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The author presents criterial equations that can be used to generalize 
the current-voltage characteristics of a plasma generator in which 
the arc burns in a flow of air, nitrogen, argon, oxygen, helium, or 
hydrogen. 

The arc  voltage of a one-s ided  l i n e a r  a rc  hea te r  
with vor tex  gas s tab i l iza t ion  depends chiefly on the 
following fac to rs :  the geomet r i c  conf igura t ion of the 
d i scharge  chamber ,  the p r e s s u r e  in the chamber ,  the 
na tu re  of the s tab i l iz ing  gas ,  i ts  flow ra t e ,  and the 
s t rength  of the c u r r e n t .  

The effect of the geomet ry  of the d i scharge  chamber  
on the hea te r  c h a r a c t e r i s t i c s  was examined in [1] and 
[2] for a i r  and n i t rogen ,  r espec t ive ly .  Moreover ,  in 
[1] the effect of p r e s s u r e  on the d i scharge  p a r a m e t e r s  
of a l i nea r  p l a s m a  gene ra to r  was also inves t iga ted .  

The p r e sen t  paper  is a cont inuat ion of [1,2] and is 
devoted to the effect of the na ture  of the gas on the 
p l a s m a  gene ra to r  c h a r a c t e r i s t i c s .  

The expe r imen ta l  por t ion of this  study was c a r r i e d  
out us ing  the hea te r  desc r ibed  in [1,2]. In the e xpe r i -  
ments  we inves t iga ted  s ix teen typical  d i scharge  chamber  
conf igura t ions  with ident ica l  and nonident ica l  e lec t rode  
d i a m e t e r s .  In the expe r imen t s  with nonident ica l  e l e c -  
t rode d i a m e t e r s  the d i ame te r  of the open e lec t rode  
was always l e s s  than that of the closed e lec t rode .  In 
all  the expe r imen t s  the po la r i ty  of the e lec t rodes  was 
the same:  the open e lec t rode  was the anode, the c losed  
e lec t rode  the cathode. As the working gases  we used 
a i r ,  n i t rogen ,  oxygen, hydrogen,  he l ium,  and argon.  
As the p l a s m a  gene ra to r  power source  we used m e r -  
cury  r e c t i f i e r s  with the following p a r a m e t e r s :  ra ted  
voltage 1650 V, ra ted  c u r r e n t  1500 A. 

We reco rded  the c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c s  
for the following chamber  conf igura t ions :  

1) D = 3.5; d = 0.8 cm for argon,  hel ium, and air ;  
2) D 
3) D 
4) D 
5) D 
6) D 
7) D 
8) D 
9) D 

gen; 
i0) D 

11) D 

12) D 

The 
uration 

= 3.5; d = i cm for air; 
= 3.5; d = 1.4 em for air and hydrogen; 
= 3.5; d = 1.8 cm for nitrogen; 
=3.5; d = 2  cmfor  air; 
= 3.5; d = 2.7 em for oxygen; 
=2.6; d= 1.4; I; 0.8 cmfor  air; 
=2; d = 1.4; 1; 0.8 em for air; 
= 1.4; d = 0.8 cm for argon, helium, andhydro- 

= d = 1 cm for all  gases ;  
= d = 2 cm for n i t rogen  and oxygen; 
= d = 4 cm for all  gases .  
expe r imen t s  showed that the effect of config-  
and p r e s s u r e  on the a rc  vol tage es tab l i shed  

in [1] for a i r  obeys the same laws for the other  gases  
(the p r e s s u r e  was m e a s u r e d  at the end of the c losed 
e lec t rode) .  

