
JOURNAL OF ENGINEERING PHYSICS 369 

EXPERIMENTAL STUDY OF THE EFFECT OF WALL TEMPERATURE ON THE 
AXIAL TEMPERATURE OF AN ELECTRIC ARC 

R. E. Krzhizhanovski i  and I. D. Skuratova 

Inzhenerno-F iz ichesk i i  Zhurnal,  Vol. 10, No. 5, pp. 626-627, 1966 

UDC 533.9 

Th6 temperature at the axis of a light-cu~remt electric arc has been 
investigated at different wail temperatures. The results are presented 
below. 

Recently,  cons iderab le  i n t e re s t  has been exp r e s -  
sed in l i g h t - c u r r e n t  a r e s ,  which form a useful tool 
for  studying the phys ica l  p r o c e s s e s  of arc  burning. 

So far ,  a lmost  no attention has been paid to the 
question of the effect of removal  of heat f rom the 
are  on i ts  axial  t e m p e r a t u r e  and the rad ia l  t e m p e r a -  
tu re  d i s t r ibu t ion  [1]. 

Accordingly,  the Central  Bo i l e r -Turb ine  Institute 
has made an exper imenta l  study of the nature and 
re l a t ive  influence of the wall t empe ra tu r e  of a l ight -  
cu r ren t  a rc  on its axial  t empera tu re .  In all  these  
exper iments  the axial  t empe ra tu r e  was measu red  
f rom the intensi ty of cyanogen bands with an unre-  
solved ro ta t ional  s t ruc ture .  This method of de te rmin -  
ing t e m p e r a t u r e  was developed by the Ornshtein 
school [2,3]. In the spec t rum of an o rd inary  carbon 
arc  burning in a i r  we get the following band sys tems:  
violet  (4216-4197-4181, 3883-3872-3862,  3590- 
3586-3584) and red  (9168). In [4] graphs a re  given 
for  de te rmining  the t empe ra tu r e  f rom the intensi ty 
ra t io  of the CN band maxima:  3883 and 3872, 4216 
and 4197. 

Using these graphs,  we obtained the axial  t e m p e r a -  
ture  of the arc  in all the cases  invest igated.  

The object of invest igat ion was a i r ,  the e l ec t rodes  
were  carbon,  6 mm in d iameter .  All the exper iments  
employed 10 amp de. To exclude the influence of 
heat  exchange between arc  and e lec t rodes  on the axial  
t empe ra tu r e ,  the i n t e r e l ec t rode  gap was made quite 

l a rge  (about 60-80 mm). 
The arc  spec t rum was obtained with a ISP-28 

spec t rograph ;  the spec t rum was analyzed with a 
DSP-1 spec t rum p ro j ec to r  and a MF-1  mie ropho-  
tomete r .  The degree  of cooling of the outside l a y e r s  
of the arc  d i scha rge  was de te rmined  f rom the ex-  
pe r imen ta l  conditions.  There  were  th ree  kinds of 

experin]ents: "free n arc, arc in a water-cooled 

copper cylinder, and arc in a quartz tube. The inside 

diameter of the copper and quartz tubes was 20 ram. 

To obtain the s ta r t ing  data, we de te rmined  the 
axial  t e m p e r a t u r e  of the f ree  arc and obtained in-  
format ion on i ts  s tabi l i ty  with r e spec t  to t ime.  As 
may be seen f rom the f igure,  with a ce r ta in  inevitable 
sca t t e r  the axial  t empe ra tu r e  remains  constant dur-  
ing the ent i re  t e s t  per iod.  

The o r d e r  of c a r r y i n g  out the tube exper iments  was 
as follows: f i r s t  we s t ruck  a f ree  arc  at a cur ren t  of 
10 amp and de te rmined  the axial t empera ture ;  then 
we rapid ly  introduced the tube into the arc  zone f rom 
above and began to m e a s u r e  the var ia t ion  of the 
t e m p e r a t u r e  with t ime.  

The r e su l t s  a re  p resen ted  in the figure.  The gen- 
e ra /  tendency is for  the axial  t e m p e r a t u r e  of an arc  
s tabi l ized  with a copper  wa te r -coo led  tube to be 
somewhat h igher  than that of the f ree  arc.  Introducing 
a quartz tube (which was heated to about 1600 ~ K) 
reduces  the axial  t e m p e r a t u r e  of the arc.  The d i r ec -  
t ion of the effect on axial  t empe ra tu r e  of cold and hot 
walls  may be explained as follows: when the arc  is 
spec ia l ly  cooled the radius  of the conducting column 
d e c r e a s e s  and (at the same current)  the axial  t e m p e r -  
a ture  must  i nc rease .  Our t empe ra tu r e  d is t r ibut ion  
exper iments  conf i rmed this.  F o r  the exper iments  
with quartz  tubes the t e m p e r a t u r e  d is t r ibut ions  ob- 
tained give a much fu l le r  prof i le  than for  a f ree  

arc .  
We note also that the s c a t t e r  of the data for  an 

arc  s tab i l i zed  with a cold tube is much l e s s  than for  
a quartz tube. This is because  of the v is ib ly  g r ea t e r  
s tab i l i ty  of the arc  in the wa te r -coo led  tube. 

As the f igure shows, the effect of a heated quartz  
tube is quite marked ,  requ i r ing  fur ther  study. Making 
the cor responding  calculat ions  for  the invest igated 
arc  proved to be s t i l l  imposs ib le  owing to lack of data 

on i ts  rad ia t ion  power.  

Var ia t ion  of axial  t e m p e r a t u r e  in: a) f ree  arc;  b) arc  in quartz  
tube and; c) a rc  in w a t e r - c o o l e d  copper  tube. The dif ferent  
points co r respond  to d i f ferent  s e r i e s  of exper iments  (T in see).  
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