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The art icle  presents  the distribution of the heat flux to the ca lor imet r ic  probe in a mult iarc  
p lasma reac tor .  

The quality of t rea tment  of mate r ia l s  in mul t iarc  p lasma reac to r s  is decisively influenced by the speed 
with which the p lasma jets mix [1, 2]. It is known that the heat flux f rom the gas to the ca lor imet r ic  probe is a 
function of the tempera ture  and of the speed of the gas .  Therefore  the nature of its distribution gives some in- 
dication of the speed with which the p lasma jets  mix. 

The presen t  work represents  an investigation of the distribution of the heat flux f rom the gas to the ca lor i -  
metr ic  probe in a widely used plasma r eac to r  [3, 4] in dependence on the flow rate of the p lasma- fo rming  gas 
and the power supplied to the p lasmatrons .  

The experimental  device (Fig. 1) consis ts  of the p lasma reac to r  1 with three p lasmatrons  2 and l inear  
ca lor imet r ic  probe (LCP) 3 mounted in the upper par t  of the p lasma reac tor .  In the la teral  wall of the r eac to r  
along its genera t r ix  at an angle of 0, 30, and 60 ~ there  are  three rows of holes with dielectr ic  inser ts  4. The 
p lasmatrons  are  of the e l e c t r i c - a r c  type, with l inear a r rangement  and self-adjust ing arc  length, and their  chan- 
nel d iameter  is 8 �9 10 -3 m. The overal l  e lec t r ic  power used for  the electr ic  discharge var ied  between 40 and 
60 kW. The overall  flow rate of p lasma- fo rming  g a s - a i r  was var ied  within the limits 1.5 �9 10 -~ to 4.5 �9 10 -3 
k g / s e c .  Raw mater ia l  was not charged into the reac to r .  The ar rangement  of the LCP and the method of m e a -  
suring the heat  flux were  descr ibed in detail in [5, 6]. 

Figure 2 shows the distribution of the heat flux in the diametra l  section of the r eac to r  3 �9 10 -2 and 7 �9 
10 -2 m f rom the point of intersect ion of the longitudinal axes of the p lasmatrons .  The LCP entered the r eac to r  
at the angle ~ = 60 ~ (Fig. 1). Analogous distributions of the heat flux were obtained with a equal to 0 and 30 ~ 

An analysis  of the obtained data showed that  in the c ross  section of the r eac to r  at a distance of 0.3 of the 
bore f rom the imaginary point of intersect ion of the axes of the p lasmat rons  (point A) the distribution of the 
heat fluxes is ve ry  nonuniform. With decreas ing power supplied as well as with decreasing flow rate of p l a sma-  
forming gas the gradient  of the heat flux over  the radius dec reases .  However, this also e~tails a decrease  of 
the f ract ion of the longitudinal section of the r eac to r  occupied by flux with high enthalpy. With increas ing d is -  
tance f rom the place of collision of the p lasma jets  the heat  fluxes are fur ther  equalized in the c ross  sections of 
the reac tor .  

It follows f rom the osci l lograms that at a distance of 3 �9 10 -2 m f rom point A there are  one-dimensional  
flows directed toward the per iphery of the r eac to r .  It may be assumed that these flows originate in conse-  
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Fig. i. Diagram of the experimental device. 

Fig. 2. Distribution of the heat flux in the diametral section of the reactor: 

G =4.5 �9 I0 -akg/sec; 2) 50 and3 �9 10-3; 3) 50 and 1.5 �9 10 -a. Solid curves: 

dashed curves: L = 7 �9 10 -2 m. q �9 104, W/m2; i~ �9 103 m. 

Fig. 3. Heat flux distribution in the longitudinal reactor section with N = 50 kW and G = 

3 . 10 -3 kg/sec: i) 1600; 2) 1200; 3) i000; 4) 800; 5) 600; 6) 400; 7) 200 kW/m 2 �9 L, m. 

1) N = 60 kW, 
L = 3 �9 10 -2 m; 

quence of the fac t  that  the range of the p l a s m a  j e t s  under  the condit ions of the e xpe r i m e n t  exceeds  the radius  of 
the r e a c t o r .  In fact ,  the range  of the p l a s m a  j e t s ,  ca l cu la t ed  by the equation [7] h = k d ( v 2 / v l ) ( p 2 / p  i) I/2 for  the 
condit ions of the exper imen t ,  conf i rms  the a s sumpt ion .  

With i nc r ea s ing  d i s tance  f rom point A, with dec rea s ing  power  of the p l a s m a t r o n s  and d e c r e a s i n g  flow ra t e  
of p l a s m a - f o r m i n g  gas ,  the t r a n s v e r s e  one -d imens iona l  flows a re  a t tenuated.  At a d is tance  of 7 �9 10 -2 m with 
N = 40 kW and G = 1.5 �9 10 -3 k g / s e c  no one -d imens iona l  flows to the p e r i p h e r y  of the r e a c t o r  were  de tec ted .  
This is p robab ly  due to the fac t  that  at this  d i s tance  the p l a s m a  je t s  manage a l r e a dy  to expand in the d i rec t ion  
p a r a l l e l  to the r e a c t o r  ax i s .  The heat  flux in the c r o s s  sec t ion  of the r e a c t o r  becomes  more  uniform.  The 
r a t i o  of the max imum heat  flux at  the cen te r  to the min imum heat  flux at the r e a c t o r  wall  d e c r e a s e s  by a f ac to r  
of t h ree .  The a r e a  in the cen t ra l  pa r t  of the r e a c t o r  occupied by uniform heat  flux densi ty  i n c r e a s e s  con-  
s i d e r a b l y .  

