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HIGHLIGHTS

GRAPHICAL ABSTRACT

o The weight and temperature of the
liner are directly and indirectly
dependent on the temperature and
pressure of the incoming air.

¢ 16% and 10% reduction in liner
temperature and combustor weight
using the proposed optimization

algorithm.
e Selecting appropriate, physical,
and achievable performance

constraints results in a well-defined
and physically meaningful Pareto
front.
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In this study, the conceptual design and optimization of an air gas
turbine combustor were investigated to reduce the liner temperature and
simultaneously decrease the overall weight, including the casing and
liner. The combustor under study belongs to the CFM56 engine, with
initial data obtained from GasTurb software and similar studies. The
NSGA-II multi-objective optimization algorithm and MATLAB
software were used for optimization. At the beginning of the study,
design equations and fundamental principles were examined. Heat
transfer within the combustor was considered one-dimensional and
without additional cooling to optimize the worst-case scenario. The
optimization results show a 16% reduction in thermal stresses on the
liner and a 10% decrease in combustor weight. This study also
highlights the importance of selecting proper performance constraints,
as an inappropriate constraint range can lead to a non-physical or
limited Pareto front. The proposed optimization process can accelerate
the design of gas turbine combustors, reducing excessive iterations
needed to resolve design conflicts that are often difficult to assess
during conventional design phases.

Cite this article: Mahmoodi M, Jahromi M, Pirkandi J, Hashemzadeh Gh. Multi-Objective Optimization of Heat
Transfers and Weight of CFM56 Engine Combustion Chamber. Aerospace Mechanics. 2025; 21(3):101-113. DOL:

https://doi.org/10.47176/MAJ.2025.1513

© Author(s) retain the copyright and full publishing rights

Publisher: Imam Hossein University.

[@Noleh

OPEN ACCESS


https://doi.org/10.47176/MAJ.2025.1513
https://portal.issn.org/resource/ISSN/2980-8103
https://orcid.org/0009-0000-1754-3966
https://orcid.org/0009-0006-2688-466X
https://orcid.org/0000-0001-7861-7471

VOV NN i ¥ 0Led 1YY 098 VF-F L /L T SilSo

2645-5323 : iz Ll

Laslen Sl

2980-8103 : 535 =3 LLs

CFM56 y¢ig0 @ | Aadno (39 9 @41 3> JIESI Ao (6 jlwdingd

f R . . Y . Y #) N
00yl Lo pode (57 guiS jo cewbols (97 o o> (g0 (U (6000 Siluan
mostafamahmoodi@mut.ac.ir :asbL), (Jyius oo 55) &l p el 5 ¢yl o taio olKeisls (Liadlgn  alSails gotone o luils’

jahromi@iust.ac.ir :asblbl il ul oyl il Sdle sixis oKiils Ladlgn aKails aoixe ol

jpirkandii@mut.ac.ir :asbL], .ol 5l )l p5 sl SIle saio oKiils dadlse pEiils aoie ‘)Lg..ulor

hashemzadeh.ghr@iran.ir :aeUL|, .o 5l o)l ye5 il ST taio olKiils dLidlsn oKy aaize ‘)l.,.al.';.ql‘c

Laws p

9 i O j50dy y0Y (gled g ()59 @
Slsp i 5 Loo Sl il ekt e
il (6399

g 0¥ Gled gao o Ve g VF alS e
95l Sl ooliwl b 5l pol alads ()35
S

Seied il (63 ,8hos 39.5 Sl @
el asels b 55, agr Jsa> 15 5
Ll walgs ool (Sod g

—— <P <M
580- —_— P :):‘.\M - A 8 1574 4 -6LEEUK ¢ DADITOX
—— 1<y <lium o \\ Googoans of Fit
560 - K = 0,590
540 500
% 50 )
g £ 40
z z
%0 3
i i
H £ 400
g 4% €
e 40 .
0 ."-” o
I — -
", K]
20 "y
I - ]
—
E T T T T R R R I
weight (kg) Weight (kg)

o olasiv oS>
o azsy )b 2le 35 et 3l adaize SO (siledige 9 sontie b iagh ool 5o

55 sols s £
AR TERVAY SR PN

VEE YN S50
VEF B A

VEE/ V] T )

