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Anahtar Kelimeler Ozet: Diinyada yiiksek yapilar, zemin cizgisini dik yénde kesen asir1 yiikseklikleri,
Striiktiir, en son yapisal teknoloji ve turiinlerini kullaniyor olmalari, estetik ve sanatsal
Disavurum, ozellikleri yoniinden dikkatleri iizerine ¢ekmektedir. Striiktiir sistemindeki ve
Striiktiirel disavurum, malzemedeki gelismeler, yiiksek yapilarin daha da yiikselmesi icin en 6nemli
Bulanik mantik, faktorlerden biri olarak goriilmektedir. Ozellikle sanatsal 6zelligi yiiksek yapilarda,
BulanikTOPSIS striiktiiriin yapinin cephesinden algilanmasi, baska bir deyisle disavurulmasi,

striiktiiriin estetik bir 6geye doniismesi agisindan 6nemli olmaktadir. Bu baglamda
strikktiirden; heykelsi ve tek defaya mahsus olarak tasarlanmasi, gelik gibi hafif ve
endiistiyel malzemelerden yapilmis olmasi, disardan ve iceriden goriilebiliyor
olmasi gibi beklentiler bulunmaktadir.

Bu ¢alisma kapsaminda, striiktiirel disavurumcu oldugu literatiirlerde kanitlanmis
olan Bank of China Kulesi (1990) ve Hong Kong & Sangay Bankacilik Sirketi (HSBC)
(1985) binalari incelenerek hangisinin striiktiirel disavuruma daha yakin oldugu,
belirlenen élciitler kapsaminda Bulanik TOPSIS yéntemi ile tespit edilmistir.

Determination of Structural Expression in High Buildings by Fuzzy Topsis Method

Keywords Abstract: Tall buildings all over the world attract the attention by virtue of their
Structure, extreme heights which cut the ground line in perpendicular direction, utilization of
Expression, the latest structural technology and products as well as their aesthetic and artistic
Structural expression, characteristics. Developments with regard to structure system and materials are
Fuzzy logic, considered as one of the most significant factors for the rising of tall buildings more
Fuzzy TOPSIS than their existing heights. Perception -in other words expression- of structure from

the facade of building, particularly for the buildings with considerable artistic
characteristics, has a significant role with regard to the transformation of structure
into an aesthetic component. In this context, the structure is expected to be
sculptural, designed for once, made up of light and industrial materials such as steel,
and visible from both inside and outside.

Within the framework of this study, Bank of China (1990) and Hong Kong &
Shanghai Banking Corporation (HSBC) (1985) buildings, which have been proven to
be structural expressionist in the relevant literature, were examined and identified
according to which one is closer to the structural expression within the scope of the
determined criterions with the method of Fuzzy TOPSIS
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1. Giris

“Ekspresyonizm” ya da “Anlatimcilik” da denilen disavurumculuk, 20. Yiizy1l baslarinda Avrupa’da ortaya ¢ikan
sanat ve mimarlik akimidir. Giizel sanatlarda Roénesans’tan beri hiikiim slirmiis dogaya uygun betimleme
anlayisindan bir kopus olan sanatin asil amaci, sanat¢inin duygularini ve i¢ diinyasini, renk, ¢izgi, diizlem ve kiitle
araciligi ile anlatmasidir. Bu duygulari daha gii¢lii yansitabilmek i¢in sanatgilar tasarimda denge ya da giizellik gibi
geleneksel kavramlardan uzaklasarak bicim bozma yéntemini yayginlikta uygulamislardir [1].

Disavurumcu mimaride form, tasarimda onciil ve vurgulanan bir noktadir. Heykelsi ve ifadeci form anlayisi
timdengelimsel bir yontem izlenerek tasarimin tiimiine hakimdir. Mimar konu hakkinda tim sdylemek
istediklerini ve i¢ diinyasindan iletmeye ¢alistigi fikirleri form iizerinden anlatmistir. Form belki fonksiyonu takip
etmez ama yapida dnemli fonksiyonlara karsilik gelen bicimler de genellikle abartili ve dikkat ¢ekici olmustur.
Buna gore Disavurumcu Yapilarda heykelsi form, tasarimin icerigini belirleyen dominant bir etken olarak
karsimiza ¢ikmistir [2]. Disavurumcu yapy, ifadeci, tek defaya 6zgii, plastik nitelikleri yliksek, heykel doker gibi
gerceklestirilen bir mimarinin iirtinii olarak tanimlanabilir. Bu yapilarin tasariminda iki tiirlii davranis goriilebilir.
Birincisi; belirli bir fikrin ya da objenin sembolizmi olarak agiklanabilirken, ikincisi; etkili bir form arayisi
neticesinde tek defaya 6zgi, plastik ve heykelsi bir forma ulasmak olarak tanimlanabilir [3].

Disavurumcu tavir dogal organizmalardakine benzer olarak form ve fonksiyonun karsilikli iliskisine sahiptir.
Fonksiyonalist tasarimlar genelde rasyonel makine estetigi olarak tanimlanmaktadir. Disavurumcu tasarimlarda
ise estetik kaygi ve fantastik bir bakis agis1 giidiilerek yapildigi halde, malzemenin ele alinisi, striiktir ve
kullanighlik acisindan Fonksiyonalist tasarimlardan daha az rasyonel degildir [4]. ilk disavurumcu yapilardan
Mendelsohn’ un Einstein Kule’si gézlem evi olarak belirgin bir islev yiliklenmis, ancak burada 6nemli olan nokta,
ifadeci tasarimcinin bu belirgin rasyonalite i¢erisine kendi yorum ve fantezi diinyasini tasarima katarak yapiy1
ortaya ¢ikartmasidir. bknz Sekil 1. Bruno Taut'un Cam Pavyon’u ise bir sergi binasi, sanat evi olarak yapilmis
olmasina ragmen sembolik bir anlam tasimaktadir. bknz Sekil 2.

_,‘

Sekil 1. Einstein Kulesi, Erich Mendelsohn, 1921 [25].
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Sekil 2. Cam Pavyon, Bruno Taut, 1914 [26].

Disavurumcular, bigimin iiretiminde fonksiyonun 6tesinde baska etkin kavramlara basvurmaktadirlar. Yapinin
bi¢im tasariminda mimar, bir diislinceye veya nesneye génderme yapmak, tek defaya 6zgii, plastik ve heykelsi bir
forma ulasmak amacinda olmuslar ve fonksiyonu somutlastirmada Kisisel diisiincelerini, i¢ diinyalarin1 ve
ozgtrliklerini 6n plana ¢ikartmislardir. Disavurumcu Mimari'nin ilk ¢ikis ddneminde mimarlar rasyonalizmin
katihgin1 coskuyla kirmak konusunda kendilerini olduk¢a o6zgiir birakan tasarimlar yapmislardir. Hem
rasyonalizmin o donemde fazla baskin olmasi hem de yaratimdaki bu fazla 6zgiirliik anlayisindan dolayy, ilk donem
disavurumcu tasarimlar, az oranda gerceklesen ve cogunlukla iitopik calismalar olarak kalmistir [2]. Ikinci dénem
ise 1945’lerde yeniden canlanmis ve uygulama alani bulmustur. Bu dénemde mimarlar hareket ve dinamizm
kattiklar1 giiclii, heykelsi formlar icat ederek, biitiinliyle yeni ve dinamik bir simgesel mimarlik arayisina
girismislerdir. Malzemeyi egip biikerek fakli anlamlar kattiklar1 disavurum déneminin en belirgin 6zellikleri
striktiirde yapilan gelismelerdir. Striiktiiriin disar1 yansitilarak hareket ve dinamizm kazandirildig striiktiirel
disavurum doéneminde ¢ok sayida kopri, stadyum gibi genis agiklikli yapilar ve yiiksek yapilar (kuleler)
yapilmistir.

Striiktiirel disavurum 6zellikle yiiksek yapilarda estetik ve sanatsal bir deger olarak goriilebilir. Bu yapilardan
Bank of China Kulesi ve Hong Kong & Sangay Bankacilik Sirketi (HSBC) Genel Merkezi Binasi striiktiirel disavurum
konusunda éncii konumundaki ve her ikisi de kendi icinde degerlendirildiginde tek defaya mahsus tasarlanmis,
heykelsi goriintiisii olan ve striiktiiriin disar1 yansitildigl yapilardir. Bu iki yapinin belirlenen 6lgtitler dikkate
alinarak disavurumecu olup olmadigina veya hangisinin digerine gére daha iistlin disavurumcu 6zelliklere sahip
olduguna karar vermek zor goriinmektedir. Burada oldugu gibi sayisal deger icermeyen subjektif
degerlendirmelerle karar verilmesi gereken ve insanin diisiinme sistemine yakin ve dilsel ifadelerin kullanildig
durumlarda, degerlendirmeyi somut hale getirmek ve kolaylastirmak icin sayisal hesaplamalardan yararlanilan
Bulanik TOPSIS yéntemi kullanilmigtir. Bulanik TOPSIS yéntemi, hem yapilari hem de élgiitleri karar vericinin
dilsel ifadeler kullanarak verdigi degerleri uygun 6l¢ekler kullanarak, kendi icerisinde ve birbirleriyle kiyaslayarak
sayisal degerlere doniistiiren bir yontemdir.

2. Striiktiirel Disavurum

Modernizmle beraber yeni yapisal sistemlerin ve ileri teknolojilerin gelismesi striiktiirel disavurumculuk
hareketini ortaya ¢ikarmistir [5]. Hareket, 1960'l1 yillarda baslamis ve 1970'lerden giiniimiize kadar gelerek
1980'lerde ge¢ modernizm olarak bilinen mimari dénemde durmustur. Bircok modernist yapi, striiktiirel
sistemlerini acik bir sekilde sergilemeye calistiklarindan dolayi, agik bir striiktiirel disavurum 6zelligine sahiptir.
Ancak striiktiirel disavurumda yeni striiktiirel sistemlerin ve yenilik¢i yap1 malzemelerinin roliinii vurgulamak
icin estetik kalite yeniden olusturulmaya ¢alisiimistir [6;7]. Bu sekilde striiktiirel disavurum, cephenin tasarimina
egemen olmakta, binanin mimari ifadesiyle es anlamli hale gelmektedir. Bu disavurum ayni zamanda, uluslararasi
iislup ve onun bicimciligi ile modern alandaki bir baska hareketle de tamamen uyumludur.

Striiktiirel disavurum kavrami ilk olarak yapisal malzeme ile beraber, essiz bicimlerin yaratilmasina uygun bir
sekilde islevsel bir yapi tiirii olan kopriilerde ortaya ¢ikmistir [8]. Koprii tasarimlarinin ¢ogu, tarihsel olarak,
estetie az veya hi¢ dikkat etmeyen striiktiirel miihendislerin kontrolii altindaydi. Bununla birlikte, Robert
Mailhart ve Cristian Menn gibi estetik acidan duyarli baz1 miihendisler, kdpriiniin dogal ortamlarinda dogaya
uygun estetik kaliteye sahip olmasi gerektigini diisiinmiisler ve yapisal islevlerini sergileyerek dikkat ¢eken
kopriiler tasarlamaya baslamislardir. John A. Roebling tarafindan tasarlanan Brooklyn Kopriisii (1870) bu tiir
disavurum ozelligi gosteren bir kopriidiir. bknz Sekil 3. Felix Candela ve Heinz Ishler, deniz kabuklarinin
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estetiginden ve takip ettikleri yapisal mantiktan ilham alarak hem zarafeti hem de giicii ortaya ¢ikarmislardir.
Benzer sekilde Pier Luigi Nervi, binalarin yiik atarimini goriintiileyen ve fiziksel ¢ikislarla stres akislarini eslestiren
tonozlu yapisal formlar da dahil olmak tlizere bu yaklasimi izleyen bir¢ok farkli yapi tasarlamistir. Bu striiktiirel
vizyonerler, yapilar: islevsel nesneler olarak goéren mekanik ve fiziksel kisitlamalar1 sanatsal olarak yerine
getirebilen sanat formlari olarak gérmektedir [8].

Sekil 3. Brooklyn Kopriisii, John A. Roebling, 1870 [28].

Basta kopriler olmak lizere, genis aciklikli striiktiirler ve kuleler, gegmiste sanat eseri sayilabilecek ¢alismalar
olarak on plana ¢ikmaktadir. 19. yy’dan itibaren yliksek yapilarin kentlerde gii¢ ve prestij sembolii sayilmasi ve
daha fazla ytikselme isteginden kaynaklanan en yiiksek yapiy1 yapma yarisi, yliksek yapi striiktiirel sistemlerinin
gelismesinde en 6nemli etkenlerden biridir [9].

Yiiksek binalarda striiktiirel disavurum ifadesinin kokleri on dokuzuncu yiizyilda William Le Baron Jenney ve
John Wellborn Root'un ¢alismalarina dayanmaktadir. Her ikisi de miihendislik gegmisine sahip olmalarina
ragmen Chicago'da mimar olarak calismislardir. Her ikisi de Violette Duc tarafindan tasarlanan ve etkilenen
binalarin gorsel etkisiyle ilgilenmislerdir. Jeney, Home Insurance Buiding'de iskelet cercevesini kullanmis ancak
duvar Romanesk canlandirma tarzinda ki cepheyle kaplanmis oldugundan kullanilan sistem ¢ok anlagilmamaistir.
Her ne kadar yapisal anlatim o zamanlar kii¢iik kii¢iik baslamis da olsa, onlarin projesi 1960'lar ve 1970'lerde
iiretilecek olan yeni formlarin habercisi idi [10;11].

Binalar ylikseldikce artan agirliklarin mevcut striiktiirel sistemle ¢dziilemeyecegi, bu tiir muazzam ve karmasik
yapilar icin kullanilacak formun mimari islevler ve estetikten ziyade saglam miihendislik prensiplerinden
iretilecegi anlasilmistir. Baska bir ifadeyle, Louis Sullivans'in mimarlik ilkesine dayanan form, islevi takip
etmelidir bakis1 farkli bir perspektiften degerlendirilmistir. Striiktiirel sistemdeki kuvvet akisi formla
belirlenmelidir. Boylece kuvvetler kontrol altina alinabilmektedir. Bu, islevin formu izledigi anlamina
gelmektedir [10].

Kavrami bir adim daha ileri goétiiren Khan, yiiksek binalarin yapisal sistemi dikey olarak o6lceklendiginde,
agirhiginin yarattigi yiiklerin ve yiiksek irtifalardan kaynaklanan artan riizgarin katlanarak biiytidiigiinti fark etti.
Sonug olarak Khan, dlcek etkisi lizerinde ayrintili ¢alismalar yiiriitmiis ve yiiksek binalarda celik ve beton
kullanimina yo6nelik yiikseklik temelli yapisal sistem tablolarinda devrimci gelisime yol agmistir [12;11)). Khan,
Chicago'daki Dewith Cheastnur Apartmani (1965) i¢in gelistirdigi cerceve sisteme ek olarak, ilk destekli cerceve
sistemini gelistirdi ve 1970 yilinda Chicagos John Handcock Centre'da uyguladi [11]. bknz Sekil 4. Daha sonra
cesitli yenilikgi striiktiirel sistemler, tasarimin 6niini agarak tasarimcilarin modern ¢agda birgok yiiksek bina
tarafindan kullanilan geleneksel rijit cerceve sistemden ayrilmasina neden oldu. Dewith Cheastnur Apartmani ve
John Handcock Centre gibi yapilar striiktiirel sistemlerini canli bir sekilde ¢ekici bir sekilde sergilemeleriyle
striiktiirel disavurumculugun 6rnekleri arasinda yer almislardir. Bu ve benzeri yapilarda, yer ¢ekimi, riizgar ve
depremlerin dogal giiclerine karsi olan yapisal eylem, ylksek yapi tasariminin dnemli bir yonii haline
gelmistir[8].
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Sekil 4. John Hancock Center, Fazlur Rahman Khan, 1969 [29].

Striiktiirel disavurumcu yapilar, 6zenle tasarlanan hassas detaylara, tasarimda esneklige ve optimum insaat
ekonomisine sahiptir. Tasarimin ana konsepti, binanin estetik ve sanatsal 6zelligini 6n plana ¢ikarmak i¢in farkl
striiktiirel bilesenlerin kurgulanmasidir. Cogu zaman striiktiirel bilesenler, miihendislik bilgisine dayanarak
striiktiirel sisteme yeni ve kararli alternatifler sunmaktadir [27]. Striiktiirel malzeme ve bilesenlerden islevin
gerekliliklerini yerine getirmesi beklenirken cephede sadece silisleme amagcli kullanilmasi disavurumcu bir tavir
olarak goriilmemektedir.

Striiktiirel disavurumcu yapilarda olmasi gerektigi varsayilan ozellikler asagidaki gibi iki baghik altinda
incelenmektedir:

1. Striiktiirel 6zellikler:

a.Striiktiirel elemanlarin i¢te ve dista goriiniir olmasi [27],
b.Striiktiirel bilesenlerinin ortaya ¢ikarilmasi,

c.Hafif ve endiistriyel malzeme kullanimi [27],

d.Striiktiirde basit geometrik formlarin secilmesidir.

2. Mimari 6zellikler:

a.Yapi dis tasariminda i¢ ice ge¢mis biitiinlesik formlarin kullanimi
b.I¢c tasarimda esneklik,

c.Seffaf ylizeylerin olusturulmasi

d. Heykelsi dis goriiniime ulagmak

e.Tek defaya 6zgli tasarimlar yapilmasidir.

Striiktiirel disavurum konusunda yiiksek yapilar irdelendiginde yukaridaki 6zellikler dikkate alinarak iki yiiksek
yapinin disavurumecu olup olmadiklari, ne kadar yakin olduklari veya hangisinin digerine gére disavurumculuga
daha yakin olduguna karar vermek elde sayisal veriler olmadan her zaman kolay olmamaktadir. Bu nedenle karar
vericinin igini sayisal verilerle kolaylastirmak i¢in Bulanik TOPSIS yéntemi tercih edilmistir.

3. Bulanik Topsis Yontemi

Karar verme, insan yasaminin her alaninda karsilasabilecegi bir secim yapma eylemidir. Bir¢ok segcenek arasindan
sinirlama yapmak veya tek bir segenegin belirlenmesinde karar vermek, sezgisel olabilecegi gibi mantik ve
deneyimlerle de gerceklestirilmektedir [13].

Karar verme ve degerlendirme siirecinde ortaya konan hedefin bircok parametre ile belirlendigi ve
degerlendirilecek alternatiflerin her birinin kendine 6zgii avantajlarinin bulundugu durumlarda karar verme isi
oldukca giiclesmektedir. Bu nedenle, 1960’11 yillarda tiim kriterlerin degerlendirilmesi amaciyla Cok Kriterli Karar
Verme Yontemleri (CKKVY) gelistirilmeye baslanmistir. Cogunlukla kullanilan ¢ok kriterli karar verme yoéntemleri
asagidaki gibidir [14]:

1. Analitik Hiyerarsi Stireci (AHS),
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2. Bulanik Mantik ve Bulanik Kiime Yontemi,

3. Analitik Bilgi Ag1 Stireci (ABAS),

4. Ideal Céziime Dayal Siralama Teknigi (TOPSIS),

5. Eleme ve Se¢me Yontemi (ELECTRE),

6. Tercih Siralamasi Organizasyon Yontemi (PROMETHEE),

7. Cok Kriterli Optimizasyon ve Uzlasik Coziim Yontemi (VIKOR).

Bulanik karar vermenin ana ¢alisma alani belirsizlik altinda karar vermedir. Ciinkii elimizde Kkriterlere,
alternatiflere ve sonuglara iliskin sayisal degerler degil sozle ifade edilen dilsel degerler mevcuttur ve bu durum
belirsizlik olusturmaktadir. Bulaniklik, kararlardaki belirsizligi ifade etmektedir. Bir olayin olup olmadigiyla
ilgilenmeyerek, hangi dereceye kadar oldugunu o6l¢mektedir. Bulanik mantik, insanin karar verme ve
degerlendirme siireclerini sadece sonu¢ odakli planlamak yerine sonuca ulasmak icin kullanilan her adimu titizlikle
isin icine katan bir yontemdir.

3.1. Bulanik mantik ve bulanik kiime teorisi

Bulanik mantik (fuzzy logic) ilk defa 1965 yilinda Lotfi A. Zadeh tarafindan gelistirilmistir. Esas1 Bulanik Kiime
Teorisine dayanan Bulanik Mantik, mantik kurallarinin esnek ve bulanik bir sekilde uygulanmasidir. Bulanik Kiime
Teorisi, temelde insan diisiince ve algilarindaki belirsizlikle ilgilenir ve bu belirsizligi sayisallastirmaya ¢alisir. Bu
sayede bulanik mantik, insanin sagduyusuna dayanilarak akil yiriitilen durumlarin matematiksel olarak
modellenebilmesine imkan tanir ve olusturulan modelde her sey bir deger ile ifade edilebilir [15; 16).

3.2. Bulanik TOPSIS yéntemi

Cok kriterli karar verme problemlerinde en ¢ok rastlanilan yontemlerden birisi ilk kez 1981 yilinda dnerilen
TOPSIS yontemidir [17]. Bir dogrusal agirliklandirma teknigi olan TOPSIS yonteminin en 6nemli 6zelligi, bu
yontemde pozitif ideal ¢dziime en yakin ve negatif ideal ¢dziime en uzak olan en uygun ¢6ziimiin belirlenmesidir.
Bu mesafelerin iki yonlii olmasi ile sadece maksimize edilecek durumlar degil minimize edilmesi gereken
durumlar da g6z dniinde bulundurulur ve buna gére en uygun se¢im yapilir [18]. Bununla beraber, gercek hayatta
pek ¢ok durumda degerlendirme yaparken sayisal degerler yetersiz kalabilir ¢linkii insan diisiince ve yargilari
ozellikle tercihler genellikle belirsizlik icerir. Bu nedenle TOPSIS yontemi bulanik veriler kullanilabilecek sekilde
gelistirilmistir [19]. Bulanik TOPSIS yontemi belirli bir dl¢iit ya da 6l¢iitlere gore belirsizlik altinda alternatifleri
degerlendirip siralanmasina ve en dogru se¢im yapilmasina yardimci olan bir yontemdir. Bulanik TOPSIS
yonteminin uygulama asamalar asagidaki gibidir [20], [21]:

Adim 1: Uzman karar vericilerden bir grup olusturulur. Karar vericilerin (KV) ardindan dlgiitler K = {Ki, K2,..,Kn}
ve Olciitlerin ardinda da alternatifler A = {Ai, A2,.,Am} belirlenir. Alternatiflerin her bir kriter igin
degerlendirilmesinde ve kriterlerin 6nem agirliklarinin belirlenmesinde dilsel ifadeler kullanilir. Karar vericiler
de, dlciitleri ve alternatifleri bu dilsel ifadelerle degerlendirirler. Bu dilsel ifadeler, pozitif iicgen bulanik sayilarla
Tablo 3.1'de belirtildigi gibi ifade edilebilmektedir.

Adim 2: Karar vericilerin dilsel ifadeleri kullanarak yaptiklari degerlendirmeler, Tablo 1'de gosterilen 6lcek
lizerinden iiggen bulanik sayilara dontistiirtiliir. K tane karar vericinin oldugu varsayilan bir karar verici grubunda,
Olciitlerin 6nemi (Wj) ve her 6lgiitle ilgili olarak her alternatifin degerlendirmesi (Xij) asagidaki denklemler ile
hesaplanir.

Wj = 2 [WH W) .. W]

Xij = ¢ [Xi (HXif% (4) ... (HXi] (1)



Yiiksek Yapilardaki Striiktiirel Disavurumun Bulanik Topsis Yontemi ile Belirlenmesi

Adim 3: Tiim alternatif ve kriterlerden olusan bir bulanik ¢ok kriterli karar verme problem matrisi (D) asagidaki
gibi ifade edilir.

X1 Xizr Xim
X12 Xzz... in
Xm; Xm, Xmn

D=

(2)

Xij ve W j dilsel ifadeleri, tiggen bulanik sayilarla Xij = (aij, bij, cij) ve Wj = (W1, w2, W3) olarak tanimlanir.

Tablo 1. Olciit ve alternatiflerin degerlendirilmesinde kullanilan dilsel ifadeler

Olgiitlerin Onem Agirhgimi Belirlemede Alternatiflerin Degerlendirilmesinde
Kullanilan Dilsel ifadeler Kullanilan Dilsel ifadeler

Cok Yiiksek (CY) (0.8,1,1) Cok lyi (CI) (8,10,10)
Yiiksek (Y) (0.7,0.8,0.9) Iyi () (7,8,9)

Biraz Yiiksek (BY) (0.5,0.65,0.8) Biraz lyi (BI) (5,6.5,8)
Orta (E) (0.4,0.5,0.6) Orta (E) (4,5,6)

Biraz Diisiik (BD) (0.2,0.35,0.5) Biraz Kétii (BK) (2,3.5,5)
Diisiik (D) (0.1,0.2,0.3) Kotii (K) (1,2,3)

Cok Diisiik (CD) (0,0,0.2) Cok Katii (CK) (0,0,2)

-~

Adim 4: Bulanik karar matrisi normalize edilir ve normalize edilmis bulanik karar matrisi R ile gésterilerek
asagidaki gibi ifade edilir.

