36 i S 5 D N 1998 4

WA AR S I TIIRTE mpacctiot e cosmgur "
WREN . o iy
: NINNY | To
h = QL(SAT) (2) —
S BRI TR, AT A A 2 5 A - -

R IR 2 7 YU RTHEAR 18] (0 BOP B8 22 0 TR e place }Z/// 77 77 AT™
) b 7 e B P 3 55 RO

Nug =14 _WCdy 1w =14 (3)
d — T - K .
> T, — T, — Qﬁ Fig. 1 The model of impinging cooling
wce,

PL b, E@MRENANT= (T+T.) /2, AELLR, W& EXPFARmE, il
i b CrE Sy 0 B 2 535 IR B, SR8 B N AR SCHREE R, o ol i AR P 2 55 IR B 0 A
JUFTZ %0, b AU 3 3 205F 58 R AT TR SU3&s

Nuy = % = c(% %

FIH 2 o oM B )33 ] 1 o b & RECHFR £, AT A5 H e o 8 2 g v D 56 R 5
2 HRE50Hr

i KRENRESLS, o Seim B HATH G, FHEAR K EEE Z, A 2
T N3 IRE Ny MALHE WEL Req 55 . FEARSCHIWEFCIGE A, pbdy FLAR A IR T4 2k
BHIE 107 AN, XFEF R 2SS HENT 0.3, MU S S NAT R RAE R AR, K 2 4
BT oML (X, /d FSAMED, £ Z,F Nug b Re, B0 R AER A M2k, 772
(4) 1 Req BI1F8 200 R 72 B P 25

B 3 N TAEANE Req WIME T, 20/d 35 RE Nug B2, B 4 2R (1) | Re,
MIFE % y Bl I EE Z, AR IE o0, MBI CLE W, y BE Z, MARIEAR FREL, XU
B Z, (A AT o 4 2 B S e AS A2 AR OK

Y (= )'ReiPr'? (4)

° Xn/d:S- 25
o X./d=6.74 25.00
s X, /d=17.00 2
201 o X./d= 20. 00 S ?
4;%-/‘3-‘* a L AN
x Xo/d= | " a
¢ X./d= g 1500 ¢ * s,
] 4 X./d= 2 N
Z:: 10k X./d= 10. 00} a=—1.292
o -] °
s.00} ? °
s Fea=2000 o Kga=4000
0. 00 a R,r..=6000 0 R«=800p
0 6.00 6.50 7.00 7.50 8.00 8.50

L M 1 1
1000 2000 4000 60008000 X./d (Z,=1.6mm)
Ry (Z,=1.6mm)

Fig. 2 The curve of Nu-Re in the different X,/d Fig.3 The curve of the exponent in the different X,/d

W S0 BT 15 A B 45 R, R £ e R YE Rl v b HE 5 T 4 c=0. 128, y=0.7.a=—1. 29,
b=0.071, [N, 2RV EE S FrdEm 228 0. 062, EAHXERZE N 0.9, 2 =] U9 1) &% IR



%1 PR 2 25 BE o VA 2D 3 AR S 86 BF 9T 37

ar, Wi, X @) RN .

0.90

X" . 26 Zn ). 07 0.76 o o o
Nu, = 0. 281(7) ' q(g)‘ M Re, T 0. 80 f: ; $ $ :
»0.70 3 - t y .
(5) 0. 60 M

ACH SR SR R OB I 00—
i e TR P 29 55 IRE Ny B ZEH 5K 2 Z+/mm

FLI 8 Req. WA [2] WA 245 H AR

H{J y {Eu Yﬁjﬁ [1] H@ﬁﬂﬁ%%jﬂ 0.78, 1M Fig. 4 The curve of the exponent y in the different Z,
ARBME RN 0.76, SR [1] ZRBEFFH,

