraklik, uzun doénem periyotlardaki
degisimlerin izlenmesi ile hidrolojik kuraklik analizlerinde, yiizey suyu kaynaklarinin korunmasi ve su
yapilarinin projelendirilmesi gibi konularda referans olacag diisiiniilmektedir.
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Abstract: Whey, which is the production waste of the dairy industry, poses a significant challenge in terms of
environmental pollution and requires an effective and sustainable solution. In this research, the potential use in the food
and feed industries of protein sludge obtained from the treatment of whey supplied from local cheese producers in
Ardahan using magnetic nanoparticles (MNPs) to reduce the environmental impact was evaluated. To recover MNP,
adsorption-desorption cycles were repeated 10 times, and then the amount of MNP added initially and recovered were
compared. Afterwards, total protein determination was made in the separated protein sludge using the Kjeldahl method.
The analyzes showed an 85% recovery rate of MNPs and it was observed that 15% MNPs remained in the sludge. The
residual 15% consisting of MNP (Fe;0.) was considered potentially dangerous for ingestion by humans or animals,
therefore rendering it unfit for use as an addition in food or feed. Thus, achieving a 100% MNP recovery becomes
crucial. While some research exists on the suitability of FesO. for plant and animal nutrition, most studies focus on
natural sources of iron rather than chemical sources like in this study. Moreover, research examining its safety for human
consumption is limited. Hence, future investigations should concentrate on developing methods for complete MNP
recovery to enable the utilization of the sludge as a protein source.

Keywords: Magnetic, nanoparticles, protein source, treatment, whey.

Arastirma Makalesi
Peynir Alti Suyunun Manyetik Nanopartikiiller (MNP'ler) ile Aritimindan
Elde Edilen Camurun Potansiyel Gida veya Hayvan Yemi Olarak Kullanimi

Oz: Siit sektoriiniin iiretim atig1 olan peynir alt1 suyu, ¢evresel kirlilik agisindan énemli bir zorluk olusturmakta, etkili
ve siirdiiriilebilir bir ¢oziim gerektirmektedir. Bu arastirmada, Ardahan’daki yerel peynir iireticilerinden temin edilen
peynir alt1 suyunun cevresel etkisini azaltmak i¢in manyetik nanopartikiiller (MNP'ler) kullanilarak aritimindan elde
edilen protein gamurunun gida ve yem endiistrilerinde potansiyel kullanimi degerlendirilmistir. MNP nin geri kazanimi
icin adsorbsiyon-desorpsiyon dongiileri 10 defa tekrarlanmig ve sonrasinda basta katilan MNP miktart ile geri kazanilan
kiyaslanmigtir. Devaminda ayristirilan protein ¢camurunda Kjeldahl yontemiyle toplam protein tayini yapilmigtir.
Yapilan analizler, MNP'lerin %85 geri kazanim oranini gostermis olup ¢amurda %15 MNP kaldig1 goriilmektedir.
Fe3O4'ten (Demir 2-3 oksit) olusan geriye kalan %15, insan veya hayvan tiiketimi i¢in potansiyel olarak zararli bulunarak
gida veya yem katki maddesi kullanimina uygun olmadigi sonucuna varilmigtir. Bu nedenle, %100 MNP geri
kazaniminin saglanmasi onem kazanmaktadir. FesO.'lin bitki ve hayvan beslenmesi i¢in uygunluguna dair bazi
aragtirmalar olsa da ¢ogu calisma, bizim aragtirmamizdaki gibi kimyasal kaynaklar yerine dogal demir kaynaklarina
odaklanmaktadir. Ayrica, insan tiikketimi i¢in uygunlugu inceleyen aragtirmalar sinirlidir. Bu nedenle, ¢amurun bir
protein kaynagi olarak kullanilabilmesi i¢in gelecekteki arastirmalarin, tam bir MNP geri kazanim yontemi gelistirmeye
odaklanmasi onerilmektedir.

Anahtar Kelimeler: Aritma, manyetik nanopartikiiller, peynir alt1 suyu, protein kaynagi.
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1. Giris

Su kaynaklarinda sik¢a karsilasilan kirlilik kaynaklarindan biri endiistriyel atiklardir. Endiistriyel
faaliyetlerden kaynaklanan kirleticiler, diger kaynaklardan gelenlere kiyasla daha zehirli ve aritilmasi1 daha
zordur. Sanayi atiklarinin su kaynaklari lizerindeki olumsuz etkileri evsel atiklardan daha biiyiik ve bunlarin
temizlenmesi daha zor olabilmektedir. Atik sularin &zelliklerini belitleyen 6nemli faktorler arasinda BOIs
(Bes Giin Biyolojik Oksijen Ihtiyaci), KOI (Kimyasal Oksijen Ihtiyac1), Askida Kat1 Madde (AKM), pH
degeri, yag ve gres igerigi, sicaklik yer almaktadir. Atik su aritimi, sularin ¢esitli faaliyetler sonucu kaybettigi
fiziksel, kimyasal ve bakteriyolojik dzelliklerinin bir kismini veya tamamini tekrar kazandirarak, alici ortamin
dogal fiziksel, kimyasal, bakteriyolojik ve ekolojik oOzelliklerini degistirmeyecek seviyeye getirmeyi
amaclamaktadir [1].

Cevreye en fazla atik salinmasina neden olan endiistrilerin baginda gida sektorii gelmektedir. Bunlardan
bazilar1 et, meyve sebze, tahil ve siit iirlinleri igleme tesisleri olarak karsimiza ¢ikmaktadir. Gida endiistrisinin
tim bu alt sektorleri incelendiginde, organik yiikii en fazla atik sularin dogaya salindigi iiretimlerin, siit
iriinleri igleme tesislerinde gergeklestigi goriilmektedir. Bu atiklarin en dnemlisi ise peynir alti suyudur.
Peynir alt1 suyu, yiiksek organik madde icerigi nedeniyle ¢evresel agidan 6nemli bir sorun olusturmaktadir
[2], [3]. Farkli teknolojilerle peynir alt1 suyunun degerlendirilmesi miimkiin olsa da orta ve kiigiik dlgekli
peynir liretim tesislerinde, bu yontemlerin ekonomik olmamasi ve bazi lokal nedenlerden dolay1 peynir alt1
suyunun etkili bir sekilde kullanilmasi zor olabilmektedir [4], [5], [6]. Yaklasik 1-1,5 kg peynir iiretimi
sirasinda 8,5-9 kg peynir alti suyu olusmaktadir. Peynir alti suyu, siit bilesenlerinden laktalbiimin ve
laktogulobilin gibi serum proteinleri ile birlikte degisen diizeylerde laktoz, yag ve mineral madde igeren,
peynir yapimi sirasinda siizme sonucunda olusan bir yan tirtindiir [7]. Tiirkiye’de, 600 bin ton’dan fazla peynir
alt1 suyu olugmakta ve bu peynir alt1 suyunun hemen hemen yarisi herhangi bir aritma islemi uygulanmadan
alic1 ortama yani dolayli olarak topraga verilmektedir [5].

Ardahan'da, siit sektoriinde faaliyet gosteren isletmelerin 15'i, Gole ilgesinde bulunmaktadir ve %72'lik
bir fiili isleme kapasitesine sahiptir. Ardahan'daki siit isleme miktar1 yaz aylarinda (Nisan-Agustos) ortalama
172 ton/giin iken, kis aylarinda bu miktar 30 ton/giin olarak gerceklesmektedir. Bu verilere dayanarak,
Ardahan'da ortaya ¢ikan peynir alt1 suyu miktarinin yaz aylarinda giinliik 17-25 ton arasinda, kis aylarinda ise
glinliik 3-4,5 ton arasinda oldugu anlagilmaktadir [8]. Sadece Ardahan ili 6zelinde bile bu miktarda bir atik
olusuyor olmasi, peynir alti suyunun aritilmast ya da farkl iirtinlere doniistiiriilerek degerlendirilmesinin
gerekliligini bir daha ortaya koymaktadir.

Peynir altt suyunun aritimi daha 6nce anaerobik [9], [10] ve aerobik [11], [12] sartlar altinda
yiirtitiilmiistiir. Ancak bu aritma yontemlerinin ¢ogu peynir alt1 suyunun seyreltilmis halinde denenmistir.
Koagiilasyon yontemiyle Peynir alt1 suyunun aritilmasinda kaba 6giitiilmiis kil, aktif silika ve kireg ile beraber
Fe(ll) ve Fe(Ill) tuzlar1 kullanilmaktadir. Belirli metal tuzlari [Al2(SOas)3, FeCls ve FeSOs4] en yaygin
kullanilan koagiilant maddeleridir [13]. Bu koagiilantlar suya eklendiginde, metal hidroksit olarak bilinen bir
tortu olusur. Bir sonraki asama olan ¢oktiirme sirasinda, kolloidal pargaciklar ya bu tortularin ¢ekirdegini
olusturarak ya da tortu yiginlar1 i¢inde kalarak duragan halden cikarlar. Her bir koagiilant, belirli bir pH
araliginda en yiiksek kirletici giderimini saglayabilir. pH, atiksu 6zelliklerine, koagiilant tipine ve dozuna bagh
olarak degismektedir [14]. pH’1n atiksuda bulunan kirleticilerin gederim hizini etkiledigi bilinmektedir [15].
Antilmis atiksularin pH degerinin alici ortamlar lizerinde 6nemli etkileri bulunmaktadir. pH degeri 11,0-11,5
araliginda tiim balik tiirleri 6lmektedir. Bu nedenle kimyasal aritmadan sonra atiksu alic1 ortama verilmeden
pH’1 g6z 6niinde bulundurulmalidir [16]. Peynir alti1 suyunun igerdigi maddeler, koagiilasyon yontemiyle
coktiirme sirasinda floklarin icinde tutularak veya metal hidroksitlere baglanarak ¢okerler. Metal hidroksitler
hem koagiilant hem de ¢oktiiriicii etki gosterir [17]. Koagiilasyon yonteminin dezavantajlari, fazla miktarda
koagiilant kullanim1 ve aritma nedeniyle olusan ¢amur olusumudur. Bu islemlerde olusan ¢amur miktar
kullanilan koagiilanta ve igletme kosullarina baglidir [18].

Manyetik nanopartikiiller (MNP'ler) demir, kobalt metalleri ve ayrica farkli demir oksitler ve kobalt
alagimlarindan hazirlanmaktadir. MNP'lerin iiretimi ya mekanik yipratma ya da kimyasal sentez yoluyla
yapilir. Kimyasal sentez yaygin olarak kullanilir ve kabul edilebilir. MNP'ler, biyoteknoloji, biyomedikal,
malzeme bilimi, mithendislik ve ¢evre alanlarinda yaygin olarak kullanilmaktadir [19]. MNP'ler, harici bir
manyetik alanin varliginda manyetize hale gelen nanopartikiillerin bir alt sinifidir [20]. Yiiksek ylizey
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alani/hacim oranina sahip olmasindan kaynakli proteinler ve diger biyomolekiilleri hizli bir sekilde adsorbe
etme dzelligine sahiptir. Ornek verilecek olursa histidin etiket proteinlerinin karmasik bir matriksten ayrilmasi
icin MNP'ler kullanilmistir [21]. Diger bir 6rnekte ise MNPler fonksiyonel hale getirilip, sigir hemoglobininin
secici olarak taninmasi ve ayrilmasi i¢in kullanilmistir [22].

Onerilen yontemle olusan ¢amurun gida iiretiminde degindirilerek koagiilasyon ydnteminin olumsuz
yonlerini ortadan kaldirmaktadir. Bu ¢aligmada, MNP ile aritma ydnteminin tercih sebebi, bu dezavantajlari
ortadan kaldirarak olusan ¢amurun gida ve/veya yem iiretiminde degerlendirilmesine olanak saglamak ve
ayrica aritict ajan olarak kullanilan manyetik nanopartikiiliin geri kazanimiyla tekrar kullanimin1 miimkiin
kilmaktir. Bdylece aritmanin daha ekonomik hale gelmesi ve ayrisan proteince zengin c¢amurun
degerlendirilmesi amaglanmigtir

2. Materyal ve Metot
2.1 Materyal

Calismada kullanilan Peynir alt1 suyu (PAS) 6rnekleri Ardahan Merkezde bulunan bir isletmeden temin
edilmistir. Ornekler iiretimden hemen sonra alinmis ve temin edilen Srnekler steril kaplarda laboratuvar
ortamina getirilmis ve analizlerde kullanilmak t{izere +4°C’ de muhafaza edilmistir.

MNP diretimi i¢in kullanilan FeSO4-7H20 (Demir siilfat heptahidrat), FeCl3-6H20 (Demir 3 kloriir
hekzahidrat) ve NaOH (Sodyum hidroksit) Fisher'dan (NJ, ABD) satin alinmis ve alindig1 gibi kullanilmastir.
Hidroklorik asit (HCI) ve amonyum hidroksit (NH4OH) Acros kimyasallarindan (NJ, ABD) temin edilmistir.
Calismada kullanilan Peynir alt1 suyu numunesinin kirlilik karakteristikleri saptanmis ve elde edilen degerler
Tablo 1’de sunulmustur.

Tablo 1. Peynir alti suyunun karakteristikleri

Parametre Konsantrasyon
pH 3,44
Fosfor 274 mg/L
BOIs 51176 mg/L
KOI 102419 mg/L
Askida Kati Madde 1380 mg/L

Coziinmiis Kat1 Madde 38000 mg/L
Toplam Kat1 Madde 39380 mg/L

2.2. Metot
2.2.1. Manyetik Nanopartikiil Uretimi

Manyetik nanopartikiiller (MNP), amonyak c¢ozeltisinde Fe? ve Fe*® iyonlar1 (1:2 molar oranda)
kullanilarak birlikte ¢okeltme yontemi ile sentezlenmistir. 25 mL 2 M hidroklorik asit (HCl) ¢ozeltisi, 2,70 g
FeCl3-6H20 ve 0,99 g FeSO4-7H20 demir tuzlar1 igeren 100 mL’lik behere ilave edilmistir. Cozelti 15 dakika
sonike edilmis ve ardindan oda sicakliginda azot gazi kullanilarak ¢6zelti oksijen gazindan arindirilmistir.
Daha sonra bu ¢ozeltiye 40 mL sulu amonyak (%28) karisimi, oda sicakliginda ve ¢ozelti karistirilirken bir
saatin tlizerinde bir siireyle damla damla ilave edilmistir. Elde edilen siyah c¢okelti giiclii bir kalict miknatisla
toplanmis ve deiyonize (DI) su ile birka¢ kez yikanmistir [23]

2.2.2. Manyetik Nanopartikiillerin Karakterizasyonu

Uretilen MNP birka¢ yéntemin kombine halde kullamlmasi ile karakterize edilmistir. Ilk olarak,
transmisyon elektron mikroskobu (TEM) (Tecnai TF12, FEI Co., Hillsboro, OR) ve nanopartikiil boyut
dagilim Ol¢lim cihazi (BeNano 180 Zeta Pro) ile karakterize edilmistir. Ardindan, Fourier Dontigiimlii
Kizil6tesi Spektroskopisi (FT-IR) (Spectrum 100, Perkin Elmer) ile kimyasal yapisi belirlenmigtir. MNP lerin
ve atik PAS’larin zeta potansiyel degerleri zeta-potansiyel ve mobilite 6l¢iim cihazi (Zetasizer 3000HS) ile 12
mm, kare-cam kiivet kullanilarak belirlenmistir [23].
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2.2.3. Peynir Alti Suyu Aritimi ve MNP Geri Kazanimi

Artilacak 100 mL peynir altt suyu; 250 mL'lik beherlere alinmis ve 1 N sodyum hidroksit (NaOH)
¢ozeltisi kullanilarak pH 4, 5, 6, 7, 8 ve 10’a ayarlanmustir. Her pH i¢in beherlere 5-15 mL (150-450 mg) MNP
eklenmis ve eklenen MNP'lerin ¢okelmesi i¢in manyetik ortamda 90 dakika beklenmistir. Coken MNP'ler,
miknatislar vasitasiyla peynir alti suyundan ayrilmistir. Arntma oda sicakliginda (23-25 °C)
gergeklestirilmistir. Aritma islemi bir bagka calismamizda RSM (Response Surface Method) ile optimize
edilmis ve bu islemin sonunda en 1yi aritim sonucu pH 8 olarak ayarlanan ve 15 mL MNP eklenen 6rneklerden
elde edilmistir [24]. Kullanilan MNP'ler, sirasiyla HCI (0,1 M) ve NaOH (0,1 M) ile geri kazanilmistir. MNP,
HCl veya NaOH soliisyonunda 30 dakika boyunca sonike edilmistir. Daha sonra kalici miknatislar
kullanilarak manyetik olarak ayrilmis ve birkag¢ kez saf su ile yikanmistir. Bu Adsorpsiyon-desorpsiyon
dongiileri 10 kez tekrarlanmistir. Boylece MNP'lerin geri kazanimi1 amaglanmustir [24], [25].

