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Diameter d,=40 mm
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anode /=360 mm
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Mass flow rate m;=1.25, 2.5,
5.0g/s

D.C. current =200 A, 250 A

plasm
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FIG. 1 Schematic diagram of the experimental apparatus of

the plasma torch of an arc plasma generator.




Plasma temperature : Triple probe method

10100] 4
A p=6439%x10°%m, 4 ,=1.142%X10°m, r,=250X 10 m
A p>A, r,>A ,(continuum plasma)

10000K
A ,=2732%x108m, 4 ,=2283%x10°%m
r,>A >4
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FIG. 2 Schematic diagram of the triple probe.
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FIG. 3 Schematic diagram of the W—probe.




Plasma velocity
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FIG. 4 Schematic diagram of the pitot tube and settlement in the
segment.




Mean enthalpy

Alumina 1 I
Hing hpm :—J‘ q 27zl’dr
o 'P
Insulation ' mG
Plata Ring
! 4 =CyMeTs
'
[ Ditch # _ _
..'-.|I|_|r..lir13r h _ h + (1 Ln—l)QE,n + I—nQE,n+1 QL,n
Ditch for i Ring p,n — ''p,n-1
Insulation ’ : mG
Flata Ring s
_ angn/(gn_l_gml)
Segment
=\E.—E I
Pilad ur.u: QE,n ( n n—l) plasma
: QL,n — CpL,npw,nVc,nATn
aegmeant

FIG. 5 Schematic diagram of a segment for measuring heat flux
in the plasma torch.




I, =200 A m725g/s

plasma

h,,=1765.6 kd/kg
A, 15=1910.9 kd/kg

P,

I, =200 A m=50¢g/s

plasma

b, =1130.9 kJ/kg
A ,=1393.1 kd/kg

P,

I, =200 A, m=1.25 g/s

plasma

b, =3231.5 k/kg
h . =2839.5 kd/kg.

P,



Numerical simulation
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Boundary condition

at the inlet of the plasma torch

at the cathode

at the outlet of the plasma torch

o, OV, _, 8T _,. 2J_
07 9z 97 = 9z

at the wall

V,=V,=0, T =0, J;=J, =0,

at the axis of the plasma torch

oy, - 0T :
VZ— =0> —T*:O, a_‘-]*z
or or

=J::O
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Experimental Data
I plasma = 200A

Radial Direction » [mm]

Plasma temperature

® mG=1.25g/s, by
triple probe

O mG=1.25g/s, by
W-resistance

probe
A mG=2.5¢g/s, by
triple probe

A mG=2.5g/s, by
W-resistance

probe
B mG=5.0g/s, by
triple probe

O mG=5.0g/s, by
W-resistance

(a) experimental results

Tp [K]

Plasma Temperature

10 20 30
Radial Direction r [mm]

——1 plasma=250 A,
mG=5.0g/s

{1 plasma=200 A,
mG=5.0g/s
—+-1 plasma=250 A,
mG=2.5g/s
-1 plasma=200 A,
mG=2.5g/s
-X-1 plasma=250 A,
mG=1.25¢g/s

-0-1 plasma=200 A,
mG=1.25¢g/s

(b) numerical results

FIG. 6 A comparison of plasma temperature between the
experimental and numerical results.
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Experimental Data

Radial Direction »r [mm]

Plasma velocity

—<—1[ plasma=250 A,

mG=5.0g/s

-0-1 plasma=200 A,

mG=5.0g/s

—+-1 plasma=250 A,

mG=2.5g/s

-1 plasma=200 A,

mG=2.5g/s

-X-1 plasma=250 A,

mG=1.25g/s

-O—1[ plasma=200 A,

mG=1.25g/s

(a) experimental results

Radial Direction » [mm]

——1 plasma=250 A,
mG=5.0g/s
-1 plasma=200 A,
mG=5.0g/s
—+—1 plasma=250 A,
mG=2.5g/s
——1 plasma=200 A,
mG=2.5g/s
—X-1 plasma=250 A,
mG=1.25g/s
-0-1 plasma=200 A,
mG=1.25g/s

(b) numerical results

FIG. 7 A comparison of plasma temperature between the

experimental and numerical results.



Current density
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Fig. 8 Numerical results for the plasma current density.




