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S T U D Y  AND G E N E R A L I Z A T I O N  OF V O L T - - A M P E R E  

AND T H E R M A L  C H A R A C T E R I S T I C S  O F  A 

T W O - J E T  P L A S M O T R O N  

S.  P .  P o l y a k o v  and  M. G .  R o z e n b e r g  UDC 533.9 

The construction of a two-jet plasmotron is worked out. Its thermal  and electrical  charac ter is -  
tics are  studied. The vo l t - - ampere  characterist ics and thermal  efficiency are  generalized. 

Two-jet plasmotrons find application in plasma chemistry, in plasmathermy, and in processes of treat- 
ment of disperse materials [I-3]. A peculiarity of two-jet plasmotrons is the presence of an open semicom- 
pressed electric arc and two combining plasma streams directed at an angle to one another. The absence of 
engineering equations for the calculation of two-jet piasmotrons hinders their most rapid introduction into in- 
dustry. 

In the present report we begin comprehensive studies of the design of two-jet plasmotrons and the plasma 
streams produced by them for the development of industrial constructions. 

The two-jet piasmotron studied is analogous in construction to that described in [4, 5]. The arc ignition 
system and the design of the electrode units are original. A diagram of the design of the two-jet plasmotron 
and the electric arc ignition system are presented in Fig. 1. 

The length of the arc is limited by the construction of the anode unit of the two-jet plasmotron which 
permits only slight axial movement of the anode spot. The construction of the anode unit resembles the con- 
struction of the inner electrode of a one-chamber plasmotron; the anode itself is copper and water cooled. 
The cathode is of the end type, copper-- zirconium, and water-cooled. To fasten the electrode units of the 
• plasmotron we developed a device making it possible to vary the distance L between the electrode units 
of the two-jet plasmotron and their angles of inclination to the line of centers within wide limits durir~ opera- 
lion. In the course of operation the distance L between electrode units was varied in the range of (2-7) -10 -2 
m and the angles of inclination ~I and ~2 from 15 to 60 ~ 

Ignition of the electric are is accomplished with an oscillator; the ballast resistance R (Fig. 1) was used 
~o limit the current strength at the moment of ignition of the arc. 

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 32, No. 6, pp. 1043-1052, June, 1977. Original 
art icle submitted May 21, 1976. 

This material is protected by copyrLght registered in the name o f  Plenum Publishing Corporation, 22 7 West 17th Street, New York, N.Y. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A cop)' o f  this article is available from the publisher for $ 7.50. 

675 



I ~220o.___o ~ ".JSO 

�9 z I RI, ,~ 

Fig. 1. Diagram of design of two-let  plasmotron 
and electr ic  a rc  ignition sys tem (PS: power supply; 
Os : osci l la tor ;  B: ignition button; 1~ : ballast  r e s i s -  
tance); 1) cathode unit; 2) anode unit; 3) open elec-  
t r ic  a rc ;  4) plasma s t r e a m s .  

The two-jet  p lasmotron was supplied from a d i r ec t - cu r r en t  source  with a no-load voltage of 600 V. The 
cur ren t  s t rength varied f rom 80 to 250 A. The power required in the experiments did not exceed 90 kW. 

Measurements  were  made of the vol t - -  ampere  charac te r i s t i cs  (VAC), the heat fluxes to the electrode 
units, and the potential distr ibution over the cross  sect ion and along the axis of the a r c .  

I 

l~ecorders of type E P P - 0 9  and N-700 loop oscil lographs were  used to measu re  the VAC of the two-jet  
plasmotron.  Estimates showed that the e r r o r  in measur ing the current  s t rength and burning voltage of the 
a rc  of the two-let  p lasmotron did not exceed ~:5%. 

The tempera tu re  of the cooling water was measured with pre l iminar i ly  calibrated s ix- junct ion Chromel  
-- Copel thermopi les  connected in a differential  c i rcui t .  The tempera tures  of the cooling water  were recorded 
by an N-700 type loop osci l lograph.  The flow ra te  of the cooling water was monitored with f lowmeters and a 
measur ing vessel .  The e r r o r  in the determinat ion of the heat fluxes to the electrode units did not exceed ~10%. 

