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The heat transfer from a plasma jet to the wails of a cylinder is studied 
experimentally, It is shown that the heat transfer rate from the plasma 
jet to the cylinder walls is described by relation (2) obtained previously 
for a gas jet flowing into a cylinder. 

When the e n e r g y  of  a l o w - t e m p e r a t u r e  p l a s m a  j e t  
is  used  for  i n d u s t r i a l  p u r p o s e s ,  i t  is  e s s e n t i a l  to know 
the coe f f i c i en t  of hea t  t r a n s f e r  be tween the p l a s m a  je t  
and the wal l  of s o - c a l l e d  p l a s m a - j e t  r e a c t o r s .  A p l a s -  
m a - j e t  r e a c t o r  i s  an ex tens ion  of p l a s m a t r o n  des ign .  
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Two types  of p l a s m a - j e t  r e a c t o r s  a r e  c u r r e n t l y  e m -  
ployed [1, 2]: r e a c t o r s  in the  f o r m  of a n a r r o w  tube,  
with a d i a m e t e r  equal  to the p l a s m a t r o n  channel ,  and 
l a r g e - d i a m e t e r  r e a c t o r s  wi th  r e c i r c u l a t i o n  of the  
p roduc t s  in the  high t e m p e r a t u r e  zone.  The r e a g e n t s  
a r e  suppl ied  to the p l a s m a  Usual ly  at  the  out le t  of the 
p l a s m a  je t  f r om the p l a s m a t r o n .  In each  of t he se  r e -  
a c t o r  types ,  t h e r e  fo rm two zones  in which the p l a s -  
m a - c h e m i c a l  p r o c e s s  t a k e s  p l ace .  In the  f i r s t  ( r e -  
act ion)  zone, the r e a g e n t s  a r e  kep t  at  a high t e m p e r a -  
tu re  ove r  a pe r iod  of t i m e  def ined by the t h e r m o d y n a m -  
i c s  and k i n e t i c s  of the  p r o c e s s e s .  In the  second  (quench- 
ing) zone, the r e a g e n t s  a r e  sub jec ted  to r a p i d  cool ing  
at a r a t e  tha t  e n s u r e s  c o n s e r v a t i o n  of the  n e c e s s a r y  
r e a c t i o n  p roduc t s  obta ined  at  high t e m p e r a t u r e s .  
Quenching can be ach ieved  by s p r a y i n g  with  a gas  o r  
l iquid j e t  in hea t  e x c h a n g e r s  with~fluidized beds  con-  
s i s t ing  of i n e r t  m a t e r i a l s ,  with the  aid of Laval  noz -  
z les  o r  s i m i l a r  d e v i c e s .  In such quenching s y s t e m s ,  
cool ing r a t e s  can be as  high as  108 d e g / s e c .  

In p r a c t i c e ,  i t  i s  often d i f f icu l t  to d raw a g e o m e t -  
r i c a l  boundary  be tween  the r e a c t i o n  and quenching 
zone in a p l a s m a - j e t  r e a c t o r .  F o r  example ,  i t  can 
happen that  ove r  the c r o s s  s ec t i on  of the  device ,  r e -  
ac t ions  wi l l  t ake  p lace  in the r e g i o n  of the axis ,  w h e r e -  
a s  quenching wi l l  occu r  in the  r e g i o n  at the w a l l s .  In 
the e a s e  of s m a l l - d i a m e t e r  r e a c t o r s ,  the  zone d i r e c t -  
ly  ad jacen t  to the  p l a s m a t r o n  m a y  be r e g a r d e d  as  the  

