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ABSTRACT

The characteristic analysis and fundamental test of a plasma generator is performed for drag
reduction of a high speed vehicle. In high pressures, thermal plasmas is suitable for generating
plasmas. The appropriate plasma torch is selected and used to generate thermal plasmas. The plasma
torch, which can emit high-speed and high-pressure plasma jet, is suitable for generating plasma
counterflow jet. In this study, the fundamental test and analysis for the plasma torch is summarized.
Results show that supplying gas pressures and electrode gap of plasma torch are considered as critical

parameters for generating plasma jets.
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M : mach number

P : pressure

Py : total pressure

P; : jet pressure

Py. : chamber pressure

T, : temperatures of the electrons

Ty : temperatures of the heavy particles
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Fig. 1 Method of drag reduction[1].
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Fig. 2 Flow features of counterflow jet[2].
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Fig. 3 Scope of research.
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Table 1. Type of plasmal14].

Cold plasma |Thermal plasma
(Nonequilibrium)| (Equilibrium)
- Glow - DC transferred
discharges arcs
Discharge |- Corona - Plasma torches
method discharges - RF inductively
- Low-pressure coupled
RF discharges | discharges
several hundred| atmospheric
Pressure
torr pressure
Te > Th Te = Th
10,000~
Temperature| T. ’
P 100,000 K| 1,000~20,000 K
Ty [300~1,000 K
Electron 108~10" 1 10%~10 m?
density
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Table 2. Typical feature of a thermal plasma generator.

Plasma Characteristic
generation
DC ol * Simple system Vel 200~600
asma it ~
tp h * Plasma can be generated inside the injector eoaly m/s
orc
* Relatively high speed plasma jet
be * External anodic object Temperature ~12,000 K
* Operate under lower flow rate than non-transfer
transferred
arc plasma torch Power |10 kW~8 MW
* Relatively high speed plasma jet
RF i ~
. . * Electrodeless type without electrode change Velocity 100 m/s
inductively ) .
led * Relatively low speed plasma jet Temperature | ~ 10,000 K
couple
* Frequency range around 200 kHz to 400 kHz
discharges quency rang Power ~ 200 kW
Hybrid * System include two type of generation device
plasma torch | ¢ Complicate system
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= e} Exz 09 BH Q. Qﬂﬂd m
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oF, &0 Zgtzn AES WAt Ex] A

A BA} 7bssbe pE7F BlmA 7est ) Table 3. Plasma torch specification.

ol Fekz=vt EXVL 7P AR Ao @ Power supply | Plasma torch

o5

EERAAE Weight 17 kgf 0.33 kgf

Size

22 Zgtzul Wy AR A [mm] 550 x 220 x 290 32 x 240
Sehzrt A AAH S T STh=vr oA Air supply 50 om

Ae FldAAR vluz {44 g5 & F Sle line length
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Fig. 10 Experimental results of a plasma generation.
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Distance (X) [cm] | 1.5 2 2.5 3

Temperature [K] | 1040 | 960 | 894 | 719

Distance (X) [cm] | 3.5 4 5 6
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