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Computational Analysis of Ionized Shock Wave
with Ambipolar Electric Field
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When designing a capsule which reenters Earth’satmosphere, it is very important to assess the shock wave occurring in
front of the reentry capsule. In order to assess the shock wave, a shock tube is used.The electromagnetic effect may occur in
the shock tube, and its effect has never been clearly clarified. There are two factors to arise the electromagnetic effect.One is
the conducting current which is occurred by diffusing ion and electron. And the other is the time variable ambipolar electric
field with propagating shock wave.In this study, the effect of ambipolar electric field is focused on, and in order to clarify
the effect of electromagnetic effect, three-dimensional shock tube problem was calculated by using Magneto Hydro
Dynamic (MHD) equation taken into account an effect of current from the time variable ambipolar electric field. As a result
of this study, ambipolar electric field makes a self-induced magnetic field in the shock tube. But, this is too small to make
an effect of electromagnetic effect to the flow field by Lorentz force. Therefore, result of MHD calculation is not different
from result of non-MHD calculation, and there is no effect of electromagnetic effect by ambipolar electric field.
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Magnetic field vector, T
Diffusion coefficient, m’/sec
Area of cell interface, m

:Electric field vector, V/m*

Current density vector, A/m”
Boltzmann constant, J/K

Molar weight, kg/mol

Number density of plasma, 1/m’
Pressure, Pa

Quantum of electricity, C
perpendicular vector on the wall
Temperature, K

Velocity vector,m/sec

Density, kg/m3

Permeability of vacuum, N/A?
Mobility, m*/(V - sec)
Permittivity of vacuum, N/V?
Collision cross section, m*
Conductivity, (Q -m)”
Maxwell-Boltzmann distribution
Collision frequency, 1/sec

Ambipolar electric field

Value in the tube

Tangential component at cell interface
Value on the wall

X, .z Three dimensional axis
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Fig. 1. The structure of the shock tube.
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lonized Shock Wave

Tube Wall made of conductive metal

Observation Section

Fig. 2. Image of ionized shock wave and conductive wall.
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Fig. 3.
are 1000 X 20 X 20 and size of this tube is 150 X 70 X 70 mm. The position

of setting diaphragm is 30 mm.

The calculation grid used in this calculation. Number of stencils
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Fig. 6. Result of velocity along flow direction plot.
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