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We have derived expressions for the distribution of temperatures over 
the cross section and for the Nusselt numbers on the two wails of an 
annular channel for the case of developed laminar flow of an incom- 
pressible liquid with a constant heat-flux density along the length, but 
variable over the perimeter of the outside wail. 

Let  us cons ider  the p rob lem of the t r a n s f e r  of heat  
in the I amina r  flow of a liquid through a tube of an-  
nular  c r o s s  sect ion.  We will adopt the following a s -  
sumptions:  1) the flow of the liquid is l amina r  and 
s t eady-s ta te ;  2) the phys ica l  p rope r t i e s  of the liquid 
a r e  constant;  the liquid i tself  is incompress ib le ;  3) the 
motion of the liquid has been s tabiI ized hydrodynami -  
cal ly  and thermal ly ;  4) the re  a r e  no internal  heat 
sou rces  in the liquid; 5) the heat-f lux densi ty  at the in-  
side wall  of the channel is constant  along the Iength 
and over  the per imete r :q~  = eonst;  6) the heat  flux den-  
si ty at the outs ide wail is constant  over  the length, but 
var iab le  over  the pe r ime te r :  q~ = 0 when 6 < (o < 2rr--5 
and q~ = q0 (1 + m cos  ~o) when --5 -< ~0 -< 5. Here  q0 = 
= const ,  m = eonst .  Having solved the equat ions of 
mot ion and energy  for  the indicate condit ions,  we ob-  
rained the following resul t s :  

O -  K, [ .  R'4 R'16 + R~--I4 In R - - - - ~  R'  (In R - -  1)] 

[ (R'--I)' R ~ R~--I R, ] 
- -  K, 81nSRs InSR + 16 41nR----~ 

~ qwor z 1 [2sinn6 
+ 7~ ~, n /h"-' 

a==9 

-[- msin (n + 1) 6 . + 1  § . m sin(n-- l ) 6 n _ l  ] 

x ( / ~  r Roost) 

K', 2 (R,  ~ -  ~) ,....] 
4 In R, 

+ { I ( ,  [son~- 9-~n~ ~n n, - son~ 

--  50R~ + 21 In R, + 50 

+ - ~  (1 - :  ~ + ~n~,- ~ ) ,  
InR~ 

+ [' 
+ ~to~ - 2  +! 2~. ~, (7~- ~9n ~, + ~sn; -6~ 

18 (7R~ - -  20R~ + 18R 4 - -  4R~ - -  I )  - -  

In 2 R~ JJ 
• [288(R~ in R~. - -  

2 2 - - l n R 2 - - R ; ~ +  R2- -1 ) ]  -1. (1) 

If we know the t e m p e r a t u r e  field of the liquid, we 
can eas i ly  de te rmine  the Nussel t  numbers  for  the two 
s ides  of the tube. Thus,  for  the outs ide wall we have 
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From the expressions for Nu I and Nu 2 we can derive 

several particular solutions. For example, when m = 0 

we have a ease in which the segment of the outside sur- 

face with the angle 25 is heated at a constant flux den- 

sity qw2 =qwo, while the remaining portioffof the surface 
is thermally insulated. (The conditions for the heating 

of the inside wall of the tube remain unchanged.) 

Finally, if we assume that the ouside wall is heated 

when 

qw~ = const (qD -~ ~, m = O) 

and energy  d i s s ipa t ion  is neglected,  as 

R 2 - - ~  (rl"~O) andqwl = 0  

F r o m  (2) we obtain 1/Nu 2 = 1 /8(3-21/8)  = 11/48, or 
Nu~ = 4.36 is a known value when qw0 = coas t  in the case  
of a round tube. 

NOTATION 

x is the coordinate  along the flow; ~ is the az imutha l  
coordinate ;  6 is the fixed value of 9;  r is the r ad ia l  coor-  
dinate;  r l  and r 2 a r e  the rad i i  of in te rna l  and ex te rna l  
channel  su r f ace s ,  r e spec t ive ly ;  R = r / r1  is the d imens ion -  

less  rad ius ;  Ap is the p r e s s u r e  drop ac ross  the channel  
length l; @ = t ( ~  e ,  x)- t (x)  is the t e m p e r a t u r e  of the l iq-  
uid with r e spe c t  to the means ;  t is the t e mpe ra tu r e  of the 
liquid; t is the mean  t e mpe r a t u r e  of the liquid; ql and q2 
a re  the heat--f lux dens i t i es  on the in t e rna l  and ex te rna l  
walls  of channels ,  r espec t ive ly ;  # is the dynamic  v i scos i ty  
of the liquid; X is the t h e r m a l  conductivi ty of the liquid; 
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a r e  the d imens iona l  constant  n u m b e r s .  
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