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The solut ion i s  cons t ruc ted  for  the p rob l e m  of t h e r m a l  s l ip of a m ode r a t e l y  dense gas  along a 
f lat  su r f ace .  The method of half  space moments  i s  used ,  

The rma l  s l ip  has been s tudied in many p a p e r s  (see [2], for  example ) .  As a r u l e ,  the Boltzmann equa-  
t ion with a model  co l l i s ion  in teg ra l  in the BGK fo rm [4] has hence been used.  The influence of the gas not 
be ing  idea l  on the t h e r m a l  s l ip  ve loc i ty  is  taken into account here  by using the Chapman - Enskog equation for  
compac t  g a s e s  conver ted  within the scope of the BGK ideas .  

Let  us c o n s i d e r  a gas  which is  above a wall  in t e m p e r a t u r e  g rad ien t  f ield tangent ia l  to the wal l .  Let us 
in t roduce  a Ca r t e s i an  coordina te  s y s t e m  with or ig in  on the wall  su r f ace ,  x axis  along the n o r m a l  to the wal l ,  
and y axis  along the wall  sur face  in the d i r ec t ion  of g rad  T. 

The wel l -known C h a p m a n -  Enskog equation for  dense gases  [1] with a nonlocal  co l l i s ion  i n t eg ra l ,  which 
i s  o r d i n a r i l y  expanded in a power  s e r i e s  in the s m a l l  p a r a m e t e r  ~ /L  (a i s  the effect ive m o l e c u l a r  d i a m e t e r ,  
and L is  the c h a r a c t e r i s t i c  d imension  of the p rob lem) ,  with only t e r m s  not above the f i r s t  o r d e r  in ~ /L  r e -  
t a ined :  

where  b = 2/3.7r  r 

cu les .  

l f j  (v.v) f = z y S (f'tl -- fti) 62g.kdkdvt d:- x ~ S k (['Vt~ + fVtO o3g.kctkdv~+ y k .vz  (f'f ; + ffi) a~g.kdkdv, (1) 

i s  the in i t ia l  equat ion.  Here  g = v 1 - v is  the r e l a t ive  ve loc i ty  of the gas molecu le s ;  k,  a vec to r  along the line 
of c e n t e r s ;  • a f ac to r  taking account of the i n c r e a s e  in the co l l i s ion  p robab i l i ty  with the r i s e  in gas densi ty .  
The following e x p r e s s i o n  for  • can be used  for  gases  of modera t e  dens i ty :  

5 
)r = 1 ~- --~- bp, 

p = ran; n i s  the number  of molecu les  p e r  unit volume and m is the m a s s  of the mole -  

In this  case  the c h a r a c t e r i s t i c  d imension is  the Knudsen l a y e r  th ickness  which equals  the molecule  mean 
f ree  path 2~ in o r d e r  of magni tude .  The ra t io  a/)~ is  t he re fo re  a s m a l l  p a r a m e t e r .  The r e q u i r e m e n t  of s m a l l -  
n e s s  of a/X i m p o s e s  a cons t r a in t  on the density~ Thus,  if it  is  a s sumed  that o/X ~ 0.1, then we obtain n 
8.9 �9 1021, which c o r r e s p o n d s  to a p r e s s u r e  on the o r d e r  of 300 atm (for hydrogen).  

Let  us in t roduce the following notat ion:  
3 I i 

- -  m - V  

f 1 i 3 l i m v 2  n= fdv, u = - -  v[dv, - -  k T =  - -  [dv. 
n 2 n - 2 -  

Since the influence of the wall  on the molecule  veloci ty  d i s t r ibu t ion  has a finite rad ius  of act ion,  the d i s -  
t r ibut ion  function f a r  f rom the wall  should go ove r  into the Chapman - Enskog d i s t r ibu t ion  

f = f~q [1 + r (c, y)], 
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w h e r e  
1 

0 
r (c, y) = - ~  - -  

l ( l + 3  ) 37~ 
A = . ~  -~- bpZ 2kT ; 

S (~) - (5/2) - c2; 77o i s  the  gas  v i s c o s i t y  a t  the  s a m e  t e m p e r a t u r e  under  n o r m a l  p r e s s u r e .  The  v i s c o s i t y  of a 
. 3 / / 2  - 
a e n s e  gas  is  a s s o c i a t e d  with 70 by  the r e l a t i o n  

7 = n. o + -g. + 0: 6bp  

N e a r  the wal l  it i s  n e c e s s a r y  to d i s t ingu i sh  be tween  the d i s t r ibu t ion  func t ions  of  the inc ident  and r e f l e c t e d  
m o l e c u l e s ,  which  we denote  by  the s u p e r s c r i p t s  - and +, r e s p e c t i v e l y .  

Le t  us s e e k  the d i s t r i bu t i on  funct ion in the f o r m  

f• = lea [ 1 .4- ~p (c, y) + ~• (c, x)]. 

