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Abstract—The purpose of this study is to suggest a measuring technique of plasma jet temperature and
velocity using an relatively economic apparatus. Argon gas was used as a plasma source. Temperature and
velocity of the plasma discharged into air through the anode nozzle was measured. Plasma temperature
was obtained by measuring enthalpy which was transferred from plasma to water in a water-cooled probe.
The plasma velocity was obtained by measuring the dynamic pressure of the plasma by using the same
water-cooled probe. Axial and radial distributions of temperature and velocity were also obtained. The validity
of the measured enthalpy and velocity profiles has been confirmed by performing mass and energy balances,
which show reasonable agreements between the quantities used and those obtained by integrating over the
experimental data.
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Fig. 1. Thermal plasma generator.
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Fig. 2. Schematic diagram of the experimental apparatus.
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Fig. 3. Radial distribution of measured plasma tempera-
ture and velocity at 20, 25 and 30 mm downstream
from the exit of anode nozzle.
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Fig. 4. Axial distribution of center-line temperature and
velocity of plasma.
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Table 1. Results of mass and energy balance(Power: 4.0
kW, x=20 mm)

Plasma Mass balance Energy balance
gas Integrated probe mass Integrated probe energy
flow flow rate(=2n[p urdr) (=2n[p uHrdr)

rate Input plasma gas Input Energy loss
[{/min] flow rate power " in Electrodes
8 1.10 0.98
10 1.08 1.10
12 107 1.20
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: specific heat at constant pressure [J/kg-K]

: conversion factor [m-kg/s?-NJ

: specific enthalpy of plasma [J/kg]

: specific enthalpy of plasma at the probe inlet

[J/kg]

: specific enthalpy of gas at the probe outlet

[J/kg]

:mass flow rate of argon carried by the jet

[kg/s]

: mass flow rate of Ar plasma gas through the

probe [kg/s]

: mass flow rate of water in probe [kg/s]

: net power [W]

: energy carried by the jet [W]

: radial coordinate [mm]

: limit of integration [mm]

: temperature differance between flow and no

flow [K]

slat2st X303 HSS 199244 108

- epE s}

AP  :dynamic pressure [N/m?]
X : distance from the nozzle [mm]
J2|0jARK}
p : mass density [kg/m®]
SFY X}
Ar  :argon gas
w : water
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