R = [fij]mx (3)

B ve C elemanlari, fayda ve maliyet kriterleri olmak tizere,

. aij bij cij .
fij=|=.,,= | JeB
¢ ¢ ¢
. (a4 b o,
fij=|=,=,= |JeB
cij ¢j c¢f

(4)

J€B ise *cij=m;ax cij

JjeBise a’; =mjin aij
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Yukarida bahsedilen normalizasyon yontemi, 6zelligini [0,1] araligindaki normalize edilmis liggen bulanik sayilar
icin korumaktadir.

Adim 5: Normalize bulanik karar matrisinin olusturulmasinin ardindan her bir kriterin farkli agirligi géz 6niinde
bulundurularak, agirlikli normalize edilmis ve bulanik karar matrisi asagidaki gibi olusturulur:

V = [Vijlmxn,
i=1,2,3, .. m, j=1,2,3,..,n
Vij = £ij(x)wj formiilii ie hesaplanir.

(5)

Adim 6: Agirlikli normalize edilmis bulanik karar matrisine gore, elemanlar Bij+ Vis normalize edilmis pozitif
iicgen bulanik sayilar ve bunlar [0,1] kapali araliginda olmaktadir. Bulanik pozitif ideal ¢6ziim (FPIS, A*) ve bulanik
negatif ideal ¢6ziim (FNIS, A-) asagida belirtildigi gibi tanimlanir:

A x= (V1,75,.....7n %)
A_ =( \71,\72, ey \77]_) (6)

= (L1, ved = (0,0,0)

Burada j=1,2,3...,n olmak iizere l"’l‘ olarak dikkate alinir.

Adim 7: Her bir alternatifin A* ve A- den uzakhiklar di ve 4i’ asagidaki sekilde hesaplanir.

n
dix= Z =1d(Vj,Vj#),i=1,2,..,m
j

n
dl_:Z :1d(\7j:vj-);i=1;2: -, m (7)
J

Adim 8: Alternatiflerin siralamasini belirlemek icin her alternatife ait yakinlik katsayilar1 agagidaki gibi hesaplanir.

di”

di +di (8)
i=12,..,m

ccl =

Hesaplanan yakinlik katsayisina gore, alternatiflerin siralamasi belirlenerek en uygun olani secilir.
3.3. Ornek yiiksek yapilarin secilmesi

Ornek olarak secilen yapilar, Bank of China Kulesi ve Hong Kong & Sangay Bankacilik Sirketi (HSBC) Genel Merkezi
Binasi, striiktiirel disavurum konusunda literatiirde ad1 gecen yiiksek yapilar arasindan secilmistir. Her ikisinin
donemi birbirine yakin goériinmekle beraber, striiktiiriin disaridan algilandig, striiktiirel tasarim ve cagdas
malzeme kullanimi konusunda basarili 6rneklerdir.
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3.3.1. Bank of China Kulesi (1990), Hong Kong, Cin

Sekil 5. Bank of China Kulesi [30].

1990 yilinda yapimi tamamlanan Bank of China Kulesi, 72 katli ve 305 m ytiksekliginde Ieoh Ming Pei tarafindan
tasarlanmistir. bknz Sekil 5.

Tasiyic1 sisteminde 4 adet kose mega kolon ve bunlar1 birlestiren mega ¢aprazlar olmasindan dolay1 kafes-tiip
sistemin yani sira mega kolon, mega cerceve veya uzay kafes sistem olarak da adlandirilmaktadir. Bank of China
binasi, kafes-tiip ve demet-tiipii cagristiran, mega kolonlu bir uzay kafes sistem goriiniimiindedir [22].

Yapisal elemanlarin cephedeki formu plan diizleminden farklidir. Ugiincii boyutta cephede ve mekanin icinde
diagonal etki daha ¢ok hissedilmektedir. Geometrik olarak kare kat planindan azalarak iiggensel kat planiyla
sonlanan yapi, fraktal bir diizen icerisinde ylikselmektedir. Geometrik sekiller arasinda en rijit davranisi icgenler
gostermektedir. Bu sebeple yap1 iicgensel alanlara béliimlenmis ve striiktiir sistemiyle desteklenmistir. Cephe
yuzeyleri yiikseklik boyunca diiz bir sekilde devam etmemis, tliggensel egik yiizeylerle de tasarim
kuvvetlendirilmistir. Gliglii ve 6zgiin striiktiir diizeni bicimi olusturmus ve cephe yiizeyine sonradan herhangi bir
stis 6gesi eklenmesini gerektirmemistir [23].

3.3.2. Hong Kong & Sangay Bankacilik Sirketi (HSBC) Genel Merkezi (1985), Hong Kong, Cin

-~ S

Sekil 4.2. Hong Kong &Sangay Bankacilik Sirketi (HSBC) Genel Merkezi Binasi [31]
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1985’de yapimi tamamlanan HSBC binasi Hong Kong’da 48 katli ve 179 m yiiksekliginde Norman Foster tarafindan
tasarlanmistir. bknz Sekil 6.

HSBC binasi, ortasinda bir atrium bulunan iki bolimden olusmaktadir. Striiktiirel sistem dortli ¢elik kolon
gruplarindan olusmakta ve bu gruplar her katta kirislerle birbirine baglanmaktadir. Ayrica 11, 20, 28, 35 ve 41,
katlarda dogu-bati1 dogrultusunda iki kat yiiksekligindeki diyagonal baglantilarla, kuzey-giiney dogrultusunda da
capraz elemanlar ile baglanmaktadir [24].

HSBC binasinin modiiler tasarimu iist iiste getirilen prefabrike elemanlardan olusmaktadir. Plan diizlemindeki
dikdortgen form, iiglincii boyutta parcalanarak striktiir sistemiyle biitiinlesmistir. Planda kullanilan 4’1 gelik
kolon gruplari ve cephedeki dort aski makasiyla desteklenen yapi, 6zgiin striiktiir sistemi ve cephe tasarimi ile
kiitle tizerinden okunabilmektedir. Striiktiir sistemi ile bir bag kurarak, dogu-bati cephelerine her katta iist iiste
tekrar edecek sekilde yerlestirilen servis mekanlar1 monte edilmistir. Cephe ayni1 zamanda servis mekanlarini
biinyesinde tasimakta olup i¢ mekanda istenen serbestlife olanak saglamis ve servis sistemleri omriini
doldurdugunda belli donemlerde degistirilmesine imkan taniyan bir cephe yaklasimi goriilmektedir. Bakimlarini
gerceklestirmek amaciyla yerlestirilen kuleler ise kiitleden algilanabilmektedir. Yap1 kabugunun kuzey-giiney
cepheleri, ofis mekanlarinin dogal aydinlatmadan yararlanacak sekilde seffaf tasarlanmasi ise striktiirel
elemanlarin algilanmasini daha da kolaylastirmistir [23].

3.4. Degerlendirme é6lgiitlerinin belirlenmesi

Degerlendirme olgiitleri striiktiirel disavurumu en iyi ifade edecegi diisiiniilen striiktiirel ve mimari 6zellikler
dikkate alinarak secilmistir. bknz Tablo 2.

Tablo 2. Degerlendirme olciitleri tablosu
DEGERLENDIRME OLCUTLERI

Striiktiirel élgiitler Mimari Olgiitler
icte ve dista goriinen striiktiirel elemanlar: Yap1 dis tasariminda i¢ ice gegmis biitiinlesik
Striiktiiriin ve striiktiirel elemanlarin formlar: Dis cephe tasariminda asal formlar ve
disaridan goriinmesi gerekmektedir. onlarin biraraya getirilmesiyle olusan biittinlesik

formlar tercih edilmektedir.

Hafif ve endiistriyel malzeme: Ozellikle Seffaf yiizeyler: Cephede striiktiirel elemanlarin
striiktiirel malzemenin (¢gelik, beton vb.) disinda kalan yiizeylerde seffaflik gerekmektedir.
teknolojiye uygunlugu, iiretim ve montajda

kolaylik ve hafif olmasi beklenmektedir.

Striiktiirde basit geometrik formlar: Heyselsi dis goriiniim: Kiitle etkisinin tek defaya
Striiktiirel ¢oziimlerde, rijitlik 6zelligi yiiksek  mahsus ve heykelsi bir goriiniimde olmasi

iicgen ve tiirevi asal formlarin kullanilmasi beklenmektedir.

esastir.

4. Bulanik TOPSIS Yonteminin Uygulanmasi ve Bulgular

Veri hazirlama: Striiktiirel disavurum acisindan degerlendirmeye alinan Bank of China Kulesi (1990) ve Hong
Kong & Sangay Bankacilik Sirketi (HSBC) (1985) ¢alisma alanini olusturmustur. Her iki yap1 da yapim dénemi,
malzeme ve disavurum o6zellikleri acisindan benzerlik gésteren yapilardir ancak hangisinin daha disavurumcu
olduguna karar vermek i¢in karar vericilerin goriislerine basvurulmustur. Bir mithendis ve bir yliksek mimardan
olusan karar vericilerden, belirtilen 6lgiitlerin agirliklarinin belirlenmesi ve segilen 6lgiitlere gére puanlama
yapmalar1 istenmistir. Karar vericilerin 6l¢iit degerlendirmeleri ve agirlik belirlemeleri referans alinarak elde
edilen degerler Bulanik TOPSIS yontemiyle tespit edilmistir.

Belirlenen olciitler, tanimlar ve éncelikler Tabso 3. performans dlciitleri tablosunda gosterilmistir.
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Tablo 3. Performans dl¢titleri
; PERFORMANS
KATEGORILER KODLAR OLCUTLERI
. Al icde ve digda gériinen striiktiirel elemanlar

STRUKTUREL it
OLCUTLER A2 Hafif ve endiistriyel mazleme

A3 Striiktiirde basit geometrik formlar
MiMARI Bl Yap1 disg tasariminda icice gegmis biitlinlesik formlar
OLCUTLER B2 Seffaf ylizeyler

B3 Heykelsi dig goriiniim

Karar matrisinin normallestirilmesi: TOPSIS yéntemine gére asagida tabloda gosterilen karar matrislerinin
normallestirilmesi stireci ile ise baslanacaktir. Karar matrisinin normallestirilmesi; siitunlardaki her bir degerin
ilgili siitundaki degerlerin kareleri toplaminin karekékiine boliiniip tek paydaya indirgenmesi suretiyle bulunur.

Karar vericiler tarafindan oélciitlerin agirlik oranlari belirlenmis ve puan degerlendirmeleri alinarak Tablo 4’de
goriilen sekilde karar matrisi olusturulmustur

Tablo 4. Karar matrisinin olusturulmas:

STRUKTUREL OLCUTLER MiMARi OLCUTLER

A1l A2 A3 B1 B2 B3
AGIRLIK W 0,3 0,2 0,15 0,1 0,15 0,1
BANKNOF CHINA 85 80 75 45 55 75
HONGKONG HSBC 70 65 65 40 50 35

Tablo 5. Karar matrisinin normallestirilmesi
Al A2 A3 B1 B2 B3
BANKNOF CHINA 0,77193 0,77611 0,755689 0,747409 0,73994 0,906183
HONGKONG HSBC 0.635707 0,63059 0,654931 0,664364 0,672673 0,422885

Normallestirilmis karar matrisinin agirhiklandirilmasi: Standart matris kriterleri agirlik katsayilar1 (W) ile
carpilarak her bir kriterin agirliklandirilmis karar matrisi hesaplanir. Kriterlerin agirlik degerleri karar alici
tarafindan belirlenir. bknz Tablo 6.

Tablo 6. Normallestirilmis karar matrisinin agirhklandiriimasi
Al A2 A3 B1 B2 B3
BANKNOF CHINA  0,231579 0,15522 0,113353 0,074741 0,110991 0,090618
HONGKONG HSBC  0,190712 0,12612 0,09824 0,066436 0,100901 0,042289

Pozitif ve negatif ideal ¢6ziimlerin belirlenmesi: Agirlikli karar matrisinde her siitundan ideal ¢6ztim i¢in ideal
ve negatif ideal ¢6ziim icin negatif ideal degerler secilerek ideal ve negatif ideal ¢oziim setleri (ICS) olusturulur.
Tablo 7’'de pozitif ve negatif ideal ¢6ziim setleri gosterilmektedir.

Bu calismada A 6lgtitleri ideal B dlciitleri ise daha az ideal olarak alinmistir.

Tablo 7. Ideal yakinlik ve uzaklik ¢éziimlerinin belirlenmesi
V+ 0,231579 0,15522 0,113353 0,066436 0,100901 0,042289
V- 0,190712 0,12612 0,09824 0,074741 0,110991 0,090618

Uzaklik degerlerinin hesaplanmasi ve performans sonuglari: Her kritere ait olan siitundaki degerlerden
pozitif ideal ve negatif ideal degerler ¢ikarilarak pozitif ve negatif ideal ¢6ziime uzaklik degerleri belirlenir. bknz
Tablo 8.
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Tablo 8. ideal yakinlik ve uzaklhk degerleri bulmak

S+ S- P
BANKNOF CHINA 0,0501 0,0524 05114
HONGKONG
HSBC 0,0524 0,0501 0,4886

Tablo 9. Performans sonuglan

P oran siralama
BANKNOF o
CHINA 0.5114 51,14% 1
HONGKONG o
HSBC 0.4886 48,86% 2

Yapilan hesaplamalar sonunda Bank of China Kulesi'nin birinci oldugu goériilmiistiir. bknz Tablo 9. Yapildiklar:
donem ve striiktiirel disavurum olma 6zellikleri birbirine yakin olmasina ragmen karar vericiler tarafindan,
striiktiirel ve mimari 6lciitler baglaminda yapilan degerlendirmede Bank of China Kulesi, Hong Kong &Sangay
Bankacilik Sirketi (HSBC) Genel Merkezi Binasina gore 6n plana ¢ikmistir.

5. Tartisma ve Sonug¢

Bulanik TOPSIS yontemiyle yapilan degerlendirmede Bank of China Kulesi %51.14 degerini alirken Hong Kong
&Sangay Bankacilik Sirketi (HSBC) Genel Merkezi Binasi %48.86 degerini almistir. Bu degerlerin belirlenmesinde,
karar vericilerin striiktiirel dl¢titleri daha ideale yakin ve mimari 6l¢litleri ise daha az ideale yakin olarak gérmeleri
etkili olmustur. Bu durumda, Bank of China Kulesi striiktiirel disavurum o6zellikleri agisindan daha basarili
bulunmustur.

Striktiirel disavurum konusunda belirlenen striiktiirel olgiitler (A) mimari olgiitlere (B) gore daha ytliksek
degerler alarak daha 6n plana ¢ikartilmistir. Bank of China Kulesi’'nde striiktiirel 6l¢iitlerden icte ve dista goériinen
striiktiirel elemanlar (A1), diger odl¢iitlere gore en yiiksek puani, striiktiirde basit geometrik formlar (A3) ise en
diisiik puani almistir. Hong Kong &Sangay Bankacilik Sirketi (HSBC) Genel Merkezi'nde ise hafif ve endiistriyel
malzeme (A2) ve striiktiirde basit geometrik formlar (A3) esit deger alimislardir. Mimari 6lgiitlerden en yiiksek
puani Bank of Chinada heykelsi dis gériintim (B3) alirken, Hong Kong & Sangay Bankacilik Sirketi (HSBC) Genel
Merkezi'nde yapi dis tasariminda i¢i ice gegmis biitiinlesik formlar (B1) ilk siray1 almistir.

Buna gore striiktiirel disavurum konusunda striiktiiriin tavri 6nemli olmaktadir. Cagdas malzemeyle, daha
anlagilabilen basit formlarla ve striiktiiriin islevine uygun sekilde tasarlamasi ve disar1 yansitilmasi durumu
disavurumcu tavrin ana konseptini olusturmakta ve yeni nesil yapilara ilham kaynagi olmaktadir.
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Anahtar Kelimeler Oz: Bu ¢alisma, fiizeler ve insansiz hava araglan igin tasarlanan bir turbojet
Fiizeler motorunun performans dogrulamasi ekserji analiz metodu ile yapilmistir. Bu
Insansiz Hava Araclari arastirma i¢in bazi ekserjetik performans dogrulama parametreleri gelistirilmis ve
Turbojet Motoru kullamlmistir. Bu parametreler, yeni gelistirilen motorun performans,
Exergy Analizi

strdiiriilebilirlik ve ¢cevresel etki seviyelerini belirlemek i¢cin motor tasarimcilarina
yardimci olacaktir. Maksimum ¢alisma sartlari i¢in incelenen turbojet motorunun
ekserji verimi, iyilestirilmis ekserji verimi, atik ekserji orani, yakit ekserjisi atik
orany, atik ekserji iyilestirme potansiyeli orani, liretim kaybi orani, yakit ekserjisi
iyilestirme potansiyeli orani, atik ekserji maliyet akisi, cevresel etki faktortii, ekolojik
etki faktord, siirdiirebilirlik indeksi ve stirdiiriilebilir verimlilik faktori; sirasiyla
%9.71, %52.55, %90.29, %90.29, %90.29, %929.54, %81.52, 32.29x10-3 kW/$,
9.295, 10.295, 0.108 ve 1.108 olarak hesaplanmistir. Ekserjetik performans analiz
sonuglari; motorun ekserji verimi arttirmak ve cevresel etkilerini azaltmak igin
tasarimcilarin ve arastirmacilarin kompresér ve yanma odasini iyilestirmeye
odaklanmalar1 gerektigini gdstermistir.

Performans Parametreleri

Maximum Operation Performance Evaluation of a Turbojet Engine Designed for Missiles
and Unmanned Aerial Vehicles (UAV) with Exergy Analysis Methodology

Keywords Abstract: In this study, performance evaluation of a turbojet engine designed for

Missiles missiles and Unmanned Aerial Vehicles (UAV is done with exergy analysis

Unmanned Aerial Vehicles methodology. Some exergetic performance assessment parameters are developed

Ezgfg;if;}g:s?s and used for this investigation. These parameters help the engine designers to

Performance Parameters determine the levels of performance, sustainability and environmental impact of the
new designed engine. The exergy efficiency, the improved exergy efficiency, the
waste exergy ratio, the fuel exergy waste ratio, the waste exergy improvement
potential ratio, the productivity lack ratio, the fuel exergy improvement potential
ratio, the waste exergy costrate, the environmental effect factor, the ecological effect
factor, exergetic sustainability index and sustainable efficiency factor are estimated
to be 9.71%, 52.55%, 90.29%, 90.29%, 90.29%, 929.54%, 81.52%, 32.29x10-3
kW/$, 9.295, 10.295, 0.108 and 1.108 for the maximum operation mode of the
investigated turbojet engine, respectively. The analyzing results of exergetic
performance indicate that the designers and researchers shall focus on the
improvement of engine compressor and combustor to progress the exergy efficiency
of engine and to decrease the environmental impacts of engine.
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Ekserji Analiz Metoduyla Fiizeler ve insansiz Hava Araglari (UAV) Tasarlanmig Bir Turbojet Motorunun Maksimum Calisma Performansinin Dogrulanmasi
1. Introduction

Aero-gas turbine engines can be used as power systems of various Unmanned Aerial Vehicles (UAV). These air
vehicles are classified according to range, endurance, the altitude, flight speeds, and the sensor and payloads.
Recently, interesting in small gas turbines has increased especially for remote control airplanes and the UAVs
because of their extremely-high thrust-to weight ratio [1].

UAVs have various applications such as: agricultural purposes, photography, surveillance for enemy activity,
pollution, sea-lane and coast line monitoring, herd driving and monitoring, coastguard applications, surveillance
for illegal imports, fire services for forestry and detection, shadowing enemy vessels, decoying missiles by the
emission of artificial signatures, reconnaissance, target designation and monitoring, land mines location and
destruction [2].

UAV was the most dynamic growth sector of the world aerospace industry last decade. Annual global UAV
expenditure is predicted to rise from its amount of about $6.4 billion in 2014 to $11.5 billion, totaling almost $91
billion in the next ten years. It is noticed that 20% increasing in UAV manufacturing companies for the year of
2013, 40% increasing in air vehicles just in between 2011 and 2013, reaching up to 57 countries, 270 companies,
and more than 960 air vehicles in the year of 2013[3].

All of small turbojet engine manufacturers (Teledyne, Microturbo, Hamilton Sundstrand and Williams
International) produce turbofan or turbojet engines in the low thrust range for missile and UAV programs. The
microturbo TRI 40 turbojet engine is rated at between 2.50 to 3.40 KN. TRI 40 is currently designed and used for
the target drones, anti-ship missiles, and remotely piloted vehicles at 6,000 m at up to Mach 0.95 with JP8 or JP10
jet fuel. The TRI 60-1 turbojet engine is rated at 3.5 kN maximum continuous and it powers anti-ship missile (BAE
Sea Eagle, P.3T)with the name of TRI 60-1 067. Moreover, it also powers the Mirach 600 and Meteor SpAMirach
300. Another version, namely TRI 60-2,is a 3.7 kN thrust force and it is used for the Beech MQM-107B,Aerospatiale
C.22 and Saab RBS15 anti-ship missiles, prototypes of some target drones (such as Hindustan Aeronautics Ltd
(HAL) and Northrop NV-144/NV-151).

The TRI 60-3 is used in the Beech BQM-126 with 4.0kN thrust force. This engine model has also been selected to
provide power for MQM-107Bs for the U.S. Air Force. The TRI 60-5 is an engine variant producing 4.4 kN. It was
selected to power the Beech MQM-107B Streaker target drone. The TRI 60-30 is an application for the Matra
SCALP/APACHE and U.K. Storm Shadow with 5.33 kN thrust force [4].

On the other hand, the Williams F107-WR-101, -400, and -402 turbofan engine equip the General Dynamics BGM-
109 Tomahawk (ground-launched cruise missile), Boeing AGM-86B (air-launched cruise missile) and sea-
launched cruise missile with 2.67 kN thrust force. The F107-WR-103 turbofan, formerly known as the F107-WR-
14A6, is the production model designated for the remainder of the ALCM buy. It is rated at approximately 14.44
kN, and incorporates the use of new materials in the turbine section for a much higher turbine inlet temperature.
The F107-WR-104 is a possible development of the original WR19, with a substantial up rating to over 5.33 kN.
The F107-WR-105/401 model offers an increase in thrust to 6.22 kN; 10:1 or better thrust-to-weight. The engine
could repower all operational Air-Launched, Sea-Launched, and Ground-Launched Cruise Missiles now employing
the F107. The F112-WR-100 is the USAF designation for the F107-WR-103 engine that has been identified as the
propulsion engine for the General Dynamics Corp (Convair Division) AGM-129 Advanced Cruise Missile. While this
engine variant's thrust rating is classified, we know that it is in the 3.3-kN class. The F112 also powered the
Douglas/NASA X-36 test drones. The F121-WR-100 is the smallest Williams International engine. It was
designated for the air-launched version of the TACIT RAINBOW. For this application, the engine was rated at 0.66
kN. In 1999, a scaled-down version of the F122, USAF designation F415, was selected to power the Raytheon
Tactical Tomahawk cruise missile after the Teledyne F402 turbojet was deselected [5].

Air transportation has come to measure its technical improvement in the increasing efficiency of its power
systems. Therefore, specific fuel consumption is very important one of the considered things because of a
relationship between environmental impact (due to decreasing fuel consumption reduces COz emissions),
energetic and fuel consumption performance. So, the most direct way to improve air vehicle fuel efficiency is used
new latest available technology for aircrafts [6].

