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The Euler number can be used to take into account the automatic 
establishment of the arc length in electric arc heaters of the linear 
type and to generalize their current-voltage characteristics. 

In [1] we repor ted  some r e su l t s  of an inves t iga t ion  
of geomet r i ca l ly  d i s s i m i l a r  p l a s m a t r o n s  (arc  p l a s m a  
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Fig. i. Diagram of plasmatron with arc stabilized 
by gas vortex: i) inner electrode; 2) outer elec- 
trode; 3) gas inlet; 4) electric arc; 6) plasma jet. 

heaters )  and gave genera l ized  cu r r en t -vo l t age  cha r -  
a c t e r i s t i c s  in d imens iona l  complexes cor responding  to 
the d imens ion le s s  c r i t e r i a  Ud%]I, K = I2/Gd%h0, Re, 
and D/d.  A se r ious  shor tcoming  was the incomple te -  
ness  of the genera l i za t ion ,  s ince  the fo rmulas  included 
the e lec t rode  d i a m e t e r  in  addit ion to these c r i t e r i a .  
This  was because  we could not find a su i table  c r i t e r i o n  
for genera l i za t ion  of the e lec t rode  p r o c e s s e s  affecting 
the a rc  length. 

The a rc  length in hea te rs  of the l i n e a r  type depends 
on the condit ions of breakdown of the cold gas l aye r  a t  
the e lec t rodes .  In view of this ,  the genera l ized  fo r -  
mula  in [2, 3] contained the Knudsen number ,  which is 
propor t ional  to the d imens iona l  complex 1 /Pd .  Such 
an approach a s sumes  that, for each p a r t i c u l a r  gas ,  
the complex Ud/I for constant  values  of the n u m b e r s  
I2/Gd, G/d ,  and D/d depends equal ly  on P and on d. 
This assumpt ion ,  however,  has no tbeen  exper imen ta l ly  
conf i rmed-- the  dependence on d is  much s t ronge r .  
Hence, we can conclude that the dec is ive  ro le  in e s t ab -  
l i shment  of the a rc  length is not e l ec t r i ca l  breakdown, 
but other  p r o c e s s e s .  

We postula ted that the ma in  fac tors  affect ing the 
arc  length in e l ec t r i c  a rc  hea te r s  of the l i nea r  type 
a re  heat ing p roce s se s  and force in te rac t ions .  The 
heat ing of the gas is taken into account  by the c r i t e r i on  
K = I~/Gd~0h0 obtained f rom the energy  equation [4, 5]. 
Force  in te rac t ions  a r e  desc r ibed  by the equation of 
motion.  F o r  e l ec t r i c  a rc  devices  without ex te rna l  mag-  
net ic  f ields and with cu r r en t s  up to seve ra l  thousands 
of a m p e r e s  in s t eady- s t a t e  operat ion,  the force  i n t e r -  
act ions  a re  des cr ibed by the c r i t e r i a  Re = G/#d and 
Eu = pAPd4/G 2. The Reynolds n u m b e r  was taken into 
cons idera t ion  in  the genera l i za t ion  of the c u r r e n t -  
voltage c h a r a c t e r i s t i c s  of the a r c ,  whereas  the Eu le r  

number  was neglected,  despi te  the assumpt ion  that i t  
might  have some effect. 

We c a r r i e d  out spec ia l  exper imen t s  to t e s t t he  effect 
of Eu on the c u r r e n t - vo l t a ge  c h a r a c t e r i s t i c s  of an 
e lec t r i c  a rc .  To reduce  the inf luence of Re, we had to 
c a r r y  out the exper imen t s  in the region of developed 
turbulence ,  where  the Reynolds n u m b e r  degenera tes .  

For  this purpose ,  the exper iments  were  conducted in 
the d i scharge  chamber  shown schemat ica l ly  in Fig.  1. 