2.2.3. Camurun Karakteristikleri ve Kullanim Potansiyelinin Degerlendirilmesi

Kjeldahl yontemi ile Toplam N tayini ve protein orani belirlenmesi ile birlikte; Hangi protein
fraksiyonlarinin bulundugunun belirlenmesi amaclanmistir. Ancak elde edilen sonucglardan dolay1 sadece
toplam azot ve protein tayini yapilmaistir.

PAS orneklerinden 1 ml alinarak Kjeldahl balonuna konulmus ve iizerine Kjeldahl tableti ve 8 ml H2SO4
(d=1,84g/ml) ilave edilmistir. C6zelti mavi-yesil berrak bir renk alana kadar 450 °C'de yakilmistir. Daha sonra
sogutulmus ve lizerine 150 ml saf su ve 80 ml potasyum siilfitli NaOH ¢ozeltisi ilave edilmistir. Bu ¢ozelti da
sonra distilasyon diizenegine baglanmis ve distilasyon diizeneginin diger tarafina %4’lilk borik asit
cozeltisinden 25 ml eklenmis ve indikatdr olarak bromkresol purple damlatilmistir. Distilasyon islemi bittikten
sonra 0,1 N HCI ¢ozeltisi ile titre edilerek harcanan miktara gére % azot miktar1 hesaplanmigtir. Bulunan oran
6,38 faktorii ile garpilacak ve % protein miktari tespit edilmistir [7].

3. Bulgular ve Tartisma
3.1. MNP lerin Karakterizasyonu

Sekil 1a, MNP orneklerinin TEM goriintiileri gosterilmektedir. Sekilde goriildiigi gibi MNP 6rnekleri
Kiiresel benzeri yapilardadir. TEM tarafindan belirlenen MNP'lerin ¢ap1 20 ila 90 nm arasinda degigmistir.
DLS ile elde edilen MNP'nin partikiil boyutu dagilimi, ortalama ¢ap1 45,6 £3,2 nm, boyut olarak 18 ila 115
nm arasinda degismektedir (Sekil 1b). Bu da DLS sonuglar1 ile TEM verileri birbiriyle iyi bir uyum iginde
oldugunu gostermektedir.

MNP'lerin yiizey yiikii Zeta potansiyeli ile belirlenir. Zeta potansiyeli organik maddelerin veya diger
biyomolekiillerin adsorbsiyonuna etki eden 6nemli bir parametredir. Sekil 1c'de gosterildigi gibi, MNP'lerin
Zeta potansiyeli 37,77 £ 2,26 eV olarak bulunmustur.
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Sekil 1. MNP’lerin (a) TEM, (b) DLS ve (c) zeta potansiyeli sonuglari [24].

3.2. Peynir Alti Suyu Aritimi

Her pH da kendi icinde MNP miktar1 arttik¢a aritma verimlerinin arttig1 gériilmiistiir. Bu kullanilan MNP
miktarini artirarak daha yiiksek aritma verimi elde etmenin miimkiin oldugu anlami tagimaktadir. Ancak pH
8’den yiiksek pH larda MNP miktar1 artsa da aritma verimleri nispeten diismektedir. Bu sebeple pH 8’den
biiyiik pH larda hem islem gormiis suyun dogaya salinmasinda tekrar pH 1n notre yakin diizeylere indirilmesi
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hem de fazla miktarda MNP kullanilsa da pH8’e gore nispeten diisiik aritma verimi saglanmasi sebebiyle
optimum sartlar pH 8 de ve 15 mL olarak tavsiye edilmektedir. Aritma islemine ait sonuclara ilgili
calismamizdan ulasilabilir [24].

———— e —

" i
Sekil 2. Taze peynir alti suyunun MNP ile karistirilarak neodyum miknatis etkisi altinda bekletilmesi
ile aritimu1 [24].

>

100 mL peynir alt1 suyu, pH 8'de 15 mL MNP c¢ozeltisi (30 mg/L) ile muamele edilmistir. MNP'lerin
peynir alti suyunun igerdigi kirleticileri kalict miknatis altinda kisa siirede adsorbe ettigi gozle goriilmekte
olup, MNP'lerle peynir alt1 suyu muamelesinin zaman i¢indeki degisimi Sekil 2'de gosterilmistir.

3.2. Camur Analiz Sonuclart

PAS antildiktan sonra ¢okeltiye gecen azot ve protein miktarlar: Tablo 2°de verilmistir. Ebrahimi ve ark.
[26] PAS"1 aritmaya yonelik yaptiklari ¢alismada, 8, 12 ve 16 saatlik bir bekleme siiresi sonunda, %97,4’¢
varan bir aritma verimine aerobik ve anaerobik aritimin birlikte kullanildigi bir sistem sonucunda
ulagmislardir. Yine aerobik ve anaerobik bir sistemin sirali olarak kullanildigi baska bir PAS aritimi
caligmasinda ise 2, 3 ve 4 giinliikk bekleme stiresi sonucunda %88’lik bir aritma verimine ulagilmistir [27].

Tablo 2. PAS ¢amurunda yapilan kimyasal analizlerin sonuglari.
%N 0,091 + 0,002
% Protein 0,58058 £0,017

Literatiirde sadece anaerobik aritim kullanilarak yapilan bir PAS aritim c¢aligmasit da mevcuttur. Bu
calismada Patil ve ark. [28] 5 giinliik bekleme siiresi sonunda % 94 - 96 araliginda bir aritma verimine
ulagmuglardir. MNP kullanilarak yapilan bir atiksu aritma isleminde POs-3 igin %91 ve NH4" i¢in %85’lik
aritma verimine 13 saatlik bir bekleme siiresi sonunda ulagilmistir [29]. PAS aritim1 i¢in koagiilasyon ve
flokiilasyon ydnteminin kullanildig1 baska bir ¢alismada ise KOI giderim verimi %90 olarak beliirtilmistir
[30]. Koagiilasyon ve flokiilasyon tekniginin kullanildigi bagka bir PAS aritim calismasinda ise Peynir
atiksular1 pthtilasma-flokiilasyon prosesi ile aritilmigtir. FeSO4, Al2(SOs)3 ve FeCls olmak tizere ti¢ farkli
pihtilastirict kullanilmistir. FeSO4 kullamldiginda KOI %50 ve BOIs %60 azaltilmistir [31].

Peynir alti suyunun bilesimi, kullanilan siitiin kalitesi, hayvanin cinsi, laktasyon donemi, peynir
mayasinin kuvveti ve kalitesi vb. etkenlere gore degismektedir [32]. Genellikle peynir alti suyu %0,6-1,1
araliginda protein igermektedir. Bu protein kompleksinin igeriginde ise P-Laktoglobulin, a-Laktalbumin,
Immunoglobulin, Serum albiimini, Laktoferrin, Laktoperoksidaz ve pepton bulundugu bilinmektedir [33].
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Sekil 1: Peynir alt1 suyunun igerigi [30].

Peynir alt1 suyundaki protein fraksiyonlart makro ve mikro olarak iki grupta toplanmaktadir. Makro grubu
globulin ve alblimin tiirevleri, mikro grubu ise immunoglobulin, serum albiimini, laktoferrin ve enzimler
olusturmaktadir. Siitiin peynire doniigiirken pihtilagmasi i¢in asit kullanilmasi veya enzim kullanilmast, peynir
alt1 suyundaki protein fraksiyonlarini etkilemektedir [34]. Protein, mineral ve enzim igerigi agisindan bu
derece biyolojik degere sahip bir iiretim atiginin tekrar direkt ya da dolayli olarak degerlendirilmesi elzemdir.
Bu igerik ya direkt peynir alt1 suyu olarak ya da kuru maddenin ayristirilmasiyla kullanilabilmektedir. Bu
sekilde yeniden kullanilmak istenen peynir alt1 suyu, insan beslenmesi agisindan yogurt, tereyagi, dondurma
ve peynir yapmminda degerlendirilmekte ve ayrica atistirmalik triinlerde kivam diizenleyici olarak
kullanilabilmektedir [7], [33]. Bunun yan1 sira peynir alt1 suyu veya bundan elde edilen kuru madde, hayvan
yemi katkisi olarak da kullanilmaktadir. Peynir alt1 suyu katkisi ile beslenen ineklerin siitlerinde %0,05 yag,
%0,13 protein, %0,09 kazein artis1 oldugu yapilan ¢alismalarla ortaya koyulmustur [35].

Calismamizda, MNP iceriginin camurdan ayristirilmasi yani geri kazanimi i¢in metot kisminda belirtilen
proses defalarca uygulanmistir. Fakat buna ragmen geri kazanim oran1 %85°1 gegememistir. Dolayisiyla elde
edilen ¢amurun protein muhtevasi ile birlikte %15’lik MNP kalmistir. Bu yiiksek kalinti oranindan dolay:
camurun protein ve azot orani disinda bir incelemenin yapilmasina gerek goriilmemistir. Bunun nedeni ise
MNP’nin demir igeriginin Fe3O4 formunda olmasidir.

Tablo 3. Peynir alt1 suyu proteinlerinin bilesimi [33].

Protein Konsantrasyon (g/L)
B-Laktoglobulin 3,2
a-Laktalbumin 1,2
Immunoglobulin 0,8
Serum albiimini 0,4
Laktoferrin 0,2
Laktoperoksidaz 0,03
Pepton >1

Ayrica eger detayli inceleme yapilacak olsaydi bu sadece Tablo 3’ de belirtilen protein fraksiyonlarinin
tespiti ve bu igerik tespitine goére katki maddesi olarak kullanim miktarlar1 ve sektorlerinin belirlenmesi
yoniinde olacakti.

Camurda bulunan "Fe" iyonlarinin miktar1 belirli analizlerle belirlenebilir olsa da Tiirk Gida Kodeksi
Takviye Edici Gidalar Tebligi'ne gore bu demir tiirii izin verilen formlar arasinda bulunmamaktadir [36]. Bu
nedenle MNP geri kazanimi %100 olmalidir. Bu calismalardaki demir kaynaklari hayvansaldir veya
bitkiseldir, ancak FesOs formunun hem bitki hem de hayvan beslenmesinde kullanilabilirligi ile ilgili
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calismalar yoktur. Calismamizin bulgularina gore kimyasal kaynakli degildir. Bununla birlikte, insan
beslenmesi ile ilgili arastirmalar olduk¢a sinirlidir [37], [38], [39]. Bu nedenlerle ve demir igeriginin insan
sagligina zararh etkileri goz oniine alindiginda [40], elde edilen ¢amurun en azindan bu sekilde insan veya
hayvan beslenmesinde bir katki maddesi olarak kullanilmasi uygun degildir.

4. Sonuclar

Caligmamizda, MNP iceriginin camurdan ayrigtirilmasi yani geri kazanimi i¢in metot kisminda belirtilen
proses defalarca uygulanmistir. Fakat buna ragmen geri kazanim orani %85°1 gecememistir. Dolayisiyla elde
edilen gamurun protein muhtevasi ile birlikte %15’lik MNP kalmistir. Bu yiiksek kalinti oranindan dolay1
camurun protein ve azot orani disinda bir incelemenin yapilmasina gerek goriilmemistir. Bunun nedeni ise
MNP’nin demir igeriginin Fe3O4 formunda olmasidir. Ayrica eger detayli inceleme yapilacak olsaydi bu
sadece protein fraksiyonlarinin tespiti ve bu igerik tespitine gore katki maddesi olarak kullanim miktarlar1 ve
sektorlerinin belirlenmesi yoniinde olacakti.

Bir¢ok analizle, ¢gamur igerisinde “Fe” iyonlariin miktar1 tespit edilebilir olsa da bu demir bilesigi Tiirk
Gida Kodeksi Takviye Edici Gidalar Tebligi’ nde izin verilen formlar arasinda degildir. Bu nedenle MNP geri
kazaniminin %100 olmasit zorunludur. Fakat buna ragmen Fe3Os’iin hayvan ve bitki beslemesinde
kullanilabilirligi ile ilgili c¢alismalar bulunmakla birlikte bu c¢alismalardaki demir kaynaklart dogaldir.
Calismamizda oldugu gibi kimyasal kokenli degildir. Buna ek olarak insan beslenmesi agisindan incelendigi
caligmalar azdir. Dolayisiyla ve Fe iceriginin insan sagligina olan olumsuz etkileri degerlendirildiginde, aritma
sonucu agiga ¢cikan camurun bu haliyle hayvan veya insan beslenmesinde katki maddesi olarak kullanilmasinin
uygunsuz oldugu sonucuna varilmistir.
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Abstract: The propeller jet flow caused to significant erosion and sedimentation near port structures, in front of quay
walls, and around pile structures. Additionally, shallow water depths increase the amount of erosion caused by the
propeller jet. If these problems are not considered during the design phase, serious erosion at the foundation of port
structures and consequent significant stability issues may occur. In this study, the effect of erosion under twin propeller
jet influence was investigated by examining the distance between propellers and the seabed, propeller propeller speed,
and the distance between propellers, and the results were compared. It was found that as the propeller speed increases,
the maximum erosion increases, as the distance between propellers increases, the maximum erosion decreases, and as
the distance between the propeller and the seabed increases, the maximum erosion decreases. The obtained maximum
erosion results were found to be consistent with the literature.
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Arastirma Makalesi
Yapi ile Sinirlandirilmamis Cift Pervane Jet Etkisinde Oyulmanin Deneysel

Olarak Arastirilmasi

Oz: Pervane jet akimi, liman yapilarinin yakinlarinda, rihtim duvarlar1 6niinde ve kazikli yapilarin etrafinda ciddi
oyulma ve birikmelere neden olmaktadir. Ayrica s1g su derinlikleri de pervane jeti oyulma miktarim artirmaktadir. Bu
problemler projelendirme sirasinda dikkate alinmadig: takdirde liman yapilarinin temelinde ciddi oyulmalar ve buna
bagli 6nemli stabilite sorunlar1 meydana getirmektedir. Bu ¢alismada cift pervane jet etkisindeki oyulmaya, pervaneler
ile taban arasindaki mesafe, pervane doniis hizi ve pervaneler arasi mesafenin etkisi incelenmis ve sonuglar
karsilastirilmistir. Calisma sonucunda elde edilen verilerden yola ¢ikarak doniis hizi arttiginda maksimum oyulmanin
arttigi, pervaneler arasi mesafe arttiginda maksimum oyulmanin azaldig1 ve pervane ile taban arasindaki mesafe
arttiginda maksimum oyulmanin azaldig1 tespit edilmistir. Elde edilen maksimum oyulma sonuglarinin literatiir ile
uyumlu oldugu tespit edilmistir.
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1. Giris

Gemilerde bulunan pervanelerin ileri-geri hareketleri, yanagsma ve ayrilma sirasinda deniz tabaninda
onemli dl¢iide oyulma ve yi1gilma meydana getirmektedir. Bu oyulma ve yigilmalar yapilarin stabilitelerinin
bozulmasina neden oldugundan projelendirme esnasinda yapilarin etrafinda korunma 6nlemleri alinmasina
ihtiya¢c duyulmaktadir. Ayrica, deniz yapilar1 tasarlanirken veya mevcut yapilarin performansi
degerlendirilirken pervane kaynakli oyulmanin dikkate alinmasi gerekmektedir. Ozellikle kazikl platformlar,
palplans perdeleri, yer ¢ekimi tipi yapilar ve rip-rap korumali sevlere sahip agik platform tipi yapilar gibi yatay
ve dikey yliklere kars1 tasarlanmis bir taban seviyesi ile desteklenenler olmak {izere her tiir deniz yapisinin
pervane kaynakli oyulmadan zarar gorebilecegini belirtmistir [1].

Pervane jeti etkisinde olusan oyulma ve yigilma, kazikli yapilarin etrafinda, rihtim duvarlart 6niinde,
liman yapilarinda ciddi sorunlara sebep olmaktadir. Pervane jeti etkisinin neden oldugu oyulma ve yi1gilmay1
belirlemek amaciyla literatiirde yapilmis deneysel ve sayisal birgok ¢alisma bulunmaktadir. Bu ¢alismalardan
bazilarinda [2], [3], [4], [5], [6], [7], [8], [9], [10], [11] herhangi bir yap1 kullanmadan tekil pervane jetinin
tabana etkisi incelenmis, bazilarinda [8], [9], [10], [12], [13], [14] tekil pervane jet akiminin dniine kazik veya
rihtim duvari gibi yapilar yerlestirilmis ve pervane jet akiminin tabanla etkisi incelenmis, bazilarinda ise [15],
[16], [17], [18], [19] ¢ift pervane jet akiminin tabana etkisi incelenmistir.

