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ABSTRACT 

OPTIMIZATION OF AIRCRAFT PROPULSION SYSTEM DESIGN AND 
PERFORMANCE BY MEANS OF METAHERUSTIC METHODS 

 

  

Department of Aircraft Airframe and Powerplant Maintenance 

Institute of Graduate Programs, June 2022 

Supervisor: Prof. Dr.  TURAN 

(Co-Supervisor: Assoc. Prof. Dr. Tolga ) 

Within the scope of this thesis; a novel multi-dimensional and multi-objective hybrid 

optimization algorithm ACOPSO (Ant Colony Optimization  Particle Swarm Optimiza-

tion) has been developed by utilizing the Ant Colony and Particle Swarm Optimization 

algorithms. With this algorithm, it is targeted to solve non-linear, multi-modal challenging 

optimization problems, especially encountered in the aerospace propulsion system design 

and optimization. In the second phase, performance optimiza-tion of turbojet, turboshaft, 

turboprop and turbofan engines is performed using this code. Particularly, problems related 

to the gas turbine engine off-design matching and performance improvement have been 

investigated.  

As an example to the design study; a well known commercial turboprop engine and 

its turboshaft and turbofan variants have been modeled and their performance calculations 

have been performed. At first, single shaft turboprop engine off-design calculations at take-

off, cruise and loiter conditions have been realized with ACOPSO. Next, this engine has 

been converted to the free turbine turboshaft configuration. Afterwards, the maximum 

thrust that can be obtained by converting this turboshaft engine into an unmixed flow 

turbofan engine is achieved. A fan performance map obtained from the literature and scaled 

using the optimum fan pressure ratio, by-pass ratio and air mass flow rates, and off-design 

operating conditions of the turbofan engine have been calculated. 

Keywords: Ant Colony Optimization, Particle Swarm Optimization, Turbojet, 

Turboprop, Turboshaft, Turbofan  
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1.  

1.1. Sivil Ha  

-

teknolojik olarak en son seviyelerde 

 

- -

. 

-

-

-

 bilgiler verilmemektedir. 

1.2.   

-

 

i) -

mesi, 
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ii) entegre edil-

mesi. 

GasTurb, NPSS gibi  -

-

 

Matlab gibi  

Opt  

cak 

-

for kull larak 

izasyon 

 

 

 

(Singiresu, 

2009) 

getiri  [3]

da  

 optimizasyonu  ikiden fazla 

-
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-

ritma elde edil  

test verileri 

 

 motor

 

 -

ku

-design ve off-design parametrelerinin -

 

ktedir. Son olarak 

 

1.3.  

 

i. 
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ii. 

-

 -

 

iii. 

nokt

 veya 

hesaplama metod  

 

hem de 

 

 
1.4.  

 etken nedeni ile incelenen 

-

liklerin nedenleri  

  

 

 

 

 

1.5.  
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imli ve ekonomik motorlar tasar-

-

r.  

 

-
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2.  

. Sezgisel 

netik Algoritma, Tavlama 

-

 

syonu

ce 

  

 

belirlenir. Arama fonksiyonu olarak Boltzmann 

 

onra 

 

anlara ve  
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-

 

 

izasyonu, balina optimizasyonu,  

 

 

(Kumar, 2016) 

( 2.1) [6]. 

  

 

 

2.1.  
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2.1. olonisi Optimizasyonu 

 verilen; Ant-density, Ant-quantity ve Ant-cycle 

leri  [7]. Ant- -

 bunlar

. 

t

 

 

2.2.  

 

2.3.  

 

feromon seviyesi az  

 

lendiri
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Elitist AS, Ant-Q, Ant Colony System, Max-Min AS, Rank Based AS, ANTS, Hyper-cube 

 

  

  

  

  

  

  

  

  (Singiresu, 2009) 

 
2.2.  

(Reeves, 1983) -

  [8]

 

  

  

  

  

  

  

  (Reeves, 1983) 

Literat

(Eberhart & Kennedy, 

1995)  

 

gruplar  
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2.4.  

 
ve  

 

2.4). Daha 

 

 (2.1) 

 

 

  

o 

. (Shi & Eberhart, 

1998)  terimine  [11].  

 (2.2) 
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; 

;  

o 

 

 (2.3) 

  

o 

(Kennedy & Mendes, 2002), p

 [12]. O  olan hepsi 

 

 

de orijinal PSO   nu 

 

o uk: (Suganthan, 1999) orijinal 

 [13]

 

 

i 

(1999) sadece 

 

  

o Optimizasyon iterasyonlar
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(Van den Bergh & Engelbrecht, 2006) 

 [14]

 

 
2.3.  

 stokastik 

 

 

 
2.4. ACO ve PSO Melez (Hibrit  

 alanda 

ekilde yeni 

 

[17,18]. (Shelokar, Siarry, Jayaraman, & Kulkarni, 2007) 

nun yiyecek arama  [17]

(Kaveh & Talatahari, 2008) 

 [18]. ACO yerel 
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Hybrid Ant Colony and Par  [19]. Hibrit algoritmada 

 

 
2.5.  

bu nispeten 

-

yolun ke

 

ile 

 

 

h 2.5
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bilinen en iyi pozisyonlara  

 
2.5.  

 
2.6

X

 

X= [x1, x2, x3 i]
T, x1 =[0,1], x2 = [0,1], x3  xi = [0,1] , 

 
(2.4) 

tir
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 V= [v1, v2, v3 i]
T, v1 =[- vmax,vmax], v2 = [-vmax , vmax], v3 = [-vmax , 

vmax vi = [-vmax , vmax] 
(2.5) 

 

 
 

 

2.6.  

 

pozisyondaki fon

 

Y= [y1, y2, y3 j]
T, y1 =[0,1], y2 = [0,1], y3 yj = [0,1] , 

  
(2.6) 

2.7). Belirli 

feromona sahip olan yiyecek  fazla 
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2.7. ACOPSO 
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3.  

-

-

 

 
3.1.  

ir boyutlu fonksiyon E  [5]. 

 (3.1) 

 

olas

 

3.1

 

 

 

Uygulana a  Tablo 

3.1 ki  
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3.1.  
 
 

Tablo 3.1.  

 

(a) {  

(b) { For j = 1 To karinca_sayisi 

  

  

  

  

Next 

 gcc_oran = Abs(min_deger / max_deger) 

 gcc_orana bakar  

  

 

 yeni_pheromone_miktari = olcek * basarim * gcc_oran 

 

        yeni_pheromone_miktari = olcek * basarim / gcc_oran   

  

  

 toplam feromonu hesapla 

  

  tekrar et 

  

 }  

Belirlenen miktarda turu tekrarla (b) den devam et 

 (Xk+1-Xi>tolerans) ise 

dan devam et 
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Tablo 3.1.  

 

  

} 

 

 

3.2

3.3

 

 

 
3.2. Optimizasyon sonucu  

 
Tablo 3.2

 

 
Tablo 3.2.  

 Analitik minimum Bulunan minimum % Fark 

x 0,904047385 0,90388796 0,018 
f(x) -35,8958924 -35,8954278 0,001 
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3.3.  

 
3.2.  Diz  

-

 

-

3.4

etmektedir. 

 

 

 

 

 

3.4.  
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rak 

-Hard olarak 

 

 

- 

 

 

   

3.5.   

 (3.2) 

 (3.3) 

 (3.4) 

 (3.5) 
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 (3.6) 

b1  B1 ve b2  B2, 

fj(b1,b2)=||d|| , j= ka   

B1 ve B2 setlerinden 

dnorm 3.6 r.  

 

 

3.6.  

 
3.7

hangi kanat   

 

 
3.7.  
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ile 

edilmektedir.  

 3.8 e 

ile 

Heuristics  EH, Steepest Descent  izasyonu  ACO) 

 

 

3.9

 

 

  

 

 
 

S    

 

 
 

 
 

 
 

 

 
 

3.8.  

 



24

3.8.

3.9.
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3.3. i 

da

verilen  -

3.10

 

 

3.10.  

 
(Blair, 2021) 

 [34]. Bu programda Tablo 3.3  

 Tablo 3.4  

 
Tablo 3.3.  

  
0  
1  
2  
3  
4  
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 Tablo 3.3.  

5 l(np  
6  
7  

 
Tablo 3.4.  

Segment 1 x x2 x3 
0 a0 b0 c0 d0 
1 a1 b1 c1 d1 
2 a2 b2 c2 d2 
3 a3 b3 c3 d3 
4 a4 b4 c4 d4 
5 a5 b5 c5 d5 
6 a6 b6 c6 d6 

 

(De Boor & Rice, 1968) ta  [30,31]. 

De B  

 

le-

. 

 

 ). 

2). Hata istenilen seviyeye 

 

 

(De Boor & Rice, 1968) 

(Uyar & Ulker, 2017)  ot optimizasyon 

ile B-  [35], (Iglesias, Galvez, & Collantes, 2015) 

[36] ve (Galvez & Iglesias, 

2011; Galvez & Iglesias, 2013) 

-  [37,38]. 

(De Boor & Rice, 1968) 
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(1968) 

3.11).  

 

 
3.11.  

 

  

 

sistematik olmayan  

D1 ile (Dierckx, 1996) sistematik  e [28]  

 D2 ile adlan

3.12 de 
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3.12.

3.3.1.

-

3.13

risi veya ikisi elenerek yeni a

n yeri bulunur. 

3.13.
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(3.7) ve (3.8) ile tarif  

Minimize   (3.7) 

yj= s(xj) spline fonksiyonu ve Pj = {xj,yj: j=1,N}  

ve xj  (xj-1,xj+1) (3.8) 

 

Xi  R2, S={Xi: i=0 to m}  

Xi = {xi, yi} 
(3.9) 

 

Pj= {xj, yj}, K={Pj: j=0 to N} 

P0 < P1 < P2 < ...< PN-1 < PN ,  
(3.10) 

3.3.2.  

-temde 

3.14). Daha sonra 

 

 

Minimize  (3.11) 

yj= s(xj), Pj = {xj,yj: j=k-2,k+1} ,  (3.12) 

ve xj  (xj-1,xj+1,  

 

Xi  R2, S={Xi: i=0 dan m }  

Xi = {xi, yi} 
(3.13) 
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Pj= {xj, yj}, K={Pj: j=0 dan N } 

P0 < P1 < P2 < ...< PN-1 < PN ,  
(3.14) 

 

 
3.14.  

 
3.3.3.  

3.17, 3.16 ve 3.17

3.18, 3.19 ve 3.20 de 

-

 

 

Tablo 3.5 ve 

Tablo 3.6  
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3.15.

3.16. D1-O1 optimizasyon sonucu (NS=7)

3.17. D1-O2 optimizasyon sonucu (NS=7)
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3.18.

3.19. D2-O1 optimizasyon sonucu (NS=7)

3.20. D2-O2 optimizasyon sonucu (NS=7)
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Tablo 3.5.  

NS D1 D2 D1-O1 D2-O1 D1-O2 D2-O2 
4 0,13806 0,26583 0,05861 0,05861 0,04712 0,05196 

5 0,06725 0,10685 0,02212 0,03615 0,01160 0,00950 

6 0,04765 0,07314 0,03737 0,00404 0,01186 0,00818 

7 0,06546 0,02968 0,00138 0,00177 0,00013 0,00015 

8 0,02893 0,00727 0,00093 0,00183 0,00018 0,00014 

9 0,02782 0,00141 0,00004 0,00015 0,00011 0,00022 

10 0,02024 0,00017 0,00022 0,00013 0,00012 0,00015 

11 0,00532 0,00044 0,00004 0,00012 0,00011 0,00014 

12 0,01608 0,00023 0,00003 0,00013 0,00013 0,00016 

13 0,00547 0,00016 0,00036 0,00011 0,00012 0,00010 

14 0,00284 0,00015 0,00023 0,00002 0,00011 0,00003 

15 0,00646 0,00013 0,00034 0,00002 0,00014 0,00002 

 

Tablo 3.6.  

NS D1 D2 D1-O1 D2-O1 D1-O2 D2-O2 
4 0,48458 0,78146 0,77380 0,77363 0,82606 0,82575 

5 0,80079 0,84735 0,91635 0,86309 0,95963 0,96532 

6 0,81233 0,88775 0,86509 0,99059 0,96261 0,97201 

7 0,80219 0,94261 0,99623 0,99450 0,99961 0,99950 

8 0,94633 0,97957 0,99729 0,99510 0,99935 0,99954 

9 0,90137 0,99571 0,99984 0,99949 0,99959 0,99940 

10 0,92418 0,99958 0,99924 0,99959 0,99956 0,99965 

11 0,98485 0,99879 0,99984 0,99961 0,99963 0,99966 

12 0,95064 0,99932 0,99988 0,99960 0,99952 0,99962 

13 0,98013 0,99962 0,99902 0,99964 0,99955 0,99967 

14 0,98968 0,99955 0,99935 0,99992 0,99961 0,99990 

15 0,97731 0,99954 0,99881 0,99994 0,99952 0,99993 

 

3.4.  

3.4.1.   

(3.15)  -

da 

Tablo 3.7  

 minimize  

 

 

(3.15) 
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Tablo 3.7.  

x1 x2 F(x1,x2) 

7,68225E-06 9,82609E-05 3,27313E-09 

 

 

3.21.  

  
3.4.2.  -holder) Fonksiyonu  

(3.16) 

[4]. Fonksiyonun bu aral ,0; 404,2319] 

bir  

 

 

 

(3.16) 
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3.22.

3.23

Uygulanan algoritma

Tablo 3.8 de 

(a) (b)

3.23.



36

(c) (d)

(e) (f)

(g) (h)

Tablo 3.8.

lirlenir.

o
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Tablo 3.8.  (devam) 

o  

o  

o  

  

 
makul seviyede 

yerel 

 

 
3.5.  

Tez s  olarak elde edilen hibrit ACOPSO kodu ile 

 

3.5.1.   

(3.16)

 

 
Tablo 3.9.  

Parametre Ref [4] RPSO [40] ACOPSO 

x1 512,0 512,0 512,0 

x2 404,2319 404,2319 404,230498 

fmin -959,640 -959,640663 -959,640118 

 
3.5.2. Rosenbrock-Watson regresyon problemi 

(Mishra, 2020)  

[39]. Bu kod 

 (Mishra, 2020)  [40] optimizasyon test problemleri 

 -Watson Regresyon verileri Tablo 3.10 da 

 

 

 (3.17) 
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Tablo 3.10. Rosenbrock-Watson veri tablosu 

x1 x2 x3 Rate 

470,0 300,0 10,0 8,55 
285,0 80,0 10,0 3,79 
470,0 300,0 120,0 4,82 
470,0 80,0 120,0 0,02 
470,0 80,0 10,0 2,75 
100,0 190,0 10,0 14,39 
100,0 80,0 65,0 2,54 
470,0 190,0 65,0 4,35 
100,0 300,0 54,0 13,00 
100,0 300,0 120,0 8,50 
100,0 80,0 120,0 0,05 
285,0 300,0 10,0 11,32 
285,0 190,0 120,0 3,13 

 
Tablo 3.11. Rosenbrock-  

 Rosenbrock-Quasi-
Newton 

RPSO [39] ACOPSO  

1 1,253031 1,557520 1,2540640 

2 0,062798 0,078101 0,0628496 

3 0,040063 0,050867 0,0401024 

4 0,112453 0,138796 0,1125292 

5 1,190943 0,955739 1,1899800 

S2 0,298901 0,301934 0,298901 

 
3.5.3.  Bukin fonksiyonu  

Bukin f6 [12]  

problemidir. 3.24

Tablo 3.12  

Minimize   

 

 

(3.18) 

 
Tablo 3.12.  

Parametre Global minimum ACOPSO ile 
bulunan 

x1 -10,0 -10,04027292 

x2 1,0 1,008070798 

f(x) 0,0 0,007528366 
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3.24. Bukin fonksiyonu no 6  

 
3.5.4.  

 bir 

al edilebilmesi olarak tarif 

 (Ke, 

Zhang, Li, & Du, 2016)  

 [41] ma (Yang, Huyck, Karamanoglu, & Khan, 2013) 

 [42]

 

Tablo 3.13. Op  

Hedef fonksiyonu :   

 : X= [x1, x2, x3, x4]T, x1 = t1, x2 = t2, x3 = r, x4 = L 

Parametre 

 

: x1 = [0,0625; 6,1875],  

x2 = [0,0625; 6,1875],  

x3 = [25; 200],  

x4 = [25; 200] 

 
:  

 

 

 



40 
 

 
3.25.  

 
Tablo 3.14.  

Parametre/ 
Fonksiyon 

FOA [41]  LM [42] ACOPSO 

x1 0,780956 0,8125 0,778230 

x2 0,386318 0,4375 0,384681 

x3 40,43396 42,09845 40,322180 

x4 198,5049 176,6366 200,000000 

g1 -0,000580649 0,0 -0,00001217 

g2 -0,00057806 -0,035880829 -0,00000760 

g3 -464,5613353 3,95812E-09 -182,09796811 

g4 -41,495111 -63,36340416 -40,00000000 

f(x) 5896,94890 6059,714335 5886,292113 

 

3.5.5.   

(Gandomi, Yang, & Alavi, 2011) 

 [44]. (Yang, Huyck, Karamanoglu, & Khan, 2013) 

 [42].  

 

 
3.26.  
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Hedef fonksiyonu, gird Tablo 

3.15  

 
Tablo 3.15. Optimizasyon t  

Hedef fonksiyonu :  

 : X= [x1, x2, x3, x4, x5]
T,  

 : x1 = [0,01;100], 

 x2 = [0,01;100],  

x3 = [0,01;100],  

x4 = [0,01;100] ,  

x5 = [0,01;100] 

 : 
 

 

Tablo 3.16 . 

 

 
Tablo 3.16.  

Parametre/ 
Fonksiyon 

LM [42] ACOPSO 

x1 6,0089 6,023783896 

x2 5,3049 5,306014041 

x3 4,5023 4,492747018 

x4 3,5077 3,501325232 

x5 2,1504 2,149821887 

g1 -0,0000644864 -0,0000000014 

f(x) 1,339956367 1,339958385 
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4.  

 

rindeki motor tiplerine 

 

 
Tablo 4.1.  

 tipi Motor tipi 

 -pass Turbofan  

 -pass Turbofan  

 Orta bypass Turbofan, Turboprop  

 Orta bypass Turbofan, Turboprop 

 -pass turbofan 

 sek by-pass Turbofan  

Turboprop 

Helikopterler  

 

 

4.1.  

 
-

bas

4.2  
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4.2. Tipik bir   

 
Tablo 4.2.  

Nokta   

A Maksimum 
 

B  
dir. 

C  
 

D  
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-

-0.9 Mach seviyelerindedir.

rlerin 

4.3

-

4.3.

4.1.

(Walsh & Fletcher, 1998)
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[47]

 

(Mattingly, Heiser, & Pratt, 2002) u

 [48]

 

 

 

menz

 

genellikle s
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4.4

(Mattingly, Heiser, & Pratt, 2002) burada nelere dikkat e  

[48]

 

-dirilmektedir.  

-54]. (Cohen, Rogers, & Saravanamuttoo, 1972) 

 [49]

 yeteri kadar 



47 
 

-  

 

 

4.4.  

 

4.4  

4.4
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4.5.  bir turbojet motorun  

 

egzoz dahil 

 

 
4.2. Motor Performans Optimizasyonu  

-  

(Cesar, Vishal, Riti, & Pericles, 2015) 

 [56]

-

 

 
Tablo 4.3.  

Parametre ismi Birim   
FPR - 1,1 1,9 
IPCR - 2,0 5,0(15,0*) 

HPCPR - 5,0 (2,0*) 20,0(15,0*) 
BPR - 2,0 15,0 

TET K 1,200 1,800 
TET TO K 1,200 1,900 
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(Atashkari, Nariman-Zadeh, Pilechi, Jamali, & Yao, 2005)

 [57]. (Boulkeraa & Ghenaiet, 2010), NSGA-II (Non-

 [58]

olarak F={SFC, Wsp-

 

 
Tablo 4.4. Girdi parametreleri [58]  

Parametre   

OPR 7 25 
TTR 0,5 0,8 
TIT [K] 1100 1205 

 
Tablo 4.5.  

  

T3 [K]   

T4.5 [K]   

   

   

 

(Choi, Chung, & Sung, 2015)

 [59]. Girdi olarak bypass 

Tablo 4.6

Tablo 4.7

 

 
Tablo 4.6.  

Parametre ismi  
By-  0,201 

 4,183 

 2,614 
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Tablo 4.6. (devam)  

Parametre ismi  
 1734 

Net itki 58,52 

 
Tablo 4.7. in optimum parametreler [59]  

Parametre ismi  
By-  0,594 

 7,745 
 5,725 

 1516 
Net itki 13,34 

 

(Homaifar, Lai, & McCormic, 1994)

 [60]

Tablo 4.8

 

 
Tablo 4.8.  

 

Parametresi 
  

Mach 0,3 0,9 

CPR 5 25 

FPR 1 3 

BPR 0,1 6 

 

04

 

(Rifai, 2005)

hedefiyle iki ta

 [61]

 

(Reffold, 1995)

 [62]  (ilk hali Lotus 

,  
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(Kurzke, 1998)

 [50]. 

 

(Kurzke, 2005) 

 [51]

 

 

 programlar 

Kurzke (2005)  

 

 
  

   

 

 

  (Kurzke, 2005) 

Kurzke (2005) 

-

turbojet motorudur ve test verileri (Ashwood, 1990)  [63]. Testler 

 

istasyonlar 4.6  

 

 

4.6.  
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(1990) 

 

  

288 ve 308 K) 

 

51,7; 34,7 ve 20,7 kPa) 

 

(1,0; 1,06; 1,30 ve 1,70) 

 
(Bakalis & Stamatis, 2010)

 [64]

komponent verimlerini tahmin eden bir  asit bir 

 

(Duponchel, Loisy, & Carrillo, 1992) 

 

 [52]

 

(Choi, Lee, & Yang, 2011)

 [65]

 

(Choi, Chung, & Sung, 2015) -objective) 

 [59]

 

(Mirza Baig & Saravanamuttoo, 1992)

-
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 [53]

TFE-731 ve R

 

(Bourget, Kelmer, & Leonard, 2006) 

 [66].(Turan, 2007) 

 [67]

-  

 (4.1) 

(Mavris & Denney, 2009) jet motorunun test dat

 [68]. Problemin 

 performans modeli (Status deck) 

 

 

 tken parametreler belirlenir. 

