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Research on fluid field and infrared radiation of vacuum
plume based on theoretical analytical method
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Abstract: When the rocket engine is working in high vacuum environment, the gas jet expands
rapidly under the condition of extremely low back pressure, forming the vacuum plume. This vacuum
plume can produce impact and erosion on space targets, and its infrared radiation characteristics can be
widely used for the detection and recognition of the space targets. Based on the theoretical model of
collisionless free molecular flow, the rapid analytical calculation of vacuum plume is carried out in this
paper. The expansion and diffusion characteristics of the plume are obtained, which accords with the
known flow rule. On the basis of the calculated plume flow parameters, the Voigt line function is used to
describe the dilating of the rarefied gas, and the radiation characteristics are calculated by line-by-line and
LOS method. The results show that the boundary and diffusion distribution of vacuum plume are
determined by the speed ratio of the nozzle exit. The stronger exit speed ratio, the area of the plume
diffusion is the greater, and the higher of normalized density and temperature on the axis. When the
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temperature of the nozzle exit is same, the radiation intensity of the plume increases with the increase of

exit speed ratio. However, when the speed of the nozzle is same, the radiation intensity of the plume
decreases with the increase of exit speed ratio. In the case of the same exit speed ratio, the radiation

intensity is positively correlated with the thrust.
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Tab.1 Vacuum plume parameters for test cases

T6 1400 2305.08 1296.61 829.83

Exit speed ratio

To keeps So=1.5 So=2 So=2.5
Symbol
constant
© Ug(m/s)

T1 1000 922.12 1229.50 1536.86
T2 1200 1010.13 1346.83 1683.54
T3 1400 1091.06 1454.75 1818.43

Uy keeps So=1.5 So=2 So=2.5

constant

(m/s) To(k)

T4 1000 1176.06 661.54 423.38

T5 1200 1693.53 952.61 609.67
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(b) Normalized temperature contours
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(c) Normalized U-velocity contours
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Fig. 3 Normalized flow properties contours of vacuum plume by
different exit speed ratio
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Fig.4 Normalized number density and temperature contours of the
plume axis by different exit speed ratio
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Fig.5 Plume boundaries caused by different exit speed ratio of different
exit conditions
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Tab.2 Vacuum plume parameters for test cases

Symbol Exit speed ratio

So=1.5 Sp=2 Sp=2.5
T1 3.2681x 107 9.1587 X 107 1.9041 X106
T2 1.8469 X106 5.7133X10® 1.2277 X105
T3 8.3084 X108 2.5017X 10 5.3005Xx 10
T4 1.5179X 106 1.6205X< 108 118861010
T5 4.7727X10° 5.6748 X107 1.1674X10°8
T6 5.6959 X 10* 1.2124X10% 2.7692 X 107

M ERATIL, 5 DR R E I, ARG 5
FEREE IR SEINTIaG o, A2 PR R R,
e S o E B 2 A P 1 T 0 o

P 8 AN i YR 2% A T e i Bt A1 ) A A 2k
Fig.8The curve of the radiation intensity changing with thrust by
different exit speed ratio of different exit conditions
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