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We p r o p o s e  a method  of c a l c u l a t i n g  the  t e m p e r a t u r e  d i s t r i b u t i o n  fo r  r o d s  of v a r i a b l e  cons t an t  
c r o s s  s ec t i on ,  wi th  c o n s i d e r a t i o n  of r a d i a t i o n  and the  v a r i a b i l i t y  of the  p h y s i c a l  c h a r a c t e r i s t i c s .  
We p r e s e n t  the  r e s u l t s  f r o m  an e x p e r i m e n t a l  v e r i f i c a t i o n  of the d e r i v e d  so lu t ion .  

Le t  us  e x a m i n e  the t r a n s f e r  of hea t  in a m e t a l  rod  h e a t e d  at  the  b a s e  and s i t u a t e d  in a m e d i u m  with 
the  t e m p e r a t u r e  T a, when the  t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s  a r e  s p e c i f i e d  func t i ons  of t e m p e r a t u r e .  The 
p r o b l e m  r e d u c e s  to the  so lu t i on  of the  n o n l i n e a r  d i f f e r e n t i a l  equa t ion  

dx - ~ x  = a % ( V - - r a ) @ O s Z  ~ \ 1-00-] J (1) 

wi th  the  b o u n d a r y  cond i t i ons  

T = T o when x : 0; 
dT 

--~,  = a  l ( T - T  a)whenx=l. (2) 
dx 

In the  l a s t  b o u n d a r y  cond i t ion  we can  n e g l e c t  r a d i a t i o n ,  in the  a s s u m p t i o n  of a r e l a t i v e l y  s m a l l  m a g n i -  
tude  f o r  the  t e m p e r a t u r e  head  at  the  end of the  rod .  

If a rod  of v a r y i n g  c r o s s  s e c t i o n  i s  m a d e  up of s e v e r a l  r o d s  of cons t an t  c r o s s  s ec t ion ,  Eq. (1) r e t a i n s  
i t s  f o r m  for  e ach  s t age .  The b o u n d a r y  c o n d i t i o n s  (2) r e m a i n  unchanged ,  and to  t h e s e  we add the  cond i t i on  
of e q u a l i t y  f o r  the  t e m p e r a t u r e s  and hea t  f lows  in the  p lane  of s t a g e  s e p a r a t i o n :  

T i = Ti+ l when x = ll; Fi dTi --  F~+ i dTi+~ when x = l i. (3) 
dx dx 
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F i g .  1. C o m p a r i s o n  of t h e o r e t i c a l  and e x p e r i m e n t a l  da t a  f o r  
r o d s  of c o n s t a n t  c r o s s  s e c t i o n  (a): 1) l / D =  5, T o = 420~ 
2) 5, 675; 3) 8, 675; 4) 17.5, 925; and f o r  r o d s  of v a r y i n g  
c r o s s  s e c t i o n  (b): 1) F 1 / F  2 = 0.7, T O = 580; 2) 0.7, 890; 3) 
0.5, 860; 4) 0.3, 1050; 5) 0.1, 480; 6) 0.1, 890~ 
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The pos s ib i l i t y  of a one -d imens iona l  fo rmula t ion  of the p rob lem when Bi << i can be evaluated by 
means  of the r e l a t i o n s h i p  fo r  the t e m p e r a t u r e  d i s t r ibu t ion  in the l a t e r a l  c r o s s  sect ion of a cy l ind r i ca l  rod,  
i .e . ,  

Tc--Ta 2 

F o r  the rods  under  cons ide ra t ion  we have Bi < 0.05, and the nonuniformity  in the t e m p e r a t u r e  d i s -  
t r ibut ion  through the l a t e r a l  c r o s s  sect ion does not exceed 1%. 

