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Abstract: In order to integrate the working characteristics obtained from three—dimensional component sim-
ulation model into aero—engine cycle parameters analysis and improve the reliability of engine performance esti-

mation, the modified fully coupled approach was proposed. The multi-level variable cycle engine (VCE) simula-
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tion model was established using iterative coupled approach and modified fully coupled approach based on three—
dimensional core driven fan stage simulation model and zero—dimensional VCE simulation model. Then the ef-
fects of calculation method for correction factor and relaxation of boundary parameters on multi-level VCE simula-
tion model were studied and the differences between iterative coupled approach and modified fully approach were
compared. The results indicate that the pressure ratio and isentropic efficiency obtained from high—fidelity compo-
nent simulation model are applied to engine cycle parameter analysis when modified fully coupled approach is em-
ployed, and the repeated calls of high—fidelity component simulation model during the linearization process of the
nonlinear equations can be avoided. What’s more, the computational process of modified fully coupled approach
does not depend on the component default characteristic map. As for iterative coupled approach, there is no obvi-
ous difference in convergence rate between the optimization method and normal method which are used to calcu-
late the correction factors. By using optimization method to calculate the correction factors or the relaxation of
boundary parameters, the vibration for iterative residual of modified fully coupled approach can be suppressed
and the convergence rate can be accelerated. There is no obvious difference between the results of modified fully

coupled approach and iterative coupled approach and the convergence rate of the two approaches are the same
p pp p pp S pp
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when the optimization method is used to calculate the correction factors.

Key words:
fied fully coupled approach

1 31 F

20 fH 22 90 4F ALK, 52 [ NASA 927 T Numerical
Propulsion System Simulation (NPSS) &I, B 1E & F&
o PR L L R DG B AR LUTE M 28 & sh AL it i
2% T A% TR A LA B 2 o B 22 8] B R 5 5 R 9D X
i’%miﬁ%‘%%ﬁ?,f‘&ﬁﬁﬁﬁﬂiﬁﬂﬁﬂ“ o HICHESL
ENORIEA ST Fey mﬁﬁﬂ‘ﬁ mPERE TR AR
Ko B HOR 5 /\FF', A B 3 B B 4 B2 46 7%
,%?E%TA%%EEE‘J%KWWET%EQQﬁ
DR ELRE (19 28 G0 B TY (1 JC 4 A B e TR A
Of 2y AR R A5 3 1 3 4 AR e 1 4 T & S AL
T8 ¥ Z: 5003 B, 38 & A s AL BE 004 1 AT 4% B2, JOF7E
MHL%?TWLHELM&FE"J‘?ﬁﬁ%‘@ﬁﬁmﬁ““E"‘JE‘
Wi o R T HEATAR S AR AT NPSS B T SR A
ﬁ*%%*ﬂyc%%%%friﬁ&?ﬁﬁﬂ(ﬁ%,WUUKIEJE"J
T ORE 3 T B0 e P R 0 OB R AT A4 R F T AR
FetER & TR SRR S8

9 B A7 THCH AR SR VI 5T AR A S PR SR A
PR 05 ELRERY Y O ELRE o Bl A S A7 LA A O B Y
P i, TES AR H AT DA SR IR Sy S AT
VERFME . TEIFSERE I RVF OIS OL T 2k T30k = 4
7 FASEHY S HEALE 25 2 B0 B 42 A T AR 5 2 A
VEFE o B0 B = 4 O R AL R 4 B A it o L B
B2 R GRG0 A R = 4k 5 5
BRI 58 E T 00 B AR R AR R P, AR Rk

(Zooming)

Variable cycle engine; Core driven fan stage; Zooming; Iterative coupled approach; Modi-

S P i (7 BB RS rp ) d 0l R I . SR T
TRARAE R ER A 45 R A WSSO T vk e ]
IS BE AT 2 TR s 4 .
589G I kM e R AU & A oE el T ik
AT RAOR UE T 3 25 S B WSk TR Al LA e i 3 4
T EEALPERE AR o 58 Al S O vk LR A TR
o PR L JEE 7 A TR A 0 9 R R 4y R Ol B AL
TEIR SR BT AR LA TARRRIE . S8 A T ik i
T R A g B, (E 2 5 AR A0 3 B B ALy A
SRR TT ER W Re s BT SR AR T7 58 4R AR M B R
e AN, 78 BT 58 A M A 7 T I B A v R R £ LA
MEEZS SELME T BRAN KR, FELZ R
A P BT v O R 7 OB Y o A = 4 7 LR R A
1 BT B8 A BRI T 58 4 M 5 7 ik 14 1
AR & 7 1k 2 T B v DR Ly OB 5
B HIL A 4 0 ELA R T 5 45 2R 10 22 5 00 Kk s L& 4E )
FLRER v i) 0 S TR R T AT 8 P B I, TR 2 IR
KA Z S A OB A1 A AL BE 2 B K HR AT O 8l 2
e R ACHE & J7 1, B A v O 0 0 B
H TR L5 R AL 2 A () RS AR X sy, LU P
Z I 2 B AR A 5y S B, BLAE TS SR 1
LR A S R TS e A . FUR A
7 05 20 3 A TR A8 T A T SORE TR 1 e R R
FORERY Y 3 3 25 R R 5 T 3R 2 B i, kAU
Tt 0 Wi ST A2 BT R R S AR R IR A A
JH I AR 5 7 % I i 22 AT o A A A U LA