A probe method analogous to that described in [6] was used to measu re  the potential of the a rc  re lat ive 
to  the e lect rodes .  The difference consists in the fact that two tungsten filaments 0.3 mm in d iameter  in ter -  
sected the arc  simultaneously for an increase  in the accuracy  of the r e su l t s .  The potential of the intersected 
sect ion relat ive to the electrodes was recorded by a CI-18 oscil lograph.  A device was developed which made 
it possible to impart  a velocity v = 0.6-1.0 m / s e c  to the probes .  The e r r o r  i n t h e  determinat ion of the poten- 
t ial  of the arc  re lat ive to the cathode, due to the e r r o r  of the recording instrument,  the e r r o r  of the sys tem 
for inserting the probes,  and effects near the probes,  did not exceed ~-10%. By intersecting the a rc  in different 
c ross  sections one can obtain a picture of the distr ibution of the a rc  potential along the radius and along the 
axis.  Knowing the distance between the sections being studied and their  distance f rom the electrode units, one 
can determine the radial  and axial e lectr ic  field s trengtbs of the a rc  of the two-let  plasmotron.  

G e n e r a l i z a t i o n  of  V o l t - - A m p e r e  C h a r a c t e r i s t i c s  

The general izat ion of the VAC is an important task,  s ince it allows one to per form an engineering calcu-  
lation of two-jet  p lasmotrons .  Two principal courses  for the general izat ion of VAC have been charted at p r e s -  
ent: in dimensionless  c r i te r ia  [7-9] and in dimensional  complexes [2, 9, 11-15]. 

The advantage of the general izat ion of VAC in dimensionless c r i t e r i a  consists  in the fact that this method 
allows one to calculate the VAC of plasmotrons with different p lasma-forming  gases ,  s ince the values of ~r 0 and 
h 0 enter into the c r i t e r i a .  However, this a lso involves a ma jo r  complication, s ince it is impossible to exactly 
select  the scaling value of the e lec t r ica l  conductivity for the boundary conditions. In [7] a means is suggested 
for selecting the controlling values of ~0 andh0 through a power-law approximation of the dependence ~r 0 = f(h0) 
at a tmospher ic  p re s su re .  Interpretat ion of VAC by the c r i t e r ia l  functions presented gives a low accuracy  (up 
to  100%). 
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The genera l i za t ion  of the VAC by the method of d imens ional  complexes  is ve ry  effect ive for p lasmot rons  
using a p l a s m a - f o r m i n g  gas of the s a m e  chemica l  composi t ion  [10]. In [2, 9, 11-15] functions a r e  presented  
for the VAC of p lasmot rons  of axial  des ign  connected with d i rec t  and r e v e r s e  polar i t ies  and with a i r  used as  
the  p l a s m a - f o r m i n g  gas .  The  accu racy  of the genera l iz ing  express ions  is quite high (~15%). An advantage of 
th is  method is the s impl ic i ty  and convenience of use  for p rac t i ca l  calculat ions,  while a drawback is that one 
mus t  change the coefficients  and exponents i n t h e  genera l iz ing  equations in the t r ans i t ion  f rom one p l a s m a -  
forming gas  to  ano ther .  

The  a im  of the p resen t  r e p o r t  was t o  obtain r e l a t ive ly  p rec i se  genera l iz ing  functions for  the V A C ,  allow- 
ing one to  p e r f o r m  an engineer ing calcula t ion o f  two- le t  p lasmot rons  with an a i r  a r c .  T h e r e f o r e ,  the method 
of genera l i za t ion  of the VAC in d imens iona l  complexes  was taken  as the b a s i s .  

In [11-13] it is shown that  for  an a i r  a r c  the VAC equation has the fo rm 

I I z \m 

where  A, m,  n, and p a r e  the coefficient  and exponents,  r e spec t ive ly ,  which depend on the const ruct ion cha r -  
ac te r i s t ios  of the p l a smot rons ,  the connection polar i ty ,  the type of cu r ren t ,  and the chemica l  eomposi t ion  of 
the  p l a s m a - f o r m i n g  gas .  