The hea te r  cons is ted  of two hollow cyl indr ica l  e l ec -  
t rodes with a ga s - conduc t ing  r i n g  made of insu la t ing  

m a t e r i a l  p laced between them, One e lec t rode  was  
open at  both ends and through it  the hea ted  gas escaped 
into the a tmosphere ;  the second was in the fo rm of a 
cup. The two e lec t rodes  were  made of copper.  They 
were  cooled ex te rna l ly  with water  to p reven t  burnout .  
In addit ion,  gas was injected tangent ia l ly  into the 
chamber ,  and the vortex formed rotated the par t s  of 
the a rc  nea r  the e lec t rodes .  

In the exper imen t s ,  we var ied  the s izes  of the e l ec -  
t rodes ,  but the d i ame te r  of the open e lec t rode  was a lso  
l e s s  than that  of the closed one. With this setup,  the 
gas f i r s t  en tered  the closed e lec t rode ,  flowed along 
i ts  i nne r  sur face ,  and then re tu rned  along the axis .  
The e lec t r i c  a rc  was blown into the e lec t rode  by the 
gas; the a rc  length depended on the gasdynamics  of 
the flow and the e l ec t r i ca l  breakdown of the cold l ayer  
at  the e lec t rode .  The counte rmot ion  of the je t  and the 
e l ec t r i c  a rc  moving under  the act ion of the gas vor tex  
promoted turbulence  of the flow. The a rc  extended 
for a l i t t le  d i s tance  into the open e lec t rode ,  s ince  the 
cold e lec t rode  l ayer  of the prehea ted  tu rbu len t  flow 
is ve ry  thin and rapidly  breaks  down. Hence, prac.- 
t ica l ly  the whole a r c  burns  in the closed e lec t rode .  

The exper imen t s  were  conducted w i t h d i r e c t  c u r r e n t  
and with the open e lec t rode  as the posi t ive  one. The 
d i ame te r  of the closed e lec t rode  was var ied  f rom 20 
to 36 mm,  and that  of the open one f rom 8 to 20 mm.  
The c u r r e n t  var ied  in the range  100-850 A and the gas 
(air)  flow ra te  was 6--18 g / s e c .  M e a s u r e m e n t s  showed 
that the p r e s s u r e  in the chamber  inc reased  with r e -  
duction in  the d i a m e t e r  of the open e lec t rode  and in -  
c rease  in cu r ren t .  The ma x i mum p r e s s u r e  was 9.32 
a im abs,  and the m i n i m u m  was 1.08 a im abs.  The 
voltage i n c r e a s e d  with i n c r e a s e  in  p r e s s u r e  and e l ec -  
t rode d i ame te r .  It dec rea sed  s l ight ly with i n c r e a s e  in 
cu r ren t .  The range  of va r i a t ion  of the voltage on the 
a rc  was 260-610 V. 

In the cons idered  case,  the p r e s s u r e  drop AP c h a r -  
ac t e r i ze s  the outflow of heated gas through the open 
e lec t rode ,  whereas  the burn ing  of the e l ec t r i c  a rc  de-  
pends on the p r e s s u r e  in the c losed e lec t rode .  Hence,  



JOURNAL OF ENGINEERING PHYSICS 171 

it is bet te r  that Eu should contain the p r e s s u r e  P in- 

stead of LxP. Then the Euler number 

Eu = p PD4/G ~. 

In accordance  with the above the express ion  for  the 
genera l ized  cu r r en t -vo l t age  c h a r a c t e r i s t i c  can be put 
in the fo rm 

U D % = / ( K ,  Eu, Re). (1) 
I 

Using an approximation in the form of power re- 
lationships and converting to dimensional complexes 

we obtain 

= a  . ( 2 )  
[ ~, OD ] \ G 2 ] 

This exp res s ion  was used to gene ra l i ze  the exper i -  
menta l  c h a r a c t e r i s t i c s .  

T r e a t m e n t  of the expe r imen ta l  data with in i t ia l  
values in the above- indiea ted  ranges  gave the values  

kg~ I"~a 
a = 5.62.10 A ~:~8 sec2.~8' 

b = - - 0 . 6 6 ,  c=0,14, e=O.06. 

