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Numerical study of radio frequency blackout caused by a plasma flow around a test model
in an arc-heated wind tunnel
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The radio frequency blackout that occurs during a spacecraft re-entry is a complicated phenomenon that is not well understood,
and thus requires more detailed studies. In this paper, a numerical study of flow fields around a test model in an arc-heated wind
tunnel was performed. Furthermore, the electromagnetic field simulation using a frequency dependent finite difference time domain
(FD2TD) method was also performed to clarify the behavior of radio waves. To discuss the validity and further improvement of the
simulation, the obtained results are compared with some experimental data.
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Tab. 1: Experimental and computational conditions.

Working gas N,
Arc current 180 A
Volume flow rate 40 L/min
Distance from nozzle outlet to probe x =40 mm

Distance from nozzle center line to probe || y = 0,50 mm

Radio frequency f=24GHz

log(‘Num_e')
200

(b) log(Ne)

Mach
I3.5
0.0

(a) Mach number

Fig. 1: Flow-field distributions for case y = 0 mm.
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Fig. 2: Flow-field distributions for case y = 50 mm.
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Fig. 3: Comparison of electron number density between
CFD and experiment.
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Fig. 4: Flow field distributions for case y = 0 mm with
modified inflow boundary condition.

E [dBm]
-30.0

(a) E (dBm) at z = 0 mm

(b) E (dBm) at x = 80 mm

Fig. 5: Electric strength distributions for case y = 0 mm
with modified inflow boundary condition.
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