
cavity or  channel, the given method is p r e f e r ab l e  to the Monte Carlo method. 

N O T A T I O N  

L, initial contour; L*, contour approximat ing contour L; z(M), f(M), -y(M), a r b i t r a r y  functions of the point 
M; z*(m),  f*(m), T* (m}, step functions approximat ing the functions z(M}, f(M), T(M); ~, number  of zones; ~(m, n), 
mean angular  coefficient;  l ,  contour length; ~ ,  m o l e c u l a r - c a p t u r e  coefficient;  5, re la t ive  e r r o r .  
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HEAT TRANSFER OF THERMISTORS IN 

ELECTRIC FIELD 

S. B. Minkin, V. E. Ulashehik, 
B~ I. Fedorov, and A. G. Shashkov 

A NONUNIFORM 

UDC 536.244 

The r e su l t s  of  an invest igat ion of the action of dc~and ac  e lec t r ic  f ie lds  on the hea t  t r an s f e r  
of t h e r m i s t o r s  a r e  desc r ibed .  

In r ecen t  y e a r s  both in the Soviet Union and abroad  inc reased  at tention has been given to finding new 
methods of improving heat  t r ans f e r  based on the use  o f  e l ec t r i c  f ields.  The bas ic  pr inc ip le  of this method is 
the fact  that under the action of intense e lec t r i c  fo rces  in liquids and gases  additional d is turbances  a r i s e  which 
under cer ta in  conditions can be local ized in a na r row region of the boundary l a y e r  which has the highest  the r -  
mal  r e s i s t ance  and is the re fo re  essen t i a l ly  a control lable  heat  t r ans f e r .  The e lec t roconvect ion  d i s tu rbances  
that a r i s e  lead to a cons iderable  inc rease  in heat  t r a n s f e r .  

However ,  despite  the p romis ing  poss ib i l i t i e s  of the new method it  has  not been inves t iga ted  to any g rea t  
extent e i ther  theore t ica l ly  or  i,n p r a c t i c e .  The theore t ica l  assumpt ions  and exper imenta l  r e su l t s  of d i f ferent  
inves t iga tors  a r e  often quest ionable and even contradic tory .  This  r e l a t e s ,  f i r s t  of al l ,  to the na ture  of  the 
action on the heat  t r ans f e r  of dc, ac,  and mixed e lec t r ic  fields,  and also to the quanti tat ive e s t i m a t e s  of the 
inc rease  in heat  t r a n s f e r  as  a function of the field s t rength,  the t e m p e r a t u r e  d i f fe rence ,  the configuration,  the 
d i ame te r  of the h e a t - t r a n s f e r  and high-vol tage  e l ec t rodes ,  thei r  mutual  posi t ion,  the t e m p e r a t u r e  of the s u r -  
rounding medium,  etc.  [6]. The methods for  the exper imenta l  invest igat ion of the effect  a r e  also f a r  f r o m  ideal .  
Thus, in all the publ icat ions known to us  [1-7] the hea t  t r ans f e r  of the hea ted  conductor has  been  invest igated.  
The high-vol tage was applied e i ther  to a coaxially si tuated conducting cyl inder  o r  to a plate p laced para l l e l  to 
the conductor.  Hence,  in all  these ca se s  the heat  t r a n s f e r  of a conductor  in a nonuniform e lec t r i c  field was  
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Fig .  1. Tes t  model  (a) and the e l e c t r i c a l  c i r c u i t  used 
for  the m e a s u r e m e n t s  (b). 

inves t iga ted .  The effect of an i n c r e a s e  in the heat  t r a n s f e r  was found f rom the amount of addi t ional  energy 
consumed in heat ing the wi re  in the f ield as  compared  with the energy  consumed in heating to the s ame  t e m p e r -  
a ture  when the re  i s  no f ield.  Fo r  this  purpose  the conductor ,  as  a ru le ,  was connected in a b r idge  c i r cu i t  
which enabled one to mainta in  i ts  t e m p e r a t u r e  constant  and to make all the m e a s u r e m e n t s  n e c e s s a r y  to d e t e r -  
mine the ave rage  h e a t - t r a n s f e r  coeff ic ient  along the length. The main d rawback  of such a method of d e t e r m i n -  
ing the energy consumed and the t empe ra tu r e  of the heated wire  i s  i t s  compara t i ve ly  low t e m p e r a t u r e  coef-  
f ic ient  of r e s i s t a n c e  which de t e rmines  the low t e m p e r a t u r e  sens i t iv i ty  of  such a thermal  p robe  and, conse -  
quently, makes  these m e a s u r e m e n t s  of low accu racy .  

