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Abstract ; According to the orbit and land detector working process,the landing rocket engine needs
to be ignited steadily when the detector is landing toward the surface of the Mars. Due to the shortage of
theoretical method which can be used to evaluate the accuracy effect of dynamic reverse flow flied to the
rocket engine when it started, the experimental test and evaluation platform were needed to be built to test
the starting adaptation of the rocket engine of the detector for the atmosphere of Mars. In order to simulate
the relative velocity between the rocket engine and Mars atmosphere, one atmosphere incoming flow
equipment were set towards to the outlet of the nozzle of the engine which fixed in the vacuum cham-
ber. The equipment can generate a certain speed of atmosphere incoming flow to the nozzle. Based on the
CFD and experimental test method, the CFD and experimental analysis for atmosphere incoming flow
equipment were studied in the testing process for the rocket engine of Mars detector. The testing data show

that the stable atmosphere incoming flow of 100 ~200 m/s can be generated through the equipment, the
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rocket engine can start stably under the incoming flow condition and the pressure of the vacuum chamber

was retained under the requirement of the test.

Keywords : Mars detector; rarefied atmosphere incoming flow; CFD simulation; experimental test;

vecacuum chamber
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Tab.1 Comparison of the atmosphere between

the earth and the Mars

IS8 KB HbER
FEHJE F1/kPa 0.1~0.53 101.3
TR/ C -63 15

€0,(95.7%) N, (77% )
N, (2.7%) 0,(21%)
KA Ar(1.6%) Ar(0.9% )
0,(0.13%)  €0,(0.03%)
€O(0.07% )
FH/ (m-sh) 227.5 340
W/ (kg - m™) 0.011 8 1.23
FSESE/(m s 3.7 9.8
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Fig. 1 Sketch of the incoming flow equipment
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Fig.2 3D geometry diagram of incoming flow

simulation equipment
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Fig.3 Grid of computational area
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Fig.4 Contour plot of the pressureand path line
distribution in vacaum chamber under the

rocket working condition without deflector
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Tab.2 Testing data of the velocity in the incoming flow equipment
JF% p/ MPa p,/kPa p,/(kg+-m™) po/kPa p,/(kg-m™) Ap/Pa V,/(m-s™') Apy/Pa V,/(m+s™') p,/kPa

1 1.91 2.90 0. 060 3.25 0. 067
2 1.76 2.62 0. 054 2.93 0. 060
3 1.59 2.25 0. 046 2.68 0. 055
4 1. 46 2.22 0. 046 2.54 0. 052
5 1.32 2.10 0. 043 2.41 0. 049

540 130.149 5 778 146.671 1 1.90

472 128.364 3 773 153.918 8 1.95
410 129.554 1 702 153.255 2 1.90
336 117.875 8 665 153.393 1 1. 88

278 111.197 2 601 150. 451 8 1. 80
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Fig.8 7 500 N rocket engine experiment system

with the incoming flow equipment
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Tab.3 Velocity in the incoming flow equipment

A= T#/kN p, /MPa V,/(m-s") V,/(m-s™") V/(m-s™") p /kPa p., /kPa
1 7.5 1.095 235.9 226. 6 231.3 5.28 1.6
2 5.0 1.011 255.9 239. 8 247.9 4.718 1.5
3 7.5 0.915 204.7 189. 4 197.1 5.10 1.6
4 5.0 0. 836 189.0 165.0 177.1 4.72 1.5
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