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Numerical simulation of plasma flow and electromagnetic waves around an atmospheric reentry vehicle (ARD)
was performed with an axisymmetric model and a three-dimensional model considering an angle of attack. Using
these two models for plasma simulation, the detailed distributions of flow-field properties were obtained. From the
comparison of the results for two models, it was clarified that angle of attack has great effect on the distribution of
electron number density in the wake region of a vehicle. In the numerical simulation of electromagnetic waves, a
frequency-dependent finite-difference time-domain (FD2TD) method was adopted, and plasma properties around
a vehicle obtained by the simulation of plasma flows were used in this simulation. The behaviors of electromagnetic
waves around a vehicle were evaluated. Moreover, to evaluate the predictive performance of axisymmetric and
three-dimensional models, the numerical results of signal loss were compared with those of an experiment between

the ARD and a data relay satellite.
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Tab. 1: Free stream conditions

Altitude Velocity Temperature Density

km m/s K kg/m?
92 7540 184.9 2.42e-6
90 7545 188.3 3.46e-6
87 7566 189.9 5.85e-6
85 7577 191.0 8.22e-6
83 7588 192.8 1.15e-5
80 7609 195.8 1.85e-5
77 7600 199.2 3.00e-5
75 7592 201.7 4.01e-5
73 7546 205.1 5.62e-5
70 7452 210.9 8.83e-5
65 7145 225.3 1.78e-4
60 6105 242.0 3.40e-4
50 4567 265.2 1.15e-3
45 3323 255.6 2.25e-3
40 2218 250.3 4.36e-3
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Fig. 1: Configuraion of ARD
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Fig. 2: 2-dimensional grid of ARD
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Fig. 3: 3-dimensional grid of ARD
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Fig. 4: Temperatures on stagnation line at altitude of
83 km
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Fig. 5: Mole fractions on stagnation line at altitude of
83 km
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Fig. 6: Number density of electron around ARD at
altitude of 83 km
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Fig. 7: Electromagnetic waves behavior around ARD
at altitude of: 83 km
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Fig. 8: Comparison of signal loss
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