H e r e  go i s  the c o r r e c t i o n  to the d i s t r i bu t ion  funct ion ,  which  t a k e s  c a r e  of the inf luence  of the wal l .  
in [3], I ~go/8y I << I Dgo/Dx I ,  hence  go can b e  c o n s i d e r e d  a funct ion of jus t  e and x.  

The m a i n  a s s u m p t i o n  of the BGK m e t h o d  i s  tha t  the d i s t r ibu t ion  funct ion goes  o v e r  into a loca l  Maxwel l  
d i s t r i bu t ion  feq dur ing  one co l l i s ion ,  h e n c e ,  the subs t i tu t ion  f ' ,  f]  ~ fTeq, f]eq m u s t  be  made  in al l  the i n t e g r a l s  
in the r i g h t - h a n d  side of (1). M o r e o v e r ,  the f i r s t  of the i n t e g r a l s  i s  r e p l a c e d  by  the e x p r e s s i o n  v(f eq  - f),  
w h e r e  v i s  the co l l i s ion  f r e q u e n c y .  Le t  us a l so  note  tha t  n ,  and t h e r e f o r e  • v a r y  s l ight ly  within the Knudsen 
l a y e r  l i m i t s .  Tak ing  the above  into accoun t ,  we subs t i tu te  (2) into (1) while  r e t a i n i n g f i r s t - o r d e r  t e r m s  in o / h  
h e r e :  

(Y'v) feq + feq (v.v)  q) = --v~eq (r -~- (9) -~- S ~ k" V~feq felq crag "kdkdvx + 

-~- ~ S J" feqfelq k. V%flag �9 kdk. dv~+x~ .l feq felq k. V In ]]q f~eq flag. kdk-dye. (3) 

It i s  h e r e  t aken  into accoun t  tha t  f teqf]eq : f e q ~ q .  

The f i r s t  and t h i rd  i n t e g r a l s  in the r i g h t - h a n d  side of  (3) a r e  e a s i l y  e v a l u a t e d  ana ly t i ca l ly  [1]; hence  
t ak ing  into accoun t  tha t  the cont inui ty  equa t ion  and the m o m e n t u m  and e n e r g y  c o n s e r v a t i o n  laws a r e  s a t i s f i e d  
f a r  f r o m  the wa i l ,  we obta in  

m 2 bgX v~vy + v u 
k r  i + T , ou 

O(POx v (* - -  (~) + Z .  ~ []qk.v(~i(~ag.kdk.dv," (4) 

We obtan an e x p r e s s i o n  fo r  v 

(2) 

As is  shown 

2nkT 

370 

f r o m  the condi t ion tha t  ~b i s  the Chapman  - E n s k o g  c o r r e c t i o n  f a r  f r o m  the wa i l .  

T e r m s  c o r r e s p o n d i n g  to the C h a p m a n -  E n s k o g  solut ion  
3 

+ - - = -  + 
2 l + ~ - b p Z  cxcu 0---~ Ox \ m / , j , ,  

t 1 

\ 2kT / ' 

v a n i s h  in (4) f o r  such  a s e l ec t i on  of v. Le t  us  in t roduce  the new funct ion �9 = 2cyG + go, w h e r e  we s e e k  ~ •  in 
the f o r m  of a s e r i e s  expans ion  in Sonine p o l y n o m i a l s  in ve l0c i ty  s p a c e :  

' + o ( 1 )  
fI) + = a o C  u @ al  c u ~ 3 / 2 ,  

(1) -- a~ -+ a• a + _ ao a~( + aT a+ - -  a T cuS(3~ )~ sign c~, 2 cu + 2 c u sign cx -~ 2 cuS(3~)2 + 2 
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We r e w r i t e  (2) in the f o r m  

1, Cx~O 
s i g n c ~ =  --1,  c ~ < O '  a~:=a~:(x),  a~=a~(x ) ,  

3 

f~q _: f0(1 _}_ 2cvG), fo = n ( ~ m  - ~ - T e x p ( - -  c2). 
k 2akT ] 

f~ = [0 [1 + r ,(c v) + q ~  (c, x)l (6) 

which it is  e a s y  to use to obtain an e x p r e s s i o n  fo r  G: 

= 1 (a~- + aT). 
4 

Upon subs t i tu t ion  of the e x p r e s s i o n s  fo r  �9 and G into (5), the i n t eg ra l  in the r i gh t -hand  side is e a s i l y  
eva lua ted  and van i shes  ident ica l ly .  We f inal ly  obtain  

0_0__ (0 + 2~cvG) = v* (2cfi -- (i)). Cx (7) 
O X  

H e r e  fl = (2/5)box ~ (2/5)bp s ince bp is  a sma l l  quant i ty  f o r  a m o d e r a t e  dens i ty  gas  so that  t e r m s  of o r d e r  
h i g h e r  than the f i r s t  can be neg lec t ed .  We l i nea r i ze  with r e s p e c t  to bp where  n e c e s s a r y ,  in all  the f o r m u l a s  
obta ined  be low,  un less  spec ia l ly  s t ipula ted  o t h e r w i s e .  