In the s tudies comluetod the complexes  w e r e  var ied  in the following ranges  : for the cathode unit I2/ 
Gldn.e.  = (6.8-410) ~ ~ " s ee / kg  "m, Gddn .c .  = (3.7-23) ~ .2 kg / s ec  ~ ~ n . c .  = (4-8) .102 N/m;  for the 
anode unit I2/G~ln.a.= (4.1-280) "108 A 2 . s e c / k g  "m, G d d n . a . ;  (3.5-24) .10  -2 kg / s ec  .m,  ~ n . a . - -  (5-10) ~ 
N / m .  

It did not s e e m  poss ib le  to  gene ra l i ze  the VAC of a two- je t  p l a smot ron  f rom Eq.  fl) a lone.  This  is ex-  
plained by the fact that  the expres s ion  presented  above does not allow for the possibi l i ty  of varying the d is tance  
L between the e lec t rode  units and the angles of inclination ~1 and c~ 2 of the e lec t rode  units to  the line of cen te r s ,  
as well  as the fact that  the flow ra t e s  of the p l a s m a - f o r m i n g  a i r  through each e lec t rode  unit a r e  prac t ica l ly  in- 
dependent .  T h e r e f o r e ,  the following method is p roposed  for  the genera l iza t ion  of the VAC of a two- je t  p l a smo -  
~ron.  

1~ The  e lec t r i c  a r c  of the two- je t  p l a smot ron  is a r b i t r a r i l y  divided into t h r ee  sec t ions  : a) the voltage 
drop  Ui within the cathode unit:  the in t racathode sec t ion;  b) the vol tage drop  U 2 within the anode unit: the 
in t ra -anode  sec t ion;  c) the voltage drop  U 3 over  the open par t  of the e lec t r ic  a r c .  

2. The  vol tage drops  in each sec t ion  of the e lec t r ic  a rc  we re  genera l ized  in the fo rm of d imens iona l  
complexes .  

3. The  vol tage drop  over  the ent i re  length of the e lec t r ic  a r c  -- the voltage drop  U0 of the two- je t  
p l a s m c t r o n  - -  was de te rmined  as the sum of the voltage d rops  over  the t h r ee  sect ions : 

u0 = u,  + u~ + u3. (2) 

Let us examine  the vol tage d rop  in each sec t ion  of a two- je t  p l a smot ron  s epa ra t e ly .  

I n t r a c a t h o d e  S e c t i o n  

In cons t ruc t ion  the cathode unit consis ts  of a one -chamber  p la smot ron  of axial  des ign  with g a s - v o r t e x  
s tab i l iza t ion  of the e lec t r ic  a r c .  The  p r o c e s s e s  taking place in the intracathode sec t ion  dif fer  somewhat  f rom 
the analogous p r o c e s s e s  in one -chamber  p lasmot rons  of the usual  const ruct ion s ince  an anode spot is absent .  
This  explains the need for  var ia t ion  of the numer i ca l  coeff icients  and exponents in the equations for the VAC (1). 

T h e r e  a r e  a number  of equations in d imens iona l  complexes  descr ib ing  the VAC of p lasmotrons  with end- 
type  cathodes for connection in d i rec t  polar i ty  and operat ion on a i r .  The c loses t  to the studies being conducted 
in t e r m s  of the conditions of use  a r e  the equations presented  in [9] 

U = 1290 \ - - ~ ]  (pd) ~ (3) 

and 1-12] 

( )05 ( , 
Ed = 4.21.10 -~ - (pd) ~ 355-~ + 5.13.10-s . (4) 
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Fig.  2. Exper imenta l  values of voltage drop CUe, V) and gene ra l -  
ized VAC (Uc, V) for :  a) int racathode section~ b) in t ra -anode  s e c -  
tion; c) sec t ion  of open e lec t r ic  a r c ;  1) L = 3 . 1 0  -2 m;  2) 4 "10-2; 
37 5 "10 -2. 