 

 

 

 (Mavris & Denney, 2009) 

 

Mavris ve Denney (2009) 

-

e bunun nedeni 
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Mavris ve Denney (2009), 

aha uygun olmakla birlikte 

 

belirt  

 

zek  

 Mavris ve 

Denney (2009)

Tablo 4.9  

 

 
Tablo 4.9.  

  

 0,986 

 0,996 

 0,976 

 0,986 

 0,996 

 0,986 

 0,976 

 0,976 

 0,976 

 0,981 

 0,996 

 0,976 

 0,991 
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Tablo 4.9.   (devam) 

  

 0,981 

 0,986 

 
 

parametrelerinden ( ekil 4.7

gerekmektedir. (L.Doel, 1992)

4.8) [69]. TEMPER, 

Doel (1992)

 

 

 

ekil 4.7. 69]  

 



56

4.8. 69] 
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5.  

Gaz 

termodinamik olarak ifade edilmektedir. 5.1

5.2 -  

 

 
5.1. Bir turbojet motorunun istasyon numarala  

 

 
5.2. Turbojet motoru T-  

 

-
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 -2 ve 2- -4 

-5 noktal

-

8 0 

 

   

 (5.1) 

 (5.2) 

 (5.3) 

 (5.4) 

, 

 

 (5.5) 

 (5.6) 

  (5.7) 

 

 (5.8) 
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(5.9) 

Genellikle yanma 

4 

4 hesaplanabilir, ancak bu 

4 limiti 

rbirine 

 

 (5.10) 

 (5.11) 

Alternatif olarak,  

 (5.12) 

 (5.13) 

3  

bulunur. 

 (5.14) 

harcanan 

de dahil edilmesi gereke
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 (5.15) 

 (5.16) 

 (5.17) 

 (5.18) 

 (5.19) 

 (5.20) 

 (5.21) 

(M8=1) kontrol edilir; 

 (5.22) 

 (5.23) 

 (5.24) 

 

 (5.25) 

 ; 

 (5.26) 
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 (5.27) 

 

 (5.28) 

 

 (5.29) 

 (5.30) 

veya 

 (5.31) 

 

 (5.32) 

 (5.33) 

 (5.34) 

 (5.35) 

 (5.36) 
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lan 

by- debisi  

 (5.37) 

 (5.38) 

 (5.39) 

 (5.40) 

 

 
5.3.  

 

mekanik bir 

 

 (5.41) 

 (5.42) 
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 (5.43) 

 (5.44) 

 (5.45) 

 (5.46) 

 (5.47) 

 (5.48) 

 

dir 

( 5.4  

 

taya gelecektir. 
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5.4.

(G.Evans, 1970) [70].

5.5

neredeyse sabitlenecektir. 



65 
 

 
5.5. 0] 

 

 

 

 

5.6

 

  

-

. 
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5.6.

(Suraweera, 2011) 5.7

1

Motordan 

ile

5.7. Turbojet motorda [71] 



67 
 

-

 

(5.49),(5.50) ve (5.51)). (Kurzke & Halliwell, 2018)

erdir [72].  

(Koenig & Fishbach, 1972) 

5.8).  

  (5.49) 

 (5.50) 

 (5.51) 

hesaplanan hatalar Tablo 5.1  [73]

 

 



68

5.8. (Koenig & Fishbach, 1972) [73] 
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Tablo 5.1. Newton Raphson hesaplama matrisi parametreleri [73]  

  
turbofan 

  

Parametre 1 ZF ZF ZF ZF 

Parametre 2 PCNF PCNF PCNF PCNF 

Parametre 3 ZC ZC ZC ZC 

Parametre 4 PCNC PCNC PCNC ---- 

Parametre 5 TFFHP TFFHP TFFHP ---- 

Parametre 6 TFFLP TFFLP TFFLP ---- 

Hata 1     

Hata 2     

Hata 3     

Hata 4    ---- 

Hata 5    ---- 

Hata 6    ---- 

Matris boyutu 6x6 6x6 6x6 3x3 

 

(Cohen, Rogers, & Saravanamuttoo, 1972)

 ( 5.9)

kabul edi
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boyutl

5.9.
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6.  

6.1

 

olarak 

 

 

 

6.1.  

 

-

her 
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6.1. syonu 

 

 

 
Tablo 6.1.  

Hedef fonksiyonu :  
 

 

 = *100.0 

 =  

 =  

 =  

 =  

 =  

 :  

 : FPR = 1,5+x[0  

 

 

 

 

mb = 0,01+x[5]*  

 :  
 

 
 

 
Tablo 6.2.  

Parametre   
Ecomp 0,80  

Efan 0,80 FAN verimi 
Ecomb 0,99 Yanma verimi 
ETU 0,87  

eta_mech 0,99 Mekanik verim 
fan_ductloss 0,99  
Cd_fan 0,95  

Cd_core 0,95  
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Tablo 6.3.  

Hedef fonksiyon FPR CPR BPR T4 T6 
 

 
M8 

Toplam 
Verim 

Hedef 0 Orta  Orta      

Hedef 1 Orta Orta Orta  Orta   Orta 

Hedef 2   Orta      

Hedef 3         

Hedef 4 Orta  Orta      

Hedef 5 Orta Orta Orta  Orta   Orta 

Hedef 1+ Hedef 5 Orta Orta Orta  Orta   Orta 

 

 

 

 

  

 4 -

4 -

 

 

 By- 4 K 

 elde edilmesi 

 

 Bu nedenle 

 

(Homaifar, Lai, & McCormic, 1994) 

(1994), (Pinkel & Karp, 1947) 

[74] 

(1947)  
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(1994)

4 

 

 
Tablo 6.4.  

 
:  

 

: 

Mach0 = 0,3+x[0]*(0,9-  

CPR = 3,0+x[1]*(25,0-3,0) ;  // ko  

FPR = 1,0+x[2]*(3,0-  

BPR = 0,1+x[3]*(6,0-  

 
Tablo 6.5.  

Parametre   
Ecomp 1,0 rimi 

Efan 1,0 FAN verimi 
Ecomb 1,0 Yanma verimi 
ETU 0,85  

eta_mech 0,99 Mekanik verim 
fan_duct_eff 1,0  

Cd_fan 1,0  

Cd_core 1,0  

 

 (6.1) 

 (6.2) 

 (6.3) 

Minimize  (durum 1) (6.4) 

Minimize  (durum 2) (6.5) 

Durum 1: 

Pinkel ve Karp (1947), Mach0

Tablo 6.5 teki verimler kabul edi  ile 

Tablo 6.6  
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Tablo 6.6.  

  Ref [75] Bu tez 

Mach0 T4 TMA CPR TMA CPR 
0,66 811 245 3,0 243,4 3,1 

0,66 1089 400 6,0 488,3 5,4 
0,66 1367 610 9,0 776,6 9,0 

 
Tablo 6.7.  

Parametre   
Ecomp 0,85  
Efan 0,85 FAN verimi 

Ecomb 0,99 Yanma verimi 
ETU 0,85  
eta_mech 0,99 Mekanik verim 

fan_duct_eff 1,0  
Cd_fan 1,0  

Cd_core 1,0  

 

Tablo 6.7 Tablo 

6.8  

 
Tablo 6.8.  

Mach0 T4 TMA CPR 
0,0 811 665,0 3,4 
0,0 1089 1420,3 6,1 
0,0 1367 1901,2 8,3 

0,66 811 146,4 3,2 
0,66 1089 379,6 3,6 
0,66 1367 609,2 5,9 

 

6.2
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6.2. i 

 

Tablo 6.9.  

Parametre Homaifar [60] Bu tez 
BPR 6 6 
M0 0,3 0,3 

CPR 18,0 7,78 
FPR 1,6 1,64 

TMA 1480 1580 

 

Durum 2: 

e Tablo 6.10

6.3 kriter 
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6.3.  

 
Tablo 6.10.  

Parametre Homaifar [60] Bu tez 
BPR 4,1 6 
M0 0,9 0,69 

CPR 25,0 24,9 

FPR 1,55 1,37 
Toplam verim 0,22 0,265 

 

Durum 3: 

Hem TMA hem de 

6.4 Tablo 6.11
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6.4.  

 
Tablo 6.11.  

Parametre Homaifar [60] Bu tez 
BPR 5,5 6 
M0 0,78 0,693 

CPR 16,5 25,0 

FPR 1,5 1,372 
TMA 850 912 

Toplam verim 0,21 0,265 

 
6.2.  

yoktur. Teknolojik olarak ku



79

(6.6) yon hedef fonksiyonuna gerekli 

(6.6)

6.2.1. NPSS turbojet modellemesi

Sistemi (Jones, 2007)

[75]

6.5). 

6.5. 5]

Jones (2007)

6.6 6.7) 
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6.6. [75]

6.7. [75]

6.8). Parametrelerin 0,5 
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x[2]=0.50 

x[3]=0.50 

 

x[2]=0.2 

x[3]=1.0 

 

x[2]=1.0 

x[3]=0.2 

6.8.  

 
Tablo 6.12  

 
Tablo 6.12. A4 ve A  

 

(a)  

 

(b) T4 

 

(c)  

 

(d) W2 

 

(e) CPR 

 

(f) TPR 

 

(g)  

 

(h)  

 

(i)  
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-

 

a)  Tablo 6.12. (a):  noktada itki 

4  

b) Tablo 6.12. (b): 4  

c) Tablo 6.12. (c): 

 

d) Tablo 6.12. (d): 

kompres  

e) Tablo 6.12. (e): 

 

f) Tablo 6.12. (f): 

 

g) Tablo 6.12. (g):  

 

h) Tablo 6.12. (h):  

i) Tablo 6.12. (i): ektir.  

 

e 

 

 
(6.7) 

 (6.8) 
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Tablo 6.13.  

Minimize, :  

 :  

Parametreler : 

 

 
: 

 

 

 

 

 

0,48

Tablo 6.14  

 
Tablo 6.14. El he  

Alan  
Optimizasyon 

sonucu 
Aradaki Fark 

 % 

A4 [mm2] 25113,5 24745,4 -1,5 

A8 [mm2] 69478,8 78180,2 12,5 

 

alanlar ile Tablo 6.15  

 

Tablo 6.15.  
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6.2.2. Jetcat P400 turbojet modellemesi

(Grannan, Hoke, McClearn, Litke, & Schauer, 2017)

[76]

(JetCat, 2021)

Tablo 6.16 [77].

Tablo 6.16. 6,77]

Performans parametresi P80-SE P200-SX P400-RX-G
Maksimum devir [d/d] 125,000 112,000 98,000
Maksimum itki [N] 97 230 395

16,32 35,04 62,40

-sa)] 0,168 0,152 0,158
- 6,8 9,2 11,4

1,45 2,56 3,55

112 132 178,6
Hava debisi [kg/s] 0,25 0,45 0,67

2,4 3,7 3,8

510-700 480-750 480-750

JetCat motoru hobi ama

6.9

000 d/d (BorgWarner, 2021).

6.9. S400SX3 komp
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6

 

 
Tablo 6.17. P400-RX-G Katalog bilgileri [78]  

  
Maksimum itki [N]  395 

 itkisi [N]  13 
 147 

Toplam boyu [mm]  350 
Devir [d/d]  30-98 x1000 

 < 750 

  1300 
  Jet A1, Kerosen 

 

 

kabuller  

 

Tablo 6.18. 6] 

Devir 
[d/d] 

Devir  
[%] 

H.Debisi 
[kg/s] 

PR Verim  
[N] 

29731 30,5 0,16 1,20 0,84 14,0 

49391 50,7 0,30 1,61 0,83 62,1 
69324 71,1 0,46 2,39 0,80 157,9 
84341 86,6 0,60 3,21 0,76 277,5 

89434 91,8 0,65 3,51 0,75 328,4 
94395 96,9 0,68 3,86 0,73 360,9 
97437 100,0 0,71 4,12 0,72 395,0 

 
Tablo 6.19.  

  
 

Maksimum 
 

Motor devri [%] 30 100 

tifa [m] 0 0 
M0 0 0 

 14 395 

Max T5 [K] 753 1023 
Hedefler  

 
 
 

 2,667 17,333 
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(6.9) 

 (6.10) 

 
Tablo 6.20.  

Minimize, :  

 :  

Parametreler : 
 

 

 
:  

 

 
Tablo 6.20. lama denklemleri (devam) 

 
: 

 

 

 
Tablo 6.21.  

Parametre  Optimum Fark % 

A4 [mm2] 1600,2 1668,7 4,3 

A8 [mm2] 2892,6 3315,7 14,6 
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6.10. Hesaplanan test 

ekil 6.11. H

6.12.
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6.3.  

 

 

TPE-331 ( 6.13), LHTEC-T800 ( 6.14) ve TFE-109 ( 6.15

 Tablo 

6.22 -331 ve LHTEC-T  

  

 

ilgisi az bulunan bir motordur.  

TPE-331 ve LHTEC-T

 

 

Tablo 6.22.  

Motor 
modeli 

Hava 
Debisi 
[kg/s] 

 
T4 
[K]  

 
Motor 

tipi 
 

TPE-331 3,49 10,2 1341 
3 

kademe 
953 SHP 

Sabit 

turboprop 

Garrett/ 
Honeywell 

LHTEC-
T800 

3,35 15  
2 HPT 
2 LPT 

1300-
1563 SHP 

Serbest 

 

Honeywell 
/RR 

TFE-109 
4,83 

 
1,6/14,4  

2 HPT 
2 LPT 

1330-
1500 lbf turbofan 

Garrett 
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6.13. r kesiti (Garrett Service Manual, 2021)[79] 

 

6.14. Serbest  kesiti (Becker & Frounfelker, 1992) [80] 

 
6.15.  kesiti 

 [81] 
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ilebilecek

(6.11)

(6.12)

(6.13)

(6.14)

(6.15)

TPE-331, LHTEC-T800 ve TFE- -

T 6.16 -

-331

6.16. 1]
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LHTEC-T -331 ve TFE-

i Tablo 6.23  

 
Tablo 6.23. T800-LHT-  [81] 

Parametre  
  
 2 kademe eksenel 

rbini LPT 2 kademe eksenel 
  

Hava debisi [kg/s] 3,3 kg/s 
 14:1 

 >0,8 
Surge magjin >%15 

 136 kg 
 895 kW (1200 shp) 

 43800 d/d 

 

(Palmer & Waterman, 1994) 

 

  

  

  

 (Palmer & Waterman, 1994) 

  

motor  

 

 Tek 

 

 

 iki motorun 

 

 

 

 Bu bir tu

motor ile benzer geometrilerde ve  
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6.4.

Tablo 6.24). 

6.17. (Frignac & Privoznik, 1979) [83]

(6.16)

(6.17)

Tablo 6.24. (Ghorbanian, et al., 2019) (AIAA, 

2021)[84,85]

Mach W25[kg/s]
shp]

T4 [K]

1) 0,0 0 3,493 10,55 953,1 1342,4

2) Seyir 3810,0 0,3478 2,663 11,6 690,0 1302,3

3) Dolanma 2133,6 0,294 2,461 8,61 603,0 1248,4
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6.18.  

 
 

 ile motorun %100 motor devrindeki performans verileri kull larak 

A4, A8  

  

 4 ve 

A8  

 

 

 

nokt

6.19

-

8 

 

 
Tablo 6.25.  

Referans noktalar 
W25  
[kg/s] 

P3/P2 
Devir  
[%] 

Orijinal nokta 2,703 10,59 90,0 

 3,49 10,55 100,0 
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6.19.  

Optimizasyonda ku Tablo 6.26  

 
Tablo 6.26.  

Minimize, :  

 :  

Parametreler : 

 

 : 

 

 

 

 :  

 

6.20, 6.21).  

-

Tablo 6.27 -
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6.20.  

 

 
6.21.  

 
Tablo 6.27.  

 
Nok  

W2 hava 
debisi 

P3/P2  
debisi 

T4 RPM 

[kg/s] - [shp] [g/s] [K] [%] 

Hesaplanan  

100_953 3,547 10,8 953,1 76,1 1340,5 90,0 

%97_Seyir 2,661 11,5 690,0 52,1 1251,7 89,5 

%95_Dolanma 2,422 8,6 603,0 48,7 1238,9 82,0 

Referans  

100_953 3,493 10,6 953,1 69,0 1342,0 100,0 

%97_Seyir 2,663 11,6 690,0 49,0 1302,0 97,0 

%95_Dolanma 2,461 8,6 603,0 44,0 1248,0 95,0 

 
6.5.  
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 (6.18) 

 (6.19) 

planabilir. 

 (6.20) 

45 

5  

 (6.21) 

 
(6.22) 

bulunur. 

 

 
6.22.  

 
4 ile 

45 

 (Tablo 6.28). Tablo 6.29
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 - ile 

Tablo 6.30 6.23  

 
Tablo 6.28.  

Minimize, : 
 

 

 :  

Parametreler : 

 

 

 

 

 : 

 

 

 

 

 
Tablo 6.29.  

Parametre 
 

Birim   

CPR - 10,768 10,737 

TPR(HPT) - 9,467 3,583 

TPR(LPT) - - 2,637 

NPR - 1,031 1,030 

W25 kg/s 3,547 3,554 

 g/s 76,07 74,64 

Eff_comp - 0,836 0,835 

Eff_turb - 0,900 0,900 

T4 K 1340,5 1324,0 

T8 K 833,68 819,75 

A4 mm2 3085,0 3096,6 

A45 mm2 - 10729,4 

M8 - 0,220 0,215 

A8 mm2 70235,9 71154,0 

F N 438,2 426,9 
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Tablo 6.30.  

Motor tipi  Hava Debisi [kg/s] P3/P2  T4 [K] 

Tek  

 3,547 10,8 76,1 1340,5 

Seyir 2,661 11,5 52,1 1251,7 

Dolanma 2,422 8,6 48,7 1238,9 

 

 3,554 10,7 74,6 1324,0 

Seyir 2,637 11,7 56,1 1314,9 

Dolanma 2,496 8,4 48,7 1214,6 

Test verisi 

 3,493 10,6 68,8 1342,0 

Seyir 2,663 11,6 48,9 1302,0 

Dolanma 2,461 8,6 44,0 1248,0 

 

 
6.23.  

 
6.6.  

 ( 6.24)

 

Tek 

-
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6.24.  

 

 

 (6.23) 

 (6.24) 

 (6.25) 

 (6.26) 

 (6.27) 

 (6.28) 

 (6.29) 

W13 ve T13 parametreleri fan by-  
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 (6.30) 

 (6.31) 

3 

-

5-  

25, P25 

ve T25 

 

(Tablo 6.31). 

 
Tablo 6.31. Optimizasyo  

Minimize, 
:   

 :  

Parametreler : 

 

 

 

 

 

 : 
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Tablo 6.32.  

fi :  

 

4 ve A45 

8 ve A18 4 ve A45 

 

ek itki 1456,3 lbf (6485,8 N) du -

 .  

A4 ve A45  itki 

1572,1 lbf (7001,7 N) dur -

 Tablo 6.32  

 

 

Tablo 

6.33  

 

 
6.25.  
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6.26.  

 

6.27.  

 
6.28.  
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6.29.  

 
6.30.  

 
Tablo 6.32.  

Parametre 
 

Birim A4, A45 
Sabit  

A4, A45 
 

 - 953,1 953,1 

CPR - 9,191 9,298 
TPR - 3,640 3,293 
LPTPR - 2,250 2,093 

NPR - 1,276 1,536 

FPR - 1,286 1,288 
BPR - 5,999 5,999 

W25_crt [kg/s] 3,279 3,252 

W2 [kg/s] 4,046 4,018 
 [g/s] 73,65 83,02 

W18  [kg/s] 24,274 24,107 
T4  [K] 1245,7 1337,2 
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Tablo 6.32.

T8 [K] 764,5 849,1
V8 [m/s] 343,1 474,6

V18 [m/s] 208,9 209,7
V8/V18 - 1,641 2,263
M8 - 0,67 0,89

M18 - 0,61 0,61
A4 [mm2] 3096,6 3170,5
A45 [mm2] 10729,4 10131,5

A8 [mm2] 24480,5 18684,6
A18 [mm2] 95895,7 94910,0

[lbf] 1456,3 1572,1

[lbf] 317,3 437,0
[lbf] 1139,0 1135,1

Tablo 6.33.

FPR 1,286
BPR 5,999
W0 [kg/s] 28,32

6.7.

(J.D. Stevenson, 1993) verilen JT15D 

6.31 6.32

[86].

6.31.
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(Tablo 6.34).

6.32. performans 

Tablo 6.34.

Minimize, :

:

Parametreler :
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Tablo 6.34.  

Parametreler : 

 

 

 

 

 : 

 

 

 

 

 

 :  

 
Tablo 6.24

Tablo 6.35

(NASA, 1976)  

 [87]. 

 

 
Tablo 6.35.  

Parametre 
 

Birim  
 

 
 

Seyir 
 

Dolanma 
 

 [m] 0 0 3810 2133 
Mach - 0 0 0.35 0.29 



107 
 

Tablo 6.35.     

SHP [shp] 953,0 953,0 690,0 603,0 
N_komp  [%] 100,0 100,7 99,3 76,9 
N_fan [%] 90,0 90,0 89,5 82,0 
CPR - 9,35 9,32 10,84 8,34 
TPR - 3,45 3,46 3,30 2,83 
LPTPR - 2,16 2,18 1,81 1,42 
NPR - 1,42 1,40 1,85 1,85 
FPR - 1,28 1,29 1,24 1,13 
BPR - 6,00 6,00 6,00 6,00 
W25_crt [kg/s] 4,059 4,067 2,939 2,605 
W2 [kg/s] 28,412 28,466 20,571 18,231 

 [g/s] 78,768 78,742 61,585 53,215 
W18  [kg/s] 24,35 24,40 17,63 15,63 
T4  [K] 1289,8 1288,5 1326,6 1264,3 
T8  [K] 806,7 803,4 868,1 900,3 
V8 [m/s] 395,3 387,1 533,4 543,2 
V18 [m/s] 207,4 208,9 218,6 172,3 
V8/V18 - 1,91 1,85 2,44 3,15 
M8 - 0,74 0,73 1,00 1,00 
M18 - 0,61 0,61 0,67 0,52 
A4  [mm2] 3107,2 3107,2 3107,2 3107,2 
A45  [mm2] 10208,2 10208,2 10208,2 10208,2 
A8 [mm2] 21923,8 21923,8 21923,8 21923,8 
A18  [mm2] 97028,7 97028,7 97028,7 97028,7 

 [lbf] 1501,2 1505,0 702,0 529,3 
 [lbf] 367,3 360,4 284,7 267,1 
 [lbf] 1133,9 1144,6 417,3 262,2 
 [shp] 953,0 968,6 564,4 299,5 
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7.  