Diger taraftan, pervane jeti kaynakli oyulmaya etki eden parametreler bir¢ok calismada benzerlik
gosterirken, calismanin mahiyetine gore de birtakim farkliliklar gosterebilmektedir. Ozellikle ¢ift pervane
caligmalarinda tekil pervaneye ek olarak pervaneler arasi mesafe ve pervanelerin doniis yonleri de oyulmaya
etki eden 6nemli parametreler olarak 6ne ¢ikmaktadir. Calisma kapsamindaki oyulmaya etki eden boyutlu
parametrelerin birim ve boyutlar1 Tablo 1°de verilmistir.

Tablo 1. Oyulmaya Etki Eden Parametreler

Sembol Birim Boyut
Akiskanin 6zgiil kiitlesi p kg/m3 ML3
Akigskanin dinamik viskozitesi u Ns/m? MLT
Disart akis hizt Uo m/s LT?
Pervane ¢ap1 Dy m L
Su derinligi h m L
Taban malzemesinin boyutu dso m L
Taban malzemesinin 6zgiil kiitlesi Ps kg/m3 ML3
Pervane merkezi ile taban arasindaki mesafe G m L
Yer ¢ekimi ivmesi g m/s? LT
Pervane eksenleri arasindaki mesafe ap m L
Doniis hiz1 n r/s Tt
Pervane uzunlugu Lm m L

Densimetrik Froude sayisi (Frg) ve bosluk orami (G/Dp), oyulma olusumunu etkileyen boyutsuz
parametrelerdir. Bu parametreler oyulma baslangicinin belirlenebilmesi i¢in kullanilmaktadir. Tan [10],
maksimum oyulma derinligi i¢in su denklemi 6nermistir:

G
Froc=2.1—
dc D,

Ssmax — O.57(F7"d _ Frdc)0-33(£)_1'1 ; 2.82<Frq <15.01
Dy Dp

Frac kritik yogunluk densimetrik sayisini, Ssmax denge durumundaki maksimum oyulma derinligini, G
pervane ekseni ile taban malzemesi arasindaki mesafesini ve Dp pervane capini temsil etmektedir.

Ayni zamanda, pervane jet akisi i¢in taban malzemesinin boyutunu (dso) dikkate alarak S’;ﬂ ve —

P Dy

arasindaki iliskiye de dikkat edilmistir.
Pervane, zeminle etkilesime girecek mesafede oldugunda tabanda jet akimindan kaynaklanan oyulma ve
birikmeler gozlemlenir. Bu oyulma ve birikmelerden meydana gelen taban profili ii¢ farkli boliimden
olugsmaktadir. Bunlar; pervanenin altindaki kii¢iik oyulma cukuru, kii¢iik oyulma ¢ukurunun mansabindaki
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birincil oyulma ¢ukuru ve birincil oyulma ¢ukurunun mansabindaki yigilma tepesidir [9], [20]. Ayrica,
deneysel gozlemlere dayanarak, serbest pervane jeti tarafindan olusan oyulma formunun jet merkez ¢izgisi
boyunca neredeyse simetrik oldugu, ancak yan yi§ilmalarin hafif bir asimetri sergiledigi anlasilmistir [9], [10].

Pervane jet etkisi altindaki tipik bir oyulma profili Sekil 1’de verilmistir.

Yapilan ¢ift pervaneli deney c¢alismasinda, oyulma profilinin zamanla gelistigi goriilmiis ve c¢ift
pervanenin neden oldugu oyulma dort farkli asama ile ifade edilmistir [15]. Cift pervane jeti etkisinin
incelendigi bu ¢alisgmanin sonuglarina bakildiginda, tek pervaneli ¢alismalardan elde edilen sonuglarla biiyiik
oranda benzerlik tasidig1 gorilmiistiir. Sekil 2’de de verildigi gibi ¢ift pervane calismasindan elde edilen
oyulma profillerinin, tek pervane ¢alismasindan elde edilen oyulma profilleriyle benzer oldugu saptanmistir

[9].

Yidilma Tepesi

Birincil Oyulma Cukuru

Sekil 1. Pervanenin Tabanda Olusturdugu Oyulma ve Birikme Bolgeleri

1.5 -
1 ;
r 20 0
. 0.5 3 ok mﬂm
& 0 o p—+—#% Ay R
@ /g
-0.5 Q-2.F-2 o [0A
-1 3 O%\;Ov ’9,15’
15 :
-0.4 0 0.4 0.8 1.2
X/ Xmax
| —o— Yew etal, (2017) © Hong et al., (2013) A Hamill (1987) |

Sekil 2. Yew Oyulma Modelinin Hong vd. ve Hamill Modelleri ile Karsilagtirilmasi [15].

2. Materyal ve Metot

Literatiirde tek pervane jeti etkisinde meydana gelen oyulmayi kazikli yap1 etrafinda, rihtim duvari
oniinde ve yap1 olmayan durumda inceleyen bir¢ok calisma bulunurken, ¢ift pervane jeti etkisinde olusan
oyulmay1 inceleyen calisma oldukga azdir. Calismanin amaci, literatiirdeki ¢ift pervane jeti etkisinde olusan
oyulmanin incelenmesi ve Ozellikle pervaneler arasi mesafenin (ap) oyulmaya etkisine dair eksikligi
gidermektir.

Calisma kapsaminda kullanilan deney sistemi 6 m uzunlugunda, 1,5 m genisliginde ve 1 m
yliksekligindedir (Sekil 3). Su seviyesi 0,7 m ve taban malzemesinin kalinlig1 0,3 m olarak belirlenmistir. Bu
kanal sonunda ve basinda kapal1 bir sistem olup igerisindeki pompalar sayesinde deneyler baglamadan su
doldurulmakta ve her deneyin sonunda bosaltilmaktadir.
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Sekil 3. Deney Diizenegi

Pervane sistemi, bu ¢aligmaya 6zgii gelistirilmis ¢ift pervaneli motor sistemini icermektedir. Pleksiglas
kutu sisteminin st kisimlarina motor takilarak pervaneler kayis sistemi ile calisir hale getirilmistir.
Pervaneler, ayarlanabilir bir sistem (kontrol kutusu) yardimiyla yukariya ve asagiya kolayca hareket ettirilerek
pervane merkezinden tabana olan mesafe (G) ayarlanabilmektedir. Ayrica, benzer bir ayarlanabilir sistem,
pervanelerin saga ve sola dogru hareket ettirilebilmesinde de mevcut olup, pervaneler arasindaki mesafe (ap)
bu sekilde ayarlanabilmektedir. Ayrica sistem alt tarafindan bagli bir mil yardimiyla donmekte olup, milin
ucundaki baglanti pargalarini degistirmek suretiyle farkli pervanelerin sistemde kullanilmasima olanak
saglamaktadir (Sekil 4).

Pervane seviye
kontroli

Pervane seviye
kontrolii

Pleksiglas kutu

Pervane
Pervaneler.

Sekil 4. Cift Pervane Sistemi

Deney caligmalarinda PLA (Polilaktik asit) malzemesi kullanilarak ii¢ boyutlu yazici ile tiretilen 10 cm
capa sahip pervaneler kullanilmistir (Sekil 5).

Pervanelerin ¢alisma hiz1 30 Hertz ve 40 Hertz olarak ayarlanarak, yaklasik 355 rpm ve 470 rpm doniis
hizlar1 elde edilmistir. Pervane 6zellikleri ise Tablo 2’de verilmistir.
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Tablo 2. Pervane Ozellikleri

Pervane ¢ap1 10cm
Pervane tipi Wageningen B serisi
Kanat sayis1 (N) 4
Hatve (P) 140 mm
Hatve/gap orani 1,4
Pervanelerin taradigi alan (Ag) 52 cm?
Pervane disk alani (Ao) 78,54 cm?
Kanat alan1 oran1 (BAR) 0,7
Cr (Pervane itme katsayisi) 0,61

Sekil 5. Calismada Kullanilan 4 Kanatli Pervane Modeli

Deneylerde kullanilan malzemeye ait graniilometri egrisini belirlemek icin Istanbul Teknik Universitesi
Insaat Miihendisligi Geoteknik Laboratuvari'nda elek analizi yapilmistir (Sekil 6). Elek sonucunda
malzemenin %350’sinin gectigi elek ¢apinin (dso) 1,2 mm, uniformluk katisinin (og) 1,5 mm, malzemenin
%16’smin gectigi elek ¢apinin (dis) 0,8 mm ve malzemenin %84’iiniin gectigi elek capinin (dgs) 1,8 mm
oldugu tespit edilmistir (Tablo 3).

110,00
100,00

90,00 -\

80,00 \
70,00 \
60,00 \
50,00 \

40,00 \\
30,00

20,00

10,00
¥

0,00
10 1 0,1 0,01
Dane Capi (mm)

Caplan D Den Kiiciik Olan Danelerin Agirhk Yiizdeleri

Sekil 6. Graniilometri Egrisi

Tablo 3. Malzeme Dane Biiyiikliigiive Uniformluk Katsayisi
d1s (mm) dso (mm) dss (mm) 6g= (ds4a/d16)*?
0,8 1,2 1,8 15

2.1. Deney Metodolojisi

Literatiirde ¢ift pervane kullanarak pervaneler arasindaki mesafeye odaklanan ¢alisma yok denecek kadar
azdir. Bu ylizden ¢alisma kapsaminda pervaneler aras1 mesafenin oyulmaya etkisi detayl olarak ele alinmistir.
Cift pervane jetin oyulmaya etkisini anlamak amaciyla toplamda 16 adet deney gerceklestirilmistir. Bu
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deneylerde su seviyesi 70 cm, pervane ¢apt Dp=10 cm, pervane ile taban arasindaki mesafe (G) 10 cm ve 15
cm, pervaneler aras1t mesafe (ap) 2Dp Ve 3Dp, doniis hiz1 30 hertz (~355 rpm) ve 40 hertz (~470 rpm) olarak
belirlenmistir.

Tabanda meydana gelen degisimlerin Ol¢iilmesi i¢in deney kanalinin iizerinde kanal boyunca hareket
eden rayli sistem yer almaktadir. Rayli sistemin {izerindeki limnimetre ile pervanelerin ortasindan
(pervanelerin merkezinden) 6l¢iim yapilabilmektedir. Her deneyin sonunda oyulma profil olusumlar1 denge
asamasina geldiklerinde 1 cm ara ile yaklasik 120-130 noktada limnimetre kullanilarak dl¢iim yapilmustir.

Pervaneler donmeye basladiktan sonra oyulma profilleri belli bir siire igerisinde dengeye ulagmaktadir (Sekil
7).

Sekil 7. Pervaneler Donmeye Basladiktan Sonra Oyulma ve Yigilma Boélgelerinin Olugumu

3. Bulgular ve Tartisma

Deneyler i¢in 6ncelikle kum taban diizeltilerek her noktanin ayni seviyede olmasi saglanmistir. Oyulma
oncesi ve sonrasi Ol¢limler limnimetre ile alinmig, deney kosullarina gdre deneylerden dnce pervanenin
tabandan yiiksekligi (G), pervaneler aras1 mesafe (ap) ve doniis hizi (n) ayarlanmistir.

Pervane ile taban arasindaki mesafe (G) 10 cm ve 15 cm, doniis hizi (n) 30 hertz (~355 rpm) ve 40 hertz
(~470 rpm), pervaneler aras1 mesafe (ap) 2Dp Ve 3Dp olarak ayarlanmistir. Bu kosullarda gergeklestirilen deney
sonuglarinda maksimum oyulmaya (Smax), maksimum yigilmaya (hr), maksimum oyulmanin pervaneden
uzakligma (Xmax), maksimum yigilmanin pervaneden uzakligina (Xc), oyulma ¢ukurunun genisligine ve
uzunluguna dikkat edilmistir (Tablo 4). Ayrica deneylerden elde edilen oyulma profillerinin karsilastirmasi
yapilmistir (Sekil 8, Sekil 9, Sekil 10).

Tablo 4. Deney Sonuglari

(c%) (her:’tz) ap (SC”;;; (Cr;;]) é’:na’)( Xc (cm)  Bsmax(cm)  Lsmax(cm)
10 40 2Dy 13,3 10,6 40 100 96 95
15 30 2Dy 5,8 3 40 90 70 90
10 30 2Dy 8,8 8,2 33 81 83 90
15 40 2Dy 7,3 6,8 49 110 92 109
10 30 3Dy 8,6 9,7 47 94 70 91
15 30 3Dy 7,5 6,2 43 96 70,5 94
10 40 3Dy 10,2 11,6 54 108 81,5 104
15 40 3Dy 9 9,1 40 110 83 105
10 40 2Dy 13,3 10,6 40 100 96 95
10 30 2Dy 8,8 8,2 33 81 83 90
10 30 3Dy 8,6 9,7 47 94 70 91

10 40 3Dp 10,2 91 50 110 81,5 104
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Sekil 8. Pervaneler Arasi Mesafenin (ap) 2Dp Oldugu Durumlarda Olusan Oyulma Profilleri
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Sekil 9. Pervaneler
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Sekil 10. Pervane ile Taban Arasindaki Mesafenin (G) 10 Cm Oldugu Durumlarda Olusan Oyulma Profilleri
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Pervaneler aras1 mesafenin oyulmaya etkisini anlamak amaciyla ayni kosullar altinda gerceklestirilen
deneylerin oyulma cukurlart Sekil 11°de verilmistir. Goriildiigii lizere pervanelerin altinda kii¢iik oyulma
cukuru, kiiciik oyulma c¢ukurunun mansabinda birincil oyulma ¢ukuru ve birincil oyulma cukurunun
mansabinda y1gilma tepesi olusmustur.

Cift pervane ile yapilan calismada doniis hizinin (n) artmasiyla maksimum oyulmanin da arttig
anlagilmistir [15]. Mevcut ¢calismada yapilan deneylerde doniis hizinin oyulmaya etkisine bakildiginda, doniis
hizinin artmasiyla maksimum oyulmanin arttig1 sonucuna varilmstir.

Dairesel jet etrafindaki oyulmanin incelenmesi i¢in yapilan c¢alismada pervane ile taban arasindaki
mesafenin artmasiyla (G) maksimum oyulmanin azaldigi belirtilmistir [6]. Pervane ile taban arasindaki
mesafenin oyulmaya etkisine bakildiginda, pervane ile taban arasindaki mesafenin artmasiyla maksimum
oyulmanin azaldig1 goriilmiistiir.

Sekil 11. Ayni Kosullar Altinda Pervaneler Arasi Mesafenin (ap) 2Dp ve 3Dp Oldugu Durumlarda Olusan
Oyulma Cukurlari

4. Sonuclar

Cift pervane etkisinin oyulmaya ve yigilmaya etkisinin incelenmesi maksadiyla farkli kosullar ile
deneyler gergeklestirilmis ve farkliliklarin ortaya ¢ikartilmasi hedeflenmistir. Mevcut calismada doniis hizinin
(n) maksimum oyulma ile dogru orantili, pervane ile taban arasindaki mesafenin (G) ise maksimum oyulma
ile ters orantili oldugu sonucuna varilmis ve sonuglarin literatiir ile uyumlu oldugu anlasilmistir.

Gergeklestirilen calismada pervaneler aras1 mesafe (ap) hari¢ ayn1 kosullarda gergeklestirilen iki deneyin
oyulma profili karsilastirildiginda, pervaneler arast mesafenin artmasiyla maksimum oyulmanin azaldigi
goriilmiistiir. Pervaneler arasi mesafe (ap) 2Dp ve 3Dp segilerek gerceklestirilen deneylerin sonuglarinda
oyulma cukurlarmin tek cukur seklinde olustugu ve simetrik oldugu tespit edilmistir. Ayni1 zamanda,
pervaneler arasi acikligin oyulma ¢cukurunun geometrisi tizerinde de etkili oldugu anlagilmistir. Dikkate alinan
pervaneler arasi agikliklar i¢cin geometrik olarak farklilar olsa da oyulma cukurlarinin genel hatlariyla tek
pervane oyulma cukurlartyla benzerlik tagidigi gozlenmistir. Bu durumdan dolayi, daha biiyiik pervaneler
arast aciklik i¢in oyulma ¢ukurlarinin nasil olacag ile ilgili ¢alismalarin yapilmasi nerilmektedir. Ayrica, ¢ift
pervane jet etkisinde oyulmanin daha iyi anlasilabilmesi i¢in farkli pervane ¢aplarinin kullanimi ve yapi ile
sinirlandirilmis durumlar i¢in de deneysel ve numerik caligmalarin yapilmasi tavsiye edilmektedir.
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Arastirma Makalesi
Akademik Yayinlara Ait Bilgi Grafik Formlarinin Hazirlanmasina Yonelik

Bir Tasarim Cercevesinin Gelistirilmesi ve Degerlendirilmesi

Oz: Bu calismada bilimsel amagla hazirlanmis akademik yayinlarin bilgi grafik formunda hazirlanmasina yonelik bir
tasarim cercevesinin gelistirilmesi ve gelistirilen tasarim ¢ergevesinin uzman goriisleri dogrultusunda degerlendirilmesi
amaglanmigtir. Calismada nitel arastirma yontemi tercih edilmis ve uygulamalar durum olarak degerlendirilmistir. Bu
dogrultuda ¢aligma, tasarim tabanli aragtirmanin tiirevlerinden olan bigimlendirici aragtirma teknigi ile stirdiiriilmistiir.
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oldugu ortaya konmustur. Bulgular 15181nda bilgi grafik tasarimlarinin yazar, okuyucu, yayie1 ve yayin agisindan gesitli
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acilarinin olacagi diistiniilmektedir.