r e a c t i o n  zone, whi le  f u r t h e r  d o w n s t r e a m ,  i t  m a y  b e -  
come  the  quenching zone;  in the  c a s e  of a r e c i r c u l a -  
t ion r e a c t o r ,  the  r e g i o n  of the j e t  wi l l  be the  r e a c t i o n  
zone, whi le  the  r e m a i n i n g  vo lume  wi l l  be the quench-  
ing zone.  In the  s i m p l e s t  r e a c t o r  conf igura t ion ,  a n a r -  
row tube,  the  quenching r a t e s  a r e  on the o r d e r  of 106 
d e g / s e c  [3]. On the o the r  hand, the quenching r a t e  
i s  d e t e r m i n e d  by the r a t e  of hea t  t r a n s f e r  f r o m  the 
p l a s m a  je t  (which ex tends  ove r  the  r e a c t o r  c r o s s  s e c -  
t ion) to the wa l l .  In sp i te  of the  fac t  that  e x p e r i m e n t s  

a i m e d  at  d e t e r m i n i n g  the hea t  t r a n s f e r  coe f f i c i en t s  a r e  
be ing  p e r s i s t e n t l y  conducted ,  t h e r e  a r e  s t i l l  i n su f f i -  
c ien t  data  for  ob ta in ing  a c o m p l e t e  p i c t u r e  of the hea t  
t r a n s f e r  a s s o c i a t e d  with  the  flow of a p l a s m a  into a 
cy l inde r~  In [4], an e m p i r i c a l  r e l a t i o n  i s  given for  
eva lua t ing  the hea t  t r a n s f e r  r a t e  f r o m  a p l a s m a  flow 
to the tube wal l ,  w h e r e  the tube i s  an ex tens ion  of the  
p l a s m a  channel .  The mean  va lue  of the  hea t  t r a n s f e r  
coe f f i c i en t  ob ta ined  f r o m  th i s  r e l a t i o n  i s  rough ly  1500 
W / m  2 �9 d e g r e e .  Th is  va lue  i s  c o m p a t i b l e  with the  v a l -  
ues  that  c o r r e s p o n d  to the  p l a s m a t r o n  channel  [5]. 

Data c onc e rn ing  the hea t  t r a n s f e r  be tween  a p l a s m a  
j e t  and the w a l l s  of a c i r c u l a t i o n - t y p e  p l a s m a - j e t  r e -  
a c t o r  a r e  v e r y  s c a r c e .  It i s  known tha t  for  a gas  je t  
f lowing into a c lo sed  cy l inde r ,  the  hea t  t r a n s f e r  r a t e  
i s  g r e a t l y  in t ens i f i ed  [6]. 

The e m p i r i c a l  r e l a t i o n  

St=4.9Re_02~ DH_ (~_)0.2~ (D)0~s~_ (1) 

was  p r e v i o u s l y  obta ined  for  the  fol lowing r a n g e s :  200 < 
< R e <  10 000; 5 < H / D <  15; 15 < D / d <  50; 1< D/5 < 
< 10, w h e r e  Re = wD/p;  w) s c a l e  ve loc i ty ;  d) j e t  d i a m -  
e t e r ;  D) c y l i n d e r  d i a m e t e r ;  H) c y l i n d e r  height ;  5) d i a m -  
e t e r  of the def ining s l i t  in the c y l i n d e r .  The mean  va lue  
of the  flow t e m p e r a t u r e s  at the  in le t  and out le t  of the 
c y l i n d e r  was  taken  as  the  c h a r a c t e r i s t i c  t e m p e r a t u r e .  