 

ir. 

 

i) 

ile 

 algoritma 

 

ii) 

da 

 

iii) 

rformans 

getirilmesi gerekmektedir.  

iv) 
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e

 

v)  

hatalara 

 

 

parametre hedef fonksiyonuna dahil edilebilmektedir. 

vi) 

nedenle itki si  

 test 

derilmektedir.  

  

   

  -

 

  p itki sistem-

 

   ve egzoz 
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perfo  

 

 

 motorda art yanma  

 

 

bulunabilir.  

 Motor testinden elde ed

 

 -

olabilir. 
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EKLER 

EK-1. Ant Colony Optimizasyon Kodu (Excel Visual Basic) 

Public yol_deger(100) As Double 

Public yol_pheromone(100) As Double 

Public o_siniri(100) As Double 

Public karinca(100) As Double 

Public sonuc(100) As Double 

Public kutu_secimi(100) As Integer 

Public kutu_carpani(100) As Integer 

Public yol_sayisi As Integer 

Public iterasyon_sayisi As Integer 

Public analiz_sayisi As Integer 

 

Sub ACO_ana() 

Dim a_sinir As Double 

Dim u_sinir As Double 

Dim k_sayisi As Integer 

Dim y_sayisi As Integer 

Dim ol As Double 

Dim bo As Double 

Dim tol As Double 

 

a_sinir = 0           'aranan degerin alt siniri 

u_sinir = 1           'aranan degerin ust siniri 

k_sayisi = Init_Menu.karinca_sayisi.Value       'kac karinca gonderildigi 

y_sayisi = k_sayisi * 2 + 1     'her bir noktada secilebilecek yol sayisi 

ol = 1.3                'feromon artis orani 

bo = 0.3               'feromon bozulma orani 

tol = 0.000001     'karinca yaklasma toleransi 

analiz_sayisi = 0 

son_3sans = 0 
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If (k_sayisi < 4) Then 

    k_sayisi = 4 

End If 

If (y_sayisi < 7) Then 

    y_sayisi = 7 

End If 

 

ilk_a_sinir = a_sinir 

ilk_u_sinir = u_sinir 

ilk_k_sayisi = k_sayisi 

ilk_y_sayisi = y_sayisi 

ilk_ol = ol 

ilk_bo = bo 

ilk_tol = tol 

 

Worksheets("Sheet1").Range("E2:E102") = "" 

bilgi_yaz (" Analiz baslangici : " & Time) 

bilgi_yaz ("--------------------------------------------------------------") 

optimum_x = ACO(a_sinir, u_sinir, k_sayisi, y_sayisi, ol, bo, tol) 

Worksheets("Sheet1").Cells(2, 5) = optimum_x 

bilgi_yaz ("--------------------------------------------------------------") 

bilgi_yaz ("Ilk bulunan deger ->  x = " & optimum_x) 

 

For tekrar = 1 To 50 

    ilk_x = optimum_x 

        gcc_a_sinir = optimum_x - (u_sinir - a_sinir) / (y_sayisi * 1#) 

        gcc_u_sinir = optimum_x + (u_sinir - a_sinir) / (y_sayisi * 1#) 

        If (gcc_a_sinir > a_sinir) Then 

            a_sinir = gcc_a_sinir 

        End If 
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        If (gcc_u_sinir < u_sinir) Then 

            u_sinir = gcc_u_sinir 

        End If 

     

    If (y_sayisi > 7) Then 

        y_sayisi = y_sayisi - 1 

    End If 

      

      tol = tol / 1.5 

     bilgi_yaz ("Alt sinir: " & a_sinir & " , Ust sinir: " & u_sinir) 

    optimum_x = ACO(a_sinir, u_sinir, k_sayisi, y_sayisi, ol, bo, tol) 

    Worksheets("Sheet1").Cells(2 + tekrar, 5) = optimum_x 

    bilgi_yaz ("--------------------------------------------------------------") 

    bilgi_yaz ("Bulunan basarili deger ->  x = " & optimum_x) 

    yakinsama = Abs((ilk_x - optimum_x) / ilk_x) 

     

    If (yakinsama < 0.000001) Then 

        bilgi_yaz ("> Cozum yakinsadi .") 

        bilgi_yaz ("> zoom = " & tekrar) 

        bilgi_yaz ("> Analiz sayisi = " & analiz_sayisi) 

        Exit For 

    End If 

Next 

End Sub 

 

Function ACO(alt_sinir As Double, ust_sinir As Double, karinca_sayisi As Integer, 
yol_sayisi As Integer, olcek As Double, bozulma As Double, tolerans As Double) 

iterasyon_sayisi = 200 

toplam_pheromone = 0 

   ' her bir yola dusen degeri hesaplayip diziye aktar 

   ' her yol icin ilk pheromone degerini ata 

    For I = 1 To yol_sayisi 
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        yol_deger(I) = alt_sinir + (I - 1) * (ust_sinir - alt_sinir) / (yol_sayisi - 1) 

        yol_pheromone(I) = 1            'ilk deger atamasi yap 

        toplam_pheromone = toplam_pheromone + yol_pheromone(I) 

        'bilgi_yaz ("yol_degeri[" & i & "]= " & yol_deger(i) & " , pheromon[" & i & "]= 
" & yol_pheromone(i)) 

    Next 

 

    ' olasilik sinirlari  yolsayisindan 1 fazla 

    o_siniri(1) = 0 

    o_siniri(yol_sayisi + 1) = 1 

 

    'olasilik sinirlari feromon degerine bagli olarak belirleniyor 

    'birinci ve sonun degerleri 0-1 oldugundan aradaki degerler hesaplaniyor 

    For I = 2 To yol_sayisi 

        o_siniri(I) = o_siniri(I - 1) + yol_pheromone(I) / toplam_pheromone 

        'bilgi_yaz ("Alt sinir : " & o_siniri(i - 1) & "  - Ust sinir : " & o_siniri(i)) 

    Next 

        'bilgi_yaz ("Alt sinir : " & o_siniri(i - 1) & "  - Ust sinir : " & o_siniri(i)) 

kutu_ciz (yol_sayisi) 

iterasyon = 1 

 

Do While iterasyon < iterasyon_sayisi 

 

basarili_deger = 0 

min_deger = 9999999 

max_deger = -9999999 

basarim = 0 

    bilgi_yaz ("iterasyon no: " & iterasyon) 

    ' karincalara rastgele degerler ver, yeni fonksiyonlari hesapla 

    For j = 1 To karinca_sayisi 

            Randomize 

20        karinca(j) = Rnd(1) 
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            kutu_secimi(j) = kutu_sec(karinca(j), yol_sayisi) 

        If (iterasyon < karinca_sayisi) Then 

            For k = 1 To j - 1 

                If (kutu_secimi(j) = kutu_secimi(k)) Then 

                    GoTo 20 

                End If 

            Next 

        End If 

        sonuc(j) = fx(yol_deger(kutu_secimi(j))) 

        analiz_sayisi = analiz_sayisi + 1 

        'bilgi_yaz ("Karinca [" & j & "]=" & karinca(j) & " Kutu secimi = " & 
kutu_secimi(j) & " , sonuc = " & sonuc(j)) 

         

        If (sonuc(j) > max_deger) Then 

            max_deger = sonuc(j) 

        End If 

        If (sonuc(j) < min_deger) Then 

            min_deger = sonuc(j) 

            basarili_deger = yol_deger(kutu_secimi(j)) 

        End If 

    Next 

     

    ' hedef minimum degeri yakalamak 

    ' basarili olanlari say 

    For j = 1 To karinca_sayisi 

        kutu_no = kutu_secimi(j) 

        If (sonuc(j) = min_deger) Then 

                basarim = basarim + 1 

                kutu_carpani(kutu_no) = 1 

                'bilgi_yaz ("[Basarili Kutu : " & kutu_no) 

            Else 

                kutu_carpani(kutu_no) = 0 
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        End If 

    Next 

     

    ' En iyi ve en kotu degere gore yeni pheromone degeri hesapla 

    ' en iyi ve en kotu orani 1.001 ile 0.999 arasinda ise donguden cik 

    gcc_oran = Abs(min_deger / max_deger) 

    If gcc_oran > 1 Then 

        yeni_pheromone_miktari = olcek * basarim * gcc_oran 

        If gcc_oran < (1# + tolerans) Then 

            Exit Do 

        End If 

    Else 

        yeni_pheromone_miktari = olcek * basarim / gcc_oran 

        If gcc_oran > (1# - tolerans) Then 

            Exit Do 

        End If 

    End If 

     

    'bilgi_yaz ("******* HESAPLANAN PHEROMONE = " & 
yeni_pheromone_miktari & "  **************") 

     

    ' Bozulma miktarina gore tum yollardaki pheromone degerlerini yariya indir 

    For jjj = 1 To yol_sayisi 

        yol_pheromone(jjj) = (1 - bozulma) * yol_pheromone(jjj) 

    Next 

     

    ' Karincalarin gittigi yollardaki pheromone degerlerini duzenle 

    ' basarili yol carpani 1, 

    ' basarisiz yol carpani 0 

    For kkk = 1 To karinca_sayisi 

            kutu_no = kutu_secimi(kkk) 
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            yol_pheromone(kutu_no) = (1 - kutu_carpani(kutu_no)) * 
yol_pheromone(kutu_no) + kutu_carpani(kutu_no) * (yeni_pheromone_miktari + 
yol_pheromone(kutu_no) / (1 - bozulma)) 

            
u_carpani(kutu_no)) 

    Next 

     

    For jjj = 1 To yol_sayisi 

        'bilgi_yaz ("yol_pheromone(" & jjj & ") = " & yol_pheromone(jjj)) 

    Next 

    toplam_pheromone = 0 

    For j = 1 To yol_sayisi 

        toplam_pheromone = toplam_pheromone + yol_pheromone(j) 

    Next 

     

    For I = 2 To yol_sayisi 

        o_siniri(I) = o_siniri(I - 1) + yol_pheromone(I - 1) / toplam_pheromone 

        'bilgi_yaz ("Alt sinir : " & o_siniri(i - 1) & "  - Ust sinir : " & o_siniri(i)) 

    Next 

        'bilgi_yaz ("Alt sinir : " & o_siniri(i - 1) & "  - Ust sinir : " & o_siniri(i)) 

     

    kutu_ciz (yol_sayisi) 

    iterasyon = iterasyon + 1 

     

    For j = 1 To yol_sayisi 

       kutu_carpani(j) = 0 

    Next 

Loop 

 

ACO = basarili_deger 

End Function 
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Function fx(x As Double) 

Pi = WorksheetFunction.Pi() 

'fx = x * x - 2 * x - 11 

fx = 1 - Exp(4 * x) * (Sin(5 * x * Pi)) ^ 4 

End Function 

 

Function kutu_sec(karinca_degeri As Double, yol_sayisi As Integer) 

For I = 2 To yol_sayisi 

    If (karinca_degeri >= o_siniri(I - 1) And karinca_degeri < o_siniri(I)) Then 

        kutu_sec = I - 1 

        Exit For 

    End If 

Next 

End Function 

 

EK-2. ACOPSO (C++) 

//{ Struct Definition begins 

struct sParticle { 

    double x[6];  // particle position X = { x0, x1, x2, ... } 

    double vx[6];  // velocity of particle VX = { vx0, vx1, vx2, ... } 

    double pBest ;  // particle evaluated function value 

    int id; 

    int leader;   // which leader to follow for food :) 

}; 

 

struct food { 

    double x[6];  // box position X = { x0, x1, x2, ... } 

    double p_min; // lower limit for pheromone tournament 

    double p_max; // upper limit for pheromone tournament 

    double feromon;  // pheromone level at this path 

    double deger;   // value of the path or box 
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    int followers ; // number of followers 

}; 

 

struct swarm { 

    //{ swarm parameters setup 

    int sSize ;                  // swarm size 

    int sBestParticle ;          // best particle 

    double swarm_best ; 

    int iteration = 0 ;          // number of iterations 

    int improved = 1;            // check is there is improvement 

    double sBestValue=1.0e6 ;           // best function value of the swarm - works to 
minimize this 

    double social_distance = 60 ;//60 ;  // allowable distance between swarm 
individuals 

    double social_distance_x = 30 ;  // allowable distance between swarm individuals 

    double limit_xlow[6]  ;   // lower bound of the input parameters 

    double limit_xup[6]  ;   // upper bound of the input parameters 

    double speed_limit[6] ;   // speed limit for each parameter = (limit_xup-
limit_xlow)*0.03; 

    double speed_ratio = 0.03 ;  //  approximately 33 modes can be catched 

    double acceleration_factor = -0.05 ; 

    double inertia = 0.91 ;   // velocity contribution 

    double decelerate = 0.97 ; // when particle find food decrease its speed 

    double accelerate = 1.02 ; // if particle could not find food increase towards to 
leader position 

    bool converged=false; 

    sParticle target; 

    vector<sParticle> Particles; 

 

    food kutu[20];   // 10 food sources will be marked - change also max_path = 10 ; 

    // initialize the swarm by given particle number 

    void setSize(int number) { 

        double gcc_best_value = 1e6 ; 
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        srand(time(0)); 

        auto nSeed = time(0); 

        mt.seed(nSeed); 

        //    std::time_t result = std::time(nullptr); 

       //std::cout << std::asctime(std::localtime(&result)) 

        cout << " Initializing the swarm ... " <<  std::asctime(std::localtime(&nSeed)) ; 

        cout << " Number of particles : " << number << " , Food locations = " << 
max_path << endl; 

        // setup boundaries for each parameter and also speed limit depending on the 
range 

       limit_xlow[0] = 0.0 ;limit_xup[0] = 1.0 ;   //    double mdot = x[0];     // W2_try 

       limit_xlow[1] = 0.0 ;limit_xup[1] = 1.0 ;   //    double TPR = x[1];   // TPR 

       limit_xlow[2] = 0.0 ;limit_xup[2] = 1.0 ;   //    double TPR = x[2];   // A4_ratio 

       limit_xlow[3] = 0.0 ;limit_xup[3] = 1.0 ;   //    double mdot = x[3];   // A8_ratio 

       limit_xlow[4] = 0.0 ;limit_xup[4] = 1.0 ;   //    double Ecomb = x[4];   // TPR 
MAKS 

       limit_xlow[5] = 0.0 ;limit_xup[5] = 1.0 ;   //    double Ecomb = x[5];   // mf 
MAKS 

//       limit_xlow[6] = 0.0 ;limit_xup[6] = 1.0 ;   //    double A2_ratio = x[6];    // A2_ 
compressor scale 

//       limit_xlow[7] = 0.0 ;limit_xup[7] = 1.0 ;   //    double A4_ratio = x[7];    // A4_ 
turbin scale 

//       limit_xlow[8] = 0.0 ;limit_xup[8] = 1.0 ;   //    double A8_try = x[8];   // A8_ 
Exhaust area ratio 

 

        for (int j=0;j<boyut;j++){ 

            speed_limit[j] = (limit_xup[j]-limit_xlow[j])*speed_ratio ;  // speed limit is 
given according to parameter boundaries 

        } 

        // setup initial targets for the swarm 

        for (int k=0 ; k<max_path ; k++) { 

            for (int j=0; j<boyut ;j++){ 

                kutu[k].x[j] = (limit_xup[j]-limit_xlow[j])*dis(mt)+limit_xlow[j] ; 

                kutu[k].followers = 0 ; 
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            } 

                kutu[k].p_min = 1.0/(1.0*max_path)*(k+0.0); 

                kutu[k].p_max = kutu[k].p_min+ 1.0/(1.0*max_path); 

                kutu[k].feromon = 1.0 ;// ilk deger 

                kutu[k].deger = (*fTest)(kutu[k].x, boyut); // best function value - initial 

 

                if (kutu[k].deger<gcc_best_value) { 

                    gcc_best_value = kutu[k].deger; 

                } 

        } 

        // arrange pheromone levels according to function values 

            yeni_total_feromon= 0.0 ; 

            double gcc_min = 999999.0 ; 

            double gcc_max = -999999.0; 

            // arrange kutu ranges so the random selection possibility will change 

            for (int kk=0; kk<max_path; kk++) { 

                if (kutu[kk].deger<=gcc_min) 

                    gcc_min = kutu[kk].deger ; 

                if (kutu[kk].deger>=gcc_max) 

                    gcc_max = kutu[kk].deger ; 

            } 

            double ort_deger = (gcc_min + gcc_max)*0.5 ; 

            for (int kk=0; kk<max_path; kk++) { 

                if (kutu[kk].deger<ort_deger) { 

                    kutu[kk].feromon = kutu[kk].feromon * olcek ; // (1.0+(gcc_min-
kutu[kk].deger)*(gcc_min-kutu[kk].deger)/(ort_deger*ort_deger)) ; 

                } else { 

                    kutu[kk].feromon = kutu[kk].feromon * bozulma ; // (1.0-(gcc_min-
kutu[kk].deger)*(gcc_min-kutu[kk].deger)/(ort_deger*ort_deger)) ; 

                } 

                yeni_total_feromon = yeni_total_feromon + kutu[kk].feromon ; 

            } 
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                toplam_feromon = yeni_total_feromon ; 

                // setup initial targets for the swarm 

                    kutu[0].p_min = 0.0; 

                    kutu[0].p_max = kutu[0].feromon/toplam_feromon; 

                    //cout << kutu[0].deger << endl ; 

                    //cout << "kutu no: " << 0 << " delta_p: " << kutu[0].p_max-
kutu[0].p_min << " , feromon: " << kutu[0].feromon << endl; 

                    for (int kkk=1 ; kkk<max_path ; kkk++) { 

                        kutu[kkk].p_min = kutu[kkk-1].p_max; 

                        kutu[kkk].p_max=kutu[kkk].p_min+ 
kutu[kkk].feromon/toplam_feromon; 

                      //  cout << kutu[kkk].deger << endl ; 

                      //  cout << "kutu no: " << kkk << " delta_p: " << kutu[kkk].p_max-
kutu[kkk].p_min << " , feromon: " << kutu[kkk].feromon << endl; 

                    } 

        ///// 

        cout << endl; 

        sParticle sp;  // dummy particle for filling array 

        sp.x[0] = 0.5; 

        sp.x[1] = (10.3-1.0)/29.0; 

        sp.x[2] = 4.0/11.0; 

        sp.x[3] = 0.762254; 

        sp.x[4] = 0.5; 

        sp.x[5] = 0.5; 

 

        echo_on = 1 ; 

        sp.pBest =  (*fTest)(sp.x, boyut); 

        cout << " Design values : " << sp.pBest << endl ; 

        echo_on = 0 ; 

        // assign random positions and random velocities to the particles 

        // track best function value 

        for (int i=0; i<number; i++) { 
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            for (int j=0; j<boyut; j++){ 

                // speed_ratio = dis(mt)*0.1 ; 

                sp.x[j]  = (limit_xup[j]-limit_xlow[j])*dis(mt)+limit_xlow[j] ; 

                sp.vx[j] = (limit_xup[j]-limit_xlow[j])*(0.5-dis(mt)*speed_ratio); 

            } 

            sp.pBest = (*fTest)(sp.x, boyut); 

            sp.id = i; 

            sp.leader = -1 ; 

 

            // look for nearest leader 

            double gcc_mesafe = 1000000000.0 ; 

            for (int k=0; k<max_path; k++) { 

                double gcc_toplam = 0.0; 

                for (int j=0; j<boyut; j++){ 

                    gcc_toplam = gcc_toplam + (sp.x[j]-kutu[k].x[j])*(sp.x[j]-kutu[k].x[j]); 

                } 

                if (gcc_toplam < gcc_mesafe) { 

                    gcc_mesafe = gcc_toplam ; 

                    sp.leader = k; 

                    kutu[k].followers += 1 ; 

                } 

            } 

            // cout << "Particle : " << i << " , Leader : " << sp.leader << endl ; 

        if (sp.pBest < swarm_best ) { 

            swarm_best = sp.pBest ; 

            sBestParticle = sp.id ; 

        } 

        Particles.push_back(sp) ; 

        } 

        cout << " Particles are inserted " << endl; 

        iteration =1; 
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    } 

//}  init end 

 

void update(){ 

        double ax; // acceleration towards new target 

        double xcurr[boyut] ; // current position before update 

        double temp_value ; 

        double px_max=-999999.0 ; // social distance measure - right 

        double px_min= 999999.0 ; // social distance measure - left 

        // there are N boxes of food 

        // among the boxes with fragrant pheromone select one direction 

        // addition to boxes there is one random direction 

        // sp the total number of possible directions is 10+1 

        double toplam_feromon = 0.0 ; 

        double gcc_min = 99999.0 ; 

        double gcc_max = -99999.0; 

        double yeni_feromon_miktari = 0.0 ; 

        int selected_path = -1; 

        int kutu_change=0; 

        int tBest[max_path] ; 

 

// ensure particles stay in the boundaries 

    for (int i=0; i<Particles.size() ; i++) { 

        improved =0 ;  // check if iterations goes better if not change leaders 

        // during initializing closest boxes are assigned as target 

        // if no leader assigned 

        // make a selection among the possible food sources or another random location 

                if (Particles[i].leader == -1) { 

                    double gcc_rastsal = dis(mt) ; //(  rand() % 10000  )/10000.0 ; 

                    for (int k=0; k<max_path; k++) { 

                        if(gcc_rastsal>=kutu[k].p_min && gcc_rastsal<kutu[k].p_max) { 
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                            Particles[i].leader = k; 

                            kutu[k].followers += 1 ; 

                        } 

                    } 

                    // linear perturbation towards the target - assuming optimum is in linear 
path 

                    for (int j=0; j<boyut; j++ ) { 

                        double base_distance = kutu[Particles[i].leader].x[j]-Particles[i].x[j] ; 