In the open literature, the studies about the performance assessment of aero-engines are classified as follows: (i)
related to the performance evaluation: specific fuel consumption, specific thrust, efficiencies (propulsive, thermal
and overall) [7-9], (ii) exergy analysis for turbojet [10-15], turbofan [16-18]and turboprop/shaft engines [19-21]
(iii) indicating the effect of exergetic efficiency-reference altitude for aircraft engines [22-23], (iv) determining the
exergoeconomic analysis methods [11, 21, 24-25], (v) analyzing the exergy and environmental performance of
aircraft engines on the various flight phases [26-27], (vi) evaluating the exergo-sustainability performance of
turboprop [24, 28], and (vii) assessing the environmental damage cost analysis of turboprop engine [24].
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In a thermal system, thermodynamic inefficiencies and their magnitude, location and sources are identified with
the aid of exergy analysis. Exergetic information is very useful for improving the energetic efficiency and cost
effectiveness of a system to comparing the similar thermal systems.
A Stand of Missile (SOM) was developed by Roketsan for Turkish Army Forces. During the design, research and
development studies, the Microturbo TRI40 turbojet engine was used on the SOM. Then, Roketsan took a decision
that a new design turbojet engine is developed and used on the SOM [29, 30] .The main goals of the present study
are given as follows:

e  Evaluating exergetic performance of a new designed turbojet.

e Determining the component exergy destructions.

e  Component-based suggesting according to improved, modified or replaced for the best results of

increasing the overall exergy efficiency of the engine.

2. Investigated Turbojet Engine and Its Technical Data

The investigated turbojet engine was developed for powering up the Stand of Missile (SOM) and it will be planned
to use on Unmanned Aerial Vehicle (UAV). The engine generates 3500 N thrust power at maximum operation mode
under the sea level conditions. The information about the general system description of turbojet engine,
assumptions made and the specific heat capacity of combustion gases are given in this section.

2.1. General System Description of a Medium-Scale Turbojet Engine (TJE)

The investigated medium scale turbojet engine (TJE) was designed for using on the air-to-air and air-to-land
types missiles. Under the standard day-sea level conditions (i.e., To=288.15 K, P,=101.325 kPa), the TJE has the
following specifications [31]:

Maximum thrust: 3500 N.

Compressor pressure ratio: 5.5

Mass flow of air: 8.66 kg/s.

Mass flow of fuel: 0.1574 kg/s.

Air to Fuel ratio: 50.02

Pressure loss in the combustion chamber: 5%

High pressure turbine inlet gas temperature: 1083.15 K.
High pressure turbine outlet gas temperature: 921.15 K.
High pressure turbine expansion ratio: 2.68

Outlet temperature and pressure for exhaust: 918.65 K and 193.6 kPa.
Manufacturer selling price: 200000 $.

For collecting the measurement data such as temperature, pressure and engine thrust; the thermocouples, the
pressure transducers and the load cell were installed on the TJE engine as shown in Fig.1.
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Air Compressor (AC)

11, T2....T6: temperature measurement props
P1 P1, P2...P6: pressure measurement props

Fig.1.The cutaway of the turbojet engine (TJE) and measurement devices [31].

The engine thrust of the turbojet engine can be calculated from:

F=mVou— rhinVin + Aoutpout - AinPin (1)

out” out

Due to the engine is operated in a ground test cell and/or a ground operation test, flight velocity (Vin = O)is

assumed as zero. The velocity of exhaust gases is found to be 396.94 m/s from eqn. (1) for 3500 N-maximum
engine thrust.

The simplified schematic of the TJE is given in Fig 2. The TJE engine’s main components are compressor (AC),
combustion chamber (CC), gas turbine (or high pressure turbine) (GT), exhaust duct (ED) and the gas turbine
mechanical shaft (GTMS).

i
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Fig.2. A simplified schematic of the investigated TJE.
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2.2. Assumptions

In this study, the assumptions made are listed as below:
e  The fuel injected to combustion chamber was the JP-8 jet fuel.
e  The chemical formula of jet fuel was assumed as C12Hz23 and The LHV was to be 42800 k] /kg.
e The velocity of air mass flow entering the engine was taken zero due to the static run tests.
o Thechangesin the kinetic energy, the kinetic exergy, the potential energy and the potential exergy
within the engine were assumed to be negligible.
e The cooling air mass flow was not considered for the analysis.
The engine operated in a steady-state and steady flow.
The principle of ideal-gas mixture was applied for the air and combustion gaseous.
The combustion reaction was complete.
The compressor and the gas turbine considered as adiabatic.
The temperature and the pressure of the ambient air state were taken to be 288.15 Kand 101.33
kPa, respectively.

2.3. Specific Heat Capacity of Emission Gases and Air

For 50.02 air-to fuel ratio, the general combustion reaction equation is obtained as follows:

0.7448 N, +

0.20590, +
C,,H,,+321.32 —12.096CO, +17.605H,0 +48.4100, + 248.959 N, (2)
0.0003CO, +

0.019H,0

After combustion reaction, the mass compositions of combustion gases are obtained to be 5.68% (0.500 kg/s) CO>,
3.38% (0.298 kg/s) H20, 16.53% (1.455 kg/s) 02 and 74.41% (6.552 kg/s) N2. The universal gas constant (Rgas) of
the emissions is estimated to be 0.29013k]/kgK.

The air is composed of nitrogen 77.48%, oxygen 20.59%, carbon dioxide 0.03% and water vapor 1.90%. There are
very small amount of argon, carbon monoxide, etc., in the air, which are neglected in this study. The pressured air
mixed with fuel and burned in the combustion chamber to enable stable burning and the air-to-fuel ratio is to be
at appropriate level. To have completed burning of fuel and to decrease the temperature, the air-to-fuel ratio in
the combustion chamber is always higher than stoichiometric ratio. Because of this, there is a significant amount
of oxygen within the combustion gases.

Based on mass rates of the emissions, the hot gases C;, ;; value has been calculated in terms of temperature as
shown in Eq. (3) by applying the C; ., values of each emission [32];

y.(T) = 0.08853  20LL76 1, 001528 1., 006665

T3 3
10? 10° 10° (3)

The ideal gas constant value of combustion gases was taken to be 0.2901 kJ(kg — K)*. The specific heat capacity
of air is a function of temperature (in K) and it is determined from:

3.83719T)+ 9.45378T7) (5.49031T° 7.92081T*
104 107 10%° 10*

Cp.(T)=1.04841 —( 4)

3. Exergy Analyzing Methodology

Exergy is a measure of the maximum work to be obtained from any system. Exergy analysis includes four variables
as EX (fuel exergyrate), EXF,r (product exergy rate), EX (exergy destruction rate)and EX (exergy loss rate).
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3.1. Basic Exergy Terms

Exergy waste is a measure of the irreversibility of a process, and that it is proportional to the increase in entropy
and it can be evaluated by calculating the entropy increase. Exergetic analysis helps to determine the best
theoretical performance of power systems and its components [33].

Exergy balance is given as follows for any control volume at steady state [34-35]:
n
F= z EXin ot = EXp, + z EXp . +EX, (5)
k=1

The total specific exergy for a flow of matter through a system can be formulated from [24] neglecting nuclear,
magnetism electricity and surface tension effects:

=€+ +&7T 4 (6)

EX, = rh(gPH +&N 4 gPT 4 g ) (7)

The specific physical exergy for air and combustion gaseous may be written as [36-38]:

T P
"=Coy|T-T, =T, In| — ||+ RT, In| — (8)

TO PO

The specific kinetic exergy of air and combustion gases is determined from [36-38]:

2
KN _ \ )
2000
The specific chemical exergy of fuel can be determined as follows [36-38]:
= LHV¢& (10)

Where the & denotes the liquid fuel exergy grade function. The & of liquid fuels (CaHb)on a unit mass is
obtained from [35-37]:

b 0.042
& =1.04224 +0.011925 — - (11)
a a
s calculated to be 1.0616 for JP-8 jet fuel (C12H23).
3.2. Exergetic balance equations for engine and main components
The exergetic balance equations for the whole engine and its components can be written as:
For Air Compressor (AC):
EXD AC —W ( EX1 ) (12)
For Combustion Chamber (CC):
EXp cc = EX; —(EX, —EX,) (13)
For Gas Turbine (GT):
ExXp or = (EX, — Ex; )-W, (14)
For Exhaust Duct (ED)
Ex Xpep = X5 Exs (15)
For Gas Turbine Mechanical Shaft (GTMS):
EXp orus =W, —W, (16)
For TJE engine;
ZEXD,TJE = EXp ac + EXpoc + EXpor + EXpep + EXp arus (17)
On the other hand; total exergy losses from TJE are calculated as follows:
z EXL,TJE = (EXl,KN + EXB,F )TJE - EXe",KN TE Z EXD,TJE (18)
Total waste exergy is calculated by:
EXWE,TJE = Z EXD,TJE + Z EXL,TJE (19)
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3.3. Exergetic performance metrics for engine components

Several exergetic performance metrics are developed and identified as the following.
e  Exergetic efficiency (l//): The i ofthe k’th component is the ratio of product exergy to fuel exergy.

It can be given as follows:

Ex Ex
W, =— Prk =1_ i D,k (20)
K
EXF,k EXF,k
e  Relative exergy destruction ratio (a): The o is the ratio of the exergy destruction of to total
exergy destruction within the system. It is accounted by:
Ex
o, Dk (21)

z EXD,TJE

o Inlet exergy depletion ratio (,B) : The f3 is the ratio of the exergy destruction to the fuel exergy of

the k’th component as given in Eq.22:
EXo
" B,

e  Fuel exergy depletion ratio (;() ‘The y istheratio of the exergy destruction of the fuel exergy. It is

(22)

By

defined as follows:
=
X =Fg (23)
EX3,F,TJE
e Productivity lack ratio (5 ) : The O is identified as the ratio of the exergy destruction to the product exergy
of a system. It is given as follows:

Ex
S, = =2 (24)
EXG",Pr,TFE
e Product ratio indicator (¢) The ¢ is the ratio of product exergy rate to the product exergy and is given as
follows:
EXpy
g = P (25)
EX6",Pr,TJE
e Fuel ratio indicator (go): The @ is calculated by dividing the fuel exergy to the total fuel exergy and given as
follows:
EXF,k
% Bpn
X3, TIE

e  Exergetic improvement potential (ExIP): For the exergy consumption minimization, The maximum
improvement can be achieved in the exergy efficiency for a power system. So, exergetic improvement
potential (ExIP) must be defined. ExIP is written as follows:

EXIP, =(1—w, )EXp, (27)
e  Relative exergetic improvement potential ratio()/): The pyis the ratio of the exergetic

improvement potential of k'th component to the total exergetic improvement potential of all components.
The y is calculated from:

ExIP
/i

Zn:ExlF;
k=1

(26)

(n= number of components) (28)
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e  Exergy destruction improvement ratio (/1): The Ais the ratio of the exergetic improvement

potential of k'th component to the exergy destruction rate of k'th component. High value of exergetic
destruction improvement ratio demonstrates that exergetic improvement potential rate for a component

occurs in high level. The A is calculated from:

_ ExIR
EXo

A (29)
e  Component inlet exergy improvement potential ratio (,u): The g iscalculated by dividing the

exergetic improvement potential rate of k'th component to the sum of the inlet flows as fuel exergy into
the k'th component. It is estimated by:

ExIP
He = ¢ (30)
EXF,k
e  Fuel exergy improvement potential ratio (V): The Vv is the ratio of the exergetic improvement
potential rate ofk’th component to the total fuel exergy of the system. It is found by:
ExIR
V== — (31
EX3,F,TJE

o [mproved exergetic efficiency (‘P): If an exergetic improvement is realized in a component, the fuel exergy

rate required for a component decreases for constant production and the exergy efficiency of the
component increases. This new value of exergetic efficiency can be named as the improved exergetic
efficiency. The W is calculated as follows:

_ E'XPr,k
“ Ex. —ExIR,

e  Exergy destruction cost rate (7[) Exergy consumption creates an extra monetary lost during a

(32)

production. A system with lower exergy consumption has more useful product exergy and subsequently
more potential to do work. A less efficient system has low useful product exergy and less potential to do
work. The loss in production potential can be represented as a cost rate. The 7 is the ratio of the exergy
destruction rate of k'th component to the selling price of the system. It can be taken from:

EXy,
T, =—
© SRy,

e  Relative exergy destruction cost rate (w) The @ is the ratio of the exergy destruction cost rate of

(33)

k’th component to the total exergy destruction cost rate within the system. This parameter indicates that
which component of the system is more effective in the exergy destruction cost rate. The @ is estimated
by:
___ExDCR
S ——————
> ExDCR

k=1.n
e  Environmental effect factor (EEF): One of the sustainability indicators is the environmental effect
factor which is calculated the ratio of inlet exergy destruction ratio to the exergy efficiency. Environmental
impact factor indicates whether or not it damages the environment because of its unusable waste exergy
output and exergy destruction. The EEF can be counted by;

EEFR, =ﬂ (35)
Wy

(34)
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e  Exergetic sustainability index (ExSI): Its function of environmental effect factor can be found out
by ratio of 1 to the environmental effect factor. The range of this index is between 0 and 0. The higher
efficiency means low exergy destruction ratio and low environmental effect factor as a result higher
exergetic sustainability index. Measures to increase exergy efficiency can reduce environmental impact
by reducing energy losses. Within the scope of exergy methods, such activities lead to increased exergy
efficiency and reduced exergy consumption. The ExSI is figured out from:

ExSI, = L (36)
EER
e  Sustainable efficiency factor (SEF): If a process or system uses low amount fuel or energy for the
desired production, it is said that this process or system has high exergetic efficiency value as well as high
sustainability level because low emissions are emitted to the environment. An increasing in the exergetic
efficiency results a rising in the sustainability level of the system. Consequently, the sustainable efficiency
factor can be used as a sustainability assessment parameter and the SEF is picked up as follows;

SEF, = ! (37)
1-y,
e Ecological effect factor (EcoEF): The ECOEF of the K'th component is estimated from following
equation;
EcoEF, = e _ 1 (38)
EXorw Wi

3.4. Exergetic performance metrics for whole engine

For whole engine the exergetic performance parameters can be written as following.
e  Exergetic efficiency (l//): The y of the system is calculated by the ratio of the thrust power exergy
rate to the sum of the inlet flows as fuel exergy. It can be estimated as follows:

W — EXG",PT — 1_ EX\N ETIE (39)
Ve (Ex, +Ex, ) Ex, + Ex,

e  Waste exergyratio (X):The X is found out from the ratio of total waste exergy rate to sum of the
inlet flows as fuel exergy as follows:

E
X = 17= Ywene (40)
iEx1 + EX, LJE
e Fuel exergy waste ratio (A) The Alis counted from the ratio of total waste exergy rate to the fuel
exergy rate of system by following equation:

EXW ETJE
TE — E— (41)
3TIE
e Productivity lack ratio factor (CD) The @ is identified as the ratio of total waste exergy rate to
total thrust power exergy rate of system. It is assessed by:
Exy
ETIE
Dy = — WERE (42)
Exs",Pr,TJE

e  Exergetic improvement potential (EX IP ): The ExI Pje expresses that how much the waste
exergy rate is recovered by improving the exergy efficiency of the system. It is taken from:
ExIR, = (1_ Y1e )EXWE,TJE (43)
e Waste exergy improvement potential ratio (F): The I is the ratio of exergetic improvement
potential rate of the system to waste exergy rate of the system. It is estimated from:
— Ex Roe

TIE EXW (44)

ETJE
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e  Fuel exergy improvement potential ratio (H): The Ilis the ratio of exergetic improvement
potential rate of system to fuel exergy rate of the system. It is calculated by:
— EXIRe

(45)
EX; e

TIE
e Improved exergetic efficiency (‘{—’): In accordance with the exergetic improvement potential rate that is
realized within the system, the inlet exergy rate incoming to the system can be decreased and the exergy
efficiency of the system can be increased. The ‘P;¢ is obtained from the following equation:
EXG"TJE
| R e (46)
(Ex, +Ex, —ExIR, )

e  Waste exergy cost rate (@): The O is explained as the ratio of waste exergy rate of system to

system sellingprice. It is obtained from:

EXW ETIE
. = : 47
TJE SF?”E ( )

e Environmental effect factor (EEF ): The EEF is described as the ratio of waste exergy ratio of

system to the exergetic efficiency of system. It is computed by:

EEF,, — e (48)

TIE
e  FExergetic sustainability index (EXSl ): To calculate the EXSI of the system, it is applied the
following equation:

1
ExSL=—"— (49)
e EEF,
e Sustainable efficiency factor (SEF): The SEF of the system is derived from:
1
SERy =— (50)
“YTE
e Ecological effect factor (ECOEF): The ECOEF of the system is estimated from following
equation:
= 1
ECOEF,; = — > = (51)

Xeprme  Wroe

4. Results and Discussions

In the current study, exergy analysis of a new design turbojet engine (T]JE) used on missiles is evaluated. The
product exergy (kinetic exergy rate of exhaust gases) of the engine is calculated to be 694.65 kW from eqn. (9)
while the velocity of exhaust gases is found to be 396.94 m/s from eqn. (1). For 7151.7 kW- fuel exergy rate and
694.65 kW-product exergy rate at the maximum engine power operation, condition, the exergy efficiency of the
engine is determined to be 9.71%. However, the temperature, pressure, mass flow, specific heat capacity and
exergy rate at the TJE’s stations numbered in Fig.2 for maximum operation mode are given in Table 1.
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Table 1.The exergy rate and other thermodynamic properties of the TJE at maximum operation mode.

Mass flow Specific heat Exergy

State no.  Fluid type/work fressure - Temperature rate capacity rate
PPa) T (K) mikgs*) c, (kJ(kg— K)*l) Ex (kW)

0 Air 101.33 288.15 0.000 1.00375 0.00
1 Air 101.33 288.15 8.66 1.00375 0.00
2 Air 557.29 503.25 8.66 1.02984 1706.29
3 Fuel 220.63 298.15 0.1574 7151.70
4 Combustion gases 529.42 1083.15 8.8174 1.20989 5629.53
5 Combustion gases 197.55 921.15 8.8174 1.17382 3577.80
6 Combustion gases 191.62 916.54 8.8174 1.17294 3520.33
7 Mechanical power 2021.22
8 Mechanical power 1983.46
6” Kinetic energy/exergy 694.65

4.1. Exergetic performance results of engine components

As a result of the exergy analysis, the exergetic parameters for each component of the engine are presented in
Tables 2-4 in addition to main exergy parameters.

Table 2.Exergy rate, exergetic efficiency and exergetic performance metrics of the engine components at
maximum operation mode

c EXe EXp, EXo \ o B X 5 ¢ ¢
omponents o o o o o o o
kw) (kW) (kw) ) ) o (%) (%) (%) (%)
AC 1983.46 1706.29 277.18 86.026 7.633 13974 3.876 39902 245.633 27.734
CC 8857.99 5629.53 3228.46 63.553 88.905 36.447 45.143 464.761 810.412 123.859
GT 2051.73 2021.22 30.51 98.513 0.840 1.487 0.427 4.392 290.970 28.689
GTMS 2021.22 1983.46 37.76 98.132 1.040 1.868 0.528 5.435 285.534 28.262
ED 3577.80 3520.33 57.47 98.394 1583 1.606 0.804 8.274 506.777 50.027

Table 3.Exergy rate, exergetic improvement potential and exergetic performance metrics of the engine
components at maximum operation mode

Ex:  EX, Ex, ExIP A " v ¥
Components o o 0 o o

kw) (kw) (kw) (kw) (o ) ) ) (%)
AC 1983.46 1706.29 277.18 38.734 3.181  13.974 1.953  0.542  87.739
cC 8857.99 5629.53 322846 1176.67 96.648 36.447 13284 16.453 73.289
GT 2051.73 2021.22 30.51 0.454 0.037 1487 0.022 0.006 98.535
GTMS 2021.22 1983.46 37.76  0.705 0.058 1.868 0.035 0.010 98.166
ED 3577.80 3520.33 57.47 0923 0.076 1.606 0.026 0.013  98.419

Table 4.Exergy rate, exergy destruction cost rate and exergetic environmental performance metrics of the
engine components at maximum operation mode

Components EXe Ex,, Exp =« . o EEF  ExSI  SEF EcoEF
(kW) (kW) (w) @3kwW/i$) e O O 0O 0
AC 198346 170629 277.18 1.386 7633 0162 6156 7.156  1.162
cC 8857.99 5629.53 3228.46 16.142 88.905 0.573 1744 2744 1573
GT 2051.73 202122 3051  0.153 0840 0.015 66250 67.250 1.015
GTMS 2021.22 1983.46 37.76  0.189 1.040 0019 52534 53534 1.019
ED 3577.80 352033 57.47  0.287 1583 0016 61253 62253 1.016
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The main findings of the exergy analysis are summarized as follows:
o The real exergetic efficiency (1//) values of the AC, CC, GT, GTMS and ED are calculated to be
86.03%, 63.55%, 98.51%, 98.13% and 98.39%, respectively. On the other hand, the improved exergy
efficiency (¥ )values of the AC, CC, GT, GTMS and ED are obtained to be 87.74%, 73.29%, 98.53%,

98.17% and 98.42%, respectively. The real and improved exergy efficiency values of the engine
components are illustrated in Fig.3. Fig.3 indicates that the CC has the maximum improvement
potential with 9.74% increasing in the exergy efficiency.

100

—— —
90
—o—y
e 80
8 —-
c
c
-
L2 70
b=
== maximum exergetic
efficency
60 - improvement
(approximately 10%)
within the CC
50
AC CC GT GTMS ED
Components of TIE

Fig.3.The real and improved exergy efficiency values of TJE’s components.

¢ Between the components, the CC has the maximum exergy destruction rate with 3228.46 kW that
is generates 88.90% of the total exergy destruction rate (3631.37 kW) within the engine. Because of

this reason, the maximum values of the relative exergy destruction (a) , the inlet exergy depletion ratio
(,B), the fuel exergy depletion ratio ( ;() the productivity lack ratio (5 ) the product ratio indicator
(¢)and the fuel ratio indicator (qo)take place in the CC component with 88.90%, 36.45%, 45.14%,
464.76%, 810.41% and 123.86%, respectively.

e The CC has the maximum exergetic improvement potential (EXlP) with 1176.67 KW hence it is
the lowest exergy efficiency between the components. Furthermore, the CC owns the maximum values
of the relative exergy improvement potential (7/) the exergy destruction improvement ratio (/1) the
component inlet exergy improvement potential ratio (,u) and fuel exergy improvement potential ratio
(v) with 96.65%, 36.45%, 13.28% and 16.45%, respectively.

o The exergy destruction produces the cost rate because this portion of exergy rate is not converted
to the desired product. The CC generates the maximum exergy destruction cost rate (7[) with

16.14x10-3kW/$ between the components. Besides, the CC has the maximum relative cost rate ratio
(@ ) with 88.91%.

® When the environmental and sustainability indicators are examined for the engine components;
the environmental effect factor (EE F), exergetic sustainability index (EXSI), sustainable efficiency

factor (SEF) and ecological effect factor (ECOEF) are realized the maximum in the CC with 0.573,
1.744, 2.744 and 1.573, respectively.
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The above-mentioned results clearly indicate that the CC has bed exergetic, environmental and sustainability
performance metrics due to the combustion irreversibilities. Combustion of the fuel is a very complex
phenomenon and it is highly thermodynamically irreversible process and limits the conversion of the fuel energy
into the useful energy [39-40].

4.2. Exergetic performance metrics of whole engine
The exergy rate flows of the engine are 7151.7 kW-fuel exergy rate (EX&F), 694.65 kW-product exergy rate

(EXG..'KN ), 3631.37 kW-total exergy destruction rate (Z EXD) and 2685.68 kW- exergy losses rate (EXL). The

distribution of the fuel exergy inletting the engine is shown in Fig. 4. Fig.4 points out that the total exergy
destruction rate is composed of 50.78% of fuel exergy rate while the exergy losses rate comprises 39.51% of fuel
exergy rate. The exergetic performance parameters of whole engine are given in Table 5.

50.78%

BEx, MEx, BEx;
Fig. 4.Dividing the fuel exergy rate of the TJE into product exergy rate, exergy destruction rate and exergy losses
rate.

Table 5.Exergy rate, exergetic efficiency and exergetic performance metrics of the whole engine at maximum
operation mode

Parameters Value Parameters Value Parameters Value
Exe (kW) 715170  x(%) 90.29 V(%) 52.55
Exo (kW)  goa65  a) 90.29 010°kW/$) 32,9
Exo(KW) 363137 o) 92954  EEF(-) 9.30
Ex (kW) 282568  EXIP(KW) sg20988  Exsi() 0.11
EXye(KW) 645705  rve) 90.29 SEF(-) 111
v (%) 9.71 (%) 81.52 EcoEF(-) 10.30

The main results of the exergetic analysis of whole engine are outlined as follows:
o The real exergy efficiency (l//)of the TJE is calculated to be 9.71% while the waste exergy rate

(EXWE) is determined to be 6457.05 kW. If the necessary modification and improvements are realized
on the engine, the 5829.88 kW-exergetic improvement potential rate (EXlP) of 6457.05 kW-waste

exergy rates can be regained theoretically. In this situation, the exergy efficiency of engine that named
as the improved exergy efficiency (‘I’) is estimated to be 52.55%.

o The waste exergy ratio (X), the fuel exergy waste ratio (A) and the waste exergy improvement
potential ratio (F) are determined to be 90.29%.
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e The productivity lack ratio ((I)), the fuel exergy improvement potential ratio (H) and the waste

exergy cost rate (G)) are obtained to be 929.54%, 81.52% and 32.29x10-3kW/$, respectively.
¢ On the other hand, when the environmental and sustainability indicators are examined for the
whole engine; the environmental effect factor (EEF), exergetic sustainability index(EXSl),

sustainable efficiency factor (SEF) and ecological effect factor (ECOEF) of the whole engine are

determined to be 9.295, 0.108, 1.108 and 10.295, respectively. The results of environmental and
sustainability metrics indicate that the engine exergy efficiency must advance the acceptable level
between 20% and 30%. Particularly, the designers and researchers must focus on to improve the
exergy efficiency of the CC component.

