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A TRANSVERSELY BLOWN ARC DISCHARGE IN A PLASMATRON 

WITH COAXIAL ELECTRODES 

V. F. Obesnyuk and N. V. Pashatskii UDC 537.523.5 

A discharge is investigated of an alternating current in a plasmatron with 
"hot" coal graphite electrodes, the faces of which are located in one plane. 
Experiments are described with a segmented external electrode. On the basis 
of an analysis of the oscillograms of current in the electrode segments and 
of photographs of the front part of the plasma tip it is concluded that the 
burning of the discharge cannot be in the form of a solitary arc and that 
the discharge is comprised of a system of arcs. Calculation of the volt-am- 
pere characteristics of the transversely blown off diffuse discharge showed 
the impossibility of its burning in the conditions under consideration�9 

In a series of industrial electric arc devices, the discharge takes the form of a sys- 
tem of parallel arcs operating from one voltage source [1-3]. In [4] the questions of the 
analysis, modeling, and synthesis of multi-arc systems are examined for the first time. It 
is observed that on a smooth cylindrical electrode a stationary division of the arc was not 
achieved experimentally�9 Segmentation of the discharge in [4] is achieved by embedding 
thermo-emissive inserts into the body of the electrode. It is shown that stable burning of 
the radial elements of the segmented discharge is guaranteed by their rising volt-ampere 
characteristics, but the cause of the division of the discharge is the radial flux of the 
gas jet toward the walls of the electrode. 

In the present work a discharge in a plasmatron with "hot" electrodes [5] is investigat- 
ed. Experimental observation of the operation of the device allows one to propose that in 
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Fig. i. Base spots on the face of the external electrode of 
a plasmatron. 

a plasmatron with coaxial open coal graphite electrodes, an arc discharge may be represented 
as a system of simultaneous hot arcs. Photographing the front faces of the electrodes about 
one minute after the ignition of the discharge showed that when the strength of the current 
is of the order of 1500 A on the front face of the exterior electrode there are -20 regular- 
ly distributed, slowly moving base spots with a diameter of 3-5 mm. On the face of the in- 
terior core electrode the base spots of the discharge visually fuse into a single spot with 
dimensions on the order of 20 mm. A photograph definitely fixing the presence of the indi- 
cated base spots on the exterior electrode is shown in Fig. i. 

The goal of the present work is to show that the observed discharge [5] is actually a 
system of fan-shaped (radially) distributed arcs, but the observed base spots correspond to 
their near electrode regions. Competing hypotheses of a single powerful electric arc, rapid- 
ly moving upon the circular face of the electrode, and about a homogeneous (diffuse) dis- 
charge are tested. 

ELECTRICAL MEASUREMENTS 

Rapid photography (a shutter speed of 1/500 sec) and movie photography (3000 frames/ 
sec) allowed one to determine only the quantity, position, and dimension of the base spots. 
To pass beyond the arcs themselves (or an arc itself) failed due to the brilliant radiance 
of the hot electrodes' surface and to the extended circumferential part of the jet with a 
temperature on the order of 4-5 kK. 

Special experiments were made for the determination of the character of the arc dis- 
charge. Their substance is explained by Fig. 2, in which is shown the face segments of the 
graphite electrodes. The outer electrode (insert) was partially slotted into four plasma- 
tron sections, electrically connected in the holder. The slots between sections were filled 
up with non-conducting materials (ceramics), in order to avoid disturbances in the gas dynam- 
ics of the flux at the plasma tip. From each section, starting from 120 mm, readings of the 

...... i .......... i 
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Fig. 2. Schematic of the exper- 
imental device: i) ring or an- 
nular electrode; 2) slot; 3) 
ceramic insert; 4) oscillograph 
of type HI17. 
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Fig. 3. Oscillograms of the current in segments of an exter- 
nal electrode: a) with two "non-suppressed" segments; b) with 
a "suppressed" i and "non-suppressed" 2 ceramic insert segment. 

voltage drop resulting from the resistance of the graphite were taken and fed without addi- 
tional amplification into the input of a galvanometer oscillograph of the type HII7. The 
frequency response pass band of the galvanometer extended to 15 kHz. 