In the p r e s e n t  a r t i c l e  we a t t empt  to extend the h e a t - t r a n s f e r  in tens i f ica t ion  effect  in e l e c t r i c  f ie lds  to 
semiconduc to r s ,  and p r i m a r i l y  to semiconduc to r  t h e r m i s t o r s  which have a high sens i t iv i ty  to changes in the  
h e a t - t r a n s f e r  condi t ions .  We have two a ims  in mind: f i r s t ,  to study how the main p a r a m e t e r s  and c h a r a c t e r -  
i s t i c s  of the hea ted  semiconduc to r  dev ices  change when ac ted  upon by e l e c t r i c  f ie lds ,  and, second,  f rom the 
r e s u l t s  obta ined to de t e rmine  the pos s ib i l i t y  of using t h e r m i s t o r s  as sens i t ive  p robes  for  studying h e a t - t r a n s -  
fe r  in tens i f ica t ion  p r o c e s s e s .  

As is well  known, the main  c h a r a c t e r i s t i c s  of any t h e r m i s t o r  when it  is  hea ted  by the c u r r e n t  pa s s ing  
through i t  is  the s t a t i c  v o l t - a m p e r e  c h a r a c t e r i s t i c ,  i . e . ,  the r e l a t ion  

UT = F (Ir  ) or I r  ----- F (UT ) 

when the p a r a m e t e r s  of the sur rounding  medium r e m a i n  unchanged. The na ture  of this r e la t ionsh ip  i s  governed 
by many f ac to r s  and mainly by the condit ions under  which heat  t r a n s f e r  occur s  to the surrounding medium.  
Consequently,  the appl icat ion of an e l e c t r i c  f ield and the resu l t ing  in tens i f ica t ion  of heat  t r a n s f e r  should lead 
to a change in the 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  of the t h e r m i s t o r ,  o ther  condit ions being equal.  

To check this suggest ion and to make quant i ta t ive e s t i m a t e s  we c a r r i e d  out  a s e r i e s  of e x p e r i m e n t s  with 
KMT-10,  MMT-1, and KMT-4 t h e r m i s t o r s ,  RIIZhT tes t  h igh-power  r e s i s t o r s ,  and ST5-1 p o s i s t o r s .  P r e l i m -  
ina ry  inves t iga t ions  enabled  us  to draw the following in t e r e s t i ng  conclusion:  in tens i f ica t ion of the heat  t r a n s f e r  
in an e l e c t r i c  f ie ld is  not p o s s i b l e  in any hea ted  body but only o c c u r s  f rom a meta l  or  when there  i s  d i r e c t  
the rmal  contac t  with a meta l .  Hence,  fo r  the fu r the r  inves t iga t ions ,  we used KMT-4 t h e r m i s t o r s  which have a 
meta l  body in  combinat ion with hollow cy l inde r s  of different  d i a m e t e r  made f rom copper ,  b r a s s ,  and aluminum. 
One of the cy l inde r s  had a continuous highly p o l i s h e d s u r f a c e .  In the o the r s  a l a rge  number  of holes  were  
d r i l l ed  in the s ide  su r face  to i m p r o v e  the hea t  t r a n s f e r .  

F igure  l a  shows a sketch of the t es t  model .  A hollow cy l inder  2 i s  fas tened to the coord ina te  1; ins ide  
the cy l inder  along i ts  axis  there  is  a t h e r m i s t o r  3 which is s t r e t ched  by means  of a sp r ing  between two e l e c -  
t r i c a l l y  insula ted  suppor ts  4. A h igh-vol tage  lead 5 is  connected to the cy l inder  through a spec ia l  t e rmina l .  
The second te rmina l  of the h igh-vo l tage  source  is  connected to the c u r r e n t - c a r r y i n g  t h e r m i s t o r  6 which is  
connected to i ts  me ta l  body. 

