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L e t  t h e r e  b e  a l a y e r  o f  l i q u i d  o f  k n o w n  m a s s  c o v e r i n g  t h e  i n s i d e  
s o l i d  s u r f a c e  o f  a c y l i n d e r  a n d  a t  r e s t  r e l a t i v e  to it ( r e s u l t i n g ,  f o r  e x -  
a m p l e ,  f r o m  t h e  a c t i o n  o f  a c e n t r i f u g a l  f o r c e  a f t e r  p r o t r a c t e d  r o t a -  
t i o n  o f  t h e  c y l i n d e r  a b o u t  i t s  a x i z ) .  

W h e n  t h e  t e m p e r a t u r e s  o f  t h e  s o l i d  s u r f a c e  a n d  o f  t h e  m e d i u m  i n  
d i r e c t  c o n t a c t  w i t h  t h e  f r e e  s u r f a c e  o f  t h e  l i q u i d  a r e  c o n s t a n t ,  w e  
h a v e  f o r  t h e  l i q u i d  t h e  h e a t  c o n d u c t i o n  e q u a t i o n  w i t h  b o u n d a r y  c o n -  
d i t i o n s  f o r  t h e  t e m p e r a t u r e  

~ r  ( d t  ) d t  t = a ~ a A t , = a ~ b ~ t ~  ( 1 )  

a n d  a n  i n t e g r a l  e q u a t i o n  f o r  t h e  m a s s  

a 

b 

F o r  c o n s t a n t  k w e  o b t a i n  a l o g a r i t h m i c  t e m p e r a t u r e  d i s t r i b u t i o n  

~ = t x + O l n ~ ,  0 < ~ < p . ~ l ,  a t = - - O l n ~ ;  ( 3 )  

i t s  p a r a m e t e r s  t~  a n d  ~ ) ,  a s  w e l l  a s  t h e  t h i c k n e s s  o f  t h e  l i q u i d  l a y e r  
( o r  ~ )  r e q u i r e  d e t e r m i n a t i o n ,  a n d  t h e n  

T a k i n g  t h e  c q  t o  b e  c o n s t a n t s ,  w e  h a v e ,  f r o m  t h e  b o u n d a r y  c o n -  
d i t i o n s  @ = 

a G ~ ~ te 

0 = N u  A t l - -  N. A t e  ~ ( 4 )  
~ ( 1 - - N u  l n ~ )  - 1 - ~  

I n  w h a t  f o L l o w s  w e  s h a l l  u n d e r s t a n d  q ,  t ~  a n d  | t o  h a v e  t h e s e  e x p r e s -  
s i o n s .  

W e  r e s t r i c t  t h e  e x a m i n a t i o n  t o  a n  i m c o m p r e s d b l e  l i q u i d  w i t h  c o n -  
s t a n t  t h e r m a l  e x p a n s i o n  c o e f f i c i e n t  

v = oo e x p  ( ~  0 ,  vo = e o n s t .  ( 5 )  

T h e n  ( 2 )  l e a d s  t o  a t r a n s c e n d e n t a l  e q u a t i o n  f o r  ~ :  

( !  _ ~ - - N u , ~ )  e x p  ( 0  - -  ~ -~)  = n ( 2  - -  N u  ~ ) ,  

= ~ ( 6 )  

W e  n o t e  t h a t  t h e r e  a r e  t r i v i a l  s p e c i a l  c a s e s :  

w h e n  a x : 0 l = l e t ,  w h e n  a.z = 0 t = t e z ,  

w h e n  A t  e - ~ O  t - ~ - t  e ,  (~ l )  

w h e r e  ~ = [ 0  f o r  t h e s e .  A s s u m i n g  t h e s e  t o  b e  e x c e p t i o n s ,  w e  h a v e  

0 <  - !  ~ A t  A r t ,  a t 2 } ~ l .  ( 8 )  A t  e ~ , 

W h e n  6 = 0 

~ = V i - ~ n .  ( 9 )  

W h e n  6 i s  s u f f i c i e n t l y  s m a l l  ( t h e n  ~ > O )  a n d  t h e n  

[ I. 
I ~ l < < m i n  I ;  N u ;  

2 ~  ~ ~ + ~ o ( I  - -  N u  I n t o )  ] 
n ( N u  + 2 ) e x p O s )  + N u  ~ o ~ l n ~ o  m i n ( l ; / I n ~ o ] ) j ,  ( l O )  

a n d  ~ d i f f e r s  f r o m  ~ 0  b y  t h e  s m a l l  q u a n t i t y  

n ( N u  + 2 )  e x P  ( 0 , )  + N u  ~o~ I n  ~o  
= 01) 

2 ~ + ~ o  ( I - -  N u  l n ~ o )  

w h e r e u p o n  

N u  A t e  [ ~  + ~ + N u  ~o 
O = ~ + ~ o ( l _ . N t t l n + o S [ o  3 + ~ o ( l _ N u l n ~ o ) ~ ] ,  

