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Published research on the potential distributio n ak,n S an arc and 
the effect ~f arc length on the current-voltage characteristics are 
mainly devoted to open arcs [1], cylindrical arcs [2, 8], and arcs in a 
laminar flow with low gas flow rates [4]. Rotating probes have been 
used successfully to determine the potential distribution in open arcs 
[1]. Great technical difficulties are involved in the application of 
moving probes to cylindrical arcs and arcs in laminar flows burning 
in ducts. Such arcs usually almost completely fill the stabilizing duct, 
which consists of ring segments insulated from each other. At high re- 
sistances in the external circuit, these segments can be used as probes 
to determine the potential distribution along the arc. Probes have al- 
so been used in attempts to determine the potential distribution along 
stabilized arcs [5]. 
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Fig. 1, Diagram of plasma genera- 
tor: 1) cathode; 2) anode; 2) tube; 
4) swirl ring; 5) arc; 6) counter-pres- 
sure chamber; Generator; G, G1, G 2 -  

air supply. 

In the powerful plasma generators used in industrial and high-tem- 
perature research, the stabilized arc burns in a turbulent gas Row, and 
there may be an appreciable layer of cold gas in the space between 
the duct and the arc column. The potential drop across this layer may 
be large. In this case, if connected to one of the electrodes across 

high resistances, the segments operate not like tJrdinary probes but 
like the electrodes of a semi-self-sustained discharge between the 
column and the duct wall across the layer of cold gas, We know of 
no published research on the determination of potential distribution in 

plasma generators under such conditions. 
In some cases a qualitative description of the potential distribution 

along an arc burning in a gas flow may be based on data obtained by 
varying the interelectrode gap [6]. In [6], however,  according to the 
author's data, the arc was unstabilized, and its length was consider- 

ably greater than the distance between the eiec1,3des. 
The present work is devoted to the determination of the voltage 

of a stabilized arc by varying its length in a turbulent flow (in the 
experiments the Reynolds number at the duct inlet, determined from 
the mean axial velocity of the cold gas, varied between 2, 7 X 104 
and 8.1 x 104). The potential distribution was determined from the 
voltage data, and also measured directly with ele( rrostatic voltmeters, 

Experimental. Figure i shows a plasma generator for investigating 
the influence of the arc length and gas flowrate on the (U, I) charac- 
teristics (U is the voltage and I the current of the arc). Its basic fea- 
tures are a copper cathode 1 and anode 2, both water-cooled, with 

1965 

flat ends, and a cylindrical air-cooled copper tube 8. Air is deliv- 
ered to the arc chamber through four tangential 8 mm diameter aper- 
tures in the swirl ring 4 at a distance of 2.5 x 10 -3 m from the cham- 
ber axis. To check the stability of the position of the arc 5 tests were 
performed in which the channel 3 was replaced by a quartz tube. The 
tests showed that within the range in which the parameters in our ex- 
periments were varied the arc is located with sufficient stability along 
the tube axis. 

The arc length was varied by varying the length of tube 3. The 
absence of arc shunting acr, ss the tube g was checked by an ammeter 
A. hr all the experiments tire distance between the anode 2 and tube 
3 was kept at 5 ram, the minimum clearance between the cathode 1 
and the tube 3 was 2.8 ram, while the inlet of the tube 3had a radius 
of c trvature of 8 mm. 

f the arc length is reduced at constant values of the current and 
fiox,~rate G, its power decreases. This leads to a reduction of the 
pressure in the arc burning zone as compared with the long arc, 
Therefore, to regulate the pressure independently of the arc length, 
a c~ unterpressure chamber 6 was used. Air was delivered to this cham- 
ber and, by varying the flowrate G~, it was possible to regulate the 
pressure in the burning zone. Preliminary recordings were made of the 
dependence of the pressure p at the cylindrical wall of the swirl cham- 
ber on G and I at the maximum arc length (with discharge to the at- 
mosphere). In subsequent experiments the same pressure was main- 
tained as for maximum arc length with the same values of G and I, 
while the gas flowed out of the arc chamber through the clearance 
between the anode 2 and cmmterpressure chamber 6. U and I were 
measured with class-1.5 N-375 instruments, the potential of the seg- 
ments by class-]. 5, (;-50 and (:-95 electrostatic voltmeters, air flow- 

rate by type I~S-7 and RS-5 rotameters, and Pk by a standard class- 
0.35 type MO manometer, 
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Fig, 2. Arc voltage as a function of cur- 
rent. Curves 1-8  obtained for a = 136, 123, 
111, t00, 89, 77, 64, 5 and 51, 5 mm, re- 