                        Particles[i].x[j]  = 
base_distance*dis(mt)*0.5+kutu[Particles[i].leader].x[j] ; 

                        // Particles.vx[j] = (limit_xup[j]-limit_xlow[j])*(0.5-dis(mt)*0.03); 

                        Particles[i].vx[j] = base_distance*(0.05-dis(mt)*speed_ratio); 

                      //  Particles[i].x[j]  = (kutu[Particles[i].leader].x[j]-
speed_limit[j])*dis(mt)*0.5+kutu[Particles[i].leader].x[j] ; 

                    } 

                } 

                for (int ii=0; ii<boyut ; ii++) { 

                    target.x[ii]=kutu[Particles[i].leader].x[ii]; 

                } 

        // calculate new particle position using target vector, velocity and acceleration 

        // multiply velocity with -0.05 

        // so the particle will move towards target 

        // ax[j] is acceleration vector 

                for (int j=0; j<boyut ; j++) { 

                    ax = (Particles[i].x[j] - target.x[j])*acceleration_factor; 

                    Particles[i].vx[j] = ax + inertia*Particles[i].vx[j]; 

                    // limit the velocity of particle 

                    if (Particles[i].vx[j] >speed_limit[j]) 

                        Particles[i].vx[j] = speed_limit[j]; 

                    if (Particles[i].vx[j]<-speed_limit[j]) 

                        Particles[i].vx[j] = -speed_limit[j]; 

                    Particles[i].x[j] += Particles[i].vx[j] ; 
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                    if (Particles[i].x[j]> limit_xup[j] ) { 

                        Particles[i].x[j]= limit_xup[j] ; 

                        Particles[i].vx[j] = -Particles[i].vx[j] ; 

                    } 

                    if (Particles[i].x[j] <limit_xlow[j]) { 

                        Particles[i].x[j]= limit_xlow[j] ; 

                        Particles[i].vx[j] = -Particles[i].vx[j] ; 

                    } 

                } 

                // evaluate the particle at new position, send dimension of the x vector 

                temp_value = (*fTest)(Particles[i].x, boyut); 

                if (temp_value < Particles[i].pBest) { 

                    //cout << " Particle improved = " << Particles[i].id << endl; 

                    Particles[i].pBest = temp_value ; 

                    if (Particles[i].pBest<=kutu[Particles[i].leader].deger) { 

                        for (int j=0; j<boyut; j++ ) { 

                            Particles[i].vx[j] = decelerate*Particles[i].vx[j] ; 

                            kutu[Particles[i].leader].x[j]=Particles[i].x[j]; 

                        } 

                    } 

                    // mark the improvement! 

                    improved = 1; 

                    } else {  // no improvement 

                            // particle will accelerate through the leader position 

                            for (int j=0; j<boyut ; j++) { 

                                Particles[i].vx[j] *= accelerate ; 

                            } 

                    } 

                    // if best values of the swarm is found then print the value 

                    if (temp_value<sBestValue) { 

                                sBestParticle = Particles[i].id ; 
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                                //cout << " Swarm improved by = " << sBestParticle << endl; 

                                sBestValue= temp_value; 

                                cout << iteration << " , " << temp_value << " , " ; 

                                cout.precision(16); 

//                                cout << (-15.0+Particles[sBestParticle].x[0]*10.0) << " , " ; 

//                                cout << (-3.0+6.0*Particles[sBestParticle].x[1]) << " , " ; 

                                    for (int j=0; j<boyut; j++){ 

                                        cout << Particles[i].x[j] << ", " ; 

                                    } 

                                End_time = std::chrono::system_clock::now(); 

                                std::chrono::duration<double> diff = End_time-Start_time; 

                                cout <<  " Elapsed time = "  << diff.count() << endl; 

                                echo_on = 1 ; 

                                double gcc_Best =  (*fTest)(Particles[i].x, boyut); 

                                cout << " 
_____________________________________________________________" << gcc_Best 
<< endl ; 

                                echo_on = 0 ; 

                        // is a better value is found food sources should be updated 

                        double gcc_worst = -99999.0 ; 

                        for (int kkk=0; kkk<max_path; kkk++) { 

                            if (kutu[kkk].deger > gcc_worst) { 

                                gcc_worst = kutu[kkk].deger ; 

                                kutu_change = kkk ; // Particles[i].leader ; 

                            } 

                        } 

                         // change box value and position with the new better solution 

                        // leader position will be updated according the particle position 

                               for (int jj =0;jj< boyut ; jj++)  { 

                                    kutu[kutu_change].x[jj] = Particles[i].x[jj] ; 

                                    kutu[kutu_change].deger = temp_value ; 

                                    // kutu[kutu_change].feromon = high_feromon ; 
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                                } 

                   } 

    } 

    // one iteration completed 

    // if there is not improvement decrease counter 

    // if counter is below zero either change target or reset swarm positions 

 

    iteration +=1; 

    num_of_iter++ ; 

        if (improved < 1) { 

            swarm_shuffle -= 1; 

            if (swarm_shuffle<=0) { 

                // set leaders to -1 for re-assignment at next update command 

                for (int iii=0; iii<Particles.size(); iii++) { 

                      Particles[iii].leader = -1 ; 

                      //cout << " social distance ......" << social_distance << endl; 

                } 

                for (int k=0; k<max_path ; k++) { 

                    kutu[k].followers = 0 ; 

                } 

                //cout << " New distribution !" << endl ; 

                swarm_shuffle = feromon_update;  // target changing count 

                } 

                yeni_total_feromon= 0.0 ; 

                double gcc_min = 999999.0 ; 

                double gcc_max = -999999.0; 

                // arrange kutu ranges so the random selection possibility will change 

                for (int kk=0; kk<max_path; kk++) { 

                    //if (kutu[kk].followers >=1) { 

                        if (kutu[kk].deger<=gcc_min) 

                            gcc_min = kutu[kk].deger ; 
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                        if (kutu[kk].deger>=gcc_max) 

                            gcc_max = kutu[kk].deger ; 

                    //} 

                } 

                double ort_deger = (gcc_min + gcc_max)*0.5 ; 

                double gcc_feromon = 10000.0 ; 

 

                for (int kk=0; kk<max_path; kk++) { 

                    if (kutu[kk].deger<=ort_deger) { 

                        kutu[kk].feromon = kutu[kk].feromon * olcek ; //* (sBestValue-
kutu[kk].deger)*(sBestValue-kutu[kk].deger)/(gcc_min*gcc_min) ; 

                    } else { 

                        kutu[kk].feromon = kutu[kk].feromon * bozulma ; //* (gcc_min-
kutu[kk].deger)*(gcc_min-kutu[kk].deger)/(gcc_min*gcc_min) ; 

                    } 

                    yeni_total_feromon = yeni_total_feromon + kutu[kk].feromon ; 

                    if (kutu[kk].feromon < gcc_feromon) { 

                        gcc_feromon = kutu[kk].feromon ; 

                    } 

                } 

                low_feromon = gcc_feromon ; 

                toplam_feromon = yeni_total_feromon ; 

                // setup initial targets for the swarm 

                    kutu[0].p_min = 0.0; 

                    kutu[0].p_max = kutu[0].feromon/toplam_feromon; 

                    for (int kkk=1 ; kkk<max_path ; kkk++) { 

                        kutu[kkk].p_min = kutu[kkk-1].p_max; 

                        kutu[kkk].p_max = kutu[kkk].p_min+ 
kutu[kkk].feromon/toplam_feromon; 

                    } 

        } 

        // if improvements stop re-shuffle the swarm 
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} 

//{ draw particles on the screen in order to understand the behaviour 

void draw(sf::RenderWindow& window) 

    { 

        sf::CircleShape blob; 

        sf::VertexArray line(sf::Lines,2); 

        for (auto P: Particles) { 

            line[0].position.x = P.x[0]*50 ; //*50; 

            line[0].position.y = P.x[1]*100 ; //*100; 

            line[1].position.x = P.x[0]*50 + P.vx[0]*50; 

            line[1].position.y = P.x[1]*100 + P.vx[1]*100; 

//            line[1].position.x = P.x[0] + P.vx[0]; 

//            line[1].position.y = P.x[1] + P.vx[1]; 

            blob.setRadius(0.5); 

            blob.setFillColor(sf::Color::Red); 

            blob.setPosition(P.x[0]*50-0.5, P.x[1]*100-0.5); 

//            blob.setPosition(P.x[0]-5, P.x[1]-5); 

            window.draw(blob) ; 

            window.draw(line); 

        } 

            blob.setFillColor(sf::Color::Green); 

            // blob.setPosition(target.x[0]*50-5, target.x[1]*100-5); 

            for (int i=0; i<max_path; i++) { 

                //blob.setRadius(sqrt(kutu[i].feromon)+0.1); 

                //blob.setPosition(kutu[i].x[0]-5, kutu[i].x[1]-5); 

                blob.setPosition(kutu[i].x[0]*50-0.5, kutu[i].x[1]*100-0.5); 

                window.draw(blob) ; 

            } 

     } 

}; 

//} END OF STRUCT DEFINITION 
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EK-3  

double fTurboShaftFixed(double* x, int array_size){ 

    int expected_size = 4;   // number of input parameters 

    // operating:  idle   maximum  cruise 

    // TPE331 rpm %  -> 100.0 97.0 95.0 

    string Nokta[3]={ "TAKE-OFF" , "CRUISE" , "LOITER"} ; 

    double Ni[3] = {90.0,  87.3,   85.5} ; // Physical Engine Speed [%] tasarim noktasi 
%90, digerleri ona gore orantili 

    double Zi[3] = {  0,  3810.0, 2133.6} ; // Altitude [m] 

    double Mi[3] = {  0,  0.3478, 0.294} ; // Flight Mach number 

    double PWRi[3]= { 953.1, 690.0, 603.0 } ; // Shaft power Requirement [hp] 953.1, 
690.0, 603.0 

    double T5i[3]= { 1023.0,  1023.0, 1023.0} ; // maximum EGT temperature[K] 

    double Wfi[3] = { 0.1515, 0.1077, 0.097} ; // Wf = [lb/s] 

    double Pri[3] = { 10.53, 11.6, 8.6} ; // Wf = [kg/s] 

    double Wai[3] = { 3.496, 2.663, 2.461} ; // Wf = [kg/s] 

    double T4maxi[3] = { 1341.3, 1302.3, 1248.4} ; // maximum combustor exit 
temperature [K] 

    double pr_scale = 1.0 ; //(10.2-1.0)/(11.12-1.0) ; // 

    double mass_scale = 1.0 ;  // compressor map mass flow scale - map design point 
206, calculated engine 100 

    double comp_eff_scale = 1.0 ; ///0.84168/0.780 ; 

    double TPR_max = 10.5 ; //8.6 ; 

    double turb_eff_scale = 1.0 ; 

    double Thrust = 0.0  ; // turboprop generates bonus thrust due to expansion in 
nozzle 

    double HPT_choke = 4.5 ; // HP Turbine choking pressure 

    double HD_hot = 1.33/(1.33-1.0) ; 

    double HD_cold= 1.4/(1.4-1.0) ; 

//{ 

    double W2; ;    // core engine air mass flow rate kg/s 

    double CPR ;    // compressor pressure ratio comes from map 
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    double TPR ;    // turbine pressure ratio comes from map 

    double NPR = 1.12 ;    // Nozzle pressure ratio 

    double Wf ; 

    //double W3_crt_des = 0.103 ; // 3.270*sqrt(1124.33)1066.0523 

    // Guess constants 

    double W2_try ;  // trial compressor mass flow for matching 

    double T4_try ; // trial turbine pressure ratio for matching 

    // 

    // Matching constants 

    double W4_turb_map ; // map value according calculated pressure ratio 

    double W4_turb_calculated ; 

    double Err_01 ; 

    double W8_exhaust_curve ; // nozzle charactheristic curve value 

    double W8_exhaust_calculated ; 

    double Err_02 ; 

    // 

    double total_error[3] = {1.e9, 1.e9, 1.e9 }; // errors are summed seperately for each 
condition 

    double result = 0.0; 

//} 

    // TPE331 baseline component information 

    double E_inlet = 1.0;    // 0.98 ; // inlet diffuser efficiency 

    double Ecomp = 0.856 ;    // compressor efficiency comes from map 

    double Eturb = 0.86  ;    // constant 

    double Ecomb = 0.975   ;    // combustion efficiency in percent 

    double Educt = (1.0-0.025)  ;  // 0.07 pressure loss at exhaust duct 

    double dP4 = (1.0-0.93) ; // PR_comb  - combustor pressure drop in percent 

    double Emech = 0.98  ;    // mechanical efficiency 

    double CD_nozzle = 0.99 ; 

    double mb1 = 0.0271 ; // bleed 1 

    double mb2 = 0.0374 ; // bleed 2 
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    double mb = mb1+mb2   ; // blade cooling + NGV cooling - bleed_air/w2 ratio = 1 
percent of main flow is bleed 

    double mf ;               //fuel/air ratio wf/W2 

    double accessory_work =0.0 ; // accessory work and other power take offs 

    double A2 = 30.1*645.16/1.e6 ; //  mm2 A2 compressor inlet M2=0.5 

    double A25= 12.5*645.16/1.e6 ; //  mm2 A2 stage 2 inlet M2=0.4 

    double A3 = 6.4*645.16/1.e6 ; //  mm2 A2 combustor inlet M3= 0.4 

    double A4_0 = 3079.56/1.e6 ; //  mm2 A2 ngv inlet /28.5*645.16/1.e6/ M4 = 0.1 

    double A5 = 71.4*645.16/1.e6 ; //  mm2 A2 turbin exit M5= 0.3 

    double A7 = 73.3*645.16/1.e6 ; // mm2 A7 duct cross section M7=0.3 

    double A8_0 = 52569.77/1.e6 ; // 55.6*645.16/1.e6 // 37133.0 ; // mm2 A8  
Exhaust area 

    int MTO = 1 ; 

    int MCR = 0 ; 

    int LOT = 0 ; 

////////////////////////////////////////////////////////////////// 

int design_mode = 0 ; // design_mode = 1, operating condition = 0 

                      // design_mode = 0, operating condition = 1 

        if (design_mode==0) { 

            x[2]= 0.5 ; 

            x[3]= 0.5 ; 

        } 

////////////////////////////////////////////////////////////////// 

// durum specifies engine operating point 0: Take Off, 1: Cruise, 2:Loiter 

// 

     for (int durum=0; durum<1 ; durum++) { 

//{  durumlari hesaplama loop u 

        switch (durum) { 

          case 0: 

            MTO = 1; MCR = 0; LOT= 0; 

            break; 

          case 1: 
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            MTO = 0; MCR = 1; LOT = 0; 

            break ; 

         case 2: 

            MTO = 0; MCR = 0; LOT = 1; 

            break ; 

         } 

    // Calculate P0, T0 according altitude standard atmosphere 

    double Pamb, Tamb ; 

    Altitude_T0P0(Zi[durum], &Tamb, &Pamb) ; 

    double M0 = Mi[durum] ; 

    double PWR = PWRi[durum]   ; 

    double T5_limit = T5i[durum] ; 

    double speed = Ni[durum] ; 

    double V0 = M0 * sqrt(gama_cold*R_air*Tamb) ; 

    double T0 = Tamb * (1.0 + (gama_cold-1.0)*0.5*M0*M0) ; 

    double P0 = Pamb * pow(T0/Tamb,(gama_cold/(gama_cold-1))); 

    double P1 = P0*E_inlet; // inlet losses 

    double T1 = T0;  // total temperature conserved 

    double P2 = P1*1.0; // pressure loss at inlet ducts 

    double T2 = T1; 

    double sqr_teta2 = sqrt(T2/288.15) ;  

    double speed_crt = speed/sqr_teta2 ; 

    //{ find compressor speed curve - lower curve no: i0, upper curve no: i1, 
interpolation coefficient: tt_ 

    int i0 = 0; 

    int i1 = 1; 

    double tt_ = 0.0 ; 

 

    for (int i=1;i<Ns_comp;i++) { 

        if (speed_crt>=Speed_comp[i-1] && speed_crt<Speed_comp[i]) { 

            i0 = i-1 ; 

            i1 = i ; 
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            tt_ = (speed_crt-Speed_comp[i0])/(Speed_comp[i1]-Speed_comp[i0]) ;  // tt_ 
is the ratio between the speed curves 

        } 

    } 

    // find turbine speed curve - lower curve no: it0, upper curve no: it1, interpolation 
coefficient: ttt 

    int it0 = 0; 

    int it1 = 1; 

    double ttt = 0.0 ; 

    for (int i=0;i<Ns_turb;i++) { 

        if (speed>=Speed_turb[i] && speed<Speed_turb[i+1]) { 

            it0 = i ; 

            it1 = i+1 ; 

            ttt = (speed-Speed_turb[it0])/(Speed_turb[it1]-Speed_turb[it0]) ;  // tt_ is the 
ratio between the speed curves 

        } 

    } 

//} 

//**//**//** 

    double Rline_try = x[0] ;  // try a rline on compressor speed line 

    double T4_try = 800+x[1]*(T4maxi[0]-800) ;   // maximum and minimum 
temperature range 

//**//**//** 

    // mass_scale = 1.0 + (x[2]-0.5)/2.5 ; 

    // pr_scale = 1.0 + (x[3]-0.5)/5.0 ; 

    double A2_ratio =  1.0 ; // 0.8+ x[3]*0.4 ; // 0.874063 ;  // A2_ratio - how much 
compressor should be bigger? 1.085 

    double A4_ratio =  (0.5+x[2]) ; // 0.649211;  //  Turbin mapi scale etmek ile 
A4_ratio degistirmek ayni etkiyi olusturuyor / denedim gordum 

    double A4       = A4_0 *A4_ratio ; 

    double A8       = (A8_0)*(0.5+x[3]) ;  // 

//**//**//** 

    //{ compressor operating point trial 

    int j0 = (int)floor(Rline_try/0.1) ;  // data number on the speed line 
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    int j1 = j0+1 ; 

        if (j1==Data_comp) j1 = j0 ; 

    double Mdot0 = Mdot_comp_map[i0][j0]+(Mdot_comp_map[i1][j0]-
Mdot_comp_map[i0][j0])*tt_; 

    double Mdot1 = Mdot_comp_map[i0][j1]+(Mdot_comp_map[i1][j1]-
Mdot_comp_map[i0][j1])*tt_; 

    double PR0 = PR_comp_map[i0][j0]+(PR_comp_map[i1][j0]-
PR_comp_map[i0][j0])*tt_; 

    double EFF0 = Eff_comp_map[i0][j0]+(Eff_comp_map[i1][j0]-
Eff_comp_map[i0][j0])*tt_; 

    double PR1 = PR_comp_map[i0][j1]+(PR_comp_map[i1][j1]-
PR_comp_map[i0][j1])*tt_; 

    double EFF1 = Eff_comp_map[i0][j1]+(Eff_comp_map[i1][j1]-
Eff_comp_map[i0][j1])*tt_; 

    double fraction = Rline_try-j0*0.1 ; 

    W2_try = Mdot0 + fraction * (Mdot1-Mdot0) ;  // W2 trial - corrected mass flow 
rate W2_crt 

    CPR    = PR0 + fraction * (PR1-PR0)       ;  // 

    Ecomp  = EFF0 + fraction * (EFF1-EFF0)    ;  // 

    Ecomp  =  Ecomp  *comp_eff_scale ; 

    // cout << " Rline_try = " << Rline_try << " , Mdot = " << W2_try << " , CPR = " 
<< CPR << endl ; 

    //} compressor point defined 

    W2 = A2_ratio*W2_try * (P2/101325.0)/sqr_teta2 * mass_scale ; // physical mas 
flow 

    CPR = pr_scale*(CPR-1.0)+1.0 ;  // scaling due to different impeller diameters 

    W2_try = A2_ratio*W2_try * mass_scale ; 

    double cp_2 = cp_cold ; // Cp_gas(T2,0.0) ; 

    double gama_2 = 1.39310 ; // (cp_2)/(cp_2-R_air) ; 

    double T3_ideal = T2*pow((CPR),((gama_2-1.0)/gama_2)) ; 

    double T3_real = (T3_ideal-T2)/Ecomp + T2; 

    double P3 = CPR * P2 ; 

    double T3 = T3_real ; 

    double W3 = W2*(1-mb) ; 

    // double W3_crt = W3 * sqrt(T3)/P3 ; 
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    double FAR3 = 0.0 ; 

    double cp_3 = cp_cold ; // Cp_gas(T3,FAR3) ; 

    double comp_work = W2*(T3_real-T2)*cp_3 ;    // necessary work for compressor 

    double turb_work = (comp_work + (PWR + accessory_work)*hp_to_watt)/Emech 
; 

    double P4 = P3 * (1.0-dP4) ;  // dP4=7/100 constant 

    double T4 = T4_try ;  // try T4 between Tmin - Tmax 

    double cp_4 = cp_hot; // Cp_gas(T4,0.0) ; 

    Wf = W3*(T4*cp_4 - T3_real*cp_3)/(LHV*Ecomb-T4*cp_4); 

    mf = Wf/W2 ; 

    if (Wf<=0.001) { 

        return 1000000.0 ; 

    } 

    double W4 = W2*(1+mf-mb) ; // physical mass flow - not corrected 

    // double FAR4 = mf ; // approximate value 

    // cp_4 = Cp_gas(T4,FAR4) ; 

    double gama_4 = 1.29933 ; //(cp_4)/(cp_4-R_air) ; 

    double T4_burned = (W3*T3_real*cp_3 + Wf*LHV*Ecomb)/(W4*cp_4) ;  // if wf 
is burned temperature would be T4_burned 

    // depending on the T4_burned Wfuel should be updated 

    Wf = Wf * 0.5*(T4_burned+T4)/(T4); 

    mf = Wf/W2 ; 

    W4 = W2*(1+mf-mb) ; 

    // double turb_work = comp_work/Emech+accessory_work ;  // in order to support 
compressor PTO and others are neglected but can be included 

    // calculate T5 for work balance 

    // fixed shaft turboshaft can expand from P4 to P0*NPR; 

    double T5_real = T4- turb_work/(W4*cp_4) ; 

    double T5_ideal = T4-(T4-T5_real)/Eturb ; 

    if (T5_ideal<T2) 

        return 1e6 ; 

    TPR = pow((T4/T5_ideal), gama_4/(gama_4-1.0))  ; 



147 
 

    // pressure ratio according to work balance is TPR, if is it different from TPR_try 
generate error 

    if (TPR>TPR_max) { 

        TPR = TPR_max ; 

    } 

    int verify = 0 ; 

    double delta_pr = 0 ; 

    // look up Turbine map 

    // for selected % speed turbine 

//    for (int i=0; i<Data_turb; i++) { 

//        double tpr_alt = PR_turb_map[it0][i] + ttt * (PR_turb_map[it1][i]-
PR_turb_map[it1][i]) ; 

//        double tpr_ust = PR_turb_map[it0][i+1] + ttt * (PR_turb_map[it1][i+1]-
PR_turb_map[it0][i+1]) ; 

//        delta_pr = tpr_ust-tpr_alt ; 

//        if ((TPR>=tpr_alt)&&(TPR<tpr_ust)) { 

//            double mdot_alt = Mdot_turb_map[it0][i]  + ttt * (Mdot_turb_map[it1][i]-
Mdot_turb_map[it0][i]) ; 

//            double mdot_ust = Mdot_turb_map[it0][i+1]+ ttt * 
(Mdot_turb_map[it1][i+1]-Mdot_turb_map[it0][i+1]) ; 

//            //double EFF_alt = Eff_turb_map[it0][i]  + ttt * (Eff_turb_map[it1][i]-
Eff_turb_map[it0][i]) ; 

//            //double EFF_ust = Eff_turb_map[it0][i+1]+ ttt * (Eff_turb_map[it1][i+1]-
Eff_turb_map[it0][i+1]) ; 

//            //E_turb_initial = 0.90 ; // EFF_alt + (EFF_ust-EFF_alt)*((TPR-
tpr_alt)/(delta_pr)) ; 

//            W4_turb_map = mdot_alt + (mdot_ust-mdot_alt)*((TPR-tpr_alt)/(delta_pr))  
;  // physical mass flow rate - not the corrected one! 