The coordina te  with the cy l inder  and t h e r m i s t o r  i s  connected to the base  7 which is  made of an e l e c t r i c -  
ally insula t ing  h e a t - r e s i s t a n t  m a t e r i a l .  
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F ig .  2. Voltage drop a c r o s s  the t h e r m i s t o r  as  a function of the high vol tage for  
I T = const  = 10 mA and d i f fe ren t  t e m p e r a t u r e s  of the sur rounding  medium:  
1) 20~ 2} 40; 3) 60; 4) 80~ (the c i r c l e s  co r r e spond  to the ac f ie ld and the b lack  
dots  co r r e spond  to the dc f ie ld) .  UT, u  UHV, KV. 

Fig .  3. Stat ic 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  of the KMT-1 t h e r m i s t o r  with R20 = 
100 k i2 fo r  d i f fe ren t  t e m p e r a t u r e s  of the su r rounding  media :  1-4) without the 
f ie ld;  5-8) in a d c  f ie ld ,  UHV = 8ku 9-12) in an ac f ie ld ,  UHV = 8 ku 1, 5, 9) for  
O0 =20~ 2, 6, 10) 40; 3, 7, 11) 60; 4, 8, 12) f o r o 0  = 80 ~ UT; V; IT, mA. 

The inves t iga t ions  were  made in a t h e r m o s t a t  which enabled the a s s igned  t e m p e r a t u r e  to be main ta ined  

with an a c c u r a c y  of  ~: 0.1~ 

The e l e c t r i c a l  c i r cu i t  used for  the m e a s u r e m e n t s  i s  shown in F ig .  l b .  The h igh-vo l tage  c u r r e n t  is  
appl ied  to the c i r c u i t  by means  of a h igh-vol tage  cable  which is addi t iona l ly  insu la ted  ins ide  the t he r mos t a t  
with a c e r a m i c  tube. 

We used an 1-50 l a b o r a t o r y  t r a n s f o r m e r  as  the h igh-vol tage  source  to the input of which was connected 
a r e c t i f i e r  b r idge  a s s e m b l e d  f rom D10080S diodes for  making dc m e a s u r e m e n t s .  The p r i m a r y  winding of the 
t r a n s f o r m e r  was connected into the network through an LATR-2M a u t o t r a n s f o r m e r  which enabled us to va ry  
the output vol tage smooth ly  f rom 0 to 10 ku at  ac,  and f rom 0 to 14.1 ku at  dc.  The vol tage was moni to red  on 
the low side using a VZ-2A v o l t m e t e r  and on the high s ide  with an AVO-5 v o l t m e t e r .  To p reven t  the output 
f rom damaging the i n s t r u m e n t s  in the ca se  of breakdown of the a i r  gap the c i r cu i t  was p rov ided  with c u r r e n t  

p ro tec t ion .  

In addi t ion,  to de t e rmine  the d i f fe rence  between the effect  on the hea t  exchange of the r ec t i f i ed  constant  
f ie ld  and a "pure" constant  f ie ld a number  of m e a s u r e m e n t s  were  made using a h igh-vol tage  ba t t e ry  a s s e m b l e d  
f rom 50 dry  anode b a t t e r i e s  (type BAS-T-80 -U-2 .0 ) .  The 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  of the t h e r m i s t o r  were  
plot ted when the f ie ld  was appl ied  in the following sequence.  In i t i a l ly ,  a s t e a d y - s t a t e  opera t ion  was e s t a b l i s h e d  
in the absence  of the f ie ld fo r  a ce r t a in  value of the c u r r e n t  flowing through the t h e r m i s t o r .  Then the high-  
vol tage  source  was connected,  the vol tage was i n c r e a s e d  to the a s s igned  va lue ,  and, keeping the t h e r m i s t o r  cu r -  
r en t  unchanged,  a new s tab le  mode of opera t ion  of the c i r cu i t  was obtained.  The potent ia l  d i f fe rence  between 
the body of the t h e r m i s t o r  and the c y l i n d r i c a l  e l ec t rode  p roduces  a f a i r l y  high e l e c t r i c  f ie ld  on the su r face  of 
the t h e r m i s t o r  and the new s t e a d y - s t a t e  mode of ope ra t ion  i s  c h a r a c t e r i z e d  by a cons ide rab ly  i n c r e a s e d  vol tage 
drop a c r o s s  the t h e r m i s t o r .  