spectively with G = 8 g �9 sec -t, 

Arc characteristics. Figure 2 gives the (U,I) characteristics for 
different interelectrode gaps. A noticeable feature is the absence o f  
steep drops. Starting at a current of about 100 a they begin to rise. 
This confirms the conclusion of [7] that one of the main reasons for 
the formation of drooping (U, I) characteristics in plasma generators 
in the above range of parameter variation is the reduction of arc 

length as the cnrrent increases, The characteristics for flowrates of 
4, 6, 10, and ]2 g �9 see -1 are analogous to those reproduced in Fig. 2 

and are therefore not given here, 
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Figure 3 shows the arc vo l t age  as a function of arc length for a 

current of 90 a; U is seen to depend l inea r ly  on a and very s l ight ly  on 
G. The  relat ions for o ther  currents and flowrates in the  range I = 60 -  

170 a, G = 4 - 1 2  g �9 sec - I  do not differ q u a l i t a t i v e l y  from those given.  

In ordinary swi r l - type  p l a sma  generators with shunting and t h e  above 

pa ramete r  var ia t ion ,  the increase  in U as G {ncreases is therefore  a 
result m a i n l y  of e longa t ion  of the  arc. In our case the weak  depend-  

ence  of  U on G can be exp la ined  by the fact  tha t  most  of the gas 

passes a long the tube wai ls  at a cons iderable  d is tance  from the arc, 

without  pa r t i cu la r ly  in f luenc ing  the phenomena  in the  arc co lumn.  

For a constant  Knudsen number,  the arc charac te r i s t i cs  for the 

type of p l a sma  generator  inves t iga ted  can  be gene ra l i zed  in the form 

[71 

I 
U =  7 l l ( a / d ,  G /d ,  I 2 /Od) .  (1) 

For d = const, t ak ing  into account  the  l i nea r  va r i a t ion  of U as a func- 
t ion of a,  

U = c -t- a/ (1, G, 12 / a ) ,  (2) 

It  can  be seen from the e x p e r i m e n t a l  results (e. g . ,  Fig. 3) tha t  
for the g iven  var ia t ion  of the  parameters  a constant  va lue  of 20 V can  

be t aken  for c. The function f c a n  be expanded as a series in I 

] = % ( G )  q-41(G) I +42(G)  I ~-? . . . .  

The s imi l a r i t y  of the shapes of the  (U, I) charac te r i s t i cs  for differ-  

ent values  of G suggests s impl i fy ing  ] as 

] = 4 (G) (% + ctl + c.,.l~). 

Within a narrow range of va r i a t ion  of G, r G, can  be t aken  as a 

power. The  e m p i r i c a l  formula  then  obta ined  takes  the form 

U = 20 + aG ~ (5160 - -  14.8I q- 0.0731 ~), (3) 

where U is in volts,  a in meters ,  G in kg �9 sec -I ,  I in a, with 50 a < I 

< 170 a, and 0. 004 < G < 0. 012. The  d is tance  from the ca thode  was 

0 . 0 4 - 0 .  13 m,  and d was 0. 0104-m, The m a x i m u m  dev ia t ion  of the  

expe r imen t a I  results from (3) was close to the  m a x i m u m  measur ing  

error. 
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Fig. 3. Arc vo l t age  as a funct ion of 

arc length  for I = 90 a,  d = 10 .4  mm;  

curve 1) G = 1 2 . 8 g - s e c  -1, curve  2) 

G =  8 g . s e c - 1 .  

Po ten t ia l  d is t r ibut ion a long  arc. The use of  a counterpressure 

c h a m b e r  6 in the expe r imen t s  to de t e rmine  the po t en t i a l  by the m e t h -  
od of arc length  va r i a t ion  (Fig. 1) pe rmi t t ed  the pressure d is t r ibut ion 

in the burning zone to be kept constant  when the tube  3 was shortened, 

The condi t ions  of arc burning in the sec t ion  be tween  the end of the 

tube and the anode are e x t r e m e l y  c o m p l i c a t e d  and different  from the  

condi t ions  in the tube. Di rec t ly  at the anode we get  c o m p l e x  flow of  

the hea ted  swirled s t ream and the  behavior  of the anode po ten t i a l  

drop region under these  condi t ions  is not known. Accordingly ,  i t  is 

s t i l l  d i f f icu l t  to m a k e  any t h e o r e t i c a l  e s t i m a t e  of the  m a g n i t u d e  of 

the po ten t i a l  drop over  this  sect ion.  Therefore  the are po ten t i a l  UU ~ 

re la t ive  to  the  anode at the end of the tube (at a d is tance  of 4 .5  m m  

from the anode) was de te rmined  by means  of a rotat ing probe [1]. 

o-- 

O 

.+ O 

220 o " 
I 

+ 0  ~ "Z 

7+0 
+ 

% 
+ 

+ [z /  

6" f# c m  

Fig. 4. Potent ia l  distr ibution along arc 
with G = 8 g sec -1, I = 75 a, d = 10 .4  mm,  

ca thode  at zero poten t ia l .  1) Method of 

a m - l e n g t h  variat ion;  2) e lec t ros ta t ic  

method;  Z is the  d is tance  to the cathode.  

