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We propose a dilatometry method of determining the coefficient of heat transfer between a sur- 

face and a medium. It is demonstrated that the advantages of this method lies in its high ac- 

curacy and simplicity. The use of dilatometry in a nontraditional research area makes it pos- 

sible to substantially expand its sphere of application. 

The accuracy of all currently existing methods of determining the coefficient of heat transfer betweer~ 

a surface and a medium, despite the fact that they are numerous [i] and diverse, are limited by the accuracy 

with which the heat flows and the temperature differences between the surface and the medium are deter- 

mined, since the formula for the calculation of the heat-transfer coefficient includes directly the tempera- 

ture of the medium and that of the surface and the heat flows between them. In the method utilized in this 

project and based on an analysis of kinetic curves of thermal expansion for metal wires (or tubes) stream- 

lined by a liquid or gas medium there is absolutely no need in measuring the heat flows, and the role of the 

temperature measurement is determined for all intents and purposes by the need to refer the heat-transfer 

coefficient to a given temperature interval. The high sensitivity of the dilatometer makes it possible to 

assume that the accuracy of the proposed method does not fall below 1%. It should be stressed that the 

transfer of heat between the medium and a cylindrical surface (wire, tube) was measured for a number of 

reasons; nevertheless, the potentials of the method are in no way limited to such a case. 

As a specific physical model let us examine the process of thermal change in the size of a cylindrical 

wire of length ~ and radius R(R << l) from a high-melting metal with a known heat capacity cvPer unit volume, 

initially heated to high temperatures and then cooled with a medium exhibiting a temperature T I. The r~ag- 

nitude of the absolute deformation A~ b of a prismatic body exhibiting a coefficient P of thermal expansion 

under the condition that the temperature change AT is identical or all of its internal points is given [2] by the 

equation 

Al b = l[3Ar. (I) 

When the  t e m p e r a t u r e  c h a n g e  ( taking p l a c e  wi th  the  p a s s a g e  of t i m e )  of a c y l i n d e r  w h o s e  x = 0 end i s  f i xed  
and  w h o s e  x = l end  can  m o v e  f r e e l y  i s  d i f f e r e n t  fo r  the  v a r i o u s  s e g m e n t s  of the  s p e c i m e n ,  i t  i s  n e c e s s a r y  
to t u rn  to the  e x a m i n a t i o n  of the  t h e r m a l  e x p a n s i o n  of an i n f i n i t e l y  s m a l l  s e g m e n t  dx w h o s e  e longa t ion  d/b 
d u r i n g  the  t i m e  dt  i s  g iven  by  

al b = clx~ Or  dr. (2) 
Ot 

Having calculated the elongation dl of the entire cylinder during the time dt and then turning to the rate W 

of thermal expansion at which the free end x = l moves, we find 
l 

dt J Ot 
o 

The quantity 0T/Ot in a wire exhibiting a thermal conductivity k is determined in this case by the fa- 

miliar heat-conduction equation [3] 

a T  = -  k O~T a 2 ( T - - T , ) ,  (4) 
Ot Cv OP cv R 

w h e r e  c~ i s  the  c o e f f i c i e n t  of hea t  t r a n s f e r  b e t w e e n  the  s u r f a c e  and the  m e d i u m .  
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Fig .  1. D i l a t o m e t e r  r e c o r d  and t e m p e r a t u r e  
hea t ing  c u r v e s  (A/I and ATI) and cool ing t e m -  
p e r a t u r e  c u r v e s  (A/II and ATII)  fo r  st .  45 s tee l  
(a) and cobal t  (b): AB) the l ine a t w h i c h t h e  hea t -  
ing is s topped.  

