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We derive the gas -dynamic  equations in the Navier --Stokes approximation for weak excita-  
tion of molecular  vibrational s ta tes .  We determine the distribution function for the density 
of the numbers determining occupancy of the vibrational s tates  of the molecules .  We show 
that the relaxationaI p res su re  is proport ional  to the deviation of the vibrational energy den- 
sity f rom its local -equi l ibr ium value for the tempera ture  of the t ranslat ional  and rotational 
degrees  of f reedom of the molecules .  

( 

The s t ruc ture  of the gas -dynamic  equations in the presence of vibrational relaxation was considered 
in [1-6]. Depending on the degree of excitation of the vibrational s tates of the molecules ,  essential  changes 
occur  not only in the kinetic coefficients but also in the s t ructure  of the t ranspor t  equations. Greatly de- 
tailed studies of the so -ca l l ed  "two-temperature approximation" have been made. In the general  case [3, 6] 
such an approximation is not sufficient, so that it is necessa ry  to supplement the known sys tem of g a s - @ -  
namic equations with an equation for n v, the number of molecules per  unit volume exist ing at  the vibrational  
level v. 

It is known [3] that for the s imples t  model of vibrational t ransi t ions,  the harmonic  osci l la tor  with 
single quantum jumps,  it is sufficient mere ly  to augment the gas-dynamic  equations in the Euler  approxi-  
mation with a relaxational  equation for the vibrational energy density, and there is no need to consider  an 
equation for n v. However,  it is not c lear  whether this procedure is valid for the gas -dynamic  equations in 
the Navier--Stokes approximation.  In investigating this problem it is found that general  concepts concern-  
ing the s t ruc ture  of the coll ision integral  are  no longer  sufficient and that is neces sa ry  to consider  a con- 
crete  model for the interact ion between molecules and to obtain an explicit  express ion  for the collision 
integral .  

In the present  paper we consider  a diatomic gas for a weak excitation of the vibrational s tates of its 
molecules when the deviation ~ of the interatomic distance in the molecule f rom its equil ibrium value is 
small .  In this case ,  following [7], we can write the molecular  interaction potential, and hence also the col-  
lision t ransi t ion probabil i t ies,  in the form of a se r ies  in 4" If in the coll ision integral  we r e s t r i c t  our-  
selves to the contribution of t e rms  of o rde r  ~2, we obtain a kinetic equation which takes into account single 
quantum vibrational t ransi t ions.  We find that even for  such a simple in termolecular  interact ion model it 
is necessary ,  in the Navier--Stokes approximation,  to take into account an equation for n v. 

1. It is possible to determine the nonequilibrium state of a s ingle-component  polyatomic gas in the 
absence of external  fields [8] if we know the monomolecular  distribution function (Wigner function) f ( r ,  p; 
l, t), where r and p give the position and momentum of the center  of mass of the molecule,  and l is the total 
set of quantum numbers  defining its internal energy E l. Evolution of this function with the time t is de ter -  
mined f rom the kinetic equation 

-~ ~ Pa gradr) f (1) = I (],/) 
(1 .I) 
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where f ( 1 )  = f ( r ,  p~; l t ,  t ) ,  

I (1, f) = I dlo' d20' d2ow (t2; 1'2') 6 (Y,p)[/* (t ')/* (2') -- ]* (I)/* (2)] (1.2) 

I ( f ,  f )  is the coll ision integral .  

Here  w(12; 1 '2') is the probabili ty of a t ransi t ion per  unit t ime f rom the state (Pl'P2', /1'/2') to the state 
(Pl, P2,/I/2), which is expressed  in t e rms  of the mat r ix  e lements  of the T -ope ra to r  in the space of the char -  
ac te r i s t i c  states of the noninteracting molecules  1 and 2 in the sys tem of thei r  center  of iner t ia  through the 
known rela t ionship [9] 

w(12; t'2') = (2n)2h M,M,r~,,.,h.~' \(I~M~;p~,Z'M' IT I h'M~';p~ll~'-Ur~', > 

8 ( ~  [p,2 § p~2--p~'~--p2"~] + Eh + Eh-- Eh,--E:..:) 

where f *  (j) = g-l(j)f(j), Mj a re  the quantum numbers  for  which the state corresponding to Eli is degenerate ,  
and g(j) is the multiplicity of the degeneracy of this state:  

fo rm 

I d i o  = ~ I d p l ,  6(.,~p) = h'~(5 (pl + p~ - -  p , ' - -  P~_') 
h 

We consider  the case in which the diatomic molecular  interact ion potential can be r ep resen ted  in the 