//            verify = 1 ; 

//        } 

//    } 

//    if (verify==0) { 

//            if (W4_turb_map <= Mdot_turb_map[it0][0] ) { 

//                    W4_turb_map= Mdot_turb_map[it0][0] ; 

//                    E_turb_initial = 0.90 ; // Eff_turb_map[it0][0] ; 
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//            } 

//            if (W4_turb_map >= Mdot_turb_map[it0][Data_turb-1]) { 

//                    W4_turb_map = Mdot_turb_map[it0][Data_turb-1] ; 

//                    E_turb_initial = 0.90 ; // Eff_turb_map[it0][Data_turb-1] ; 

//            } 

//    } 

    // calculation according to Turbine Characteristic Curve 

    double TPRC = pow((1.0+(1.33-1.0)/2.0),HD_hot) ; 

    double TPR_mod = (TPRC-1.)/(HPT_choke-1.) * (TPR-1.0) + 1.0 ; // scale turbine 
to choke at PR=4.5 

    double W4_allowed ; 

    if (TPR_mod>=TPRC) 

        TPR_mod = TPRC ; 

    double W4_crt =(1./TPR_mod)*sqrt(2.0*HD_hot*(1.0-
pow(1./TPR_mod,(1.0/HD_hot))))/((1.0-(1.0-pow(1./TPR_mod,(1.0/HD_hot))))) ; 

    W4_allowed = W4_crt*(A4)/sqrt(R_air)  ; // allowed corrected flow 

    W4_turb_calculated = W4*sqrt(T4)/P4;  // calculated corrected flow 

    // E R R O R  # 1 : 

    // Turbine capacity difference in percent 

    Err_01 = abs(W4_turb_calculated-W4_allowed)/W4_turb_calculated*100.0 ;  // 
should be less than 0.05 % 

    double P5 = P4/TPR ; 

    double P5_over_P0 = (1.0/TPR)*(P4/P3)*(P3/P2)*(P2/P1)*(P1/P0) ;  // check 
nozzle pressure is enough for thrust 

    //double T5_ideal = T4/pow((TPR),(gama_hot-1)/gama_hot) ; 

    //T5_real = T4 - Eturb*(T4-T5_ideal) ; 

    double FAR5 = Wf/W2 ; 

    double cp_5 = cp_hot ; //Cp_gas(T5_real,FAR5) ; 

    double gama_5 = gama_hot ; // (cp_5)/(cp_5-R_air) ; 

    double W5 = W2*(1+mf) ; 

    double T5 = T5_real ; 

    double T8 = (T5*cp_5*W4+T3*cp_3*W2*mb)/(W5*cp_5) ; // cooling air returns 
to flowpath and decrease gas temperature 
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    double P8 = P5*Educt ;   // simple convergent nozzle - 0.025 loss at jet pipe - fully 
expands into atmosphere 

    double W8 = W5 ;   // assuming bleed returned in to the main flow 

    double P8s=Pamb, T8s=Tamb ; 

    double W8_exhaust_curve ; 

    double A8_star ; 

    double V8 , M8 ; 

    double NPR_1 = Pamb/P8 ;  // nozzle da gerceklesen basinc oraninin tersi 

    if (P5_over_P0<=1)  { 

        return 1e6; 

    } 

    if (design_mode==1 && (abs(1./NPR_1-1.12)/1.12)>0.02) { 

        return 1e6; 

    } 

    if (design_mode==0 && (1./NPR_1)<1.01) { 

        return 1e6; 

    } 

    // A8_star = W8/((P8)/sqrt(T8))/Q_function(1.0, gama_5 , R_air); // 0.32 mach 
number is coming from hand calculation 

    // A8 = A8_try ; // fixed at off-design 

    if ((1./NPR_1)>=TPRC) 

        NPR_1 = 1./TPRC ; 

    double W8_allowed ; 

    double mncrt ; 

mncrt =(NPR_1)*sqrt(2*HD_hot*CD_nozzle*(1.0-pow(NPR_1,(1.0/HD_hot))))/ 
((1.0-CD_nozzle*(1.0-pow(NPR_1,(1.0/HD_hot))))) ; 

    // double mncrt = (D94) * KAREKoK(2 * HD * $E$90 * (1-D94^(1/HD)))/((1-
$E$90*(1-D94^(1/HD)))) ; 

    W8_allowed = mncrt*(A8)/sqrt(R_air) ;  // allowable nozzle mass flow rate - 
physical 

    W8_exhaust_calculated = W8*sqrt(T8)/(P8) ;  // mult with 0.001 in order to turn 
P8 from Pa -> kPa 

    //cout << " W8_allowed = " << W8_allowed << " , W8 Actual = " << W8 << endl; 

    // not choked nozzle 
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    P8s = Pamb ; 

    T8s = T8*pow((P8s/P8),(gama_5-1.0)/gama_5) ; 

    double ro8 = P8s/(R_air*T8s) ; 

    //M8 =  sqrt(2.0*(T8/T8s-1.0)/(gama_hot-1.0)); 

    V8 = W8/(ro8*A8) ; // sqrt(2.0 * CD_nozzle * (T8-T8s) * 1000.0); //  // 
M8*sqrt(gama_hot*R_air*T8s)*CD_nozzle ;  // exhaust velocity in m/s  -- 

    M8 = V8/sqrt(gama_5*R_air*T8s) ; 

    Thrust = W8*V8 - W2*V0;  // Net thrust 

    // E R R O R  # 2 : 

    // Turbine capacity difference in percent 

    if (design_mode == 1) 

        Err_02 = abs(W8_exhaust_calculated-
W8_allowed)/W8_exhaust_calculated*100.0 ;  // should be less than 0.05 % 

    if (design_mode == 0) { 

        Err_02 = (W8_exhaust_calculated-W8_allowed)/W8_exhaust_calculated*100.0 
;  // should be less than 0.05 % 

        if (Err_02<0) { 

        Err_02 = 0; // if calculates is less than allowable no error occurs ; compressor 
can easily pass the air flow 

        } 

    } 

    // calculations completed now objective function and penalty calculations 

    double pwr_penalty=0.0;  // 

    double tc8 = (T5_real+T8s)*0.5 ;  // thermocouple sens the mean temperature 

    double TSFC = mf/((1+mf)*V8) ; 

    //double FuelConsumption = Thrust*TSFC ; 

    double Eff_overall = (0.5*(1+mf)*V8*V8)/(mf*LHV*Ecomb) ; 

    double specific_thrust = Thrust/W2/9.81 ; 

    // 

    double hedef0 = Err_01  ; 

    double hedef2 = Err_02 ; //abs(T4_burned-T4) ; // 

    double hedef3 = abs(1./NPR_1-1.12)/1.12*100.0; 
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    double hedef4 = (1-Ecomp)*100 ; // abs(Wf/lb_to_kg-
Wfi[durum])/Wfi[durum]*1000.0+ abs(CPR-Pri[durum])/Pri[durum]*1000.0   ;  // //+(1-
Eturb)*100; 

    if (design_mode == 1) { 

        total_error[durum] = max(hedef0,hedef2)+abs(1./NPR_1-1.12)/1.12; 

    } 

    if (design_mode == 0) { 

        total_error[durum] = hedef0; 

    } 

    if (echo_on >0) { 

    RESULT << num_of_iter << ", " << CPR << ", " << W2_try << ", " << TPR << ", 
" << NPR << ", " << T4 << ", " << P4 << ", " << W4_crt << ", " << A4 << ", " << 
W4_allowed << endl; 

        if (design_mode == 0) { 

           cout << " 
#########################################################################
########################" << endl ; 

           cout << " ###    O F F - D E S I G N    M O D E    ### " << endl; 

        } else { 

            cout << " ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::" 
<< endl ; 

            cout << " :::    D E S I G N    M O D E     ::: " << endl; 

        } 

    cout << " Fixed shaft Calisma noktasi : " << Nokta[durum] << endl ; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << "Altitude = " << Zi[durum] << " , M0 = " << Mi[durum] << endl ; 

    cout << " CPR = " << CPR << " , TPR = " << TPR << " , TPR_mod = " << 
TPR_mod << " , NPR = " << 1.0/NPR_1  << endl ; 

    cout << " W2_crt = " << W2_try << " , tt_ = " << tt_ << " , speed = " << speed << 
" , Speed_crt = " << speed_crt << endl; 

    cout << " W4 = " << W4 << " , W4_allowed = " << W4_allowed*P4/sqrt(T4) << " 
, Nozzle_allowed =" << W8_allowed*P8/sqrt(T8) << " , W8 = " << W8 << endl ; 

    cout << " W2_try [kg/s] = " << W2_try << " , W2 [kg/s]= " << W2 << " , Wfuel 
[g/s]= "  << Wf*1000.0 << endl; 
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    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " A2_ratio = " << A2_ratio << " ,A4_ratio = " << A4_ratio << " , A8 
[mm2] = " << A8*1000000.0 << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " P0 = " << P0 << " , P2 = " << P2 << " , P3 = " << P3 << " , Pamb = " << 
Pamb <<endl ; 

    cout << " P4 = " << P4 << " , P5 = " << P5 << " , P8 = " << P8 << " , P8s = " << 
P8s << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " T0 = " << T0 << " , T2 = " << T2 << " T3_ideal = " << T3_ideal << " , 
T3_real  = " << T3_real  << " , Tamb  = " << Tamb  << endl; 

    cout << " T4 = " << T4 << " ,T5_real  = " << T5_real  << " , T5_ideal = " << 
T5_ideal << " , T8 = " << T8 << " , T8s = " << T8s << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " Comp work = " << comp_work*watt_to_hp <<  "      | Turb work = " << 
turb_work*watt_to_hp <<  " [hp] " << endl ; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " Required PWR= " << PWRi[durum] << " | calculated PWR = " << PWR 
<< " , bonus thrust = " << Thrust << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " EGT_limit  = " << T5i[durum] << " |  TC8 = " << tc8 << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << "Ecomp = " << Ecomp << " ,Ecomb = " << Ecomb << ", dP4 = " << dP4 
<< " , mb = " << mb << " , TurbEff = " << Eturb << endl; 

    cout << "Eff_overall = " << Eff_overall << " ,  TSFC = " << TSFC*1000.0 << " , 
Thrust= " << Thrust <<endl; 

    cout << " V8 [m/s] = " << V8 << " , M8 = " << M8 << endl ; 

    cout << " hedef0 = " << hedef0 <<  " , hedef2 = " << hedef2 << " , hedef3 = " << 
hedef3 << " , hedef4 = " << hedef4 << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 
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    cout << " x[0] = " << x[0] << " , x[1] = " << x[1] << " , x[2] = " << x[2] << " , x[3] 
= " << x[3] << endl ; 

    cout << "_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-
_-_-_-" << endl ; 

    cout << " A41 (final) = " << A4 << endl; 

    cout << " rline = " << Rline_try <<  " fraction = " << fraction << endl; 

    cout << " i0 , j0 =  " << i0 << " , " << j0 << " , speed = " << Speed_comp[i0] << 
endl; 

    cout << " T4_burned = " << T4_burned << " , T4 = " << T4 << endl; 

    cout << " TPRC = " << TPRC << " , TPR = " << TPR << " , Tamb = " << Tamb 
<< " , mncrt = " << mncrt << endl ; 

    cout << " W8_exhaust_calculated = " << W8_exhaust_calculated << " , 
W8_allowed = " << W8_allowed << endl; 

    } 

    result = result + total_error[durum]; 

} 

//} all cases are run and results are summed. 

    return result; 

} 

//}  Fixed Shaft End 
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EK-  

double fTurboShaftFree(double* x, int array_size){ 

    int expected_size = 5;   // number of input parameters 

    // FREE shaft version of the TPE331 engine 

    // operating:  idle   maximum  cruise 

    // TPE331 rpm %  -> 100.0 97.0 95.0 

    string Nokta[3]={ "TAKE-OFF" , "CRUISE" , "LOITER"} ; 

    double Ni[3] = {90.0,  87.3,   85.5} ; // Physical Engine Speed [%] tasarim noktasi 
%90, digerleri ona gore orantili 

    double Zi[3] = {  0,  3810.0, 2133.6} ; // Altitude [m] 

    double Mi[3] = {  0,  0.3478, 0.294} ; // Flight Mach number 

    double PWRi[3]= { 953.1, 690.0, 603.0 } ; // Shaft power Requirement [hp] 953.1, 
690.0, 603.0 

    double T5i[3]= { 1023.0,  1023.0, 1023.0} ; // maximum EGT temperature[K] 

    double Wfi[3] = { 0.1515, 0.1077, 0.097} ; // Wf = [lb/s] 

    double Pri[3] = { 10.53, 11.6, 8.6} ; // Wf = [kg/s] 

    double Wai[3] = { 3.496, 2.663, 2.461} ; // Wf = [kg/s] 

    double T4maxi[3] = { 1341.3, 1302.3, 1248.4} ; // maximum combustor exit 
temperature [K] 

    double pr_scale = 1.0 ; //(10.2-1.0)/(11.12-1.0) ; // 

    double mass_scale = 1.0 ;  // compressor map mass flow scale - map design point 
206, calculated engine 100 

    double comp_eff_scale = 1.0 ; ///0.84168/0.780 ; 

    double TPR_max = 10.5 ; //8.6 ; 

    double turb_eff_scale = 1.0 ; 

    double Thrust = 0.0  ; // turboprop generates bonus thrust due to expansion in 
nozzle 

    double HPT_choke = 3.5 ; // HP Turbine choking pressure 

    double LPT_choke = 3.5 ; // LP Turbine choking pressure 

    double HD_hot = 1.33/(1.33-1.0) ; 

    double HD_cold= 1.4/(1.4-1.0) ; 

//{ 

    double W2; ;    // core engine air mass flow rate kg/s 
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    double CPR ;    // compressor pressure ratio comes from map 

    double TPR ;    // turbine pressure ratio comes from map 

    double NPR = 1.12 ;    // Nozzle pressure ratio 

    double Wf ; 

    // Guess constants 

    double W2_try ;  // trial compressor mass flow for matching 

    double T4_try ; // trial turbine pressure ratio for matching 

    // 

    // Matching constants 

    // HPT 

    double W4_crt ; 

    double W4_allowed ; // map value according calculated pressure ratio 

    double W4_turb_calculated ; 

    double Err_01 ; 

    // LPT 

    double W45_crt ; 

    double W45_allowed ; // 

    double W45_turb_calculated ; //  

    double Err_02 ; 

    // EXHAUST 

    double W8_crt ; 

    double W8_allowed ; // nozzle characteristic curve value 

    double W8_exhaust_calculated ; 

    double Err_03 ; 

    // 

    double total_error[3] = {1.e9, 1.e9, 1.e9 }; 

     double result = 0.0; 

//} 

    // TPE331 baseline component information 

    double E_inlet = 1.0;    // 0.98 ; // inlet diffuser efficiency 

    double Ecomp = 0.856 ;    // compressor efficiency comes from map 
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    double Eturb = 0.86  ;    // constant 

    double Ecomb = 0.975   ;    // combustion efficiency in percent 

    double Educt = (1.0-0.025)  ;  // 0.07 pressure loss at exhaust duct 

    double dP4 = 0.07 ; // PR_comb  - combustor pressure drop in percent 

    double Emech = 0.98  ;    // mechanical efficiency 

    double CD_nozzle = 0.99 ; 

    double mb1 = 0.0271 ; // bleed 1 

    double mb2 = 0.0374 ; // bleed 2 

    double mb = mb1+mb2   ; // 

    double mf ;               //fuel/air ratio wf/W2 

    double accessory_work =0.0 ; // accessory work and other power take offs 

    double A2   = 30.1*645.16/1.e6 ; //  mm2 A2 compressor inlet M2=0.5 

    double A25  = 12.5*645.16/1.e6 ; //  mm2 A2 stage 2 inlet M2=0.4 

    double A3   = 6.4*645.16/1.e6 ; //  mm2 A2 combustor inlet M3= 0.4 

    double A4_0 = 3519.6/1.e6 ; //  mm2 A2 ngv inlet /28.5*645.16/1.e6/ M4 = 0.1 

    double A45_0  = 12254.9/1.e6 ; //  mm2 A2 ngv inlet /28.5*645.16/1.e6/ M4 = 0.1 

    double A5   = 71.4*645.16/1.e6 ; //  mm2 A2 turbin exit M5= 0.3 

    double A7   = 73.3*645.16/1.e6 ; // mm2 A7 duct cross section M7=0.3 

    double A8_0 = 37506.8/1.e6 ; // 55.6*645.16/1.e6 // 37133.0 ; // mm2 A8  Exhaust 
area 

    // initial values 

    int MTO = 1 ; 

    int MCR = 0 ; 

    int LOT = 0 ; 

////////////////////////////////////////////////////////////////// 

int design_mode = 1; // design_mode = 1, operating condition = 0 

                     // design_mode = 0, operating condition = 1 

        if (design_mode==0) { 

            x[2]= 0.5 ; // A4_ratio = 0.5+x[2] 

            x[3]= 0.5 ; // A45_ratio = 0.5+x[3] 

            x[4]= 0.5 ; // A8_ratio = 0.5+x[4] 

        } 



157 
 

////////////////////////////////////////////////////////////////// 

// durum specifies engine operating point 0: Take Off, 1: Cruise, 2:Loiter 

// 

     for (int durum=0; durum<1 ; durum++) { 

//{  durumlari hesaplama loop u 

        switch (durum) { 

          case 0: 

            MTO = 1; MCR = 0; LOT= 0; 

            break; 

          case 1: 

            MTO = 0; MCR = 1; LOT = 0; 

            break ; 

         case 2: 

            MTO = 0; MCR = 0; LOT = 1; 

            break ; 

         } 

    // Calculate P0, T0 according altitude standard atmosphere 

    double Pamb, Tamb ; 

    Altitude_T0P0(Zi[durum], &Tamb, &Pamb) ; 

    double M0 = Mi[durum] ; 

    double PWR = PWRi[durum]   ; 

    double T5_limit = T5i[durum] ; 

    double speed = Ni[durum] ; 

    double V0 = M0 * sqrt(gama_cold*R_air*Tamb) ; 

    double T0 = Tamb * (1.0 + (gama_cold-1.0)*0.5*M0*M0) ; 

    double P0 = Pamb * pow(T0/Tamb,(gama_cold/(gama_cold-1))); 

    double P1 = P0*E_inlet; // inlet losses 

    double T1 = T0;  // total temperature conserved 

    double P2 = P1*1.0; // pressure loss at inlet ducts 

    double T2 = T1; 

    double sqr_teta2 = sqrt(T2/288.15) ;   // assuming speed lines are scaled REVIEW 
THIS !!! 
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    double speed_crt = speed/sqr_teta2 ; 

    //{ find compressor speed curve - lower curve no: i0, upper curve no: i1, 
interpolation coefficient: tt_ 

    int i0 = 0; 

    int i1 = 1; 

    double tt_ = 0.0 ; 

    for (int i=1;i<Ns_comp;i++) { 

        if (speed_crt>=Speed_comp[i-1] && speed_crt<Speed_comp[i]) { 

            i0 = i-1 ; 

            i1 = i ; 

            tt_ = (speed_crt-Speed_comp[i0])/(Speed_comp[i1]-Speed_comp[i0]) ;  // tt_ 
is the ratio between the speed curves 

        } 

    } 

    // find turbine speed curve - lower curve no: it0, upper curve no: it1, interpolation 
coefficient: ttt 

    int it0 = 0; 

    int it1 = 1; 

    double ttt = 0.0 ; 

    for (int i=0;i<Ns_turb;i++) { 

        if (speed>=Speed_turb[i] && speed<Speed_turb[i+1]) { 

            it0 = i ; 

            it1 = i+1 ; 

            ttt = (speed-Speed_turb[it0])/(Speed_turb[it1]-Speed_turb[it0]) ;  // tt_ is the 
ratio between the speed curves 

        } 

    } 

//} 

//**//**//** 

    double Rline_try = x[0] ;  // try a rline on compressor speed line 

    double T4_try = 800+x[1]*(T4maxi[0]-800) ;   // maximum and minimum 
temperature range 