The  r e su l t s  of the t r e a t m e n t  of the exper imenta l  data  by Eqs.  (3) and (4) allow one to  note that  Eq. (3) 
ag rees  somewhat  be t t e r  with the conditions of the exper iments  being conducted. As indicated above,  however ,  
the  numer i ca l  coefficient  and the exponents va ry .  

The  following equation, found for  the VAC of the in t racathode sec t ion  of the two- je t  p lasmot ron ,  ag r ee s  
well  with the exper imenta l  r e su l t s  : 

( / <5> U, = 490 \Gldn.c..I \ dn.c.] 

It is seen  f rom Eq. (5) that  the vol tage drop  in the in t racathode sec t ion  of the two- je t  p l a smot ron  depends 
less on the a i r  flow r a t e  and m o r e  on the cu r ren t  s t r eng th  than  in  p lasmot rons  of the usual  s y s t e m  (3). Values 
of Ut de te rmined  exper imenta l ly  and calculated f rom Eq. (5) a r e  p re sen ted  in Fig.  2a. 

I n t r a - A n o d e  S e c t i o n  

The  anode unit of the two- je t  p l a smot ron  is const ructed s i m i l a r l y  to a one -chamber  p la smot ron  connected 
with r e v e r s e  polar i ty  (the inner e lec t rode  is the anode).  As the initial  equations for the voltage drop  of the 
in t ra-anode sec t ion  one can take  the equations presented  in [10] 

12 /--0.17 

and pi]  

k G d )  

The comment  that  the values of the coefficient and the exponents vary  per ta ins  fully to the in t ra -anode  
sect ion,  s ince  the anode unit does not have a second point of contact  with the e lec t r ic  a r c  - -  a cathode spot .  
An analys is  of the exper imenta l  data  on the in t ra -anode  voltage d rop  showed that  the values  of U~ a r e  desc r ibed  
well  by the following equation: 

 2=7 5 / do.aj (Pdn'aY 5 

The  exper imenta l  values of the in t ra -anode  voltage d rop  and the values calculated f rom Eq. (8) a r e  p r e -  
sented in Fig.  2b. 

S e c t i o n  of  O p e n  E l e c t r i c  A r c  ( F i g .  1) 

The voltage drop over  the sec t ion  of open e lec t r ic  a r c  can be de te rmined  f rom the express ion  

U 3 = U, + U 5 = t" E4dl + .t" Esdl" (9) 
o 

The  analyt ical  de te rmina t ion  of the dependence of the voltage of an open a rc  on its length presen ts  g rea t  
difficulty and complexi ty  in applicat ion to p rac t i ca l  ca lcula t ions .  T h e r e f o r e ,  the voltage drop  over  the open 
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sect ion of the e lectr ic  a rc  was determined f rom the equation 

U3 = U4 -I- Us = Eav.d4 + Eav.515. (10) 

Let us examine the factors  affecting the electr ic  field s t rength  of any sect ion of an open electr ic  a re .  
For  a f reely  burning arc  the e lectr ic  field s t rength is pract ical ly  constant along the length and does not de-  
pend on the current  s t rength  [10]. For  longitudinally ventilated ares  in channels the field s t rength does not 
depend on the length of the a re  and dec reases  with an increase  in the current  s t rength.  This agrees  well with 
the resu l t s  of the experiments which were conducted. For  ventilated ares  the electr ic field s t rength depends 
weakly on the gas flow ra te ,  increasing slightly with its increase  [10]o The measurements  conducted showed 
that the c u r r e n t - c a r r y i n g  diameter  of the a rc  increases  with an increase  in the distance from the nozzle cut 
to the cross  sect ion under consideration,  i . e . ,  the degree  of compress ionof  the a rc  dec reases .  According 
to  the data of the authors of [16], a f ree  a rc  has a convex upward shape.  Since the a rc  did not bend upward in 
any of the experiments ,  one can conclude that it was compressed  in all the sections,  although the degree  of its 
compress ion  decreased  with increasing distance f rom the nozzle cut.  Henceforth we will call such an are 
s emieompres sed .  F rom all that was said above one can conclude that the electr ic  field s t rength of the open 
semieompressed  a re  increases  with an increase  i n the  air  flow rate  and with a decrease  in the current  s t rength 
and c u r r e n t - c a r r y i n g  d iameter  of the a r c .  