2 2 

el)(12) = ~, ~ ' ,O0~[r l i - -  r~.)t) (1.3) 
"~=1 j ~ l  

where  r j i  is the coordinate of the i-th atom in the j-th molecule.  We denote by r j ,  ~j, and u], respec t ive ly ,  
the coordinate of the center  of mass ,  the deviation of the in tera tomic  distance f r o m  its equi l ibr ium value 
R0, and the unit vec tor  d i rec ted  f rom the second atom towards the f i r s t  atom in the j-th molecule .  We shall 
assume that Sj/R 0 << 1. Then, following [7], we can r ep re sen t  ~(12) a s  a s e r i e s  in ~j. With accuracy  up to 
the f i r s t  o r de r  in ~j, f rom Eq. (1.3) we have 

2 

ap (12) ~ q)(o) (t2) + ~ j V  (]) (1.4) 

Here  ~ (0) (12) is the interact ion potential of (rigid) ro ta to rs ,  obtainable f rom Eq. (1.3) by replacing r j i  by 

rnlt/bj Ilji = r~ + ( - -  t)  ~ Ro~ uj, ~t = ,n~ + 
m i rn2 

and m i is the mass  of the i-th a tom 

2 2 0|176 ([ R~i -- PN=j. ~ D . 
v(j)  = Y, Y, ( -  j ~=1 ~=~ O (ll~i -- eh_y ' k) 

In the molecular  in ternal  energy opera tor  we take into account t e rm s  of o rd e r  ~2; i .e . ,  we neglect  the 
anharmonie vibrations and the re la t ionship  of vibrations with rotat ions.  Then the internal  state of the 
molecule is de termined [10] by the quantum numbers  J ,  M, and v, where J and M are  the quantum numbers  
of the total internal  moment  and its project ion on the z axis ,  and v is the vibrat ional  quantum number.  
Moreover ,  

E:~ = E j  + f , . ,  E j  = h 2 (2~Ro2) -x J (J -t- 1), Ev = hv (v + i/~) 

.ViZir'>= ~,,v+lVZ~(v + 1) 

v is the charac te r i s [ i c  f requency of the osci l la tor  and 5c~,~, is the Kronecker  symbol.  

Taking note of the definition of the T -o p e ra to r  [9] and of the express ion  (1.4) for  the molecular  in ter -  
act ion potential,  then, taking into account  t e rm s  of the second o rde r  in 4, we can wri te  the coll is ion in tegra l  
in the form 
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t ( / , / )  = I (~ (/, I) + I (~) ( / , / )  + U ) ( / , / )  (1.5) 

H e r e  the co l l i s ion  i n t e g r a l  

I (~ (f, ]) = ~  Sdi'd2'd2W(~ i '2 ')  [/~* (i ') ]~.* (2') - -  ] ,*  (i) ] , *  (2)1 (i .6) 

only t akes  into accoun t  the con t r ibu t ion  f r o m  co l l i s ions  fo r  which the v i b r a t i o n a l  s t a t e s  of the m o l e c u l e s  do 
not  change:  

! d l  = ~ d p : ,  ]v, (1) = / ( r ,  p:; girl) 
J~ 

Ic;?l I W (~ (t2; t '2 ' )  --  -y  ~ T~ Pu:' / I 
Mt3"I~Mt'M~' 2 

T r is the T - o p e r a t o r  fo r  the m o d e l  of r o t a t o r s ,  c~j = (JjMj),  and 

2 

j=x  

The c o l l i s i o n  i n t e g r a l  

o 2 

I~ ]) ~ ~ ! d l ' d 2 ' d 2 W i ( a ) ( i 2 ;  i:2')~ ([(v~ + l)8(+)/,,F~(. ) + 

~ (-)]~j_: (j')] ],~ (v) - [(~j + t) ~ (+)  + v~  (-)l/'~j (]) ]o, (~)} 

t akes  into a c c o u n t  the con t r ibu t ion  f r o m  co l l i s ions  with s i n g l e - q u a n t u m  v i b r a t i o n a l  t r a n s i t i o n s ,  whe re  

W~ (~) (12; i '2 ' )  = 2p.v .W_,M~>l(:',f; l \  P2: P21 | ' 

~(~=) a r e  the M e l l o r  o p e r a t o r s  [9] fo r  the mode l  of  r o t a t o r s ,  and 5(~=) = 5 ( E j , - - E j  =L hv).  