Anahtar Kelimeler: Akademik verilerin bilgi grafiklerle sunumu, bilgi grafikler, bilgi grafik tasarlama, gorsel
okuryazarlik, nitel arastirma.

Citation: D. Orhan and S. Yildirim, “Development and Evaluation of a Design Framework for Preparing Infographic
Forms for Scholarly Publications”, Journal of Studies in Advanced Technologies, vol. 2, no. 1, pp. 42-63, Jun 2024, doi:
10.63063/jsat.1466174

JSAT 2024, 2, 1 https://doi.org/10.63063/jsat.1466174 http://jsat.ardahan.edu.tr


https://doi.org/10.63063/jsat.1466174
http://jsat.ardahan.edu.tr/
https://orcid.org/0000-0002-1988-2061
https://orcid.org/0000-0002-8277-5963

Journal of Studies in Advanced Technologies 2024, 2, 1 43

1. Introduction

We can say that in today's world, where information is constantly growing, it is as much important to
perceive the information in the easiest way as to reach it the fastest. In such a situation, it may be necessary to
filter the existing information, that is, remove redundant or unwanted information from the existing
information. Nowadays, the use of visuals is becoming widespread, which can transfer several information at
once more easily, alongside text-based information sources. Visual symbols taking place in individuals’
learning activities provide positive effects on their learning, development and culture levels [1]. Visuals are
expressed as components that positively affect readers’ learning motivation [2].

It can be said that the sources of information that are boring and difficult to understand, that is, low in
readability, need to be enriched. Due to this situation, many studies have been carried out in different fields
aimed at understanding the researches and at increasing the frequency of reading [3]. On the other hand, it is
stated that in order for academic publications prepared for scientific purposes to reach their aim of writing, all
sections (abstract, main text, tables, etc.) should be comprehended by the readers in a good way and the articles
focused on this topic should be arranged in such a manner so as to be understandable and readable [4].
Additionally, when scholarly articles are evaluated according to the criteria such as teaching, explaining, and
disseminating the subject matter, the use of pictures, signs, tables, and so on is stated to be an indispensable
practice in these publications [5]. Besides, Hart [6] stated that human are vision intense creatures and that
visuals can arouse feelings that dull word groups cannot.

Inforgraphics are defined as visualization of complex information in a way that the audience can easily
understand and consume quickly [7]. It is stated that the analysis of inter-related information, and the easy
comprehension of the information can be provided through infographics [7]. In other words, infographics can
be explained as the transmittance of information in an easily understandable form with the help of visuals and
graphics, freeing it from complexity, annoyance and incomprehensibility.

It is clear that there are many scholarly publications today and these publications are accessible in a
variety of ways and media. Academic publications are generally published in scientific journals and can be
reviewed by scientists who have access to these journals. In addition, academic publications prepared as text-
based are long and time-consuming texts to read. The fact that articles that only appeal to academics and which
require long periods of time to read and to elicit the core idea are not presented in a way to appeal to a larger
mass of audience can be seen as a problem in terms of the spread of science. Infographics can be an effective
solution to eliminate this problem and to ensure that academic publications are quickly perceived by also the
general reader audience. In this context, the idea of benefiting from the effective nature of infographics by
bringing a different perspective to the presentation of academic publications has emerged. In this study,
through the potentials of ensuring the presentation of academic publications in a form that can be examined
quickly, being able to appeal to a larger reader audience, and making academic publications more visible; it
is aimed to reveal the views of academicians over conversion of academic publications into an infographics
form. At this point, the effects of presentation of academic publications in the form of infographics on the
intelligibility of the publication, sharing, access, retention of information it bears and other such qualities of
the publication was kept on focus.

2. Literature Review
2.1. Visual Literacy

The perception of visuals used in infographics and the ability to discover what they mean and for what
purpose they are used depends on the level of visual literacy of the reader [8]. The concept of visual reading,
first dealt with by Jhon Debes in 1968, is defined as a group of learning skills that individuals can develop
along with other experiences of seeing and other perceptions (Debes, 1968. Act. [9]). Moore [10] stated that
the concept of visual literacy is developed from ideas adopted from many other fields such as philosophy, art,
linguistics, perceptual psychology, and imagination theory and communication research. Celik [11] defined
the concept of visual literacy as the ability of an individual, by taking advantage of the innovations brought
by the informatics, to interpret the messages given through visuals, and to produce new messages with visuals.
To Elkins [12], the concept of visual literacy is if they understand how people perceive objects, what they see,
and what they learn from them. This concept, which began to manifest itself in the mid-1960s and shaped in
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by various definitions, commonly focused on the concepts of understanding, and explaining [13]. From this
point of view, it is possible to define the concept of visual literacy as a communication process, with the aid
of information technologies, in which the individual is both a recipient and a source.

In order to become individuals with visual literacy skills that involve complex processes, guidance is
needed and this skill should be evaluated as an educational process [9]. As with written texts, visual messages
also have a designer and designers have created their messages for a readership [14]. In order to design
products that are suitable for their purpose, it is important to know some design principles along with visual
literacy skills. The prominent of these principles are: information processing theory, gestalt theory and dual-
coding theory. It is thought that individuals with this knowledge will have better skills in reading and designing
infographics.

2.2. Information Processing Theory

When the model of Atkinson and Shiffrin [15], which are among the pioneers of the theory, is examined,
three types of memory are mentioned, which are sensory memory, short-term memory, and long-term
memory. In addition, Schunk [16], by stating that cognitive processes in the theory of information processing
are a dimension that affects the learning of the individual, put forward the elements of cognitive process as
attention, perception, storage, coding and retrieval.

2.3. Gestalt Theory

Gestalt, a German word translates as form, shape, or configuration, was first introduced in 1886 [17].
Senemoglu [18] stated that Gestalt psychologists deal with perception and problem solving processes and in
addition, they base their views on learning upon the studies they conducted on perception. According to Smith-
Gratto and Fisher [19], the Laws of Perception developed by Gestalt psychologists can help students interpret
and remember the materials presented to them. The most important issue in perception is that the human mind
tends to perceive the simplest ones first [20]. Altun and Colak [21] grouped these perception laws under five
topics; Figure-Ground relationship (aka Multi-stability), Similarity (aka Invariance), Proximity (aka
Emergence), Closure (aka Reification), and Continuation.

2.4. Dual-Coding Theory

The theory was hypothesized by Allan Paivio, one of the founders of the theory who approached
behaviorism in a critical way in the 1960s. According to Jared, Poh and Paivio [22], Dual-coding theory,
unlike cognitive theories that operate on a single channel, is hypothesized aiming at stimulating various
propositions, semantic representations, and explanations related to computational processes, and more abstract
mental representations of suchlike. According to dual coding theory, it is stated that individuals have separate
information processing systems for visual and verbal information [23]. In addition, Sezgin [24] states that the
subsystems shown as symbolic in dual coding theory are not a fixed and clear system, but a system which is
dynamic, and functioning in accordance with the probabilities.

2.5. Infographics

According to Hart [6], infographics aim to show the relations between the elements in a map, to
schematically convey the relations between parts of a whole, or to numerically transmit information in a
network diagram. Infographics are visual representations of data or information designed to enable the reader
to understand and absorb the data or information clearly and quickly [25]. Davidson [26] states that
infographics has incorporated art into the stationary world of digital information. Lamb and Johnson [27]
expressed infographics as a graphical presentation that helps users visualize the “big picture” of an idea that
might otherwise be difficult to comprehend.

Stating that there is no recognized classification of infographics, Dalton and Design [25] has grouped
different infographic types under three topics as static, interactive and motion (dynamic by Borucu [28], Topgu
Ozgelik [29]). Lankow, Ritchie, and Crooks [30] also state that static infographics can be used in some cases
as exploratory, or at best be used to describe a topic. The static infographics, which also has a rapid impact on
the reader, conveys the information to the reader as a whole, and at once [29]. Krum [31] expresses that the
static info graphic type, which does not require a special application or browser extension and is the most
suitable format for online sharing, is the simplest and most common infographic type in terms of infographic
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design. On the other hand, the ability to be created easier and faster compared to the interactive and dynamic
ones, and being able to provide visual content for time-sensitive information make static infographics the most
suitable choice for many applications [30].

Dynamic infographics are generally used to convey invariant information. Since the output is animated
or motion, such as a video, it is best for explanation of a topic or subject [30]. As for Interactive infographics
are types of which are open to intervention or interaction of the reader and can dynamically respond
accordingly as per user needs or actions [8].

An infographic is a claim that conveys its message through visual metaphors, and reasonable selection
and arrangement thanks to the original relationships created by the designer [32]. However, the message that
the designer wants to convey should not be created in such a way as to cause an image pollution by random
use of images or other alternative media formats. In this respect, infographics design should be prepared
according to certain rules and attention should be paid to the proper use of visuals. In order to use infographics
as an aid in the communication process, when performing designs, it is useful to model the thinking process
about text and images as well as the issues on focus [33].

Davidson [26] mentions five features that infographics should have, which are given below.
» A good infographic tells a story or presents an idea.
« Title of the infographic should be striking and appropriate to the content.
+ Texts on the infographics should be legible and be in contrast to the background.
+ Visuals used in infographics should be clear, relevant and original or copyright free.
 Fonts, shapes and colors used in infographics should be consistent throughout the whole design.
Krauss [34] mentioned five simple steps to be followed in designing infographics:
 Step one: Getting an idea,
 Step two: Drafting,
« Step three: Collecting data,
« Step four: Developing evidence of concepts,
« Step five: Placing elements in designs.
3. Method
3.1. Study Group

The study group of this study was determined according to the typical case sampling method, which is
one of purposeful sampling methods. Purposeful sampling focuses on information-rich situations that will
shed light on the questions sought [35]. While Yildirim and Simsek [4] express that purposeful sampling
methods would be useful in revealing and clarifying cases and events, they define typical case sampling as the
studying of researcher on the most typical one or more of a series of cases for introducing an innovation or
novelty. In accordance with the purpose of the research, the researcher can determine the clusters, groups and
units as he deems appropriate [36]. In this respect, the study group consists of 8 academicians employed at
Atatiirk University, which has been selected by considering the expertness of those who have conducted
courses or researches in the fields of visual learning, material development and multimedia design.
Demographic information of academics is given in Table-1. In the Al stage, 7 academicians were included in
the study process and in the A2 stage, the study was carried out with the whole study group.
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Table 1: Participants’ Academic Backgrounds

The Number of

Title Male Female Graduated Program Participants
Prof. Dr. 1 Faculty of Economics and Administrative Sciences 1
Assoc. Dr. 1 Faculty of Education 1
Assoc. Dr. 1 Faculty of Economics and Administrative Sciences 1
Dr. Lecturer 2 1 Faculty of Education 3
Dr. Lecturer 1 Faculty of Communication 1
Lecturer 1 Faculty of Education 1
Total 8

3.2. Data Collection Tools

The data sources of this study are infographics and semi-structured interview forms prepared during the
study process. Semi-structured interview forms have such a structure that allowed the interview questions
prepared by the researcher, by giving some flexibility to the subjects during the interview, to be discussed and
rearranged before being presented [37]. In this context, semi-structured interview form (IF 1) used in Al stage
was prepared with 9 questions and is intended to elicit expert opinions on designing an academic publication
as an infographic. The semi-structured interview form (IF 2), consisting of 8 questions, used in A2 stage was
prepared for evaluation of the design framework created in accordance with the findings and results of IF 1 as
well as the information reported in the literature, and of the infographics prepared using this framework by
field experts.

3.3. Analysis of Data

The data obtained in the study were analyzed by content analysis method. Yildirim and Simsek [4]
explained main purpose of a content analysis as obtaining concepts and data that could explain the collected
data. Open-ended questions are used to obtain as much detail as possible and make it easier for informers to
express their thoughts more freely by enabling them to respond from their own reference frameworks rather
than being limited to the structure of pre-arranged questions [38]. The data obtained by semi-structured
interview forms (GF 1, GF 2) containing open-ended questions were analyzed by content analysis. The
meaningful fragmentation by reviewing the set of textualized notes and maintaining the integrity of the
relationships between the parts thereof constitutes the essence of coding analysis [39]. Each data was tagged
in the computer environment by the researcher and basic code structures were created. The existing codes
should then be put under categories that form a pattern; and categories should be collected under themes in a
way that they will be related to each other [40]. In this respect, the interrelated codes were categorized. With
the answers given to the questions, the data obtained were conceptualized to create appropriate themes that
we could establish more comprehensible and open relationships. In this context, in the Al stage of the study,
50 pages of data were obtained by transcribing 165 minutes of audio recording, and in stage A2, 72 pages of
data were obtained by transcribing 190 minutes of audio recording, which were then all transferred to a
computer.

3.4. Design Framework Development and Implementation Process

Step 1 (Selection of Academic Publication): As the first step of the application process, academic
publications, for which infographics can be designed, were tried to be determined. In this respect, three criteria
have been taken into consideration in the selection of publications that will form the publication repository.
The first of these criteria is that the studies are conducted in different fields, the second is that the studies are
conducted with different research designs, and the third is to include the publications of the experts in the
study group. The implementation process for the selection of academic publications to be converted into
infographics is schematized in Figure 1. According to the determined criteria, a total of 28 publications were
randomly selected and added to the publication repository. The aim of these criteria was to ensure diversity in
the publications repository. According to the results of the Al stage, during which participatory views on
infographics production were focused on and necessary criteria for the production of infographics were



Journal of Studies in Advanced Technologies 2024, 2, 1 47

determined, academic publications conducted using procedures that base on quantitative methods were
decided to be selected. While selecting the mentioned publications, the participants’ own publications were
included in order to be able to get in-depth information, and to present their opinions on preparation of their
publications in a different form. Moreover, a qualitative study was decided to be converted into an infographic
form in order to constitute a control case. The aim of stage Al of this study was to determine which of the
types of academic publications would be more appropriate to be converted into infographics. Thus, according
to expert opinions, the publications in the publication repository that would be more appropriate to convert
into infographics were determined. Each publication in the publication repository was numbered and tagged.
According to the expert opinions, 8 studies were selected and the process of determining the publications to
be converted into infographics was completed.