SCHR (1] 0 &5 2R 00 1, b ol ] B s e ok 1) A5 oy LA 22 LS e e 8 38 190 °F 35 3% IR N
RIS m AR 2/, AT LLRNE, SCHR [2] SR 530 (1] MR ERCHR [2] S 7R
R b AH . 2979 0.091; ASCERN 0.071, WHSFFE, R (1] WA REARZSE TR
AL A —1. 08, M3CHR [2] WHAKR . X, /d XV 3555 IREL Nug B9 52 W JF & 46 58 250 ek 20
KAER, a4 H AR o 8, ASCHRERKM R [1] WREEX, « WEN-1.29, 5
SCHR (1] Mg REEBGER, WEAMAF, X @ hHEEC, Xk [1] M 0. 29, /e H Al
BR P LT B 2RI S5 R Ay 0. 281, JLT-SCER [1] M,

3 4 ®

(1) i FLI 5 T 20 Req A2 520 o 4 3 i 32 BE IR 25, B o o FL 1O B 1 50 Rey B3840
ey S A P T RE RGN, bk e BN B 5 o e B ST 35 B IR B Ny B P AL R T B Rey 1)
#hnm 2 BT,

(2) TEM LI TS EON X, /d=6. 25~8. 33 KITER N . X, /d =2 52wy o 3 #4 i —
NFER R, A% KR8 Nu, £ Z,=0. Smm~4. 8Smm W, fi#E X./d 1
HMmETFREES,

(3) fEM i Al ¥R Z,=0. 8mm~4. 8mm W, plii (8] 3R 7, siobdi (Al pE 5 ppah FLALAIR 2 b 2,/
d %of s e AR R MR AR /N, it 4 B ) S 38 %5 IREL Ny B Z,./d B3 INA TS BT s .
i, EEAAKTENHY, HEAUAEE Z,/d 5 b w2,

(4) 7E A ST S 58 WF 78 1) 36 B 9, ok FL ) 75 1 30 Req P e FLIRVBE S b s FLALAR 2 B XL/
d UL R ppii [ BE 5 ph i FLALAR Z b Z,/d 25, X6 v ik 3 30 S 3 8% IR B Ny 52, AT DA 5K
(5) I,

W

% W

1 Andrews G E,Asere A A,Hussain C I,et al. Full coverage imingement heat transfer:the variation in pitch
to diameter ration at a constant gap. AGARD-CP-390

2  Kercher D M, Tabakoff W. Heat transfer by a square array of round air jets iminging perpendicular to a

flat surface including the effect of spent air. ASME.] of Engineering for Power,1970,92(1) .73~ 82.



1998 4E 2 H HE 3 B KR Feb. 1998
F1okE H1H JOURNAL OF PROPULSION TECHNOLOGY Vol.19 No. 1

et e I i T AR X AR
N 37 B AR S0
BARIE 5 W ERE B

(R RCH T RZMMEPE, T, 210094)

. WEF T NIRRT W R I B 2 ) B R W LS BB DT R B
TN BE ) = 4k B U PRAR R TVD #& 3R, B xd — 2 71 i B HE TR 5 485 A0 b 28w 220, (i A5 0L 45 IR
15t 6 B P9 0 3 00 0 1r) g AR ) g B A L ART 45 4 DA B N TR AR R AR A I — SEAREAE, O R A R
LA 45 AT A R, 0 RHE RS Bt B — B IR T E X,

T K EORNLE, WAL, B A, BUE R

RS V43l

NUMERICAL SIMULATION FOR NONSYMMERICAL
INTERNAL FLOW IN THE MINI-THRUST
MISALIGNMENT ROCKET NOZZILE

Yang Yuwang Zhen Ya Qiu Guangsheng Ji Zongde

(School of Mechanics, Nanjing Univ. of Science and Technology. Nanjing, 210094)

Abstract: The internal {low in the mini-thrust-misalignment nozzle where the inlet flow is
not parallel with the axis of its supersonic section is studied. Three-dimensional implicit finite vol-
ume TVD scheme with high distinguishability and accuracy resolution is used in the numerical
method. For some typical conic and contour nozzles. the characteristics of the change of the side
force and moment produced by non-symmetrial internal flow with the geometrical structure and in-
let flow conditions of nozzles are describled. The numerical results agree well with some related ex-
periment results. This method can be used as a guide for the design of mini-thrust-misalignment
nozzles and the selection of rocket nozzles.

Subject terms: Rocket engine nozzle, Yawing moment, Flow field, Numerical simulation
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