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ABSTRACT

For design optimization, engineers should require the accurate information of design space and then
explore the design space and carry out optimization. Recently, the total design framework, based on
design of experiments and optimization, is widely used in industry areas to explore the design space
above all. For optimizing turbofan engine design point, the response surface model is constructed by
using the 7 level orthogonal array which satisfies the statistical uniformity and orthogonality and gets
the dense design space information. The multi-objective genetic algorithm is used to find the optimal
solution within the given constraints for finding global optimal one in response surface model. The

optimal solution from response surface model is verified with GasTurb simulation result.
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Compressor Ratio), BET(Burner Exit
Temperature), DBR(Design Bypass Ratio),

HPCTS(High Pressure Compressor Tip Speed),
LPCTS(Low Pressure Compressor Tip Speed)
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Table 1. Lower and upper limit of design varlables
and responses. x1
Design Variables | Lower Limit | Upper Limit ii
HPCR 4 9 x4
BET[K] 1300 1900 0
DBR 0.8 1.7
HPCTS[m/s] 300 500
LPCTS[m/s] 400 600 23 Mo FuiwH
Responses Lower Limit | Upper Limit zo]  AAgAdH HPCR, BET, DBR,
SFCI\[IgT/[Zi\II\]I*S)] 3_0 2'0 HPCTS, LPCTSS] 570 AAWHS W9l E_Ha
LIPTPR - . NT, SFC, HPTPR, LPTETS] 47] &< <33}
LPTETK] B 1200 7] S8t 49319 74F AHuwwld A HAAE
4709 wrgxHrEds FEIo wgadrd
20 7o Al TS 9ty dA¥MS = Eq. 1S &3t [1,
o= 118 W& Btsste] 283
dutHo g tH7E A 2 ke 3FE F
WS APAGH] BN AHEE FA —
54'01]’\1 AF3h= A (Screening)d] 3 W X, = :c,;—x7 ¢, = constant 1
A 5 AW (Fractional Factorial Design)o.2 % '
o F7F vk B AFelA nEes 2A < _
A7) 5702 AL ® thEA sl Aets TEud AN, ;v AANST 2,9 HAs v
ZoA AP B E=ASE AR A o AARE zol HE SEHET g o) e EH
g Lig2'3" B Lp3° 3 2L 35E Auuds  EPE Eq 29 22 23 g9 SAEHAER
AT FE ok AR, dFedst A8 @ PAR vk
AetA] = Algdeld IRt M= A
A7 AAYGG ARE & o AEA D7) Y=X"B+e @
Astel 55F ol gel theE Auwds s
= Ao g§EaH, o5 Tl AR} B4 2 ANA, V=[y], X=[1z,2]7, e& 23
T ALY Aol AA & o 293 iy 4 FS YehH, S EHEERD Y mAAS YRl
el g WEE 3% 4= F At & A7 B=[B;,] = #HAA5 % (Least Squares Method)oll
H}’HZ C;vz;ﬂ Xﬂ;‘;;q a71018 FlgldO]z}eSlgnﬂzg 93te oo E(Norm)S HA83te Eq. 3
e % el 78 % Utk
Gl LSS AP CeM[4], °o B¢ F 16,807
el AADNA =S s ok O}Z]E&, Owen .
of ANE ez AmRAS AL W B=(X"N" X"y ®)
) Ak #FE VIFAAE A 93
o NuzFS AT + Atk A4E 75E 5 Do Ba 3 Eq dsh @e] EEAR, o)
A g AmNAL Fig. 134 go) AAws | VT OF GFE AmE A48 Foe
3 D AlEYold SH(EATFE gt

rel FBASF EAE
2] 31/ (Orthogonality) %

A& Flsnh

SRRop

Eahe] Fol7 5 Q19
T Y (Uniformity)©]

