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Indirect detection method of atmospheric density based on
hypersonic reentry sphere

LI Haoge, ZHU Hengwei, WU Changju, CHEN Weifang
(School of Aeronautics and Astronautics, Zhejiang University, Hangzhou 310027, China)

Abstract: A near space atmospheric density detection method based on hypersonic reentry sphere was proposed with the aim of overcoming the
shortages of current detection methods, such as the low accuracy, the high cost and the weak time-space conformity. The measurement error was
analyzed according to the kinematic equation of reentry sphere. The results show that the atmospheric density below the height of 90 km can be
detected with the accuracy level below 6% . The antenna placement scheme was determined by analyzing the 6-DOF ( degree of freedom) motion
model of the sphere with eccentric balancing weight and combining with the numerical simulation of aerodynamic heat. Numerical calculation of heat
conduction along ballistic trajectory for the eccentric sphere with double radome was achieved and the thermal protection scheme was performed
eventually to demonstrate the feasibility of this detection scheme. The proposed detection method of atmospheric density can provide a meaningful
reference to the construction of high-accuracy near-space atmospheric density.
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Tab.1 Atmospheric density measurement error along the trajectory with the reentry velocity of 6 km/s and reentry angle of 0°
- ki £ =100 £ =200 B =400
= B/ km (ke/m) B2/ HEX i 22/ B2/ AR i 22/ wE/ AR i 22/
(kg/m*) % (kg/m*) % (kg/m’) %

90 3.416E -6 1.582E -7 4.63 1.832E -7 5.36 2.333E -7 6.83
85 8.220E -6 3.616E -7 4.40 3.726E -7 4.53 3.942E -7 4.79
80 1.846E -5 8.564E -7 4.64 8.534E -7 4.62 8.544E -7 4.63
75 3.992E -5 1.939E -6 4.86 1.921E -6 4.81 1.904E -6 4.77
70 8.283E -5 4.178E -6 5.04 4.136E -6 4.99 4.102E -6 4.95
65 1.632E -4 8.397E -6 5.15 8.362E -6 5.12 8.297E -6 5.08
60 3.097E -4 1.609E -6 5.20 1.616E -5 5.22 1.611E -5 5.20
55 5.681E -4 2.939E -5 5.17 2.990E -5 5.26 2.995E -5 5.27
50 1.027E -3 4.675E -5 4.55 5.355E -5 5.21 5.425E -5 5.28
45 1.966E -3 6.294E -5 3.20 9.362E -5 4.76 1.036E -4 5.27
40 3.996E -3 2.467E -5 0.62 1.401E -4 3.51 1.963E -4 4.91
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Tab.2 Comparison of aerodynamic characteristics

with and without radome

R/ C, St

kmo o E fW2/% HE OKE W2E/%
84.99 1.145 1.177 -2.720.0912 0.111 -17.84
74.99 0.951 0.968 -1.76 0.122 0.189 -35.45
65.01 0.894 0.896 -0.22 0.108 0.224 -51.79

55.00 0.894 0.880 1.59 0.0271 0.0537 -49.53
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Tab.3  Comparison of aerodynamic characteristics with

several Mach number at 65 km

CI) St
HE TR WE% A= T W%
3 1.032 1.005 2.69 0.001 19 0.00120 -0.92

R

5 0.963 0.944 2.01 0.00599 0.00638 -6.14

7 0.932 0.920 1.30 0.0148 0.0184 -19.44

10 0.910 0.905 0.55 0.0365 0.0558 -34.51
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Tab.4 Comparison of aerodynamic characteristics with

different angle of attack at 65 km

et/ C, St

) HE ORE W% AR KR W2E/%
6 0.893 0.896 -0.33 0.108 0.224 -51.78
8 0.894 0.896 -0.22 0.108 0.224 -51.78

9.877 0.894 0.896 -0.22 0.108 0.224 -51.78
12 0.892 0.896 -0.45 0.108 0.224 -51.78
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Tab.5 Heat flux at stagnation point with the reentry
velocity of 6 km/s and reentry angle of 0 degree

h/km v/ (n/s)  p/(kg/m’)  q/(kW/m®)
90 6000 3.416E -6  282.049
85.003 5997 8.215E-6  436.735
79.996 5995 1.847E -5  654.204
75.000 5986 3.992E -5  957.453
69.993 5965 8.291E -5  1365.359
64.995 5924 1.633E -4 1876.94
59.995 5849 3.099E -4  2488.673
55.000 5721 5.681E -4  3153.119
50. 001 5509 1.027E -3 3785.434
45.008 5159 1.964E -3 4299.119
39.999 4566 3.996E -3 4251.406
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Fig.7 Temperature distribution of reentry sphere
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