In deriving the average  value of the s t rength we made the following assumptions : 1) the model of the 
e lectr ic  a rc  is a channel model; 2) LTE exists in the electr ic  a rc ;  3 ) the  aper ture  angie 2/3 of the electr ic  
a re  does not change with increasing distance f rom the nozzle cut; 4) the cu r r en t - ca r ry ing  diameter  of the are  
at the exit f rom the nozzle channel equals the nozzle diameter .  

The e lectr ic  field s t rength  of the a rc  for the c r o s s  sect ion F was approximated by the power-law rune- 
l ion 

a tn 
Er = A - -  (11) 

Ind~ 

The average  e lectr ic  field s t rength of the a rc  over the sect ion f rom an electrode unit to the point of en- 
counter of the plasma s t r eams  was determined from the equation 

Eav -- 2 1 - - - ~  

Here the average  electr ic  field s t rength of the open arc  over the section from the cathode unit to the 
point of encounter of the s t r eams  equals 

E a r 4 - -  AG~n - ~ -  . (13) 
�9 2 1  n , 

It iS seen f rom Fig. 1 that the cu r r en t - ca r ry ing  diameter  of the electr ic  arc  at the point of encounter of 
the plasma s t r eams  can be determined f rom the equation 

d e = dn.c~ 214 tg I~. (14) 

Photometry  of motion pictures of the electr ic  arc  showed that the angle 2~ var ies  slightly as a function 
of the cur rent  s t rength and air  flow ra te  and lies in the range of T3 = 8-10 ~ Accordingly,  the angle/3 is equal 
to B = 4-5 ~ For  such values of the angle tan/9 - /3 .  Using the sine theorem one can find the value of l 4. Then 
Eq. (14) becomes 

d e = dn.c.,+ 2~L sin % (15) 
sin ,g 

and Eq. (13) takes the form 

Ear.,= AG"~ [ E l  , l ] (16) 
2 1 ~  [ d~.c. T (dfi.c+ 213L sin%stay )o " 

And for the sect ion f rom the anode unit to the point of encounter of the s t r eams  

Ears -- G2 1 1 21" -f " (i 7) 
(dn.cq- 2~L sin c~,/p 

sin V / 
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Fig. 3. Comparison of exper imenta l  values of voltage of e lec t r ic  
arc  of two-je t  p lasmotron (Ue, V) and general ized VAC (Uc, V) 
(A) and of t he rma l  efficiency (r} e, %) and values calculated f rom Eq. 
(23) (~c, %) (13): 1) L = 3" 10 -2 m; 2) 4" 10-2; 3) 5.10-2;  a) ~ =25*; 
b) 40~ c) 55 ~ . 

A numer ica l  analysis of the exper imenta l  resu l t s  on the measurement  of the potentials and e lec t r ic  field 
s t rength  of the a r c  showed that A = 2460, m = 0.1, n =0.15,  and p = 0.25. 

Then the voltage drops in the cathode and anode sect ions of the open e lec t r i c  a rc  of the two- je t  p lasmo-  
t r on  will equal 

U+=12::~O G~176 [ 1 1 ] (18) 

l~ ~n.c.d~ 2~L sin a,,sm~y ,) o.,_,~ , 

O~176 Lsina~ l lan.c. 2~i.1 ] - .o.25 i ( 1 9 )  U 5 --1230 /o.15sinT [ "[dn'c" sin. a, ~o.25 ' 
] �9 slrl y 

while the overal l  voltage drop for the ent i re  sect ion of open e lec t r ic  a rc  is 