F igure  2 shows how sa t i s fac to ry  this genera l i za t ion  
is .  The f igure  shows the re la t ionsh ip  

up /{  PD'IO,,( o f t 

As the f igure  shows, the s ca t t e r  of the exper imenta l  
points l ies  in  a range  of 20%. The obtained r e s u l t  con-  
f i rms  the in i t i a l  p r e m i s e s  fa i r ly  well.  F i r s t ,  ins tead 
of the four c h a r a c t e r i s t i c  in i t ia l  quant i t ies  (I, G, P, 
and D), we used only three  c r i t e r i a  (K, Eu, and Re). 
This ind ica tes  that the p roces se s  re f lec ted  by these  
c r i t e r i a  a r e  actual ly  the dominan t  ones in the indicated 
condit ions of bu rn ing  of the a rc .  As we postulated,  
the Reynolds n u m b e r  is actual ly  close to degenera t ion  
(the exponent  e = 0.06). Hence, in a f i r s t  approx ima-  
tion Re can genera l ly  be neglected.  The sca t t e r  of 
points in this case is within a range  of 25%. Hence, 
ins tead  of the four p r i m a r y  quant i t ies ,  we can use 
only two genera l ized  ones.  

The effect of Eu on the a rc  length can be r e p r e -  
sented as follows: with i n c r e a s e  in d i ame te r  the th ick-  
ness  of the cold gas l aye r  i n c r e a s e s  and, hence,  b r eak -  
down occurs  at a g r e a t e r  potent ial  d i f ference;  with 
i n c r e a s e  in p r e s s u r e ,  the gas dens i ty  i n c r e a s e s  and 
this a lso worsens  the condit ions for e l ec t r i ca l  b r eak -  
down. The i n c r e a s e  in gas flow ra te  i n c r e a s e s  the 
tu rbu lence  of the flow and, hence,  mixing  of the gas 
in the heated l ayer .  This  fac i l i ta tes  e l ec t r i ca l  b r eak -  
down and the a rc  is  shor tened .  

The power to which the c h a r a c t e r i s t i c  d imens ion  is 
r a i sed  is four t imes  that of the p r e s s u r e .  Hence, Eu 

cha rac t e r i ze s  the r e l a t ive  effect of these quantities 
on the arc length better than the Knudsen number. 

R 

0 . 0 0 5  
o 

0025 I ~ % - -  

�9 - -  I . ~  
m 

0.00[0 v -- 3 

+--5 

0.0005 o -- 6 

A--7 

+Aov~ 
o 

2 
25.707 [08 2.5"[0 ~ 10 ~ I~6D 

Fig. 2. Genera l i zed  cu r r en t -vo l t age  
cha rac t e r i s t i c  of l i nea r  p l a s m a t r o n  
with a i r  vor tex s tab i l iza t ion :  D = 
= 0.035 m, d = 0.008 m, gas flow 
ra te  1) 0.006; 2) 0.010 kg / sec .  D = 
= 0.035 m,  d = 0.02 m, gas flow 
ra te  3) 0.018; 4) 0.010 kg / sec .  D = 
= 0.020 m, d =  0.014 m, gas flow 
ra te  5) 0.018; 6) 0.006 kg / see .  D = 
= 0.020 m, d = 0.008 m, gas flow 
ra te  7) 0.006; 8) 0.018 kg / sec .  A = 

= (ND/1)/(pD4/G2)0.14 (G/D)0.0G 

As a whole, the results of this work show that the 
Euler number is probably the criterion which has been 

lacking for the satisfactory generalization of the char- 

acteristics of electric arc heaters. 

NOTATION 

I is the current, A; U is the voltage, V; D is the 
diameter of the inner electrode, m; d is the diameter 
of the outer electrode, rn; P is the pressure, N/m2; 

p is the density; r is the electrical conductivity; h is 
the enthalpy; # is the dynamic viscosity; Re is the 
Reynolds number; Kn is the Knudsen number; Eu is 
the Euler number; K is the energy number; a is the 

coefficient; b, c, and e are exponents. 
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