The co l l i s i on  i n t e g r a l  I (2) (f ,  f )  i s  ob ta ined  f r o m  I (~ (f ,  f )  by r e p l a c i n g  W (~ (12; 1 '2 ')  by  

(1.7) 

' ( c ; : ? ]  ~  W(2)(i2; i '2 ' )  = lira --~- ~, ~] Re Tr p~( / X 
~--*0+ ]~1 MIM._M,'Mz" 

/ a V ,  a ;  I o(+>v c'~ [ ~'~ + i es,--H:+-h,~--~,l] V (E:, --  X \  P21' I ~ - J ' L E J  ' - H - h v + i ~ / :  (]) ~ P~: / )  

w h e r e  H is  the to ta l  H a m i l t o n i a n  of the two r o t a t o r s  in the s y s t e m  of t he i r  m a s s  c e n t e r s .  
ance of H and V(j) r e l a t i v e  to s p a t i a l  r e f l e c t i o n s  and t i m e  i n v e r s i o n  [9], i t  fol lows tha t  

F r o m  the i n v a r i -  

VV (k) (12; i '2 ' )  = W (k) (1'2'; i2), k = 0.2 (1.8) 

Wj (~) (i2; 1'2') = W ~  (1) (i '2';  i2) 

2. We d e r i v e  the g a s - d y n a m i c  equa t ions  us ing  the k ine t ic  equa t ion  (1.1) with the co l l i s ion  i n t e g r a l  in 
the f o r m  (1.5). We  c o n s i d e r  the c a s e  f o r  which the "length of the v i b r a t i o n a l  r e l a x a t i o n "  is  of  the o r d e r  of 
the c h a r a c t e r i s t i c  d i m e n s i o n  of the spa t i a l  h e t e r o g e n e i t y  in the gas  [1, 3, 11], i . e . ,  fo r  which  the ra t io  of  
1 (1) and I (2) to I (~ is of the o r d e r  of the Knudsen  n u m b e r ,  which we m a y  a s s u m e  to be  s m a l l .  

F r o m  the e x p r e s s i o n  (1.6) fo r  I (~ it  fo l lows tha t  

~' f distil(~ (/'/) = 0 
L' 1 
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f o r  
2 r  .... ~P~-----pl, % = ~ m p l  + E s ,  (2.1) 

Consequen t ly ,  the fo l lowing  q u a n t i t i e s  v a r y  s l o w l y  o v e r  t i m e s  on the o r d e r  of the f r ee  path t i m e ,  de -  
f ined  fo r  the t r a n s l a t i o n a l  and  r o t a t i o n a l  s t a t e s  of  the m o l e c u l e s :  nv( r ,  t ) ,  the n u m b e r  of m o l e c u l e s  p e r  
uni t  v o l u m e  which  a r e  in the v i b r a t i o n a l  s t a t e  v; u ( r ,  t ) ,  the  m e a n  s p e e d  of  the m o l e c u l e s ;  and e ( r ,  t ) ,  the 
i n t e r n a l  e n e r g y  ( t r a n s l a t i o n a l  and r o t a t i o n a l )  d e n s i t y ,  c a l c u l a t e d  fo r  a s i ng l e  m o l e c u l e .  We i n t r o d u c e  the 
no t a t i on  

Nx=n,, N~=mnu, N3=n(eq-*/2rau2)(n=~n~) 

Then  the l o c a l  g a s - d y n a m i c  v a r i a b l e s  m a y  be  def ined  in t e r m s  of the d i s t r i b u t i o n  funct ion in  the  fo l -  
lowing way :  

Ni = ~ Id l~2J~ , ( l )  (i = i, 2, 3) (2.2) 
vl 

Tak ing  the def in i t ion  (2.2) into accoun t ,  we ob t a in  f r o m  Eq.  (1.1), with the c o l l i s i o n  i n t e g r a l  in the 
f o r m  (1.5), the s y s t e m  of  g a s - d y n a m i c  equa t ions  

D~, v 
D--'T = - - /~v  d iv  u - -  d i v  j~ + Q,  

Du n m - - ~  = - -  Div P 

De ( D O  ) 
n ~ = - -  div q - -  PGrad u - -  Q~ ~ = ~ -  ~- (u grad) 

H e r e  the s t r e s s  t e n s o r  1 ~ and  the e n e r g y  flow q a r e  de f ined  in the u s u a l  way  [8] 