4+ 12- 141

201000-2



Fa3k HTH i

#HoR

2022 4F

fRH S R i R R A . LA BIF 5 A 3k AR AR 22 3R
B B AR 2% AR R B0 Oy vk R AR A R
T ABH e s IR O ik A R

TS R AR B T 12 WSO A2 BR T AR e
R PR, DL K 58 4 W45 T 12 22 YR AR A vy AR
Py ELAEAY Y ) B, R SCHR T 2k e e S T i
U 52 A M O 12508 T8 Bl R B ML 4E 4 ERR R SR
fift T3 v 04 O OB 3k A e M Dy AR A A ek A o R T
P A 0 7 FURE Y 0 5 9 1A B 0
FH A 25 P B B2 07 LS AY 9 Y, e AT B R 1y 3 5
WA o AR LA A% 0 HL K B XU 9% (Core driven fan
stage , CDFS) 1) XL A1 itk 22 1 28 % )i Bl ( Variable cycle
engine, VCE) g 49, 73 51 5% F ok ik ¢ 42 0 5 O7 15 Je i
FRAE A J7 1 ST VCE 22 48 B {5 AT | B 5 9 Fh 7
TEAE W SOE Kot B 45 B AR T T i 22 L LA g e
T8 7 2R S RO st A B 22 4 )7 ELAR A
WS B R I X E VOE 4 B R 5 22 o i
P FAE RIS 5 R 22 5+

2 {FE#ER

2.1 XU4ME VCE B4 EER

A CHE T CDFS W X AR iR VCE ZE47T AH G iF 52 .
VCE {7 FUR Y i) 2l 37 SR g 7 12 WL SCiHk[16-17]
K8 7 T A COR AS CRAT R H=0m, € AT 5k 5
Ma=0.3)1EH VCE &3 fUIRAS , R ah bl it i TAES
Bz 1 /R, HPC, HPT, LPT 43 L R SHL . & &
WA AALE RS . Hob, Fan K& CDFS #6444 3 A5
ISy e i R S LU W S T
Al B T AR S B0 AR 4 22 58035 58 . Fan FIl CDFS %5
I 2 BIL BB A28 249 050 7 B (B 1) e 1 L 3R A A A
Rtk o Hoh, BAE N R B A B AR Y SR AR S L
PR A T A A5 A B SRR R 4 A X T i iR 30 B Y
OB HUE R 0~10 78 & B0 A3 1 R 1k B, il 5%
T S A7 (R TR R G R B R AR R ROR E S
FETR AR A T 35 ZE RS B, I VR kA (B AR i
AR S B R KR 2. fE5IABMHE)E,
AT DAAR 418 32 2 BRI A e S 0 A7 R M BT A A5 )
T B L b R A R A SR, Tk (A IR
R O A 78 B R IR R 25 . AR SR B AT
AR ) R Ry s R R RN AR (B Ik
).
2.2 CDFS=#{iE&EH

AR SCflFH SCRR (19 ] 5 (1 CDFS RS AY i A58 L iy
n] AR A A PE 0 51 (Variable inlet guide vane, VIGV)

Table 1 Design parameters of double bypass VCE

Component Parameter Value
Inlet Mass flow/(kg/s) 328.3
Angle of inlet guide vane/(*) 22
Bypass ratio 0.38
Fan
Pressure ratio 2.563
Isentropic efficiency 0.865
Angle of inlet guide vane/(*) 30
Bypass ratio 0.20
CDFS i
Pressure ratio 1.293
Isentropic efficiency 0.848
Pressure ratio 5
HPC
Isentropic efficiency 0.850
Burner Exit total temperature/K 1950
HPT Isentropic efficiency 0.90
LPT Isentropic efficiency 0.91

¥ . VIGV M Bk 36, 5 1 i 7 %k 40,
VIGV i 5% £ (0) 28 46}y 0~45° . CDFS % 4 B 5
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Fig.1 Comparison of calculation results and reference data
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Fig.2 Flowchart of modified fully coupled approach
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Fig. 3 Effects of residual on number of iterations
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