U3 .... 1230 L G~176 sin ~- A0."; 
I ~  ? -n.c. [ sin ~ ~0.2~ 

) smy 

i 1  , ]} ~- G~'l~ sirl al d---o.=,---5 ---~- . . . . . .  sin~ 1 0.2~ �9 (20) 
-n.c. (.an.c.~ 2[~L sinv ) 

In the case  when the angles of inclination of the e lec t rode  units a re  equal (at = a2 = e )  Eq. (20) is s i m -  
plified : 

t ] u~ == 615 : '+r d?,.,:'-? + 

o 0[ i , ]} ~- + . (21) 
(dn.c__ 13L see ~.)o.25 

The exper imental  values of the voltage drop over the sect ion of the open e lec t r ic  a rc  and those d e t e r -  
mined from Eqs.  (20) and (21) a re  presented in Fig. 2c. 

The total voltage drop over the e lec t r ic  arc  of the two-jet  p lasmotron is determined f rom Eq. (2), where 
U~ is from Eq. (5), U z f rom Eq. (8), and U 3 f rom Eq. (20) or (21). Numerous tes t s  showed that the exper imen-  
ta l  values of the VAC of the two-jet  p lasmotron and those calculated f rom Eq. (2) ag ree  with a h accuracy  of 
~:20%~ The cxper imental  values of the VAC of the two-jet  p lasmat ron  and those  calculated f rom Eq. (2) a re  
presented in Fig. 3A. 

G e n e r a l i z a t i o n  of T h e r m a l  E f f i c i e n c y  

The analytical determination of the thermal efficiency presents a very complicated, almost unsolvable 
problem because of the impossibility of an exact allowance for all the processes taking place in the plasmatron 
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and the factors  affecting them.  The efficiency of plasmotrons having an a i r  a rc  is general ized by the same 
dimensional  complexes as the VAC with the addition of the pa rame t r i c  c r i t e r ion  I /d .  The dependence of the 
t h e r m a l  eff iciency on these  complexes is presented in [10] and has the form 

( ; ' F  
n 

(22) 

: However~ for the same:reasons:  as for  the VAC, it was not possible to genera l ize  the the rma l  efficiency 
of a two-je t  p lasmot ron  i n t h e  f o r m  of Eq, (22). : To der ive  the equation for  the genera l ized  the rma l  efficiency 
of a:,two-jet: p lasmat ron  we use the following a rgumen t .  In a two-je t  p lasmotron the useful power is the power 
re leased  in the open a rc  and the power going into heating the a i r  in the e lec t rode  units .  The genera l  equation 
for the t h e r m a l  efficiency of a two-je t  p lasmotron  will have the fo rm 

U1% + U.,~z + U3 
110 = U0 (23) 

Knowing the voltage drops over  all  the sect ions of the e lec t r ic  a rc  of the two-je t  p lasmotron and the 
t h e r m a l  eff icieneies of each e lec t rode  unit, one can de te rmine  the t he rma l  efficiency of a two-jet  p lasmotron.  

An analysis  of the resu l t s  of the ca lo r ime t ry  of the water  cooling the e lec t rode  units showed that the 
t h e r m a l  efficiency of the cathode unit is descr ibed  by the express ion  

/ / 
1--~1 =6 .3"10 -7 |  - / | - - |  (Pdn.c) T M  �9 (24) 

rtl \ afln.c.~] k dn.c.} \an.col 

The  g r e a t e r  dependence of the t he rma l  efficiency ~1 of the cathode unit on the cur ren t  s t rength  than in 
[11] is explained by the absence of an anode spot in the e lec t rode  unit.  

The t he r ma l  efficiency '12 of the anode unit is descr ibed  by the following express ion:  

l - - n z  10 ' / -  ,z ~o.~r( G~ )-o.27(pdn.a) ~ la :-- ln.a./O.aO 2.16. (25) \ d--7 " 
n 2  ' �9 �9 

In the studies conducted the pa rame t r i c  c r i t e r ion  ln.c./dn.c,  varied in the range of(0.75-3.75),  ln.a./dn.a. 
in the range of (0.8-4.0), and / a / d  a in the range  of (2.0-6.0). 

