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Maxwell  was one of the f i r s t  to study the t h e r m a l  s l ipping and r a d i o m e t r y  effects .  In pa r -  
t i cu l a r ,  he sugges ted  [1] that  the t h e r m a l  s t r e s s e s  which occur  in a gas  a r e  impor t an t  in an 
ana lys i s  of the r a d i o m e t r y  effect .  I n t e r e s t  in these  p rob l ems  has r ecen t ly  i n c r e a s e d  in con- 
nection with the problem of the slow motion of a s t rongly  heated body in a gas .  The paper  by 
Galkin et  al .  [2], for  example ,  i s  devoted to this quest ion.  However ,  the paper  contains  c e r -  
tain i n a c c u r a c i e s ,  and this means  that  the p rob lem needs to be r e c o n s i d e r e d .  The p r e s e n t  
note* d e s c r i b e s  the c l a s s i f i ca t ion  and the ge ne r a l  c h a r a c t e r i s t i c s  of the types of motion and 
gives  a s t a t i s t i c a l  example  of the s ta te  of a nonuniformly hea ted  g a s .  

1, A nonuniformly heated body in contact  with a gas  g e n e r a t e s  a m a c r o s c o p i c  mot ion in the gas a t  a 
c h a r a c t e r i s t i c  veloci ty  u 0 (see, for  example ,  [3]): 

u o N ev /L  ~ ec Kn (1.1) 

where  ~ is the coeff ic ient  of k inemat ic  v i scos i ty ,  L is a c h a r a c t e r i s t i c  length, c is  the ve loc i ty  of sound, 
A T / T  ~ e _< 0 (1), AT is  a c h a r a c t e r i s t i c  change in t e m pe r a t u r e ;  he re  and in what fol lows,  we cons ide r  only 
c a s e s  where the Knudsen number  Kn ~ l / L  < r l ,  where  l i s t h e m e a n  free  path. This phenomenon, which is  
usual ly  ca l led  t he rma l  s l ipping,  is  c lose ly  r e l a t e d  to the r a d i o m e t r y  effect .  

If a un i formly  heated body is  i m m e r s e d  in a gas at  a d i f fe ren t  t e m p e r a t u r e ,  the t h e r m a l  Barne t t  
s t r e s s e s  which a r e  produced wil l ,  gene ra l ly  speaking,  not be in equ i l ib r ium [2] and wil l  give r i s e  to a mac-  
ro scop ic  movement  of the gas at  a ve loc i ty  u 0' whose o r d e r  of magnitude can be found by equating the s i zes  
of the Barne t t  s t r e s s e s .  It wil l  be seen below that  the Reynolds number  of these  movements  is  of the o r d e r  
of unity o r  s m a l l e r .  We thus have 

u o' ~ ev /L  (1.2) 

which a g r e e s  with the e s t i m a t e  of the t h e r m a l  s l ipping ve loc i ty  (1.1). This is  a maximum es t ima te  but  in 
pr inc ip le  u0' can in ce r t a in  p a r t i c u l a r  ca se s  be ze ro  or  at  l e a s t  s m a l l e r  than u 0 (see below). 

2. F rom (1.1) and (1.2) we can conclude that  a nonuniformly heated gas is  in gene ra l  c h a r a c t e r i z e d  
by a m a c r o s c o p i c  movement  with a ve loc i ty  of the o r d e r  of u0; i . e . ,  the magnitude of u 0 is  a fundamental  
c h a r a c t e r i s t i c  of the s ta te  of the gas .  Thus the motion of a s t rongly  hea ted  body in a gas ,  when ~ >> Moo 2, 
mus t  be c l a s s i f i ed  accord ing  to the value of the p a r a m e t e r  w, where 

w = ~ / u  o (2.1) 

3. We cons ide r  var ious  c a s e s  which might  occur .  

(1) w >> 1; the Reyno lds  number  

R e =  u~L/~  ~ e (3.1) 
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To the first approximation in the small parameter w -t, we have motion of the gas in the usual Na- 

vier-Stokes situation with a slow Stokes movement. The effect of w -I is like a small perturbation and the 

equation describing this should include the Barnett stresses since 

~ O"-T / O~i t (3.2) 
pT Oz~Oxj ~t Oxj w 

(# is  the coeff ic ient  of v i scos i ty ) .  

(2) w ~ 1, w <<1. The c h a r a c t e r i s t i c  veloci ty  is  of the o r d e r  of u 0 (1.1); the condit ion c>> Moo 2 is  
au tomat i ca l ly  s a t i s f i ed .  