//**//**//** 
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    double A2_ratio =  1.0 ; // 0.8+ x[3]*0.4 ; // 0.874063 ;  // A2_ratio - how much 
compressor should be bigger? 1.085 

    double A4_ratio =  (0.5+x[2]) ; // 0.649211;  //  Turbin mapi scale etmek ile 
A4_ratio degistirmek ayni etkiyi olusturuyor / denedim gordum 

    double A4       = A4_0 * A4_ratio ; 

    double A45_ratio = (0.5+x[3]) ; 

    double A45      = A45_0*A45_ratio ; // LPT reference area 

    double A8       = A8_0 *(0.5+x[4]) ;  // 

//**//**//** 

    //{ compressor operating point trial 

    int j0 = (int)floor(Rline_try/0.1) ;  // data number on the speed line 

    int j1 = j0+1 ; 

        if (j1==Data_comp) j1 = j0 ; 

    double Mdot0 = Mdot_comp_map[i0][j0]+(Mdot_comp_map[i1][j0]-
Mdot_comp_map[i0][j0])*tt_; 

    double Mdot1 = Mdot_comp_map[i0][j1]+(Mdot_comp_map[i1][j1]-
Mdot_comp_map[i0][j1])*tt_; 

    double PR0 = PR_comp_map[i0][j0]+(PR_comp_map[i1][j0]-
PR_comp_map[i0][j0])*tt_; 

    double EFF0 = Eff_comp_map[i0][j0]+(Eff_comp_map[i1][j0]-
Eff_comp_map[i0][j0])*tt_; 

    double PR1 = PR_comp_map[i0][j1]+(PR_comp_map[i1][j1]-
PR_comp_map[i0][j1])*tt_; 

    double EFF1 = Eff_comp_map[i0][j1]+(Eff_comp_map[i1][j1]-
Eff_comp_map[i0][j1])*tt_; 

    double fraction = Rline_try-j0*0.1 ; 

    W2_try = Mdot0 + fraction * (Mdot1-Mdot0) ;  // W2 trial - corrected mass flow 
rate W2_crt 

    CPR    = PR0 + fraction * (PR1-PR0)       ;  // 

    Ecomp  = EFF0 + fraction * (EFF1-EFF0)    ;  // 

    Ecomp  =  Ecomp  *comp_eff_scale ; 

    // cout << " Rline_try = " << Rline_try << " , Mdot = " << W2_try << " , CPR = " 
<< CPR << endl ; 

    //} compressor point defined 

    W2_try = A2_ratio*W2_try * mass_scale ; 
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    W2 = W2_try * (P2/101325.0)/sqr_teta2 ; // physical mass flow 

    CPR = pr_scale*(CPR-1.0)+1.0 ;  // scaling due to different impeller diameters 

    double cp_2 = cp_cold ; // Cp_gas(T2,0.0) ; 

    double gama_2 = 1.39310 ; // (cp_2)/(cp_2-R_air) ; 

    double T3_ideal = T2*pow((CPR),((gama_2-1.0)/gama_2)) ; 

    double T3_real = (T3_ideal-T2)/Ecomp + T2; 

    double P3 = CPR * P2 ; 

    double T3 = T3_real ; 

    double W3 = W2*(1-mb) ; 

    // double W3_crt = W3 * sqrt(T3)/P3 ; 

    double FAR3 = 0.0 ; 

    double cp_3 = cp_cold ; // Cp_gas(T3,FAR3) ; 

    double comp_work = W2*(T3_real-T2)*cp_3 ;    // necessary work for compressor 

    double turb_work = (comp_work + accessory_work*hp_to_watt)/Emech ; 

    double P4 = P3 * (1.0-dP4) ;  // dP4=7/100 constant 

    double T4 = T4_try ;  // try T4 between Tmin - Tmax 

    double cp_4 = cp_hot; // Cp_gas(T4,0.0) ; 

    Wf = W3*(T4*cp_4 - T3_real*cp_3)/(LHV*Ecomb-T4*cp_4); 

    mf = Wf/W2 ; 

    if (Wf<=0.001) { 

        return 1000000.0 ; 

    } 

    double W4 = W2*(1+mf-mb) ; // physical mass flow - not corrected 

    // double FAR4 = mf ; // approximate value 

    // cp_4 = Cp_gas(T4,FAR4) ; 

    double gama_4 = 1.29933 ; //(cp_4)/(cp_4-R_air) ; 

    double T4_burned = (W3*T3_real*cp_3 + Wf*LHV*Ecomb)/(W4*cp_4) ;  // if wf 
is burned temperature would be T4_burned 

    // depending on the T4_burned Wfuel should be updated 

    Wf = Wf * 0.5*(T4_burned+T4)/(T4); 

    mf = Wf/W2 ; 

    W4 = W2*(1+mf-mb) ; 
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    double T45_real = T4- turb_work/(W4*cp_4) ; 

    double T45_ideal = T4-(T4-T45_real)/Eturb ; 

    if (T45_ideal<T2) 

        return 1e6 ; 

    TPR = pow((T4/T45_ideal), gama_4/(gama_4-1.0))  ; 

    // pressure ratio according to work balance is TPR, if it is different from TPR_try 
generate error 

    if (TPR>TPR_max) { 

        TPR = TPR_max ; 

    } 

    // calculation according to Turbine Characteristic Curve 

    double TPRC = pow((1.0+(gama_hot-1.0)/2.0),HD_hot) ; 

    double TPR_mod = (TPRC-1.)/(HPT_choke-1.) * (TPR-1.0) + 1.0 ; // scale turbine 
to choke at PR=4.5 

    if (TPR_mod>=TPRC) 

        TPR_mod = TPRC ; 

    W4_crt =(1./TPR_mod)*sqrt(2.0*HD_hot*(1.0-pow(1./TPR_mod,(1.0/HD_hot 
))))/((1.0-(1.0-pow(1./TPR_mod,(1.0/HD_hot))))) ; 

    W4_allowed = W4_crt*(A4)/sqrt(R_air)  ; // allowed corrected flow 

    W4_turb_calculated = W4*sqrt(T4)/P4;  // calculated corrected flow 

    // E R R O R  # 1 : 

    // Turbine capacity difference in percent 

    Err_01 = abs(W4_turb_calculated-W4_allowed)/W4_turb_calculated*100.0 ;  // 
should be less than 0.05 % 

    double P45 = P4/TPR ; 

    double FAR45 = Wf/W2 ; 

    double cp_45 = cp_hot ; //Cp_gas(T5_real,FAR5) ; 

    double gama_45 = 1.33481 ; // (cp_5)/(cp_5-R_air) ; 

    //HD = gama_5/(gama_5-1.0) ; 

    double W45 = W2*(1+mf) ; 

    double T45 = (T45_real*cp_45*W4+T3*cp_3*W2*mb)/(W45*cp_45) ; // cooling 
air returns to flowpath and decrease gas temperature 

    // free-shaft turboshaft can expand from P45 to P0*NPR; 
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    // (PWR + accessory_work)*hp_to_watt 

    double T5_real = T45-PWR*hp_to_watt/(W45*cp_hot) ;  // power required by free 
turbine 

    double T5_ideal = T45-(T45-T5_real)/Eturb ; 

    double P5 = P45*pow((T5_ideal/T45),gama_45/(gama_45-1.0)) ; 

    double LPTPR = P45/P5  ; 

    double T5 = T5_real ; 

    double PWR_calculated = (W45*cp_hot*(T45-T5))/hp_to_watt ; 

    // pressure ratio according to work balance is TPR, if is it different from TPR_try 
generate error 

    if (LPTPR>TPR_max) { 

        LPTPR = TPR_max ; 

    } 

    // calculation according to Turbine Characteristic Curve 

    double LPTPR_mod = (TPRC-1.)/(LPT_choke-1.) * (LPTPR-1.0) + 1.0 ; // scale 
turbine to choke at PR=4.5 

    if (LPTPR_mod>=TPRC) 

        LPTPR_mod = TPRC ; 

    W45_crt =(1./LPTPR_mod)*sqrt(2*HD_hot*(1.0-
pow(1./LPTPR_mod,(1.0/HD_hot))))/((1.0-(1.0-pow(1./LPTPR_mod,(1.0/HD_hot))))) ; 

    W45_allowed = W45_crt*(A45)/sqrt(R_air)  ; // physical mass flow rate 

    W45_turb_calculated = W45*sqrt(T45)/P45  ;  // calculated 

    // E R R O R  # 2 : 

    // Turbine capacity difference in percent 

    Err_02 = abs(W45_turb_calculated-W45_allowed)/W45_turb_calculated*100.0  ;  
// should be less than 0.05 % 

    double T8 = T5 ; 

    double P8 = P5*Educt ;   // simple convergent nozzle - 0.025 loss at jet pipe - fully 
expands into atmosphere 

    double W8 = W45 ;   // assuming bleed returned in to the main flow 

    double P8s=Pamb, T8s=Tamb ; 

    double A8_star ; 

    double V8 , M8 ; 

    double NPR_1 = Pamb/P8 ;  // nozzle da gerceklesen basinc oraninin tersi 
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    if (P8/P0<=1)  { 

        return 1e6; 

    } 

    if (design_mode==1 && (abs(1./NPR_1-1.12)/1.12)>0.02) { 

        return 1e6; 

    } 

    if (design_mode==0 && (1./NPR_1)<1.01) { 

        return 1e6; 

    } 

    // A8_star = W8/((P8)/sqrt(T8))/Q_function(1.0, gama_5 , R_air); // 0.32 mach 
number is coming from hand calculation 

    // A8 = A8_try ; // fixed at off-design 

    if ((1./NPR_1)>=TPRC) 

        NPR_1 = 1./TPRC ; 

    // double mncrt =(D94)*KAREKoK(2*HD*$E$90*(1-D94^(1/HD)))/((1-
$E$90*(1-D94^(1/HD)))) ; 

    W8_crt =(NPR_1)*sqrt(2.*HD_hot*CD_nozzle*(1.0-
pow(NPR_1,(1.0/HD_hot))))/((1.0-CD_nozzle*(1.0-pow(NPR_1,(1.0/HD_hot))))) ; 

    W8_allowed = W8_crt*(A8)/sqrt(R_air) ;  // allowable corrected flow according to 
curve 

    W8_exhaust_calculated = W8*sqrt(T8)/(P8) ;  // currently applied mass flow rate 

    // not choked nozzle 

    P8s = Pamb ; 

    T8s = T8*pow((P8s/P8),(gama_45-1.0)/gama_45) ; 

    double ro8 = P8s/(R_air*T8s) ; 

    //M8 =  sqrt(2.0*(T8/T8s-1.0)/(gama_hot-1.0)); 

    V8 =  W8/(ro8*A8) ; // sqrt(2.0*CD_nozzle*(T8-T8s)*1000.0); //  // 
M8*sqrt(gama_hot*R_air*T8s)*CD_nozzle ;  // exhaust velocity in m/s  -- 

    M8 = V8/sqrt(gama_45*R_air*T8s) ; 

    Thrust = W8*V8 - W2*V0;  // Net thrust 

    // E R R O R  # 3 : 

    // Turbine capacity difference in percent 

    Err_03 = (W8_exhaust_calculated-W8_allowed)/W8_exhaust_calculated ;  // 
should be less than 0.05 % 
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    if (Err_03<0) { 

        Err_03 = 0; // if calculates is less than allowable no error occurs ; compressor 
can easily pass the air flow 

    } 

    double pwr_penalty=0.0;  // 

    // -------------------------------------------------------------------------- 

//    if (design_mode==1) { 

            if ( PWR<PWRi[durum]) { 

                pwr_penalty = (1.0-PWR/PWRi[durum])*((MTO+MCR+LOT)*2.0) ; 

            } else { 

                pwr_penalty = (PWR/PWRi[durum]-1.0)*((MTO+MCR)*0.5+LOT*0.5) ; 

            } 

                //pwr_penalty = pwr_penalty + abs(comp_work*watt_to_hp/3000.0) ; 

//    } 

    // -------------------------------------------------------------------------- 

    double tc8 = (T5_real+T8s)*0.5 ;  // thermocouple sens the mean temperature 

    double TSFC = mf/((1+mf)*V8) ; 

    //double FuelConsumption = Thrust*TSFC ; 

    double Eff_overall = (0.5*(1+mf)*V8*V8)/(mf*LHV*Ecomb) ; 

    double specific_thrust = Thrust/W2/9.81 ; 

    // 

    double hedef0 = max(max(Err_01, Err_02),Err_03) ; 

    double hedef2 = Err_02 ; //abs(T4_burned-T4) ; // 

    double hedef3 = abs(1./NPR_1-1.12)/1.12*0.01; 

    double hedef4 = (1-Ecomp)*100 ; // abs(Wf/lb_to_kg-
Wfi[durum])/Wfi[durum]*1000.0+ abs(CPR-Pri[durum])/Pri[durum]*1000.0   ;  // //+(1-
Eturb)*100; 

    if (design_mode == 1) { 

        total_error[durum] = hedef0 + hedef3; 

    } 

    if (design_mode == 0) { 

        total_error[durum] = hedef0 ; 
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    } 

    if (echo_on >0) { 

        if (design_mode == 0) { 

           cout << " 
#########################################################################
########################" << endl ; 

           cout << " ###    O F F - D E S I G N    M O D E    ### " << endl; 

        } else { 

            cout << " ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::" 
<< endl ; 

            cout << " :::    D E S I G N    M O D E     ::: " << endl; 

        } 

    cout << " Free Shaft Calisma noktasi : " << Nokta[durum] << endl ; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << "Altitude = " << Zi[durum] << " , M0 = " << Mi[durum] << endl ; 

    cout << " CPR = " << CPR << " , TPR = " << TPR << " , LPTPR = " << LPTPR 
<< " , NPR1 = " << 1/NPR_1  << endl ; 

    cout << " W2_crt = " << W2_try << " , tt_ = " << tt_ << " , speed = " << speed << 
" , Speed_crt = " << speed_crt << endl; 

    cout << " W4 = " << W4 << " , W4_allowed = " << W4_allowed << " , 
Nozzle_allowed =" << W8_allowed << " , W8 = " << W8 << endl ; 

    cout << " W2_try [kg/s] = " << W2_try << " , W2 [kg/s]= " << W2 << " , Wfuel 
[g/s]= "  << Wf*1000.0 << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " A2_ratio = " << A2_ratio << " ,A4_ratio = " << A4_ratio << " , 
A45_ratio = " << A45_ratio << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " P0 = " << P0 << " , P2 = " << P2 << " , P3 = " << P3 << " , Pamb = " << 
Pamb <<endl ; 

    cout << " P4 = " << P4 << " , P45 = " << P45 << " , P5 = " << P5 << " , P8s = " << 
P8s << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 
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    cout << " T0 = " << T0 << " , T2 = " << T2 << " T3_ideal = " << T3_ideal << " , 
T3_real  = " << T3_real  << " , Tamb  = " << Tamb  << endl; 

    cout << " T4 = " << T4 << " , T45 = " << T45 << " T5_real  = " << T5  << " , 
T5_ideal = " << T5_ideal << " , T8s = " << T8s << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " Comp work = " << comp_work*watt_to_hp <<  "      | Turb work = " << 
turb_work*watt_to_hp <<  " [hp] " << endl ; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " Required PWR= " << PWRi[durum] << " | calculated PWR = " << 
PWR_calculated << " , bonus thrust = " << Thrust << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " EGT_limit  = " << T5i[durum] << " |  TC8 = " << tc8 << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << "Ecomp = " << Ecomp << " ,Ecomb = " << Ecomb << ", dP4 = " << dP4 
<< " , mb = " << mb << " , TurbEff = " << Eturb << endl; 

    cout << "Eff_overall = " << Eff_overall << " ,  TSFC = " << TSFC*1000.0 << " , 
Thrust= " << Thrust <<endl; 

    cout << " V8 [m/s] = " << V8 << " , M8 = " << M8 << endl ; 

    cout << " hedef0 = " << hedef0 <<  " , hedef2 = " << hedef2 << " , hedef3 = " << 
hedef3 << " , hedef4 = " << hedef4 << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " x[0] = " << x[0] << " , x[1] = " << x[1] << " , x[2] = " << x[2] << " , x[3] 
= " << x[3] << " , x[4] = " << x[4] << endl ; 

    cout << "_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-
_-_-_-" << endl ; 

    cout << " A4 = " << A4 << " A45 = " << A45 << " ,A8 = " << A8 << endl; 

    cout << " rline = " << Rline_try <<  " fraction = " << fraction << endl; 

    cout << " i0 , j0 =  " << i0 << " , " << j0 << " , speed = " << Speed_comp[i0] << 
endl; 

    cout << " T4_burned = " << T4_burned << " , T4 = " << T4 << endl; 

    cout << " TPRC = " << TPRC << " , TPR = " << TPR << " , Tamb = " << Tamb 
<< " , W8_crt = " << W8_crt << endl ; 
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    cout << " W4_allowed = " << W4_allowed << " , W45_allowed = " << 
W45_allowed << " , W8_allowed = " << W8_allowed << endl; 

    } 

    result = result + total_error[durum]; 

} 

//} all cases are run and results are summed. 

    return result; 

} 

// free shaft turbine 
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EK-  

double fTurboFanFreeTurbine(double* x, int array_size){ 

    int expected_size = 6;   // number of input parameters 

    // operating:  idle   maximum  cruise 

    // TPE331 rpm %  -> 100.0 97.0 95.0 -> rpms scaled according to LHTEC-800 
compressor 

    string Nokta[3]={ "TAKE-OFF" , "CRUISE" , "LOITER"} ; 

    double Ni[3] = {90.0,  87.3,   85.5} ; // Physical Engine Speed [%] tasarim noktasi 
%90, digerleri ona gore orantili 

    double Zi[3] = {  0,  3810.0, 2133.6} ; // Altitude [m] 

    double Mi[3] = {  0,  0.3478, 0.294} ; // Flight Mach number 

    double PWRi[3]= { 953.0, 690.0, 603.0 } ; // Shaft power Requirement [hp] 953.1, 
690.0, 603.0 

    double T5i[3]= { 1023.0,  1023.0, 1023.0} ; // maximum EGT temperature[K] 

    double Wfi[3] = { 0.1515, 0.1077, 0.097} ; // Wf = [lb/s] 

    double Pri[3] = { 10.53, 11.6, 8.6} ; // Wf = [kg/s] 

    double Wai[3] = { 3.496, 2.663, 2.461} ; // Wf = [kg/s] 

    double T4maxi[3] = { 1391.3, 1302.3, 1248.4} ; // maximum combustor exit 
temperature [K] 

    double pr_scale = 1.0 ; //(10.2-1.0)/(11.12-1.0) ; // 

    double mass_scale = 1.0 ;  // compressor map mass flow scale - map design point 
206, calculated engine 100 

    double comp_eff_scale = 1.0 ; ///0.84168/0.780 ; 

    double TPR_max = 10.5 ; //8.6 ; 

    double turb_eff_scale = 1.0 ; 

    double Thrust_c = 0.0  ; // cold thrust 

    double Thrust_h = 0.0  ; // hot thrust 

    double HPT_choke = 3.5 ; // HP Turbine choking pressure 

    double LPT_choke = 2.5 ; // LP Turbine choking pressure 

    double HD_hot = 1.33/(1.33-1.0) ; 

    double HD_cold= 1.4/(1.4-1.0) ; 

//{ 

    double W25; ;    // core engine air mass flow rate kg/s 
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    double BPR ;    // Fan by-pass ratio 

    double FPR ;    // Fan pressure ratio 

    double CPR ;    // compressor pressure ratio comes from map 

    double TPR ;    // turbine pressure ratio comes from map 

    double NPR = 1.12 ;    // Nozzle pressure ratio 

    double Wf ; 

    // Guess constants 

    double W25_try ;  // trial compressor mass flow for matching 

    double T4_try ; // trial turbine pressure ratio for matching 

    // 

    // Matching constants 

    // HPT 

    double W4_crt ;  // corrected flow per unit area 

    double W4_allowed ; // physically possible flow 

    double W4_turb_calculated ;  // mass flow coming from the upstream 

    double Err_01 ;  // difference between the stream value and component allowance 

    // LPT 

    double W45_crt ;  // corrected flow 

    double W45_allowed ; // physical flow 

    double W45_turb_calculated ; // calculated corrected flow 

    double Err_02 ; 

    // CORE EXHAUST 

    double W8_crt ;  // corrected flow 

    double W8_allowed ; 

    double W8_exhaust_calculated =1.0; 

    double Err_03 ; 

    // FAN EXHAUST 

    double W18_crt ;  // corrected flow 

    double W18_allowed ; 

    double W18_calculated ; 

    double Err_04 ; 
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    // 

    double total_error[3] = {1.e9, 1.e9, 1.e9 }; // errors are summed seperately for each 
condition 

    double result = 0.0; 

//} 

    // TPE331 baseline component information 

    double E_inlet = 1.0;       // 0.98 ; // inlet diffuser efficiency 

    double Efan = 0.86;         // Fan efficiency 

    double Ecomp = 0.856 ;      // compressor efficiency comes from map 

    double Eturb = 0.86  ;      // constant 

    double Ecomb = 0.975   ;    // combustion efficiency in percent 

    double Educt = (1.0-0.025)  ;  // 0.07 pressure loss at exhaust duct 

    double dP4 = (1.0-0.93) ;   // PR_comb  - combustor pressure drop in percent 

    double Emech = 0.98  ;      // mechanical efficiency 

    double CD_nozzle = 0.99 ; 

    double mb1 = 0.0271 ;       // bleed 1 

    double mb2 = 0.0374 ;       // bleed 2 

    double mb = mb1+mb2   ;     // blade cooling + NGV cooling - bleed_air/w2 ratio = 
1 percent of main flow is bleed 

    double mf ;                 //fuel/air ratio wf/W2 

    double accessory_work =0.0 ; // accessory work and other power take offs 

    double A2    = 30.1*645.16/1.e6 ; //  mm2 A2 compressor inlet M2=0.5 

    double A25_0 = 12.5*645.16/1.e6 ; //  mm2 A25 stage 2 inlet M2=0.4 

    double A18_0 = 16000.0/1.e6 ; // mm2 A18 fan exit 

    double A3    = 6.4*645.16/1.e6 ; //  mm2 A2 combustor inlet M3= 0.4 

    double A4_0  = 3519.6/1.e6 ; //  mm2 A2 ngv inlet /28.5*645.16/1.e6/ M4 = 0.1 

    double A45_0 = 12254.9/1.e6 ; //  mm2 A45 turbin exit M45= 0.4 - 
71.4*645.16/1.e6 

    double A5    = 71.4*645.16/1.e6 ; //  mm2 A5 turbin exit M5= 0.4 

    double A7    = 73.3*645.16/1.e6 ; // mm2 A7 duct cross section M7=0.4 

    double A8_0  = 37506.8/1.e6 ; // 55.6*645.16/1.e6 // 37133.0 ; // mm2 A8  Exhaust 
area for M8= 0.4143 (turboprop-shaft) 

