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Numerical simulation of heat and expansion process of plasma flows
in arc-heated wind tunnels
by
Yusuke Takahashi, Hisashi Kihara and Ken-ichi Abe

Abstract
Turbulent plasma flows in the Kyushu University 20 kW and the JAXA 750 kW arc-heated wind tunnels are numer-

ically investigated for various operation conditions. These simulations are tightly coupled with calculations of the
electric field and the radiation field. The flow fields in the arc-heating facilities are assumed to be in thermochemical
nonequilibrium. To express thermal nonequilibrium accurately, a four-temperature model is applied in the present
analysis model. The effects of radiation and turbulent transport are investigated using some recently developed
models such as the three-band radiation model and the AKN low-Reynolds number k- model. The fundamental
characteristics of the high-enthalpy flows (e.g., arc column and supersonic expansion) are reproduced and detailed
distributions of the flow-field properties are obtained. It is quantitatively clarified that radiation and turbulence
phenomena are very important in transferring heat and momentum from the high-temperature flow near the core
to the cold gas region near the facility wall. By introducing a cathode sheath model, potential drop and electric

currents in sheath layer are detailedly evaluated.
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3: Comparison with heat flux of the experimental
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30
25
2 20
=
=
z 15
£
5 10 @ Exp. (10.0 g/sec)
A Exp. (16.0 g/sec)
5 | =>-Cal. (10.0 g/sec.)
—+Cal. (16.0 g/sec)

250 300 350 400 450 500 550 600 650 700 750

Total current, A

4: Comparison with mass-averaged enthalpy of the
experimental data for 750 kW JXWT
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5: Translational temperature contours in 20 kW
KUWT for the baseline case
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6: Translational temperature contours in 750 kW
JXWT for the baseline case
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8: Axial profile of mole fraction along the center axis
in 750 kW JXWT
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9: Radial profile of temperatures and enthalpy at the
nozzle exit in 20 kW KUWT
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10: Radial profile of temperatures and enthalpy at
the nozzle exit in 750 kW JXWT
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12: Radial profiles of heat fluxes and temperature in
750 kW JXWT for the baseline case at the constrictor
exit (z = —200 mm)
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1600 1
‘\ > Exp. (12 glsec)
1400 4 B Exp (16 g/sec) H
g —()— Cal. (12 glsec) previous
—LF— Cal. (16 glsec) previous

—@— Cal. (12 g/sec) with sheath ||
—B— Cal. (16 g/sec) with sheath

1200
T,
800 1

400 4

Voltage, V

200

200 300 400 500 600 700 8
Input current, A

15: Comparison of arc voltage for 750 kW JXWT
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