HEYY{PRWI)
adasaiz ileaig
osie >lhb

3l i alaioa

CFMS56 5350

9 g (g ol a5 3l l abadze (59 el lejen 9 yuY sles (ralS Saaly
25590 Sl (o) 2090 3l dlaione el a3 518 aalllas g (o 2090 Sanl LY
el ooz gl alie Slalllas 5 o8 5805 51 adgl SAeMb g 0355 CEMS6
ot ke Jl38le 5 9 NSGA-IT ddomaizr (g5luaisge v o8l e (53ludinge Cz
ondye «leddie 5 At ;o oLk by, gty slail o il ead 05
ool a8lal e 5 (Gum Sy O g0y Bl il alhass (yg,0 Oyl Jlasl ol 423 )31 ,8
g dine i byl D o Saslionn U el o a5, b 0 (6L S
Lo i sao,s 18 ol gl i) sl 51 oLt sabalon] slags jlodings
Gheim Gezed S0 Gl aldoe (g o )3 Ve el g Y 4 Jleel )l
bl Clsasl O g0 40 a0 oo plis | (60 ,Sles 39,8 Zrore Gl Conl ol
S2oS b g (Sapd e Wloe (295 9 Db A (b altas S 098 e0gum
L5 ess @liet abiome (>lib Wy, Wl oo (siludinge Ws 5 pol alins 290
P o (25 o5 (b Slalfl Slo)las (o) 2 Sz 3bj sla)l)S5 5l g 00,5 S s

22l el () p Byt (A

e Gl abame 55 9 Ol JEUl dassis gilwaig Lol olipils ccanlely (G0l wse sop> (tlras (SOgete sl

DOI: https://doi.org/10.47176/MAJ.2025.1513 .V A=Y «(F) V)5V - F).Lasl 50 CFMS6

© .5l 0 Lgisma 353 51y 1, Jlacl JolS sgi> g pid G (O)odiun 55 |@ @ @

(&) oy plal pla olSisls 1yl OPEN ACCESS


https://doi.org/10.47176/MAJ.2025.1513
https://orcid.org/0009-0000-1754-3966
https://orcid.org/0009-0006-2688-466X
https://orcid.org/0000-0001-7861-7471

Foolod Yhoye0 IFF Jlo Liablgn il

\e¥

o Gyt &S Sl b o cpliams o ) S0V 4 aled
Iv] ams o ) 0¥ olesl (ise 5o Lo &l puis

S, gl el abase 9,0 Les ez slaol) 51 (S
Sl 00 SZHA)LML‘ u’a)?u 9 éal?g b.:‘j) )l oolaiw! ‘)Lf
o Sl S Gy bl 305, S0 YN E Jlo o [¥]
00 dulin 0,50 @l b g &3] 5l sl aladses (5,0 &l >
Ao ;0¥ gy (Sl Solaa g easats 57 ks o SU
Los 6lp |y ooy ¥ (slhas aiig (398 0,505, [0] S
7S Ao g o (2 Lals 5l sl e e ol
G S35 55 Glagey Gl ahise (90 &)l Jlal
ol o2l V] oo e o [F] 0 0t [#] JSie Lo