Step 2 (Infographics Generation): Publications in the academic publication repository have been
converted into infographics by taking into consideration both the results obtained in the Al stage which yield
the answers to the question of how an academic publication should be converted into infographics, and the
material design principles such as shape-ground relationship, similarity law, proximity law, color harmony,
meaningfulness, balance, and alignment. At the same time, the literature was utilized for detailed information
on infographics. With respect to the findings, among different types of infographics, the static infographics
which is considered appropriate for the purpose of the study were used. In infographic design process, two
different form design concepts were implemented, which are called short forms and long forms. Short form is
a kind of infographics that includes the basic parts of academic publications such as title, method, findings,
discussion and conclusion. Long form, on the other hand, is a form that contains all parts of academic
publications and contains more detailed information than short form. In this regard, of 8 academic
publications, randomly selected 4 were produced in short form and the remaining 4 were produced in both
short and long forms. As a result, a total of 12 infographics were designed for 8 academic papers selected for
use in the study. The designs were evaluated by 2 field experts holding a PhD degree and having experience
in infographic design. The infographics were rearranged according to the feedback submitted by the experts
and finalized by making the necessary revisions. When producing infographics, piktochart
(https://piktochart.com/ ) platform was used. This platform has been preferred because it includes simple and
advanced options that every researcher who wants to see their works as infographics. While designing
infographics for academic publications, firstly the steps and characteristics of infographics preparation have
been thoroughly examined in general terms. The common and non-common items of these steps and
characteristics were simplified and prepared as a list. Then, the Al stage was implemented and the criteria
which to be peculiarly considered for academic publications in the infographics design were determined.
These criteria were prepared as a list and were suitably incorporated into the infographics preparation steps.
The theory of information processing, Gestalt theory and binary coding theory, which were previously
mentioned in the theoretical framework section, were implemented in order to produce effective products at
the design phase. At the application phase, in addition to above theories, visual design and message design
principles reported in the literature have been scrutinized and observed to ensure gains and make general
corrections in designs. In this respect, a new design framework was tried to be created by identifying the step
suggestions which are thought to be useful to follow in the production of infographics. The procedures and
the steps taken accordingly are determined to be as follows:

1. Determining the objective of the academic publication that is intended to be converted into an
infographic as the idea to be presented through the infographic,in recognition of that a good infographic should
tell a story or convey an idea,

2. Evaluating the level of conformity of the design and content of the academic publication to be
converted into an infographic,in the light of the findings obtained in Al stage,

3. Drafting the idea to be presented in the infographic, and listing the points that should be highlighted
by reading, repeatedly and in detail, the academic publication to be converted into infographic,

« Establishing communication with the author where necessary in relation to what to point out in the
academic publication to be converted into infographic, in the light of the findings obtained in Al stage,
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4. For the sake of being in compliance with the principle of defining the audience that gives importance
to the subject, choosing a common design structure for academics in the scientific community and practitioners
interested in the subject of the academic publication,

5. For the purpose of ensuring that the title of the infographic is striking and appropriate to the content,
collecting data and developing evidence of concepts; copying the title of the academic publication as it is, and
passing it onto the infographic, in a text-based and emphasized manner,

6. With respect to placement of items in designs, to which options or changes to consider for making
decisions, and to what issues or topics the readers are interested in; designing the sections of the infographic
to be prepared for the academic publications in accordance with the suitability levels, in the light of the
findings obtained in Al stage,

7. With respect to the way of thinking that should be acted on to organize the collected data, the best way
to display syntheses in the infographics, and which simulation, visualization, and/or design to be implemented
in order to consistently present the whole subject to the audience; considering the design principles pointed
out by the experts, in the light of the findings obtained in Al stage,

8. With respect to the readability of texts on the infographics and their being in contrast with the
background; implementation of:

« design principles for instructional messages by [41],
» the finding by [42] that short and left-aligned text are highly readable,

» reflecting the focal points according to the attention component of cognitive processes in the
information processing theory,

» designing appropriate visuals according to the retrieving component of the cognitive processes in the
information processing theory and adding them to the infographic,

» designing symbols according to shape-ground relationship of the laws of perception specified in
Gestalt theory and adding them to infographics,

* presenting in groups the visuals and texts that express the same subject according to the law of
similarity of laws of perception specified in the Gestalt theory and arranging the relations within the groups
according to the law of proximity,

« reflecting the elements in a certain order which were vertically presented in groups according to the
continuity law of perception laws specified in Gestalt theory,

« the simultaneous use of visual elements and text-based expressions to support verbal and non-verbal
systems presumed to exist in the human mind as mentioned in the binary coding theory,

9. With respect to the visuals used in the infographics being clear, relevant and original or copyright free;
using visuals that are readily present on the platform where infographics were prepared, or that are uploaded
by the researcher,

10. For the realization of the principle that requires fonts, shapes, and colors used in infographics be
consistent throughout the whole design; creating the designs using ready templates offered on the platform
where infographics were prepared,

11. Reviewing and finalizing the completed designs with the necessary arrangements.

In addition, the participant opinions obtained in Al stage regarding the basic characteristics of the
infographics were taken into consideration during the preparation of the infographics. At this point, the process
of converting was started with the selection of remarkable designs that are appropriate to the content and type
of the academic publication from among the infographic templates. However, the information presented in the
academic publication has been summarized and organized in such a way as to enable readers to quickly review
it. In addition, in order to increase their persistence in mind, visuals that are capable of evoking the same
concept to anyone for terms used in academic publications were attempted to be designed and incorporated
into the infographics. In order to increase the readability of the infographics, the designs were presented in a
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certain flow and so as to reflect the whole academic publication. Subsequently, designs with intensive
information was avoided due to the difficulties that might be experienced in the conversion of academic
publications into infographics, on the other hand gaining experience was aimed by having designed
infographics on different subjects.

In relation to the conversion structure of infographics specific to academic publications, in all of the
infographics designed in vertical form, the title section is located at the very top section. However, in the light
of the findings obtained in Al stage; it was decided that the objective section is reflected concisely and the
introduction section is reflected in brief through infographics. On the other hand, since the idea that is
prominent in the infographic preparation steps is determined to be the objective of the academic publication,
and as the objective statement in academic publications is generally contained in the introduction section, the
objective statement which is supported by appropriate visuals were placed just below the title section as text-
based. In the continuation of the designs; methods, findings, results and discussion sections are presented
through infographics having the level they were represented in the academic publication. In addition to the
access address of the academic publication, publishing information and author details were put in an
appropriate place in small size near the title section. In some designs, however, sections such as the sample,
scale development process, etc. that are desired to be transferred are segmented and reflected on the
infographics by communicating with the author.

After the completion of the designs, the aspects of infographics mentioned in the design concept such as
color harmony, consistency, concept relations and shape-ground relationship were reviewed according to the
findings obtained in Al stage. Nevertheless, final forms of the designs have been revealed by making the
necessary arrangements in the infographics according to the opinions received from experts.

4. Findings

In the study, it is aimed to develop a design framework for the preparation of infographic forms for
academic publications prepared for scientific purposes and to evaluate the developed design framework in line
with expert opinions. For this purpose, the study was carried out as a two-stage process.

Expert Opinions on the Development of a Design Framework for the Preparation of Infographic Forms
for Academic Publications (Stage Al)

In the first stage of the study, data was collected as a result of interviews with experts for the preparation
of academic publications in inforgraphic form. Some of the data collected from the experts at stage Al are as
follows:

e - "Giving more messages in less space.” (Exp7)

e - "l think it will enable me to make inferences." (Exp4)

e - "For speed reading, of course comprehensibility." (Expl)

e - "An infographic prepared by a novice may also have distracting elements."(Exp2)

The findings are divided into three themes: key features of knowledge graphs, conversion challenges, and
conversion structure. These themes are presented as categories and codes in Table 2.

Table 2. Converting Academic Publications into Infographics

Theme Category Code

Knowledge transfer skill
Remarkable
Motivating
Summarizer
Personal preference
Fast reviewability
Didactic effect
Legibility
Memorability
Reflecting the whole
Conversion challenges Structure of the content Concept confusion

Structural features

Key features

Instructional structure
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Not all content can be visualized
Knowledge intensive
Bad design
Wrong transmission
Experience
The process of preparing an infographic
Quantitative
Mixed
Qualitative
Content and space
Title
Method
Findings
Conclusion and discussion
Access address
Chapters of publications Summary
Purpose
Research question
Key words
Introduction
References
Text design
Color matching
Aperture
Consistency
Fluency
Design approach Simplicity
Figure-ground relationship
Concept relationship
Structured form
Positional proximity
Assimilation

Transfer

Publication type

Conversion structure

When the findings are analyzed, the opinions of the participants on the creation of infographics are
grouped under three themes. The structural features category of the theme identified as key features focused
on the impact the infographic would have on readers at first glance. The instructional structure category
focused on the effect of the information obtained from the infographic on the reader. In the theme of
conversion challenges, the focus was on the visualization of information and the knowledge of the designer.
Finally, when we examined the theme regarding the conversion structure, data were obtained on the research
method of the publication to be transformed, which sections should be included in the academic publication
to be transformed, and the person who will make the conversion decides which design approach to determine.

Evaluation of Infographic Designs Prepared in Line with the Design Framework (A2 Stage)

In line with the main purpose of the study, academic publications were prepared in the form of
infographics. Some of the data collected from experts at stage A2 are as follows:

e - "Of course, this is not valid for everyone, but visualization arouses a little more interest, in other
words, it makes it more memorable, I think so, and that's why I think | would prefer it more." (Exp8)

e - "l would like to see it, | mean, it attracts more attention, faster, to a wider audience." (Exp3)
e - "For the reader, it is really readable, it is catchy, it is remarkable..." (Exp5)

e - "l'would like to see the discussion and conclusion section the most, | mean, okay, something has
been done, what has been found or how it has been compared in the literature. | would most like to
see that section in detail.” (Exp8)

In the process of preparing the infographics, attention was paid to the issues mentioned in the literature
and the findings obtained from the first phase of the study. Additionally, the themes, categories and codes
obtained from stage a2 are included in Table-3.



Journal of Studies in Advanced Technologies 2024, 2, 1 51

Table 3. Academic Publications Prepared in Infographic Form

Theme: Reason for preference

Category: Infographics Category: Articles

Remarkable Examine how information is supported
Memorability To be able to refer to

Reflecting the whole Read in detail

Fast and easy comprehension

Summarizer

Visual learning disposition

Theme: Potential advantages and limitations of infographic designs

Category: Author Category: Reader

Request Fast review

Seeing relationships as a whole Provides convenience

Awareness of the publication Memorability

Experience Reduces cognitive load

Cost Superficial presentation of information
Category: Publisher Category: Publication

Staff need Readable

Workload Reflects the whole

Copyright It appeals to everyone

Potential benefits Benefit to society

Availability of the publication Understandability of the broadcast
They have tendencies Redirects to article

Publication evaluation process

Theme: Design recommendations for infographics

Category: Recommendations for the amount of Category: Recommendations for transfer
information
According to the article Standard must be ensured
Department based Important places should be transferred
Short form The meaning should not be lost
Succinct Must comply with design principles
Long form Professional people should design
Category: Recommendations for multimedia Advanced design tools
assets and infographic types Writer and designer should work together
Social media links Category: Importance
Environment Future uses

Audio and video

This situation is enough
Animation

Interactive

Infographics were designed in the light of the information obtained in the first stage of the research and
the information obtained from the literature. These infographics were presented to experts and evaluated. The
information obtained in this direction was collected under three themes. The first of these themes, the reason
for preference, was about the situations in which experts choose infographics or academic publications. In the
second theme, the potential advantages and disadvantages of infographics are discussed in terms of author,
reader, publisher and publication. Finally, design suggestions for infographics were evaluated.

5. Results and Discussion

5.1. Results Related to Developing a Design Framework for The Preparation of Infographic Forms for
Academic Publications (Stage Al)

The results obtained with regards to converting the academic articles prepared for scientific purposes into
infographics form are grouped mainly under three categories, which are; key features of infographics, the
difficulties/challenges in converting to infographics, and the conversion structure of infographics.
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5.1.1. Key Features of Infographics

The basic characteristics of infographics allow for academic publications to be presented in a new form.
In this respect, Ay [5] stated that the order in which the subject matter is presented, its emphasis, signs and
tables that have been used all of great importance in scientific publications prepared to convey, teach or
disseminate a subject. Besides, Beegel [43] emphasized that the power of infographics is due to that they can
convey the intended message or information in a short and friendly manner; so much so that rather than a thick
book of 50 pages, a three- or four-page infographic (with a few striking sentences) can convey important data.
Also, Olfert et al [44] concluded that statistical data were easier to understand with infographics. This situation
supports the opinion that academic publications should be enriched and presented with visual supplements
such as infographics. In this way, high level ability to transfer information, attention attractiveness and its
positive motivation for reading, and offering quick reviewing through presentation of summative information
are emphasized as the structural features that are prominent for the use of infographics. This situation may be
due to the acceptance of the ability of infographics to transfer persistent information with the help of
visualizations, without taking up readers’ much time. In addition, effectiveness provided by the use of
infographics, such as ability to quickly review articles that might otherwise require long review times, noticing
the important points at a glance and assessing the relevance of the article’s subject to readers' own focus may
have led to this situation. The presentation of these materials with the support of visual elements can also be
associated with academic publications being more remarkable and freed from being boring. Fleming and Levie
[41] stated that making changes in the organization and presentation of the content would increase interest
and motivation by attracting the learner's attention and promote their willingness to learn. Similarly, Duman
[45] stated that the use of materials supported by written and visual elements will make the subject more
interesting and that the subject will be kept from being boring.

It has been concluded that instructional contribution of infographics is profound in terms of acquiring
knowledge presented in academic publications. This can be considered to be related to the basic features of
the infographics, such as the fact that the content of the articles transmitted by the infographics is more
readable than their presentation in original form and that the information related to the content is reflected as
a whole at once. It can also be said that the information conveyed through infographics is kept in mind for a
longer time and the perception that these materials supported by visual elements has a high instructive effect.
According to the study by Turck et al [46], readers have concluded that the presented data allows faster and
more efficient reading with infographics than text-only forms, and also that infographics are more likely to
facilitate the long-term retention of data. Smiciklas [7] stated that infographics provide benefits for learning,
retaining and remembering information. In parallel with these results, it was determined that teaching activities
carried out with incorporation of visual materials had a more significant effect on students' achievement and
on retention of their learning compared to traditional teaching activities [47]. Besides, Akengin and
Ibrahimoglu [48] stated that using visual materials can positively affect students' academic success.

5.1.2. Challenges In Conversion

There are some challenges in converting academic articles prepared for scientific purposes into the form
of infographics. These conversional challenges come in two categories: the structure of the content of the
academic article and the transference.

While converting academic articles prepared for scientific purposes into infographics form, it is
concluded that the difficulty of process is dependent on the content of the article. The difficulties that may
arise at this point may be due to the extensive information contained in academic articles or due to that not all
information contained is suitable for conversion. However, it can also be said that a situation of contradiction
with respect to a failure of retaining the relationship between the visualized information and actual intended
expression creates a challenge that in turn requires the conversion process to be carried out more carefully.
Similarly, Dursun and Odabas1 [49] stated that the designers, misinterpreting the support of multimedia
elements to the instructive content, often make users exposed to products having poor-quality designs. When
we consider the issue in this respect, in this study, it turns out that in the results obtained in Al stage, with
regard to the conversion challenges, transference is as important as the structure of the content. This may be
related to the fact that the level of the designer having a certain graphic design experience will have an impact
on infographics preparation process, and that improper designs can lead to incorrect transfer of content. At the
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same time, the designer's awareness of the effective use of design principles to uncover the focal point of the
message to be conveyed may be due to the idea that it can eliminate the negativity with regards to transmission.
In parallel with this result, Ashman and Patterson [50] mentioned the difficulties in producing infographics,
as well as stating how infographics, computer and design skills can greatly help in ensuring the clarity of the
message.

The basic structure of the infographics in general and the challenges in conversion were tried to be
conveyed in line with the opinions of the participants. The criteria, as the conversion structure, that should be
taken into consideration for presenting academic publications in infographic form will be examined in
accordance with participants’ opinions.

5.1.3. Conversion Structure

In conversion of academic articles into infographics, a certain conversion structure should be employed.
In this regard, the issue should be dealt in three categories: publication type, publication chapters and sense of
design. At this point, while preparing infographics, it is concluded that the designers should effectively
implement the design principles regarding, for example, text design, color harmony, clarity, consistency,
fluency, shape-ground relationship and apply these to their designs. The acceptance of the use of infographics
in the presentation of academic publications may be due to the fact that the effective use of these design
principles is able to yield positive results. The performing of shape-ground placement in the most obvious
level is very effective in terms of perception of the content [41]. In parallel with this result, individuals who
use materials prepared according to design principles to get information on a certain subject were found to be
more successful than individuals who use traditional approaches [51]. Similarly, short and left-aligned texts
were found to be highly readable while long and justified paragraphs were intermediate [42]. Additionally,
the evaluation and revision of infographic designs by different experts is a general conclusion emphasized in
the literature in order for the production of effective infographics and for elimination or minimization of design
errors that might be overlooked. This may be attributed to the potential contribution of different perspectives
to infographic design. It is also a concern that the designer may experience mental fatigue by working
continuously. Producing infographics by making necessary improvements and revisions represents a much
more readable, user-friendly and non-threatening view of performed work, allowing for quick interpretation
of results [50].

In terms of suitability level of academic publications for being converted into infographics according to
their research methodologies, publications for researches conducted with quantitative research methodologies
were found to be more suitable for conversion process. This situation may be due to the fact that the rich
numerical data presented in quantitative patterns can be more easily reflected in graphs. In this respect, when
the literature is reviewed, only one study dealt with the use of infographics for academic publications was
spotted. Ashman and Patterson [50], in their study focused on a certain field, aimed to present the academic
publications prepared in quantitative design in infographics form, however, they did not specify the reason for
choosing quantitative pattern. In addition, it is seen that several information containing numerical data, from
survey results to population data, is presented using graphs or SmartArt [52]. This can be attributed to the fact
that sections of the quantitative research, such as Findings, are presented more visually.

During the literature review no studies aimed at reflecting parts of academic publications in infographics
form were spotted due to the fact that studies similar to the structure of this study is limited. In the Al stage
of the study, it was concluded that the title, and the sections, i.e. methods, findings, results and discussion, of
the academic publication are prominent parts that should be present in the infographics. This can be attributed
to the idea of conveying the important points of the academic publication in the infographics and encouraging,
where necessary, the reader to examine the original version of the publication.

5.2. Results Related to Evaluation of Infographic Designs Prepared According to The Developed Design
Framework (Stage A2).