The dimensions of the tip of the plasmatron were as follows: outer diameter - 0.12 m; 
inner diameter - 0.08 m; and slot length - 0.15 m. The operating regime of the plasmatron 
had a voltage of 80 V and a current of 1400 A. The consumption of plasma forming gas, air, 
was -1.5.10 -3 kg/sec. The distance to the target (a cement ring) was 20 mm. The speed of 
the ring was -0.3 m/sec. 

A comparative analysis of the oscillograms, obtained for any pair of segments at differ- 
ent moments in time (Fig. 3a), shows that in all segments in the course of any half period 
of the assigned source, an approximately identical current flows without delay. Such a pic- 
ture is possible in only three cases: 

a) the discharge is a stable system from four or more arcs; 

b) the discharge takes the form of a single rapidly shifting arc, making contact for a 
time shorter than the time resolution of the measuring device; 

c) the discharge is homogeneous (diffuse). 

The second assumption in the present case seems least likely, since it leads to the es- 
timate that the value of the velocity of migration of the near electrode segments of the arc 
is v ~ 500 m/sec. 

We note that for the purpose of estimating the influence of "directed" potential upon 
each segment a control experiment was conducted in which one of the segments was slotted a 
small amount (-20 mm) and was augmented with an equivalent thickness of isolating ceramic 
insert, which precluded heating of the arc on the indicated segment. Relative oscillograms 
for "suppressed" and for an arbitrary other segments are shown in Fig. 3b, from which one 
may see that the conclusions made in above experiment remain correct. 

The effective voltage drop in all experiments with operating segments was near 0.2 V, 
which agreed with an estimate of the voltage drop for the known specific resistivity of 
graphite P0 = 8'10-60hm.m. 

VOLT-AMPERE CHARACTERISTIC (VAC) OF A DIFFUSE DISCHARGE 

A comparison of the actual working regime of a plasmatron with the VAC of a uniform 
diffuse discharge allows one to make further conclusions. 

For a qualitative estimate of the VAC of a diffuse discharge, we remark that in the 
present condition we may restrict ourselves to a simplified model approach in virtue of the 
simple geometry. The discharge uniformly spans the interelectrode space (see Fig. 2) and 
taking into account its blow off by gas and its limitation by the obstruction that is being 
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Fig. 4. A comparison of the 
calculated VAC of a diffuse 
discharge with the experimen- 
tal values: i) calculated 
according to formula (4); 2) 
on the load line of the volt- 
age source; 3) experimental 
VAC [5]. The field E is in 
kV/m and the current I is kA. 

processed, it may be considered practically one dimensional. Then one may assume that the 
gradients of all properties of the plasma in the transverse (in relation to the gas flux) 
direction are equal to zero. In this case the principal energy losses are connected with 
the removal of the working gas. Therefore, for a description of the stationary spatial tem- 
perature distribution we restrict ourselves to a one-dimensional equation of thermal conduc- 
tivity with piecewise constant coefficients, simulating a strong linear dependence of the 
properties of the gas upon temperature and the influence of geometry of the superimposed 
electric field: 

(t2T 0 dT  l ~ 
. . . .  e)(.v~(:~ i7'- T~.) ~:o. (i) 
dx ~ t P X dx -{- ,'vo d q ,  ~ a _ v , ,  