GBS s Bl gleabaione i gileaige Cuz
vu.mw Sl slo 8 5l sloailid jebay lidoe
aiile olaie Blaal lojee jebay b g, ! oS go colainl
5 oS b oan VT Ll g5l JBlase 3,1, 003l (g5l iSTo
3l oo i lopmy oSl aiws 4 fgcw wras slaasl
Dlonsazd 15 4y baalaiome g dwois (g jloaigs sy s
aloas Syl 1S Sge g oo YT dlS 4 e oS
Sl i Ol Gatle 6550k 53 3 slacsd iy (Al
o8 1) edzmn Lot (Sl S e ln slabed
Aoy A L asilg e eopmiile (680l 5l oolaiwl .ol 00,5
i &S el Jbjo pliaes palS ) divs > e
L8] aims o s 1) Lo @95 5 o), Jlat 51 ids
Gl sl jigy 3l oolawl LG oo aad Lol jiogh
Bl dhama (39 9 &)l Jl el )l 90 ¢ Jglaie ddumais
WSS ae Olejee jeban |y lse LS s s5ise S
asflnoes jge S 5l =l ddaae 9,0 &yl (g5lwaig
ol 18U amiomen ol o0g pols SGpd sla ime
PLS pobdn Gagi (il )0 alie (5058 09 A
28,5 waalys )8 addlhae g (o) 2090

NSGA 11 sbuanis ais 95 -Y

3= oliiin 5l xaBls )0 NSGA-IT a4 Basaiz oy ol
Ol el S gl aBan ST Jaw (508

J= Gl 08 Sl JlSS sl ;5501 51 (S ot 55
Jus o [V o] s 5 w0 bawgs 45 oo adanai> Jlaw

?PreCoDe

*Multi-disciplinary design optimization (MDO)
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W T 13 WRetd
gtation kg/s K kEa kg/s FN = 99,72 kN
amb 288,15 101,325 TaFC = 10,9815 g/(kN*s)
2 313,798 288,15 101,325 313,798 WF = 1,0951 kg/a
13 260,957 338,15 167,693 170,812 3 NOX = 0,7837
Z1 5z,841 288,16 101,335 52,836
22 52,841 288,16 101,335 52,836 Core Eff = D,4233
24 52,841 369,52 221,113 27,438 Prop Eff = 0,0000
25 52Z,841 369,92 221,113 27,436 BPR = 4,9386
3 52,841 770,80 2447,503 3,578 F2/PL = 1,0000
i 45,391 770,80 2447,503 F3/P2 = 24,15
L] 46,486 1577,62 2325,127 4,740 E5/P2 = 1,4619
41 50,185  1522,97 2325,127 5,028
43 50,185 1162,83 569,646 Plé/Pé = 1,12360
LL] 53,355 1141,00 569,646 Plé/PZ = 1,62621
45 53,355 1141,00 569,646 18,885 F&/PS = 0,95000
q9 53,355 862,60 148,131 AB = 0,25330 m?
5 53,355 862,60 148,131 63,145 Al8 = 0,74236 m?
B8 53,936 B61,65 146,650 64,441 M8 = 0,75979
18 260, 957 338,15 164,716 173,836 iMLE = 0,86335
Bleed 0,000 770,80 2447,503 weld/wz = 0,00000
-------------------------------------------- cog = 0,97863
Efficiency isentr polytr RNI B/P cpLe = 0,98728
Quter LEC 0,8%01 0,837¢ 1,000 1,655 PWX = 0,0 kw
Inner LEC 0,9001 0,8934 1,000 1,000 vig/ve,id= 0,71064
IP Compressor 0,8776 0,8%02 1,000 2,182 WBLD/W22 = 0,00000
HP Compressor 0,8677 0,9026 1,621 11,069 Wreci/W25=  0,00000
Burner 0,9995 0, 950 Loading = 100,00 %
HE Turbine 0,8500 0,8273 3,281 4,082 ed444 th = 0,82491
LP Turbine 0,8713 0,8510 1,119 3,846 wBLD/W2S =  0,00000
HP Bpool mech Eff 0,9900 Nom Spd 14324 rpm WHNGV/W25= },07000
LP 8pool mech Eff 1,0000 Nom 3pd 4835 rpm WHel/wZ3 = 0,06000
P22/P21=1,0000 P25/P24=1,0000 P45/P44=1,0000 P&/PS = 0, 9900
-------------------------------------------- Plé/pl3 = 0,982¢
hum [§] watl FHV Fuel
0,0 0,00000 42,769 Generic
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