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Expressions are obtained for the temperature distribution over the sec- 
tion, the heat flow through the channel wall, and the coefficient of 
heat transfer from the fluid to the wall for the case of a laminar flow 
in an infinite annular channel with constant specific heat flux at the 
outer wall of the channel and a thermally insulated inner Wall taking 
energy dissipation into account. 

This note p resen t s  the r e su l t s  of a solution of the 
different ial  equations of energy and motion, with a l -  
lowance for energy dissipat ion,  in the case of a devel" 
oped l amina r  flow along an annular  channel of infinite 
length. This makes it  possible  to calculate the t e m p e r -  
ature d is t r ibut ion  over the cross  section and the heat 
t r ans fe r  f rom the fluid to the wall. 

The following assumptions  are  made: 1) the flow is 
s ta t ionary  and laminar ,  the fluid is incompress ib le  and 
its physical  p roper t ies  are  constant; 2) the flow is de-  
veloped, i . e . ,  hydrodynamical ly  and the rmal ly  s t ab i -  
lized; 3) there are no in te rna l  heat sources  in the flow; 
4) the effect of body forces  is negligibly small ;  5) the 
specific heat flux at the outer wall is constant  alongthe 
length of the channel,  the inner  wall of the channel  is 
the rmal ly  insulated.  With these assumpt ions  the di f fer-  
ent ia l  equations of motion and energy,  in cy l indr ica l  
coordinates ,  have the form [1] 
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F rom the heat balance condition for an e lement  of the 
channel we have 
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Solving Eqs. (1) and (2) jointly,  us ing  (3), with the 
boundary  conditions R = 1, aS/~R = 0-- insula ted wall, 
R = R2, e = 0, we a r r i ve  at an express ion  for the fluid 
t empera tu re  d is t r ibut ion  over the channel c ross  sect ion 
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and A and b are d imens ion less  groups of constants .  Set-  
ting b = 0 in (4), we can obtain the t empera tu re  d i s t r i -  
bution for the case when the heat of f r ic t ion is not taken 
into account. 

Knowing the t empera tu re  dis t r ibut ion,  we can eas i ly  
find an express ion  for the specific heat flow through 
the outer  wall: 
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The coefficient of heat t r ans f e r  from the fluid to the 
wall  is given by 
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where 
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Using (4), we have 
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Thus, Eqs. (4), (5), and (8) make it  possible  to ca l -  
culate the heat t r ans fe r  f rom a l amina r  flow of fluid 
with constant  physica l  p roper t i es  in an infinite annular  
duet with allowance for the heat of f r ic t ion.  These ex-  
p res s ions  were obtained for an adiabat ical ly  insula ted 
inner  wall  and constant  specific heat flux at the outer 
wal l - -a long the length of the channel.  It is a ssumed  
that the constant  p r e s s u r e  gradient  0P/Ox a n d t h e m e a n  
veloci ty  in the sect ion ~r are  known exper imenta l ly .  

are  the radi i  of the inside and outside channel  sur faces ,  
respect ively;  R = r l / r 2  is  the d imens ion less  radius;  p 
is the dynamic viscosi ty;  P is the p re s su re ;  p is the 
fluid density; X is the fluid the rmal  conductivity; Cp is 
the specific heat of the fluid; qw is the specific heat 
flow through the wall; t is  the fluid t empera ture ;  0 is 
the fluid t empera tu re  reckoned from the t empera tu re  
of outside surface  of the tube; (~ is the coefficient of 
heat  t r ans fe r  f rom the fluid to the wallo 
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NOTATION 

w x is  the flow velocity;  ~ is the mean  velocity;  x is 
the coordinate along the flow; r is the radius;  r l  and r 2 
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