A t e  F ~ + N u d e  ) ( 1 2 )  
t~  = t ~  - -  ~ "F  ~o ( I -~ - ' -~  N u  In  ~o)  [ ~  + t ~ + ~o ( I - -  N .  in  ~o)  "~_ " 

P o s t u l a t i n g  t h a t  { i s  s u f f i c i e n t l y  s m a l l  

~ < < m i n ( t ;  ~ ;  [ ~ 1 ) .  ~ l l n  ~ l < < ~  ( 1 3 )  

( t h e  l i q u i d  o c c u p i e s  a l m o s t  t h e  w h o l e  i n s i d e  o f  t h e  c y l i n d e r ) ,  w e  o b -  
t a l l  

~ - - - -  ~ ~ ( 1 4 )  
e N u n e x p ( @ ~ )  + 1 '  

N~ g , +++ ( 1 5 )  
B N u n e x p ( 8 1 )  + 1 '  t z  : =  t e a + - - B  N u n e x p ( ~ l )  +--'---I" 

W e  n o t e  m p a s s i n g  t h a t  t h e r e  i s  a n  i n e q u a l i t y  

e x p [ ~ ( l _  ~ N u  I n  ~ )  + ~ ] < 

2 n  [ ~ ( 1 - - N u l n ~ )  J 
< ~ ~ : ,p  ( ~ , )  < e , ,p  �9 (~ - - - - f f~-T.  m ~  ~ -  ~ J  fo r  a t ,  > o , ( m >  

s t e m m i n g  f r o m  t h e  e v i d e n t  c o n d i t i o n  v r n i ~  < v o ( 1  - -  ~ ) / 2 n  < o m a x ,  
a n d  a n  i n e q u a l i t y  o f  t h e  o p p o s i t e  s e n s e  w h e n  A t e  ~ 0 .  F r o m  t h e s e  i t  
m a y  b e  s e e n  t h a t  t h e  p a r a m e t e r  ~ m a y  b e  b o t h  p o s i t i v e  a n d  n e g a -  
t i v e ,  b e i n g  z e r o  w h e n  211 = e x p  ( ~ ) .  I t  m a y  h e  s e e n ,  f o r  e x a m p t e ,  
f r o m  ( ! 4 ) ,  t h a t  ~ e  o p p o s i t e  ~ g n s  o f  ~ a n d  A t  e c o r x e s p o n d  t o  t h e  
c a s e  b e i n g  e x a m i n e d  o f  ( 1 3 )  w i t h  s m a l l  ~ .  

F o r  s u f f i c i e n t l y  s m a l l  n 

n < < e x p  - - 0 1 - r a i n  1; N u - - l '  0 + N u ) [ ~ (  ( 2 7 )  

( t h e  l a y e r  o f  L i q u i d  i s  t h i n )  w e  o b t a i n  f o r  # t h e  q u a d r a t i c  e q u a t i o n  

~ [ 1  ~ + N u  e F t ] = n e x p ( ~ x - -  ~ I ) ( 6 +  I )  2 , ( 1 6 )  

whence we have, a p p r o x i m a t e l y  

~ne 1 ~ , ( 1 9 )  

Nu ( ~+Nttl+ ) 

t a t ,  / ]  + + N u  ) 
t ~ =  . -  ~ + - - - 7 ~  ~ + l  ~'  " 

~ 2 0 )  
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The total  enthalpy of the cylindrical  layer of liquid per unit length 
of generator is 

I 
2r. s (0 81) 

I = 2~ a~c [ ~ p d p = 
e x p  

d v vo~(2--Nug'} ~ ( l - - N u l n ~ } + ~  X 

{ [[01( 1 - -  ln~)--z]~-}-~01] (1 - -  ~2--Nu~) + 

~2--Nu8 [1 --  (2 - -  Nu O) In ~1 - -  1 } 
+ Nu e~ 2 --  Nu ~ _; (21) 

when 5 = 0 

agc 
I = - -  { 2 n i l  - -  8 [ 2 n  + (1 --2n) In ( l --2n)l  J, (22) 

~Jo 

where t 1 and | must be taken with regard for (9). 

NOTATION 

e is the specific heat,  J .kg "l .degree- l ;  I and m are the total  

enthalpy, 1. m ' t ,  and mass, kg- m-1 of the cyl indrical  layer of l iq-  

uid with unit length of generator; u is the specific volume, mS.kg ' l ;  

r is the radius vector, equal to a on the solid cyl indrical  surface, and 

b on the free surface of the liquid, m; t is the temperature, ~ K; O = 

= dt /d  In r; a,  5 and k are the coefficients of heat transfer, W .m "z �9 
�9 degree -1, thermal expansion, degree -l,  and thermal  conductivity, 

W ' m  -I �9 degree- l ;  Ate = tel -- tez, At = t t -- tz, A t l =  te~ - t r ,  
At z = t z - tez a te  the temperature drops; n = m u o / 2 m  z < 1/2, Nu = 

