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The condition of an unsteady t e m p e r a t u r e  discontinuity is der ived for  a one -d imen-  
s iona lhea t  flux in a gas at  res t :  

The condition of t e m p e r a t u r e  discontinuity f i r s t  obtained by SmoluchowsM and subsequently refined 
by a number  of other authors  [1] is valid only in the s t eady-s t a t e  case  or for slowly vary ing  flows. If the 
cha rac t e r i s t i c  t ime  of the p r o c e s s  is commensurab le  with the ave rage  t ime  between coll is ions of molecules ,  
the condition of the t e m p e r a t u r e  discontinuity mus t  change. 

We will consider  a one-d imens ional  heat  flux in a gas at  res t .  F r o m  the equations of continuity and 
motion follow re spec t ive ly  [2] 

OplOt = o, (1) 

OPlllOx = O, (2) 

where  the x axis  is d i rected along the normal  to the sur face .  

To der ive  the condition of an unsteady t e m p e r a t u r e  discontinuity, we will use the equation and bound- 
a r y  condition in a 13-moment  approximat ion  [2] which on the bas i s  of (2) and the ra t io  P n / P  << 1 a r e  written: 

OS 0 7 "  Op 5 
O---t- -? 5t?p - ~ x  - -  2RT ~ + -2~ R~TpS = O, (3) 

( 2~ 1/2 S § 8er T~ 
(4) 

We different ia te  (4) with r e s pec t  to t ime,  considering the wall t e m p e r a t u r e  T w to be constant and 
taking into account  (1), 

OS 8~ P (  RaTw I ' / 2 0 T  (5) 
Ot 2 - - ~  \ - - ~ - - ~ /  Ot 

On the bas i s  of (3)-(5) we calculate  the t e m p e r a t u r e  discontinuity 

2k or  + (2--o-) ;~ ( s~ ']1/20T (2- -o)  ~,, l_~_~ .]i/2 ( 2__2_)5/2 
T (o) T~, 

5R~pTw Ot 8~p \R3T~ ] Ox 4009 ~ \ T w ] \ R / 

Finally,  using re la t ionship  )t = ( 1 5 / 4 ) R p l ( 2 R T w / T r ) l / 2 ,  we find f r o m  (6) 

1 5  2 - -  ~ OT .3l OT ~ 2 - -  ~ . 3l Op 
1 . . . .  

T (0) ~ T,~ 8 ~ Ox (2~RT~) 1/2 Ot ~ 4Rp Ox 

op 
Ox (6) 

(7) 

If the heat flux and viscous  s t r e s s  tensor ,  which in the 13-moment  approximat ion  a r e  independent 
va r i ab l e s ,  do not depend on the coordinate,  then f rom the 13-moment  approximat ion  we can obtain eas i ly  
a hyperbol ic  equation of heat conductivity [2]. In this s a m e  case ,  with considera t ion  of (2), 0p/0x = 0, i .e . ,  
condition (7) without the las t  t e r m  is the c o r r e c t  boundary condition for  the hyperbol ic  equation of heat 
t r a n s f e r  in a r a re f i ed  medium.  
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It should be noted that an empi r i ca l  boundary condition was used in [3] for  the p rob lem of a the rmal  
boundary l ayer  

aT OT 
Y (0 )  - -  T ~  = ~ - -  - -  ~ - - ,  ( 8 )  

Ox Ot 

where the ra t io  ~ / &  was taken as equal to the ave r age  the rma l  veloci ty  of the molecules .  In this case  the 
authors  note that not only the boundary conditions but a lso  the equations used ought to be modified. 

In the N a v i e r - S t o k e s  approximat ion,  when S = -2)~(0T/ax),  re la t ionship  (7) changes to the known 
condition of a s t eady- s t a t e  t e m p e r a t u r e  discontinuity.  

p, k 
p 

Pll,  Pit 
8 
l 
O" 

N O T A T I O N  

a r e  the densi ty  and heat  conductivity of the gas; 
is the p r e s s u r e ;  
a r e  the s t r e s s  tensor  and viscous  s t r e s s  tensor ;  
is the doubled heat flux; 
is the mean  f ree  path; 
is the accomodat ion  coefficient.  
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