Analysis of osc i l lograms  of the probe charac te r i s t i c  showed that  

in the absence of  shunting be tween the  arc and the  duct  3 the poten-  

t i a l  at the probe measur ing  point  B changes  s l ightIy  as the in t e re l ec -  

trode gap is var ied .  For the  g iven  values  of G, I, and a i t  remains 

wi thin  the l imi t s  --14 �9 4 V. (In this case  the  error due to the contac t  

po ten t i a l  d i f ference around the probe is not t aken  into considerat ion.  ) 

The quant i ty  U + = U + U ~ is the  po ten t i a l  of point  B re l a t ive  to the 

cathode.  The po ten t i a l  dis t r ibut ion de te rmined  by this method is 
g iven  in Fig. 4. Neg lec t ing  this s l ight  dependence  of U ~ on the  in te r -  

e l ec t rode  gap, we obta in  from (3) an approx imate  formula  for the 

f ield strength in the  arc c o l u m n  

E = - -  G~ - -  14.81 q- 0.07312) V �9 m -1.  (4) 

For the e x p e r i m e n t a l  condi t ions E is wi thin  the l imi t s  1900-2500  

V �9 m -1. The po t en t i a l  dis t r ibut ion was also measured  by measur ing  

the poten t ia l s  of the  insula ted  segments  of the tube  3. These  results 

are also g iven  in Fig. 4. Both methods are su i tab le  for po ten t i a l  de-  

t e rmina t ion .  The segment  poten t ia l s  were also measured  by passing 
a s emi - se l f - sus t a ined  discharge current of the order of 10 a through 
them.  The  results of such measurements  for the  end sec t ion  of the  

arc, where the discharge vo l t age  at sma l l  currents is r e l a t i ve ly  low, 

were in ag reemen t  wi th  the results of measurements  by the  above 
methods.  For the  i n i t i a l  segments  at currents of the order of 10 -s a, 

the las t  me thod  gives  a rather h igh  va lue  of the  poten t ia l ,  s ince there  

is a ce r t a in  rise over  the  sec t ion  of the  semi - se l f - sus ta ined  discharge 

across the gas l aye r  (in this  ins tance  the  polar i ty  of the po ten t i a l  is 

t aken  into considerat ion) .  

Ca lo r ime t r i c  analysis  showed tha t  the heat  losses across tube  3 

were sma l l  (the t h e r m a l  e f f i c i ency  of the pos i t ive  co lumn  is of the  

order of 90%), and therefore  the  m e a n - m a s s  g a s - t e m p e r a t u r e  rises as 

one moves  a long  the  channel ,  A l inear  po ten t i a l  dis t r ibut ion is thus 
not a suff ic ient  condi t ion  of cons tancy  of the  t empera tu re  prof i le  

a long the  channel .  Such a po ten t i a l  d is t r ibut ion can  be exp la ined  by 

reconstruct ion of  the t e m p e r a t u r e  prof i le  a long the channe l  and by the 

change  in the  compos i t ion  of the  air  downstream as a result  of c h e m -  

i c a l  react ions  and dissociat ion.  The  weak  dependence  of the porch-  
t i m  dis t r ibut ion on gas f lowrate is exp la ined  by the  fact that  over  the 

lengths  inves t iga ted  only  a sma l l  proportion of the  gas is subjected to 

the di rect  in f luence  of the arc. As the  length  is increased and a g rea t -  

er and grea te r  proportion of the gas is hea ted ,  the po ten t i a l  dis tr ibu-  

t ion may  differ cons iderably  for d i f ferent  flowrates.  Final ly ,  at very 

great  lengths,  the  power of unit  l ength  of  arc is equa l  to the  heat  loss 

through unit length  of duct,  and the subsequent growth of po ten t i a l  is 

aga in  l i nea r  [8]. However,  for the same  currents and duct  d iamete rs  

the e l ec t r i c  f ield strength in a c y l i n d r i c a l  arc when there  is no flow 

must differ  from tha t  in a turbulent  flow because  of the m i x i n g  of the  

gas. 
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