4.3. Comparing engine exergy efficiency performance with other investigated engines

The exergy efficiency values of new turbojet engine and other engines investigated in the previous studies are
listed in Table 6. The exergy efficiency values of turbojet, turboprop and turbofan engines in the previous studies
were estimated to be between 16.63% and 48.05% while the exergy efficiency of the new designed turbojet engine
in this study is calculated to be 9.71%. When microjet engines are only taken into consideration, it is easily seen
from Table 6 that the TRS18 micro turbojet is the highest exergy efficiency value with 48.05% [50]. This result
indicates that the exergy efficiency of the engine, compared with other engines, is very low level. The designers
and researchers must focus on the air compressor (AC) and combustion chamber (CC) to progress the engine
exergy efficiency from 9.71% to the acceptable level between 20% and 30%.

Table 6. Comparing exergetic efficiency value of new engine with other engines.

Researcher Investigated Engine Type Exergy efficiency
date (%)
Aydin et al. [6] 2015 Turbofan 31.50
Balli [10] 2014 Turbojet 29.87
Balli etal. [11] 2008 Turbojet 34.84
Ehyaei et al. [15] 2013 Turbojet 25.60
Balli and Hepbasli [19] 2013 Turboprop 23.80
Aydin et al. [21] 2012 Turboprop 30.00
Etele and Rosen [22] 2001 Turbojet 16.9
Aydin et al. [28] 2013 Turboprop 29.20
Balli [35] 2017 Turbofan 25.70
Balli [36] 2017 Turboprop 16.63
Balli [37] 2017 Turbojet 39.41
Balli [41] 2017 Turbofan 26.80
Sohret et al. [42] 2016 Turboprop 26.74
Bastani et al. [43] 2015 Turbofan 44.00
Sohret et al. [44] 2017 Micro turbojet 27.25
Struchtrup and Elfring [45] 2008 Turbofan 34.80
Balli [46] 2017 Turbofan 19.92
Balli et al [47] 2017 Turbojet 26.39
Balli et al [48] 2017 Turboprop 17.24
Balli et al. [49] 2017 Micro turbojet 17.02
Aydin et al. [50] 2018 TRS18 micro turbojet  42.00
Balli [51] 2019 Turbofan 48.05
Present study Turbojet 9.71

5. Conclusion

This study presents some developed exergetic assessment parameters to analyze and evaluate the medium-scale
turbojet engine designed for using on Missiles. These parameters help the engine designers to measure the level
of engine performance, the environmental impacts of the engine and its sustainability.

The exergy efficiency, the improved exergy efficiency, the waste exergy ratio, the fuel exergy waste ratio, the waste
exergy improvement potential ratio,the productivity lack ratio, the fuel exergy improvement potential ratio, the
waste exergy cost rate, the environmental effect factor, the ecological effect factor, exergetic sustainability index
and sustainable efficiency factor are estimated to be 9.71% 52.55%, 90.29%, 90.29%, 90.29%, 929.54%, 81.52%,
32.29x103kW/$, 9.295, 10.295, 0.108 and 1.108 for the maximum operation mode of the engine. The results of
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exergetic, environmental and sustainability metrics indicate that the designers and researchers must focus on the
air compressor (AC) and combustion chamber (CC) to progress the engine exergy efficiency from 9.71% to the
acceptable level between 20% and 30%.

The recommended exergetic assessment metrics in this study can be beneficial to analyze the similar systems as
the turbojet, the turboprop and the turbofan engines.
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Nomenclature
A area (m?)

AC air compressor

CC Combustion chamber

Cp specific heat capacity (k] /kg.K)
ECOEF ecological effect factor (-)
ED exhaust duct

EEF environmental effect factor (-)

ET engine thrust (N, kN)
EX exergy rate (kW)

EX'P exergetic improvement potential (kW)
ESI exergetic sustainability index (-)

GT gas turbine

GTMS gas turbine mechanical shaft

LHV lower heating value of fuel (kJkg1)

M mass flow rate (kg/s, kg/h)

P pressure (kPa)

R universal gas constant(k] kg-1K1)
SEF sustainable efficiency factor (-)
T temperature (K)

TJE turbojet engine

V velocity (m/s)

W work rate or power rate(KW)
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Greek Letters

« relative exergy destruction ratio (%)

[ inlet exergy depletion ratio (%)
 fuel exergy depletion ratio (%)

0 productivity lack ratio (%)
¢ specific exergy (kJ/kg)

@ product ratio indicator(%)

@ fuel ratio indicator(%)

}/ relative exergetic improvement potential ratio(%)

A exergy destruction improvement ratio(%)

/M component inlet exergy improvement potential ratio(%)

v fuel exergy improvement potential ratio(%)
7T exergy destruction cost rate (kW/$)

@ relative exergy destruction cost rate (-)

5 fuel exery grade function (-)
W exergetic efficiency (%)

X waste exery ratio (%)

A fuel exergy waste ratio (%)

@ productivity lack ratio factor (%)

I" waste exergy improvement potential ratio(%)
IT fuel exergy improvement potential ratio(%)
® waste exergy cost rate(kW/$)

Y improvedexergetic efficiency (%)

Subscripts
A air

AC air compressor

CC combustion chamber
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Cg combustion gases
CH chemical
D destruction
ED exhaust duct
Finlet streams as a fuel
GT Gas turbine
GTMS gas turbine mechanical shaft
In input
K k’th component
KN kinetic
L losses
Out output
P pressure
PH physical
Pr product
PT potential
T temperature
TJE turbojet engine
Tot total
WE waste exergy

0 dead state
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Superscripts

CH chemical

KN kinetic

PH physical

PT potential
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Anahtar Kelimeler Ozet: Molodtsov tarafindan ortaya atilan esnek kiime teorisi, belirsizlikle basa
Esnek kiimeler, ¢ikmak igin etkili bir matematiksel ara¢ olarak goriilmektedir. Bu teori, bilgi
Invers ve Karakteristik carpim, = gjstem|leri, karar verme problemleri, optimizasyon teorisi, cebirsel yapilar ve
Esnek sifreleme ve desifreleme, o401 atiksel analiz gibi belirsizlik igeren birgok alana uygulandi. Bu calismada

AESsifreleme esnek matrisler lizerinde invers ¢arpim ve karakteristik ¢carpim olarak adlandirilan
iki yeni islem tanimlayacagiz. Yeni kriptosistem metodunu esnek matrislerin invers
carpimi ve karakteristik carpimini kullanarak ortaya koyacagiz. Esnek sifrelemeyi
,esnek desifrelemeyi tanimlayacagiz ve AES sifreleme ile mukayese edecegiz.

AES Encryption and A New Cryptosystem Obteined With Soft Set

Keywords Abstract: Soft set theory, proposed by Molodtsov, has been regarded as an effective

Soft Sets, . mathematical tool to deal with uncertainties. This theory has been applied to many

Inverse production and fields such as information systems, decision making problems, optimization theory,

characteristic production,

3 algebraic structure and basic mathematics analysis, etc. which contain
Soft encryption and soft

uncertainties.In this work, we define two new operations on the set of soft

decryption, . . : - . .

AES chrpti on matrices,called inverse production and characteristic production .We introduce soft
cryptosystem as a new cryptosystem method by using inverse production and
characteristic production of soft matricessWe define soft encyption, soft
dencryption and we will compare with AES encyption.

1. Giris

Esnek kiimeler teorisi, Molodtsov [1] tarafindan belirsizlikle basa ¢ikmak i¢in bir matematiksel arag olarak ortaya
atildi. Molodtsov [1], siirekli diferansiyellenebilir fonksiyonlar, oyun teorisi, islem arastirmalari, Riemann
integrasyonu, Perron integrasyonu, olasilik, él¢iim teorisi vb. alanlarda esnek kiime teorisini kullanarak, basarili
calismalar yapti. Ayrica, yazar yaklasik nesne kavramini formiile etti ve esnek kiime teorisi isimli bir kitap
yayimladi. Maji ve arkadaslar1 [2] karar verme problemleri i¢in esnek kiime teorisini arastirdilar. Teorik olarak,
esnek kiimeler tizerine cesitli islemler tanimladilar. Ali ve arkadaslar1 [3] esnek kiimelerin baz1 kavramlarini
verdiler. Maji ve ark. ve Pawlak’ in yaklasimli kiime teorisi yardimiyla, bir karar verme probleminde esnek
kiimelerin bir uygulamasini sundu ve esnek kiimelerde bazi islemleri tanimladi. Xiao ve ark. esnek kiime temelli is
rekabet kapasitesi icin yapay bir hesaplama metodu iizerine bir ¢alisma yapti. Yang ve ark. esnek kiimelere ve
yaklasiml kiimelere dayali klinik teshisin karar analizi ve indiiksiyon bashkli bir calisma yapti. Xiao ve ark. ile Pei
ve Miao esnek tabanli bilgi sistemleri iizerine ¢alismalar sundular. Mushrif ve ark. esnek kiime temelli
siniflandirmalar {izerine bir ¢alisma yapti. Esnek kiimelerin cebirsel o6zellikleri bazi yazarlar tarafindan
calisilmaktadir. Sezgin ve Atagiin [4] esnek kiime {lizerinde kesisim, genisletilmis kesisim, kisitlanmis birlesim,
kisitlanmis farki tanimladilar ve her birinin kendi arasindaki baglantilarini gésterdiler. Aktas ve Cagman [5] esnek
kiimeleri, bulanik kiimeler ve yaklasimli kiimelerin ilgili kavramlariyla karsilastirdilar, ayrica pek cok yeni
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calismanin oniinii agan “Esnek Grup Teorisi"ni literatiire kazandirdilar. Esnek grup yapisi tlizerinde esnek
altgrup,normal esnek altgrup, esnek homomorfizm gibi cebirsel yapilar tanimladilar. Acar ve digerleri [6] esnek
halkalari, Atagiin ve Sezgin [7] esnek yakin halkalari tanimladilar. Sezgin ve Atagiin [8] halka, cisim ve modiiliin
esnek cebirsel yapisiyla ilgili calistilar.Bu ¢alismada, Molodtsov'un [1] esnek kiime tanimi kullanilarak esnek
matrisler lzerinde invers c¢arpim ve karakteristik carpim tanimlanmistir. Yeni esnek sifreleme ve esnek
desifreleme metodu verilmistir. AES sifreleme hakkinda bilgi verilmistir.

2. Materyal ve Metot

Esnek kiimeler yardimiyla elde edilecek olan sifreleme yontemini olusturmak icin bu boéliimde, temel bilgi
niteliginde olan ve ¢alismanin diger kisimlarinda sik¢a kullanilan yapilar verilecektir.

Tanim 2.1.

[1] Uevrensel kiime ve E parametrelerin bir kiimesi olsun. P(U), U 'nun kuvvet kiimesi ve A C E olarak gosterilsin.
Bir (F, A) sirali ikilisi U tizerinde esnek kiime olarak adlandirilir. Burada F, F: A —» P(U) ile verilen bir doniisimddr.

Tanim 2.2.

(fa,E) ikilisi U tizerinde bir esnek kiime olsun. Bu durumda UxE'nin Ry={ (u,e) : e € A, u € f, (e) } alt kiimesine
(fa,E) ikilisinin baginti formu denir. R, 'nin karakteristik fonksiyonu

X, UXE— {0,1}

1, (u,e) € Xpg,
(ue) = Xg,(ue)= { 0, (u,e) & Xz )

ile verilir. Eger a;;=Xg, (u;, ¢;) alinirsa,

a1 ot Qan
[ai]-]: [ H i | matrisine U tizerinde (f4,E) esnek kiimesinin esnek matrisi denir. U tizerindeki tiim

Ami " Amn
esnek matrislerin kiimesi SM,,,,,, ile gosterilir. [7]

Tamim 2.3.
[aij] € Smen olsun.
i; ) Herivejicin aj= 0 ise, [a;;] ya sifir esnek matris denir ve [0] ile gosterilir.

i, ) Herj€l,={j: ¢; € A} veiicin a;=1ise, [a;] ya A-evrensel esnek matris denir ve [3;] ile gosterilir.
i3 ) Herive j icin a;; = 1 ise, [a;] ya evrensel esnek matris denir ve [1] ile gosterilir.

Tanmim 2.4.
[a;;] . [bij] € SMpxy olsun. [a;;] Ve [b;;] nin invers ¢arpimi “-; ” ile gosterilir. [a;;] +; [b;j]= [c;;] olmak iizere
C. = {1’ % le
ij —
01 a‘lj blj (2)

seklinde tanimlanir.
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Tanim 2.5.

«

[a;;], [bij] € SMypnolsun. Bu durumda [a;;] ve [b;;] 'nin “-,” Kkarakteristik carpimu [a;;] - [b;;]= [c;;] burada

her 1, ] igin

C; = {1’ e ®)
! 01 al] # blj
seklinde tanimlanir.

Tanim 2.6.

Herhangi bir S € SMgys esnek matrisi herhangi bir m € S; permiitasyon grubuna gore diizenlenirken esnek
matrisin her bir satirindaki elemanlar m ‘de verilen siraya gore yer degistitir.

Ornek 2.6.
11 0 1 1]
1 0110
S={0 1 1 1 1| esnekmatrisinialalim.
01001
10 0 0 1 1]

T =(12543) olsun. S esnek matrisinin her satirin1 m'e gore diizenleyelim. m de verilen siralamay1 dikkate alirsak
1-2->5->4->3->1 seklindedir. O halde ilk satir diizenlenirken elemanlar bu siralamaya goére yer
degistirecektir. i1k satirin diizenlenmis hali 01111 olur. Her bir satira bu islem uygulanirsa

01111
11100
Sz.=|1 0 1 1 1] eldeedilir
0 0011
0 011 0f
Tanmim 2.7.

Aes sifreleme algoritmasi, 128 bit veri bloklarini1 128, 192 veya 256 bit anahtar secenekleri ile sifreleyen bir blok
sifre algoritmasidir. 128 bit uzunlugunda olan veri, (4x4)’ lik matrislerle béliinerek algoritmaya dahil olur. Bu
matrise “durum” denilir ve her bir satir1 kelime olarak adlandirilir. AES sifrelerken kullanacagi algoritmada
anahtarin uzunluguna goére dongii sayisinin atamasini yapar. Bu dongiisel islemin artmasiyla veri daha ¢ok
guvenilir hale gelir. Fakat ayni zamanda yapilacak olan dongiisel islemlerin de artmasiyla hem islem sayisi artar
hem de bellek alan artar. Ozellikle 256 bit anahtar kullanimlarinda déngiisel artim oldugu icin algoritma hizi
diiser.

Dongii Yapisi

Durum matrisinin olusumuyla algoritma yiirtrliige girer. Dongii sayisi anahtar uzunluguna goére degisir. Sadece
son dongtde siitun karistirma islemi yapilmaz, tur anahtart ile toplama islemi yapilir ve sifrelenmis blok elde edilir
Sifrelenmis veriyi ¢ozerken de bu alt islemlerin tersi uygulanir. Déngililer durum matrislerinde 4 islem
gerceklestirir.

1. Bayt Degistirme

Degisiklik degerleri dnceden hesaplanmis S-Kutusuna gore yapilir. S-Kutusu, durum matrisinin elemanlari
onaltilik tabana gore olustugu icin 16x16 boyutunda bir matristir denebilir.

36



AES Sifreleme ve Esnek Kiimeler Yardimiyla Elde Edilen Yeni Bir Kriptosistem

2. Satir Kaydirma

Satir kaydirma islemi yeni durum matrisi tizerinde yapilir. Bu islemde matrisin ilk satir1 ayni kalirken, ikinci satir
1 bayt, l¢lincii satir 2 bayt, dordiincii satir ise 3 bayt sola dtelenir.

3. Siitun Karistirma

Siitunlar1 karistirma islemi, satir kaydirmadan elde edilen durum matrisinin her bir siitununu birbirinden
bagimsiz sekilde a(x) ={03}x3 +{01}x* +{01} x +{02} denklemiyle matris carpimina tabi tutar.

4. Dongii Anahtarini1 Ekleme

AES algoritmasinda her dongiiniin sonunda anahtar materyali eklenir. Bu anahtar, baslangi¢ta anahtar iiretim
blogu tarafindan tretilen anahtar dizisidir.

Tanim 2.8.

Aes desifreleme algoritmasi, sifeli metni ¢6zmek i¢in uygulanan algoritmadir. Sifreli metni ¢c6zmek i¢cin uygulanan
adimlar sifreleme islemi i¢in kullanilan adimlarin benzeridir fakat tersi seklinde uygulanir. Sifrelemek i¢cin uygulan
dontistimler tersine ¢evrilir ve sifreleme sirasinin tersinden baslanir.

1. Ters Satir Kaydirma

Durum matrisi sola degil saga dogru kaydirilir. ikinci satir bir bayt, ticiincii satir iki bayt, dérdiincii satir ii¢ bayt
saga dogru kaydirilir.

2. Ters Bayt Degistirme

Sifre ¢6zme isleminde de yine ayni sekilde bir S-kutusu kullanilir. Bu S-Kutusu ayni S-Kutusu degildir ve sifreleme
icin kullanilan kutunu tersidir.

3. Ters Siitun Degistirme

Her siitun a™1(x) = {0Bx3 +{0D}x? +{09)x +{0E} denklemi ile carpilir ve elde edilen yeni siitun eskisinin
yerine yazilir.

4. Dongii Anahtarin1 Ekleme

Dongili anahtarini eklemenin tersi yine kendisidir. AES algoritmasi sifreleme ve sifreyi ¢ozmede ayni anahtari
kullanan simetrik yapiya sahiptir.

3. Bulgular

Bu boéliimde esnek sifreleme ve esnek desifreleme algoritmalar: verilip elde edilen yeni sifreleme yonteminin
uygulamasi yapilacaktir. Esnek kiimeler, esnek matrisler ve keyfi olarak alinan 1 € S5 e bagli olarak yeni sifreleme
yontemini ileri siirecegiz.

Harfler ABCDEFGHIJKL MNOPQ RS TUV W XY Z ¢ G i O SU
Numaralar 0 1234567 89 1011121314151617 181920 21 22 23 24 25 26 27 28 29 30 31
Harflerin ikili sistemde karsiliklari ;

Harfler A B C D w S U

ikili sistem 00000 00001 00010 00011 11110 11111 seklindedir.

Esnek matris S ile, mesaj M ve sifreli metin C ile ifade edilecektir. Esnek matrisin her bir satir1 m'e gore
diizenlenerek elde edilen esnek matris S, ile gosterilecektir.
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Teorem 3.1.S,M, C € S,,,,, ve T € S5 olsun. Asagida farkli sifreleme yontemleri verilmistir.

0)Sy -y M=C
ii) Sp - . M=C
iii) (Sg -, M) -, Sp=C

Teorem 3.1.1) ile esnek sifreleme algoritmasi

—_

. Herhangi bir esnek kiime alinir.

2. Esnek kiimeye karsilik gelen esnek matris elde edilir.

3. Mesaj bloklara boéliiniir ve ikili sistemde karsiliklar: bulunur.

4. Esnek matrisin her bir satir1 alinan m’e gore tekrar diizenlenir S, elde edilir.
5. Sy ile mesajin invers carpimi yapilir.

6. Elde edilen matristen her satirin harf karsilig1 bulunup aliciya génderilir.

Ornek 3.1. Esnek kiime (f3,E)={(e;,{usuz}).(e2.{uz us, us, }), (s, {uy, us}), (esf{us, us})} olsun. Sifrelenmek
istenilen mesaj YENI SIFRELEME olsun. Esnek kiimeye karsilik gelen matris

olur.

%2]

I
O O O o -
o r -k O
o O O o o
R O O O B
o r r O O

Mesaj bloklara béliiniir. YENIS-IFREL-EMEAA ikili sistemdeki karsiliklar1 hesaplanir ve her blok bir matris
olusturur. Burada blogun tamamlanmasi i¢in son kisma mesaji bozmayan harf eklenmistir.

YENIS- 11000,00100,01101, 11100, 11110

11000
00100
M={0 1 1 0 1
11100
1111 0]

m=(13542) € S alalim. Esnek matrisin her bir satir1 'e gore diizenlenir. 1- 3 - 5 - 4 - 2 - 1 oldgundan esnek
matrisin satirindaki birinci eleman {i¢iincii elemanin yerine, ii¢iincii eleman besinci eleman yerine, besinci
eleman dordiinci eleman yerine, dérdiincti elaman ikinci elemanin yerine ve ikinci elemanda birinci elemanin
yerine yazilir. Bu diizenlemeye gore her bir satir olusturulur.
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01100
1 00 00
S:={1 0 0 1 O] eldeedilir.
1 0010
01 0 0 O]
1 0 1 0 O]
1 0100
S,-iM=[1 1 1 1 1|=c
01110
1 01 1 0]

Mesajin sifrelenmis blogu UUUOW olur. Mesajin diger bloklari da benzer islemlerle bulunur.
Sifreli metin: UUUOW-QVDWD-IIWSI bulunur ve aliciya génderilir.

Teorem 3.2.SM, C € S,,,,,, ve T € S5 olsun. Asagida Teorem 3.1. e gore farkli desifreleme yontemleri verilmistir.

Teorem 4.1. i) ile esnek desifreleme algoritmasi

1. Sifrelemede kullanilan esnek kiime alinir.

2. Esnek kiimeye karsilik gelen esnek matris elde edilir.

3. Sifreli metin bloklara béliiniir ve ikili sistemde karsiliklar1 bulunur.

4. Esnek matrisin her bir satir1 alinan 7’ e gore tekrar diizenlenir S, elde edilir.

5. Sifreli metin ile S;;'nin invers ¢arpimi yapilir.

6. Elde edilen matrisin her satirinin harf karsiligi bulunur ve mesaj desifrelenmis olur.
Ornek 4.1. Ornek 3.2. deki esnek kiimeyi ve mesaji alalim.

(faB)={(e1,{u,u),(e{uz, us, ug, 1), (eq, {uqg, us}), (es{us, us})} olsun. Esnek kiimeye karsilik gelen matris

n

Il
O O O O k-
o - - —, O
o O O O o
b O O O B
o B O O
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Sifreli metin UUUOW- QVDWD- IIWSI bloklara béliiniir ve ikili sistemdeki karsiliklar1 bulunur.

10100 1 000O0 [0 1 0 0 O]
10100 1 0101 11100
c=(1 1 11 1{-{0 0 0 1 1{-]1 0 1 1 O] eldeedilir.
01110 10110 1 0010
10110 (00011 |[01000
Esnek matrisin her bir satir1 m=(13542)’e gore diizenlenir.
01 1 0 O]
10000
S,={1 0 0 1 0
10010
0100 0
11000 [t 1100 [001 0 0]
0 01 0O 0 0101 01100
C S=M={0 1 1 0 1(-|2 0 0 0 1(- [0 O 1 0O O] eldeedilir.
11100 0 0100 0 00 00O
11110 (01011 (0000 0]

Her matrisin harf karsiliklar1 bulunur. YENIS-IFREL-EMEAA. Mesaj YENI SIFRELEME desifrelenmis olur. Benzer
sekilde diger teoremler de kullanilarak sifreleme ve desifreleme uygulanabilir.

4. Tartisma ve Sonug

Elde edilen bulgulara gore esnek kiime yardimiyla olusturulan sifreleme algoritmasi giivenilir ve hizhidir. Aes
sifreleme algoritmasinda kullanilan anahtarin uzunluguna goére dongii sayisi arttigindan islem sayisi ve bellek
alani da artar. Sifrelemede giivenilirlik 6nemlidir ancak sifreleme hiz1 da kullanislilig1 etkiler. Aes sifreleme giivenli
olmasina ragmen farkli anahtar uzunluklarinin kullanilmasi algoritma hizini diistriir.
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Keywords Abstract: Let (X,>, ) be a & -finite measure space, f be a complex-valued
Grand Lorentz space, )

Multiplication operator, measurable function defined on X and U:X =[ be a measurable function such
Compact operator that u-f eM (X.X) whenever f e M (X.X) where M (X.X) is the set of all

measurable functions defined on X . This gives rise to a linear transformation
M,:M(X,X)—>M(X,X) defined byM, (f)=u-f, where the product of
functions is pointwise. In case if M (X,X)is a topological vector space and M, is
a continuous (bounded) operator, then it is called a multiplication operator induced
by u. In this paper, multiplication operators on grand Lorentz spaces are defined

and the fundamental properties such as boundedness, closed range, invertibility,
compactness and closedness of these are characterized.

