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Abstract: A numerical simulation method of the whole aero-engine based on the circumferentially
averaged method was developed independently. Based on the Navier-Stokes equation, the governing
equation of the circumferentially averaged throughflow model was deduced. In view of the shortcomings
of the traditional model for the source terms of the equation, an inviscid blade force model considering the
influence of airfoil, a compressor spanwise distribution loss model based on machine learning, and a
circumferential non-uniformity model based on theoretical analysis were proposed. On this basis, the quasi-
3D modeling of the combustion chamber was further completed, and finally the quasi-3D steady state
simulation of the whole aero-engine was realized. The whole aero-engine simulation of turbojet engine
WP11 was completed by using the whole aero-engine circumferentially averaged steady state simulation
program CAM developed, and the simulation results of the Russian S2 program AES-S2 were compared

and analyzed. The results showed that compared with the Russian S2 program AES-S2, the circumfe-
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rentially aver-aged quasi-3D simulation program developed had higher simulation accuracy. In comparison

of the quasi-3D calculation results of WP11’s design point, the error of turbine mass flow calculated by

CAM was less than that of AES-S2 by over 8%. In terms of engine thrust, the error was reduced by more

than 16%. The convergence of CAM was better. The amplitude of the turbine mass flow calculated by CAM

was less than that of AES-S2 by over 10%. In terms of engine thrust, the amplitude of the calculation result

was reduced by more than 20%.
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whole aero-engine simulation; modeling

otz K S HLBI B RIBIE A2 K B AR Sl 27 |
BRI AR TR 2 L MR A 2 A R
AIBE A, BT B BE R AR e L o) DXL
R AF R R o R, AR i A R AT R RO Y
Py . e i RE A8 S LAl LS ) e B BIL
PERE . TR E5 1, B ER BT 7 RAFAE BRI, (EX
LG B A A9 BOR B0, FE SRR 1 AN 1 S
K, HE LA 2 2 2R IR S 254, P REASE AU
(S RS 32 2 R . BUE U ATE K Bl
WA 2R A S LA IS B R Rl RIS DA e sl e

20 {22 90 AR AR LA, BE& T3 i & RE 1 /Y
PR i e AR (LA AUL B AR 1 T AR, KR (LA AL
S U NBEALI TS I EA RN iy e N IS &2
%o WHERBINE C 24— T A RORA]
FE )T BOV T A sh LA FRAF g i, AU B
FENLIK I DA T S5 R RE A T A B0k . ol
KL FE Bt bR AR T S R A 5%
AR, BRIV p A G 0 58 A AR I T Bt AT T ST SR
e 7 Sy VA KK (ELRSEADLBIE 5 6 U A 2, X6 0T 5 46 T
SRR e e S W N TP NN S S e W B
FHBRAR T RIE5E A

TEM R LI T U, 4 = 4Epit ke &
o BN B IR R, (BN T 52 F L] 2548 9 T
JR4a AR E B B B R AR EOR, X
TR SHLHT AT R RS IE . R HLIERE 89 70 b o4 A fiE
PRSI 7 56

RGBT B AL B TR BERF R Tl B 2 A J2 4
T, R & sh AL R A 3 [ AR 5 & 5 31y
PSR A & S HILA A AS e k Fno E  e b, (RL
TS (0K BEARE T A 8 B HIL i T 3k
W T AR 22 S A AY 5 W],y 7 31 580 4% 1 45 BR A
SE LA IEA TR ML T i B — R i T SR =

LS A 1952 4F 41 Y 19 7 O 1hd B8 O =
(14 5% ol v = 4 ] Ak J7 3k SR AE R D T, 2 L

SRR AL TRE B AR AR O o X2 sk HAT LU
TR Ok A T3 YR TS N, R
QH T AL P EE 2 5 B, B A% 2
KAWL TR sk . Ik, H
F2 R JRME = R LR ] A 204 ) R A,
TR T, LI E S & SRR AR L
AIF i DA A% G 1T 2] < I 5 T B s 5 745

H A E N E A BRI =25 B |t
(AR 2 3 e AL S2 FL ¥ (AES-S2) o iZ k4] 15
R SNHLIAAR S RAE BE S 50, T X4 b S H R
WA M TS AT B T T R R | i
T 51 A B T B A S A 3 A A
K FH 5 S BE 04 A BR 22 43 Godunov A =X TR []
PR, 58 Al P /s R A 35 Tl Xt B g
(%) S, ¥t 16 Euler J7 B2 20, 1% J7 i AT LA H00 36 A 2%
PFF &S AL T SRR . P9 RIS 1 LA T AU
K SHLA P RE S A S5 A LR