The value of the voltage of the h igh-vo l tage  source  was chosen so as to p reven t  breakdown of the a i r  gap 
and a lso  so that the h e a t - t r a n s f e r  in tens i f ica t ion  effect  in the e l e c t r i c  f ie ld has  a th resho ld  fo rm.  

F igure  2 shows cu rves  of the vol tage  drop a c r o s s  the t h e r m i s t o r  as a function of the vol tage of the high-  
vol tage  source  for  f ixed cu r r en t  flowing through the t h e r m i s t o r  and for  d i f ferent  t e m p e r a t u r e s  of the su r round -  
ing medium.  It i s  seen f rom these  cu rves  that fo r  each t e m p e r a t u r e  of the sur rounding  medium there  a r e  c e r -  
tain th resho ld  vo l t ages  co r r e spond ing  to the beginning of a change in the hea t  t r a n s f e r  and a lso  l imi t ing  p e r m i s -  
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F ig .  4 .  The  v o l t a g e  (1), d i s s i p a t e d  p o w e r  (2), t e m p e r a t u r e  (3), and  d i s s i p a t i o n  f a c -  
to r  of the t h e r m i s t o r  (4) a s  a funct ion of  the  e l e c t r i c  f i e l d  f o r  O0 = 20~ and I T = 
10 mA.  

F i g .  5. R e l a t i v e  v a r i a t i o n  of the d i s s i p a t e d  p o w e r  (%) of the t h e r m i s t o r  a s  a f u n c -  
tion of the t e m p e r a t u r e  d rop  (~ 1) in a dc f ie ld ;  2) in an  a c  f i e l d ,  

s i b l e  v o l t a g e s  which  p r e c e d e  b r e a k d o w n .  The  v a l u e  of  both these  and the o t h e r s  i s  d e t e r m i n e d ,  b e s i d e s  the 
t e m p e r a t u r e  of the s u r r o u n d i n g  m e d i u m ,  by such  f a c t o r s  a s  the va lue  of  the a i r  gap ,  i . e . ,  the d i a m e t e r  of  the 
t h e r m i s t o r  and the c y l i n d r i c a l  e l e c t r o d e ,  the t e m p e r a t u r e  of  the t h e r m i s t o r ,  and  the n a t u r e  o f  the e l e c t r i c  f i e l d .  

Thus ,  the t h r e s h o l d  dc  v o l t a g e s  which  we m e a s u r e d  w e r e  l e s s  than the a c  v o l t a g e s ,  in a g r e e m e n t  wi th  
the r e s u l t s  o b t a i n e d  in  [3], whi le  the h e a t  t r a n s f e r  in the dc f i e ld  o c c u r s  much  m o r e  i n t e n s e l y  than in the ac  
f i e ld .  In the ac  f i e ld  the r e l a t i o n  U T = F (UHv)  i s  a m i l d l y  s l op ing  c u r v e  and the v o l t a g e  a c r o s s  the : t h e r m i s t o r  
con t inues  to i n c r e a s e  a s  UHV i n c r e a s e s  unt i l  the  b r e a k d o w n  v o l t a g e  i s  r e a c h e d .  On the o t h e r  hand ,  in the dc  
f i e ld  i m m e d i a t e l y  a f t e r  the t h r e s h o l d  v o l t a g e  the v o l t a g e  a c r o s s  the  t h e r m i s t o r  i n c r e a s e s  Sharp ly  and t h e r e  i s  
a t endency  to r e a c h  s a t u r a t i o n  when UHV i s  i n c r e a s e d  f u r t h e r .  