The heat  flux d i s t r ibu t ion  in the longitudinal  axial  sec t ions  of the r e a c t o r  is  a l so  of complex na ture  (Fig.  
3). At f i r s t  the i so l ines  of the hea t  flux approach the r e a c t o r  axis ,  then they recede  f rom it toward  the wall ,  
and again approach  the axis .  Such a na tu re  of the i so l ines  at the in i t i a l  r e a c t o r  sec t ion  may  be due to one-  
d imens iona l  flows which make an angle of 45 ~ with the r e a c t o r  ax i s .  The r e tu rn  of the i so l ines  to the axis  in the 
lower  p a r t  of the r e a c t o r  is due to the r emova l  of hea t  through the wall  to the envi ronment .  

F i g u r e s  2 and 3 p r e s e n t  the s ta t ic  d i s t r ibu t ion  of the mean hea t  flux dens i t i e s  over  the rad ius  und the length 
of the r e a c t o r .  However ,  numerous  o sc i l l og raph ic  r e c o r d s  indicate  that  there  a r e  l a r g e - s c a l e  pulsa t ions  of 
the heat  flux with a f requency of 0.2-1 Hz at  a length of one to two bore  d i a m e t e r s .  The ampli tude of such pu l -  
sa t ions  a t ta ins  70% of i ts mean value.  This is p robab ly  caused  on the one hand by the gasdynamic  pulsa t ion  of 
the p l a s m a  j e t s  in consequence of the shunting of the e l e c t r i c  a r c  in the p l a s m a t r o n  channels ,  and on the o ther  
hand by random f luctuat ions of the speed  when the p l a s m a  j e t s  col l ide  on the r e a c t o r  ax i s .  

Thus, the expe r imen t a l  inves t iga t ions  showed that  the hea t  flux dens i ty  f rom the gas to the c a l o r i m e t r i c  
probe  at  the in i t ia l  sec t ion  of a m u l t i a r c  p l a s m a  r e a c t o r  is  cons ide rab ly  nonuniform at l e a s t  up to 0.7 bore  
d i a m e t e r .  One-d imens iona l  flows d i r e c t e d  toward  the p e r i p h e r y  of the r e a c t o r  were  d i scove red .  
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Reduced flow rate  of p l a s m a - f o r m i n g  gas and reduced power  of the e lec t r i c  a rc  cause more  rapid equa l iza -  
tion of the heat  flux in the c ross  sect ions  of the r e a c t o r .  However ,  in that case the absolute value of the heat  
flux density and the f rac t ion  of the r e a c t o r  f i l led with high-enthalpy gas  a re  reduced.  

NOTATION 

N, e lec t r i c  power  of the p l a sma t rons ,  kW; G, flow ra te  of the p l a s m a - f o r m i n g  gas ,  k g / s e c ;  q, heat  flux 
density f r o m  the gas to the probe,  W/m2;  L, length of the r eac to r ,  m; ~, angle of inser t ion of the probe in the 
c ross  sect ion of the r eac to r ,  deg; h, range of the p l a s m a  jet ,  m; d, d i ame te r  of the anode channel, m; K, ex-  
pe r imenta l  coefficient  equal to 2.2; v l, v 2, l inear  veloci ty  of the total  flux and of the p l a sma  let ,  r e spec t ive ly ,  
m / s e c ;  p l, P 2, gas densi ty in the total flux and in the p l a s m a  jet ,  r e spec t ive ly ,  k g / m  3. 
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T H E R M O D Y N A M I C  P R O P E R T I E S  

A T  A T M O S P H E R I C  P R E S S U R E  

T .  S.  K h a s a n s h i n  

OF N O R M A L  P R O P Y L  A L C O H O L  

UDC 536.7:547.263 

Data f r o m  the l i t e ra tu re  on density,  speed of sound, and i sobar ic  specif ic  heat  a re  analyzed and 
approximated .  Isochoric  specif ic  heat  and adiabatic  and i so the rmal  compres s ion  coefficients  
a re  calculated for  no rma l  propyl  alcohol at a tmospher i c  p r e s s u r e  for  the t e m p e r a t u r e  range 
146.95-370.35~ 

The sys temat i za t ion  and compac t  p resen ta t ion  of informat ion (compress ion  of exper imenta l  data) on e x -  
pe r imenta l  studies of the the rmodynamic  p rope r t i e s  of aliphatic alcohols over  wide t e m p e r a t u r e  and p r e s s u r e  
ranges ,  and espec ia l ly  at a tmospher i c  p r e s s u r e ,  is a t a sk  of g rea t  p rac t ica l  impor tance .  

There  ex is t  only a few review a r t i c l e s  and handbooks [1-4] containing col lect ions of exper imenta l  data  on 
the density and i sobar ic  specif ic  heat  of n o r m a l  propyl  alcohol at a tmospher i c  p r e s s u r e ,  encompass ing  the t e m -  
pe ra tu re  range 253-363~ The mos t  complete  is handbook [3]. But it should be noted f i r s t ,  that  not all p r o p -  
e r t i e s  a re  p re sen ted  in those s tudies ,  and second, the col lected resu l t s  encompass  only the t ime per iod  up to 
1970. P rac t i ca l ly  no one had r epor t ed  data on the speed of sound prev ious ly .  The l i t e ra ture  contains no in-  
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