Jitl B ST i LA 22 S A R Oy SRR
SERL TV AR B A T g —, S TS
FHF 33U /NI B & ShATL B4 25 v 0 00 £ v = 4 i
PLIL SR, XA T & s AL AR .
AT 1T AU & s ALY R R AT 9T, 1 B4
T 5 HA ST AR A o AR AT LA & sh L
A AR S AT O, T AR N A 0
NUE = AEBUE IR0 & IR B Al . BRI
FT T VT 2B 53 5 ) JH 22 2 %5 45 8 B 2 bl
PEAT T ML S, R RO 5, K e RS
TN S RS G, AR A T
SRR . OIS LR R A BUE O b 5P
37 ey g fii 23 AF 5T B (CIAM) & 4, B3 T % Bl
YRR (AES-S2) TE B R 4 1 1 B HRRE {1
BT, SERL T B/ NRLIR R S HLEE HLE B, iR
Xt B iR B3 R ShALEEAT T 2% lE ) 5 | S S LB
D5 ECOY, I FLXF S0 b & S LA T HUERE 1 ),
BEAR, X AR S A S LR RS . RS I FE



2600 o= 3

DI H31%

PRy 40 5o, 2B 1 i At EOR L,
AT REZERK,

B2, B BRE W pl S2 B A b 45 ik 3k
Tt 2 B A SR A A2

1) HAR T 7 P2 i Tl o AR B A 1Y, 4K
S B R g SRA AU R B AR, B ot B i
AN T, X LA SR ARG R T R

2) BT R A BR 22 43 OO0 4 1 O B A7
BE S HOR M, — 7 TR 52 2% JLARr 300 5L %) 3k 1o
AR, 57—z X py sEE v 22, R Xt
THERURG BE 3 B2 5 O A0 R I S v R 22
75 o BRSNS B4R 27 OSSR 1 0L

3) WA XA (5 e LA Sl L, X
TR Z /N L, AT A A B X6 )8 ) 1
[] B A7 1 224 IXSE SR T Ak B D7 12 02 AR AIE 5
I IR — 5, R KRR S ) B RS AR, X
F 7 T 2T K740 T Bl 1) RO 0% .
LR RIARRGE E VS AL AN 2

M Z T, 5T ] 7 ¥4 J7 ¥ (circumferen-
tially averaged method, CAM) & J& 11 & ML U — 4k
Ui B AW R Ay, |5k, i R P n
Pl J5 A2 2 S5 17 734 Navier-Stokes(N-S) J5 2, H
A Y B A, O AT DU P BE R
FISEA . LU, 2 LR 3 SR FH BsF [ 4 2 A PR A
Uk =, A H A R 22 o046 2, H B Ay srE
e Ak, %A AR R HA LUN R XA b
AL AT T A, AR B L A
B 37 0 SRS DL KA 3RS I 1 O AT A T
PRAE T A3 1Y 52 T8 Al ) RUSE, XA 8 28 1Y 8 200
RORAAAG S 80; [8) — &3 57 o] LUH T
R NI I S 4R RUE R P R R
52 35 BB SR M Iy 2k JLF- AT DL AR 1% 05 5
FE1F 5 | T SR s ) 4E 28 J7 325 5K ik, A58 3 3l
AR E I 5 TS S BEIT AR £, B
BN 5E 3% B Bt T H

1 EmEHERERENE R

TE e ML = 4R 3 b, X FAE— i sh =
B T -2 Gl A - 24) %E SO

(D

_ @5
q(x,r,t) = L q(x,r,@,t) dp

Ps P

Horfxs ro oo 505 R e bR L AR 1] AR AR L R
] AR AR AN (8] 5 g R W B 280 gz T sh S 500

JE 18] S 4L s o T oo, 20 331 g Pt A W82 3 Tl R ) v
TEARRTAE AL b3 28 A B A AR B, A0 1 ez o Ja 1)
SRR R D5 18] 5 5 e sh O 1k — 2 ofE g
I, ARSI 1) S BARRE  TE g T

X

f;;>i.N§> |
5 —
S g o
?q | R
e A, 4 .
E Py H y
et BT

1 5y it idiE s SR

Fig. 1 Schematic diagram of rotor and stator blade channel
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