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Analysis on space plume contamination of retro-rocket

combustion products

CHEN Sijia, LIU Ling, ZHAI Bo, QIU Yanan, HU Huibiao
( Beijing Institute of Astronautical Systems Engineering, Beijing 10076, China)

Abstract; The separation between satellites and rockets is usually provided by a reliable separation
power from the retro-rocket mounted around the rocket body. During the working progress of retro-rocket
the solid propellant burns to the high temperature and high pressure gas which is ejected from the nozzle
outlet and results in the separation force. However, the emitted gas would form a significant contamina-
tion field of gas mixture plume in the vacuum environment due to its change from a high-density contin
uous medium to a rare gas free molecular flow with very low density, which could have a negative impact
on the cleanliness of the satellite surface. In this paper, the parameters affecting to the formation of the
plume contamination field were investigated for a certain type of retro-rocket. With the numerical simula-
tion of the spatial plume, the installation position and angle of the retro-rocket were obtained, as well as the
corresponding relationship between the two factors and the spatial plume contamination. The research results
provide a reference for the corresponding separation design between the satellite and the retro-rocket.
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Fig. 1 Diagram of calculation area and mesh generation

for spatial plume contamination in retro-rocket

3 PRBITERS

R 25 S K R AEAN [R) 22 B AN ] 22 5 A
BETR AR H 90 P 37 %o T2 B 1) B2 ], AR SO XS
A2 RN RSN T 3 ORI A, IF RS
ANTR) 223 2N B KRR 7 W 1) B 3 9 kAT
TR, 38 I AN [R) 22 3R Bt KR ke
YPhat gt A R AT O 307, R B AL S
eSOt R PG IREE DR AT

RGRTTAE , RE SCRCAE K 22 A 18 2K i AR
PARBE THI B O SRR BE RS d, , BOHE T TP
hEk Sz HH R OB 0 o RS K
i 3 MR 2T RN TR 1 R,

®1 RENFRERETIR

Tab.1 Installation status of retro — rocket

A2 d, 0
1 7.7m 9°
2 7.7m 15°
3 9.3m 9°
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Fig.2 Number density of state 1
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Fig.3 Number density of state 2
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Fig. 4 Number density of state 3
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Fig.5 Number density distribution of state 1 on the d, plane ( d, =2 m)
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Fig. 6 Number density distribution of state 2 on the d, plane ( d, =2 m)
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Fig.7 Number density distribution of state 3 on the ¢, plane ( d, =2 m)
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Tab.2 Number density values of spatial plume filed of combustion products

EA S W& K& 2 RAE3
PV T Hm 4.3 x1018 4 x 1017 1.3 x1018
d, =2 m U AN ECE E 1.4 x1020 9.3 x 1019 7.8 x 1019
dy =2 m ¥ A OO 4.3 x 1018 1.4 x1018 7.8 x 1017
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Fig. 8 Number density variation from inside to outside on
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