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Analysis on flow field characteristics of lateral jet
on slender body

ZHAO Fa-ming, WANG Jiang-feng

(College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Study was carried out for a slender body with rudders, with free stream Mach
number of 2. 0, attack angle of 0, 10, 20 degrees respectively, and the jet spout located be-
tween the X-shape rudders. First of all, numerical simulation and wind tunnel tests were
carried out, and consistent radial pressure distribution near jet spout was obtained, verifying
the feasibility of numerical simulation method. And then, the characteristics of change with
attack angle of the interaction flow field were analyzed on the basis of flow field structure and
flow parameters distribution obtained from numerical simulation. At last, influence of jet in-
teraction on amplification factors was examined according to surface pressure distribution of
slender body and rudders near jet spout. Results showed that, with increasing angle of at-
tack, shock before jet moved towards jet spout with reduction of separation region, and pres-
sure ratio increased with augmentation of penetration height. Amplification factors were lar-
ger than 1. 0 and decreased with increasing angle of attack. When jet spout was located be-
tween X-shape rudders, jet interaction was beneficial to the enhancement of jet force. Exist-

ence of X-shape rudders eased the wraparound effect of jet, leading to favorable interference

to the flow field.
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Table 1 Condition of computation
p../MPa T./K o/ MPa T, /K R,
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Table 2  Axial location of pressure tap
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Fig. 5 Flow field topology structure near jet spout

Pl 6 20 T 300 o 70 A X T 11 A A0 B 1 R PR O
S SRR A RN TN el Y ek B UL B N
OME T 307 19 885 i A0 1 BRF 205 7 Jal 1) 17 15§ 11 5
AT s @M T 3 18— X AR I AR 1A 1] 1A AR
FE AT o BT 1T B 1) L B AR AN s O
M 11 A5 32 19 — Xt 4 e b 1] AR A2 10 [ M58 10 52 T
S 1 907 B -FEF RS 448 A0 1] W 1 5 ST 3 B ) T I
45 P 1 78 Ak X R Bl A0 R Y R WA RE AE R SO

g,

(a) a=0°

(b) a=10°

(¢) a=20°

6 WL 1T R 3T 9 T AR PR

Fig. 6 Extreme streamlines near jet spout
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Fig. 7 Flow field topology structure of meridian plane

near jet spout

P 8 45 1 AN [ 3 MBE 1 RS 30T 54 T JRE K
A RS b R AT Bt A K DR 5 I
P T ol 1 ) S 1T U W T R R RS 2
ST IS 15 BT WSE 1R [0 90 X 90 1R 406 /1 5 ) WS A
TE WA B9 AL 5 05 e BE 0 R X P AR At



730 Bz @ h % %31 %

PR SR T H S AT 3y Ay I B I AL KU O T
2 7 N2 e T i 4 R AR L 3 K
R PN CGVERUY 2 (R I N RN A A
T B 0 R WS IR 5 TR S T 24 R U
LS PN ¢ AL E TS ¢ a7 SUR
VANEAR T o s e T N I T e e e
/N 5 % T 3 B3 K WAL 2028 R B0 K.

(a) c=0°

(¢) &=20°

PO GBS b 2 T B T ) A

Fig. 9 Pressure distribution of upper surface and

(b) =107 meridian plane near jet spout

(¢) e=20°

Pl 8 WG 1T B ST/ TR 3 B R A e S R s T

Fig. 8 Velocity distribution and Mach number contour of

meridian plane near jet spout W o=
P9 S A [) 360 o s 11 o 3 ) T - R A Bk
T s 3 70 A B 54 T S {EL2R - B 0 A 38K
IR RS A 3 T W58 38 17 o T DX 9 L 4 /0 o W0t s A1 T
DX Bl R AR T D BRI, R B w s )
Ree AV o 6 T SR 0B 7 8 5 A% A T 1 3 o P 4 A Bt
I A 1 78 AR M T S B TR 8 A T /e I K 4
] 2 A v EE A SN R BT 10 i AR AT
IR 7 73 A F A AL T T . Bl O A 3
PRy 95 RN Y A N T D AP A =T S Ly R A R
JR 1 v ] W 7 20 1O X e AR T 3K T T g 78 Ak
BA TR,
3.3 BERMAKETF

(b) a=10°

P T U 57 07 L TR - — R St
1RO 43 B 0T 4R 19 7 25 e

P10 e A o A AR A 3 i ) o A

Fig. 10 Pressure distribution of lower surface

(1) of slender body and rudders

R

Kr :1+M

F.

J



A W S5 A AR R A0 T W9 9 3 R A 0 AT 731

o Mjcmn 7 Mjmo{f
Jia 14 Mo M

1 i (2)
M; = FiL,
Kb Ke HITERA T Ky B IR H 7. F
R jeton 7R B AT IF IS 89 3l S/ J1 # s jetoff
7N W S T I B9 B T/ 3 R B 3R B
AR ) My FORWER T A TR Ly W 5 )
PRIG Y HE R Fy iy (81 R 6 sh BILHE 0 Al 3 2
Aok

F, = (oVi+py—p)S (€D
o o Ry Wi BT LV R I B L pg S T
WA po ORI - Sy WA 1 T AR AR S
R 503k 3, W3R 3 T LLFE .
O TR HEF KT 1.0, U8 WY g 0 T 40 4T 18 3
L A 8 2 ORI T O ] W AL
ST ER e T T T s e R R T A Ok
5 WA B 7 7 1w AR SR 1) g B0 R R
EAZ AR AR B3 5. /ORI 5 1.8416
B WS 3L T ) SR T2y 8400, B A I AR G KL 4
EL (N EEROPIV Y NSRRI N i SO U L3
T TP B T AR R AR L BE A I A R
38 2 A 555

®3 BMKXEF
Table 3 Amplification factors
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