The results obtained with regards to the academic articles prepared in infographics form are grouped
mainly under three categories, being the reason for preference, the effects of infographics, and the formal
structure.
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5.2.1. Results Related to the Preference of Infographics or Articles

At this stage of the study, two different situations were considered. First, it was examined why experts
prefer infographics or academic publications. Secondly, opinions on designing long or short infographic forms
were discussed. Two main factors have emerged in general in terms of choosing the infographic form for the
presentation of academic publication. These two factors that determined the choice of infographics are
predisposition to visual learning and characteristics of infographics.

According to the results of the study, participants prefer infographics or original forms of the articles
according to certain conditions. The prominent characteristics that come to the fore in terms of the preference
for viewing and analyzing information as infographics are inferred to be persistence in mind, noticeability,
quick and easy comprehension, seeing the whole structure in glance, and summation of extensive information.
This may be due to the presentation of information in a holistic perspective and logical framework by using
text-based and visual elements in combination thanks to the design structure of infographics. In addition, the
fact that the articles prepared as long texts can be examined in a shorter form, requiring less reading time and
presented to the reader by transferring information over both verbal and non-verbal channels might have
affected this situation. However, the idea that infographics can provide both a broad overview and the ability
to summarize large information owing to their short structure might have had an influence, too. In parallel to
this result, Turck et al [46] stated that when the participants had been presented infographics and text-only
data, almost all of the participants preferred the data presented in the form of infographics and he associated
this situation with participants’ preference of efficient reading and with the idea of better retention of
information provided through infographics. Similarly, Donofrio [53] states that infographics have a striking
structure and are one of the best and most widely used tactics to draw attention to the information to be
conveyed. In addition, Vanichvasin [54] states that infographics enable the presentation of catchy content and
that the content presented in this way provides quick comprehension and is easy to understand, as well as
increase the retention skills of individuals. On the other hand, Martin et al [55] showed that, in the field of
medicine, the participants preferred the abstracts presented as infographics to those that are text-only.

Another reason for the preference of infographics in reading academic publications is that readers are
more apt to visual learning methods. Participants emphasize that they enjoy reading infographics and are more
interested in such content. This may be due to the information transmission power of the visual components
of the infographics. This may also be a result of the fact that readers prefer to learn, with less effort, through
visuals that are more memorable than texts. In addition, having had the opportunity to examine more academic
publications, had access to more important information in the same unit of time might have enabled them to
prefer infographics and enjoy these contents. Likewise, Siricharoen [56], stated that infographics can quickly
transfer the intended message through a limited area. Furthermore, since the information contained in the
infographics, in comparison to the whole content, is more precious and important to the readers, it can be said
to be this that makes infographics enjoying [56].

The participants whose opinions were received stated that they were pleased to review their publications
through infographics. In other words, the authors of the academic articles were concluded to have been
satisfied with their publications being presented in the infographics form. While this may be attributed to the
fact that participants had conducted studies on this visual learning, it was revealed that the participants were,
in general, willing with regard to presentation of academic publications in infographic form, and would prefer
reviewing publications in this form. Furthermore, the fact that their publications become more easily
accessible or that they can be distributed more effectively may explain their satisfaction. Similarly, Yekta [57]
concluded that the reader responses were positive in the study where he examined the use of infographics on
websites.

When academic publications are presented with infographics, the preferences of the participants are
primarily for infographics. This may be due to personal interests of the participants and the fact that the
presentations supported by visuals are more remarkable. Similarly, Soydas and Y1lmaz [58] have revealed that
digital stories prepared using visuals were 4 to 5 times more preferred compared to written texts.

There are cases in which participants prefer to use the original presentations of academic publications.
With respect to situations that involve the use of articles in their own research, reading in more detail, and
citing the publication being examined, the original forms were concluded to be preferred. This can be



Journal of Studies in Advanced Technologies 2024, 2, 1 55

explained by the desire to receive in-depth information. Moreover, the conventions of scientific writing and
citing rules and styles may have caused this view. On the other hand, the fact that academic article readers do
not want to go beyond the forms they are accustomed to in relation to their age status can be seen as one of
the possible reasons for this situation. Accordingly, Turck et al [46], in their study comparing the preference
of text-only data or infographics according to age groups, concluded that the preference of infographics was
lower in the 70-year and older group compared to the other groups. Similarly, Young and Hinesly [59] put
forth that traditional text presentation approaches are necessary for details, in their studies which was aimed
at testing whether information transmitted through infographics provides superior results in terms of user
preferences, comprehension, and reader efficiency compared to a text format.

5.2.2. Results with Regard to Design Recommendations of Infographics

At this stage of the study, results were obtained for the amount of information that should be present on
an infographic, the multimedia elements in which they can be supported, and the types of infographics as well
as recommendations in terms of transmission of infographics. Regarding the suggestions on the amount of
information that should be present on an infographic, it has been concluded that there may be differences
depending on the article and that the amount of information may also vary depending on the nature of the
article. This situation can be associated with the structure of the process carried out in academic studies and
the results obtained from these processes. In addition, among short and long forms of infographics, the short
form, in a general sense, that contains the basic information succinctly was found to be more effective. This
may be due to the fact that infographics are generally seen as materials that provide a general idea about the
subject at first glance. In addition, the idea that the request for more detailed information can be met with the
original form of the article may have contributed to this situation. At the same time, due to the nature of
infographics, capability of transferring as much information as possible through a limited area can be the focal
point of this idea. Supporting this result, in their studies, Meeusah and Tangkijviwat [60] showed that the
content of an infographic that was created with a smaller amount of data set was best to understand. Elsen [61]
stated in his study that visualization of candidate information booklets with infographics has an important
potential and suggested that it would be beneficial to consider the quality and accessibility of the information
as well as the amount of information needed to be presented through infographics. Along with these results,
instead of designing infographics in two different forms, short or long, separately, suggestions for producing
infographics having two different contents, one detailing in different sections (findings, methods, etc.), being
for the scientific community and another one being for the practitioners of the results that are obtained from
academic publications. In other words, section-based designs of infographics can be created separately for
academics and practitioners. Thus, considering the preferences of the target audience, the idea that there will
be an increase in the number of views of the publication can be seen as a focal point in the emergence of this
result. In this respect, it is inferred that the re-arrangement of step 4 which was given under the design
framework proposals created after the A1l stage in accordance with the results obtained in the A2 stage (making
separate designs for academicians and practitioners instead of a common design) can help produce more
successful designs.

It was concluded that the collaboration of the author and the designer in the conversion of academic
publications into infographics would create more effective infographics. This may be related to the fact that it
is important to convey the information in the articles and that not to go beyond the point to be emphasized in
the article. Also, the idea that the author knows the features of the subject to be conveyed and that the designer
has the comprehensive knowledge regarding the use of the design principles may have created the position
that the production of effective infographics would be positively affected thereby. In other words, the author's
contribution to the designer with respect to the content of the article, and designer’s contribution to the author
with respect to visualization, attention and the implementation of the design principles in the process of
application is deemed to be a crucial collaboration that may have revealed this situation. In this regard, it is
inferred that step 3 (collaboration of author and designer) which was given under the design framework
proposals created after the Al stage is affirmed in accordance with the results obtained in the A2 stage. Parallel
to this result, Lamb et al. [52] stated that creating their own infographics under the guidance of teachers enables
students to create more effective infographics and better learned the dealt information. In addition, Soydas
and Yilmaz [58] stated, in their study, that there are important points to be considered while creating content.
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In the A2 stage, it was concluded that the impact levels of the infographics prepared in accordance with
the sub-items of the 7th and 8th steps (taking into account the design principles and the theoretical framework
pointed out by the experts) given under the design recommendations which were created after the Al stage
were generally high. This can be attributed to the benefit of the theoretical framework to designs. At the same
time, the potential advantages of using the remarkable aspects of infographics in the scientific community can
be seen as the focal point of this outcome. In this way, the proper use of design principles and the getting the
designs shaped by professionals can be considered as an important step in transferring the important points of
an academic publication to readers. As a similar conclusion, the colors used in infographics are deemed to be
as important and will affect the understanding of the content [60].

It is seen that there are participants’ views regarding the careful use of visuals added to the infographic
designs and the absence of loss of meaning.While this opinion, in A2, is in line with the step 9 of the
suggestions in the design framework created after the Al stage which suggests the use of texts as they are, in
terms of the use of the visuals a result that suggests a limited use has been obtained in A2. This situation can
be associated with more than one outcome. The first of these is that since academic publications are prepared
for people in the scientific community, the focus of the academic publication may be missed. Secondly, the
visuals used in infographics may not contribute to understanding the subject. Third, changes to academic
publications may have a negative impact on readers. The fourth one can be considered as moving away from
an academic publication that can be benefited from. Aldag and Sezgin [62], in support of this result, showed
that additions and ornaments should be avoided. In their study, Milovanovic and Ivanisevic [63] specifically
emphasized that, from a similar perspective, the potential of deception should be prevented by prioritizing the
quality of information and honesty, in the infographics used for the marketing.

The results obtained in A2 stage according to the sub-items of step 8 (benefiting from the theoretical
framework) given under the design framework created after stage Al are as follows;

« It has been concluded that the potential advantages of the prepared infographics according to the
attention element of cognitive processes addressed in information processing theory are at the highest level.
This can be attributed to the elimination of stimuli, present in the introduction section of academic
publications, which are outside the focus of the subject, and to highlighting the core information in the
infographics. In parallel with this result, Bilginer [64] stated that attention and perception are important for
classroom learning and asserted that the cognitive processes constituting the information processing model
should be taken into consideration in the learning environment.

» No results could be obtained for perception, coding and storage elements which are related to the
individual's previous experiences and internal processes, in the theory of information processing. This
situation may be associated with the fact that academic publications, which have been transformed into
infographics, are selected from different fields. However, one of the participants expressed that it had been a
long time since their study was conducted and opined that the designs aimed for “retrieval” element can be
used in the infographic forms.

 The results that suggest that the infographics prepared according to the shape-ground relationship, one
of the laws of perception specified in the Gestalt theory, reached their purpose and that the groupings created
making use of the similarity law made the subject easier to understand were obtained. This may have
originated from the idea that the contents of the chapters can be presented in groups, making it easier to
converge on the particular focus. Also, the relations’ being arranged according to the law of proximity, within
the groups, was accepted by the participants. This can be attributed to the fact that the relationships within the
groups create the possibility to be easily observed. Similarly, Kog and Bulut [65] revealed that the shape-
ground relationship, similarity law, proximity law and continuity law, which are parts of Gestalt theory, have
an effect on map reading and interpretation skills.

» The infographics prepared, by taking into consideration the law of continuity of Gestalt theory, in a
vertical direction and representing a certain flow were accepted by all participants. This situation is thought
to be caused by the habit of reading academic publications in a certain order. In addition, it may be associated
with the presentation of the chapters in a certain order that provides the opportunity to explore the publication
fluently by arousing curiosity on the reader.
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« As mentioned in the dual coding theory, the use of visual elements and text-based expressions to
support verbal and non-verbal systems that are assumed to exist in the human mind was welcomed by majority
of the participants. This can be attributed to the fact that the participants thought that the use of text and visual
elements together supports the understandability of the subject. In addition, close and simultaneous
presentation of related texts and images may be the focal point of this situation. Aldag and Sezgin [62]
concluded that the explanations about an image in the page should be given above or below the image and
that it should be presented simultaneously.

The use of the static type of infographics in academic publications was accepted by all participants. This
situation can be associated with the situation assessment peculiar to academic publications and to the fact that
the static infographics type is deemed to be sufficient for this subject. The idea that it is easier to prepare and
share static infographic type compared to other types may have caused this situation. Additionally, high level
of similarity between static infographics and academic publications may also justify this match. Krum [31]
stated that static infographics type is the most suitable format for online sharing, for it does not require a
special application or browser extension, and is the simplest and most common type in terms of info graphic
design. However, some participants emphasized that it would be more effective to use different kinds of
multimedia components, in combinations and at reasonable levels, in infographics in order to prepare different
types of infographics such as motion or interactive whenever deemed necessary. This may be due to the
attitude of intending to meet the expectations of each reader by presenting the content of academic publications
with easier and alternative multimedia components. Beegel [43] stated that for some subjects, static
infographics may have limitations that may harm the reader’s understanding of the subject, which can be
overcome by making an effective use of interactive or motion infographics.

The results suggest that the use of such materials in academic publications will increase in the future and
young generation academicians will have a more positive perspective on the use of infographics. This may be
due to the fact that many expressions are conveyed through visual elements in today’s world and that such
elements are very frequently used in social media platforms. In addition, the fact that individuals in the z
generation prefer content based on multimedia components may have developed this view. In parallel with
this result, Young and Hinesly [59] openly assert that the popularity of infographics will increase.

List of Results Related to Potential Advantages and Limitations of Infographic Designs

In the Al stage of the study, infographics of academic publications were prepared in accordance with the
design framework. In this respect, the results obtained from A2 stage regarding the potential advantages and
limitations of infographic designs on the authors, readers, publishers and others are as follows;

» When academic publications are presented with infographics, the preferences of the participants are,
in first place, for infographics.

a. Prominent features, in the point of preference of infographics, are; persistence in mind, strikingness,
quick and easy comprehension, seeing the whole structure at a glance and presenting extensive information in
summary.

b. Another reason for opting for infographics in reading academic publications is the personal interest of
the readers.

c. Participants are pleased to review their publications in infographics form.

« Participants prefer to have academic publications in their original form in order to make detailed
readings and cite in the references in their academic publications.

» The potential advantages of infographic designs are regarded to be; for the author, ensuring the
recognition of the publication; for the publisher, increasing the accessibility of the publication; and for the
publication per se, being useful to the general public by addressing not only academics but everyone.

 Although preparing academic publications in the form of infographics is likely to create a workload
for the publisher, it is believed that publishers in different fields have a tendency to use infographics-like
presentations.

« Infographic designs allow the author to see the relationships related to his research as a whole.
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« Some advantages are provided in terms of the potential advantages of infographic designs for readers.
a. Infographics can increase the retention in mind by reducing the cognitive burden on readers.

b. Even though information provided through the infographics may be superficial and may cause loss of
depth, Infographics can still please the reader as they present the academic publication in a more readable
format.

« There may be differences in the amount of information that should be available on an infographic
depending on the article, but in general the short form containing basic information is thought to be more
effective.

* According to the participants’ opinions, there are some suggestions in terms of the transferring of
academic publications into infographics.

a. It should be prepared in accordance with the principles of infographics design in order to convey the
important points of the information contained in the academic publications and to avoid losing meaning.

b. The collaboration of the author and the designer in the conversion of academic publications into
infographics may provide more effective infographics.

c. Infographics for academic publications should be prepared by professionals.
« Itis sufficient to use the static type of infographics in academic publications.

a. In some cases, multimedia components can be used meaningfully in infographics and, if necessary,
different types of info graphics, such as motion or interactive, can be prepared.

« It is considered that the frequency of using such materials for academic publications will increase in
the future and young generation academicians will have a more positive perspective on infographics.

5.3. Implications for Practice

In this study, it is aimed to develop a design framework for the preparation of infographic forms for
academic publications prepared for scientific purposes and to assess the developed design framework in
accordance with expert opinions. In this context, important results were obtained regarding the reasons for
preference of infographics, and for the potential advantages and limitations of infographic designs over
readers, writers, publishers and publications per se. In this respect, suggestions to the authors, publishers and
designers who want to prepare academic publications in infographics format are as follows;

« Before starting designing an infographic, it may be useful to determine the level of appropriateness of
the academic publication for being presented in the infographic form with regards to the content, research
design, sections, structure, and purpose.

« Itis considered that if a draft form is created by the designer by imbibing the content of the academic
publication beforehand, and then this draft is reviewed by the author will be useful in terms of reflecting the
important points.

It is thought that the disaggregation of content of the sections of academic publication that are
functional for the scientific community or for the practitioners will facilitate the preparation of separate
designs.

« Selection of the tools that can practically be used by the designer in order to minimize the hitches that
might be encountered during the design process and knowing design principles at a level sufficient for
implementation are important both in terms of presentation and productivity in the preparation process.

« It is considered that it would be beneficial to review the designs and get them assessed by alternative
experts for different perspectives.

5.4. Future Research

When the results obtained in the study are taken into consideration, various suggestions have been made
to the researchers for further studies on designing academic publications as infographics. These
recommendations are as follows;
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+ Quantitative researches can be conducted by bringing the categories that emerged in this study into a
guestionnaire.

« A study can be conducted to examine the views of designers and readers for the preparation of
academic publications as infographics.

« A similar study can be conducted on academic publications with regards to the use of motion or
interactive type infographics.

6. Conclusion

The idea, in this study, of presenting academic publications in the form of infographics was generally
accepted. In addition, it was concluded that the process of converting academic publications into infographics
form would be more effective when carried out in accordance with a design framework. Thus, a design
framework was developed to prepare academic publications in the form of infographics.