However ,  the  a p p l i c a b i l i t y  of r e l a t i o n  (1) to the e v a l -  
ua t ion  of the  hea t  t r a n s f e r  a s s o c i a t e d  with  the flow of 
a p l a s m a  j e t  into a c y l i n d r i c a l  c h a m b e r  r e m a i n e d  
ques t ionab le .  Hence,  it  was dec ided  to p e r f o r m  s p e -  
c i a l  h e a t - t r a n s f e r - c o e f f i c i e n t  m e a s u r e m e n t s  fo r  th i s  
case .  I nves t i ga t i ons  we re  p e r f o r m e d  with the e x p e r i -  
men ta l  equ ipment  shown in the f igure .  An 1 8 - r a m - d i a m -  
e t e r  a rgon  p l a s m a  je t  was made  to flow into a c y l i n -  
d r i c a l  c h a m b e r  m e a s u r i n g  300 m m  in d i a m e t e r  and 
having a 1 0 0 0 - r a m - t a l l  c y l i n d r i c a l  p a r t  (H/D = 3.3; 
D / d  = 13; 5/I:) = 1). The a rgon  t e m p e r a t u r e s  at the 
c y l i n d e r  in le t  we re  f r o m  7000 ~ to 12 000 ~ K. B e c a u s e  
of t h e s e  r e l a t i v e l y  high t e m p e r a t u r e s ,  i t  was p o s s i b l e  
to a s s u m e  c e r t a i n  spec i f i c  hea t  t r a n s f e r  c h a r a c t e r -  
i s t i c s ,  such as  an a p p r e c i a b l e  inf luence  of f r e e  con-  
vec t ion  as  a r e s u l t  of the subs t an t i a l  d i f f e r ence  in 
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the j e t  and g a s - v o l u m e  d e n s i t i e s .  The j e t  t e m p e r a t u r e  
at  the  in le t  of the  c y l i n d r i c a l  c h a m b e r  was  c a l c u l a t e d  
f r o m  the m e a s u r e d  hea t  b a l a n c e  of  the  p l a s m a t r o n .  The 
hea t  ba l ance  was  d e t e r m i n e d  wi th  r e f e r e n c e  to the  c o o l -  
ing  w a t e r ;  the  m e a s u r e m e n t s  inc luded  the  t e m p e r a t u r e  
d i f f e r e n c e  of the  i n l e t  and ou t l e t  w a t e r  and the f low r a t e .  
The t h e r m a l  c a p a c i t y  of  the  j e t  was  equal  to the  d i f f e r -  
ence  be tween  the e l e c t r i c  p o w e r  supp ly  and the  hea t  r e -  
moved  by the  w a t e r .  

In addi t ion ,  the  v e r t i c a l  t e m p e r a t u r e  d i s t r i b u t i o n  
in the  c y l i n d e r  was  m e a s u r e d  wi th  t u n g s t e n - m o l y b d e n -  
u m  and c h r o m e l - a l u m e l  t h e r m o c o u p l e s .  It should  be 
noted tha t  t e m p e r a t u r e s  w e r e  m e a s u r e d  only  at  l e v e l s  
w h e r e  t h e s e  t h e r m o c o u p l e s  could  o p e r a t e  wi thout  r i s k -  
ing  damage~ The t e m p e r a t u r e  be tween  the o r i g i n  of the  
j e t  and the l e v e l  wi th  T > 2000 ~ C was  e x t r a p o l a t e d  
r a t h e r  than m e a s u r e d  d i r e c t l y .  

The hea t  t r a n s f e r  c o e f f i c i e n t  was  m e a s u r e d  in the  
conven t iona l  way.  The hea t  f lux r e m o v e d  by the  c o o l -  
ing w a t e r  was  m e a s u r e d  and was  r e f e r r e d  to the  hea t  
t r a n s f e r  s u r f a c e  of the  c y l i n d e r  and to the  t h e r m a l  
head .  The m e a n  l o g a r i t h m i c  va lue  of  the  t h e r m a l  head 
was  c a l c u l a t e d  f r o m  the  m e a s u r e d  t e m p e r a t u r e s  of the 
p l a s m a  j e t  at  the  p l a s m a t r o n  out le t ,  the gas  at  the r e -  
a c t o r  ou t le t ,  and the  wa l l  t e m p e r a t u r e s .  