Ident ica l  bounda ry  condi t ions  at the ends al low 
us to a s s u m e  that  

O--2-T (0) = - -  O!  (t). (5) 
Ox Ox 

Substi tut ing the  va lue  of 0 T / ~  f r o m  (4) into (3) and 
b e a r i n g  in mind  Eq.  (5), a f t e r  in tegra t ion  of (3) over  
the en t i r e  length we obtain 

l 

0 

The quant i ty  k Yr/~x (l) in (6) d e t e r m i n e s  the r e m o v a l  
of heat  f r o m  the ends of the  wi re ,  and it can be ne -  
g l ec ted  with a p p r o p r i a t e  se lec t ion  of d i l a tome te r  de-  
s ign and the cool ing condi t ions  at  the end (this is a l so  
made  pos s ib l e  by the condi t ion R << l). Thus ,  neg l ec t -  
ing the t e r m  k 3T/Ox (l) and dropping  the "minus"  s ign 
in (6), this  s ign denot ing that  the wi re  does  not i n c r e a s e  
in s ize ,  but  r a t h e r  d imin i shes  in s ize ,  we r e w r i t e  (6) 
to be the f o r m  

l 
W = ct - -  [~ (T - -  T t) dx. (7) 

c v R 
0 

Rela t ionsh ip  (7) admi t s  of f u r t h e r  s impl i f ica t ion  
if we take  into c o n s i d e r a t i o n  that  

l 
fi ~ (T--- T,)dx = Al, (8) 

0 

w h e r e  Al is that  l imi t  change  in the w i r e  s i ze  which c o r r e s p o n d s  to a change  in its t e m p e r a t u r e  f r o m  the in-  
s t an taneous  va lue  T (x) to the t e m p e r a t u r e  T 1 of the med ium.  The  final  f o r m u l a  for  the ca lcu la t ion  of a has  
the f o r m  

R W (9) 
a = c v 2 Al 

E x p e r i m e n t a l  c on f i rm a t i on  of (9) was  g iven by an ana lys i s  of the d i l a t ome te r  r e c o r d s  for  meta l l i c  
w i r e s  hea ted  by  e l ec t r i c  c u r r e n t  on an in t eg ra t ed  ins ta l la t ion  des igned  for  the s tudy of phase  c o n v e r s i o n s  
under  condi t ions  of r ap id  heat ing [4], and under  condi t ions  of cool ing of wa te r  and a i r ,  a f t e r  shutt ing off the 
c u r r e n t ,  with the f r e e  convec t ion  of the wa te r  and the a i r .  The  m e a s u r e m e n t  of the wi re  t e m p e r a t u r e s  was  
a c c o m p l i s h e d  by  m e a n s  of t w o C h r o m e l - C o p e l  t h e r m o c o u p l e s  connec ted  to the  spec imens ;  the t e m p e r a t u r e  
c u r v e  in this  e a s e  was  r e c o r d e d  on the s a m e  photographic  pape r  as  the d i l a t ome te r  r e c o r d s  fo r  the heat ing 
and the cool ing .  The  m i n i m u m  d is tance  be tween  the t ime  m a r k e r s  on the pho tograph ic  pape r  c o r r e s p o n d  
to an in t e rva l  of 0.02 see .  

A typ ica l  f o r m  of a d i l a t o m e t e r  r e c o r d  of the wa te r  cool ing  of st .  45 s tee l  (in the  t e m p e r a t u r e  r ange  
30-500 ~ C) and the d i l a t o m e t e r  r e c o r d s  fo r  the cool ing of coba l t  w i re  in a i r  in f r e e  convec t ion  (in the r ange  

T A B L E  1. Values  of the  Coeff ic ient  a {kcal/m 2 -h .deg)  at Va r ious  
T e m p e r a t u r e s  

Medium i 

/X~.r 
Water 

Wire temperature ~ 

37,6 
6510 

100 

35 
6500 

200 
I 

41,3 
6530 

4O 43,5 
6540 

300 

I 
b 

42 44,7 
6550 

400 

43 
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30-450 ~ are  shown in Fig. 1. Table i shows the values of c~ for var ious t empera tu res  in each of the 
cases ,  as derived in this paper  (a) in compar ison  with the data (b) known f rom the l i te ra ture  [5] (c~ is ex- 
p r e s sed  in kcal /m 2 �9 h .  deg). 

In conclusion, the author regards  it his pleasant  duty to express  his grati tude to N. F. Chernenio and 
S. P. Oshkaderov, senior  scientific workers  at the Metalophysics Institute of the Ukrainian SSR Academy of 
Sciences, for making available to the authors the di la tometer  r ecords  in connection with the cooling of metal 
wires  in air  and water  media. 
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