Biiyiik Lorentz Uzaylarinda Carpim Operatorleri

Anahtar Kelimeler
Biiyiik Lorentz uzaylari,
Carpim Operatord, olciilebilir fonksiyonlar ve U:X = olciilebilir bir fonksiyon olsun. X iizerinde

Kompakt(tikiz) operator tanimhi  kompleks degerli oélgiilebilir herhangi bir f  fonksiyonu icin

0z: (X.X, 1) o -sonlu bir dlglim uzayl, M (X,X), X iizerinde tammh tiim

u-f eM(X,X) oldugundan u fonksiyonu M (X,X) uzerinde Mu(f)= u-f ,
M, :M(X,X)— M (X,X) seklinde bir lineer operator tanimlar. Eger M (X,X)
bir topolojik vektor uzay1 ve M, operatoriide stirekli(sinirl) bir operatér ise M

'va u tarafindan indirgenen bir carpim operatérii denir. Bu ¢alismada biiyiik
Lorentz uzaylarinda ¢arpim operatérleri tanimlandi ve siirhlik, kapali goriinti,
terslenebilirlik, kompaktlik ve kapalilik gibi temel 6zellikleri karakterize edildi.
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1. Introduction

Let(X,X, u)be a o -finite measure space and f be a complex-valued measurable function defined on X . The

distribution function of f is defined by

Dy (4)= u({xe X:|f (X)|> 4} )forall 220.
By f*, we mean the non-increasing rearrangement of given function f as
£*(t)=inf {1>0:D, (1)<t} =sup{4>0: D, (2)>}, t>0.
Also, the average function of f is defined by

1t
f**(t):fjf*(s)ds,bo.

0

Note that Df ()' f*() and f**( ) are non-increasing and right continuous functions on (O,OO) [2]. For

p.q € (0,0), we define

1 1
1 q q 1 q q
o| = dt qoo P dt
AflePere | | a<oo AP | | q<w
Py t o ‘
”f"p’q = and "f”p,q -
1 1
supt P £¥(t) Q=00 supt P £ (1) =0
t>0 t>0

For 0< p,q<x , the Lorentz spaces are denoted by L(p,q)(X,x) (orinshort, L(p,q)(X)) is defined to be the

vector space of all (equivalence classes of) measurable functions f on X such that [ f ||:) q<® [2]. We know
that | ||1; q= I 0 and so LP (X)=L(p,p)(X,u) where LP (X) is the usual Lebesgue space. Also,
L(p.ag)(X, )= L(p.ap)(X,x) for gy <dj . In particular,

L(p.aw)(X) <= L(pp)(X)=LP(X) = L(p.a2)(X)

for 0<op < p<qy <o ([2,6]).Itisalso known thatif 1< p<oo and 1<q<oo, then
* p *
”f"p,q S"f”p'q SE_"f”p,q
foreach f eL(p,q)(X) and (L(p,q)(X),||~||p q) is a Banach space [2].

The construction of the Lorentz space L( p, q)( X ) seems to be inspired by the Lebesgue space LP (X ) , where f

is replaced by its non-increasing rearrangement and a suitable weight is multiplied. In [3], Iwaniec and Sbordone

generalized the notion of Lebesgue space and introduced the so-called grand Lebesgue space denoted by Lp) ,
which for 1< p <o consists of all measurable functions f defined on (0,1) for which
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1

p-e
(" {ﬂf (0P~ ox J <.

O<e<p-1

The space Lp) is a rearrangement invariant Banach function space for 0<&< p-1and LP? ¢ LP) = LP=¢ holds

[4] . For a measurable function f on X = (0, 1), || f "p,q) is defined as

sup(ﬂejtgi(f (t)" dtJ 1<g<o

"f" _ J0<e<g-1 p °
p.q)

supth*(t) ;=00

O<t<l

The grand Lorentz spaces L, consists of those complex-valued measurable functions defined on X= (0, 1) such

that " f ||p’q) <oo.Cleary,if p=q,then L, isequal to grand Lebesgue space L, .To see this if one takesp e (1,00) ,

then
1 1
—& p-¢
_sup [Pl (Fr)dt]” = su [(f (1)) " dt
11, - sup 2" (F- ) et sup [ s (-0
1
~ sup (gﬂf )" édxj |11,
O<e<p-1 0
Now, let’s compare the norms of the classical Lorentz space with grand Lorentz spaces.
For 1<p,q<w, let’s take a function f € L,y - Then we get
1 1

19,4 . . q-& q 1/ 1 . q-¢ s, q-¢
"f"Pq)_ofli?l( s!tp (f(v)’ dt] Soil.ig)l{ggz[[tpf (O] todt

1 1

and using t° f (1) S( pj || || it can be obtained that

i1 ey e
||f||pq)<sup[p oo ¢ dt}

O<e<q-1

1 a-¢
al(a) b
Sofggl Pgi‘;[(p] ”f"qu o

1 1
In case of q =, we get || f ||pw) =supt® f (1) < supt® f (1) :" f ||poc
! O<t<l O<t<1

1

s

o
<(4]'1fl,.
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Example1.1. If E is a finite measurable set in 3 with characteristic function y.,then y."(t)= Xo.ue) (t) and

149

bl = 00 8l o ) ]| (a9t

0

1 1
for 1< p,q <. On the other hand, if =0, then||;(E||pw) =supt® x."(t) = (y(E))E . Therefore
’ O<t<1

(g ‘1)(!1(5))% J1<g<oo
”lE”p,q) = 1

(u(E))r =00,

Let U: X —[! beameasurable function such thatU- f € M (X,X) whenever f € M (X,X). This gives rise to a
linear transformation M, :M(X,X)— M (X,X)defined by M, (f)=u-f , where the product of functions is
pointwise. In case if M (X ,Z) is a topological vector space and M is a continuous (bounded) operator, then it is

called a multiplication operator induced by u.

Multiplication operators have been studied on various function spaces by various authors such as [1, 5-

8]. Along the line of their arguments we will study the multiplication operators on the grand Lorentz spaces L
. For this purpose, we will characterize the invertibility of M on L, and find necessary and sufficient conditions

for Compact multiplication operators.

2. Bounded and Invertible Multiplication Operators

In this section boundedness and invertibility of multiplication operator M, will be characterized in the

terms of the boundedness and invertibility of the measurable function u respectively.

Example 2.1. Consider the complex-valued square integrable functions on the interval [-3,1]. For eachk >3,

_k
k-2
say that f el,([-31]) for all k>3. Let U:[-31]—>L be a measurable function and define

1 k-2
define a sequence ( fk) by f.:[-31] >0, f (x)=x *.Since || fk"2 = {1-(-3)k} <o forall k>3, we can

kel

M, L ([-31]) > L([-31]) as M, (f)=u-f forall fel,([-31]).If we examine the example, then we have
that u must be invertible for M|, is invertible. It can also be observed that M, is one to one (injective) on the set

supp(u)={xe X : u(x)=0}.

Remark 2.2. In general, the multiplication operators on measurable spaces is not injective. Indeed, for a
measurable space (X,Z,,u) et G=X - supp(u) with y(G) > 0. Then we have (;(G ~u)(x) =G (X)-U(X) =0 forall

x e X . This implies that M, (z;)=0and KerM, ={0}.Hence M, is not injective.

On the contrary, if Mu is injective, then y(X-Supp(u)) must be zero. On the other hand, if
,u(X - supp(u))= 0 and u is a complete measure, then M, ( f ) =0 implies that f(x)-u(x)=0forall xe X and
S0 {XE X: f(x);tO}g X -supp(u) and f =0 (a.e)on X.
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Proposition 2.3. M, is injective on K =1L, (supp(u)) :{ fZSupp(u) cfel,, (X )} :

Proof. To show that the operator M, is injective, it is enough to show that KerM, ={0} . Indeed, if M,, (?) =0
with f e K, then ?(x)-u(x): f (x)-;(supp(u)(x)u(x):O for all xe X . From this, we get f(x)-u(x)=0 for all

x e supp(u)and so f(x)=0. Therefore =0 and KerM, ={0}.

Theorem 2.4. The linear transformation M, :f —u-f on grand Lorentz spaces L , is bounded for

1< p,q<co ifand onlyif U is essentially bounded. Moreover |||V|u|| =||u||cc

Proof. Suppose that u is essentially bounded i.e. U€ L, (x)and f el .Since |u(x)|<[uf, forall xe X, it can

p.a)

be written that |(u f)(x)|£||u||w|f (X)| and{Xe X: |(U f)(x)|>ﬂ,} {Xe X2 ul, |f | } Therefore

D, (2)=Dy)(2)<D (uullj

and

{l>0 D [IIUIIJ } 11>0:D,, ( (2)=t}.t>0.

By using the definition of rearrangement, we have (Mu (f ))* <Juf, f*(t)and

O<e<q-1

M, (f ||pq)—sup( gJ'tp (( ) t))q_gdtqu

1
q

< sup (%aitgl("u"x f*(t))“dtj K
0

O<e<q-1

1
g T e a-e
-l sup e (£ (o)) et [ =1, bl

0
Consequently |||\/|u ( f )"p o < ||u||m || f "p,q) .Also for g =, we have
1

= * 1
M. (P, =supt” (M, (F)) (t)<supt’Jul. *(0)=Jul. | ],

O<t<l

Thus, for any f € vaq), for all 1< p,q <cowe obtain
M), <l [ £, 2.1)

Conversely, suppose that M is a bounded operator on grand Lorentz spaces for 1<(<oo.Ifuis not an

essentially bounded function, then we can write a set G, = {X eX: |u (X)| > k} which has a positive measure for all

k e[ . Since the non-increasing rearrangement of the characteristic function 26, is (ZG ) (t) = ;([ we
K

0.4(6¢) (1),

can get
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{XEXZk~}(Gk(X)>/1}g{XEXZ(U~){Gk)(X)>ﬂ}

)(/1) . Therefore

{/1>0:DMU(XGJ(/1) } {A>O D, Gk(ﬂ)g}

for all t >0 and inf {z>o: Dy (ﬂ)gt}ginf{ﬂ>0: D
7,

As aresult, (l\/lu (;(Gk )) (t)=k ‘(ZGK )* (t) and so

. =o§£<el[%4 (e ) 0]

1

a3t o]

M. (e

klp,q)

Besides these, for g = we have

:SUpt'l’(Mu(;(Gk))*(t)

p.a)  0<t<l

M. ()

-z 0=k e

0<t<1 p.q)

This contradicts the boundedness of M. Henceumust be essentially bounded. Now for any &§>0, let

S:{XE X :[u(x)] 2 |ul, —5} .Then
{XE X:(Jul, -6) xs (x)>/l}g{XG X :(u~;(s)(x)>/1}

and D (A)< DU'ZS (A). Therefore

(lUlo-6) 25

{2>0:D,, (A)<t|< {;L >0:0, . (2)< t}.

By using the infimum property, we get

inf{/1>o:Du,ls(A)st}zinf{/bo:D (ﬂ)sr}

(lulo-6) x5

and (Mu(ls ))* (t)2(||u||w—5)(lg ) (t) so [M,[ = (|ull, -5). Asaresult, [M,]=|u], and [M,|=|ul, with2.1.

We already know that if X and Y are Banach spaces and F € B(X)Y), then F is bounded below if and only if

F is 1-1 and has closed range. According to this knowledge, we can give the following corollary.
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Corollary 2.5. M, : L, (supp(u))—L,, (SUpp(u)) has closed range if and only if M, is bounded below on
Ly (SUPP(U)).

This result is clear. Since M, is 1-1 on Loo (supp(u)) by Proposition 2.3. Moreover, if x is a complete measure

and U#0 a.e.on X ,then we have the following result.

Corollary 2.6. If u is a complete measure and u#0a.e.on X ,then M, : Lo (X > ,u) —>La (X > ,u) has closed
range if and only if M , is bounded below on prq) (X ,Z,y) .

Theorem 2.7. The set of all multiplication operators on the grand Lorentz spaces L, forl< p,q <o is a maximal

abelian subalgebra of B ( Lo Lo ), Banach algebra of all bounded linear operatorson L .

Proof.Let H={M, :ueL,}. Then H is a vector space under operations +:(|\|/|_IX|\|/|_|) —)MH , FX|-= —H and
u, Vly) = Wlyyy u) P Vi

a subalgebra of B ( [ ) . Consider the composition of operators suchas M,-M, =M

where M,,M, e H.

Letu,vel,. Then|u(x)|£||u||w amd|v(x)|£||v||o0 implies that |juv| <|u |v|, and so the product is an inner

uv’

operation, moreover the composition is associative, commutative and distributive respect to the sum and the
scaler product, thus we can conclude that H is a subalgebra of B( Lyays vaq)) .Let T be any operatoron L, such
that ToM =M, oT for everyU e L, (u).Consider the unit function €:X —[! defined by €(X)=1 for all
XeXand V=Te. Then T(g)=T (MlEe): M, (T (€))= #ev=M, oz for all measurable set Ee2..
Consequently T = M, . Now, let us check that V € L, () or not. If possible, the set G, = {x eX: |v(x)| > k} hasa

positive measure for each k €[] . Then

uesy

Therefore T isan unbounded operator that is a contradiction to the fact that T is bounded. Therefore Ve L (,u)
and |\/|V is bounded by Theorem 2.4.Now, let f eL__, and (Sn)

-[M. ()

2k |

p.q) p.q) p.q) '

be a nondecreasing sequence of measurable

p.q) nel

simple functions such that lims, = f. Then T(f)=T(Iimsn)=IimT(sn):Iiva(Sn)=leim(sn)sz(f).

n—o0 n—w n—o

Therefore, we can conclude that T e H = {Mu = Loo}

Corollary 2.8. The multiplication operator M, on L, , for 1< p,g<wisinvertible if and only ifu is invertible in
L.
Proof. Let M be invertible. Then there exists a T € B(vaq), Lp’q)) such that ToM, =M, oT=1.Let M, eH.

Then M, oM, =M, ocM, and

ToMyo(MyoT)=(ToMy)eMyoT =T oMy =MyoT.

Therefore, we can conclude that T commute with H and so T € H by Theorem 2.7. Then there existsa We L,
suchthat T=M,_, and M,oM_ =M, oM, = | . This implies that uw = wu =1 a.e, which means thatu is invertible

on L_.On the other hand, assume that u is invertible on L, thatis %e Lo - Then Mo Ml/u = Ml/u oMy =1

which means that M, is invertible on B(vaq), Lp,q)) .
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3. Compact Multiplication Operators

In this section we will characterize the compact multiplication operators. A compact operator is a linear operator
L from a Banach space X to another Banach space Y , such that the image under L of any bounded subset of
X isarelatively compact subset (has compact closure) of Y . Such an operator is necessarily a bounded operator,

and so continuous

Definition 3.1. Let T be an operator. A subspace K of a normed space X is said to be invariant under T (or
simply T -invariant) whenever T (K)c K.
Lemma 3.2. Let T:A— A be an operator. If T is compact and N is a closed T -invariant subspace of A, then

T|N is also compact.

Proof. Let (gk )ke‘ be a bounded sequence in N < A. Then compactness property of T implies that there exists a

subsequence(gkn )né of (g, ),.. suchthat (T (gkn )) _ converges in. A .Since(gkn) <N and (T (gkn )) <T(N)

ne nell
, then (T(gkn )) converges on N . Hence T|N is compact.

nel

Theorem3.3. Let M, be a compact operator. Let Gy (u)= {X exX: |u (X)| > 5} and
Lo (Gg(u)) :{f;(Gd(u) - fe Lp’q)} for any §>0.Then L, (Gg(u)) is closed invariant subspace of L, under

M, . Moreover M, isa compact operator on L, (G (u)).

Proof. We first show thatL, (G5 (u)) is a subspace of L . Let f,g €el,, (G5 (u)) and a,bel] . Since
f= f)(Gﬁ(u) and 0= g}(%(u) forany f,gelL,, ,wehave af +b§=af Koy P9 X6, = (af +bg);(GJ(u). By the
definition of M, I L, (65 (U)) L, (X,Z,,U),we have M, ( ]E) =u-f=u- fZe.(u) . Therefore L, ;) (Gg(u)) is an
invariant subspace of Lo under M. Now, let us show that vaq)(Gg (u))g prq)(Gg(u)). Let § be in
Lo (G5 (u)) Then there exists a sequence §, in L, (G5 (u)) such that §, —§ where g, eL  and
@k = ngGg(U) for each kell.

Since §, is a Cauchy sequence in vaq) (G(g (u)) , it can be written that for all ¢ > 0, there exists a k, eJ such that

"gk —gr||pq) <¢ forall k,r >k, .Hence forall k,r >k,, we can find a 0>0 such that

5(gk _gr)g(gk _gr)lG(;(u) and 5(gk - gr)* S(gk - gr)* I[O,;/(G‘,-(u)))

Then ”gk - gr"p‘q) < a”@k - Gr

Since L, is a Banach space, we can write that g, — g foranelementgelL, . Thus

o) for any constant . Therefore {g,}  is also a Cauchy sequencein L_ .

ke

||ngG(;(u) - gZG‘;(U) Q) < ||gk - g||p,q)

p,

and §, — §. Consequently ge Lo (G§ (U)) and Mu|vaq)(Gb\( ) is a compact operator by Lemma 3.2.

u

49



Multiplication Operators On Grand Lorentz Spaces

Theorem 3.4. A multiplication operator M, on L, is compact if and only if Loo) (G(g (U)) is finite dimensional

for each 0 >0, where
Gy (u)={xe X:|u(x)|2 5} and prq)(G(S(u)):{ f e f e Lp,q)} .

Proof. If M, is a compact operator, then Lp,q)(G(S(U)) is a closed invariant subspace of L, under M, and

M

u

LG (U))is a compact operator by Theorem 3.3. Let’s take any X€ X.If x & G, (u) then for each feL ., we
p.g)\ 7o

p.a)’
%

%
can obtain | M f :Lu. fy ) =0. Therefore Mu
[ Ule,q)(G5(U))( )J Gg(u)

o) =1 XEGy (), then

u(X)26 and note that ‘(u-f zes(u))(x)‘zﬂ(f ;(Go‘(u))(x)‘. Dy, [%)S Dy, (#):  Therefore

A
{ﬂ >0: D(UA%J(U)) (/1) < t} c {/1 >0: Dfled(u) (g <t forall t>0.By using this inclusion, we have

5+ f Hoy) O=(u F0) (0

and
1

L, N R
R IRt

19, N g-¢ -
> Sup (%s{t“ (5-(fze§<u>) (t)j dth

HM( fZG&(U))

0<e<g-1

25.“1:;{65@)

pa)

Thus, in either case MU|L (6,(0) has a closed range in L, (Gg(u)) and invertible. Being compact implies that
pa)\=e

Lp'q) (G§ (U)) is finite dimensional.

Conversely, suppose that L, (G5 (U)) is finite dimensional for each 0 > 0. In particular, Lo (G]/n (u))

is finite dimensional for each N €[] . Define a sequence u_ : X —[] as

e u(x), u(x)|=/n
"(X)_{O, Ju(x)| </n

forall Nell . Since uel,,it's easy to see that u e L, foreach N€’] .Moreover forany f e Loo

Do, oyt (A) = ae({x & X :[((u, —u) £ )(x)| > 2})

and

((u,—u) f) (t)=inf {i >0:D, (1)< t} :

For any A>0, if XGG]/n(U) then ((un—u)f)*(t):o and (u,-u)f=0. ifx¢G n(U), then we get

(5, =) FY (O F7(0) ana M,y (F)]

1
0 SH” f ”p’q) . This implies that Mun converges to M, uniformly.

p.a)

Since L, (G]/n (u)) is finite dimensional so M y, is finite rank operator. Therefore, M y, isa compact operator and

so M, is.
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Anahtar Kelimeler Oz: Bilesiklerin stabilitesini belirlemek i¢in poliamino-polikarboksilik ligandlari
Polyamino-polikarboksilik

ligandlar, calistik. Bilesikler, Gaussian Program kullanilarak B3LYP / 6-311G(d,p) ve B3LYP /
IIS/IFT Kontrast Ajanlar, 6-311 ++ G(d,p) teorisi ile hesaplanmistir. Tiim istatistiksel analizler sirasiyla; Mat
BsL\I(P, Lab 7.9 ve SPSS 20.0 adi verilen iki farkl yazilim kullanilarak gerceklestirilmistir.

Kuantum kimyasal
hesaplamalar,

istatistiksel analiz. polikarboksilik ligandlarinin i¢in Exomo, ELumo, Enomo ve ELumo arasindaki enerji farki

Gd (III) komplekslerinin kararhlik sabitlerinin tahmini i¢in 37 poliamino-

(AE), iyonlasma enerjisi (IE), mutlak elektronegatiflik (x), mutlak sertlik (1),
yumusaklik (o) gibi elektronik ve molekiiler 6zellikler notr molekiiller icin gaz fazi

icin DFT/B3LYP/6-311G(d,p) ve 6-311++ G(2d,2p) yontemleri ile hesaplanmistir.

The Quantum Chemical and QSAR Studies for the Development of MRI Contrast

Keywords Abstract: We have studied polyamino-polycarboxylic ligands to determine the
Polyamino-polycarboxylic stability of the compounds. The compounds were calculated with the theory of
ligands, B3LYP/6-311G(d,p) and B3LYP/6-311++G(d,p) by using Gaussian Program. All
glﬁ_l Contrast Agents, statistical analysis was conducted employing two different soft wares called Mat Lab
B3L\I(P, 7.9 and SPSS 20.0, respectively. The electronic and molecular properties, such as the

Quantum chemical CalCulations,polarizability, Enomo, ELumo, the energy gap between Ernowmo and Erumo (AE), lonization

Statistical analysis energy (IE), absolute electronegativity (x), absolute hardness (n), softness (o), of 37
polyamino-polycarboxylic ligands for prediction of stability constants of Gd(III)
complexes were calculated with the DFT/B3LYP/6-311G(d,p) and 6-311++G(2d,2p)
methods for gas phase for neutral molecules.

1. Introduction
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The lanthanide series fall into a category called “hard” acids due to bonding with other elements is considered
largely ionic or electrostatic. Gd3+ is toxic in biological systems due to having an ionic radius of 0.99 A and very
nearly equal to that of divalent Ca2+. Gd3* can make 8-9 inner-sphere water molecules each contributing a small
amount of electron density to the highly charged Gd3+ ion, as a hydrated “aqua” ion below pH-6. When Gd ion
makes chelation with ligands, ligands are placed instead of some of the water molecules. Ligands have more basic
donor atoms such as amines (N) or carboxylates (0). The factors that affect the stability of the complex are
temperature, pH, the structure of the ligand, charges on the central metal atom. As a general rule, as a general rule
of thumb, Gd3* ion makes the most stable complexes with the most basic donor atoms. Magnetic Resonance
Imaging (MRI) contrast agents are used to enhance image contrast and to facilitate the appearance of lesions.
Contrast materials used in RG studies are classified into two categories depending on the relaxation process [1-3].
T1 agents shorten the T1 relaxation times, causing the tissues to appear white (bright). T1 agents consist of
gadolinium and manganese salts, and T2 agents shorten the T1 relaxation times, causing the tissues to appear
white (bright). T2 agents are iron oxide-containing agents. Based on the tissues they act on contrast materials are
classified as Nonspecific (extracellular) Agents which are gadolinium contrast agents used in routine MRI
applications and tissue specific agents which are produced for targeted organs. These include agents for
hepatocytes, agents for early nonspecific-late hepatocytes, agents for the reticuloendothelial system (RES), early-
stage blood pools, and late-onset RES agents [4-6].