The Reynolds number  

Re : uoL/v ~ e (3.3) 

The p a r a m e t e r  u ~ L / v  does not in this case  have any re la t ion  to the Reynolds number  and f rom the 
condit ion 

u~L/v  -- s, u~L/v  . ~  e (3.4) 

The r e l a t ive  s i z e s  of the Ba rne t t  s t r e s s e s ,  N a v i e r - S t o k e s  s t r e s s e s , a n d  Eu le r i an  t e r m s  in the momen-  
tum conse rva t ion  equations a r e  

g~ O~T / ,)u{ 
"/r OziOz j ~ i  (3.5) 

pu~u.~ / ~ ~ ~ e (3.6) 

The ra t io  of the Eu le r i an  and t h e r m a l  N a v i e r - S t o k e s  t e r m s  in the equation for  the conse rva t ion  of 
ene rgy  is 

0~9 / O~T (3.7) 

OT / ~, OaT 
~,ou ~ ~ -  ~ (3.s) 

where  X is the t h e r m a l  conduct ivi ty .  

Two subcases  can be d i s t inguished .  

A. c ~ 1. The flow Reynolds number  is  of the o r d e r  of unity. 

The equations for  the conse rva t ion  of momentum mus t  include a l l  the Eu le r i an ,  a l l  the N a v i e r - S t o k e s ,  
and the t e m p e r a t u r e  Barne t t  t e r m s  (all these t e r m s  a re  of the same o r d e r  of magnitude L-lpc 2 Kn2); the 
ene rgy  conse rva t ion  equation mus t  contain the Eu le r i an  and N a v i e r - S t o k e s  t e r m s  (whose o r d e r  of magnitude 
is  L-lpc 3 Kn); the r ema in ing  t e r m s  in these  equations obtained by the C h a p m a n - E n s k o g  method a re  of no 
s ign i f icance .  

B. ~<< 1 (motion s l ower  than Stokes type).  Here  

A,o AT O~i O~V (3.9) 
p 1' e, Ox~ = O, Oxi~ = 0 

and thus mos t  of the Ba rne t t  t e r m s  with o r d e r  of magnitude e in the equations of motion can be cance l led .  
We have the usual  s i tua t ion  with t h e r m a l  s l ipping at  low Reynolds numbers .  If the t e m p e r a t u r e  of the body 
is  constant ,  then in gene ra l  

u o ' ~ e ' % / L  ( n ~ l )  (3.10) 

and the p a r a m e t e r  w mus t  be eva lua ted  on the bas i s  of (3.10). Thus (w ~,  <~ e) 

R e d s  ~, O'ZT /Oxi ~ = 0 ,  Ou~/'Ox i = O  
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and for the flow determination we have the Stokes situation with a known force (the nonlinear par t  of the 
thermal  s t r e s se s  is of the o rde r  of e n) on the r ight side of the momentum conservat ion equation. 

This completes the classif icat ion and descript ion of the general  charac te r i s t i cs  of the motions of 
s t rongly heated bodies in a gas.  

4. F rom the nature of the est imate  of u0 (u0 ~ c Kn), we can conclude that when Kn ~ 1 the phenomena 
such as we have descr ibed acquire g rea t  importance.  Hence, it is necessa ry  to make a co r r ec t  study of 
these effects for Kn << 1. 

5. We consider  the probIem of the state of a gas situated between two parallel  plates with very  dif- 
ferent  t empera tures  T1 and T 2 (i.e., g ~ 1). The equations of motion of the gas then permi t  of the following 
exact  solution. 

In equil ibrium the tempera ture  of the gas var ies  as 

~, dT  
dx ~--- c ~  

The momentum conservat ion equations can be integrated to give (see [1]) 

(5 . i )  

2& 2 I(03 d2T i / dT  \21 P + 7 + (0~ ] = oon t  

dlnp ,  ...t_ ~) 
(03 ~ llt (0 5 ~ (I ~ ~ J 

(5.2) 

An interesting feature of this solution is that the pressure p in a nonuniformly heated gas is a variable. 

An est imate  of the total change in p ressure  between the plates 1 and 2 gives 

h p  ~ 9 c~ Kn ~ (5.3) 

i .e. ,  when Kn ~ 1 0  -2 the relative effect  is of the order  of 10 -4. 

It is possible that an experimental  study of this fine effect  will enable the dissipative coefficients )t 
and p to be studied under static conditions. 

In conclusion the author wishes to thank V. V. Struminskii for a useful discussion of the resul ts .  
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