    // for design #2 
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//    A4_0  = 2897.34 ; 

//    A45_0 = 10587.33 ; 

//    A8_0 = 52569.77 ; 

    int MTO = 1 ; 

    int MCR = 0 ; 

    int LOT = 0 ; 

////////////////////////////////////////////////////////////////// 

int design_mode = 1; // design_mode = 1, operating condition = 0 

                      // design_mode = 0, operating condition = 1 

        if (design_mode==0) { 

            x[2]= 0.5 ; // A4_ratio = 0.5+x[2] 

            x[3]= 0.5 ; // A4_ratio = 0.5+x[2] 

            x[4]= 0.5 ; // A45_ratio = 0.5+x[3] 

       } 

////////////////////////////////////////////////////////////////// 

// durum specifies engine operating point 0: Take Off, 1: Cruise, 2:Loiter 

// 

     for (int durum=0; durum<1 ; durum++) { 

//{  durumlari hesaplama loop u 

        switch (durum) { 

          case 0: 

            MTO = 1; MCR = 0; LOT= 0; 

            break; 

          case 1: 

            MTO = 0; MCR = 1; LOT = 0; 

            break ; 

         case 2: 

            MTO = 0; MCR = 0; LOT = 1; 

            break ; 

         } 

    // Calculate P0, T0 according altitude standard atmosphere 
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    double Pamb, Tamb ; 

    Altitude_T0P0(Zi[durum], &Tamb, &Pamb) ; 

    double M0 = Mi[durum] ; 

    double T5_limit = T5i[durum] ; 

    double speed = Ni[durum] ; 

//**//**//** 

    double Rline_try = x[0] ;  // try a rline on compressor speed line 

    double T4_try = 800.+x[1]*(T4maxi[0]-800.) ;   // maximum and minimum 
temperature range 

//**//**//** 

    double A25 = A25_0*mass_scale ; // 

    double A18 = A18_0*1.0 ; // 

    double A4  = A4_0*(0.5+x[2]) ; // 0.649211;  //  Turbin mapi scale etmek ile 
A4_ratio degistirmek ayni etkiyi olusturuyor / denedim gordum 

    double A45 = A45_0*(0.5+x[3]) ; 

    double A8  = A8_0*(0.5+x[4]) ;  // 

    double PWR = PWRi[durum] ;  // 

    FPR = 1.0+ x[5]*0.6 ; 

    // BPR = 0.1+ x[5]*5.9 ; 

//**//**//** 

    double V0 = M0 * sqrt(gama_cold*R_air*Tamb) ; 

    double T0 = Tamb * (1.0 + (gama_cold-1.0)*0.5*M0*M0) ; 

    double P0 = Pamb * pow(T0/Tamb,HD_cold) ; 

    double P1 = P0*E_inlet; // inlet losses 

    double T1 = T0;  // total temperature conserved 

    double P2 = P1*1.0; // pressure loss at inlet ducts 

    double T2 = T1;  // temperature before the fan stage 

    double sqr_teta2 = sqrt(T2/288.15) ;    

    double T25_ideal = T2*pow((FPR),1.0/HD_cold) ; 

    double T25_real = T2+ (T25_ideal-T2)/Efan ; 

 

    double P25 = FPR * P2 ; 
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    double T25 = T25_real ; 

    double sqr_teta25 = sqrt(T25/288.15) ;   // 

    double speed_crt = speed/sqr_teta25 ; 

    //{ find compressor speed curve - lower curve no: i0, upper curve no: i1, 
interpolation coefficient: tt_ 

    int i0 = 0; 

    int i1 = 1; 

    double tt_ = 0.0 ; 

    for (int i=1;i<Ns_comp;i++) { 

        if (speed_crt>=Speed_comp[i-1] && speed_crt<Speed_comp[i]) { 

            i0 = i-1 ; 

            i1 = i ; 

            tt_ = (speed_crt-Speed_comp[i0])/(Speed_comp[i1]-Speed_comp[i0]) ;  // tt_ 
is the ratio between the speed curves 

        } 

    } 

    // find turbine speed curve - lower curve no: it0, upper curve no: it1, interpolation 
coefficient: ttt 

//    int it0 = 0; 

//    int it1 = 1; 

//    double ttt = 0.0 ; 

// 

//    for (int i=0;i<Ns_turb;i++) { 

//        if (speed>=Speed_turb[i] && speed<Speed_turb[i+1]) { 

//            it0 = i ; 

//            it1 = i+1 ; 

//            ttt = (speed-Speed_turb[it0])/(Speed_turb[it1]-Speed_turb[it0]) ;  // tt_ is the 
ratio between the speed curves 

//        } 

//    } 

//} 

    //{ compressor operating point trial 

    int j0 = (int)floor(Rline_try/0.1) ;  // data number on the speed line 
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    int j1 = j0+1 ; 

        if (j1==Data_comp) j1 = j0 ; 

    double Mdot0 = Mdot_comp_map[i0][j0]+(Mdot_comp_map[i1][j0]-
Mdot_comp_map[i0][j0])*tt_; 

    double Mdot1 = Mdot_comp_map[i0][j1]+(Mdot_comp_map[i1][j1]-
Mdot_comp_map[i0][j1])*tt_; 

    double PR0 = PR_comp_map[i0][j0]+(PR_comp_map[i1][j0]-
PR_comp_map[i0][j0])*tt_; 

    double EFF0 = Eff_comp_map[i0][j0]+(Eff_comp_map[i1][j0]-
Eff_comp_map[i0][j0])*tt_; 

    double PR1 = PR_comp_map[i0][j1]+(PR_comp_map[i1][j1]-
PR_comp_map[i0][j1])*tt_; 

    double EFF1 = Eff_comp_map[i0][j1]+(Eff_comp_map[i1][j1]-
Eff_comp_map[i0][j1])*tt_; 

    double fraction = Rline_try-j0*0.1 ; 

    W25_try = Mdot0 + fraction * (Mdot1-Mdot0) ;  // W2 trial - corrected mass flow 
rate W2_crt 

    CPR    = PR0 + fraction * (PR1-PR0)       ;  // 

    Ecomp  = EFF0 + fraction * (EFF1-EFF0)    ;  // 

    Ecomp  =  Ecomp *comp_eff_scale ; 

    // cout << " Rline_try = " << Rline_try << " , Mdot = " << W2_try << " , CPR = " 
<< CPR << endl ; 

    //} compressor point defined 

    W25_try = W25_try * mass_scale ; 

    W25 = W25_try * (P25/101325.0)/sqr_teta25 ; // corrected to -> physical mass 
flow 

    CPR = pr_scale*(CPR-1.0)+1.0 ;  // scale pressure in addition to the map if 
necessary 

    // for given FPR and PWR find resulting BPR 

    double fan_work = PWR*hp_to_watt ; 

    BPR = fan_work/((T25-T2)*cp_cold*W25)-1.0 ; 

        // if outside the by-pass constraint return big number 

        //cout << "." << fan_work << "." ; 

        if (BPR<0.5||BPR>6.0) 

                return 1e6 ; 
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    double W18 = W25*BPR;  // cold bypass air 

    double T18 = T25; 

    double P18 = P25; 

    double T3_ideal= T25*pow((CPR),1.0/HD_cold) ; 

    double T3_real = (T3_ideal-T25)/Ecomp + T25; 

    double P3 = CPR * P25 ; 

    double T3 = T3_real ; 

    double W3 = W25*(1-mb) ; 

    double comp_work = W25*(T3_real-T25)*cp_cold ;    // necessary work for 
compressor 

    double turb_work = (comp_work + accessory_work*hp_to_watt)/Emech ; 

    double P4 = P3 * (1.0-dP4) ;  // dP4=7/100 constant 

    double T4 = T4_try ;  // try T4 between Tmin - Tmax 

    Wf = W3*(T4*cp_hot - T3_real*cp_cold)/(LHV*Ecomb-T4*cp_hot); 

    mf = Wf/W25 ; 

    if (Wf<=0.001) { 

        return 1000000.0 ; 

    } 

    double W4 = W25*(1+mf-mb) ; // physical mass flow - not corrected 

    double T4_burned = (W3*T3_real*cp_cold + Wf*LHV*Ecomb)/(W4*cp_hot) ;  // 
if wf is burned temperature would be T4_burned 

    // depending on the T4_burned cp changes and Wfuel should be updated 
accordingly 

    Wf = Wf * 0.5*(T4_burned+T4)/(T4); 

    mf = Wf/W25 ; 

    W4 = W25*(1+mf-mb) ; 

    double T45_real = T4- turb_work/(W4*cp_hot) ; 

    double T45_ideal = T4-(T4-T45_real)/Eturb ; 

    if (T45_ideal<T25) 

        return 1e6 ; 

    // turbine pressure ratio depending on the temperature ratios 

    TPR = pow((T4/T45_ideal),HD_hot)  ; 



176 
 

    // pressure ratio according to work balance is TPR, if is it different from TPR_try 
generate error 

    if (TPR>TPR_max) { 

        TPR = TPR_max ; 

    } 

    // calculation according to Turbine Characteristic Curve 

    // normal curve chokes around 1.89 however real turbines choke at different 
pressure ratio 

    // therefore turbine curve is scaled on the PR axis. corresponding mass flow rates 
kept the same 

    double TPRC = pow((1.0+(gama_hot-1.0)/2.0),HD_hot) ; 

    double TPR_mod = (TPRC-1.)/(HPT_choke-1.) * (TPR-1.0) + 1.0 ; // scale turbine 
to choke at PR=4.5 

    if (TPR_mod>=TPRC) 

        TPR_mod = TPRC ; 

//      mncrt =(NPR_1)*sqrt(2*HD*CD_nozzle*(1.0-pow(NPR_1,(1.0/HD))))/ ((1.0-
CD_nozzle*(1.0-pow(NPR_1,(1.0/HD))))) ; 

//      W8_allowed = mncrt*(A8)/sqrt(R_air*T8)*P8 ;  // allowable nozzle mass flow 
rate 

//      W8_exhaust_curve = W8_allowed *sqrt(T8)/(P8*0.001) ; 

    W4_crt =(1./TPR_mod)*sqrt(2*HD_hot*(1.0-pow(1./TPR_mod,(1.0/HD_hot 
))))/((1.0-(1.0-pow(1./TPR_mod,(1.0/HD_hot))))) ; 

    W4_allowed = W4_crt*(A4)/sqrt(R_air)  ; // allowed corrected flow 

    W4_turb_calculated = W4*sqrt(T4)/P4;  // calculated corrected flow 

    // E R R O R  # 1 : 

    // Turbine capacity difference in percent 

    Err_01 = abs(W4_turb_calculated-W4_allowed)/W4_turb_calculated*100.0 ;  // 
should be less than 0.05 % 

    double P45 = (P4/TPR)*Educt ; 

//    double FAR45 = Wf/W25 ; 

//    double cp_45 = cp_hot ; //Cp_gas(T5_real,FAR5) ; 

//    double gama_45 = 1.33481 ; // (cp_5)/(cp_5-R_air) ; 

    //HD = gama_5/(gama_5-1.0) ; 

    double W45 = W25*(1+mf) ; 
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    double T45 = (T45_real*cp_hot*W4+T3*cp_cold*W25*mb)/(W45*cp_hot) ; // 
cooling air returns to flowpath and decrease gas temperature 

    // free-shaft turboshaft can expand from P45 to P0*NPR; 

    // (PWR + accessory_work)*hp_to_watt 

    double T5_real = T45-PWR*hp_to_watt/(W45*cp_hot) ;  // power required by free 
turbine 

    double T5_ideal = T45-(T45-T5_real)/Eturb ; 

    double P5 = P45*pow((T5_ideal/T45),HD_hot) ; 

    double LPTPR = P45/P5  ; 

    double T5 = T5_real ; 

    double W5 = W45 ; 

    // pressure ratio according to work balance is TPR, if is it different from TPR_try 
generate error 

    if (LPTPR>TPR_max) { 

        LPTPR = TPR_max ; 

    } 

    // calculation according to Turbine Characteristic Curve 

    double LPTPR_mod = (TPRC-1.)/(LPT_choke-1.) * (LPTPR-1.0) + 1.0 ; // scale 
turbine to choke at PR=4.5 

    if (LPTPR_mod>=TPRC) 

        LPTPR_mod = TPRC ; 

    W45_crt =(1./LPTPR_mod)*sqrt(2*HD_hot*(1.0-
pow(1./LPTPR_mod,(1.0/HD_hot))))/((1.0-(1.0-pow(1./LPTPR_mod,(1.0/HD_hot))))) ; 

    W45_allowed = W45_crt*(A45)/sqrt(R_air) ; // allowed corrected flow 

    W45_turb_calculated = W45*sqrt(T45)/P45 ;  // calculated 

    // E R R O R  # 2 : 

    // Turbine capacity difference in percent 

    Err_02 = abs(W45_turb_calculated-W45_allowed)/W45_turb_calculated*100.0  ;  
// should be less than 0.05 % 

    // HOT Nozzle 

    // Design mode = 1; 

    double gama_8 = 1.33 ; 

    double T8 = T5 ; 
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    double P8 = P5*Educt ;   // simple convergent nozzle - 0.025 loss at jet pipe - fully 
expands into atmosphere 

    double W8 = W5 ;   // assuming bleed returned in to the main flow 

    double P8s ; 

    double NPR = P8/Pamb ; // initial approach 

    double M8 = sqrt(2.0*(pow((NPR),1.0/HD_hot)-1.0)/(gama_8-1.0)) ; 

    double V8 ; 

    double T8s ; 

    double ro8 ; 

    if (M8>=1.0){ 

        M8 = 1.0 ; 

        T8s = T8/(1.0+0.5*(gama_8-1.0)) ; 

        NPR = pow((1.0+(gama_8-1.0)/2.0),HD_hot) ; 

        P8s = P8/NPR; 

        V8  = sqrt(gama_8*R_air*T8s); 

        ro8 = P8s/(R_air*T8s) ; 

        if (design_mode==1) { 

            double A8_star = W8/(V8*ro8) ; 

            A8 = A8_star ; 

            W8_exhaust_calculated = W8*sqrt(T8)/P8 ; 

            W8_allowed = W8_exhaust_calculated ; 

            // A18 is modified 

            Err_03 = 0.0 ; 

        } 

    } else { 

        T8s = T8/(1.0+0.5*(gama_8-1.0)*M8*M8) ; 

        // NPR is unchanged 

        P8s = Pamb ; 

        V8  = M8*sqrt(gama_8*R_air*T8s); 

        ro8 = P8s/(R_air*T8s) ; 

        if (design_mode==1) { 

            A8 = W8/(ro8*V8) ; 
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            W8_exhaust_calculated = W8*sqrt(T8)/P8 ; 

            W8_allowed = W8_exhaust_calculated ; 

            // A18 is modified 

            Err_03 = 0.0 ; 

        } 

    } 

    // Design mode = 0; 

    if (design_mode == 0) { 

        // double mncrt =(D94)*KAREKoK(2*HD*$E$90*(1-D94^(1/HD)))/((1-
$E$90*(1-D94^(1/HD)))) ; 

        double NPR_1 = 1.0/NPR ; 

        W8_crt =(NPR_1)*sqrt(2*HD_hot*CD_nozzle*(1.0-
pow(NPR_1,(1.0/HD_hot))))/((1.0-CD_nozzle*(1.0-pow(NPR_1,(1.0/HD_hot))))) ; 

        W8_allowed = W8_crt*(A8)/sqrt(R_air) ;  // allowable corrected nozzle mass 
flow rate 

        W8_exhaust_calculated = W8*sqrt(T8)/P8 ;  // 

        // E R R O R  # 3 : 

        // Turbine capacity difference in percent 

        Err_03 = (W8_exhaust_calculated-W8_allowed)/W8_exhaust_calculated ;  // 
should be less than 0.05 % 

        if (Err_03<0) { 

            Err_03 = 0; // if calculates is less than allowable no error occurs ; compressor 
can easily pass the air flow 

        } 

    } 

    Thrust_h = W8*V8 - W25*V0;  // hot thrust 

    // COLD Nozzle 

    // Design mode = 1; 

    double P18s = Pamb ; 

    double FNPR = P25/P18s ; 

    double T18s = T18/pow((FNPR),(1./HD_cold)) ; 

    double M18 = sqrt(2.0*(pow((P25/P18s),1.0/HD_cold)-1.0)/(gama_cold-1.0)) ; 

    double ro18 = P18s/(R_air*T18s) ; 
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    double V18 = M18*sqrt(gama_cold*R_air*T18s) ; 

        if (design_mode==1) { 

            A18 = W18/(ro18*V18) ; 

            W18_calculated = W18*sqrt(T18)/P18 ; 

            W18_allowed = W18_calculated ; 

            // A18 is modified 

            Err_04 = 0.0 ; 

        } 

    if (M18>=1.0) { 

        M18 = 1.0 ; 

        T18s = T25/(1.0+0.5*(gama_cold-1.0)) ; 

        P18s = P25*pow(T18s/T25,HD_cold) ; 

        FNPR = P25/P18s ; 

        V18  = sqrt(gama_cold*R_air*T18s); 

        ro18 = P18s/(R_air*T18s) ; 

        if (design_mode==1) { 

            double A18_star = W18/(V18*ro18) ; 

            A18 = A18_star ; 

            // A18 is modified 

            // Err_04 = 0.0 ; 

        } 

    } 

    // Design mode = 0; 

    if (design_mode == 0) { 

        double FNPR_1=1.0/FNPR ; 

        W18_crt =(FNPR_1)*sqrt(2*HD_cold*CD_nozzle*(1.0-
pow(FNPR_1,(1.0/HD_cold))))/((1.0-CD_nozzle*(1.0-pow(FNPR_1,(1.0/HD_cold))))) ; 

        W18_allowed = W18_crt*(A18)/sqrt(R_air) ;  // allowable nozzle mass flow rate 
- physical 

        W18_calculated = W18*sqrt(T18)/P18 ; 

        // E R R O R  # 4 : 

        // FAN exhaust capacity difference in percent 
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        if (W18_allowed>=W18) { 

            Err_04 = 0.0 ; 

        } else { 

            Err_04 = (W18_calculated-W18_allowed)/W18_calculated*100.0  ;  // should 
be less than 0.05 % 

        } 

    } 

    Thrust_c = W18*(V18-V0);  // cold thrust 

    double Thrust=(Thrust_c+Thrust_h)/(0.454*9.81) ; 

    double tc8 = (T5_real+T8s)*0.5 ;  // thermocouple sens the mean temperature 

    double TSFC = Wf/((Thrust_c+Thrust_h)/9.81) ; 

    //double FuelConsumption = Thrust*TSFC ; 

    double Eff_overall = (0.5*((1+mf)*V8*V8+BPR*V18*V18))/(mf*LHV*Ecomb) ; 

    double specific_thrust = (Thrust_c+Thrust_h)/(W25*(1+BPR+mf))/9.81 ; 

    // 

    double hedef0 = max(max(Err_01,Err_02),max(Err_03,Err_04)) ; 

    double hedef2 = Err_02 ; //abs(T4_burned-T4) ; // 

    double hedef3 = W25*Wf*(1+BPR)/Thrust ; // 1000./Thrust  ; // specific_thrust ; 

    double hedef4 = (1-Ecomp)*100 ; // abs(Wf/lb_to_kg-
Wfi[durum])/Wfi[durum]*1000.0+ abs(CPR-Pri[durum])/Pri[durum]*1000.0   ;  // //+(1-
Eturb)*100; 

    if (design_mode == 1) { 

        total_error[durum] = hedef0+hedef3; 

    } 

    if (design_mode == 0) { 

        total_error[durum] = hedef0 ; 

    } 

    if (echo_on >0) { 

        if (design_mode == 0) { 

           cout << " 
#########################################################################
########################" << endl ; 

           cout << " ###    O F F - D E S I G N    M O D E    ### " << endl; 
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        } else { 

            cout << " ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::" 
<< endl ; 

            cout << " :::    D E S I G N    M O D E     ::: " << endl; 