The first and second components correspond to the thermal conductivity and convective heat 
loss. The third component reflects the degree of heating by the current of the region with 
transverse area L x d, where d is the effective transverse dimension of a segment of the 
discharge (perimeter of the inter-electrode ring region); and L is the dimension of the con- 
ducting region along the flux or flow. The presence of a multiplier in the form of a step 
function O(T - Tg) corresponds to a jump in the conductivity of the gas o from practically 
zero at relatively low temperatures to o = 5.10 3 (Ohm.m) -I for T ~ Tg = 7 kK [6, 7]. In 
virtue of the weak dependence of PX and X upon the density of the gas and upon the tempera- 
ture in typical arc discharge region parameters with T = 7-15 kK at atmospheric pressure, 
for estimates one may restrict oneself to the use of average constant quantities. In accor- 
dance with [8] in what follows it is assumed that PX = i. 6"I0-4 kg/(m'sec), and X is =i W/ 
(m 'K) .  

We e m p h a s i z e  t h a t  t h e  n e c e s s a r y  c o n d i t i o n  f o r  f i n d i n g  a s o l u t i o n  t o  t h e  p rob lem which 
i s  s p a t i a l l y  l i m i t e d  t o  t h e  c u r r e n t  d i s t r i b u t i o n  i s  p r o v i d e d  by t h e  f a c t o r  8 ( x ) ,  which  c o r -  
r e s p o n d s  p h y s i c a l l y  t o  a s t a b i l i z a t i o n  o f  t h e  t r a n s v e r s e  b l o w n - o f f  d i s c h a r g e  by t h e  e l e c -  
t r o d e s  t h e m s e l v e s  and by t h e  t a r g e t ,  

A solution of Eq. (i) which with its first derivative is unique and continuous, takes 
the form (for X = const): 

T(x) -- 

9%12 
, x ~ O ,  

0%crd2L 

p2%212 [ 1 G (x -- L) 

Gz)~d2L2 L [~Z 

T~exp , x ~ L 

t PZ 

\ 9X / J  

( 2 )  

for the condition 

T g  - 

p2~2/2 

G'~ Xcqt~ L 2 
~__L" 1 '1--exp (--I'X /] (3) 

The solution of Eq. (3) for the given consumption rate G, transverse dimension d, and cur- 
rent strength I allows us to find the dimension L of the discharge along the gas flow, and 
subsequently also the maximum temperature at the exit of the discharge: 
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T , . -  PxlZ 
G%~d2L 

The use of Ohm's Law in the form I = dLoE, where E is the intensity of the external electric 
field, together with the condition (3) gives the volt-ampere characteristics of a diffuse 
discharge: 

I = d l f~ - '~ ,  ----~E In 2 2 
Emin 1 - -  Emin/E ' (4)  

O I i// ~T~. Emi~ 

Calculations based on (4) for the actual regime of operation of a plasmatron [5] with d = 
0.2 m and G = 2.8 kg/m2"sec for comparable levels of current (Fig. 4) give a value of E 
which is more than an order of magnitude larger than values in the experiment. The remote- 
ness of the calculated VAC, and likewise the absence of its intersection with the load line 
of the source indicate the principal impossibility of the occurrence of a diffuse discharge 
for the device [5]. This circumstance narrows the circle of physical explanations of the 
operating regime of the discharge under investigation. 

Thus, the facts presented show that in a plasmatron with "hot" electrodes the observed 
discharge is in the form of a system of parallel arcs. The spatial regularity of a multi- 
arc discharge is achieved due to the specific geometry of the tip of the plasmatron and to 
the forced blow off of the discharge by the transverse flow of the gas. The organization of 
the burning of the discharge in the form of a system of arcs allows one to increase the oper- 
ating lifetime of a plasmatron generator, to increase the width of a plasmatron jet and in 
the final analysis to increase the output of a plasma device for heating of the surface of 
objects. 

NOTATION 

I, discharge current; X, thermal conductivity coefficient; o, conductivity; 9, density; 
X, thermal diffusivity; T, temperature; x, coordinate; G, gas consumption across a unit area; 
O(x), theta step function; Tg, temperature of an abrupt increase in the plasma conductivity; 
Emin, minimum value of the field strength in a stable discharge. 
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