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A d i la tomet r ic  method of measur ing  the local h e a t - t r a n s f e r  coefficient and the e x p e r i m e n -  
tal p rocedure  involved a r e  descr ibed;  the theory  of the method is given. 

The previously  noted [1] advantages  of rapid ,  i n e r t i a - f r e e  d i la tomet ry  for  m e a s u r e m e n t  of the coef-  
f icient of heat  t r an s f e r  between the su r face  of cyl indr ical  bodies and media  apply p r imar i ly  to the mean 
h e a t - t r a n s f e r  coeff icients  over  the length (area) when the medium flows t r a n s v e r s e l y  over  the surface .  It 
is not difficult, however,  to show that d i l a tomet r ic  methods sti l l  re ta in  thei r  advantages  in the inves t iga-  
t ion of local h e a t - t r a n s f e r  coefficients .  

We can use  here  the previous  physical  model,  in which a t r a n s v e r s e  flow of medium ove r  a cyl in-  
dr ica l  su r face  is invest igated.  It is not essent ia l  that the radius  R is much less  (two or th ree  orders)  than 
the cyl inder  length I,  and the d i la tomete r  does not m e a s u r e  the length, but the change in the d iamete r ,  
of a s tandard spec imen  in t ime.  The convenience of such an approach,  i n  par t icu lar ,  is that we can always 
choose for  the d i la tomet r ic  m e a s u r e m e n t s  a port ion of the cyl inder  on which there a r e  no axia l  t e m p e r a t u r e  
gradients  due to cooling resul t ing f r o m  convective heat  t r a n s f e r  between the medium and the la te ra l  su r face  
(during the t ime required  for  the m e a s u r e m e n t s ,  at  any rate) and, thus, it is quite valid to a s s u m e  that the 
axial ly  s y m m e t r i c  t e m p e r a t u r e  field on the se lected region depends only on the t ime  and the cylinder 
radius.  

The re la t ionships  for  calculat ion of the local h e a t - t r a n s f e r  coefficient a r e  derived f r o m  the re la t ion-  
ship known in the theory of the rmoe las t i c i ty  [2] 

R 
2 Ua= --~[$(1 +~t) T(r)rdr, 

0 

(1) 

which gives the absolute  t he rma l  d.eformation of the radius  U R of a spec imen  with a t he rma l  expansion 
coefficient  3, within which there  is an axial ly s y m m e t r i c  unidimensional  t e m p e r a t u r e  field T(r) ,  where  p 
is the Poisson  ra t io  of the cyl inder  mate r ia l .  

The ra te  of change of the cyl inder  radius  W R = dUR/d t  (in the case  where  the axis  is fixed in space) 
can eas i ly  be obtained by differentiat ing Eq. (1) with r e spec t  to the t ime  t: 

R 

2 ~ OT rdr. (2) 

0 

The value of 0 T / 0 t  in the cyl inder  is found f rom the heat  conduction equation, which in cyl indrical  coord i -  
nates in the case  of axial  s y m m e t r y  of the t e m p e r a t u r e  field has the f o r m  [3] 

OT ~ 1 O [r aTe ,  (3) 
o--T-= ~ ~ a, t - s  J 

where  X is the t he rma l  conductivity of the spec imen;  Cp is the specif ic  heat  per  unit volume. 

Trans la ted  f rom Inzhenerno-Fiz ichesk i i  Zhurnal ,  Vol. 18, No. 4, pp. 734-736, Apri l ,  1970. Original  
a r t i c l e  submit ted August 4, 1969. 

0 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced [or an), purpose whatsoever without 
permission o[ the publisher. A copy of this article is available from the publisher for $1s 

510 



Substituting the value of 0T/Dt f rom Eq. (3) in formula (2) and integrating expression (2) we obtain 

2 aT 
~ = ~-p ~ (l + ,~) ~ T (R, t). (4) 

Since the heat t ransfer  between the la teral  surface  and the medium conforms to.the law 

OT 
~" Or (R, t)=o~(T(R, t)--T,) ,  (5) 

where a is the hea t - t r ans fe r  coefficient (local);T(R, t) and T 1 a re  the surface tempera ture  in the measured 
section and the tempera ture  of the medium (which is assumed constant), we obtain 

2~z (1 § ~t)f~(T(R, t)--T~). (6) 

For  fur ther  simplification of relat ionship (6) we use the fact that the product of the thermal expansion coef-  
ficient and the t empera tu re  drop between the surface and medium is the ultimate relat ive change of radius 
AR/R ,  which occurs  when the t empera tu re  of the measured  section changes f rom T(R, t) [in the case where 
the value of T(R, t) is the same for all internal points of the section] to the tempera ture  of the medium (af- 
ter  the change in dimensions is complete);  hence, 

AR (7) 
( r ( R ,  t )  - r , )  = - -  
�9 R ' 

where AR is the absolute thermal  change in the radius f rom the moment of measurement  of the velocity 
W R to the completion of  thermal  expansion. 

Using Eq. (7) and relat ionship (6) we can put the formula for calculation of the local hea t - t rans fe r  
coefficient in the form 

W~R% 
~z - (8) 

2AR (I + ~t) 

The local hea t - t r ans fe r  coefficient was measured  with an optical in ter ference  dilatometer  [4] in the 
Spectroscopy Labora to ry  of the Institute of Physics  by sudden submers ion of standard (copper) cylinders 
in a medium with constant t empera tu re  (water at f reezing point, for instance). The initial t empera ture  of 
the standard specimen was also constant (room temperature) .  The value of the measured local hea t - t r ans -  
fer  coefficient of the water  in the case of natural convection was 590 k c a l / m  2 �9 h" deg. 

In conclusion I consider  it a pleasant duty to express  my thanks to A. M. Leontovich and S. L. 
Mandel ' shtam for help in the experiment and the opportunity given to me to ca r ry  out the necessa ry  mea-  
surements  in the Spectroscopy Labora to ry  of the Lebedev Physical  Institute. 
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