Y=X"B+e=XT[(X7%) 'x7V]+¢
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Table 2. Coefficient of determination of turbo fan 407
engine. -
Responses R? Rank
NT 0.999 2
SFC 0.999 2
HPTPR 0.998 4
LPTET 1 1 %; ’
FAR MgxERdo] g AZFES ¢
vht 2 gdsteAE wexEndy ggs 7
(Precision)2}il &}, F8¥ WERHED Y A
3rs ZHsle E=2 AAA S (Coefficient of S 1w s
Determination)& 714 ®el ol&3w. A4AF Fig. 2 Prediction profiler for four responses.
R*& FAFFEST) FolA 3 A FHSSR)
AR e HIEE v, 19 7MhEFE F3 :
H owkgxwEde] $9S F xdsty ion 124 '
g & glom g TRE AAWSI $He
4 ARt & £ Ao 9714 SSEe 24 10 v/ =
AFTE v @ & o L '
SSR SSE 7
R?—m 1- 5o ’5) N 1'..__
s
B oAge HRA A 57 AAWG] g ‘
NT, SEC, HPTPR, LPTET®] 47] S ol ok ut h e e
SHEW mdo AAASE Table 29} 2t} 7+ Fig. 3 Contour profiler for four responses.
H ORERUEY FoA Ad BT 52
LPTET®] AARAF= 1019, 7HE =7t @ HPCTS, LPCTS 2/ AAMSTE 8 S5 v
HPTPRE] ZAAASFE 0998E2A F=% HHEH e Gl FH7) wEd AR} Yie g
HEdo] AlEH ol SH(ZEAIE ofF Z Bd 2 333 T g2 AANSE uyse Aol
sitte Ag BHoEnh ulgHZslok. Ak HPCR, BET, DBP 370 A7
Hes vl S9 disted M2 o 379 %
24 AP B4 s 7N ol AF A (Trade-off) 7} E A3}
571 AA®S Wis NT, SFC, HPTPR, o wEbA HH3} guEEFes H &3t A
LPTETS] 47 $®9 FaAAEAS 5 = AL WEets HAHSE Fotof ok
£4& Fig. 29} Zo] ¥} Fig. 29 4z} wegHrdo] 74 & o2 ZHLS Table 1
Y BAle AW g g Av|eh Wk X HoH 4/ THE AdRANE BT v
< YUty AVt S48 o] ade AE e 570 AAMSY dAYGAL SIAEE A
oju| gt} dAWS HPCTS, LPCTSE AA 99 g5m AgAow Folswa ZAld HA=
M 71&717k 0ol 747k5-1 ol AL 4 S & & & Holth Fig. 3& DBR, HPCTS,
of g FFol A9 o= A& Yugt. = LPCTS 37} AAW4S 1.25 400, 5002 1173
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31 B3 At

XL 18] F (Genetic  Algorithm)2 312
of A% HHg Wye IFSF Hollandol
ojsi 1970 diell A5 A= er[9], 27
e 7HAe =F HAH3 Wl wisiM A7
Gl EAste EZJF S A HAHHNE

Fohke 58
M

ol 3
Aok FAALILEE PHE V1E vE HH
3 e MasA AR, 4 st &
g oRe e AHE PPERE g2 7

e

(Population)o. 2 &3 o] H3H(Set) S o]&
A9 ARE FYRUATE Aol Y 2
Qolnt. =3 A2 T/ AD 4

2 Agshe Aol oz ofe A 2Pu
(Coding Scheme)S AH&-3lA W33 (Mapping) 3
oz AAWSE U ALES o WA 2
e ol A BHSS 244 F2E 5 9
on, SREAFGFT Jod i 587
4 JRE A wolE AL AL

kA9
(Population-by-population Search Method)< 2
£3}31, Hl(Crossover) ¥ &A1 o](Mutation)

9 FHAAZEZ A4FAH(Genetic Operator)E AF

AS  dZ3E A A2A(Selection  E
Reproduction Operator)E A}&3l= A3 W
Mo fAALTFel G % & Ak
£ 9744 488 AR faALas
=

43ttt A (Generation)2 TAE 9 I3ttt
H,

(Solution)£7r8] A+ E FAFLZHN A7V
© 92 E X vl (Pareto-dominance) 71'd& &3}
of, oA M FAIF bl SAe= s

& 83 W93t ¥ EH A &l (Pareto-optimal
Solution)E Zroluprte= &2 HAsphiwe] o
Foltt. v=3 fFHALndE: I FRLS T
F7F @A AAR, ke s de &&
¥3 )= Fenseca$t Flemingo] 7|#3 th&4
AL E WA MOGA(Multi-Objective
Genetic Algorithm)E 283t}

32 MOGAZ 283 HH3) 14
A %ﬁx}ob"l_ﬂ%% A g3te] % 1,0013)
skl HZH&E T3t
2zl A FolA SH NTel tigh 2
Flg 4o FAEALH, HAsrt APHH
A JV%HOH FHEE AFS HAEH
g2z fAfgngEoz I HHH
1= Table 33 #Zom, NT A3k

&
—

' 0 2‘[Iﬂ 4‘[I[I El‘]ﬂ Elﬂﬂ 1000
Iteration Number

Fig. 4 Optimization results by MOGA.
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Table 3. Comparison between initial and optimal design

value.

Responses Initial | Optimal | Constraint
NT 28.52 33.20 =30
SFC 17.80 19.44 <20

HPTPR 2.55 2.97 <4
LPTET 1033 1155 <1200

Table 4. Comparison between RSM and gasturb.

Responses RSM’ GasTurb | Diff.”
NT 33.33 33.20 0.40
SFC 19.58 19.44 0.72
HPTPR 3.01 297 1.35
LPTET 1155 1155 -

*Response Surface Model, **Difference[ %]
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