The deficiencies and the arrangements made within the developed design framework and re-listed here
in order to constitute a reference for further use. Accordingly, the design framework, which is thought to be
beneficial, is as follows;

1. Determining the objective of the academic publication that is intended to be converted into an
infographic as the idea to be presented through the infographic,

2. Evaluating the level of conformity of the design and content of the academic publication to be
converted into an infographic,

3. Drafting the idea to be presented in the infographic, and listing the points that should be highlighted
by reading, repeatedly and in detail, the academic publication to be converted into infographic,

« Establishing communication with the author where necessary in relation to what to point out in the
academic publication,

4. Creation of separate, section-based, short-form designs with separate content for academics in the
scientific community and for practitioners interested in the subject of the academic publication (eg: findings
section for academicians, results section for practitioners),

5. Copying the title of the academic publication as it is, and passing it onto the infographic, in a text-
based and emphasized manner,

6. Designing the sections of the infographic to be prepared for the academic publications in accordance
with the suitability levels,

7. Considering design principles such as text design, color harmony, clarity, consistency, fluency,
simplicity, shape-ground relationship, and concept relationship,

8. Utilizing the theoretical framework;
+ design principles for instructional messages by Fleming and Levie [41],
+ the finding by Yilmaz and Topaktas [42] that short and left-aligned text are highly readable,

« reflecting the focal points according to the attention component of cognitive processes in the
information processing theory,

« designing appropriate visuals according to the retrieving component of the cognitive processes in the
information processing theory and adding them to the infographic,

« designing symbols according to shape-ground relationship of the laws of perception specified in
Gestalt theory and adding them to infographic,

 presenting in groups the visuals and texts that express the same subject according to the law of
similarity of laws of perception specified in the Gestalt theory and arranging the relations within the groups
according to the law of proximity,
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« reflecting the elements in a certain order which were vertically presented in groups according to the
continuity law of perception laws specified in Gestalt theory,

« the simultaneous use of visual elements and text-based expressions to support verbal and non-verbal
systems presumed to exist in the human mind as mentioned in the binary coding theory.

9. Giving the prime importance to the relevancy of the visuals used in the infographic designs to the
subject and keep them limited in number, and paying attention not to include any visuals in the design other
than those used for conveying the message,

10. Creating the designs using ready templates offered on the platform where infographics were prepared,
11. Reviewing and finalizing the completed designs with the necessary arrangements.
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Abstract: Solar energy stands out as one of the most preferred renewable sources in electricity production. Harnessing
photovoltaic technology not only meets increasing energy needs but also plays a vital role in combating global climate
change by reducing dependence on fossil fuels. Perovskite solar cells have garnered immense interest in recent years
due to their optoelectronics properties, high efficiency and low production costs. Numerical simulation is a powerful
tool used to model complex systems and predict their behavior in various fields of science and engineering. Solar cell
capacitance simulator in one dimension (SCAPS-1D) is used in the modeling and simulation of photovoltaic devices.
The simulation performed by SCAPS-1D plays an important role in evaluating and improving the performance of
various types of perovskite solar cells. In this study, the perovskite solar cell was designed in the inverted planar p-i-n
structure containing CH3NH3:Pbls.xClx as the absorber perovskite layer, NiOy as the hole conduction layer and PCBM
as the electron conduction layer. The photovoltaic parameters of the designed inverted planar perovskite solar cells were
obtained through current-voltage characteristics under illumination (AM-1.5G 100 mW/cm?) using SCAPS-1D
software. Optimization of the thickness of all layers in the structure was performed, and the impact of varying operating
temperatures on the power conversion efficiency and other photovoltaic parameters of inverted planar perovskite solar
cells was investigated through simulation.

Keywords: SCAPS-1D, perovskite solar cell, p-i-n structure.

Arastirma Makalesi

SCAPS-1D Yazilimmm1 Kullanarak Tersine Cevrilmis Diizlemsel Perovskit
Giines Hiicresinin Simiilasyonu

Oz: Giines enerjisi, elektrik iiretiminde en cok tercih edilen yenilenebilir kaynaklardan biri olarak 6ne ¢ikmaktadr.
Fotovoltaik teknolojiden yararlanmak, artan enerji ihtiyacini karsilamanin yani sira, fosil yakitlara olan bagimliligi
azaltarak kiiresel iklim degisikligiyle miicadelede de hayati bir rol oynamaktadir. Perovskit giines hiicreleri,
optoelektronik 6zellikleri, yiiksek verimleri ve diigiik iiretim maliyetleri nedeniyle son yillarda biiyiik ilgi toplamustir.
Sayisal simiilasyon, karmasik sistemleri modellemek ve bilim ve miihendisligin ¢esitli alanlarindaki davraniglarini
tahmin etmek i¢in kullanilan gii¢lii bir aragtir. Fotovoltaik cihazlarin modellenmesinde ve simiilasyonunda genellikle
tek boyutlu giines hiicresi kapasitans simiilatorii (SCAPS-1D) kullanilmaktadir. SCAPS-1D tarafindan gerceklestirilen
simiilasyon, g¢esitli perovskit giines hiicrelerinin performansinin degerlendirilmesinde ve iyilestirilmesinde 6nemli bir
rol oynamaktadir. Bu ¢alismada, perovskit giines hiicresinde sogurucu perovskit katmani olarak CHzsNH3Pbls.xCly, desik
iletim katmani olarak NiOx ve elektron iletim katmani olarak PCBM igeren tersine ¢evrilmis diizlemsel (p-i-n) yapisinda
tasarlandi. Tasarlanan tersine ¢evrilmis diizlemsel perovskit giines hiicresinin fotovoltaik parametreleri, SCAPS-1D
yazilimi kullanilarak aydinlatma altindaki (AM 1.5G 100 mW/cm?) akim-gerilim karakteristiklerinden elde edilmistir.
Perovskit giines hiicresindeki tiim katmanlarin kalinlig1 simiilasyon programi kullanilarak optimize edilmistir ve degisen
calisma sicakliklarinin ters diizlemsel perovskit gilines hiicrelerinin giic doniisiim verimliligi ve diger fotovoltaik
parametreleri lizerindeki etkisi simiilasyon yoluyla arastirilmistir.

Anahtar Kelimeler: SCAPS-1D, perovskit giines hiicresi, p-i-n yapisi.
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1. Giris

Mevcut fosil yakit rezervlerinin yakin gelecekte tiikkenecek olmasi ve fosil yakita dayali enerji tiretimi ile
artan ¢evresel riskler, temiz ve siirdiiriilebilir enerji kaynaklarina olan ilginin artmasinda etken olmustur. Bu
nedenle alternatif enerji kaynagi olarak uzun omiirlii dogal kaynak olan giinesten yararlanilmaktadir. Gilines
is1ginin - kullanilmasinda ve elektrige doniistiiriilmesinde giines hiicrelerinin  kullanilmas1 en etkili
yontemlerden biridir [1], [2]. Sayisal simiilasyon, karmasik sistemleri modellemek, bilim ve miihendisligin
cesitli alanlarindaki davraniglarini tahmin etmek i¢in kullanilan gii¢lii bir aragtir. SCAPS (Giines Hiicre
Kapasite Simiilatorii), Belgika Gent Universitesi Elektronik ve Bilgi Sistemleri Boliimii'nde (ELIS) gelistirilen
tek boyutlu bir giines hiicresi simiilasyon programidir. Giines hiicrelerinin modellenmesinde ve
simiilasyonunda genellikle SCAPS-1D program kullanilmaktadir. SCAPS-1D programi tarafindan
gerceklestirilen  simiilasyon, cesitli gilines hiicrelerinin  performansinin  degerlendirilmesinde ve
iyilestirilmesinde 6nemli bir rol oynamaktadir. SACAPS 1D simiilasyonu, Poisson denklemi, elektronlar ve
desikler i¢in siireklilik denklemi ve yiik tasinim denklemi gibi temel yariiletken denklemlerin ¢oziimiine
dayanmaktadir. Bir fotovoltaik hiicresindeki tabakalarin, kalinlik, elektron ilgisi, enerji bant genisligi, optik
sogurma, kusur yogunlugu, arayiiz kusur yogunlugu, katki konsantrasyonlar1 (Np ve Na), yiik tasiyici
hareketliligi, rekombinasyon gibi ¢esitli parametrelerin etkisini incelemek ve optimize etmek i¢in kullanilir.
SCAPS-1D simiilatorii, fotovoltaik hiicredeki tabakalarin g¢esitli parametrelerinin ve ¢alisma sicakligi gibi
cesitli degiskenlerin etkisinin akim-voltaj, kuantum verimliligi, kapasitans-frekansi ve kapasitans-voltaj gibi
farkli karakterizasyonlarinin analiz edilmesine olanak saglar [3], [4], [5].

Perovskitler, kalsiyum titanyum oksit minerali (CaTiOs3) ile ayni kristal yapiya sahip, tipik olarak organik-
inorganik hibrit kursun veya kalay halojeniir bazli malzemelerden olusan bir malzeme sinifim
tanimlamaktadir. Perovskitlerin, ayarlanabilir bant araligi, yiiksek sogurma katsayisi, uzun elektron ve desik
diflizyon uzunluklari, yiik tasiyici hareketliligi ve diisiik rekombinasyon oranlar1 gibi optik ve elektriksel
ozelliklerinden dolay1 giines hiicre tiretiminde biiyiik ilgi gormistiir [6], [7]. Perovskit giines hiicresinin temel
yapist elektron iletim katmani (ETL), 151k sogurucu perovskit katmani, desik iletim katman1 (HTL), anot ve
katottan olugsmaktadir. Perovskit giines hiicreleri genel olarak aygit yapisina gore mezoskopik ve diizlemsel
olmak tizere ikiye ayrilir, ayrica elektron ve desiklerin elektrotlara iletim yoniine bagli olarak kendi igerisinde
de geleneksel (n-i-p) ve tersine ¢evrilmis (p-i-n) yap1 olarak ikiye ayrilir. Geleneksel n-i-p yapisinda 1g18in
geldigi ilk katman elektron iletim tabakasi iken, tersine gevrilmis p-i-n yapisinda ise ilk katman desik iletim
tabakasidir. Mezoskopik yap1 yiiksek verimli perovskit giines hiicrelerin iiretilebilmesine olanak saglar fakat
mezoskopik tabakanin kristallesmesi icin yiiksek sicaklik gerektirmesi ve esnek altliklarda kullanilamamasi
gibi dezavantajlara sahiptir. Perovskit giines hiicrelerinin p-i-n yapisi, yiiksek verimlilik, daha diisiik sicaklikta
isleme, esneklik ve ayrica ihmal edilebilir histerezis gibi avantajlar sunmaktadir [8]. Perovskitler ilk olarak
boya duyarli giines hiicrelerinde (DSSC) 2009 yilinda Miyasaka vd. tarafindan kullanild1 ve nanokristal TiO2
ylizeyine metilamonyum kursun iyodiir (MAPDI3) perovskitin kaplanmasiyla olusturulan yapiyla %3.8 verim
elde edilmigstir [9]. Perovskitler ile yapilan yogun arastirma ve gelistirme sonucunda 2024 yilina gelindiginde
bu alanda verim %26,1’e ulasmis durumdadir [10]. Metal oksit malzemeler genis bant araliklari, yiiksek optik
gecirgenlikleri, yliksek is fonksiyonlari, yliksek mobiliteleri ve stabiliteleri nedeniyle perovskit bazli giines
hiicrelerinde desik tagima katmanlar1 olarak kullanilmaktadir. Perovskit bazli glines hiicrelerinde metal oksit
olarak en yaygin nikeloksit (NiOx) desik tasima tabakasi olarak kullanilmigtir [11]. Hibrit perovskit
malzemeler, 6zellikle CH3NH3PbXs (X=CI, Br, I), solar spektrumdan ideal optik sogurmaya uygun ve
ayarlanabilir bant arali1, yliksek sogurma katsayisi, yiik tastyici difiizyon uzunlugu ve kimyasal kusurlara
kars1 yiiksek tolerans avantajlarina sahiptir. Karisik halojentir perovskitlerin CH3NH3Pblz.xClx yiik tasiyici
difizyon uzunlugu ve yiik tagiyict dmrii CHsNH3Pbls perovskitlerden daha iyidir, verim degerleri daha yiiksek
ve daha stabildir [12], [13]. PCBM ([6,6]-fenil C61 biitirik asit metil ester) gibi fulleren tiirevi, tersine
cevrilmis perovskit giines hiicrelerinde elektron tagima tabakasi (ETL) olarak yaygin sekilde kullanilmaktadir
[14]. Bu ¢alismada p-i-n yapida desik iletim tabakasi olarak NiOx, perovskit tabakasi olarak CHaNH3Pblz-xCly
ve elektron iletim tabakasi olarak PCBM katmanlarindan olusan tersine ¢evrilmis giines hiicresi tasarlanmig
ve SACAPS 1D programiyla fotovoltaik parametreleri analiz edilmistir.
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2. Teori ve Yontemler

SCAPS-1D simiilasyon programi, Poisson denklemi, elektronlar ve desikler i¢in siireklilik denklemi ve
yuk taginim denklemi gibi temel yariiletken denklemlerin ¢6ziimiine dayanmaktadir. Poisson denklemi hiicre
icindeki i¢ elektrik alan ve potansiyel dagilimini elde etmek i¢in kullanilir. Siireklilik denklemi, tagiyicilarin
(elektronlar ve desikler) konsantrasyonundaki degisim oranini tanimlar. Y1k tasinim denklemi, elektronlarin
ve desigin hiicre yapisinda stiriiklenme ve difiizyon akimi hakkinda bilgi saglar.

Poisson denklemi,

0% d -
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siireklilik denklemleri,
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elektron ve desikler i¢in akim yogunlugu denklemleri;
5}
Jn = qnppE + ana_Z 4

5}
Jp = qPIpE — gD, =2 (5)

Poisson, stireklilik ve akim yogunlugu denklerimdeki, y elektrostatik potansiyel, E elektrik alan, q
elektron yiikii, € elektriksel gegirgenligi, n elektronlarin yogunlugudur, p desiklerin yogunlugu, Np iyonize
donor konsantrasyonu ve Na iyonize akseptor konsantrasyonu, Jn elektron akim yogunlugu, J, desik akim
yogunlugu, R net rekombinasyon orani, G tasiyict yiik liretim orani, pn elektronlarin mobilitesi, pp desiklerin
mobilitesi, Dy elektron difiizyon katsay1 ve Dp desik difiizyon katsay1 olarak tanimlanir [15].

SCAPS-1D yazilimi ile giines hiicre yapilarinin bant diyagrami, iiretim ve rekombinasyon oranlari, dig
kuantum verimliligi, hiicre akim yogunluklari, J-V karakteristigi ile de agik devre voltaji, dolum faktorii ve
giic dontisiim verimliligi gibi temel 6zellikleri belirlenebilir.

_ av
] =Joexp (%) — Jpn (6)
_ YmppJmpp
b= ()
PCE (%) = "2 x 100 = ~—2<%5€ x 100 (8)
— kT Jsc
Voo = . ln(1+jo) ©)

Jo diyot doyma akim yogunlugudur, A kalite faktoriidiir, Jpn fotoakim yogunlugudur, k Boltzmann
sabitidir ve T sicakliktir. (kT/q) termal voltaj , Jo doyma akim yogunlugu ve Jsc kisa devre akim yogunlugudur
[16]. Giines hiicresinin kuantum verimliligi (QE), tiretilen serbest yiik tasiyici sayisinin gelen foton sayisina
oranidir. QE, giines hiicresinin giines spektrumunun belirli dalgaboylarina verdigi tepkiyle ilgilidir ve enerji
veya dalgaboyu fonksiyonu olarak ifade edilebilir. Perovskit giines hiicresinin giines spektrumuna tepkisini
incelemek i¢in kuantum verimlilik 6l¢timleri kullanildi; QE asagidaki denklem ile tanimlanir,

1
E..o— @
QEx) pr— (10)

burada q temel elektrik yiikiinii temsil eder, I tiretilen foto akimi temsil eder ve @p@) foton akisini temsil
eder [17]. Optik absorpsiyon sabiti a, denklemde gosterilen optik absorpsiyon modeli denkleminden
hesaplanir,

agy = (A + %) (hv — Egﬁ (11)
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A ve B model parametreleri olmak iizere, h Planck sabiti, v frekans ve Eg malzemenin yasak bant araligidir
[18].

