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Model Analysis for Predicting Aerodynamic
Characteristics of Mars Entry

LU Junming MIAO Wenbo HUANG Fei CHENG Xiaoli

(China Academy of Aerospace Aerodynamics, Beijing 100074)

Abstract Martian atmosphere which is quite different from Earth atmosphere plays an important
role for Mars entry vehicles. Therefore aerodynamic predictions for trajectory design and layout
optimization should be settled firstly. Three-dimensional Navier-Stokes equations with real gas model
and ideal gas model have been solved by a parallel code to analyze the impact of different models
on aerodynamic characteristics, to obtain accurate, efficient and reliable model for aerodynamic
predictions. The good agreement among the numerical results, the reference values and the flight
data of Viking along the trajectory validates the real gas physical-chemical models and the numerical
methods applied. Using real gas model and ideal gas model, aerodynamic characteristics of lift-entry
Viking and zero angle of attack Mars Pathfinder have been predicted. The results show that predicts
value of ideal gas model with effective specific heat ratio is very close to that of the real gas model,
the deviation is about 1%, and the difference of the trim angle of attack is about 0.4°. Prediction of

ideal gas with specific heat ratio from inflow temperature shows a large deviation. Real gas model
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and ideal gas model with effective specific heat ratio are suggested in aerodynamic characteristics

predictions of Mars entry.

Key words Martian atmosphere, Hypersonic entry, Aerodynamic characteristics, Real gas effect,

Effective specific heat ratio
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Table 1 Chemistry of 8 species Martian atmosphere
Fe AN RN
1 CO2+M & CO+0+M : COg, CO, Oz, N2, NO, C, O, N

CO+M & C+0+M
02+M & 20+M
CO+0 < 024C
C0O24+0 & 024CO
No+M < 2N+M
NO+M & N+0O+M
NO+0O ©N+0,
N2+0O < NO+N

© 00 g O Ut ke W N

M
M: COq, CO, Oz, N2, NO, C, O, N
M: COq, CO, Oz, N2, NO, C, O, N

M: COq, CO, Oz, N2, NO, C, O, N
M: COq2, CO, O2, N2, NO, C, O, N
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Table 2 Computational conditions of Viking

BEE (Too) /K B (poo)/(kgm™®)

T ()/(°)

FE (H)/km  HE (Voo)/(ms™!)  Ma
48 4400 22.7

41.3 4100 20.8
37.3 3800 18.6
34.5 3500 16.9
32.5 3200 15.3
31.2 2900 13.8

143.2
148.3
160.5
165.7
169.4
171.8

1.65x104 —10.58
3.56x107%4 —10.71
5.45%x107* —11.09
7.31x107* —11.44
9.07x107* —11.72
1.04x1073 —11.93
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Table 4 Specific heat ratio for each state of Viking

RES 1 2 3 4 5 6
H /km 31.2 32.5 34.5 37.3 41.3 48
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Fig.8 Lift and drag coefficients of Viking along the trajectory
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Table 5 Specific heat ratio for each
state of MPF

RE 1 2 3
H /km 407 285 18
RPIRE LRI (yr)  1.375 1363 1.352
BRI (Yorr) 1.132  1.100 1.181
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