        } 

    cout << " Turbofan Calisma noktasi : " << Nokta[durum] << endl ; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << "Altitude = " << Zi[durum] << " , M0 = " << Mi[durum] << endl ; 

    cout << " CPR = " << CPR << " , TPR = " << TPR << " , LPTPR = " << LPTPR 
<< " , NPR = " << NPR  << " , FNPR = " << FNPR  << endl ; 

    cout << " W25_crt = " << W25_try << " , tt_ = " << tt_ << " , speed = " << speed 
<< " , Speed_crt = " << speed_crt << endl; 

    cout << " W4 = " << W4 << " , W4_allowed = " << W4_allowed*sqrt(T4)/P4 << " 
, Nozzle_allowed =" << W8_allowed*sqrt(T8)/P8 << " , W8 = " << W8 << endl ; 

    cout << " W2 [kg/s]= " << W25 << " , Wfuel [g/s]= "  << Wf*1000.0 << " , W18 = 
"  << W18 << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " A25 = " << A25 << " ,A4 = " << A4 << " , A45 = " << A45 << " ,A8 = " 
<< A8 << " A18 = " << A18 << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " P0 = " << P0 << " , P2 = " << P2 << " , P3 = " << P3 << " , Pamb = " << 
Pamb <<endl ; 

    cout << " P4 = " << P4 << " , P45 = " << P45 << " , P5 = " << P5 << " , P8s = " << 
P8s << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " T0 = " << T0 << " , T25 = " << T25 << " T3_ideal = " << T3_ideal << " 
, T3_real  = " << T3_real  << " , Tamb  = " << Tamb  << endl; 

    cout << " T4 = " << T4 << " , T45 = " << T45 << " T5_real  = " << T5  << " , 
T5_ideal = " << T5_ideal << " , T8s = " << T8s << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " Comp work = " << comp_work*watt_to_hp <<  "      | Turb work = " << 
turb_work*watt_to_hp <<  " [hp] " << endl ; 
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    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " Required PWR= " << PWR << " , Thrust_hot [N] = " << Thrust_h << " , 
Thrust_cold [N] = " << Thrust_c <<endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " EGT_limit  = " << T5i[durum] << " |  TC8 = " << tc8 << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << "Ecomp = " << Ecomp << " ,Ecomb = " << Ecomb << ", dP4 = " << dP4 
<< " , mb = " << mb << " , TurbEff = " << Eturb << endl; 

    cout << "Eff_overall = " << Eff_overall << " ,  TSFC = " << TSFC*1000.0 << " , 
Thrust [lbf] = " << Thrust <<endl; 

    cout << " V8 [m/s] = " << V8 << " , M8 = " << M8 << " ,V18 [m/s] = " << V18 << 
" , M18 = " << M18 << " ,V8/V18 = " << V8/V18 << endl ; 

    cout << " hedef0 = " << hedef0 <<  " , hedef2 = " << hedef2 << " , hedef3 = " << 
hedef3 << " , hedef4 = " << hedef4 << endl; 

    cout << " ----------------------------------------------------------------------------------------
---------" << endl ; 

    cout << " x[0] = " << x[0] << " , x[1] = " << x[1] << " , x[2] = " << x[2] << " , x[3] 
= " << x[3] << " , x[4] = " << x[4] << " , x[5] = " << x[5] << endl ; 

    cout << "_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-
_-_-_-" << endl ; 

    cout << " rline = " << Rline_try <<  " fraction = " << fraction << endl; 

    cout << " i0 , j0 =  " << i0 << " , " << j0 << " , speed = " << Speed_comp[i0] << 
endl; 

    cout << " T4_burned = " << T4_burned << " , T4 = " << T4 << " ,Specific_Thrust 
= " << specific_thrust << endl; 

    cout << " W8_exhaust_calculated = " << W8_exhaust_calculated << " 
,W8_allowed = " << W8_allowed << " ,W18_calculated = " << W18_calculated << " 
,W18_allowed = " << W18_allowed << endl ; 

    cout << " W4_turb_calculated = " << W4_turb_calculated <<" ,W4_allowed = " 
<< W4_allowed << " , W45_turb_calculated = " << W45_turb_calculated << " , 
W45_allowed = " << W45_allowed << endl; 

    cout << " FPR = " << FPR << " ,BPR = " << BPR << endl; 

    RESULT << num_of_iter << ", " << FPR << ", " << BPR << ", " << TSFC << ", " 
<< Thrust << ", " << T4 << endl; 

    } 
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    result = result + total_error[durum]; 

} 

    return result; 

} 

//}  Free Shaft to Turbofan  End 

 

EK-7  

#include <SFML/Graphics.hpp> 

#include <stdio.h> 

#include <iostream> 

#include <sstream> 

#include <vector> 

#include <string> 

#include <time.h> 

#include <random> 

#include <math.h> 

#include <list> 

#include <chrono> 

#include <fstream> 

#include ".\grafik2.h" 

using namespace std; 

 

std::random_device rd;  //Will be used to obtain a seed for the random number engine 

std::mt19937 mt(rd()); //Standard mersenne_twister_engine seeded with rd() 

std::uniform_real_distribution<> dis(0.0, 1.0); 

std::ofstream RESULT; 

int num_of_iter = 0; 

double fTurboShaftFixed(double* x, int boyut);           // TurboShaft test function 

double fTurboShaftFree(double* x, int boyut) ; // Free shaft turbine 

double fTurboFanFreeTurbine(double* x, int boyut); // Two shaft turbofan 

double fTurboFanMapped(double* x, int boyut); // Turbofan with map 
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auto (*fTest) = fTurboFanMapped ;   // Test function pointer 

double Sutherland_dynamic(double Sicaklik); 

double Cp_gas (double gas_temp, double FAR); 

double Q_function(double MachNumber, double Gama, double R_); 

double Altitude_T0P0(double altitude, double* T0, double* P0); 

const double olcek = 1.3    ; // pheromone scale 

const double bozulma = 0.3  ;  // decaying ratio of pheromone 

const double tolerans = 0.00001  ;  // convergence tolerance for ant iteration 

const double pi = 2*acos(0); 

const double epsilon = 0.000000000001 ;  // 1e-12 small number 

const double cp_cold = 1004.5     ; // kj/kg.K 

const double cp_hot = 1150.0 ; //1281.52    ; // kj/kg.K     REf- Walsh and Fletcher 
sayfa 312 

const double gama_cold = 1.4   ; // gama sabiti hava icin 

const double gama_hot = 1.33   ; // gama sabiti yanmis gazlar icin 

const double R_air = 287.05      ; // hava icin gaz sabiti 

const double LHV = 42800000.0      ; // yakitin isil enerjisi Lower Heating Value 
kJ/kg 

double E_turb_initial = 0.855 ; 

double Q8_max = Q_function(1.0, gama_hot, R_air) ;  // max Q value at exhaust 
nozzle 

double CD_nozzle = 0.99 ; 

//double PR_Critical = pow(1-((gama_hot-1)/(gama_hot+1)/CD_nozzle),-
(gama_hot/(gama_hot-1))) ; 

//{ conversion constants 

    double lb_to_kg = 0.45359237 ; 

    double lbf_to_kgf = 0.45359237 ; // libre force to kg force 

    double lbf_to_N = 0.45359237*9.81 ; // libre force to kg force 

    double R_to_K = 5.0/9.0 ; // Rankine to Kelvin 

    double psi_to_kPa = 7.03543 ; // psi to Pa 

    double ft_to_meter = 0.3048 ; // feet to meter 

    double watt_to_hp = 0.00134102209 ; // Watt to horsepower 

    double hp_to_watt = 745.699871357078  ; // horsepower to Watt 
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//} conversion constants 

// MAP data is global - necessary speed curves are used by turbojet and fTurboShaft 
functions 

// 100% curve points for compressor and turbine are selected for matching 

// PR should be increasing 

// MAP data is generated in excel , ref [] : 

const int Ns_comp = 14 ;   // number of HPC speed lines 

const int Ns_fan = 8 ;   // number of HPC speed lines 

const int Ns_turb = 9 ;   // number of HPT speed lines 

int Data_comp = 20 ; // data number in a speed line 

int Data_fan = 21 ; // data number in a speed line 

int Data_turb = 11 ; // data number in a speed line 

const double Rline[20] = {0, 0.052631579, 0.105263158, 0.157894737, 
0.210526316, 0.263157895, 0.315789474, 0.368421053, 0.421052632, 0.473684211, 
0.526315789, 0.578947368, 0.631578947, 0.684210526, 0.736842105, 0.789473684, 
0.842105263, 0.894736842, 0.947368421, 1}  ; 

const double Fline[21] = 
{0,0.05,0.1,0.15,0.2,0.25,0.3,0.35,0.4,0.45,0.5,0.55,0.6,0.65,0.7,0.75,0.8,0.85,0.9,0.95,1.0} 
; 

const double Speed_comp[14] = {60.0, 65.0, 70.0, 75.0, 80.0, 85.0, 90.0, 92.5, 95.0, 
97.5, 100.0, 103.0, 107.0, 110.0} ;  // % percent speed %100= 41000 TPE-331 

const double Speed_fan[8] = {70.0, 75.0, 80.0, 85.0, 90.0, 95.0, 100.0, 105.0} ; 

const double Tline[20] = {1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2, 2.3, 
2.4, 2.5, 2.6, 2.7, 2.8, 2.9 } ; 

const double Speed_turb[9] = {30,40,50,60,70,80,90,100,110} ;  // % percent 

const double Mdot_fan_map[8][21] = { 

}; 

const double PR_fan_map[8][21] = { 

}; 

const double Eff_fan_map[8][21] = {#}; 

const double Mdot_comp_map[14][20] = {#}; 

const double PR_comp_map[14][20] = {#}; 

const double Eff_comp_map[14][20] = {#}; 

const double Mdot_turb_map[9][11] = {#}; 
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const double PR_turb_map[9][11] = {#}; 

double Genislik = 1024 ;  // width of the graphical window 

double Yukseklik= 1024 ;  // height of the window 

int MaxFrame = 10 ;     // keep refresh rate low in order to spend less time on 
graphical update 

int boyut = 6; // girdilerin parametre boyutu 

int echo_on ;  // hide outputs from the < function 

int max_path = 20  ;  // number of possible paths - or selectable targets 

double xf_ratio = 1.0 ;  // distance versus function value difference 

double toplam_feromon; 

double yeni_total_feromon; 

double low_feromon = 1.0 ; 

int swarm_shuffle = 50 ;  // change target after 200 iterations if swarm stucked in to a 
location 

int feromon_update = 100 ; 

auto Start_time = std::chrono::system_clock::now(); 

auto End_time = std::chrono::system_clock::now(); 

double Sutherland_dynamic(double Sicaklik){ 

    double dynamic_visc = 1.461*1e-6*pow(Sicaklik,3./2.)/(Sicaklik+110.3); 

    return dynamic_visc; 

}; 

double R_gas (double FAR){ 

// walsh and fletcher Page 115 "Properties and Charts for Dry Air, Combustion 
Products and other Working Fluids" 

// F3.22 Gas constant for products of combustion in dry air 

double R_tmp = 287.05 - 0.00990*FAR + 1e-7*FAR*FAR ; 

return R_tmp ; 

} 

double Cp_gas (double gas_temp, double FAR){ 

double A0 = 0.992313 ; double A1 = 0.236688 ; double A2 = -1.852148 ; double A3 
= 6.083152 ; 

double A4 = -8.893933 ; double A5 = 7.097112 ; double A6 = -3.234725 ; double A7 
= 0.794571 ; 
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double A8 = -0.081873 ; double A9 = 0.422178 ; double A10 = 0.001053 ; 

double B0= -0.718874 ; double B1=8.747481 ; double B2= -15.863157 ; double 
B3=17.254096 ; double B4= -10.233795 ; 

double B5= 3.081778 ; double B6= -0.361112 ; double B7= -0.003919 ; double 
B8=0.0555930 ; double B9= -0.0016079 ; 

double TZ = gas_temp*0.001 ; 

double TZ_2 = TZ*TZ ; 

double TZ_3 = TZ_2*TZ ; 

double TZ_4 = TZ_3*TZ ; 

double TZ_5 = TZ_4*TZ ; 

double TZ_6 = TZ_5*TZ ; 

double TZ_7 = TZ_6*TZ ; 

double TZ_8 = TZ_7*TZ ; 

double CP_A = A0 + A1 * TZ + A2 * TZ_2 + A3 * TZ_3 + A4 * TZ_4 +A5 * TZ_5 
+ A6 * TZ_6 + A7 * TZ_7 + A8 * TZ_8 ; 

double CP_B = FAR/(1.0 + FAR) * (B0 + B1 * TZ + B2 * TZ_2 + B3 * TZ_3 + B4 * 
TZ_4 +B5 * TZ_5 + B6 * TZ_6 + B7 * TZ_7) ; 

double CP = 1000.0*(CP_A+CP_B) ; 

return CP; 

} 

double Altitude_T0P0(double altitude, double* T0, double* P0){ 

    // altitude comes as meters 

    altitude = altitude * 0.001 ; // convert to kilometers 

    //                0          1         2       3       4       5       6        7       8 

    double zi[9] = { -5.00  ,   0.00  ,  11.00 , 20.00 , 32.00 ,  47.00,  51.00,   71.00,  
84.50 } ; // kilometers 

    double Li[9] = { -6.50  ,  -6.50  ,   0.00 ,   1.00,  2.80 ,   0.00,  -2.80,   -2.00,   0.00 } 
;  // slope coef 

    double Ti[9] = {320.676 , 288.15  , 216.65 , 216.65, 228.65, 270.65, 270.65, 
214.65, 189.867 } ; // Kelvin 

    double Pi[9] = {177760.0, 101325.0, 22632.0, 5474.8, 868.01,  110.9, 66.938,  
3.9564,   0.4866} ; // Pascals 

    double W0 = 28.9644 ; // kg/kmol 

    double Rstar = 8.31432 ; // J/kmol-K 



189 
 

    double g0 = 9.80665 ; // m/s2 

     // -500 m to 0 m 

    if (altitude>zi[0] && altitude<zi[1]) { 

        *T0 = Ti[0] + Li[0]*(altitude - zi[0]) ; 

        *P0 = Pi[0] * pow((Ti[0] / *T0),(g0*W0/(Rstar*Li[0]))) ; 

    } 

    // 0 m to 11000 m 

    if (altitude>=zi[1] && altitude<=zi[2]) { 

        *T0 = Ti[1] + Li[1]*(altitude - zi[1]) ; 

        *P0 = Pi[1] * pow((Ti[1] / *T0),(g0*W0/(Rstar*Li[1]))) ; 

    } 

    // 11000 m to 20000 m 

    if (altitude>zi[2] && altitude<=zi[3]) { 

        *T0 = Ti[2] ; 

        *P0 = Pi[2] * pow(10.0, (-g0*W0*(altitude-zi[2])/(Rstar*Ti[2]))); 

    } 

    // 20000 m to 32000 m 

    if (altitude>zi[3] && altitude<=zi[4]) { 

        *T0 = Ti[3] + Li[3]*(altitude - zi[3]) ; 

        *P0 = Pi[3] * pow((Ti[3] / *T0),(g0*W0/(Rstar*Li[3]))) ; 

    } 

    // 32000 m to 47000 m 

    if (altitude>zi[4] && altitude<=zi[5]) { 

        *T0 = Ti[4] + Li[4]*(altitude - zi[4]) ; 

        *P0 = Pi[4] * pow((Ti[4] / *T0),(g0*W0/(Rstar*Li[4]))) ; 

    } 

    // 47000 m to 51000 m 

    if (altitude>zi[5] && altitude<=zi[6]) { 

        *T0 = Ti[5] ; 

        *P0 = Pi[5] * pow(10.0, (-g0*W0*(altitude-zi[5])/(Rstar*Ti[5]))); 

    } 
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    // 51000 m to 71000 m 

    if (altitude>zi[6] && altitude<=zi[7]) { 

        *T0 = Ti[6] + Li[6]*(altitude - zi[6]) ; 

        *P0 = Pi[6] * pow((Ti[6] / *T0),(g0*W0/(Rstar*Li[6]))) ; 

    } 

    // 71000 m to 85000 m 

    if (altitude>zi[7] && altitude<=zi[8]) { 

        *T0 = Ti[7] + Li[7]*(altitude - zi[7]) ; 

        *P0 = Pi[7] * pow((Ti[7] / *T0),(g0*W0/(Rstar*Li[7]))) ; 

    } 

    return 1.0; 

}; 

double Q_function(double MachNumber, double Gama, double R_) { 

    double tr_ = 1.0+0.5*(Gama-1.0)*pow(MachNumber,2.0)  ;  // sicaklik orani 
T8t/T8s nozzle cikisinda 

    double pr_ = pow(tr_,(Gama/(Gama-1.0)))  ;  // basinc orani P8t/P8s nozzle 
cikisinda 

    return pow(Gama/R_,0.5)*MachNumber*pow(tr_, -(Gama+1.0)/(2.0*(Gama-
1.0))); 

} 

//******************* 

int main() 

{ 

//    std::mt19937 mt(rd()); //Standard mersenne_twister_engine seeded with rd() 

//    std::uniform_real_distribution<> dis(0.0, 1.0); 

    auto nSeed = time(0); 

    mt.seed(nSeed); 

    echo_on = 0; 

    cout.precision(16); 

    RESULT.open ("00-result-01.txt"); 

    RESULT.precision(16); 
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    // RESULT << "num_of_iter" << ", " << "CPR" << ", " << "W2_crt" << ", " << 
"TPR" << ", " << "NPR" << ", " << "T4" << ", " << "P4" << ", " << "W4_crt" << ", " << 
"A4" << ", " << "W4_allowed" << endl; 

    RESULT << num_of_iter << ", " << "FPR" << ", " << "BPR" << ", " << "TSFC" 
<< ", " << "Thrust" << ", " << "T4" << endl; 

    // define variable swarm and define the size of swarm 

    // 

    swarm suru1; 

    suru1.setSize(1000); 

    // Create the main graphical window 

    sf::RenderWindow app(sf::VideoMode(Genislik, Yukseklik), "SFML window"); 

    app.setFramerateLimit(MaxFrame); 

    sf::RectangleShape dortgen; 

    dortgen.setPosition(-500,-500); 

    dortgen.setSize(sf::Vector2f(1000,1000)); 

    dortgen.setFillColor(sf::Color::Black); 

    dortgen.setOutlineThickness(30); 

    dortgen.setOutlineColor(sf::Color::Blue); 

    sf::View view(sf::FloatRect(0,0,1024,1024)); 

    view.setCenter(0,0); 

    // Sonar systems tutorials are used for sfml graphics 

// uncomment this section for plotting compressor map 

//     open a new graphical window for displaying the function 

//     optimization begins after closing this windows 

//    Grafik2 gr1; 

//    gr1.BASLIK = " Compressor Map" ; 

//    gr1.x_axis_title = "Corrected Mass Flowrate [kg/s]"; 

//    //gr1.y_axis_title = "x2 axis"; 

//    gr1.contour_max = 1.0 ; //max value 

//    gr1.contour_min = 0.0 ; //min value 

//    gr1.x_0 = 0.0;  // x axis minimum value on scale 

//    gr1.x_1 = 7.0;  // x axis maximum value on scale 
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//    gr1.y_0 = 0.0;  // y axis minimum value on scale 

//    gr1.y_1 = 24.0;  // y axis maximum value on scale 

////    int n = 20 ; // data 

//    int m = 14 ; // speed line 

//    point3d dp[n*m];  // dummy point 

//    cell2d du;       // dummy ucgen 

////    std::vector<cell2d> mesh; 

//    std::vector<point3d> speed_line; 

//    std::vector<point3d> max_eff_pts; 

////    // nodes preparation -> get data from compressor map 

//// 

//    double maximum_value = -9999.0; 

//    double minimum_value = 9999.0; 

//    double x[3]; 

//    for (int j=1; j<=n; j++) 

//    { 

//        for (int i=1;i<=m; i++) 

//        { 

//            dp[i+(j-1)*m].x = Mdot_comp_map[i-1][j-1]; 

//            dp[i+(j-1)*m].y = PR_comp_map[i-1][j-1]; 

//            dp[i+(j-1)*m].z = Eff_comp_map[i-1][j-1]; 

//                x[0]=dp[i+(j-1)*m].x; 

//                x[1]=dp[i+(j-1)*m].y; 

//                x[2]=dp[i+(j-1)*m].z; 

// 

//            if(dp[i+(j-1)*m].z>maximum_value) 

//                maximum_value = dp[i+(j-1)*m].z; 

//            if(dp[i+(j-1)*m].z<minimum_value) 

//                minimum_value =dp[i+(j-1)*m].z; 

//        } 

//    } 
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//    gr1.contour_max = maximum_value ; //max value 

//    gr1.contour_min = minimum_value ; //min value 

//    // mesh vector preparation 

//    for (int j=1; j<n; j++) 

//    { 

//        for (int i=1;i<m; i++) 

//        { 

//            int n1 = i+(j-1)*m; 

//            int n2 = i+j*m; 

//            int n3 = (i+1)+j*m; 

//            int n4 = (i+1)+(j-1)*m; 

//            if (n1<=m*n && n2<=m*n && n3<=m*n && n4<=m*n ) 

//            { 

//            du.p[0]= dp[n1]; du.p[1]= dp[n2] ;du.p[2]= dp[n4]; du.alan = 0.0f; 

//            mesh.push_back(du); 

//            du.p[0]= dp[n2]; du.p[1]= dp[n3] ;du.p[2]= dp[n4]; du.alan = 0.0f; 

//            mesh.push_back(du); 

//            } 

//        } 

//    } 

//    double max_eff ; 

//    int gcc_index ; 

//    gr1.marker = '.' ; 

//    gr1.contour(mesh); 

//    //gr1.axis(); 

// 

//    for (int i=1; i<=m; i++) 

//    { 

//        speed_line.clear(); 

//        max_eff = 0; 

//        for (int j=1;j<=n; j++) 
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//        { 

//            speed_line.push_back(dp[i+(j-1)*m]); 

//                if (dp[i+(j-1)*m].z>max_eff) 

//                { 

//                    max_eff = dp[i+(j-1)*m].z; 

//                    gcc_index = i+(j-1)*m ; 

//                } 

//        } 

//        max_eff_pts.push_back(dp[gcc_index]); 

//        gr1.polyline(speed_line); 

//    } 

//    gr1.marker = 'o' ; 

//    gr1.polyline(max_eff_pts); 

//    gr1.yuvarlak(3.49,10.55); 

//    gr1.axis(); 

//    gr1.display(); 

    // function display part is finished here 

//  uncomment above section for plotting compressor map 

// 

// Start the loop 

    while (app.isOpen()) 

    { 

        // Process events 

        sf::Event event; 

        while (app.pollEvent(event)) 

        { 

            // Close window : exit 

            switch (event.type){ 

             case sf::Event::Closed: 

                app.close(); 

             break;; 
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             case sf::Event::MouseButtonReleased: 

                //suru1.target.x[0] = event.mouseButton.x-512; 

                //suru1.target.x[1] = event.mouseButton.y-512; 

             break; 

             case sf::Event::KeyPressed: 

                switch (event.key.code) 

                { 

                case sf::Keyboard::W: 

                    view.zoom(2); 

                    break; 

                case sf::Keyboard::S: 

                    view.zoom(0.5); 

                    break; 

                case sf::Keyboard::Right: 

                    view.move(40,0); 

                    break; 

                case sf::Keyboard::Left: 

                    view.move(-40,0); 

                    break; 

                case sf::Keyboard::Up: 

                    view.move(0,-40); 

                    break; 

                case sf::Keyboard::Down: 

                    view.move(0,40); 

                    break; 

                case sf::Keyboard::Escape: 

                    app.close(); 

                    break; 

                } 

            } 

        } 
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        // Clear screen 

        app.clear(); 

        app.setView(view); 

        app.draw(dortgen); 

        suru1.draw(app); 

        app.display(); 

        suru1.update(); 

    } 

    RESULT.close(); 

    return EXIT_SUCCESS; 

} 
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