Gadolinium(I1I)[4,10-bis-carboxymethyl-7-({3-[3-(4-dimethylaminophenyl)-2-oxo-2H-chromen-7-yloxy]-
propylcarbamoyl}methyl)-1,4,7,10-tetraazacyclododec-1-yl]-acetate), a myelin-targeting MR agent termed MIC
was developed MIC has got coumarin binding moiety. It was demonstrated that MIC binds to myelin sheaths in
vitro and in vivo and could be used to characterize myelin distribution based on T1w MR imaging in murine models
[6, 7}. Then Gadolinium (E)-2,2',2"-(10-(2-((3-(4-((4-(4-(methylamino)styryl)phenoxy)methyl)-1H-1,2,3-triazol-
1-yl)propyl)amino)-2-oxoethyl)-1,4,7,10-tetraazacyclododecane-1,4,7-triyl)triacetic acetate was synthesized a
second type of myelin-targeted MR contrast agent bearing an aminostilbene moiety and compound binding to
myelin was demonstrated both in vitro and in situ by fluorescent microscopy and in vivo by T1w MR imaging [8].
Porphyrazines (Pz) being a sub-class of tetrapyrrole macrocycles have been investigated for a number of tumor
biology applications such as photodynamic therapy and near-infrared optical imaging [9-11]. Second generation
Pz-Gd(III) conjugates were synthesized and reported that these compounds were indeed taken up by cells in vitro,
warranting extensive in vivo MRI studies in athymic nude mouse tumor models of human breast cancer [12].

The first gadolinium-based contrast agent (GBCA), Gadopentetate dimeglumine (Magnevist) designed for
magnetic resonance imaging (MRI) in 1988 and started to be used clinically. The reason for using Gd (III) ion is
the appropriate combination of a large magnetic moment (spin-only peff = 14 7.94 BM, from seven half-filled f
orbitals) and long electron spin deceleration time (10-8 to 10-? s, from symmetric S electronic state) [13]. Gd3*ion,
in its free is exceptionally toxic for living systems, is a hard metal ion. It acts as an acceptor and form complexes
with ligands.

Kiani-Anboubhi et al performed the quantitative structure-property relationships models for prediction of stability
constants of Gd(III) complexes with polyamino-polycarboxylic ligands and they found a good quality of model
(Q2=0.916 and R?=0.935) enables reliable prediction of stability constants for unmeasured complexes [14].

We have studied polyamino-polycarboxylic ligands to determine the stability of the compounds. The descriptors,
such as exact Enomo, ELumo, AE, chemical hardness, chemical softness, chemical potential, sum of electronic and zero
point energies, dipole moment, electronegativity, polarizibility, electrophilicity index of the compounds were
calculated with the theory of B3LYP/6-311G(d,p) and B3LYP/6-311++G(d,p) by using Gaussian Program [15]. All
statistical analysis was conducted employing two different soft wares called Mat Lab 7.9 and SPSS 20.0,
respectively.

2. Material and Method

The molecular sketches of the polyamino-polycarboxylic ligands were drawn using the GaussView 5.0. All the
quantum chemical calculations were performed with complete geometry optimizations using the Becke’s three-
parameter hybrid functional [16-18] combined with the Lee, Yang, and Parr (LYP) correlation functional [19]
denoted as B3LYP in the density functional theory with a standard Gaussian-09 software package [15]. 6-
311G(d,p) and 6-311++G(2d,2p) basis sets were used for all the quantum chemical calculations. Fukui functions
were performed with the AOMix program [20, 21] using single point calculations with the B3LYP/6-311G(d,p)
basis sets.

In this study, 37 polyamino-polycarboxylic ligands (see Table 1) were chosen to describe the structure of the
molecules constituting the series to study/ the highest occupied molecular orbital energy (Enomo, €V), the lowest
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unoccupied molecular orbital energy (ELumo, eV) and other quantum chemical parameters were calculated.
Recently, optimization of molecules with different basic sets and discussion of the results are widely used [22-42].

2.1. Computational details

In the section of this study, all calculations were carried out using DFT/B3LYP method. Optimization of synthesized
molecules was performed with 6-311G(d,p) and 6-311++G(2d,2p) basis sets of Gaussian program [15]. This basis
set is known as one of the basis sets that gives more accurate results in terms of the determination of electronic
and geometries properties for a wide range of organic compounds [43]. Quantum chemical parameters for
synthesized molecules such as the energy of the highest occupied molecular orbital (Enomo), the energy of the
lowest unoccupied molecular orbital (ELumo), HOMO-LUMO energy gap (AE), ionization energy (IE), chemical
hardness (n), softness (o), electronegativity (x), chemical potential (u), dipole moment (DM), global
electrophilicity (w), sum of the total negative charge (TNC) and sum of electronic and zero-point energies (SEZPE)
for gas phase of neutral molecules were calculated and discussed.

Molecular properties, related to the reactivity and selectivity of the compounds, were estimated following the
Koopmans’s theorem relating the energy of the HOMO and the LUMO. According to the DFT-Koopmans’ theorem

[44], the ionization potential (IE) can be approximated as the negative value of the highest occupied molecular
orbital energy (Enomo), such as shown in equation 1:

IE = -Enomo (1)

The negative value of the lowest unoccupied molecular orbital energy (ELumo) is similarly related to the electron
affinity A [45] such as shown in equation 2:

A =-ErLumo (2)

Electronegativity is estimated using the following the equation from Exnomo and Erumo:
1
X = =5 (Enomo + Erymo) (3)

Chemical hardness (1) measures the resistance of an atom to a charge transfer [46], it is estimated by using the
equation from Enomo and Erumo:

1
nE-—; (Enomo — Erumo) (4)

Chemical potential (i) and electronegativity () can be calculated with the help of the following equations [43]
from Enomo and Erumo:

p=—y= EHOMo;rELUMo (5)

Electron polarizability, called chemical softness (o), describes the capacity of an atom or group of atoms to receive
electrons [46] and is estimated by using the equation:

2

IR

o= (6)

1
Ui (EHomo—ELumo)

The global electrophilicity () is a useful reactivity descriptor that can be used to compare the electron-donating

abilities of molecules [47]. Global electrophilicity index is estimated by using the electronegativity and chemical
hardness parameters through the equation:

w == (7

A high value of electrophilicity describes a good electrophile while a small value of electrophilicity describes a
good nucleophile [48].
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Table 1. The structure of investigated compounds.
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3. Results
3.1. Molecular structure

In this study, some of the electronic and molecular properties, such as the polarizability, Enomo, ELumo, the energy
gap between Enomo and ELumo (AE), ionization energy (IE), absolute electronegativity (x), absolute hardness (1),
softness (o), of 37 polyamino-polycarboxylic ligands for prediction of stability constants of Gd(III) complexes were
calculated with the DFT/B3LYP/6-311G(d,p) and 6-311++G(2d,2p) methods for gas phase for neutral molecules,
as shown in Figures 1-7.

According to the frontier molecular orbital theory (FMO), the chemical reactivity of molecule is a function of
interaction between HOMO and LUMO levels of the reacting species [49]. HOMO and LUMO are known as frontier
orbitals, and these energies of a molecule play important role in the determination of its molecular reactivity or
stability. Enomo is associated with electron donating ability of a molecule and ELumo is associated with electron
accepting ability of a molecule. High Enomo is essential for reaction with nucleophiles of molecule while low ELumo
is essential for reaction with electrophiles [50]. Enomo values of the molecules being investigated were found for
gas phase by using B3LYP/6-311G(d,p) and 6-311++G(2d,2p) methods. The molecules having high Exnomo values
tends to give electron easier and it is more prone to reaction. The electron donating trends for study molecules for
gas can be written as for first five molecules: 33>30>37>28>31 with B3LYP/6-311G(d,p), and 33>37>28>31>30
with 6-311++G(2d,2p) method. Enomo values of these molecules: -5.18, -5.23, -5.38,-5.46, -5.55 eV for 6-311G(d,p)
method (Figure 1) and -5.48, -5.61, -5.68, -5.74, -5.81 eV for 6-311++G(2d,2p) method (Figure 2), respectively.
The molecules with the lowest Enomo values: 33<30<37<28<31 for 6-311G(d,p) method and 33<37<28<31<30 for
6-311++G(2d,2p) method can be written (see Figures 1 and 2).

ErLumo shows that the ability of the molecule to accept electrons. Lower the value of Erumo better will be the ability
to accept electrons. ELumo values of 37 molecules were found by using 6-311G(d,p) and 6-311++G(2d,2p) basic
sets. The lowest ELumo values were seen at 1<15<10<18<14 for 6-311++G(2d,2p) method (Figure 2). Molecule 1
was found to be the easiest electron acceptor compound for 6-311G(d,p) and 6-311++G(2d,2p) methods.

HOMO-LUMO energy gap (AE), chemical hardness and softness are closely related to chemical properties [51-55].
Chemical hardness introduced in 1960s by Pearson [56] is defined as the resistance towards electron cloud
polarization or deformation of chemical species. According to the Maximum Hardness Principle states; “a chemical
system tends to arrange itself so as to achieve maximum hardness and chemical hardness can be considered as a
measurement of stability” [56]. More stable molecules have large AE value and less stable molecules have small
AE value. The most stable five molecules are found as 1>2>6>20>10 for 6-311G(d,p) and 1>2>6>10>4 for 6-
311++G(2d,2p). The most unstable molecules are found as 31, 33 and 37 with 6-311++G(2d,2p) basic set (Figure
3). In general, AE values were found with 6-311G(d,p) to be larger than 6-311++G(2d,2p).

Ionization energy (IE) is one of the fundamental indicators of the chemical reactivity. IE (Eq. 1) can be
approximated as the negative value of the Enomo. High values of the ionization energy evidence the chemical
inertness and strong stability, whereas small ionization energy denotes high activity of the atoms and molecules
[57]. According to ionization energy values, order of activity can be written as: 33>30>37>28>31 for 6-311G(d,p)
method, and 33>37>28>31>30 for 6-311++G(2d,2p) method. Ionization energy values of these molecules were
found as 5.18, 5.23, 5.38, 5.46, 5.55 eV for for 6-311G(d,p) method, and 5.48, 5.61, 5.68, 5.74, 5.81 ev for for 6-
311++G(2d,2p) method, respectively. 33 molecule indicates the higher activity for both methods compared to that
of other molecules. Because 33 has the lowest ionization energy value. It can be seen from Figure 4 that the worst
activitiy belongs to molecule 2.

The hardness and softness are widely used in chemistry for explaining stability of compounds. The hardness is
just half the energy gap between the Exomo and Erumo (see eq. 4). According to Maximum Hardness Principle [58],
chemical hardness is a measure of the stability of chemical species. High values of the hardness evidence strong
stability as the chemical, whereas small values of hardness denote high reactivity of the atoms and molecules. Five
molecules with the highest stability of chemical species are found as 1>2>6>20>10 for 6-311G(d,p) and
1>2>6>10>4 for 6-311++G(2d,2p). The first five unstable and reactivity compounds were found to be
30>28>33>37>34 for 6-311G(d,p) and 31>33>37>28>34 for 6-311++G(2d,2p).respectively. The calculated
chemical hardness values are given in Figure 5.
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HOMO and LUMO Values for 6-311G(d,p) method
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Figure 1. The calculated HOMO and LUMO parameters for the molecules under study using 6-311G(d,p) method.
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Figure 2. The calculated HOMO and LUMO parameters for the molecules under study using 6-311++G(2d,2p) method.
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Energy Gap (AE)
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Figure 3. The calculated energy gap (AE) values for the molecules under study using B3LYP/6-311G(d,p) and 6-
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Figure 4. The ionization energy (IE) values for the molecules under study using B3LYP/6-311G(d,p) and 6-
311++G(2d,2p) methods.
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Figure 5. The calculated hardness (n) values for the molecules under study using B3LYP/6-311G(d,p) and 6-
311++G(2d,2p) methods.
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Softness is a measure of the polarizability and soft molecules give more easily electrons to an electron
acceptor molecule [23], and they are more reactive. Low values of the softness evidence strong stability,
whereas high values of softness denote high reactivity of molecules. On the basis of the calculated chemical
softness values are given in Figure 6. According to softness values, electron donating trend of studied
chemical compounds can be written as: 30>28>33>37>34 for 6-311G(d,p) and 31>33>37>28>34 for 6-
311++G(2d,2p). The most difficult electron donating and unreactive molecules can be written as:
1<2<6<20<10 for 6-311G(d,p) basic set and 1<2<6<10<13 for 6-311++G(2d,2p) basic set.

Softness
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Compounds

Figure 6. The calculated softness (o) values for the molecules under study using B3LYP/6-311G(d,p) and 6-
311++G(2d,2p) methods.

The average values of the HOMO and LUMO energies have been defined as the chemical potential (). The
chemical potential was defined as the first derivative of the total energy with respect to the number of
electrons. The negative of the chemical potential was known as the electronegativity (y) (see eq. 5).
Chemical potential, electronegativity and hardness are descriptors for the predictions about chemical
properties of molecules [46]. Electronegativity that represents the power to attract the electrons of
chemical species is a useful quantity in the prediction of inhibitive performance of molecules [23]. In
generally, a molecule with lower electronegativity is given with easy electron donating tendency and it’s
known as more active [59]. The electronegativity values that can be seen in Figure 7 were found for gas
phase. According to electronegativity values, it can be seen from Figure 7 that 33 is the most active
compound than other all compounds for both basic sets.
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Figure 7. The calculated electronegativity () values for the molecules under study using B3LYP/6-311G(d,p) and 6-
311++G(2d,2p) methods.
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Dipole moment (p) is another indicator of reactivity of chemical compounds. Although some authors
reported that there is no any remarkable relationship between dipole moment and reactivity [60, 53],
several authors showed that increase of reactivity with the increasing of the dipole moment [53, 61]. In
some studies, authors supported that increasing value of dipole moment facilitates the electron transport
process [62, 63]. The calculated dipole moment values for molecules can be seen from Tables 2 and 3.
According to dipole moment results, 34 have found to be the best active compound for both methods.

Recently, global electrophilicity (w) have been used to by some authors as a useful information for explain
the reactivity of the compounds [36, 64]. In generally, it's apparent that a good reactive compound has low
electrophilicity values. 33 has found to be the best reactive compound for both methods, according to global
electrophilicity results. This result can be seen from Tables 2 and 3.

Table 2. The calculated other quantum chemical parameter values by using B3LYP/6-311G(d,p) method.

Molecule DM, Debye MYV, cm3/mol TNC, eV u, eV w, eV SEZPE, eV
1 1.192 54.212 -1.223 -3.472 1.736 -7739.965
2 1.998 100.385 -2.060 -3.777 2.107 -13941.574
3 1.480 112.434 -2.434 -3.236 1.705 -18126.684
4 1.707 155.753 -2.497 -3.253 1.718 -19195.699
5 2.229 159.490 -2.459 -3.361 1.885 -21296.875
6 2.799 127.389 -2.659 -3.383 1.790 -20142.622
7 2.174 206.230 -3.462 -3.449 2.053 -27497.999
8 3.084 173.566 -3.381 -3.374 1.882 -24387.570
9 1.728 119.732 -2.807 -3.749 2.365 -20142.907
10 0.001 113.164 -2.478 -3.214 1.667 -17585.713
11 1.697 188.037 -3.348 -3.107 1.654 -24856.078
12 1.388 231.111 -3.771 -3.153 1.719 -31142.625
13 2.610 194.641 -3.728 -3.110 1.677 -27972.434
14 0.001 188.861 -3.965 -3.117 1.621 -29988.422
15 1.092 214.866 -3.478 -2.883 1.488 -31057.652
16 1.805 206.766 -4.731 -2.948 1.519 -34233.173
17 3.311 231.874 -4.480 -3.134 1.683 -33105.087
18 2.015 237.570 -4.561 -3.166 1.634 -33196.259
19 2.366 283.449 -4.660 -3.209 1.720 -35243.188
20 2.492 280.837 -4.778 -3.217 1.668 -36312.413
21 2.064 287.167 -4.846 -2.929 1.534 -35771.083
22 2.026 383.514 -6.074 -2.916 1.525 -42186.853
23 2.400 342921 -4.844 -3.097 1.710 -39919.018
24 1.429 274.950 -5.070 -3.063 1.664 -40988.248
25 3.345 240.974 -5.027 -2.969 1.551 -37818.113
26 1.132 202.910 -4.667 -3.214 1.705 -35120.652
27 1.642 263.991 -4.890 -2.978 1.567 -39834.102
28 3.128 354.337 -6.250 -2.966 1.761 -50305.979
29 1.805 325.245 -6.208 -2.963 1.627 -50305.903
30 3.174 446.959 -7.332 -2.767 1.554 -60777.884
31 3.456 730.999 -6.566 -2.912 1.604 -71249.703
32 2.466 375.083 -6.568 -2.979 1.703 -51375.572
33 2.609 322.501 -6.924 -2.674 1.426 -50403.026
34 4.312 404.180 -7.017 -3.089 1.888 -57570.845
35 2.748 328.706 -5.480 -3.011 1.579 -40903.417
36 1.398 356.000 -6.377 -3.113 1.732 -47104.966
37 1.568 335.569 -6.620 -2.865 1.631 -49680.083

The sum of the total negative charge (TNC) can be seen for both methods from Table 2 and 3. The TNC
values have been found as -7.33, -7.02, -6.92, -6.62 and -6.57 eV for 6-311G(d,p) of 30, 34, 33, 37, 32,
respectively. A typical electron density distribution of total electronic charge (TNC) values calculated with
the 6-311G(d,p) and 6-311++G(2d,2p) basis sets. The negative charge densities have been shown to
increase on active molecules.

The results of other calculations by using 6-311G(d,p) and 6-311++G(2d,2p) basic sets, such as chemical
potential (p) values and sum of electronic and zero-point energies (SEZPE) can be seen in Tables 2 and 3.
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Table 3. The calculated other quantum chemical parameter values by using 6-311++G(2d,2p) method.

Molecule DM, Debye MV, cm3/mol TNC, eV [TY w, eV SEZPE, eV
1 1.176 42922 -1.232 -3.832 2.175 -7740.540
2 2.155 88.639 -2.062 -4.067 2.466 -13942.485
3 1.645 107.935 -3.030 -3.569 2.133 -18127.853
4 1916 156.615 -3.158 -3.568 2.130 -19196.860
5 2.445 179.173 -4.436 -3.597 2.188 -21298.045
6 3.216 139.392 -3.813 -3.748 2.297 -20143.840
7 2.208 208.777 -4.608 -3.700 2424 -27499.558
8 3.403 177.417 -2.000 -3.627 2.229 -24388.934
9 1.852 134.290 -3.506 -4.080 2.885 -20144.124
10 0.001 134.231 -2.664 -3.531 2.067 -17586.854
11 2.074 160.600 -4.340 -3.432 2.085 -24857.530
12 1.283 218.959 -6.315 -3.433 2.067 -31144.332
13 2.617 198.846 -4.904 -3.453 2.120 -27974.142
14 0.001 208.833 -5.413 -3.481 2.069 -29990.169
15 1.059 213.829 -5.027 -3.196 1.905 -31059.381
16 1.683 207.504 -5.200 -3.267 1.979 -34234.990
17 3.778 230.069 -6.551 -3.503 2.160 -33107.026
18 2.372 235.500 -6.146 -3.498 2.070 -33198.178
19 2.584 272.762 -5.509 -3.518 2.138 -35245.239
20 3.005 227.414 -6.652 -3.544 2.105 -36314.537
21 2.652 284,931 -6.465 -3.254 1.970 -35773.100
22 2.791 295.805 -7.558 -3.241 1.969 -42189.165
23 3.092 296.892 -6.863 -3.378 2.041 -39921.223
24 1.997 312.695 -7.918 -3.318 1.992 -40990.497
25 3.679 283.022 -6.637 -3.324 2.020 -37820.360
26 1.120 204.302 -6.447 -3.578 2.152 -35122.690
27 1.937 239.170 -7.015 -3.342 2.022 -39836.383
28 3.247 377.017 -8.859 -3.173 2.008 -50308.688
29 2.261 345.419 -9.268 -3.311 2.047 -50308.670
30 4327 456.010 -9.027 -3.273 2.110 -60781.148
31 2.726 481.666 -10.504 -3.299 2.228
32 2.931 451.093 -8.956 -3.216 1.972 -51378.324
33 2.138 399.106 -8.165 -3.024 1.864 -50405.701
34 4.736 493.275 -9.654 -3.314 2.184 -57573.996
35 3.195 262.465 -7.219 -3.361 2.046 -40905.767
36 3.011 253.511 -8.130 -3.465 2.188 -47107.617
37 1.560 314.521 -8.865 -3.135 1.984 -49682.795

The frontier MOs (HOMOs, LUMOs) and molecular electrostatic map (total electron density) of molecules
are also given in Figure 8. According to the frontier molecular orbital theory (FMO), the chemical reactivity
of molecule is a function of interaction between HOMO and LUMO levels of the reacting species [49]. HOMO
and LUMO are known as frontier orbitals, and these a molecule play important role in the determination of
its molecular reactivity or stability. Some researchers mention that Frontier orbital theory is useful in
predicting the molecule's interaction center [65-67]. The electron-rich regions of the molecule can be said
to be more active. The charge density distribution of HOMO and LUMO level of tetrazoles are shown in
Figure 8.

Figure 8 shows that the electron density increases around the oxygen atoms of the all molecules. This shows
us that the molecule is easier to give electrons from these regions. In such studies, electronic charge analysis
for atoms in the molecules is important because binding capability of a molecule depends also on electronic
charge of the molecules. The binding facilitates as the negative charge on atoms increases [68].
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Figure 8. The frontier MOs (HOMOs, LUMOs) and molecular electrostatic map (total electron density) of molecules by
using DFT/B3LYP/6-311++G(2d,2p) basic set.

The HOMO and LUMO orbitals contribution of the atoms for all molecules are shown in Tables 4 and 5. The
HOMO and LUMO orbitals were calculated with AOmix program [20, 21] after optimization with
DFT/B3LYP/6-311G(d,p) method for gas phase. It can be seen from Table 4 that the HOMO orbitals of all
molecules are composed mainly of N atoms. Similarly, the LUMO orbitals of all molecules are composed
mainly of C atoms (see Table 5). For more details on HOMO and LUMO values, see supplementary Table S1.

3.2. Statistical Analysis

Twelve descriptors, namely, Exomo, ELumo, AE, DM, MV, TNC, 1, 0, x, i, @ and SEZPE whose values were
calculated by B3LYP/6-311G(d,p) method for 37 molecules was employed to construct a model between
those variables and log K values. Factor analysis was conducted in order to determine the co-linearity
among descriptor variables and to obtain the sets of descriptors that are statistically independent of each
other. The descriptors pertinent to each factor with factor loadings are bold and summarized in Table 6.
Therefore, while first factor consists of Enomo, AE, DM, MV, 1, o, x, it and SEZPE, the second factor composes
of ELumo and w. The total variance explained by two factors is 88.90.
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Table 4. Represents the highest occupied molecular orbital (HOMO) population for the molecules under study by using
AOMIX program after from B3LYP/6-311G(d,p) method.