SCAPS 1D simiilasyon programi Poisson, siireklilik ve yiik tasinim gibi yariiletkenlerdeki temel
denklemlerin ¢6ziimiine dayanmaktadir, tasarlanan giines hiicre yapisindaki tabakalarin kalinligi, bant araligi,
elektron ilgisi, dielektrik gegirgenligi, iletkenlik bandin etkin durum yogunlugu, degerlik bandin etkin durum
yogunlugu, elektron mobilitesi, desik mobilitesi, s1g dondr yogunlugu, sig akseptor yogunlugu ve kusur
yogunlugu gibi fiziksel parametre degerleri ile bu denklemler ¢oziimlenerek cesitli caligma sartlarinda
simiilasyonlar1 yapilabilmektedir. SCAPS-1D simiilatoriinin basitlestirilmis akis semast Sekil 1°de

gosterilmigtir.
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Sekil 1. SCAPS-1D simiilatoriiniin basitlestirilmis akis semasi

SCAPS-1D programinda giines hiicrelerinin gii¢ doniisiim verimi hesaplamalarinda Shockley ve Quiser
limitine uygun sonugclar i¢in kusur yogunlugu ve rekombinasyon mekanizmalarin se¢imi 6nem arz etmektedir.
William Shockley ve Hans-Joachim Queisser tarafindan p-n eklemden olusan tek kristal silisyum giines
hiicresinde teorik olarak ulasilabilecek verim ilk kez 1961 yilinda hesaplanmistir. Glines hiicrelerinde
ulagilabilecek potansiyel maksimum verim Shockley ve Quiser (SQ) limiti olarak tanimlanir. SQ limitinin
temel konsepti, giines hiicrelerinde yariiletkenin bant araligi enerjisinden daha diisiik enerjiye sahip fotonlar
prensipte sogurulmaz ve elektron-desik ¢iftleri olusturamaz ancak yariiletkenin bant aralig1 enerjisinden daha
biiyiik enerjilere sahip fotonlar elektron-desik ciftleri olusturabilir, elektron-desik ¢iftlerinin fotonlardan aldig1
ekstra enerji, yariiletkene 1s1 olarak salinir. Giines spektrumundaki fotonlarin enerji dagilimi ile yariiletken
malzemenin bant araligi arasindaki spektral uyumsuzlukla ilgilidir. Glines hiicresinin ¢evresi ile termal
dengede olacagi icin oda sicakliginda (300 K) kara cisim 1smimindan radyasyon yayacaktir, bu nedenle
yariiletkende elektron-desik ciftlerinin rekombinasyon olasilig1 artacak, ters doyma akiminin artmasiyla agik
deve gerilimi ve dolayisiyla hiicre verimi de diisecektir. SCAPS-1D simiilasyonunda Shockley ve Quiser limiti
g6z 6nilinde bulundurulmaktadir [19], [20].

Bu calismada p-i-n yapida desik iletim tabakas1 olarak NiOx, perovskit tabaka olarak CHaNH3zPblz—Clx
ve elektron iletim tabakasi olarak PCBM katmanlarinin olusan tersine ¢evrilmis diizlemsel perovskit giines
hiicresi tasarlanmistir. Tersine ¢evrilmis diizlemsel perovskit gilines hiicresinin sematik gosterimi Sekil 2°de
verilmistir. SCAP 1D simiilasyonu i¢in tasarlanan tersine ¢evrilmis diizlemsel perovskit giines hiicresindeki
katmanlarin fiziksel parametreleri Tablo 1’de verilmistir [21], [22], [23], [24], [25], [26]. Perovskit giines
hiicre yapisindaki degisen katman kalinliklarinin ve degisen ¢alisma sicakliklarinin hiicre verimliligine etkisi
incelenmistir.
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Sekil 2. p-i-n yapisinin sematik gosterimi.

Tablo 1. p-i-n yapisindaki perovskit giines hiicresinde kullanilan malzemelerin fiziksel parametreleri

Parametreler NiOx Perovskite PCBM
Kahnlik (nm) 50-200  750-1500 50-200
Bant arahgi (eV) 3.7 1.55 1.8
Elektron ilgisi (eV) 2.1 3.9 4.2
Dielektrik gecirgenlik 10.7 6.5 4

CB etkin durum yogunlugu (I/em®)  2.810%° 2.2 10V 1.0 10%
VB etkin durum yogunlugu (1/cm°) 1.010° 1.810% 2.0 10%

Elektron mobilitesi (¢cm?/Vs) 12 2 1.010%
Desik mobilitesi (cm?/Vs) 2.8 2 2.010°
Nb 1 donér yogunlugu (1/em®) 0 1.0 10Y 1.0 107

Na s1g akseptor yogunlugu (1/cm®) 1.010Y 1.010% 0
Nt toplam kusur yogunlugu (1/em®)  1.010* 1.0 10% 1.0 10+

3. Bulgular ve Tartisma

Perovskit katmani olarak CH3NH3Pblz-xCly, desik iletim katmani olarak NiOx ve elektron iletim katmani
olarak PCBM katmanlarini igeren p-i-n yapisinda perovskit giines hiicresi tasarlandi ve SCAPS-1D
yaziliminda simiile edildi. Tasarlanan perovskit giines hiicresinin fotovoltaik parametreleri, acik devre gerilimi
(Voc), kisa devre akim yogunlugu (Js¢), dolum faktorii (FF) ve gii¢ doniisiim verimi (PCE), aydinlatma altinda
(AM 1.5G 100 mW/cm?) akim-gerilim karakteristikleri kullanilarak elde edilmistir. SCAPS-1D yazilimi
kullanilarak yapidaki tiim katmanlarin kalinliginin optimizasyonu gerceklestirilmis ve farkli ¢alisma
sicakliklarinda ters diizlemsel perovskit giines hiicrelerinin giic doniisiim verimliligi ve diger fotovoltaik
parametreleri lizerindeki etkisi simiilasyon yoluyla aragtirilmistir.

SCAPS-1D yazilim1 kullanilarak tasarlanan p-i-n yapisindaki NiOx kalinligi, CHsNH3sPblz-xClx perovskit
kalinlig1 ve PCBM kalinlig1 degistirilerek simiilasyonlar1 yapildi ve hiicrenin fotovoltaik parametrelerindeki
degisim incelendi. Perovskit foton sogurucu katman, genis bir dalgaboyu araliginda gelen fotonlar1 verimli bir
sekilde sogurmasina ve yiik tastyicilar1 olusturmasina olanak taniyan yliksek sogurma katsayisina sahiptir.
Perovskit katmaninin ince olmasi durumunda foton absorpsiyonu diisiik olmasindan dolay: tasiyici yiik
iiretimi de diisiik olur, kalinliin artmas1 daha fazla fotonun sogrulmasina ve yiik tastyici liretiminin artmasina
dolayisiyla kisa devre akiminin artmasina neden olur fakat kalinligin ¢ok arttirilmasi durumunda difiizyon
uzunlugundan dolay tiretilen yiiklerin rekombinasyon olasilig1 artar ve kisa devre akim yogunlugu azalmaya
baslar, ayrica seri direngteki artis dolum faktoriinii azaltmaktadir. Perovskit katman kalinliginin artmasiyla
birlikte rekombinasyon olasili§inin artmasi ters doyma akiminin artisina dolayisiyla agik devre geriliminin
diisiisiine neden olmaktadir. Perovskit giines hiicresinde elektron iletim tabakasi elektronlarin ve desik iletim
tabakas1 ise desiklerin tasinmasinda malzemelerin elektriksel 6zellikleriyle yakindan iligkilidir ve iletim
tabakalarinin kalinliginin artmasi direnci artirmaktadir. Perovskit giines hiicresinde sogurucu perovskit
tabakasi ve elektrotlar arasinda yer alan elektron ve desik iletim tabakalarinin kalinliginin ¢ok arttirilmasi, ara
ylizeylerinde seri direncin artmasina ve dolum faktoriiniin azalmasima neden olmaktadir [27], [28]. Hiicre
mimarisinde NiOx desik iletim tabakasinin kalinlig1 50-200 nm araliginda, perovskit tabakasinin kalinligt 750-
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1500 nm ve PCBM elektron iletim tabakasinin kalinligi 50-200 nm araliginda degistirilerek aydinlatma altinda
akim-gerilim simiilasyonu ile elde edilen fotovoltaik parametrelerinden giic doniisiim verimleri
karsilagtirilmistir ve Sekil 3°de gosterilmistir. Perovskit tabanli giines hiicresinde NiOx desik iletim
tabakasinin kalinligi 60 nm, perovskit tabakasinin kalinligr 850 nm ve PCBM elektron iletim tabakasinin
kalinlig1 120 nm optimum kalinlik degerleri elde edilen fotovoltaik parametrelerin karsilastirilmasi sonucu
belirlenmistir.

0 250 500 750 1000 1250 1500 1750 50 100 150 200 50 100 150 200
eecoce a LS (b) 1 LS (©) -
W 240 . o (3] 2065 O 2465 O
& 25 2agl T ° ° usl *° ° " °e .
210}
. . . 24311 2431F
¥, n n
82 “ L8| srsf
L B ] [ N -
w 80 AA‘AAA atiiaa A A AL 4 4 4 a,
. 80,85 | 80,85 .
]
s 80,52 80,52
* 2 9
L ves 24 . ) L)
, 228 o 22,968 | 22,968 | . oo o
= 209 * t%0000 . . RS .
w00l 22935 1 22,935 |
*
171 - 22,902 22902 b
133f L . 1,31923 >8 1,3266 |- 8
8
> 132 ", 131856 mmmmmm . " 13190 T .
Lty . 1,31789
: - 13132
1,30 £ ) .

L L L L
0 250 500 750 1000 1250 1500 1750

) ) )
50 100 150
Kalinhik (nm)

L L
200 50

) )
100 150
Kalinhik (nm)

L
200

Kalinhik (nm)

Sekil 3. Perovskit giines hiicresinin fotovoltaik parametrelerinin, p-i-n yapisindaki katmanlarin
a) perovskit CH3NH3PDblzxClx, b) NiOx ve ¢) PCBM kalinliklarina gore degisimi

Perovskit tabanli giines hiicresindeki katman kaliklar1 optimize edildikten sonra karanlik ve aydinlatma
altinda (AM 1.5G 100 mW/cm?) akim-voltaj karakterizasyonlar1 yapildi ve Sekil 4’de gosterildi. Tersine
cevrilmis (p-i-n) diizlemsel yapidaki perovskit giines hiicresinin fotovoltaik parametreleri Voc=1.32 mV,
Jsc=22.96 mA/cm?, FF=0.81 ve PCE=%24.6 olarak akim-voltaj karakterizasyonlarmdan belirlenmistir.
Perovskit tabanli giines hiicrelerinin kuantum verimlik (QE) spektrumu Sekil 5'de gosterilmektedir. Kuantum
verimliligi spektrumundan p-i-n yapisinda tasarlanan giines hiicresinin 310-800 nm dalgaboyu araliginda
spektral duyarliliga sahip oldugu gozlenmistir.
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Sekil 4. Optimize edilen perovskit giines hiicresinin karanlikta ve aydinlatma altinda (AM-1.5G-100
mW/cm?) akim yogunlugu-voltaj karakteristigi



Journal of Studies in Advanced Technologies 2024, 2, 1 70

300 400 500 600 700 800
A (nm)

Sekil 5. Optimize edilen perovskit giines hiicresinin kuantum verimliligi spektrumu

Tersine gevrilmis (p-i-n) diizlemsel yapidaki perovskit giines hiicresi 275-475 K sicaklik araliginda akim-
voltaj karakterizasyonlar1 aydmlatma altinda (AM 1.5G 100 mW/cm?) yapildi ve Sekil 6°da gosterildi.
Tasarlanan perovskit hiicresinin 275-475 K sicaklik araligindaki akim-voltaj grafiklerinden fotovoltaik
parametreleri belirlendi ve Sekil 7°de gosterildi.

300 . . 0
—+— 275K
2501 | . 300K 5
200 4 325K
o —+—350K T 10
E 150 - 375K E ]
< ——400 K <
£,100 425K E. 151
- —+— 450 K ~
501 475K
. -20
b4 :4:'7:7\‘":"”_;};7&'%‘#'_‘%/
'50 T T T T T -25 T T T T T
000 025 050 075 100 1,25 1,50 000 025 050 075 100 125 1,50
V[V] V[V]

Sekil 6. p-i-n yapisinda tasarlanan perovskit giines hiicresinin degisen (275-475 K) ¢alisma
sicakliklarinda aydinlatma altindaki (AM-1.5G-100 mW/cm?) akim yogunlugu-voltaj karakteristikleri
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Sekil 7. Perovskit giines hiicresinin fotovoltaik parametrelerinin 275-475 K calisma sicakligi
araligindaki degisimi

Sicaklik arttik¢a yariiletken malzemelerin yasak enerji araligi azalmaktadir, giines hiicresindeki enerji
bant hizalanmasindaki bu degisim sicaklikla beraber ters doyma akim yogunlugunu arttirmaktadir, ters doyma
akim yogunlugunun artis1 6zellikle giines hiicresindeki a¢ik devre gerilimi iizerinde etkili olmaktadir ve agik
devre gerilimini diisiirmektedir. Ayrica sicaklik artisi, kusur yogunlugunun artisina sebebiyet vermekte ve
rekombinasyon mekanizmalari daha etkin olmaktadir [29], [30]. Sicakligin artistyla birlikte p-i-n yapidaki
giines hiicresinin fotovoltaik parametrelerinden 6zellikle acik devre gerilimi (Voc) keskin azalmistir, kisa devre
akim yogunlugu (Jsc) kismen sabit kalmistir, hiicrenin dolum faktorii (FF) 350 K sicakligina kadar artig
gostermis sonrasinda ise sicaklik artisiyla birlikte azalmustir. p-i-n yapidaki giines hiicresinde sicaklik 6zellikle
acik devre gerilimi ve dolum faktorii lizerinde etkili olmustur. Sicakligin artis1 cihazin fotovoltaik
parametrelerden agik devre gerilimini ve dolum faktoriinii azalttigindan dolay1 giic doniisiim verimini de
sicakliga bagli olarak azalmistir. Tasalanan perovskit gilines hiicresinde maksimum verim 300 K’de %24.6
gozlenirken 475 K’de %17.0 olarak gozlenmistir.

4. Sonuclar

SCAPS-1D tarafindan gerceklestirilen simiilasyon, ¢esitli perovskit giines hiicrelerinin performansinin
degerlendirilmesinde ve iyilestirilmesinde 6nemli bir rol oynamaktadir. Bu ¢alismada, tersine cevrilmis
diizlemsel (p-i-n) yapisinda, desik iletim katmani olarak NiOyx, sogurucu perovskit katmani olarak
CH3sNH3Pblz-xClyx ve elektron iletim katman1 olarak PCBM malzemeleri igeren perovskit tabanli giines hiicresi
tasarlandi. SCAPS-1D yazilimi ile malzemelerin fiziksel parametreleri kullanilarak yapinin c¢esitli sartlar
altindaki simiilasyonlar1 yapildi. Perovskit tabanli giines hiicresinde katman kaliklar1 degistirilerek fotovoltaik
parametreleri simiilasyon ile elde edilmis ve karsilagtirilmistir. Perovskit tabanli giines hiicresinde NiOx desik
iletim tabakasinin kalinligi 60 nm, perovskit tabakasmin kalinligi 850 nm ve PCBM elektron iletim
tabakasinin kalinligi 120 nm oldugunda en iyi fotovoltaik performans gozlenmistir. Tersine ¢evrilmis (p-i-n)
diizlemsel yapidaki perovskit giines hiicresinde, optimize edilen katman kalinliklar1 ile yapilan simiilasyon
sonucunda hiicrenin fotovoltaik parametreleri Voc=1.32 mV, Jsc=22.96 mA/cm?, FF=0.81 ve PCE=%24.6
olarak belirlenmistir. Perovskit giines hiicresinin kuantum verimliligi spektrumundan 310-800 nm dalgaboyu
araliginda spektral duyarliliga sahip oldugu ve giines spektrumuna duyarli oldugu bolgeden yaklasik %90
oraninda doniisiim saglayabildigi gézlenmistir. SCAPS-1D yazilimi kullanilarak tasarlanan tersine ¢evrilmis
diizlemsel perovskit giines hiicrelerinin sicaklik altindaki fotovoltaik parametrelerindeki degisimi
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incelenmistir ve p-i-n yapidaki giines hiicresinin gli¢ doniisim verimliligi sicakligin artmasiyla beraber
ozellikle acik devre geriliminin keskin diismesine bagli olarak azaldigi belirlenmistir. Perovskit giines
hiicresinde maksimum verim 300 K’de %24.6 olarak gozlenirken 475 K’de %17.0 olarak gozlenmistir.
SCAPS-1D yazilimi kullanilarak ters diizlemsel perovskit gilines hiicresinin katman kalinliklarinin
optimizasyonu ger¢eklestirilmis ve farkli ¢alisma sicakliklarinin hiicrenin gii¢ doniisiim verimliligine ve diger
fotovoltaik parametrelerine etkisi incelenmistir.
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