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Optimum design analysis of ICP(Inductively Coupled Plasma) torch

for high enthalpy thermal plasma flow

Jun-Ho Seo*

ABSTRACT

In this paper, optimum design process of ICP (Inductively Coupled Plasma) torch, which
has been used widely in aerospace application, such as supersonic plasma wind tunnel, is
presented. For this purpose, the behaviors of equivalent circuit parameters (equivalent
resistance and inductance, coupling efficiency) were investigated according to the variations
of torch design parameters (frequency, £ confinement tube radius, K and coil turn numbers,
N in the basis of analytical and numerical MHD (Magneto Hydro- mics) models
combined with electrical circuit theory. From the results, it is found that equivalent
resistance is increased with the increase of f values but vice versa for equivalent inductance.
For elevated values of R and N however, both parameters tend to increase. Based on these
observations, ICP torch with a power level of 10 kW can be optimized at the design ranges
of f=4~6 MHz, R=17~25 mm and A=3~4 to maximize the electrical coupling efficiency,
which is the ratio of equivalent resistance to equivalent inductance.
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Fig. 1. A schematic explanation for principle of

inductively coupled plasma formation
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Table 1. Design and operating parameters
Parameters Values
R; [mm] 2
R> [mm] 4
R; [mm] Ry -2
R; [mm] - (2~3)
R [mm] 10 ~ 35
R, [mm)] R +13
Frequency, f[MHz] 1~6
Turn Numbers, N 3~5
dc [mm)] 15
Torch Length, Ly [mm] 150
1st Coil Location, Z;; [mm] 10
RF Power, Py [kW] 10

Ar flow rate, Q [slpm]  Q,=7,0,=3 0;=21
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Table 2. Boundary conditions for mass, momentum
and energy conservation equations

at the RF torch inlet (z=0)
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