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The velocity of the df latometr ic  method of measur ing  the heat t ransfer  coefficient for cylin- 
dr ical  sur faces  in a t r ansver se  s t r eam of liquid is confirmed theoretically.  

Several fundamental p remises  in [1] do not seem adequately justified in physical  t e rms .  Specifically, 
one of the fundamental p r emise s  the pract ica l  validity of which is still much debated (especially in di la to-  
met r ic  studies of the heat t ransfer  p r o c e s s e s  in liquids) is the absence of radial  tempera ture  gradients  in 
s tandard (metallic) cyl indrical  specimens (an absence of axial tempera ture  gradients is easi ly attained by 
ext remely  fast heating of specimens with e lec t r ic  cur ren t  pass ing direct ly  through the specimens and by 
making the measuremen t s  immediately af ter  the e lectr ic  heating cur ren t  has been turned on, i . e . ,  when 
the axial t empera ture  gradients  produced by contactive heat t r ans fe r  through the end surfaces  of a cylinder 
with a length- to- radius  rat io l / R  = 2-3 appear  only ac ross  small  segments  adjoining these end surfaces) .  

Never theless ,  as this feasibil i ty study of di la tometry based on certain theorems of thermoelas t ic i ty  
will show, all mathematical relations derived in [i] are fully applicable also when the necessary condition 

for heat transfer between the lateral surface of a cylinder and a surrounding liquid is the presence of 

radial temperature gradients inside a standard specimen. 

One of the most important relations used in our analysis is the well-known theorem of thermoelas- 
tieity [2]: 

R 

U z = 213 ~-~ T (r) rdr, (1) 

0 

defining the absolute thermal  deformation U l of segment I of an infinitely long cylinder inside which there 
prevai l s  an axially symmet r i ca l  t empera ture  field T(r); the cylinder mater ia l  is assumed isotropic,  which 
makes coefficient ~ also an isotropic quantity. 

It must  be noted that even for infinitely long cylinders Eq. (1) is valid only if the tempera ture  field 
in the cylinder is maintained axially symmet r i ca l  and not a function of the axial coordinate.  As has been 
emphasized already,  eaeh of these requi rements  is sat isfied for a sufficiently long specimen of the appro-  
pr ia te  shape (a II-shape,  for example, where throughout the ra ther  lengthy test  duration there appear  no 
axial gradients  and di latometr ie  probes  reeord  only changes in the length of the top beam of the I I -speei -  
men; in praet ice  axial t empera ture  gradients  vanish immediately  af ter  the electr ie  heating cur ren t  has 
been turned off). 

The rate  at which one end surfaee of a cylinder is displaced (e. g., the x = l end assumed uneon- 
s t ra ined in space) with the other end x = 0 fixed is easi ly determined by differentiating Eq. (1) with respec t  
to time: 
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R 

dU t l ~ OT rdr. 
w =  0-7 

0 

(2) 

The value of aT /3 t  inside the cyl inder  can be found f rom the equation of heat  conduction in cyl indr ical  co-  
ord ina tes  with an axial ly  s y m m e t r i c a l  t e m p e r a t u r e  field [3]: 

. . . . . . .  r . ( 3 )  
Ot cp r Or 

Inser t ing  this express ion  for  3T/Dt f r o m  Eq. (3) into Eq. (2) and then integrat ing (2), we obtain 

W = 2 ~  ~'--~-/ or  
cpR " Or (R, t). (4) 

Consider ing that at the l a te ra l  cyl inder  su r face  there  occu r s  heat  t r a n s f e r  with the surrounding medium 
(whose t e m p e r a t u r e  T 1 is a s s u m e d  constant) accord ing  to the law 

OT (R, t) = ~ ( r ( t ) - - T 1 ) ,  (5) 

we wilt obtain for  the l inear  expansion ra te  W at that instant  of t ime 

l 
W=2a  ~ (T (t) - -  T , ) .  (6) 

cpR 

If W is m e a s u r e d  immedia te ly  a f t e r  the e l ec t r i c  heating cu r ren t  has  been  turned on (at that instant  there  is 
contact  es tab l i shed  between the l a t e r a l  cy l inder  su r f ace  and the liquid), then the t e m p e r a t u r e  at all  points 
inside the spec imen  will st i l l  be equal to the su r face  t e m p e r a t u r e  T(t) and, there fore ,  the product  of the 
two las t  f ac to r s  on the r ight -hand side of Eq. (6) r e p r e s e n t s  exact ly  the u l t imate  re la t ive  change of the 
cyl inder  d imensions  f rom the t ime when the e l ec t r i c  heat ing cu r ren t  has  begun to flow till the end of the 
t he rma l  expansion p r o c e s s  with the en t i re  spec imen  at  t e m p e r a t u r e  T 1 of the liquid. 

In this way, 

Al 
(T ( t ) - -  71) --  / (7) 

In view of equali ty (7), it b e c o m e s  worthwhile to r ewr i t e  exp res s ion  (6) as 

2aAl W= - -  (8) 
Rcp 

F r o m  re la t ion  (8) follows d i rec t ly  the exp re s s ion  for  calculat ing the heat  t r a n s f e r  coefficient  o~: 

cz = W Rcp , ( 9 )  

2A/ 

which is a lmos t  the same  as  the analogous fo rmula  in [1]. 

It is to be noted, in conclusion,  that the re la t ions  der ived in [1] a re  fully appl icable also to ca lcu la -  
tions of heat  t r a n s f e r  in l iquids,  and it is r equ i red  only that the l inear  expansion ra te  W be m e a s u r e d  im-  
media te ly  a f te r  the e lec t r i c  heat ing cu r r en t  has  been  turned on, i . e . ,  at the instant  when contact  between 
the spec imen  and the surrounding medium is es tabl i shed.  
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NOTATION 

specif ic  heat  of the spec imen  ma te r i a l ;  
absolute t he rm a l  l inea r  expansion of the cyl indr ica l  spec imen  segment ;  
rad ius  of the cy l indr ica l  spec imen;  
t e m p e r a t u r e ,  ~ 
spec imen  length; 
heat  t r a n s f e r  coefficient;  
t h e r m a l  conductivity;  
t he rm a l  l inear  expansivi ty;  
rad ius ,  in cyl indr ica l  coordina tes ;  
axial  d is tance,  in cyl indr ica l  coordina tes ;  
r a t e  of l inear  expansion.  
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