Unde r  the s a m e  cond i t i ons  fo r  the s a m e  he a t i ng  c u r r e n t  the s t a r t  of the change  in  the h e a t  t r a n s f e r  i s  
sh i f ted  t o w a r d s  l o w e r  f i e l d s  a s  the  t e m p e r a t u r e  of the s u r r o u n d i n g  m e d i u m  i s  i n c r e a s e d ,  and when the l a t t e r  
i s  m a i n t a i n e d  c o n s t a n t  the t h r e s h o l d  and l i m i t i n g  f i e l d s  a r e  l e s s  f o r  h i g h e r  h e a t i n g  c u r r e n t s ;  i . e . ,  fo r  h i g h e r  
t h e r m i s t o r  t e m p e r a t u r e s .  H e n c e ,  b e f o r e  p l o t t i n g  the 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  in the f i e ld  We d e t e r m i n e d  
the h igh  v o l t a g e  p r i o r  to b r e a k d o w n  fo r  m a x i m u m  t h e r m i s t o r  c u r r e n t  and  t e m p e r a t u r e  of the s u r r o u n d i n g  m e d i -  
um c o r r e s p o n d i n g  to the u p p e r  l i m i t  of  the c h o s e n  t e m p e r a t u r e  r a n g e .  F o r  o t h e r  t e m p e r a t u r e s  th is  v o l t a g e  was  

m a i n t a i n e d  c o n s t a n t .  

F a m i l i e s  of  s t a t i c  ~ r  c h a r a c t e r i s t i c s  p l o t t e d  wi thout  a f i e l d  and a l s o  in dc and a c  f i e l d s  a r e  

shown in F i g .  3.  

The f i g u r e  shows  that  both  dc and ae  e l e c t r i c  f i e l d s  have  a c o n s i d e r a b l e  e f f ec t  on the h e a t  t r a n s f e r  of the 
t h e r m i s t o r .  The  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  a r e  d e f o r m e d  by the f i e l d  and a r e  sh i f t ed  to the r i g h t  and  u p w a r d s  
t o w a r d s  h i g h e r  v o l t a g e s ,  c o r r e s p o n d i n g  to a r e d u c t i o n  in the t h e r m i s t o  r t e m p e r a t u r e ,  and an i n c r e a s e  in i t s  
r e s i s t a n c e  wi th  c o n s i d e r a b l y  i n c r e a s i n g  d i s s i p a t e d  p o w e r  (F ig .  4) .  

The c u r v e s  p lo t t ed  in a f i e l d  a r e  s i m i l a r  in  shape  to the i n i t i a l  c u r v e s  a t  the c o r r e s p o n d i n g  t e m p e r a t u r e s  
of the s u r r o u n d i n g  m e d i u m .  The  l a t t e r  on ly  has  an e f f ec t  on the  a b s o l u t e  v a l u e  o f  the  ac t ion-  a s  the t e m p e r a t u r e  
of  the s u r r o u n d i n g  m e d i u m  i s  i n c r e a s e d ,  the i n c r e a s e  in v o l t a g e  a c r o s s  the t h e r m i s t o r  f o r  c o n s t a n t  c u r r e n t  
f lowing th rough  i t  i s  r e d u c e d .  

The n a t u r e  o f  the ac t ion  of the f i e l d  up to the m a x i m u m  of  the  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  and  a f t e r  i t  i s  
not  the s a m e .  

Up to the m a x i m u m  of  the  c u r v e  the hea t ing  of  the t h e r m i s t o r  by the c u r r e n t  f lowing th rough  i t  i s  s m a l l ,  
and the e f f ec t  of  the f i e l d  on  the h e a t  t r a n s f e r  i s  p r a c t i c a l l y  n e g l i g i b l e .  As  the c u r r e n t  i s  i n c r e a s e d  hea t i ng  of  
the  t h e r m i s t o r  i n c r e a s e s  and the 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  o b t a i n e d  when the f i e ld  i s  a p p l i e d  a r e  not  the 
s a m e  as  the i n i t i a l  c u r v e s .  

