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The problem of determining the average temperature in calculating 
the heat transfer between coaxial cylinders is considered. It is shown 
that the true value of the average temperature depends on the ge- 
ometry of the heat transfer surfaces and is less than the arithmetic 
mean value usually employed. 

In analyzing and gene ra l i z ing  the r e s u l t s  of heat  
t r a n s f e r  expe r imen t s  it is  usual  to r e f e r  the data ob-  
ta ined to a ce r t a in  average  t e m p e r a t u r e  c h a r a c t e r i s t i c  
of the p rocess .  

In the case of heat t r a n s f e r  between a fluid moving 
through a channel  and the channel  wai ls  [1] it i s  p r o -  
posed to average  the t e m p e r a t u r e  with r e spec t  to the 
enthalpy of the fluid: 
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When p = const  and Cp = eonst  this  fo rmula  becomes  
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i. e . ,  the averag ing  p a r a m e t e r  is  the vo lume flow ra te .  
However,  if the ve loc i ty  is  the same  over  the chan-  

nel  c ro s s  sect ion or  equal to zero  (case of pure  heat 
conduction),  the averag ing  can be pe r fo rmed  with r e -  
spect  to the channel  c ro s s  sect ion and the averag ing  
fo rmula  becomes  
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At p re sen t ,  as the r e f e r ence  t e m p e r a t u r e  for both 
o n e - d i m e n s i o n a l  and two-d imens iona l  p r o b l e m s  it  is  
cu s tomary  to take e i ther  the t e m p e r a t u r e  of the in i t ia l  
flow (or ambient  medium) or  the a r i thme t i c  mean  
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However,  it appears  that the l a t t e r  exp res s ion ,  which 
is  val id for the case  of heat  t r a n s f e r  by pure  conduc-  
t ion between pla tes  of inf ini te  length,  is only approx i -  
ma te ly  c o r r e c t  for two-d imens iona l  p r o b l e m s  (for 
example ,  for heat  t r a n s f e r  between two coaxial  cy l i n -  
ders)  and only if the the rmophys ica l  c h a r a c t e r i s t i c s  of 
the med ium do not depend too s t rongly  on t e m p e r a t u r e .  

The exact value of the average  t e m p e r a t u r e  for the 
s i m p l e s t  ease of the two-d imens iona l  p r o b l e m - - h e a t  

t r a n s f e r  by condit ion be tween two coaxial cy l inders  of 
inf ini te  l eng th - -can  be obtained as follows. 

Since the c r o s s - s e c t i o n a l  a r e a  n o r m a l  to the axis  
of a coaxial  cy l inder  can be exp re s sed  as f = 7rr 2, 
whence d f  = 2vrdr ,  while the t e m p e r a t u r e  is  expres sed  
by the equation [1] 
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for the case  in quest ion Eq. (3) becomes  
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After  in tegra t ion  and a lgebra ic  t r a n s f o r m a t i o n s  we 
obtain 
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after  subs t i tu t ing  (8) into (7) we obtain 
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or af ter  t r a n s f o r m a t i o n s  
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An ana lys i s  of (11) shows that when r2/r~ v a r i e s  
f rom 1 to inf ini ty  the co r r ec t ion  ~ v a r i e s  f rom 0.5 to 
0 (figure). 

To i l l u s t r a t e  the poss ib le  e r r o r s  which may  be 
in t roduced in ca lcula t ing  the r e f e r e n c e  t e m p e r a t u r e  
f rom Eq. (4), we offer the following example.  If we 
ca lcula te  the r e f e r e n c e  t e m p e r a t u r e  t~v f rom Eq. (4), 
then in the exper imen ta l  de t e rmina t ion  of the t he rma l  
conduct ivi ty  X by the ho t -wi re  method [2] ( r2/ r t  = 10.7, 
At = 100 ~ t2 = 20 ~ C) ins tead  of the t rue  t e m p e r a t u r e ,  
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The c o r r e c t i o n  ~ as a function of the ra t io  r 2 / r l .  

g iven  by Eq. (10), tav = 40.5 ~ C (Tav = 313.7 ~ K) we 
wil l  have t~v = 70 ~ C (Tar  = 343.2 ~ K). 

The t e m p e r a t u r e  dependence  of the t h e r m a l  con-  
duct iv i ty  of ga se s  is  e x p r e s s e d  by the f o r m u l a  [2] 

whe re  n = 1.53 for  ammon ia  and n = 2,03 for  n i t rogen .  

Calculating the thermal conductivities, we obtain 

kam = 1.23k0am, kni = 1.32k0n i when Tar = 313.7 ~ K 

•ni - l'58k0ni when Tav = 343. and k~m = 1.42k0am ' ' - ' 2 ~ 
K. 

NOTATION 

t and T denote t e m p e r a t u r e ;  v is  the ve loc i ty ;  Cp 
is the spec i f i c  heat  at constant  p r e s s u r e ;  p i s  the 
densi ty ;  V is the vo lume flow rate~ r is  the r ad ius ;  

q is  the spec i f i c  heat  flux; k is the t h e r m a l  conduc-  
t iv i ty .  Subscr ip ts :  1 - - inne r  (wall); 2 - -ou te r  (medium); 
a v - - a v e r a g e ,  a m - - a m m o n i a ,  n i - -n i t rogen~ 
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