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Tab. 1 Nozzle geometry and flow conditions
for the experimental configuration
HESEK e 5 Jid
IR EE 3.18 mm 6400 Pa
HOER 31.8mm 699 K
O A 20° 551K
WO SKEERLL 100 FEER T 10-2Pa

® Experiment(6]
— Modified method
--- Original method

100F
50} \'\
0 1 1 L 3
0 0.005 0.001 0.015  0.02
r/m

1 BRBYEH O 12 mm BT BATIE ST HN H

Fig.1 Comparison of pitot pressure profile at
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Fig.3 Comparison of pitot pressure profile at
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Fig.4 Flow angle variation in radial direction at

z = 12 mm
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NUMERICAL INVESTIGATIONS OF A SMALL
THRUSTER PLUME AT HIGH ALTITUDE

CHENG Xiaoli MAO Mingfang YAN Xiqgin

(Beijing Institute of Aerodynamics, Beijing 100074)
Abstract

A small thruster plume flow of nitrogen at high altitude is numerically inves-
tigated by using a DSMC method. A hard sphere model is employed to simulate
nitrogen molecule. The collision frequency is calculated through using the ran-
dom sampling frequency method for each cell. An axisymmetrc model based on
a two-dimensional modification is introduced to model the flow field. To raise the
computation efficiency of the DSMC method, both a grid domain decomposition
method and a local grid clustering technique are enforced. An inner flow numerical
result is considered as the outflow conditions of the thruster, a escaping bound-
ary condition is implemented at far-field boundary, and a perfect scatter reflection
model is chosen as the solid wall boundary condition. Moreover, molecule rota-
tion energy included in inner energy is considered besides translation energy. The
reliability of the numerical method is demonstrated by comparing with the rele-
vant experimental results. Both the properties of plume flow at high altitude and
the nonequilibrium effect related to rarefied gases are analyzed. Results show that
the DSMC method coupled with a fine grid technique is an effective approach for
high altitude plume simulations, and that the nonequilibrium effect of gases must
be numerically dealt with. Moreover, pitot pressures are given numerially in good
agreement with measured data.

Key words Plume contamination, DSMC method, Nonequilibrium effect
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