The coeff ic ient  of t h e r m a l  conduct ivi ty  as a function of t e m p e r a t u r e  for  many indus t r ia l  a l loys  can be 
e x p r e s s e d  [1] by the l i nea r  function 

;~ iT) = )~o (t + cT). (5) 

lion 

To ca lcu la te  the h e a t - t r a n s f e r  coeff ic ient  [2] fo r  the case  of l a m i na r  f ree  convect ion we use the equa-  

Nuax=0.60(GraxPra)~ "rr//@-' - (6) 

The emissivity for metals in which the radiated energy increases more rapidly than temperature to 
the fourth power may be regarded as proportional to the absolute temperature of ~hese metals [31. The 
total radiant energy is therefore assumed with sufficient accuracy for this problem to be proportional to 

the absolute temperature raised to the fifth power, i.e., 

\ 100 ] \ 100) J 
(7) 

The values for the coefficient a for certain metals are glven in [3J. 

An analytical solution for (i) with the boundary conditions (2) and (3) is possible for certain special 
examples of the problem relating the physical characteristics to the temperature and to the coordinate [4]~ 

In the general ease, Eq. (i) should be integrated numerically. 

The figure shows the curves of the theoretical relationship between the dimensionless excess tem- 
perature ~ = (T - Ta)/(T 0 - Ta) and the dimensionless coordinates ~ = x/l. The results of the numerical 
calculations are compared with the experimental data. The measured temperature values are indicated by 

spec i a l  notation. 

The t e s t s  were  c a r r i e d  out in a s t e a d y - s t a t e  r e g i m e  on v e r t i c a l  rods  made of Kh18N9T s tee l  (GOST 
5632-61), heated f rom below, with na tura l  convection in the a i r  medium. 

The t e m p e r a t u r e  was m e a s u r e d  with C h r o m e l - A l u m e l  t he rmocoup le s  at 8-12 points through the 
height of the rod.  The m e a s u r e m e n t s  were  c a r r i e d  out both at the cen t e r  and at the surface  ef the rod,  at 
each of the m e a s u r i n g  points .  The m e a s u r e m e n t  r e s u l t s  were  p r o c e s s e d  both for  the t e m p e r a t u r e  at the 
cen t e r  and at the sur face .  The r e s u l t i n g  va lues  of the t e m p e r a t u r e  head were  averaged  for  compar i son  
with the r e s u l t s  f r om ca lcu la t ion  in the one -d imens iona l  approximat ion .  

The t e m p e r a t u r e  d i s t r ibu t ion  in rods  of constant  c r o s s  sect ion (see Fig .  la) was studied over  the 
range 420~ - T O -< 925~ on c y l i n d r i c a l  models  whose d i a m e t e r s  ranged f rom 20 to 70 mm, with 5 -< l iD 

17.5. The m e a s u r e m e n t  r e s u l t s  shown in F ig .  lb  for  a two- s t age  rod  were  found in the range 480~ -< T O 

__ 1050~ for  l t / l  = 0.462 and an a r e a  r e l a t i onsh ip  in the l i m i t s  0.1 "~ F I / F  2 -< 0.7. 

The r e s u l t s  f r om the numer i ca l  in tegra t ion  of (1) a r e  in good a g r e e m e n t  with the exper iment .  The 
max imum d ive rgence  is found in the plane of s tage sepa ra t ion  and does not exceed 6% for  rods  of va ry ing  
c r o s s  sect ion,  with 0.3 <- F 1 / F  2 -- 0.7. Somewhat g r e a t e r  devia t ions  a re  found in the case  of a low value for  
the t e m p e r a t u r e  head (see Fig .  lb ,  cu rves  5 and 6 ) , b u t i n t e r m s  of absolute  magnitude they do not exceed 

10~ 

NOTATION 

T is the absolute  t e m p e r a t u r e ;  
x is  the coordinate;  
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Nu x = ~x/X 
Gr x = g~:3At/v z 
Pr  = ~,/a 
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the c ros s - sec t iona l  area; 
the per imeter ;  
the l inear  dimension; 
the instantaneous radius of the cylinder; 
the diameter;  
the coefficient of thermal  conductivity; 
the hea t - t r ans fe r  coefficient; 
the emissivi ty;  
the S te fan-Bol tzmann  constant; 
the Nusselt number; 
the Grashof number; 
the Prandtl  number; 

S y m b o l s  

a denotes the ambient medium; 
l denotes the end of the rod; 
c denotes the center  of the rod. 
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