We can  u s e  as  a c r i t e r i o n  o f  the i n t e n s i f i c a t i o n  of the h e a t  t r a n s f e r  of  a t h e r m i s t o r  by the f i e ld ,  a s  in the 
e x p e r i m e n t a l l y  h e a t e d  c o n d u c t o r ,  the  r e l a t i v e  change  in p o w e r  d i s s i p a t e d  by the t h e r m i s t o r  fo r  the s a m e  h e a ~ n g  
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TABLE 1. Effect of the Material ,  Internal  Diameter ,  and State of the Surface of the Cylindrical Electrode on 
the Heat Transfer  of a Thermis to r  in an Elect r ic  Field 

Material and surface of 
the cylindrical electrode 

Dural cylinder with 
openings 

Dural cylinder without 
openings 

Aluminum cyl inder  with 
openings 

Copper cylinder with 
openings 

Internal d iameter  of the 
cylindrical  e lectrode,  mm 

26 

26 

16 

16 

Voltage of the high- 
voltage source UI_IV, kV 

0 
7.6 
0 

7.6 
0 

5.6 
0 

5.6 

Thermis to r  I Voltage ac ros s  
cur ren t  IT, mA ]the thermis tor  

IUT,  V 
52~ 
66.0 
52 
65.0 
51 
61.2 
5105 
60.5 

temperatures .  Then by using the thermis tor  as a heated body it is  not necessa ry  to take any special steps to 
maintain the temperature  constant when the  field is applied. To calculate the value of AP/P T for different 
thermis tor  tempera tures  over  a given temperature  range of the surrounding medium it is sufficient on the 
graph of the families of v o l t - a m p e r e  charac te r i s t i cs ,  plotted in the field and without it, to draw f rom the 
origin of coordinates a number  of lines which in the theory of thermis tors  are called lines of equal res is tance  
or  equal temperature  (Fig. 3). The points of intersect ion of the v o l t - a m p e r e  charac te r i s t i c s  with each of 
these straight lines define the mode of operation of the thermis tor  for  the same heating temperature~ In Fig. 5 
using theoretical data, we have constructed graphs of A P / P  T = F(AO) in dc and ac fields for different t empera -  
tures of the Surrounding medium~ It  is seen f rom this figure that in a dc field the heat t ransfer  of the the rmis -  
tor is much higher than in an ac field, while the relative change in the dissipated power increases  with the 
temperature  drop, reaching approximately 70% in a dc field and approximately 45% in an ac field. The tempera-  
ture of the surrounding medium in the range considered (20-80~ has prac t ica l ly  no effect on the intensification 
of the heat t ransfer .  

The above experimental  resul ts  were  obtained using a KMT-1 thermis tor  and a Duralumin cylinder with 
an internal d iameter  of 22 mmo The data obtained with other  cylinders are presented in Table 1. It is  seen 
f rom this table that the mater ia l  of the cylinder has pract ical ly  no effect on the heat  t ransfer  tnthe f{eldo We 
also did not observe any prac t ica l  difference in the heat exchange of the thermis tor  when a field is applied when 
the cylindrical e lectrode has a continuous smooth surface  and when its surface is a grid with openings 1 mm in 
diameter .  At the same time, the diameter  of the high-voltage electrode,  as mentioned above, has a consider-  
able effect on the intensification of the heat transfer~ It would seem to be a natural  assumption that for  small 
d iameters  of the high-voltage electrode one can attain the same intensification of the heat t ransfer  at lower 
voltages,  but in prac t ice  this turns out to be untrue~ 

