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Relations are  establ ished for the arc  length as a function of the e lec t r ic  field intensity in 
an a rc  column and for the heat loss  in the base spot as a function of the e lec t r ic  cu r r en t  
and of the gas flow ra te .  

Those port ions of the e lec t rodes  in an e l e c t r i c - a r c  gas hea ter  which a re  located behind the a rc  r e -  
main  use less  in t e r m s  of energy convers ion.  In o rde r  to determine the optimum length of hea ter  e lec t rodes  
with a se l f - sus ta ined  a rc  length, it is n e c e s s a r y  to know how the a rc  location and length depend on the 
hea ter  p a r a m e t e r s .  The optimum thermal  operat ing mode with a hot gas jet of given cha rac t e r i s t i c s  de-  
pends on the rat io of the energy  which is t ransmi t ted  to an e lect rode by convection andradia t ion to the en-  
e rgy  which is dissipated in the base spot. 

In this study the authors  have t r ied  to establish these heater  pe r fo rmance  cha rac t e r i s t i c s .  For  the 
study we used the l inear  vor tex-f low e l e c t r i c - a r c  heater  some cha rac t e r i s t i c s  of which had been de termined 
ea r l i e r  [1]. This hea ter  had also been used, specif ical ly,  in a study concerning the heat  t r ans fe r  at the 
stagnation point on a blunt body [1, 2]. The pe r fo rmance  analysis  of an a rc  column in var ious  models  of 
e l e c t r i c - a r c  gas hea te rs  [3] does not make it easy to apply the resu l t s  to rea l i s t ic  designs.  The e lec t rodes  
of our heater  were  built in the form of thick-walled copper  tubes consis t ing of 20 mm long segments .  The 
innermos t  cathode and anode segments  at the in tere lect rode gap were  30 mm long. The cathode channel 
made of three segments  was 80 m m  deep. The anode consis ted of ten segments  with a total length of 230 
m m ,  including Paran i te  space r s  2 mm wide each. The inside d iameter  of the e lec t rode channels was 20 
ram. Each segment  was separa te ly  water  cooled. 

The hea te r  was opera ted  on power levels  of 40-280 kW and gas flow ra tes  of 1.7-9.5 g / s e c ,  with the 
in tere lec t rode  gaps 2-4 mm wide. These and other  cha rac t e r i s t i c s  of the segmental  hea ter  matched the 
operat ing conditions of the e l e c t r i c - a r c  gas heater  with solid e lec t rodes  [1 ]. 

Each segment  was connected to the voltage supply through a shunt. Signals picked off these shunts 
were  r eco rded  on a loop osci l lograph.  After  p re l iminary  m e a s u r e m e n t s ,  segments  beyond the base spot 
of the a rc  were  disconnected f rom their  shunts and used for measur ing  the voltage profi le along the a rc  
column. 

For  the same purpose ,  in many tes ts  we placed 1 m m  thick copper  washe r s  between the segments  
and the Paran i te  insulating space r s .  The potentials of isolated segments  re la t ive  to the cathode,  and r e -  
lative to the anode (as a check), were  measu red  with a model S-95 vol tmeter  of an e lec t ros ta t ic  sys tem.  
Fo r  compar i son ,  we also m e a s u r e d  these potentials with a model  M 106 vo l tmete r  of an e lec t romagnet ic  
sys tem accord ing  to the p rocedure  in [4, 5]. The resu l t s  of both measu remen t s  were  in c lose agreement .  
When r e f e r r e d  to the center  of a segment ,  accord ing  to es t imates ,  the values of these potentials  w e r e  

sufficiently close to their  values m e a s u r e d  at the copper  washers  between segments .  

In addition to the e lec t r ica l  quanti t ies,  we also measu red  the flow ra te  and the t empera tu re  r i s e  of 
the cooling water  in each segment .  The t empera tu re  was read  by tr iple differential  C h r o m e l - C o p e l  
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Fig.  1. P ro f i l e  of (1) e lec t r i c  c u r r e n t  i (A) and (2) heat  loss  
Q (kW/cm)  along the anode,  with G = 2 g / s e e  and N = 59 kW; 
z (ore). 

Fig.  2. Mean e lec t r i c  field intensi ty  E (V/cm)  in an a rc  
column,  as  a function of the e lec t r i c  c u r r e n t  I (A): 1) G = 2 -  
3 g / s e o ;  2) G = 6.5 g / s e e .  

thermocouples in eonjuction with a model M001.1A vibrator of a loop oscillograph. Also the total heat 
loss in the anode and the cathode was determined here and found equal, within 1-8%, to the sum of the 
losses in all individual segments. 

The measurements have yielded lengthwise profiles of the electric current and the thermal flux (Fig. 
1), both indicating sharp peaks. These peaks occur in close vicinity of one another. The results confirm 
the hypothesis that the peak along the thermal flux profile is a consequence of energy losses in the base 
spot of the arc. The results of arc length measurements, in millimeters, by the said two methods with a 
10-20% error can be generalized by the following relation: 

l,~arc) = --0.4351 + 24G -{- 230, (1) 

where  I denotes the e l ec t r i c  c u r r e n t  (A) and G denotes the gas flow r a t e  ( g / s ee ) .  

