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The in te rac t ion  of an e lec t r i c  arc  with l a m i n a r  hydrogen flow at a p r e s s u r e  of 100 arm is examined with 
account for the t r a n s v e r s e  flows. Results  of calculat ions  are p resen ted  for a cu r r en t  s t rength  of 30 A and 
tube radius  0.3 cm. It is shown that for  these  p a r a m e t e r s  radia t ion plays the defining role  in the heat 
t r a n s f e r  p rocess .  

The e lec t r i c  arc  in a gas s t r e a m  without account for radia t ion has been studied previous ly  in [1-4] and 
with account for radia t ion in [5]. However, in these s tudies  only the longitudinal  velocity component was 
taken into account in the energy  equation. 

i. Laminar  gas flow in a tube with energy addition is descr ibed  by equations of the boundary l ayer  type [6], which 
are  valid for high Reynolds n u m b e r s  and for a smal l  value of the rat io of the t r a n s v e r s e  and longi tudinal  veloci ty 
components.  Assuming in addition that the Mach number  is much less  than unity,  we wri te  [7] 
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Here cp is the d ivergence  of the radiant  energy flux densi ty ,  which was computed as indicated in [7,8]; E is  the 
e l ec t r i c  field in tensi ty ,  constant  along the radius;  a is  the e lec t r i ca l  conductivity,  and the other  notat ions are  
conventional.  
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Fig. 1 

The cu r r en t  s t rength  I is re la ted  with the e l ec t r i c  field intensi ty  and the e lec t r i ca l  conductivity by Ohm's  Law 

ro 
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The sys tem of equations (1.1), (1.2) was solved for the same ini t ia l  and boundary condit ions as used in [7]. 
Since the p r e s s u r e  changes only slighly,  the densi ty ,  e l ec t r i ca l  conductivity,  specific heat capacity,  v iscos i ty ,  and 
the rmal  conductivity,  and also the optical p roper t i es  were  considered known functions of the t e m p e r a t u r e  [7]. 

Under these assumptions the system of equations (i.I) with the boundary conditions permits the expansion 

x l = : z x ,  r l ~ r ,  U I : ~ U ,  V I : V ,  T I : T ,  ~ t : c z  , Ql~-ccQ.  

This makes it poss ib le  to convert  the resu l t ing  solut ion to any value of the flow ra te  Q for flow with s i m i l a r  
ini t ia l  velocity profi le  and for the same  p re s su re .  
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The p rob lem was solved by the f i n i t e -d i f f e r ence  method with the use  of i t e ra t ions  with r e spec t  to the 
nonl inear i ty  [7]. The actual t e m p e r a t u r e  dependences  of the optical  and t r anspo r t  p r o p e r t i e s  for  hydrogen at a 
p r e s s u r e  of 100 atm w e r e  taken f r o m  [8]. 
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Fig. 2 

In addition to the radiant  energy  flux ch to the wal l ,  the conductive heat flux densi ty q2, and the m a s s - a v e r a g e  
enthalpy H(t), calculated in [7], at each sect ion of the arc ,  we calculated the power input W p e r  unit a rc  length,  and 
the power II t r a n s f e r r e d  to the wall ,  

W= IE, I I=2nro(ql+q,) .  

In th i s  case ,  the energy  balance  equation is  wr i t t en  as 
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This r e l a t ion  (1.3) was used to check the accu racy  of the computation.  
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Fig. 3 

2. All the ca lcula t ions  w e r e  made for  an a r c  in a hydrogen s t r e a m  at a p r e s s u r e  of 100 arm. We a re  not aware  
of any s tudies  which p re sen t  the ve loc i ty  and t e m p e r a t u r e  p rof i l es  in a p l a sm a t ron  opera t ing  on hydrogen at this  
p r e s s u r e .  T h e r e f o r e  we took the init ial  longitudinal  veloci ty  component p rof i l e  to be parabo l ic  and the init ial  
t e m p e r a t u r e  p ro f i l e s  w e r e  var ied .  The t e m p e r a t u r e  p ro f i l e s  were  taken to be na r row nea r  the axis and flat  near  the 
wall.  The ca lcula t ions  showed that the effect  of the ini t ial  t e m p e r a t u r e  prof i le  on the flow p a r a m e t e r s  is small .  All the 
calcula ted quant i t ies  in the va r ious  ve r s ions  began to coincide at f rac t ions  of a d i a m e t e r  (Q : 1 g / sec ) .  

F igu res  1 -4  show the computat ional  r e su l t s  for  the cu r ren t  I = 30 A, tube radius  r 0 = 0.3 cm, and flow ra te  
Q = 1 g / s e e .  The soIid cu rves  in Fig. I show the t e m p e r a t u r e  p rof i l es  at the va r ious  sect ions.  We see  f rom the 
f igure  that the t e m p e r a t u r e  on the axis d e c r e a s e s ,  while the prof i le  segment  in the t e m p e r a t u r e  region up to 5000 ~ K 
broadens.  The dashed curve  is the asymptot ic  t e m p e r a t u r e  prof i le  take f r o m  [8]. 

The electric field intensity curve in Fig. 2 decreases monotonically along the axis. The region up to one 
diameter is expanded in the figure and we see how the intensity curves for different initial profiles merge (the solid 
curve is for an initial temperature at the axis of 17000 ~ K, the dash-dot curve is for 18 000 ~ K, and the dash-double 
dot curve is for 15 000 ~ K). The dashed line shows the asymptotic value of the intensity from [8]. 
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Figure  3 shows curves  of the power supplied W, removed II, and enthalpy H (1). More than half of the power 
supplied is removed to the wall ,  and the r ema ind e r  goes to inc rease  the flow enthalpy. The conductive heat flux 
densi ty  to the wall i nc r ea se s  by a factor  of two over  five d i ame te r s ,  but r e m a i n s  two o rde r s  of magni tude l e s s  than the 
radia t ive  heat flux density.  Thus,  for the given p la sma t ron  p a r a m e t e r s  radia t ion plays the defining ro le  in the heat 

t r a n s f e r  process .  
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Fig. 4 

The exis tence of a s t rong influence of radia t ion on the heat t r a n s f e r  during in te rac t ion  of an e l ec t r i c  arc  with a 
gas s t r e a m  was noted previous ly  in [5], in which an arc  in a turbulent  argon s t r eam at a tmospher ic  p r e s s u r e  was 
studied. 
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Fig. 5 

The longitudinal  and t r a n s v e r s e  velocity component prof i les  are shown in Fig. 4. The t r a n s v e r s e  velocity 
component i nc rea se s  s ignif icant ly  in the cu r r en t  conducting zone at five d iamete rs .  The longitudinal  veloci ty 
component also kncreases but its profi le  r ema ins  nea r ly  parabolic .  

We note that both convective t e r m s  in the energy equation (1.1) had the same order  of magnitude.  In Fig. 5 the 
solid curve shows the f i r s t  convective t e r m ,  the dashed curve shows the second convective t e r m ,  r e f e r r e d  to the same 
magnitude.  These  values  cor respond  to a sect ion located four d i ame te r s  f rom the entrance.  

The authors wish to thank A. T. Onufriev for his interest in this study. 
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