By substituting the values of the t he rma l  efficiencies of the e lec t rode  units determined from Eqs.  (24) 
and (25)into Eq. (23) [the values of U 3, UI, U2, and U 0 a re  determined f rom Eqs.  (20), (5), (8), and (2), r e -  
spect ively] ,  one can de te rmine  the t he rma l  efficiency of a two-je t  p lasmotron with an accuracy  of ~10%. 

The  exper imenta l  values of the t he rma l  efficiency and the values determined f rom Eq. (23) a re  p re -  
sented in Fig.  3B. 

NOTATION 

L, line of cen te rs ,  dis tance between nozzle cuts of e lec t rode  units, m; a ,  angle between axis of an 
e lec t rode  unit and line of cen te rs ;  2/, sum of angles of inclination of e lect rode units (~/ = a I + ~2); 2/3, ape r -  
t u r e  angle of s emicompres sed  e lec t r ic  a rc ;  I, cur ren t  s t rength  of a rc ,  A; U, voltage drop,  V; G, flow ra te  
of p lasma- forming  gas,  kg /sec ;  d, d i ame te r  of channel, m; l ,  length of channel, m; E, e lec t r ic  field 
s t rength  of a rc ,  V/m;  a0, h0, controll ing values of specif ic  e lec t r ica l  conductivity and specif ic  enthalpy; ~, 
t h e r m a l  eff iciency.  Indices:  0, two- je t  plasmotron;  1, cathode unit; 2, anode unit; 3, en t i re  sect ion of open 
e lec t r ic  a rc ;  4, sect ion of open e lec t r ic  arc  f rom cathode unit to point of encounter of plasma s t r e ams ;  5, 
sec t ion  of open e lec t r ic  arc  f rom anode unit to point of encounter  of plasma s t r e am s ;  av, average  value; n .c . ,  
nozzle  of cathode unit; a, anode; n.a., nozzle of anode unit; e, point of encounter of plasma s t r e a m s .  

1 .  

2. 

3. 

4. 

L I T E I t A T U t t  E C I T E D  

A. M. Obukh, E lek t ro te rmiya ,  Par ts  112 and 113, 34 (1971). 
E. V. Gorozhankin, I. A. Druzhbina,  N. A. Zyrichev,  A. Ya. Lytkin, and S. V. Pechkin, Izv. Sibirsk.  
Otd. Akad. Nauk SSSR, Ser .  Tekh.  Nauk, No. 8, Part  2 (1972). 
A. War ren  and N~ S. Diaconis,  in: Hypersonic Flow Resea rch  (edited by F.  R. Riddell), Academic 
P r e s s  (1962). 
R~ I. Konavko, V. S. Engel 'sht ,  D. Buranchiev,  Zh. Zheenbaev, G. A. Kobtsev, V. P. Pashchenko, 
A~ N. Saichenko, and K. Urmanbetov,  in: Sixth All-Union Conference on Low-Tempera tu re  Plasma 
Genera tors  [in Russian],  Ilim, Frunze  (1974), p. 155. 

681 



5. 

6 .  

7 .  

8. 
9. 

1 0 .  

11. 

12. 

13. 
14. 
15. 

16. 

