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Error analysis of lateral jet interaction flow field of supersonic

vehicle with traditional numerical method

YANG Lei, YE Zheng-yin

(National Key Laboratory of Science and Technology on Aerodynamic Design and Research,
School of Aeronautics,

Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: With CFD method, the lateral jet interaction flow fields in supersonic cross-
flows were simulated under real nozzle boundary condition and simplified nozzle boundary
condition respectively. Three-dimensional N-S equations closed with k-e turbulence model
were solved and the unstructured grids were used to process spatial discretization for the flow
field. By comparison, the calculated values were in good agreement with the experimental re-
sults, validating the numerical method. Further study showed that the boundary conditions
had an effect on the lateral jet interaction flow field. Compared with the simplified nozzle
boundary condition, due to the nonuniformity of the jet flow field at the nozzle exit, the sep-
aration vortex and the shock waves under real nozzle boundary condition moved forwards,
thus causing the change of the interaction force and moment. Because of the influence of the
frictions, the static thrust of the nozzle under the real nozzle boundary condition had a loss.
When the pressure ratio was 500, the errors of the total normal force and total pitching mo-
ment between these two boundary conditions were 8.21% and 22.4% respectively, the er-

rors were large. The real nozzle boundary should be considered when simulating the lateral
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jet interaction flow field accurately.
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divergent nozzle
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Table 2  Normal force under different pressure ratios
R, T L/N T/N N/N
1 1.0938  0.8824  0.2113
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w2/ —3.07 3.53 10. 74
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/Y% —4.54 3.45 8.21

M2 2 AT LLE . 3 B 2% 1 B - 0 i s
e I AN b 2 B AT AL AT AR . BEEm ot 07 7 i 1 SA0AR
AN IEAE, BRI G4 7, A 055 M 0 7R .
TEWE T 3 R BN, T8 1 BB I ok L E B
WP RGN, TN 2 BT 3 k. ik 2
T I A M S W A T A e DO R
PE IG5 L W TR I S RE IR X T BRI, 2 3L
FE A, X T A 1A T 2 FiE ST LUE
B 2 e T D L 3R IS T OB Y EE 45 RH )
AR ™ K 1 A5 005 I K i i B A IS O A R Y 3
T FAE W INE B 3 R B KR R TR )
EBEE IR N A A i w2 (B | E e (L
it F ARSI B0 D A8 K T 4 0 PRt
J5 1] 73 2R 1 o st B0 ] WS A S 3] 5 10T AH B AL
S BE MR H RGN, Bk ) g B AR R B X
A1 AT A 2 By Sk ) g, 78 W B ol 300
F1 500 Hf, 62 ) 1R 25 26 XHE 43 0 R 10. 74 %
F8. 21 %0 iR 2B K. LEWE G R 100, B m 7+



2514 i

E¥

g o

9530 %

T3 A 7 RN 2 L B 1 T RUE BN RS
TREARZHME.

3 O X AT G AR AN R AE R M,
7 R AT % BN 3l 3 AR S ML, 27 I A
JIXT AR 2% 10 J1 5. My, = M, + M, 3R R
T35 T B T g O TE PRI R T R AR Sk
J1E TS AL T 180°F A £k b, X b 3t 5
AL F AT % (9 463 Sk 0 R AR IR LB /IN R L B0 g
T 2, B A AR AR I O] e A S 3]
AR S A RCR . Bl W E S e )
s e SR B 46 Sk g .t 3k 3 AT LA
AN TR 1 5 25 PF T BREIN 0 RER 4 ) 51 B4 0 8
FAAE— 5 TR 22, W IR LB/, 8 ) R 22 8K
ZIN 3R F T T R BRI D R R IR D R A R
ZEAIRIH . B U R L 0 8 2 ol (AR
Ohy TE B9 3o o I ERF BRS o 3 R A0 3 ) ) (R
ANAR 2 SRR /N PR AT s BE ol 300 B Y
WRENBZH M E. SR I E] 500 B iR
22 22. 400 IREBIR.

R3REMBRE LT X R AT AR 1 48
Table 3  Pitching moment under different

jet pressure ratios

R T M,/ M,/ M,/
(N * m) (N * m) (N * m)

1 —0.3361 0.1482 —0.1879

37 2 —0.3283 0.1419 —0.1864
WE/% 2.31 4.25 0.78

1 —0.4277  0.2044  —0.2233
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