To d e t e r m i n e  r uniquely ,  we in t roduce  a boundary  condit ion on the wall  su r f ace  

f+ (cx, cv, G, 0) = qp + (1 - -  q) f-  (--  c~, q:u, c,, 0), (8) 

whe re  q is the a c c o m m o d a t i o n  coef f ic ien t  (0 -< q --- 1). Le t  us mul t ip ly  (7) s u c c e s s i v e l y  by Cy(1 �9 sign c x) exp ( - c  2), 
~ 0 ) , .  

Cy~3/2u • s ign Cx)exp ( - c  2) and let  us in t eg ra te  o v e r  ve loc i ty  space .  We obtain a s y s t e m  of m o m e n t  equa t ions  

db~ 13 
v* V"~(b+--bo) -T----~ v* ]/-Txa~ (9) dx 24 

da T 1 
v* V ~  (b+ o - -  b 7) ~ 6 v*l/  ~a~ " dx = - -  - ~  

Here  b ~  = ae~ + e / 4 ( a  + + < ) .  

We seek  the solut ion of s y s t e m  (9) in the f o r m  

b~ = cL @ a~ c2 exp (--  ax), a~: = r c2 exp (-- ax). 

He re 
1 

It is now n e c e s s a r y  to go f r o m  the v a r i a b l e s  b~ to the v a r i a b l e s  a~. To do this it is suff ic ient  to solve the 
s y s t e m  

(1 + [3/4) a~ + ~1/4 ao~ = ci + a~ c2 exp (--  (zx). 

We obtain 

The cons tan ts  

a~ = (1 - -  8/2) ci + [a~: -- (1 + ~7) 8/41 c2exp (--  cox). 

c l and c 2 a re  d e t e r m i n e d  f r o m  the boundary  condit ion (8) 

c , - -  (1--[~/2) a]- - -  (1 - -  q) a7  1 - - ( l ~ q ) a ~  -[~/4 Uy 

c2 = A q d lnT. 
( 1 - - q )  a T - a ?  av 

! 
Reca l l ing  that  G -- (1/4)(a~ + a~), an e x p r e s s i o n  fo r  the slip ve loc i ty  is ea s i ly  obta ined:  u~t = (2kT/m) 2 

ci (1_8/2). Subst i tut ing the e x p r e s s i o n  fo r  e t he re  we finatly obtain (2kT/m) -~ -~- 

lira G = 

935 



3 1 - -  (1 - -  q) ~ [ 2 + q + ( 3 q - - 2 ) . % -  ] d 
u s , = - ~ a , ~  - - ( 1 - - q )  a T 1-- 1 - - ( 1 - - q )  a o bp/10 dy lnT, ~=~l/P. (10) 

In the l imi t  e a se s  of pure  diffusion (q = 1) and p u r e  specu la r  (q = 0) ref lec t ion,  we obtain 

d 
u,z= 1.69~t (1 - -  0~337bp) In T, (11) 

dy 

3 d 
u~ = ~--~x(1-.0.2bp) InT. �9 dy (12) 

F o r m u l a s  (10)-(11) di f fer  f rom the cor responding  fo rmu la s  for  a r a r e f i ed  gas  by t e r m s  propor t iona l  to 
bp.  As p --* 0, e x p r e s s i o n s  (10)-(12) go o v e r  into the cor responding  exp res s ions  in [2]. 

Let  us de te rmine  the t h e r m a l  slip coefficient  as follows: 

d 
u,z = k~d~ In T. 

dy 

Then it  follows f r o m  (10)-(12) that  the t h e r m a l  sl ip coeff icient  k s / i s  l ess  in dense than in r a r e f i ed  g a s e s .  
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P E C U L I A R I T I E S  IN  T H E  O N E - D I M E N S I O N A L  M O D E L  

OF R A D I A N T  H E A T  E X C H A N G E  

A .  S .  N e v s k i i  a n d  M .  M .  M e l ' m a n  UDC 536.3.001.24 

Radiant hea t  exchange is  cons idered  in a one-d imens iona l  model .  The role of in ternal  heat 
t r a n s f e r  i s  cons idered .  Maximum and min imum heat  l ibera t ion  values  a re  de te rmined .  A 
method for  calculat ion is p roposed .  

The m o s t  widely used model  for  study of radiant  heat  exchange in a furnace is  the one-d imens ional  model .  
In such a model  the furnace ope ra t i ng  space is  l ikened to a channel ,  along which the exhaust  gases  move .  The 
gas  t e m p e r a t u r e  along the d i rec t ions  pe rpend icu la r  to the motion is a s sumed  constant .  There  is no theore t ica l  
just i f icat ion for  the use of such a model .  

We will wri te  the ene rgy  equation of an e l e m e n t a r y  volume in the following fo rm:  
l 

W dT h~,_F(z) es%(Ta-T~) -- 1 f f dz ~- q e =  f ~- J qit(z, zk) dzt,, (1) 
0 

where 

Hr_p(z ,  H) Az ~0;  (2) 
h~_ r (z) --  Az ' 
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