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Some aspects  of heat  exchange in a p lasmochemical  r eac to r  a r e  discussed.  A cr i te r ional  
equation is obtained based on the resu l t s  of exper imental  studies of heat  exchange in a r e -  
ac tor .  

Modern construct ions of p lasmotrons  of different  types make it possible  to obtain for extended t imes 
steady plasma jets of various gases ,  where  the t empera tu re  of the plasma jet and its enthalpy potential  as 
a function of kind of stabil izing c a r r i e r  gas and the thermal  efficiency of the p lasmotron  can reach  v e ry  high 
values.  

The problem of the mos t  effective use of the energy of the plasma jet in a p lasmochemical  r e ac to r  
evidently consists  in the select ion of the mos t  efficient sys tem of mixing the raw mater ia l  with the heat  c a r -  
r i e r  and in the conditions of heat  exchange with the walls.  Unfortunately, there  is a t  p resen t  no acceptable 
method of calculating the main pa r ame te r s  of the r eac to r .  P rob lems  concerning the p rocess  of introducing 
raw mate r ia l s  into the r e a c t o r ,  the shape and volume of the r eac to r ,  the s izes  and location of openings for 
introducing raw mater ia l s  etc . ,  a re  examined exper imental ly  in [1, 2]. However ,  these problems a r e  
solved individually for  each concre te  p rocess  (mainly for the synthesis  of acetylene from methane) and in-  
dependent of the p roces se s  of heat  exchange in the r eac to r .  

The most  widely dis t r ibuted plasmochemical  r e ac to r s ,  for both labora tory  and e x p e r i m e n t a l - i n d u s -  
t r ia l  purposes ,  a r e  continuous flow reac to r s  of ideal d isplacement  for  homogeneous sys tems .  The p r inc i -  
pal d i f ference in thei r  construct ion from the usual chemical  r eac to r s  of s imi la r  type l ies  in the use of 
forced cooling of the r eac to r  walls necess i ta ted  by the v e ry  high t empera tu res  introduced into the r eac to r  
by the plasma jet. 

The problem can be s imulated analytically by an examination of convective heat  exchange in a pipe 
under conditions of var ia t ion in the chemical  p roper t i es  of the medium, which change under the influence 
of the t empera tu re  field that forms as a r e su l t  of heat  exchange between the cooled surface  and the plasma 
s t ream.  

The following sys tem of differential  equations [3] is used to obtain and analyze the corresponding c r i -  
t e r i a ,  taking into account  the var ia t ion  in the physical  p roper t i es  involved and the functions determining the 
dependence of these p roper t i e s  on tempera ture :  

Dt 
div (k grad t) = cg p 

dx 

2div(ixS)--grad p +  ~ l x d i v w  = p  dx ' 

O__.~p + div (p~) =0, (1) 

x = ~,(0; Ix = Ix(t);  c = c ( t ) ;  o = p ( t ) .  

After  se lec t ion of the sca les  of the l inear  dimensions,  t empera tu res ,  veloci t ies ,  and corresponding 
physical  p roper t i e s  the sys tem of equations (1) can be reduced to a dimensionless  fo rm,  f rom which a r e  
der ived  the principal  c r i t e r i a  Nu, P r ,  and Re re la ted  through the heat content to the t empera tu re  of the jet. 
Assuming fur ther  that the re la t ive  changes in physical  p roper t i e s  a r e  sufficiently well defined, then for  a 
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Fig. i. Dependence of mean specific heat 
fluxes on the average mass enthalpy of the ni- 
trogen plasma jet at different degrees of expan- 
sion of the channel f0: I) f0 = 0.267; 2) 0.4; 3) 
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Dependence of C = Nu/Re~176 on the 
tempera ture  factor 1/~o for different degrees of 
channel expansion f0: 1) f0 = 0.267; 2) 0.4; 3) 0.5. 

s t rongly nonisothermal  gas jet such as the medium in a p lasmochemical  r eac to r  we obtain from [3] with 
sufficient approximation for the re la t ive  change in absolute tempera ture  

N u = O ( P r ;  Re; X; ~o), 

where X -= x / R  0 and q~ = T w l / T  is the tempera ture  factor .  

Heat  exchange from a ni t rogen p lasma jet to the water -cooled  walls of a cyl indrical  r eac to r  channel 
with abrupt  expansion in a sect ion of nonstabilized flow was studied experimentally.  

In the range studied the ni trogen flow ra te  at  the stabil ization a rc  in the p lasmotron varied from 0.5 
to 2.5 g / s e c ,  the e lec t r ic  power from 3 to 50 kW with variat ion in the cu r ren t  from 45 to 230 A, which made 
it possible to obtain a v e r a g e - m a s s  tempera tures  at  the r eac to r  outlet of f rom 2000 to 6500~ 

A change in the density and viscosi ty  of the p lasma jet affects the conditions of its expansion in e m e r g -  
ing f rom the p lasmot ron  nozzle into the reac tor .  Therefore  in addition to the pa rame te r s  given above the 
change in efficiency of heat exchange with the r eac to r  walls as a function of the degree of expansion of the 
jet f0 = d / D  = F 0 / F  was studied, where d is the diameter  of the p lasmotron nozzle and D is the reac to r  
d iameter .  In the experiments  the flux of heat  to the cooling walls of the reac to r  was determined in a s t a -  
t ionary state,  the onset  of which was determined with differential thermocouples based on the establ ishment  
of a constant  cooling water  t empera ture  for the given system.  The t rea tment  of the experimental  data was 
based on the assumpt ion of a one-dimensional  flow model. The specific heat flux at the inner surface  of 
the pipe, averaged over  the length of the r eac to r ,  was determined from the formula 

q = C r G A t / ~ d l .  (2) 