The a r c  length d e c r e a s e d  with inc reas ing  e lec t r i c  c u r r e n t  and with dec rea s ing  gas  flow ra te .  At 
550 A and 2 g / s e e  the a r c  moved  between the e l ec t rodes  and the l a t t e r  burned down. A r i s e  in the gas  
flow r a t e  to 6 g / s e e  shifted the s h o r t - c i r c u i t  cu r r en t  to 800-850 A. Our t e s t s  w e r e  p e r f o r m e d  ove r  the 

100-800 A range .  

Accord ing  to our  m e a s u r e m e n t s ,  the vol tage prof i le  a long the d i scharge  chambe r  depends l a rge ly  

on the opera t ing  conditions of  the hea t e r .  

At a r e l a t ive ly  low gas  flow r a t e  and a low e lec t r i c  cu r r en t ,  the e l ec t r i c  field intensi ty  r e m a i n e d  
un i form o v e r  a l a rge  p a r t  oK the a r c .  An exception w e r e  the a r c  a r e a s  in the vicini ty  of  the base  spot ,  
where  the e lec t r i c  field in tensi ty  was h igher .  As  both the input power  and the gas flow r a t e  we re  in-  
c r e a s e d ,  the l inear  range  of the lengthwise potential  prof i le  b e c a m e  s h o r t e r .  The field in tensi ty  prof i le  
along the a r c  beca m e  U-shaped ,  as  had been found e a r l i e r  in [6]. The m e a n - o v e r - t h e - l e n g t h  f ield in ten-  
s i ty is  shown in Fig .  2 as  a function of the e lec t r i c  cu r r en t  and the gas flow r a t e .  The s h a r p  r i s e  of the 
field in tensi ty  a t  c u r r e n t s  above 500 A could p robab ly  be explained by the r i s i ng  influence,  in shor t  a r c s ,  

of the n e a r - e l e c t r o d e  a r c  segmen t s  a c r o s s  the gas s t r e a m .  

F r o m  the t he rma l  flux prof i le  along the anode (see Fig.  1) one can de t e rmine  the amount  of hea t  
t r a n s m i t t e d  to the wall  a t  the base  spot  of an a r c  (Fig. 3). The heat  loss  in the base  spot  is de t e rmined  
by the e lec t r i c  cu r r en t  and does not depend on the gas  flow r a t e .  I t  was  as high as  20-30% of the total  heat  
los s  in the anode for  the given hea t e r  design.  The re la t ive  f rac t ion  of heat  los s  in the base  spot was  a l -  

m o s t  independent of  the cu r r en t  within the 200-800 A range .  

With the aid of the re la t ion  r e p r e s e n t e d  in Fig. 3, one can not o n l y e s t i m a t e  the effect ive  voltage drop a t  the 
anode (including the vol tage drop p roper )  but a l so  the work  function and the t h e r m a l  ene rgy  of e l ec t rons  
as  well  as  the vol tage drop a c r o s s  the a r c  segments  a c r o s s  the gas s t r e a m :  

AUaenffode= 0.01711 + 17,3. (2) 

The  range  of p a r a m e t e r  va lues  within which re la t ion  (2) appl ies  has  been given e a r l i e r .  
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Fig.  3. T r a n s f e r  of ene rgy  Q (kW) through the base  spot of an a r c  at the 
anode:  1) G = 1.7 g / s e c ;  2) G = 2.0 g / s e c ;  3) G = 3.0 g / s e c ;  4) G = 5 g / s e c ;  
5) G = 6 g / s e c ;  6) G = 7 g / s e c ;  7) G = 9.5 g / s e c ;  c u r r e n t  I (A). 

Fig.  4. C h a r a c t e r i s t i c s  for  e s t ima t ing  the op t imum anode length of a 
hea t e r :  sol id l ines  a r e  the cons tan t - length  l ines  1) l = 90 m m ;  2) l = 100 
ram;  3) l = 110 ram;  4) l = 120 m m ;  5) l = 130 m m ;  6) 1 = 140 m m ;  7) l 
= 150 m m ;  8) ! = 160 m m ;  dashed l ines  a r e  the cons t an t - r a t e  (gas flow) 
l ines  9) G = 9.5 g / s e c ;  10) G = 8 g / s e c ;  11) G = 7 g / s e c ;  12) G = 6 g / s e c ;  
13) G = 5 g / s e c ;  14) G = 4 g / s e c ;  15) G = 3 g / s e c ;  16) G = 2 g / s e c ;  anode 
d i a m e t e r  danode = 20 m m ,  N (kW). 

With the obtained data one can e s t ima te  the m i n i m u m  anode length suff ic ient  for  sp read ing  the a r e  
o v e r  a column length co r re spond ing  to a given hea t e r  power  and gas flow r a t e  (Fig. 4), i .e . ,  to the r equ i red  
enthalpy leve l .  F o r  ins tance ,  at  a 200 kW power  input and a gas flow r a t e  of 8 g / s e c  in the given hea t e r  
s y s t e m ,  the min im um  anode length should be approx ima te ly  150 m m  and the m e a n - o v e r - t h e - m a s s  enthalpy 
of the hot gas should be 14,500 k J / k g  (Fig. 4). 
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