Molecule Calculated HOMO by using Aomix method

1 +19.6% 4PX(N3) + 15.9% 3PX(N3) + 11.4% 3PY(N3) + 10.4% 4PY(N3) + 8.0% 2PX(N3) + 5.7% 2PY(N3)

2 +23.1% 4PY(N5) + 20.3% 3PY(N5) + 10.2% 2PY(N5) - 5.6% 3PX(N5) - 4.5% 4PX(N5) - 3.5% 3S(N5)

3 +27.3% 3PZ(N6) + 21.7% 4PZ(N6) + 13.7% 2PZ(N6) - 3.2% 4S(N6) - 2.4% 2S(H15) - 2.4% 2S(H17)

4 +27.1% 3PZ(N6) + 21.5% 4PZ(N6) + 13.7% 2PZ(N6) - 3.2% 4S(N6) - 2.4% 2S(H19) - 2.4% 2S(H17)

5 +22.7% 3PZ(N5) + 17.8% 4PZ(N5) + 11.4% 2PZ(N5) + 3.1% 4S(N5) + 2.5% 2S(H18) + 2.1% 2S(H22)

6 +27.1% 3PZ(N7) + 21.3% 4PZ(N7) + 13.6% 2PZ(N7) - 3.2% 4S(N7) - 2.5% 2S(H15) - 2.5% 2S(H19)

7 -10.2% 3PZ(N7) + 8.5% 3PY(N7) + 8.4% 4PY(N7) - 7.3% 4PZ(N7) - 5.1% 2PZ(N7) + 4.4% 2PY(N7)

8 +26.6% 3PZ(N23) + 21.5% 4PZ(N23) + 13.4% 2PZ(N23) - 3.2% 4S(N23) - 2.4% 2S(H13) - 2.4% 2S(H15)

9 +24.8% 3PY(N1) + 22.8% 4PY(N1) + 12.4% 2PY(N1) - 3.1% 4S(N1) - 3.0% 2S(H14) - 1.9% 3S(N1)

10 +12.5% 3PZ(N7) - 12.5% 3PZ(N9) + 11.5% 4PZ(N7) - 11.5% 4PZ(N9) + 6.4% 2PZ(N7) - 6.4% 2PZ(N9)

11 +12.6% 3PY(N7) + 10.6% 4PY(N7) + 10.3% 3PZ(N7) + 7.6% 4PZ(N7) + 6.4% 2PY(N7) + 5.2% 2PZ(N7)

12 +23.8% 3PZ(N7) + 18.9% 4PZ(N7) + 12.0% 2PZ(N7) + 3.3% 4S(N7) + 2.4% 2S(H31) + 2.0% 2S(H4)

13 +26.6% 3PZ(N7) + 21.3% 4PZ(N7) + 13.4% 2PZ(N7) + 3.3% 4S(N7) + 2.1% 2S(H13) + 2.1% 2S(H4)

14 +13.0% 3PZ(N7) - 12.9% 3PZ(N8) + 10.3% 4PZ(N7) - 10.3% 4PZ(N8) + 6.6% 2PZ(N7) - 6.5% 2PZ(N8)

15 +17.6% 3PZ(N6) + 14.3% 4PZ(N6) + 9.0% 2PZ(N6) - 6.4% 3PZ(N7) - 4.8% 4PZ(N7) - 3.3% 2PZ(N7)

16 +11.5% 3PX(N17) + 11.4% 3PY(N17) + 10.1% 4PX(N17) + 9.1% 4PY(N17) + 5.9% 2PX(N17) + 5.8% 2PY(N17)
17 +18.4% 3PZ(N6) + 14.5% 4PZ(N6) + 9.3% 2PZ(N6) + 3.8% 3PY(N6) + 3.1% 4PY(N6) + 3.0% 4S(N6)

18 +8.4% 3PZ(N6) - 8.4% 3PZ(N31) + 6.7% 4PZ(N6) - 6.7% 4PZ(N31) + 4.5% 3PY(N6) + 4.5% 3PY(N31)

19 +25.5% 3PZ(N28) + 20.3% 4PZ(N28) + 12.8% 2PZ(N28) + 2.8% 4S(N28) + 2.6% 2S(H25) + 2.4% 2S(H31)
20 +6.9% 3PZ(N35) - 6.9% 3PZ(N6) + 5.9% 3PY(N35) + 5.9% 3PY(N6) + 5.6% 4PZ(N35) - 5.6% 4PZ(N6)

21 +22.0% 3PZ(N43) + 18.1% 4PZ(N43) + 11.1% 2PZ(N43) - 4.0% 3PY(N43) - 3.2% 4S(N43) - 2.8% 4PY(N43)
22 +25.1% 3PZ(N43) + 19.9% 4PZ(N43) + 12.6% 2PZ(N43) + 3.2% 4S(N43) + 2.5% 2S(H24) + 2.4% 2S(H3)
23 +20.3% 3PZ(N43) + 16.8% 4PZ(N43) + 10.3% 2PZ(N43) + 3.7% 3PY(N43) + 3.0% 4PY(N43) - 2.7% 2S(H3)
24 +21.7% 3PZ(N43) + 17.1% 4PZ(N43) + 10.9% 2PZ(N43) + 2.9% 4S(N43) - 2.5% 3PY(N28) + 2.3% 2S(H24)
25 +23.0% 3PZ(N43) + 19.0% 4PZ(N43) + 11.6% 2PZ(N43) - 3.1% 4S(N43) - 2.5% 2S(H24) - 2.5% 2S(H3)

26 +18.1% 3PZ(N7) + 14.2% 4PZ(N7) + 9.1% 2PZ(N7) - 5.0% 3PZ(N6) - 4.1% 4PZ(N6) - 2.6% 2PZ(N6)

27 +23.8% 3PZ(N43) + 18.8% 4PZ(N43) + 12.0% 2PZ(N43) + 2.5% 4S(N43) + 2.4% 2S(H24) + 2.3% 2S(H3)
28 +23.2% 3PZ(N42) + 18.3% 4PZ(N42) + 11.7% 2PZ(N42) + 2.0% 3PZ(C21) - 1.9% 3PZ(N27) + 1.8% 3PZ(C2)
29 +17.9% 3PZ(N43) + 13.9% 4PZ(N43) + 9.0% 2PZ(N43) - 3.7% 3PX(N43) - 3.3% 4PX(N43) - 1.9% 2PX(N43)
30 +18.6% 3PZ(N41) + 14.6% 4PZ(N41) + 9.4% 2PZ(N41) - 6.6% 3PZ(N6) - 5.2% 4PZ(N6) - 3.4% 2PZ(N6)

31 +10.0% 3PZ(N41) + 8.1% 4PZ(N41) - 5.5% 3PZ(N6) + 5.1% 2PZ(N41) - 4.5% 4PZ(N6) - 4.1% 3PY(N6)

32 +12.4% 3PZ(N22) + 9.9% 4PZ(N22) + 6.3% 2PZ(N22) + 4.7% 3PX(N56) + 4.0% 4PX(N56) - 3.2% 3PX(N22)
33 +18.0% 3PZ(N42) + 14.0% 4PZ(N42) + 9.1% 2PZ(N42) - 8.0% 3PZ(N6) - 6.4% 4PZ(N6) - 4.1% 2PZ(N6)

34 +10.9% 3PZ(N42) + 9.0% 4PZ(N42) + 5.5% 2PZ(N42) - 4.2% 3PZ(C53) - 3.8% 3PZ(061) + 3.7% 3PZ(C60)
35 +25.0% 3PZ(N43) + 20.2% 4PZ(N43) + 12.6% 2PZ(N43) - 3.1% 4S(N43) - 2.5% 2S(H24) - 2.4% 2S(H3)

36 +23.7% 3PZ(N43) + 19.4% 4PZ(N43) + 12.0% 2PZ(N43) - 2.7% 2S(H3) - 2.7% 4S(N43) - 2.1% 2S(H24)

37 +19.5% 3PZ(N6) + 15.3% 4PZ(N6) + 9.9% 2PZ(N6) - 4.7% 3PZ(N36) - 3.7% 4PZ(N36) - 2.4% 2PZ(N36)
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Table 5. Represents the highest occupied molecular orbital (LUMO) population for molecules by using Aomix method after
from B3LYP/6-311G(d,p) method.

Molecule Calculated LUMO by using Aomix method

1 +24.7% 3PZ(C5) + 15.7% 4PZ(C5) + 12.9% 2PZ(C5) - 11.1% 3PZ(02) - 7.0% 2PZ(02) - 6.9% 4PZ(02)
2 +12.6% 3PZ(C8) + 7.2% 4PZ(C8) + 6.5% 2PZ(C8) - 6.0% 3PZ(03) - 5.2% 3PX(C8) + 3.8% 3PY(C9)

3 - 13.4% 3PZ(C12) + 8.3% 3PY(C12) - 7.5% 4PZ(C12) - 7.0% 2PZ(C12) + 6.2% 3PZ(05) + 5.9% 4PY(C12)

4 -11.5% 3PZ(C11) - 9.5% 3PX(C11) - 6.3% 4PZ(C11) - 6.1% 4PX(C11) - 6.0% 2PZ(C11) + 5.3% 3PZ(04)

5 +8.6% 4PY(C16) - 8.0% 4PY(C10) + 7.0% 3PY(C16) - 6.7% 4PY(C15) + 6.7% 3PY(C7) + 6.6% 4PY(C7)

6 +4.4% 3S(H19) + 4.3% 3S(H15) + 4.3% 3S(H17) - 4.2% 3PZ(C13) - 4.1% 3PZ(C11) - 4.0% 3PZ(C12)

7 - 8.7% 3PX(C13) + 6.9% 4PZ(C15) - 6.3% 4PX(C13) + 6.2% 4PZ(C18) + 5.5% 3PZ(C18) + 5.5% 3PZ(C15)

8 +7.1% 3PX(C25) + 7.1% 3PX(C29) + 4.7% 4PX(C25) + 4.7% 4PX(C29) - 4.1% 3PZ(C25) - 4.1% 3PZ(C29)

9 +8.5% 3PX(C9) + 7.3% 4PX(C9) + 5.6% 3PX(C5) + 4.6% 3PY(C5) + 4.5% 3PZ(C9) + 4.3% 2PX(C9)

10 +12.3% 3PZ(C21) - 12.2% 3PZ(C17) + 7.4% 4PZ(C21) - 7.3% 4PZ(C17) + 6.4% 2PZ(C21) - 6.4% 2PZ(C17)
11 - 11.6% 3PZ(C19) - 9.4% 3PX(C19) - 6.5% 4PZ(C19) - 6.1% 2PZ(C19) - 6.0% 4PX(C19) + 5.4% 3PZ(020)

12 +9.6% 4PX(C35) + 8.7% 4PX(C36) - 8.4% 4PX(C40) + 7.3% 3PX(C35) + 7.0% 3PX(C36) - 6.7% 3PX(C40)
13 -12.6% 3PZ(C19) - 7.1% 4PZ(C19) + 6.6% 3PX(C19) - 6.6% 2PZ(C19) + 5.9% 3PZ(020) + 4.6% 3S(H11)

14 +4.2% 3PZ(C19) + 4.1% 3PZ(C15) + 2.7% 3PX(C19) + 2.6% 3PX(C15) + 2.5% 3PZ(C26) + 2.4% 3PZ(C33)
15 +11.2% 3PZ(C18) + 6.8% 4PZ(C18) + 5.9% 2PZ(C18) - 5.6% 3PZ(019) - 3.5% 3PX(C25) - 3.5% 2PZ(019)
16 +13.6% 3PY(C43) + 8.6% 4PY(C43) + 7.4% 3PX(C29) + 7.1% 2PY(C43) - 5.5% 3PY(044) + 4.9% 4PX(C29)
17 - 12.5% 3PX(C31) - 8.3% 4PX(C31) - 6.5% 2PX(C31) + 5.6% 3PX(032) + 4.9% 3PZ(C31) + 4.3% 3S(H27)
18 - 6.6% 3PX(C42) + 6.4% 3PX(C10) - 4.2% 4PX(C42) + 4.1% 4PX(C10) + 3.7% 3PZ(C42) + 3.6% 3PZ(C10)
19 - 14.6% 3PX(C10) - 9.4% 4PX(C10) - 7.7% 2PX(C10) + 6.5% 3PX(011) + 5.5% 3PZ(C10) + 4.9% 3S(H9)

20 +8.9% 3PX(C46) + 5.8% 4PX(C46) - 4.8% 3PX(C10) + 4.7% 2PX(C46) - 3.9% 3PX(047) + 3.4% 3PZ(C46)
21 +13.6% 3PX(C39) + 8.5% 4PX(C39) + 8.1% 3PZ(C39) + 7.1% 2PX(C39) - 6.0% 3PX(040) + 5.1% 4PZ(C39)
22 +18.0% 3PY(C39) + 10.5% 4PY(C39) + 9.4% 2PY(C39) - 8.2% 3PY(040) - 5.2% 4PY(040) - 5.1% 2PY(040)
23 +12.4% 4PX(C46) + 12.1% 4PX(C47) + 9.9% 3PX(C47) + 9.5% 3PX(C46) + 5.5% 2PX(C47) + 5.3% 2PX(C46)
24 +11.2% 4PX(C48) + 10.2% 4PX(C52) + 8.5% 3PX(C52) + 8.0% 3PX(C48) - 6.1% 4PX(C50) - 5.8% 4PX(C49)
25 +13.3% 3PX(C39) + 8.3% 4PX(C39) + 7.8% 3PZ(C39) + 7.0% 2PX(C39) - 5.9% 3PX(040) + 5.0% 4PZ(C39)
26 + 6.4% 3PZ(C32) + 4.6% 3PZ(C14) - 4.1% 3PX(C14) + 3.7% 4PX(C36) + 3.5% 3PX(C36) + 3.5% 4PZ(C32)
27 -11.6% 3PX(C39) - 10.1% 3PZ(C39) - 7.2% 4PX(C39) - 6.4% 4PZ(C39) - 6.1% 2PX(C39) - 5.3% 2PZ(C39)
28 +12.9% 4PY(C58) + 12.7% 4PY(C62) + 10.5% 3PY(C62) + 10.3% 3PY(C58) + 5.9% 2PY(C62) + 5.8% 2PY(C58)
29 +11.7% 4PY(C64) + 10.2% 3PY(C57) + 9.6% 3PY(C64) + 9.0% 4PY(C57) - 7.6% 4PY(C58) - 6.7% 4PY(C62)
30 +11.3% 4PZ(C75) + 10.3% 4PZ(C79) + 8.5% 3PZ(C79) + 8.4% 3PZ(C75) - 5.5% 4PZ(C81) - 5.4% 3PZ(C74)
31 +8.7% 4PZ(C74) + 7.9% 4PZ(C78) + 6.5% 3PZ(C78) + 6.3% 3PZ(C74) - 4.0% 3PZ(C73) - 4.0% 4PZ(C80)

32 +4.7% 4PZ(C40) + 4.5% 4PZ(CA1) + 4.0% 3PZ(C40) + 3.6% 3PZ(C41) + 3.6% 4PX(C40) - 3.6% 4PY(C41)
33 - 14.9% 3PZ(C38) - 9.7% 4PZ(C38) - 7.8% 2PZ(C38) + 7.0% 3PZ(039) + 4.5% 3S(H30) + 4.3% 2PZ(039)
34 - 5.7% 4PY(C64) + 5.5% 4PY(C63) + 5.4% 4PY(C67) - 5.2% 4PY(C65) - 4.5% 3PY(C64) + 4.4% 3PY(C67)

35 -10.9% 3PX(C39) - 6.8% 4PX(C39) - 5.7% 2PX(C39) + 5.0% 3PZ(C39) + 4.9% 3PX(040) + 3.9% 3S(H31)
36 -11.7% 3PY(C56) - 7.3% 4PY(C56) - 6.1% 2PY(C56) - 5.8% 3PX(C56) + 5.3% 3PY(057) - 4.3% 4PX(C56)
37 +15.2% 3PX(C28) + 9.8% 4PX(C28) + 7.9% 2PX(C28) + 6.2% 3PZ(C28) - 5.3% 3PX(029) + 3.4% 2PZ(C28)

Table 6. The results of factor analysis.

Descriptors  Euomo  ELumo AE DM MV TNC n c X 11 [0 SEZPE
Factor 1 -909 A2 976 -537 -.859 93 971 -972 .75 -74 12 .948
Factor 2 .09 92 13 -.357 .10 .09 .20 13 .659 -.659 93 0.1

In order to determine which descriptors to be used in the modelling, Genetic Algorithm based fitness function was
employed to minimize the squared differences between the observed values and the estimated values of the
dependent variable. Hence, four different sets of descriptors are determined. Those sets are denoted in Table 7.
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Table 7. Four alternative sets of descriptors having minimized function values.

Sets
Set1 Set2 Set3 Set 4
Descriptors Erumo TNC TNC TNC
TNC DM vl w

Using linear regression model with 20 percent holdout validation, which means that the total data set was
randomly split into two non-overlapping sets. While randomly selected 30 molecules, 80 percent of data, was
allocated for training set, 7 molecules, 20 percent of data, was used for validation set. The results of the models
were summarized in Table 8.

According to Table 8, model 3 has the highest R? and Q2 scores among others. Hence, the full coefficients of the
model are expressed as follows:

log K=29.540 - 2.172 *TNC+ 7.705 * n

Table 8. Findings related to four alternative models.

Model
1 2 3 4
Descriptors TNC and ErLumo TNC and DM TNCand p TNC and w
Coefficients 3.277/-3.085 -3.181/-0.557 -2.172/7.705 -2.781/-5.328
R2---Q2 values 0.78---0.80 0.78---0.83 0.81---0.83 0.79---0.81

The factor analysis results for the same molecules whose descriptor values were calculated by B3LYP/6-
311++G(2d,2p) method are summarized in Table 9.

Table 9. The results of factor analysis.

Descriptors  Enomo  Erumo AE DM MV TNC n [ X 1] w SEZPE
Factor 1 -931  .046 966  -445 -934 916 966 -965 830 -830 488 954
Factor 2 321 954 -.04 -454  -.009 -.04 -.04 .04 -55 .55 -.86 -0.02

While first factor consists of Enomo, AE, MV, TNC, 1, 0, X, 1 and SEZPE, the second factor composes of ErLumo, DM
and w. The total variance explained by two factors is 88.37. The data set was split into two non-overlapping sets,
which are training set and validation set. While 30 molecules randomly assigned to training set consisting of 80
percent of the data, the rest of the molecules, which is 7, is assigned to validation set accounting for 20 percent of
the data set. Genetic Algorithm based minimization function just generates one set of descriptors, which are DM
and TNC. Its model is given as follows:

log K=3.447 - 0.491 * DM —2.151 * TNC

The R? and Q2 values are 0.74 and 0.87, respectively. All calculations were done by SPSS 24.0 and Mat Lab 7.9
software.

4. CONCLUSIONS

A series of 37 polyamino-polycarboxylic ligands for prediction of stability constants of Gd(III) complexes were
synthesized and find molecular properties, quantum-chemical calculations by using DFT/B3LYP method with
basis sets of the 6-311G(d,p) and 6-311++G(2d,2p). Quantum chemical features such as HOMO, LUMO, HOMO-
LUMO energy gap, ionization energy, chemical hardness, chemical softness, electronegativity, chemical potential,
dipole moment etc. values for gas phase of neutral molecules were calculated and discussed. According to Exomo
and I results, the electron donating trends for study molecules for gas can be written as for first five molecules:
The electron donating trends for study molecules for gas can be written as for first five molecules:
33>30>37>28>31 with B3LYP/6-311G(d,p), and 33>37>28>31>30 with 6-311++G(2d,2p) method. According to
energy gap (AE), hardness and softness results, the most stable five molecules are found as 1>2>6>20>10 for 6-
311G(d,p) and 1>2>6>10>4 for 6-311++G(2d,2p). The most unstable molecules are found as 31, 33 and 37 with
6-311++G(2d,2p) basic set. In general, AE values were found with 6-311G(d,p) to be larger than 6-
311++G(2d,2p).
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4.1. Statistical Conclusion

Two different methods, namely, B3LYP/6-311G(d,p) and B3LYP/6-311++G(2d,2p), are employed to calculate
the values of twelve descriptor variables, namely, Enomo, ELumo, AE, DM, MV, TNC, 1, o, X, i, w and SEZPE. While
the first method is used for 37 molecules, the second one is employed for 35 molecules. Those descriptor variables
are used to construct models against the values of log K. Before constructing models for each method, those
descriptors are factor analysed in order to determine independent set of variables due to existence of co-linearity
among them. Then, Genetic Algorithm based minimization function is used in order to determine candidate set of
variables in the construction of models. While Genetic Algorithm based minimization, function provides four
different sets of variables to choose from since function values are same for the first method, it provides just one
set of variables for the second method.

Using those sets of variables generates the better model with the highest R2 and Q2 values when compared with
others. The linear regression function composes of the descriptors, namely, TNC and p based on the method called
B3LYP/6-311G(d,p). The similar model is constructed based on the method called B3LYP/6-311++G(2d,2p) with
descriptors, namely, DM and TNC.
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Anahtar Kelimeler Oz: Safranbolu tarihi ve kiiltiirel zenginligi ile UNESCO tarafindan kabul edilen
AHP, Safranbolu, Koruma, diinya miras1 kentleri arasindadir. Kent merkezinin bulundugu cukur bélgesi,
Tabakhane, Yeniden donemin ticaret merkezidir. Farkli gelir kaynaklarina sahip olan kent deri
Islevlendirme

sektoriinde doneminde 6nemli merkezlerden birisidir. Bu sebeple doneminde aktif
olarak isletilen 48 adet tabakhane atdlyesi hizmet vermekteydi. Glinlimiize ulasan
tescilli 12 adet tabakhane binas1 bulunmaktadir. Bunlardan kaderine terk edilmis
Safranbolu Tabakhane Binasinin yeniden kentte kazandirilmasi ve yeni islevin
belirlenmesi kentte tartisilan bir konudur.

Makalenin amaci, Safranbolu Tabakhane Binasinin yeniden islevlendirilme
asamasinda bilimsel altyapiya sahip, farkli kriterlerin degerlendirildigi bir karar
verme siireci gerceklestirmektir. Calisma iceriginde, anket calismalarindan
yararlanarak, AHP metodu ile analitik bir karar verme siireci gerceklestirilmistir.
Yapiya verilecek islevin belirlenmesinde paydaslarin katilimi ile miize islevi en ¢ok
puani almis, yeni islev olarak dnerilmistir

Examination Of Safranbolu Tannery Buildings Refunction Process Using With Decision
Support Systems

Keywords Abstract: Safranbolu is among the world heritage cities which are accepted by
Adaptive Reuse, AHP, UNESCO with its historical and cultural richness. The pit area where the city center
Safranbolu, Protection, is located is the trade center of the period. The city, which has different sources of
Tannery income, is one of the important centers in the period of leather industry. For this
reason, there are 48 tannery workshops active during the period. There are 12
registered tannery building that has survived. The purpose of this study is to restore
the abandoned Safranbolu Tannery Building, which is one of them, to the city. AHP
method was used to make scientific based analytical decision by using survey
studies. As a result of the analytical calculations with the participation of
stakeholders in the determination of the function to be given to the structure, the
museum function received the most points among the alternative functions.

1. Giris

Tabakhane binalar, insa edildigi ve isletildigi donemlerde kentlerin sanayi merkezleri olmus ve niifusun biiyiik
bo6limiiniin istihdamlarinmi saglayarak kentlerin ekonomilerine katki saglamislardir. Her ne kadar dini, siyasi ve
askeri yapilar kadar kentsel alanda baskin olmasalar da, miitevazi duruslari ile dénemlerinin modern fabrikalari
olan bu yapilar, yapim teknikleri ile de insa edildigi donemlerinin gtiglii 6zelliklerini barindirmaktadir.
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Kentlerin hafizalarinda 6nemli yerleri olan bu yapilar, zaman igerisinde teknolojik gelismeler neticesinde terk
edilmis ve islevlerini yitirmislerdir. Giiniimiizde atil halde bulunan bu yapilarin bir¢ogu zamanla harap olup
gitmektedir. Kentlerin kimliklerinin olusmasinda o6nemli yerleri olan bu gibi yapilar kentlere yeniden
kazandirilmazlarsa ge¢mis ile baglar kopacak, kiiltiirel degerler unutulup yeni nesillere aktarilamayacaktir. Bu
nedenle endiistriyel miras olan tabakhane binalar1 hem tarihsel hem kiiltlirel degerler agisindan korunmali ve
yeniden kullanilarak yasatilmahdir.

Tabakhane Binalari, Geleneksel Tiirk evleriyle taninan Safranbolu’nun 19. ytizyilda ticari lokomotifi oldugu deri
sektoriinlin birincil elemanidir. Cukur mevkiinde bulunan 3.dereceden tescilli 12 tabakhane binas1 bulunmakla
birlikte, donemlerinde bu bina sayilarinin 40 ve iizerinde oldugu bilinmektedir. Aktif olarak isletildikleri
donemlerde bu yapilar sehrin hayvancilik ve tarimdan sonra en biiyiik is kolu kabul edilmektedir. Ayrica
tabakhane yapilari, derilerin islenerek farkl triinlerin tiretilmesiyle, kentte sektdriin alt kollarinin gelismesinde
onemli yer teskil etmislerdir. Bu sayede ticaret hacmi artan kentin ekonomik giicii sayesinde sivil mimari
yapilarina kaynak temin edilmistir.

2.Metot

Bu calismanin degerlendirme yontemi AHP (Analytic Hierarchy Process)’dir. Bu yontemi kullanarak farkh
paydaslarin katilimlari ile tarihi yapilar i¢in en uygun fonksiyonun se¢iminin yapilmasi hedeflenmistir. AHP analiz
yontemi, sistematik olarak yeni islev alternatiflerinin karsilastirilmasi ve etken faktorlerin agirliklarinin
bulunmasi ile en uygun ¢6ziimiin bulunmasi konusunda yardimci olmustur.

Tabakhane Binalari I¢in Islev Arastirmasi: Tabakhane yapilarinin yeni islevi secilirken kentsel 6lcekte bir anket
calismasi yapilmistir. Boylece kentlinin konu ile ilgili diisiincelerinin tespit edilmesi amaglanmistir. Bu anket
calismasi ile kentlinin gereksinim duyduklari fonksiyonlarin belirlenmesi, kentlinin kiiltiirel miras ile ilgili karar
verme silirecinde katilimlarinin saglanmasi hedeflenmistir. Kentlinin yap1 i¢in uygun goérdiigii fonksiyonlar ve
o6nem siralar1 belirlenmeye calisilmistir. 150 kisinin katildig1 anket ¢alismasinda, Tabakhane binalari ile ilgili
kentlinin goriis ve fikirleri elde edilmistir. Anket sonucunda en ¢ok bes oyu alan alternatifler belirlenmistir. Bunlar;
Kiltiir Merkezi, Miize, Egitim Yapisi, Otel ve Kafe-Restoran’dir.