= e q a / h  is the Nusselt number, ~ = ~A re, ~ - -  ~A tl,  ~ = ~ t~l, p = r / a ,  

1 - -  2n exp (~1), h = ~ - -  ~o are dimensionless ~ = 1 - -  t.,. = b / a ,  ~0= 
quantities.  Subscripts 1 and 2 relate, respectively, to r = a and r = 

= b; e relates to the external media .  
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1. Derermlnation of radiat ive-convect ive heat t t a n d e r  on a h e a t e d  
cylinder [1, ~],  This was carried out in investigations of b imeta l l i za -  

tion of sliding bearings used in shipbuilding [3].  A bushing of St 15 

steel had diameters of 62 and 62 ram, and length 100 ram. A batch 

of OTsS 6-6-3 bronze was fused in an electr ic  are and uniformly dis- 

tributed over the inside surface of the bushing by centrifugal force. 

The rotating product was cooled on the outside with air, and on the 
inside with nitrogen. The heat  balance of this kind of an unsteady 

technical  process may be set up only with the aid of inverse methods 
of heat  conduction [1, 4, 5] .  Pt versus Pt-Rh thermoeouples were em-  

bedded at distances of 31 and 38.5 mm from the axis, and their emf's 

were recorded on a EKVO-III-8711 strip potentlometer.  The tempera-  

tures, measured to an accuracy of 5* at a speed of 750 rpm, are shown 
in Table 1, which also gives the temperature of the cooled surface, 

calculated from formula (3.18) of reference [1].  The first three terms 

of the series were used to ca lcula te  this. 

The thermal diffusivity a [6] was taken at 1273" K, equal to 0.065 

cm 2/sec,  and the thermal conductivity was k = 0.2375 W/cm �9 * K. 

By differentiation with respect to the coordinate u = r / r  I we calculated 

the heat  fluxes 

q = - -  2 ~ k  O t  ( ~ ,  ~ ) / 0  ~ ,  (1) 

the heating v = v i = 1, dissipation v = ve = 1.323, and accumulation 

qa = qi -- qe. 
The graph of the modified Blot number 

B i  : [ 2 ~  e O t  ( r e ,  z ) / O ~ ] / [ t  ( r e ,  ~ )  - -  t e l  ( 2 )  

outwardly resembles the curve for qi (Fig. 1), increasing from 1.2 to 

5, and has a stationary value of 2 .22.  

2. Experimental determination of the unsteady contact heat  

tramfes of a heated hollow sphere, St 45 steel spheres of diameter  
61. O0 and 169.75 mm were used. The sphere was positioned in sand 

saturated with water in a large container. The inside surface of the 

sphere was insulated with a 4 mm layer of asbestos from a spherical 

nichrome coil  to which voltage was applied. Chromel-a lumel  the rmo-  

couples were located at q = 36.9, r z = 49.5 and r s = 75.5 mm from 
the center. They were insulated with mineral  fiber and located in r 

1.5 mm steel tubes. The temperature was recorded on a 28KVT po- 

tent iometer  with soale from 273 to 473* K for the thermocouple used. 

The measured temperatures are shown in Table 2. 

From these temperatures, in accordance with formula (5.2) of 

reference [1],  we calculated the thermal  dfffusivity, which proved 
to be equal to 0.1292 cmz/sec  at a mean temperature of 405 ~ K. The 

handbook values at 373 and 423*K are 0.1308 and 0.1269 cm z/soc,  

and 0.1288 cm z /sec  was taken. From the temperatures at the edge 

points the temperature field of the sphere was reconstructed, according 

to the formula (4.17) of reference [1]: 

q = - -  4 n v ~ Z  r i o t  ( ~ ,  ~ ) / 0 ~ .  (3) 

The calculated power supplied to the internal surface of the sphere is 

u i = 0.6266, and that dissipated through the outside surface is u e = 

= 2.1653. For St 45 steel [6 .7] ,  k = 0.474 W/cm �9 ~ These quan- 

t i t ies  are shown in Fig. 2, in addition to the accumulated power qa'  

�9 , rain 

1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 

Table 1 

Temperatures of Internal Points and Cylinder Surface 

T II 
I on cyl- ~, rain 

at point ! at  point 2 i n d e r  
surface 

T, ~ 

I I at  point I at point  2 

698 
963 

1023 
1263 
1353 
1408 
1443 

633 
868 

1023 
1123 
1 1 9 8  
1258 
1313 

625.5 
851.2 

1003.3 
1084.2 
1 1 5 8 . 6  
1218.6 
1278.5 

4.5 
5.0 
5.5 
6.0 
6.5 
7.0 

1458 
1463 
1478 
1493 
1493 
1498 

1343 
1373 
1388 
1403 
1408 
1413 

on cyl- 
inder 

surfac# 

1311.9 
1348.7 
1363.3 
1377.9 
1383.9 
1388.5 