Zh. Zheenbaev,  G. A. Kobtsev, R.  I. Konavko, and V. S. l~ngel 'sht,  Izv.  S ib i rsk .  Otd. Akad.  Nauk 
SSSR, Ser .  Tekh.  Nauk, No. 3, Par t  1 (1973). 
D. I .  Vainboim, V. M. Gol 'dfarb ,  and A. D. Yurk,  in: L o w - T e m p e r a t u r e  P l a sma  Genera to rs  [in Rus -  
s ian] ,  ff:nergiya, Moscow (1969), p. 558. 
A. S. Koroteev and O. I. Yas 'ko ,  I n z h . - F i z .  Zh., 10, No. 1 (1966). 
A. I.  Zhidovich and O. I.  Yas 'ko ,  I n z h . - F i z .  Zh., 16, No. 3 (1969). 
A. G. Shashkov, L. Kreichi ,  V. I .  Krylovich,  V . L .  Sergeev ,  F, B . :Yurev ich ,  and  O. I .  Yas 'ko ,  
Heat Exchange in  an E l e c t r i c - A r c  G a s : H e a t e r : ~ n R u s s i a n ] ,  Energiya ,  Moscow (1974). 
M. F.  Zhukov, A. S. Koroteev,  and B.  A. Uryukov,  Applied Dynamics  of a T h e r m a l  P l a sma  [in Rus -  
s ian] ,  Nauka, Novos ib i rsk  (1975). 
M. F.  Zhukov and Yu. I. Sukhinin, Izv.  S ib i rsk .  Otd. Akad. Nauk SSSR, Ser .  Tekh .  Nauk, No. 3, Par t  
1 (1969). 
A. S. An 'shakov,  M. F. Zhukov, M. I .  Sazonov, and A. N. T imoshevsk i i ,  Izv.  S ib i r sk .  Otd. Akad. 
Nauk SSSR, Se t .  Tekh.  Nauk, No. 8, Par t  2 (1970). 
G. Yu. Dautov and M. F.  Zhukov; Zh. Pr ik l .  Mekh. Tekh .  Fiz . ,  No. 6 (1965). 
S . S .  Kutateladze and O. I .  Yas 'ko ,  I n z h . - F i z .  Zh., 7, No. 4 (1964). 
A. G. Shashkov, V. L. Sergeev,  G. M. Bezladnov, and V. P. T e r e n t ' e v ,  I n z h . - F i z .  Zh., 25, No. 3 
(1973). 
W. Finkel*nburg and H. Mekker ,  E lec t r i c  A r c s  and T h e r m a l  P l a s m a  [Russian t ranslat ion] ,  Inos t r ,  Lit . ,  
Moscow (1961). 

S O M E  P R O B L E M S  O F  C O N V E C T I V E  D I F F U S I O N  T O  

A S P H E R I C A L  P A R T I C L E  W I T H  P e  -< 1 0 0 0  

B .  M .  A b r a m z o n  a n d  G .  A .  F i s h b e i n  UDC 532.72 

The problem of convective heat and mass  exchange during the slow motion of a s ingle  d rop  in a 
uni form and a shea r  s t r e a m ,  as well  as during the motion of a gas bubble in a power- law liquid, 
is solved using f in i te -d i f ference  methods .  

, oc) 
r ~"' Or r2 

with the following boundary conditions : 

The  de te rmina t ion  of the intensity of ex te rna l  heat and mass  exchange of a sphe r i ca l  par t ic le  under the 
conditions of a x i s y m m e t r i c  s t r e a m l i n e  flow is connected with the solut ion of the equation of convect ive diffu-  
s ion 

1 0 s i n O  OCt_ Pe Vr' " ~ 0 
r2sin 0 0(9 06).! -2- Or r - ~  (i) 

Crr=i = 1; c l r_ .  = o. (2) 

In Eq. (1) the components Vr and V| of the liquid velocity a r e  expressed  through the s t r e a m  function by 
the  equations 

1 0~I ' 1 0 ~  
V~ - - ;  Vo 

r 2sinO dO rsinO Or 

In the presen t  r epo r t  Eq. (1) is analyzed for s e v e r a l  model flows pertaining to eases  of slow s t r e a m l i n e  
flow over  a par t ic le .  Since the Schmidt numbers  for r ea l  liquids have the order  of 103, the  values of the Peclet  
number  lie in the range  of 1 --- Pe <- 1000 even for s m a l l  Reynolds numbers  (Re ~ 1). 

All-Union Sc ien t i f i c -Resea rch  Insti tute of Pe t rochemica l  P r o c e s s e s ,  Leningrad.  Trans la ted  f rom In- 
zhenerno-Fiz ichesk i i  Zhurnal ,  Vol~ 32, No. 6, pp. 1053-1058, June, 1977. Original a r t i c l e  submit ted May 
20, 1976. 
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