Degerlendirme yonteminde kullanilacak kriterler ise literatiir arastirmalar1 dogrultusunda, alti madde ile
iliskilendirilmistir. Bu kriterler, Kiiltiirel, Ekonomik, Mimari, Cevresel, Sosyal ve Siireklilik olarak belirlenmistir.
Belirlenen kriterler dogrultusunda, alternatifler ile beraber alanlarinda uzman 10 Kkisi ile birlikte, ayrica meslek
ayrimi yapmadan kentliden olusan 10 kisilik denek gruplariile AHP (Analytic Hierarchy Process) degerlendirmesi
yapimistir. Anket sonucunda AHP analiz yonteminin matris hesaplamalar1 yapilmis ve bu hesaplama sonucunda,
etken faktorlerin 6nem siralamalari elde edilmistir. Faktorlerin belirlenen 6nem derecesine gore kentli ile yapilan
ankette elde edilen veriler dogrultusunda 5 fonksiyon tiiriiniin en uygun olani saptanmistir.

3.Kaynak Arastirmasi

AHP (Analytic Hierarchy Process) karmasik sorunlara yonelik karar verme siirecini kolaylastirmak i¢in, ¢oklu
kriterlere gore sayisal tabanli bir karar verme siireci olup, AHP niteliksel 6zelliklerden niceliksel sonuclar elde
etme yontemidir [1]. AHP analizi, problemi olusturan elamanlarin énem siralamasinin goésterilmesine yonelik
sistematik bir siirectir ve farkli faktorlerin analizlerini yaparak, hangisinin daha 6nemli oldugunu tespit eder.
Degerlendirme sonucunda ise, en énemli etken belirlendigi gibi, alternatif 6neriler de elde edilebilir [2]. AHP, T.
Saaty tarafindan 1970’li yillarda gelistirilen ¢ok kriterli karar verme teknigidir [3]. Bu yontemin se¢im silirecinde
kullanilmasinda en biiylik etken nitel ve nicel birden fazla kriterin degerlendirilmesini igeren bir yoéntem
olmasidir. Bu yontemle karmasik gibi goriinen problemler, belirlenen ana hedeften alt kriterlere uzanan bir
hiyerarsik yap1 icerisinde gosterilebilmektedir [4].

Yedla ve Shrestha [5] AHP yontemi ile tasimacilik alternatiflerinin se¢imi iizerine calismislardir. Yurdakul [6] AHP
ve hedef programlama yontemini kullanarak bilgisayar iiretim teknolojilerinin se¢imini yapmistir. Tzeng vd., [7]
AHP ve TOPSIS kullanarak toplu tasima i¢in yakit se¢cimi yapmislardir. Awasthi ve Chauhan [8] AHP yontemi ile
cevre dostu ulastirma modunun secimi iizerine calismislardir. Erséz, Kabak vd., [9] ANP ve TOPSIS yéntemleri ile
lisansiistii 6grenimde ders secimi iizerine calismislardir. Omiirbek vd. [10] AHP ve TOPSIS yéntemleri ile
kurumsal proje yonetimi yazilim gelistirmede kullanilabilecek programin segilmesi tizerine ¢alismislardir. Keles
ve Tunca [11] bu yontem teknokent se¢imi yapmislardir. Hamurcu ve Eren [12] AHP ydntemi ile monoray
giizergah secimi, cok kriterli karar verme yontemleri ile monoray secimi yapmislardir. Harputligil [13] “Yap1 Elde
Etme Siirecinde Mimari Tasarim Kalitesinin Olciilmesi Ve Arttirllmasina Yonelik Analitik Hiyerarsi Prosesi Tabanl
Karar Destek Yaklasimi Ve Ornek Olaylarla Smanmasi” isimli tez calismasinda, AHP tabanli mimari tasarim
kalitesinin degerlendirilmesi yaklasimlari, AHP metodu ile analizler uygulama bigcimleri 6l¢iilebilir tasarim
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kriterleri incelenmistir. Coklu karar verme siiregleri ile 6rnek olaylar incelenmistir. Alternatiflerin ve kriterlerin
secilmesi incelenmistir. Bilimsel verilerin AHP tabanli Expert Choice programina girilmesi, program aracilig ile
analizlerin yapilmasi ve AHP degerlendirme yonteminin profesyonel yazilimlar ile hesaplamalari incelenmistir.
Huey-Jiun, Zhi-Teng [14] “A multi-objective decision-making process for reuse selection of historic buildings”
isimli makalesinde, tarihi binalarin yeniden kullanilmasi i¢in 6nerilen AHP metodu, tarihi binalarinin yeniden
kullanim olanaklar1 ve kullanim kriterleri incelenmistir. Calismadaki veriler incelenerek, metodun uygulanmasi
icin hiyerarsi tablosu detayh olarak olusturulmustur. Yetim [15] “Gazi Universitesi Gazi Egitim Fakiiltesi
fIkégretim Matematik Ogretmenligi Programi Birinci Sinif Ogrencilerinin Bu Programi Se¢melerinde Etkili Olan
Oncelikli Faktorlerin Analitik Hiyerarsi Prosesi Metodu ile Analizi” isimli makalesinde, AHP metodu anket
uygulamalar1 ve ¢oklu karar verme siiregleri incelenmistir. Hiyerarsi tablosu, 6z vektor ve diger veriler detayli
olarak incelenmistir. Anket sorularinin hazirlanmasi ve cevaplarinin ortalamalari alinarak tablolara islenmesi
incelenmistir.

4.Safranbolu Tabakhane Binasi

Yap1 429 Ada 2 ve 3. parselde bulunmaktadir. Bina deri imalathane binasi olarak yapilmistir. Yapi giintimiizde iki
sahsa aittir. Tasinmaz Kiiltiir ve Tabiat Varliklar1 Yiiksek Kurulu'nca 997 sayili kararli 3.5.1985 tarihinde yap1
tescillenmistir. Ankara Kiltiir ve Tabiat Varliklar1 Koruma Kurulu’'nca 27.11.1990 tarihinde 1500 sayili kanunla
tescil durumunun devamina karar verilmistir. Yapinin tescil numarast E69A’dir [16]. Bolgede tescilli 12 deri
imalathane binasi vardir.
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Sekil 3.Tabakhane Binasi Plan

. T
GUNEY CEPHESI =

Sekil 4.Tabakhane Binasi Gliney Cephe

5.Alan Calismasi-Safranbolu Tabakhane Binasi Yeni Islevi Karar Verme Siireci

Herhangi bir konu ile ilgili karar verme siireci iki tirlii yaklasimla olabilir. Bu yaklasimlardan birincisi sezgisel
karar verme siirecidir. Hislere, duygulara dayali, hizli gelisen ve objektif olmayan bir karar verme stirecidir. Bir
konu ile ilgili sezgilerin én planda oldugu, hata yapma olasilig1 yiiksek bir siirectir. Ikinci yontem ise, mantiksal
karar verme siirecidir. Bu yontem analitik ve sistematik bir hesaplama dogrultusunda verilen kararlar
icermektedir [17]. Sezgisel yontemlerle yapilara yeniden islev verilmesi uygulamalarinin geneline yonelik
degerlendirmeler yapmak hem zor hem de hatali karar verme olasiligini ytikseltmektedir. Bu yiizden bu ¢alisma
kapsaminda AHP (Analytic Hierarchy Process) sayisal degerlendirme teknigini temel alan bir yontem
kullanilmistir. Boylelikle yeniden islev verilecek olan Tabakhane Binasina uygulanacak islevin belirlenmesine
yonelik sozel, sezgisel betimlemeye dayali ve niteliksel verilerden hareketle sayisal, analitik ve niceliksel veriler
elde edilmistir. Bu kapsamda ¢alismanin teorik alt yapisi, 6 degerlendirme 6l¢iitii ile belirlenmistir. Bu dlciitler
Huey-Jiun, Zhi-Teng’dan alinmistir. Bu degerlendirme igerisindeki olciitler AHP yontemi ile karsilastirilarak
derecelenmis ve olciitlerin 6nem siralar1 elde edilmistir. Sonrasinda, tabakhane binasina verilecek yeni islev
alternatifleri AHP yontemi ile degerlendirme 6lciitlerine gore karsilastirilip derecelendirilerek, en yiiksek puani
alan fonksiyon, tabakhane binasinin yeni islevine yonelik sonucu elde edilmistir.

5.1. Ana Kriterler Secimi, Degerlendirme Siireci

Feilden ve Jokilehto’e gore [18] tarihi bir bolgenin sosyal ve ekonomik faaliyetlerini iyilestirmek i¢in gerekli veya
0zgiin islevsel canliligini yitirmis olan tarihi kent icerisinde tarihi binalar ve kentsel alanlarda harap hale gelen
yapilarin yeniden islevlendirilmesinin amaci, koruma ve siirdiiriilebilirliktir. Bu kavramlar géz éniine alinarak
yapilan literatiir arastirmasinda, 6zellikle Huey-Jiun, Zhi-Teng ¢alismasindan ve uzman goriisleri dogrultusunda 6
kriter belirlenmistir (Tablo 1). Kriterlerin agirliklarinin belirlenmesinde AHP yoéntemi kullanilmistir.
Degerlendirme i¢cin veri toplama asamasinda yapilan anket ¢alismasinda her katilimei ile yiiz ylize goriisilmustiir.
Katilimcilarin anket sorularini anlamak igin yonelttikleri sorular herhangi bir yonlendirme olmadan
cevaplandirilmistir. Anket calismasinin ardindan elde edilen veriler AHP tabanli Expertchoice 11 yazilimi
yardimiyla analiz edilmistir.
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Tablo 1. Secim kriterlerinin tanimi

Kriterler Tanimlar
Kiiltiir Bakimindan Tarihsel Deger, Sanatsal Deger, Biitiinliik veya
Ozgiinliik kosullari
Ekonomik Bakimdan Finansal Kaynaklar, ilk yatirim ve sonrasi i¢cin

bakim ihtiyaglari, Karlilik, Piyasadan Talep

Mimari Bakimdan Binanin fiziksel durumu, Mimari karakter ve
bicim, Mekan Kullanimlari ve kazanimlari,
Yapisal degeri, Malzeme 6zellikleri
Cevresel Bakimdan Baglamsal deger ve ¢evresel etki, Arazi
kullanimi, imar plami, Bélgenin Potansiyeli,
Bolgesel Politikalar

Sosyal Bakimdan Yeni kullanima sunulan kullanimlarin mevcut
yapl ile uyumu, Kamu yarari, Sosyal Deger,
Halkin bilin¢lendirilmesi katilimi ve
desteklenmesi

Stireklilik Bakimindan Yeterli koruma ve yonetim sistemi, Gelecekteki
degisim fizibilitesi, Ekolojik ve Kiiltiirel
stirduriilebilirlik

5.2. Alternatiflerin Se¢imi

Belirlenen fonksiyonlar interaktif ortamda 150 kisiyle yapilan degerlendirme sonucunda en ¢ok tercih edilen 5
fonksiyon (Grafik 1.), alternatifler olarak belirlenmistir. Bu belirlenen alternatif fonksiyonlar MS Excel formatinda
olusturulan tabloya islenmistir. Cikan sonuglar sirasiyla Kiiltiir Merkezi, Miize, Kafe-Restoran, Otel, Egitim

Yapisidir.
Grafik 1. Alternatiflerin sonuc tablosu
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5.3. On Sonuglar, Alan Calismasi Sonuglar

Calisma Tabakhane binasina yeni verilecek fonksiyon alternatiflerinin degerlendirilmesi AHP ile yapilmistir.
Safranbolu tabakhane binasinin yeni islevini segmelerinde etkili olan kriterlerin agirliklarini belirlemek i¢in bir
anket formu diizenlenmistir. Bu anket formu 20 kisiye uygulanarak ikili karsilagtirmalarda kullanilmak {izere
teknik uzman ve genel kullanicilarin olusturdugu 20 kisinin yargilari elde edilmistir. Bu kisiler 10’ar kisilik 2 ekibe
ayrilmistir. Teknik ekibi olusturan 5 mimar, 1 makine mihendisi, 2 insaat miithendisi, 1 elektrik miihendisi, 1
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akademisyenden olusan birinci ekip ve kullanicilardan olusan toplumun farkli kesimlerinden 10 kisilik karma
ikinci ekipten olusturulmustur.

Ug diizeyli olarak problemin hiyerarsik yapisinda ilk diizey hedefi yani Tabakhanenin yeni islevinin; ikinci diizey
kriterleri, ligiincii dilizey ise alternatif fonksiyonlar1 gostermektedir. Belirtilen 6 kriter icin ikili karsilastirma
matrisi olusturulmustur. Bu matris, teknik ekip ve kullanicilarin Ankete verdikleri ikili karsilastirma
degerlerinden elde edilmistir. Yargilar verilirken de su soru sorulmustur. “Tabakhane binasina verilecek yeni islev
diisiiniildiigiinde her bir kriter bir digerinden ne kadar daha 6nemlidir?”, Yargilar, AHP i¢in 6nerilen temel dlgek
cizelgesi kullanilarak verilmistir. Burada, birden ¢ok karar verici oldugu i¢in ikili karsilastirmada her bir ikili
karsilastirma degeri icin tek bir deger olacagindan, 1-9 araliginda verilen her bir ikili karsilastirma degerinin
carpiminin o kadar dereceden kokii alinarak tek bir deger elde edilmistir.

Sd
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Sekil 5. AHP C6ziim Sonuclarini Gosteren Program Arayiizii

Cikan degerler hiyerarsi tablosunda bulunan o6gelerin goreli onem degerleri ve tutarsizlik oranlarinin
hesaplanmasi icin Expertchoice 11 programina girilmistir. Programa ilk asamada hedef ‘“Tabakhane Binasi Yeni
islev Belirleme’ olarak tanimlanmistir. Hedef tamimlandiktan sonra Kriterler ve alternatifler sirasiyla programa
girilmis ve degerler ikili karsilastirma alanina tanimlanmistir. Bir sonraki asamada program ikili karsilastirma
matrislerin analizlerini gerceklestirmistir. Kriterlerin ve alternatiflerin kendi aralarinda karsilastirilmasi
yapimistir. Esit agirliklarinin degerlendirilmesi belirlenmistir. Her bir ikili karsilastirma matrisine iliskin
tutarlilik orani bulunmustur. Son olarak hedefe en uygun segilecek alternatifin belirlenmistir. Program kullanim
kolaylig1 sayesinde ¢ikan sonugclar farkli degerlendirmelere imkan saglamaktadir. Bireysel veya grup olarak
katihmcilarin degerlendirmelerine ulasilabilmektedir. Bu sayede farkli gruplarin tabakhane binasina yeni islev
belirleme asamasinda, kriterlerin goreli 6nem degerlerine ulasabilmekteyiz. Tiim katilimcilarin, teknik ekip ve
kullanicilarin degerlendirme sonuglari program tarafindan ayri ayr1 elde edilmistir. Elde edilen sonuglar asagida
sirasl ile verilmektedir.

Anket yapilan tiim katilimcilarin sonuglarinin esit agirliklarda degerlendirilmesi ile ortaya ¢ikan sonuclara gore:

e Katilimclarin diisiincelerine gore odlgiitler sirasiyla kiiltiir (%31,2), ekonomik (%8,9), mimari (%19,7),
cevresel (%17,1), sosyal (%9,9), siireklilik (%13,3)’diir (Grafik 2,3).

e Belirlenmis dncelik oranlar1 gozetilerek alternatiflerin degerlendirilmesinde, Miize diger alternatiflere
gore daha yiiksek puan alarak yeni verilecek fonksiyon olarak bulunmustur (Grafik 2,4).

e Katilimcilarin diislincelerine gore belirlenecek yeni islev bakimindan alternatifler Miize (%28,9), Kiiltiir

Merkezi (%26,6), Egitim Yapist (%17,9), Otel (%14,5), Kafe-Restoran (%12,9) olarak siralanmistir
(Grafik 2,4).
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Grafik 2. Ana 6lciitlerin 6ncelikleri ve iki yapinin degerlendirilmesi
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Katilimcilarin disiincelerine gore ana 6lgiitler baglaminda alternatiflerin kiyaslamasi yapilabilmistir. Alternatifler
alti ana o6lgiitiin hangi yiizdelik dilemlerle diger fonksiyonlarin ana o6lgiitiine oranla katilimcilarca oéncelik
gosterildigi anlasilabilmektedir.

Grafik 3. Tutarhilik orani 0,06<0,10 oldugu i¢in tutarhdir.
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Grafik 4. Toplam Tutarlilik orani 0,05<0,10 oldugu icin tutarldir.

Fadilitator instance — Synthesis with resped to: Goal: TABAKHANE BINASI YENI iSLEY BELIRLEME
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Grafik 5. Alternatiflerinin ana 6l¢itler baglaminda karar esik nokta analizleri
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Anket yapilan teknik ekipten olusan katilimcilarin sonuglarinin esit agirliklarda degerlendirilmesi ile ortaya
cikan sonuglara gore:

Katilimcilarin diisiincelerine gore 6lgiitler sirasiyla kiiltiir (%29,9), ekonomik (%12,3), mimari (%22,0), ¢cevresel
(%14,2), sosyal (%8,8) siireklilik (%12,8)’diir (Grafik 5,6).

Katilimcilarin disiincelerine gore belirlenecek yeni islev bakimindan alternatifler Kiiltiir Merkezi (%25,7), Miize
(%25,7), Egitim Yapisi (%20,9), Otel (%17,0), Kafe-Restoran (%10,7) olarak siralanmistir (Grafik 7,8).

Grafik 6. Ana 6l¢iitlerin teknik ekip 6ncelikleri ve iki yapinin degerlendirilmesi
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Grafik 7. Tutarhlik orani 0,07<0,10 oldugu i¢in tutarhdir.
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Grafik 8. Toplam Tutarlilik orani 0,05<0,10 oldugu i¢in tutarhdir.

Facilitator instance —- Synthesis with respect to: Goal: TABAKHANE BiNASI YENI ISLEY BELIRLEME
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Grafik 9. Alternatiflerinin ana 6lcitler teknik ekip baglaminda karar esik nokta analizleri
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Anket yapilan genel kullanicillardan olusan katilimcilarin sonuglarinin esit agirliklarda degerlendirilmesi ile
ortaya ¢ikan sonuclara gore:

Katilimcilarin diisiincelerine gore 6lgiitler sirasiyla kultiir (%27,4), ekonomik (%7,8), mimari (%22,0) cevresel
(%15,3) sosyal (%10,7) streklilik (%16,5)'diir (Grafik 10,11

Katilimcilarin diisiincelerine gore belirlenecek yeni islev bakimindan alternatifler; Miize (%32,4), Kiiltiir Merkezi
(%27,8), Egitim Yapisi (%17,5), Kafe-Restoran (%12,0), Otel (%10,3), olarak siralanmistir (Grafik 11,12).
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Grafik 10. Ana dlgiitlerin kullanici 6ncelikleri ve iki yapinin degerlendirilmesi
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Grafik 11. Tutarlilik oram 0,08<0,10 oldugu i¢in tutarhdir.
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Grafik 12. Toplam Tutarlilik orani 0,05<0,10 oldugu i¢in tutarhdir.

Facilitator instance -- Synthesis with respect to; Goal: TABAKHANE BINASI YENI ISLEY BELIRLEME
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Grafik 13. Alternatiflerinin ana dlgiitler kullanicilar baglaminda karar esik nokta analizleri
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AHP analitik karar verme siireci tabanl hazirlanan Expertchoice 11 yaziliminda gerceklesen degerlendirmede
kisaca su sonuglar elde edilmistir:

Karar verme siirecinde, farkli paydaslar bireysel veya grup olarak yeni fonksiyon ile ilgili karar verme
siireci gergeklestirebilir.

Oncelikler ve élgiitler cercevesinde alternatifler arasindan secim yapilabilir.

Meslek adamlar1 disinda diger karar vericiler icin miimkiin oldugunca, olgiitler i¢in agiklayic1 ek
tanimlamalar yapmak gerekebilmektedir.

Olusturulan 2 ekip arasinda farkliliklar 6n plana ¢ikmaktadir. Karar verme siirecinde bu katilimcilara 6zel
degerlendirmeler yapilabilir. Ornegin; 1.Ekipte siralama Kiiltiir Merkezi, Miize, Egitim Yapisi, Otel, Kafe-
Restoran siralanirken, 2.Ekipte Miize, Kiltiir Merkezi, Egitim Yapisi, Kafe-Restoran, Otel, olarak
siralanmistir. Bu siralamalara gore 1.ekipte Kiiltiir Merkezi en 6ncelikli alternatifken 2. ekipte Miize ilk
alternatif olarak belirlenmistir.

Katilimcilarin kriterler hakkindaki o6ncelikleri birbirlerinden farkliliklar gostermektedir. Kriterlerin
secimindeki oncelikler siralarina gore her iki grupta da Kiltiir kriteri 6nde ¢ikmistir. Ardindan mimari
her iki grupta da ikinci sirada yer alirken gevresel, siireklilik, ekonomik ve sosyal yonlerden kriterlerin
agirlik 6nem dereceleri farklilik géstermistir.

Alternatiflerin kriterlere gore oncelik sirasi ortaya konurken, her alternatifin iistiin ve eksik yanlari da
belirlenebilmektedir.

Her bir alternatifin olumlu ve olumsuz yonleri analiz edilerek verilecek yeni islev i¢cin olumlu degerler goz
oniline alinarak karma bir fonksiyon kavrami verilebilir.

Degerlendirme sonuglar1 ile Tabakhane binasina verilecek yeni islev gerceklestirilebilecek olasi
restorasyon projesi icin kullanilabilecektir.
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6.Sonuglar

Calisma, kullanildig1 donemde kent i¢cin 6nemli yeri bulunan tabakhane binasina yeni islev dnerisi vererek, yapiya
yeni islev verilirken sayisal verilerden faydalanip paydaslarin katiimina olanak saglamaktadir. Safranbolu
tabakhane binasi bulundugu konum sebebiyle giliniimiizde kent ile entegrasyonu saglanamamis ve atil
vaziyettedir. Kentsel hafiza yitirilmekte ve bu durumdan kent olumsuz etkilenmektedir. Binanin yikilip kaybolma
tehlikesi vardir. Mevcut durumu ile stirdiiriilebilir degildir.

Yapiya verilecek yeni islev se¢imiyle kent kiiltiirti, ekonomisi, turizmi ve tarihi dokusu dikkate alinarak kent ile
biitiinlestirilip kente kazandirilmasi gerektigi sonucuna varilmistir. Alternatif yeni fonksiyonlarin belirlenmesinde
yapilan anket calismasi ile kentin her kesiminden Kkisilerin goriisii alinmaya c¢alisilmistir. Yapiya yeni islev
verilirken, analizler ve arastirmalar yapilarak yapiya verilecek yeni islevin sadece tasarim ekibinin kararlariyla
degil, paydaslarin katilimi ile kent icin daha uygun, ortak akilla yeni islevin belirlenmesinin gerekli oldugu
anlasilmistir. Uygulanan ¢alismada analitik hiyerarsi metodu ile katilimcilarin bireysel ve ortak diisiinceleri ayr1
ayr1 analiz edilebilmistir. Paydaslarin diisiincelerini kriterler baglaminda oncelikler ve buna bagli olarak
alternatifleri secimleri sayesinde, tabakhane binasina verilecek yeni islev belirlenmistir. Kriterlerin 6nceliklerinin
farkli analizlerle ortaya cikmasindan dolay1 yapiya gerceklestirilecek olasi islev degisikliginde, bu analizler farkli
tasarimlarin ortaya cikmasinda, analitik bir bakis a¢is1 getirecektir. AHP uygulamasinda, Tabakhane binasina miize
islevinin verilmesi yoniinde bir sonuca ulasilmistir. Kriterlerin kendi aralarinda kiyaslanmasi neticesinde kiiltiir
kriteri en 6nemli dl¢iit olarak karsimizi ¢ikmistir. Kriterlerin agirlik degerleri ile kentli tarafindan talep edilen
alternatifler irdelendiginde kent i¢in bircok kiltiirel birime ihtiya¢ oldugu belirlenmistir.

Bu calisma ile ayrica, tabakhane bolgesindeki diger tabakhane binalarini da yeni islevler verilerek kente
kazandirilmasinda 6rnek olabilecegi diisiiniilebilir. Bunun neticesinde boélgesel olarak eski ¢arsinin ardindan
kente yeni bir kiiltiirel bolge kazandirilacag: ve boylelikle UNESCO diinya mirasi listesinde olan kentin turizm,
tarihi ve kiiltiirel degerleri ile birlikte tilke ve kent icin daha 6nemli yararlar saglayabilecektir.
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