Investigations showed that when the diameter  of the electrode is reduced both the threshold voltages and 
the increase  in voltage a re  reduced for the same cur ren ts .  The range between the threshold and the breakdown 
voltages is considerably reduced so that for d iameters  of the high-voltage electrode which differ f rom the dia- 
meter  of the thermis tor  by 3-4 mm, the threshold voltages are  equal to the breakdown voltages and intensification 
of the heat t ransfer  becomes impossible .  On the o ther  hand, an increase  in the d iameter  of the high-voltage 
electrode leads to an unjustified increase  in the threshold vol tages,  f rom which it follows that there are  optimum 
rat ios between the d iameter  of the heated body and that of the high-voltage electrode which must  be determined.  
It is  prec ise ly  for this reason that we were unable to determine the intensification of the heat t ransfer  of the 
thermis tor  in a ' pu re"  dc field produced by a dry bat tery due to its limited voltage. The effect of the action 
of a pure dc field was observed on a heated nickel conductor with a Dural plate placed horizontally above it as 
the second electrode.  The intensification of the heat t r ans fe r  was est imated,  as in [1], only qualitatively f rom 
the blackening of the conductor,  f rom which we were  ab le  to conclude that pure dc fields have the same effect 
on the heat t r ans fe r  as rect i f ied and ac fields~ 

The following conclusions can be drawn f rom the above investigations.  

Fi rs t ,  the static v o l t - a m p e r e  charac te r i s t i cs  of a thermis tor  undergo considerable changes when dc and 
ac electr ic  fields are  applied. The relative increase  in the dissipation factor  of the thermis tor  (the hea t - t r an s -  
fer  coeff ic ient )may reach approximately 75% in dc fields and approximately 45% in ac fields. This opens up 
new possibi l i t ies  for  using thermis tors  in measurement  technique, for  monitoring and controlling high voltages.  

Second, in view of the high sensit ivity of thermis tors  to a change in the hea t - t r ans fe r  conditions, they can 
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possibly be used successful ly as probes  to investigate intensification of heat t ransfer  in e lec t r ic  fields and 
enable much bet ter  methods of investigation to be developed, as  well as simplifying the circuit  and increasing 
the accuracy of measurements .  

NOTATION 

IT, current  through the thermis tor ,  mA; UT, thermis tor  voltage, u UHV, voltage of the high-voltage 
source,  kV; OT, t he rmi s to r  tempera ture ,  ~ O 0 the ambient tempera ture ,  ~ Ae,  tempera ture  drop, ~ P - '  
power dissipated at the heating tempera ture  OT with no field, mW; Ap,  increase  in power dissipated in a fie~d 
at a temperature  OT, mW; k, dissipation factor  of the thermis tor ,  mV/~ R20, ra ted res is tance  of the the rmis -  
tor  at e 0 = 20~ k~; E = UHV [2.3 r log(R/r)]  -I,  e lec t r ic  field strength, kV/cm; R, inner radius of the cylinder, 
cm; r, radius of the the rmis to r ,  cm. 
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DETERMINATION OF THERMOPHYSICAL CHARACTERISTICS 

OF HIGH HEAT-CONDUCTANCE MATERIALS ON THIN SAMPLES 

N. N. Medvedev and Z. M. Savicheva UDC 536.2.083 

A method is proposed that makes it possible to eliminate the contact thermal  res i s tances  in the de- 
termination of the thermophysical  charac ter i s t ics  of high heat conductance mater ia ls  on sam-  
ples with thickness h _< 5-10 -3 m~ 

Thin samples  of solid dielectr ics  with high heat conductance are  widely used in radio equipment for space 
resea rch .  The thermophysical  charac te r i s t i c s  (t.p.c.) of the solid dielectr ics  has to be determined on thin 
samples~ Such samples a re  eas ie r  to p repa re  without defects in the internal s t ructure .  Fu r the rmore ,  samples 
of small  thickness more  closely correspond to real  conditions of operation of solid dielectr ics .  

The thermophysical  charac te r i s t i c s  of very hard mater ia ls  with thermal conductivity above 20 W/m �9 deg 
on samples of thickness less than 5 �9 10 -3 m cannot be determined by the existing methods. 

Stationary and many nonstat ionary methods require the introduction of the temperature  measur ing device 
into the investigated sample; this is difficult to accomplish in thin samples of great  hardness .  Moreover ,  in 
thin high heat conductance samples it is difficult to measure  small  time intervals  of temperature  increase  due 
to rapid heat  t ransfer .  
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