95

ADEEE FREME & b 75 B
— Al MHD %%

<k

T B B B

Non-equilibrium Hall MHD Generation Experiments with

an Inlet Shock Wave Pre-ionization

Masahiko MIYATA

(Abstract)

we have conducted experimental works. with the non-equilibrium Hall MHD
generator using pure argon as a working gas. The working plasma produced making
use of a shock tunnel is stagnated and expanded in a Hall generator duct. The
Hall generator duct has the ringlike copper electrodes to short out the Faraday
fields along the generator wall in order to get high Hall voltages. The performance
of these ringlike electrodes was shown to be higher than that of the Faraday type
electrodes with shorted circuits. In spite of very high stagnation temperature (6000
K), which is necessary to ionize the pure argon gas, the inlet gas temperature
becmes low (3000K) after expansion along the long distance between the stagnant
and the duct inlet. To prevent these losses, we made preionization of the plasma
by a shock wave at the duct inlet. An oblique shock wave was observed at the
shock wave holder and higher Hall current and Hall field than the case without the
shock wave were obtained. The choking effects with this shock wave were small,
which was revealed by the small reduction of the Faraday field in the generator.
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Fig.1. Gas temperature and electron
temperature variation along
the nozzle. Tgo=10350K
Pgo= 5 atm.
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Fig. 2. Schematic of the shock tunnel MHD power generator.
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Fig.3. Schematic of the MHD power generator duct with an inlet
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Driver Pressure (He) 1.089 MPa
Initial Pressure A 0.13 -0.39 KPa
Shock Speed 5.4 -4.8 M
Stag. Pressure 34 ~-22 KPa
Stag. Temperature G000 -3600 K
Stag. Deg. of Ion. 7.0%x107%

Stag. Electron Den. 5.6x 10 1/m?®
Magnetic Field 0.85 -0.49 T

Table. Gas dynamic performance of the shock tunnel.
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Fiig.4. Hall voltage variation against the magnetic field.
The upper curve indicates the values with the
inlet shock wave and the lower curve shows that
of without the shock wave.
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Fige.5. Hall voltage data with and without the inlet shock wave.
(A) indicates the datum with the shock wave and (B)indi-
cates that of without the shock wave. Sweep velocity is
1 ms/div.. Voltage is 2 V/ div.. Stagnation pressure is 34
KPa.
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Fig.6. Faraday voltage variation along the generator, The values
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the presence of the shock wave.
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Fig.7. Hall voltage variation along the generator. The values of the
Hall voltage are increased in the portion downstream of the

(=)
o)
T

generator
A

300 Ps=34KPa

13
~

~ 0.62T,0.0300 ~—— __ _ _ _

-

200_ _______ .x:\: ~ /2
3 0.73T.0.030a~"""" X/]*X;.
: 7
= 0.86T,c0Qx—" /
= S
<100 0.86T.0.030¢ —//

a 0.73T,c00a— =~ K
0.6T,00Q0 —— nn - ="
I 5 10 15 20 2125
60nm Electrode position 240mm

Fig.8. Hall voltage variation along the generator for the stagnation
pressure of 34 KPa. The values of the Hall voltage are
increased in the downstream portion of the generator‘ when
the applied magnetic fileld and the load are high.
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Fig.9. Hall current distribution in the
generator. The Hall current is
increased in the portion downstre-
am of the generator.
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Fig. 10. Static pressure distribution in the generator.
The values of the static pressure are increa-
sed when the inlet shock wave is produced
in the duct.

Fig.11. A typical static pressure datum obtained by the
first pressure gauge which was set just behind
the shock wave holder.

A :Shock wave with expansion process of the
shock tunnel.

B : Bow shock wave at the shock wave holder.

C : Expansion wave downstream of the shock
wave holder.

Sweep velocity: 1 msec/ div..

Voltage: 0.5V/ div. (=0.136 atm/ div..).

Stag. pressure: 22 KPa.
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