Accord ing ly ,  we gene ra l i zed  the c u r r e n t - v o l t a g e  
c h a r a c t e r i s t i c s  individual ly  for each gas by means  of 
the c r i t e r i a l  equation p resen ted  in [1]: 

UDci~ f(lI,; H~), (1) 
I 

where  

P 1 ~  Pc PD~ 
171-- GD ~o ho ' H2 = Po G 

Using a power - l aw approximat ion ,  we wr i t e  

I -- A ~GD,~oho ] G 

Assuming  that for a given gas the physica l  p rop -  
e r t i e s  o- 0 and h0 a re  constant ,  we r e w r i t e  Eq. (2) in 
the fo rm 

UD -- ,41 ( 
GD / 

The coefficients Ai, b, and c were calculated by 
the method of least squares both separately for the 

discharge chambers with nonidentical and identical 
anode and cathode diameters and together for all the 
chamber configurations tested for a given gas. The 
values of the coefficients and the maximum deviations 
of the experimental points from the approximate 
straight line are presented in the table. 

The ranges of variation in the current and in the 
gasflow rate, within which the experimental datawere 
generalized using (3), were as follows: 

1) for air I = 30-1680 a, G = 0.63-40 �9 10 -3 kg/sec; 
2) for argon I = 50-1200 a, G = 1-30 �9 10 -3 kg/sec; 

3) forheliuml = 13-560 a, G = 0.25-4.10 -3 kg/see; 
4) for hydrogen I = 80-920 a, G = 0.5-3 �9 10 -3 kg/sec; 
5) for nitrogen I = 100-1600 a, G = 2-40 �9 10-$kg/seo; 
6) for oxygen I = 220-1280 a, G = 4-30 "10 -3 kg/sec. 
The extent to which the generalization is satisfac- 

tory with respect to a specific gas can be seen from 
Fig. 1, which shows the generalized current-voltage 
characteristic for argon with (Fig. la) and without 
(Fig. ib) allowance for the criterion (pc/Pc) i/2 PD2/G. 
In Fig. la  along the ordinate axis we have plotted the 
complex N/Gh0, the product of the nondetermining and 
determining criteria UDo-0/I and 12/GDcr0h0, respec- 
tively. It is the ratio of the mean-mass enthalpy of the 
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Fig.  1. Genera l i zed  c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c  
of a l inear  p lasma generator  with vor tex  s t a b i l i z a -  
tion without (a) and with (b) account  for the cr i t er ion  
(po/Po)I/2pD2/G (gas--argon):  1 - 5 )  D = 0.01 m; 
d = 0.01 m; 6 - 1 0 )  D = 0.04 m; d = 0.04 m, gas v 
f low rate: 1, 6) 1 k g / s e c ;  2, 7) 2; 3, 8) 4; 4, 9) 8; 
5 - 1 0 )  12" 10 -3. B = N/Gho/((po/Po)t/2 PD2/G) ~ 
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Fig.  2. Current -vo l tage  ch arac ter i s t i c s  of l inear  
p l a s m a  generator  with vortex  gas s tabi l i zat ion  
(gas f low rate 2 . 1 0  -3 k g / s e c ;  U, V; I, A; D = 
= d = l . 1 0 - Z m ) :  1) Ar ,  2) H2; 3) He; 4) N2; 5 ) a i r .  

heated gas without account for losses to the character- 

istic enthalpy. It is clear from Fig. 1 that the spread 

of the experimental points has been reduced by an order 

from • to • 

When various gases are blown over the arc at a con- 
stant mass flow rate and the same current a sharp dif- 

ference in arc voltage is observed for the individual 
gases (Fig. 2). At the top is the characteristic for 

hydrogen, then follow the characteristics for air, ni- 
trogen, and he l ium,  and at the bot tom the c h a r a c t e r -  
i s t ic  for argon.  

The sharp  d i f fe rence  between the c h a r a c t e r i s t i c s  is 
due to the cons ide rab le  di f ference in the physica l  p rop -  
e r t i e s  of the gases .  The specif ic  vo lumes  of the gases  
differ ve ry  s t rongly ,  so that hydrogen flows over  the 
arc  at a much higher  veloci ty  than the other gases .  

The e l ec t r i ca l  eonduct iv i t ies  and enthalp ies  of the 
gases  a re  also ve ry  di f ferent .  For  example,  the in i t ia l  
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specific enthalpies are 372, 59, 26.2, and 3 kJ/g for 
hydrogen, helium, oxygen, and argon, respectively 
(at (7 = 1 ohm -l. cm-1). 