(2.3) 

vl 

i 

vl 

(2.4) 

whi le  the c u r r e n t  Jv and the s o u r c e  Qv'  in the equa t ion  fo r  the t r a n s p o r t  of  the d e n s i t y  of  v i b r a t i o n a l  s t a t e s ,  
as  w e l l  a s  the s o u r c e  Qe in the e n e r g y  equa t ion ,  a r e  g iven  by 

j j  =--.~ f dip~*~fv (i) 

Qv = f dllO) (]'/)' Qe - ~, tlv,~Qv 
u, 

(2.5) 

We o b s e r v e  tha t  the v i b r a t i o n a l  e n e r g y  d e n s i t y  p e r  m o l e c u l e  fo r  the m o d e l  u n d e r  c o n s i d e r a t i o n  m a y  
be  de f ined  as  fo l lows :  

e~ (r, t) = n -1 (r, t) ~ h.vn~, (,', t) 
z 

To d e r i v e  the g a s - d y n a m i c  equa t i ons  we use  the C h a p m a n - E n s k o g  me thod .  As the a d d i t i o n a l  cond i -  
t ions  on the c o e f f i c i e n t s  in the e x p a n s i o n  of  f v  in a s e r i e s  wi th  r e s p e c t  to the Knudsen  n u m b e r ,  we r e q u i r e  
t ha t  the l o c a l  g a s - d y n a m i c  v a r i a b l e s  be de f ined  by  a t e r m  of z e r o  o r d e r .  M o r e o v e r ,  in p l a c e  of  e we use 
the  i n v e r s e  l o c a l  t e m p e r a t u r e ,  wh ich  we def ine  in the u s u a l  w a y  [8] 

e ----- 3/213 q- ei ([~) 

w h e r e  

ei(~) = Q - ~ g ( l ) E j ,  exp(--  ~Ej,), Q = ~ ] g ( t ) e x p  ( -  ~Es,) 
J~ J~ 
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3. We c o n s i d e r  the ze ro th  a p p r o x i m a t i o n  with r e s p e c t  to the Knudsen number .  The d i s t r ibu t ion  func-  
t ion in this app rox ima t ion  sa t i s f i e s  the non l inea r  s y s t e m  of in t eg ra l  equat ions  

I(o) if(~ /(~ = 0 

Using the funct ion 

lnFJ ("  H=Yfem0) L- -Wj 
v 

the r e l a t i ons  (1.8), and the def in i t ion  of the loca l  g a s - d y n a m i c  v a r i a b l e s ,  we can show s i m i l a r l y  [2] that  

gO)/ P V,', , p~*~ (3 . i) 

Then,  noting the defini t ion of  the c u r r e n t s  and s o u r c e s  in Eqs .  (2.4) and (2.5), we obtain,  in the ze ro th  
app rox ima t io  n, 

s = O, q(O) = O; p(o) ~ = n~_l  6~j ( 3 . 2 )  

t 
Oo (~ = u [(v + 1) nv+l + "run,_l - -  {'r (v + i) + v} n d (3.3) 

Qe (~ = nVk -1 (e~ - -  Co) 

H e r e  y = exp (--Bhv), e 0 = hvy  ( 1 -  y)-I 

2 

T-1 = 2 1 d l ' d 2 ' d i  d26  (+ )  F* (l) F* (2) ~ Wj (') (t2; t '2'). F* (]) = g-1 (1) F (]) 
j = t  

�9 k = v ( i  - -  7) -1 (3.4) 

Consequent ly ,  in the E u l e r  a p p r o x i m a t i o n  the s y s t e m  of g a s - d y n a m i c  equat ions  has  the f o r m  

Dn Du 
D-T = - -  n div u, n m  ~ -  = - -  grad (n,~ -r) 

0[3 ~2 e~ - -  e 0 
D--'-f = - -  c v ~  + ~c{ t div u 

D% , Dn v 
Dt "r~ - I (e~-eo) ,  ~ = - - n  vdivu 

(3.5) 

w h e r e  the v ib ra t iona l  r e l axa t ion  t ime  r k is  d e t e r m i n e d  f r o m  the r e l a t ion  (3.4) and 

Cv __ 3 ~2 dei 
~ - -  dp 

4. We p r o c e e d  now to d e t e r m i n e  the f i r s t  o r d e r  c o r r e c t i o n  with r e s p e c t  to the Knudsen  number  to 
the d i s t r ibu t ion  funct ion.  This funct ion,  which we denote by f v  ~, is d e t e r m i n e d  f r o m  a nonhomogeneous  s y s -  
t e m  of l i nea r  in t eg ra l  equa t ions  with s y m m e t r i c  ke rne l s  (see r e l a t ions  (1.8)) 