P r e l i m i n a r y  t e s t  r e s u l t s  a r e  g iven in the  tab le ,  t o -  
g e t h e r  wi th  the  v a l u e s  of the  c r i t e r i a  e m p l o y e d  fo r  d e s -  
c r i b i n g  the hea t  t r a n s f e r  p r o c e s s  a s s o c i a t e d  with  the 
flow of a gas  j e t  into a c y l i n d e r .  The r e p r e s e n t a t i o n  
of the ob ta ined  r e s u l t s  in d i m e n s i o n l e s s  f o r m  i s  s o m e -  
what  d i f f icu l t  by the  doub t fu lnes s  of the  a p p r a i s a l  of 
the  c h a r a c t e r i s t i c  t e m p e r a t u r e  of the  m e d i u m .  An a t -  
t e m p t  was  m a d e  to t ake  the a r i t h m e t i c  mean  of the i n -  
!et  and out le t  t e m p e r a t u r e s  of a c y l i n d r i c a l  c h a m b e r  
as  the  c h a r a c t e r i s t i c  t e m p e r a t u r e .  Th is  t e m p e r a t u r e  
i s  p r a c t i c a l l y  equal  to ha l f  the  j e t  t e m p e r a t u r e  at  the  
p l a s m a t r o n  ou t le t .  

The va lue s  of  the  t h e r m o p h y s i c a l  p a r a m e t e r s  for  
a rgon  w e r e  t aken  f r o m  [7]. The r e s u l t s  ob ta ined  w e r e  
c o m p a r e d  with e x p r e s s i o n  (1). The r e s u l t s  made  i t  
ev ident  tha t  by i n t r o d u c i n g  the P r a n d t l  n u m b e r  into (1), 
the e x p e r i m e n t a l  da ta  can  be s a t i s f a c t o r i l y  a p p r o x i -  
m a t e d  by the fo l lowing r e l a t i o n :  

(2) 

for  60 < Re < 200, the  r a t i o  6 /D  was  uni ty .  In th i s  ca se ,  
the s c a t t e r  of the  po in ts  did not exceed  =L10%, which i s  
a c c e p t a b l e  for  ob ta in ing  qua l i t a t i ve  e s t i m a t e s  of the  
hea t  t r a n s f e r  coe f f i c i en t .  

The hea t  t r a n s f e r  m e a s u r e m e n t s  p e r f o r m e d  for  a 
p l a s m a  je t  f lowing into a c y l i n d e r  l ead  to the  p r e l i m i n -  
a r y  conc lus ion  tha t  the  hea t  t r a n s f e r  r a t e  (oz) i s  of  the  
s a m e  o r d e r  of magn i tude  as  in the  c a s e  of  a gas  j e t .  
In the  p r e s e n c e  of  l a r g e  t e m p e r a t u r e  g r a d i e n t s  in the  
gas  flow ( la rge  d e n s i t y  d i f f e r ences ) ,  the  in f luence  of 
r a d i a n t  t r a n s f e r  and f r ee  convec t ion  i s  only  s l igh t  and 
need not be t aken  into account .  
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Schemat i c  d i a g r a m  of the e x p e r i m e n t a l  equ ip -  
ment :  1) p l a s m a t r o n ;  2) c y l i n d r i c a l  c h a m b e r ;  
3) r o t a m e t e r ;  4) e l e c t r i c  power  s o u r c e ;  t l)  
r a d i a l  t e m p e r a t u r e  ( t ungs t e n -mo lybde n um 
t h e r m o c o u p l e ) ;  t w ) w a l l  t e m p e r a t u r e ;  t2-4) 
gas  t e m p e r a t u r e  at  the axis  ; W~, W~') hea t  con-  
tent  of the  cool ing  w a t e r  at the  in le t  and out le t ,  

r e s p e c t i v e l y ;  A) a m m e t e r ;  U ) v o l t m e t e r .  

NOTATION 

a) beat transfer coefficient, in W/m s �9 degree; Pr) Prandtl number; 
Re = wd/v) Reynolds number; u) kinematic viscosity coefficient, in 
m2/sec; Cp) heat capacity of the gas, in l / k g  �9 degree; St = c~/CpyW) 
Stanton number; D, H, d, 6) geometrical parameters, in m; G) gas 
flow rate, in m3/hr; y) gas density, in kg/m~; w) scale velocity of the 
gas at the characteristic temperature, in m/sec; T) initial jet tem- 
perature; t) characteristic temperature. 
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