The power ca r r i ed  into the r eac to r  by the p lasma jet was calculated f rom the enthalpy and flow rate  
of the p lasma-genera t ing  gas in the absence of the addition of raw mater ia l  gas to the r eac to r ,  or  from the 
enthalpy and flow ra te  of the mixture  of p lasma-genera t ing  gas and raw mater ia l  gas supplied at  the reac to r  

entrance 

Qin = 4, 18hmx(g)Gmx(g ) (3) 

and the enthalpy of the gas emerging from the reactor 

hout  ----- O , 2 3 9 Q e f f . r / G m x ( g  ) . (3') 

For a more precise calculation of the temperature and enthalpy of the mixture at the reactor input 
nitrogen was also used as the raw material gas supplied to the reactor at the plane of the plasmotron noz- 

zle. 

The average  tempera ture  in the r e ac to r  T r  was determined as the logari thmic mean between the value 
of the a v e r a g e - m a s s  t empera tu re  or  the mixture  tempera ture  for only the stabilizing gas or for the mixture ,  
respect ive ly ,  and the value of the tempera ture  of the gases emerging from the r eac to r :  Tou t = f(hout) [6]. 
Because  of the low thermal  res i s tance  of the walls of the copper  chamber  the tempera ture  of the inner s u r -  
face of the r eac to r  was taken as equal to the tempera ture  of the cooling water.  Hence the effective value 
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Fig. 3. Resul ts  of exper imenta l  
study of hea t  exchange as  a function 
of genera l ized  c r i te r iona l  c h a r a c t e r -  
i s t ics  of flow for  di f ferent  deg rees  
of expansion f0: a) f0 = 0.267; b) f0 
= 0.4 and 0.5 (notation co r re sponds  
to Fig. 2). 

IO0 

50 

o - - f  

x Z 

* J 

o 

o 
o 

o 
@ o 

o *# 

n ~ K 

R �9 

x �9 

Fig. 4. Genera l ized  hea t -exchange  c h a r a c t e r :  
is t ie  a t  wall of cooled cyl indr ical  r e ac to r  for 
d i f ferent  values  of f0 (notation co r re sponds  to 
Fig. 2)~ 

of the coeff icient  of heat  exchange ff : q / ( T r - T w ) ,  where  q is the 
a v e r a g e  specif ic  heat  flux. 

All the thermophys ica l  c h a r a c t e r i s t i c s ,  the densi ty  P g ,  dyna-  
mic  v i scos i ty  # g and hea t  conduction Zg, and the changes in vo l -  
ume Vg and veloci ty  Wg a r e  re la ted  to the a v e r a g e  r e a c t o r  tern-  
p e r a t u r e  T r  [4-6]. 

The dependence of the effect ive mean  specif ic  heat  fluxes to 
the r e a c t o r  walls  q on the a v e r a g e - m a s s  enthalpy h of the ni t rogen 

plasma jet is presented in Fig. i. It is evident that the specific heat flux q grows with an increase in h, 
while it also grows with a decrease in the degree of expansion of the jet f0- 

The experimental data were correlated using the criterional equation [3] for developed turbulent flow 

Nu = C Re  ~ Pr ~ . (4) 

I t  was  es tabl ished that,  in the region of unstable flow, with the sudden expansion of the channel,  the 
coeff ic ient  of heat  exchange upon mixing of the p l a sma  and cold jets  in the plane of expansion,  without taking 
into account  the sources  or  sinks of energy in chemical  convers ions ,  essent ia l ly  depends on the t e m p e r a -  
ture  fac tor  q~ = T w / T  with var ia t ion  of the l a t t e r  f rom 0.05 to 0.5 (Fig. 2) and in the range  of the p a r a m -  
e t e r s  studied can be de te rmined  using the empi r i ca i  "equation 

Nu = B Re ~ Pr ~ (1/~) -2-2. (5) 

The r e su l t s  of the exper iment  t rea ted  aeeord ing  to Eq. (5) in the fo rm of the function Nu = f(Re, P r ,  ~0) 
for different  degrees  of channel expansion f0 a r e  p resen ted  in Fig. 3, where  the coeff icient  B evidently c h a r -  
a e t e r i z e s  the dependence of the coefficient  of heat  exchange on the deg ree  of channel expansion. The in-  
c r e a s e  in the coefficient  of heat  exchange with a d e c r e a s e  in f0 is c i ea r ly  seen.  

A sufficiently good cor re la t ion  of the exper imenta l  data obtained in the exper iments  on the heat  ex-  
change of a nitrogen plasma jet in a reactor, taking into account the degree of expansion f0, was obtained 
after treahnent of the results according to Eq. (5), where B = 3.0f0-2.5. The results of the correlation are 
presented in Fig. 4. 

Thus, the dependence obtained in the region of Re numbers from 500 to 2000 is approximated well by 
an expression of the type (5) taking into account the degree of channel expansion f0, allowing the heat-ex- 
change coefficients to be determined from the hydrodynamic and thermophysical parameters of the plasma 
jet for any geometrical dimensions of the plasmotron nozzle and reactor channel (within the limits of the 
investigated region, L/D = 3-15). 
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