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Experimental Analysis of a Supersonic Plasma Wind Tunnel Using
a Segmented Arc Heater with the Power Level of 0.4 MW
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High-enthalpy Plasma Research Center, Chonbuk National University

ABSTRACT

Experimental analyses on a supersonic plasma wind tunnel of CBNU (Chonbuk National
University) were carried out. In these experiments, a segmented arc heater was employed
as a plasma source and operated at the gas flow rates of 16.3 g/s and the total currents
of 300 A. The input power reached ~350 kW with the torch efficiency of 51.4 %, which is
defined as the ratio of total exit enthalpy to the input power. The pressure of plasma gas
in the arc heater was measured up to 4 bar while it was down to ~45 mbar in a vacuum
chamber through a Laval nozzle. During this conversion process, the generated supersonic
plasma was expected to have a total enthalpy of ~11 MJ/kg from the measured input
power and torch efficiency. In addition to the measurement of total enthalpy, a cone type
probe was inserted into the supersonic plasma flow in order to estimate the angle between
shock layer and surface of the probe. From these measurements, the temperature and the
Mach number of the supersonic plasma were predicted as ~2,950 K and ~3.7, respectively.
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Table 1. Specifications of main parts consisting
of the supersonic plasma wind tunnel
at CBNU (Chonbuk National University)

Co;:rst;lng Specifications
- Output Power :
- DC Power 1.2 MW (06 MW x 2)
Supply - Current per Electrode :
500 A DC Max.
- Gas Air : 5~20 g/s
Supply Ar : 05~2 g/s
- Cooling - For Arc Heater :
~1200 Iom @ 20 bar
Water .
Supply - For Others :
~ 1200 Ipom @ 4bar
.\(/Dizl:str;r Size: @15mxL2m
- Diffuser &
Heat - Cooling Capacity : ~1MW
Exchanger
' \éi?:m - Pumping Speed :
~200 m*¥min @ 1 bar
System
-~50,000 ppm can be
- NOx
reduced down to ~100 ppm
Removal ;
System at air mass flow rate of
~88 g/s
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Fig. 2. A cross-sectional view of 0.4 MW
class segmented type arc heater
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Fig. 3. The main design parameters of a
convergent-divergent nozzle for the
generation of supersonic plasma, which
is attached to the arc heater exit in
Fig. 2. (D; : Diameter of inlet, De :
Diameter of outlet, D. : Diameter of
nozzle throat, L, : Length of nozzle)

Table 2. Specifications of the 0.4 MW class
segmented type arc heater equipped
with supersonic plasma wind tunnel

at CBNU
[tem Specification
- Input Power - Max. 450 kW
- Current - Max 250 A
per electrode (total 500 A)

- > 13 MJ/kg @ Air flow

- Specific rate of >16 g/s and
Enthalpy Input Power of =04
MW
+ Arc Heater L 40 ~ 60% @ 0.4 MW

Efficiency
. Electrode - < 005 wit% @ Air

flow rate of 10 g/s and

Contamination Input Power of 0.4 MW

- Gas Pressure
in the Torch

- Velocity
at nozzle exit

+~ 45 bar

- > Mach 3 @ (predicted)
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Fig. 4. The photographs of the supersonic plasma
jet for the various vacuum pressures ((a)
45 (b) 40 and (c) 35 mbar), which were
generated by the segmented type arc
heater operated at the input powers of 350
kW. The gas mass flow rate was fixed at
16.3 g/s for each case.
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Fig. 6. The recorded trends of input power, F,
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level of P, = 350 kW and the gas mass
flow rate of 16.3 g/s.
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