1 gradr)]  = i ~  + ~- (p~ 1(o) (i) - I (1) ( 1 % / %  - / ~ )  ( i % / %  i(o) ( i ( 5 / %  + i(o)(/(o), I %  

sub jec t  to the addit ional  condi t ions  

(4.1) 

where  the r a r e  g iven by the r e l a t i ons  

~' f dr*jr,( ') (i) = 0 (4.2) 
Vl 

(2.1). Taking note of the e x p r e s s i o n  for  I (1) and fo r  I (2), we have 

i(5) ( / ( 0 ) , / ( o ) )  = 0 

441 



w h e r e  

2 

;(~ (I%/(o>) = ~ ~, Bo, o, [Ai+>! + ~o~ ( t - -  7) ~ Z (aJ (+) %(-)) 
v' ' j ~ l  

Bo< l~ (+~>1 = v%,. , , ,A (+) + 'r ( , '  + t) ~o,. o,lA (-> - ~o,, (~ (v' + l) A (+>, 

% --  e o [A(+) __ A(-) ] )  + v'A(-) + (1 -- ~) 

/ 5 (q-) F* (t') F* (2') 
A(~ ,:t:) = n I dt'd2'd2W~(~)(t2; t '2') ( 6 (--)  F* (t) F* (2) 

(4.3) 

(4.4) 

(4.5) 

We r e m a r k  that  f r o m  Eq. (4.4) it fol lows t h a t  

n,,B,,, = 0 
ol) r 

We p r o c e e d  in the usual  way [3] with the lef t  side of the s y s t e m  of Eqs .  (4.1), using the e x p r e s s i o n  
(3.1) fo r  f ~  and the E u l e r  Eq. (3.6). Then,  taking note of the addi t ional  condi t ions (4.2), we can show tha t  

/o, (~> ( i )  = %F ( i )  ( 1 )  ( l )  ( 4 . 6 )  

w h e r e  

i 
(:Do, (i) = (:D (I) (I) --  @ ~ Co, v, 0-)" PI* grad no, + ~ Go, (I) 

v'  

(4.7) 

H e r e  ~(1) (1) is a known function of the f i r s t  app rox ima t ion  [8], def ined for  the model  of the r o t a t o r s ,  
and the funct ions Cvv,(1) and Gv(1) sa t i s fy  the s y s t e m s  of equat ions  

Pz* F (i) (6~,Io, -- c~,) = ~ c.,co,[ .... (t/p*C,.~,) (4.8) 
v~ 

- -  co,A ( l )  8, -F ~c~'B~.~ ' . tk~ (+-)] = ~co.c, , . [v.o,( ! /G~) 
~,  v z  

(4.9) 

and the addi t ional  condit ions 

~Idtno,Co,~,(l)p~*2F(t) = ~ , Id l ,~n~ ,Go , ( l )F ( t )=  0 
va o~ 

H e r e  c v = nv /n ,  ek = ~?2(e k - e o )  (cVrk) -1 

2 

(4.1o) 

(4.11) 

~}+-) = A} +-) _ ~-I F (]) (4.12) 

I~,~, (1 / H,,,,) = I dl'd2'd2W(~ 1'2') F* (l) F* (2) {H,,,, (i) + Hv~,, (2) - -  H,,r  (1') --  Hv,r (2')} 

We may  seek  a solut ion of the s y s t e m  of Eqs .  (4.8) in the fo rm  

vo~, (t) = 41 (ao~, - co) c ( i )  

where  the funct ions C(1) a r e  d e t e r m i n e d  f r o m  the equat ions  

~-~F (!) = I(1) ( l / p ' C )  ~-ldi'd2'd2W(~ i'2')F*(I)F*(2)(p~*C(I)--p~*;C'(I)) 

(4.13) 

(4.14) 

(4.15) 
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The additional conditions (4.10), as a consequence of Eq. (4.13), a r e  sa t i s f ied  identically.  

