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Study on the Influence of the Nozzle on Aero-static Stability
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Abstract: Jet nozzle is usually exposed at the tail of the rocket. However, its influence on rocket
aerodynamics has not yet been considered during the aerodynamic design of rocket. In this paper,
the influence of the exposed-nozzle and the dynamic on the aerodynamic stability and control char-
acteristics of the rocket is studied using numerical computation, based on the solution of Euler e-
quations for compressible flow. It is shown that for Mach numbers ranging from 2 to 12 and angle
of attack ranging from 0° to 30°, the aero-static stability of the rocket is improved about 1% ~2%
due to the existence of the exposed nozzle, and the dynamic control efficiency of the jet is equal or
even double of the canard, which means non-negligible aerodynamic control efficiency and which
should be considered during the aerodynamic design process. The result also suggests that the ex-
posed-surface of the nozzle can be used as an aerodynamic control surface for rocket attitude con-
trol.
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Fig. 4 Comparison of aerodynamic coefficient between

CFD and wind tunnel test

JE S350 A v G a5 R 5 RO g L 56 2 SR
frles, mE a~E6 xR, HobE 44T
Ma =4, 12 {3510 J1 R B CN . AH X 50 A0 400
AR CMZ, . w28 CA; Bl 5. B 6 405l
S5 T Ma =4 I A B il ) A G TR S SUE T
I 46K 1T 1) R T R B A

MK 470, CFD IFRRMEM. 1) CN M
CMZ,, 500 773850 25 e 1) FL A S o o Pk B A5 G 4541
I, CN Fl CMZ, B X 2 5 5 /N F 5% F
10%, WEMEHRITWRHEZESR; 2) CA 5
MR g Ry I — 2, BEEmRADN, AN
20%~30%, X FEEFEHF CFD K1 2& Euler
TR, T BN, RS RN CA HEEE
oy, AR .

CFDI 5i(a=10°)

n XA (e=10%)] |
A CFDI#(6=20°) [
Nl A IEH R (0=20°)

F N 1 J_

A SO
i
|
i
I
N S
1
i
|
i
L

J

s

[\]
g I
)
(o8]
S
(98]
D
S

BS EH5% CFD 5ilBERILE
(Ma=4, Sifk$#ERRE)
Fig. 5 Comparison of pressure coefficient between CFD and

wind tunnel test (Ma =4, cone-shaped body)
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Fig. 7 Comparison of aerodynamic coefficient of the rocket

with and without nozzle (Ma =4)
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Tab.3 Comparison of aero-control effectiveness between

nozzle and rudder (Ma=4)
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0° 0.0201 —0.0201 0.0142 —0.0142
10° 0.0168 —0.0191 0.0194 —0.0135
20° 0.0182 —0.0181 0.0153 —0.0152
30° 0.0151  —0.0247  0.0174 —0.0244
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Tab. 4 Comparison of aero-control effectiveness between
nozzle and rudder (Ma=12)
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