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We consider the solution of the problem dealing with the radiation of 
a thin long rod in a vacuum. It is demonstrated that under the con- 
ditions of a quasi-steady regime (given boundary conditions of the 
first to third kind) it is possible to avoid the operation of an exact 
solution for the differential equation. 

Let  us cons ider  a sy s t em consis t ing  of a thin long 
rod which is  fas tened to a sol id body at one end and 
placed inside a chamber  f rom which the a i r  has been 
evacuated.  The vacuum is such that the re  is no con- 
vec t ive  heat  t r ans f e r  between the sur face  of the rod 
and the medium.  A ce r t a in  quantity of heat Q is t r ans -  
f e r r e d  to the rod f r o m  the sol id body and this heat is 
t r ansmi t t ed  along the rod by means  of conduction and 
r emoved  f rom the sur face  through radiat ion.  

We will  a s sume  that the t e m p e r a t u r e  f ields over  
the c r o s s  sect ion of the rod a re  constant and that the 
t e m p e r a t u r e  dis t r ibut ion along the axis  of the rod is 
independent of t ime ,  i . e . ,  i t  is t r ea ted  as a steady 
r e g i m e .  

Let  To denote the t e m p e r a t u r e  at the ini t ial  c r o s s  
sect ion of the rod (x = 0), and le t  T l denote the t e m p e r -  
a ture  at the final c r o s s  sect ion (x = / ) ,  and let  T 2 de- 
note the t e m p e r a t u r e  of the chamber  wa l l s .  Moreove r ,  
in addition, cl will denote the radia t ion  f r o m t h e  l a t e ra l  
su r face  of the rod,  while the r e f e r e n c e  coeff ic ient  for 
the r o d - c h a m b e r  sys tem is denoted Cre f [1-3] 

1)]. 
When F2 >> F1, we will have e r e  f ~ el.  
The change in the quanti ty of heat pass ing through 

the t r a n s v e r s e  c r o s s  sect ion of the rod is equal to* 

dxde dx = Cl ( d--~-T f ) (1) 

where  f is the a rea  of the t r a n s v e r s e  c r o s s  sec t ion  
and ~, is the coeff ic ient  of t he rma l  conductivi ty.  

In the s teady r e g i m e  this quantity of heat  is equal to 

a~ = % f  [ T' - -  T~'] 10-8 dS, (2) 

where  P is the p e r i m e t e r  of the rod in the sec t ion  
x; dS = (1 - 1/4(dS/dx)Z)l/Zdx is  the di f ferent ia l  of the 
cu rv i l i nea r  sur face  coordinate .  

Thus, f rom (1) and (2) we have (f = const) 

d2T = Cr~fP 10-S(T 4 -  T~). (3) 
dx ~ ~, / 

We in tegra te  Eq. (3) under the following boundary 
condit ions:  

x = 0 T = To; (4) 

x = l  T = T , ,  t (5) 

(dT)  f c ~ j  lO_S (T~ __T~2). J 
The las t  indicates  that all  of the heat  reaching  the 

end of the rod is r em oved  by radia t ion  through the 
end sur face .  

Let  A = (e refP/Xf)  10 -8 denote some constant  cha r -  
ac te r i z ing  the geome t ry  and m a t e r i a l  of the rod.  

Double in tegra t ion  of Eq. (3) yields 

d--if = - -  2T "4-C, (6) 

and 

dT = x 4- Cz. (7) 

V (-7-- 
The solution for the law governing the dis t r ibut ion 

of t e m p e r a t u r e  along the rod  cannot thus be found in 
expl ic i t  fo rm (to take the in tegra l  in the lef t -hand par t  
of Eq. (7), we must  r e s o r t  to s e r i e s  expansion). How- 
eve r ,  as will  become  evident f rom the following, this 
c i r cums tance  will not i n t e r f e r e  with the a t ta inment  of 
a final r e su l t .  

Since for x = l we have f rom (6) that 

using condition (5), a f ter  s imple  t r ans fo rma t ions ,  we 
have 

C, = ~_~2 f 10 - ' e  (T~t - -  T42) - -  

* The minus sign in the r igh t -hand m e m b e r  of the 
equation denotes the fact that when T > Tz, the heat  
flow along the rod is reduced  by the radia t ion  f rom 
the l a t e ra l  sur face .  

2CrefP _s T~ l0 ~-f f - - -T~T,) .  (9) 

Since the quantity of heat  given up to the ambient  
medium through the side surface  in the steady r e g i m e  
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is equal to the quanti ty of heat enter ing the rod through 

its  closed end,* 

Q = - z f  ~x -o .  

With cons idera t ion  of condit ions (10) and (4), f rom 
(8) we thus obtain 

= V 2A - - T ~ T o  +Ci =-  ~,f (11) 

and finally 

C:= ~f~ i-TL- �9 (12) 

Equating (9) and (12), we obtain 

~=  

_ (Q~/f.z) __ c~ef I 0-1~(T 4 _ ~ )  

2.lO_.Crefp[( 7.~ __T4To )__ (_~___T~2T, )J f" 

This express ion  can be used for an exper imenta l  
de te rmina t ion  of the the rmal  conductivi ty X, if we 
know the radiat ion factor  Cref.** However, it is  best  to 
use  this method to de te rmine  the coefficient  Cre f if X 
has been found by means  of some other method. 

* For  a quas i - s t eady  r eg ime  of r egu la r  heating, we 
mus t  take into considera t ion the quanti ty of heat ac-  
cumulated by the m a s s  of the rod ma te r i a l .  
**For  example,  a ssuming  Cre f ~ cl and blackening 

the surface  of the specimen,  we will have Cre f ~ cl = 
= co = 5.67 W/m 2.deg.  4 

In the la t te r  case ,  express ion  (13) should be solved 

for Cre f ~ cl(F2 >> F1). 
If we a s sume  that the radiat ion through the end face 

is negligibly smal l  in compar i son  with the flow through 
the side sur face  (Tl = T2), we will cor respondingly  
obtain 

)~= Q 10 ~ 

2clfP o_ __ T~ To 

and 

C 1 
Q l0 s 

5 / To 4 IP | ~ - -  - -  T~ To 
~ o  

NOTATION 

T is the t empera tu re ,  ~ F is the surface,  m2; 
Q is the heat per  unit t ime  , W; P is the pe r ime te r ,  m; 
f is  the c r o s s - s e c t i o n a l  a rea ,  m2; X is the the rmal  
conductivity,  W/m"  deg; c is  the radia t ion factor,  
W / m  2 .deg4; x is  the coordinate  along axis ,  m;  1 is 
the bar  length, m; 0 is the ini t ia l  sect ion;  l is the 
final sect ion;  1 is the bar ;  2 is the chamber  wall. 
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