The data on thermal conductivity also indicate that 

hydrogen is a much better conductor of heat than the 
other gases. 

In going over from the characteristics in dimen- 
sional form to the dimensionless criterial equations 
it is, first of all, necessary to find the characteristic 
values of the electrical conductivity a0 and enthalpy 
h0. In [3] the relation (r =f(h) was approximated by the 
power function ff = cr0(h/h0) n. In this case as the char- 
acteristic values it is possible to take the properties 
at any of the points lying on the approximating curve. 
However, the relation a =f(h) has such a complicated 
form that it cannot be approximated by a single ex- 
pression over a large range of variation of the enthalpy. 

The curve can be divided into three regions. In the 
first region (r = 0, since the gas is not ionized. In the 
second region, as h increases, thermal ionization be- 
gins accompanied by a rapid increase in conductivity. 
In the third region this increase slows down, since the 
increase in the number of electrons per unit volume 
is compensated by a decrease in the density of the gas. 
The last two regions can be approximated by power 
expressions with different exponents. The points of 
intersection of the straight lines approximating these 
regions are taken as the characteristic values. 

In the region of small currents the current-voltage 
characteristics of the investigated discharge chambers 
fall steeply; then as the current increases the steep- 
ness diminishes. This indicates that the electrical 
conductivity starts by increasing, then the rate of in- 
crease gradually slows, i.e., the range of variation 

of the conductivity includes the second and third re- 
gions. Since in the experiments described the currents 
were generally measured in hundreds of amperes, we 
will consider the case of weak variation of the con- 
ductivity and introduce into the generalized formulas 
for taking into account the physical properties of the 
gas the angle of inclination of the third region in the 
approximating curve as an additional determining cri- 

terion. 

With this criterion taken into account, Eq. (2) be- 

c o m e s  

_-A,( 
UD ~o 

I 

12 )-b ( V l  P~ PD2 ) n-k (4) 
GD ~o ho Po- ~ " 

The expe r imen t s  on all the gases  were  co r r e l a t ed  by 
the method of leas t  squa re s .  The calcula ted va lues  of 
the coeff ic ients  follow: 

As = 0.45, b = 0.61, c = 0.245, k : 0.4. 

As was to be expected, the accu racy  of the g e n e r a l -  
izat ions  over  such a broad r ange  of va r i a t i on  of the 
independent  va r i a b l e s  is s t i l l  low (the r m s  e r r o r  is 
30%). This  is due not only to the expe r imen ta l  e r r o r s  
but also to the d i sca rd ing  of ce r t a in  un impor t an t  c r i -  
t e r i a  and the noncor re spondence  between the approx i -  
ma t ing  exp re s s ions  and the actual  laws. 

Obviously,  it is  n e c e s s a r y  to take into account  other  
fac tors  affecting the p r o c e s s e s  taking place in an e l e c -  
t r i c  a rc .  

Nonetheless ,  genera l i zed  fo rmulas  such as (4) may 
be useful  in des igning va r ious  f o r ms  of e l e c t r i c - a r c  
equipment ,  s ince  they make it poss ib le  to reduce  con-  
s ide rab ly  the scope of the p r e l i m i n a r y  inves t iga t ions .  

NOTATION 

U is the voltage, V; I is the cu r ren t ,  A; N is  the 
power,  kW; D is the d i a m e t e r  of the closed e lec t rode ,  
m; d is the d i a m e t e r  of the outlet  e lec t rode ,  m; G is 
the gas flow ra te ,  kg / s e c ;  P is the p r e s s u r e  in the 
chamber ,  N/m2; ~0 is  the c h a r a c t e r i s t i c  value of the 
e l ec t r i c a l  conduct ivi ty ,  1 /ohm"  m; h0 is  the c h a r -  
a c t e r i s t i c  value of the enthalpy,  k J / g ;  P0 is  the c h a r -  
a c t e r i s t i c  value of the densi ty ,  kg/ma;  A, A1, and A 2 
a re  p ropor t iona l i ty  fac tors ;  b, c, k, and n a re  exponents .  
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