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An exact  formula is obtained for the equilibrium tempera ture  of a surface  in a s t r eam of hot 
gas. The hea t - t r ans fe r  coefficient is supposed known. 

In the study of aerohydrodynamic  heating it is frequently neces sa ry  to know the equilibrium t empera -  
ture of a sur face ,  Teq, determined by the heat balance between convective heat flow and radiative t ransfer :  

= e~Teq. (1) (T e __ Teq) 4 

Up to the presen t  t ime this equation has been solved graphically,  by the method of success ive  approx ima-  
tions, or  by approximate formulas  [1]. We present the derivation of an exact analytic formula for the equil-  
ibr ium tempera tu re  of  a sur face  when the hea t - t r ans fe r  coefficient c~ is known. 

We t rans fo rm Eq. (1) to the form 
c~Teq ctTe 

T4q@ ac~ e ~  -- 0. (1') 

The roots of this equation coincide with the roots  of two quadratic equations [2] 

Teq eg 
T~q + A ~ - -  @ y ~ O, (2) 

where A = �9 ~ and y is the rea l  root  of the cubic equation 

8ga+8 aT~ ( a )  2 y - -  ~ = 0, (3) 
s  , , 

which reduces to 

g3+ 3pg - -  2q = 0. (3') 

Since the d iser iminant  D = q2 + p3 > 0, Equation (3') has one rea l  root  which can be found from the Cardan 
solution: y = u + v, where 

. =  3V-q + ,  e +  p3, o = V - q  - cq + 
Consequently 

g = 16 e2a 2 + \ 16 e~a ~ ; ~- k - f f - ~ - /  @ 16 e2~2 ~ \  16 e202 ] + ~ " (4) 

From (2) the equilibrium tempera tu re  is 

5 q  4 -+ ~ - - Y -  = - -  - -  - ~ -  . (5) 

For A = -~-~we obtain the two complex conjugate roots 

( 
These roots  do not cor respond  to the required real  physical  solution. 
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F o r  pos i t ive  A = ~ f ~  

+_ / y ____%_~. (7) 

Since a positive solution is required and y, or, r and a are positive at the equilibrium temperature, there 
remains the single real positive root 

T~q = -  + - - ~  + e ~ , / ~  �9 

Simi lar ly  an analytic fo rmula  can be obtained for  the s t eady- s t a t e  t e m p e r a t u r e  of a wall  heated by a 
s t r e a m  of hot gas on the outside,  and cooled f rom the inside.  Thus,  for example ,  for the s teady r emo v a l  
Of hea t  through a wall with a h e a t - t r a n s f e r  coeff icient  ozin, the hea t -ba lance  equation has  the form:  

a (T~ - -  Tout)= eaT~ut+ Sin (Tout-- Tin), (9) 

and 
(10) 

~ill~- T ' 

where  

V ,11, 
-2-  + -- 2 ~ ,,' 80-~ ' 

[ (~+%n) ~ r [ (~+ai~)= ] ~- ~Ve+~inri, ~ ] '/3 
Yl= 16 e~a2 + 16e2a ~ @( 3e~ ) 

+ [  (~ -+- ai'0~16 e~a 2 V [ (a + ~in)2 ]2 + ( ~T~ + a i n T s  s2o 2 3 so �9 )3 1'/3" (12) 

Tin 
Te  
Tout  
Teq  

6 
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N O T A T I O N  

t e m p e r a t u r e  of the inside su r face ;  
r e c ove ry  t e m p e r a t u r e ;  
t e m p e r a t u r e  of the outside su r face ;  
equi l ibr ium t e m p e r a t u r e ;  
coefficient  for heat  t r a n s f e r  f rom the hot gas to the su r face ;  
coeff icient  for  heat  t r a n s f e r  through the wail;  
wall thickness  ; 
emis s iv i ty ;  
t he rma l  conductivity;  
S t e f a n - B o l t z m a n n  constant.  
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