We cons ider  the solution of the s y s t e m  of Eqs.  (4.9). We introduce the functions 

G ( i )  = ~ , c v G ~ ( i ) ,  
V 

for  which we have,  f r o m  Eq. (4.10), the equations 

% 0 )  = G . ( l ) -  a ( l )  

- -  A ( t )  8~ = I ( t / G ) ,  ~, r [~(1 +-)] = e~,I (1) (1 /(p~) 
V' 

(4.16) 

and the additional conditions 

i d t~  ~ (t) F (t) = ~ dl(pv (1) F (1) ----- 0 (4.17) 

where  r ~ is r [see Eqs.  (2.1)] when ~1 = 1 (and not 5vv,); the in tegra ls  I(1/G) and I (1) (1/~v) may  be o b -  
tained f r o m  Eqs.  (4.13) and (4.15) by rep lac ing  Hvv,(i) by G(i) and pl*C(1) by r r e spec t ive ly .  In wr i t -  
ing the Eqs.  (4.16) we have  accounted for  the fact  that, by definition, 

cvT v = 0 

F r o m  Eqs .  (4.16) it follows that  G and ~Pv may be sought in the fo rm 

C ( i ) = - R ( t ) 8 ~ ,  % ( i ) =  ~;X~c~,B,,,[~(~ +-)1 
V' 

The functions R and w(• a r e  de te rmined  f rom the equations 

a (t) = / (t / R), ~(~+~) = Z (~) (t / ,~l +-)) (4 as) 

for  the additional conditions (4.17), where  in place of G and ~v it is n e c e s s a r y  to i n se r t  R and w~ • r e s p e c -  
t ively.  The functions A(1) and ~1 (• a re  de te rmined  f rom the re la t ions  (4.11) and (4.12). 

Thus for  the function of the f i r s t  approximat ion  with r e s p e c t  to the Knudsen number  we have the fol- 
lowing express ion :  

1~ (1) (1) = nvF (1) (I) (1) (t) --  F (1) C (I) p~* grad n,/n -- n~F (1) R (1) [3 ~ % -- e~ 

+ ~- F (1) ~nv,B~,,, [col +-)] 
?)t (4.19) 

5. Using the exp re s s ion  (4.19) for  f (1), we can de te rmine  f i r s t - o r d e r  co r rec t ions  with r e s p e c t  to 
the Knudsen number  to the cu r r en t s  and sources  of the gas -dynamic  equations and wri te  the gas -dynamic  
equations in the N a v i e r - S t o k e s  approximat ion .  

In a cco rd  with the definit ion (2.5), we have,  taking Eq. (4.19) into account,  

j(v 1) ~ --  nD grad nv / n (5.1) 

where  the "se l f -d i f fus ion coeff ic ient"  D is given by 

D =  3-~n f dlpl*2C (l) F (l) 

The t e r m  propor t iona l  to the gradient  •, on which the function ~(1) depends [8], does not contr ibute 
to Eq. (5.1) in view of the addit ional  conditions for  this function. If we a s s u m e  that  during a coll is ion the 
ro ta t ional  s ta tes  a r e  not exci ted and that there  is m e r e l y  an exchange taking place between the t rans la t iona l  
and v ibra t iona l  s t a tes ,  then we obtain f rom Eq. (5.1) the expres s ion  for  Jv obtained in [12]. 
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The energy cur ren t  can be written in the fo rm 

q(~) = _ k grad T 

where T is the temperature  and ~ is a known [8] thermal  conductivity coefficient for the model of the rota-  
tors .  As a consequence of Eq. (4.14), the t e rm proportional  to the gradient  of n v does not contribute to the 
cu r ren t  of energy.  

We have the following express ion  for the s t r e ss  tensor  p0) :  

p(l)ij = __rl~_~r~. [ Oul ~ Or -'-(auj 32 6ijdivu -- 6.~j(~lvdivu-- P~) 

where Ve and rTV are known [8] shear  and volume viscosi ty  coefficients for the ro ta tor  model, and Pr  is the 
s o - c a l l e d  relaxational p res su re ,  defined as follows: 

p~= %--%cvv____~. ~ t  ldlpl,2R(1)F(l ) 

i.e., the relaxational p ressu re  is proport ional  to the deviation of the vibrational energy density f rom its 
local-equi l ibr ium value for the tempera ture  of the translat ional  and rotational degrees of f reedom of the 
molecules.  A dependence, s imi la r  in form,  of the relaxational p ressure  on the vibrational energy density 
in the " two-temperature  approximation" was obtained in [13] for the harmonic  osci l la tor  model in which ex- 
changes between translational and vibrational degrees  o f f r e e d o m a r e  not accompanied by a change in the 
rotational s tates of the molecules.  

Substituting the express ions  obtained, in the zeroth and f i rs t  approximations with respec t  to the Knud- 
sen number,  for the cur rents  and sources  of the gas -dynamic  variables into the sys tem of Eqs. (2.2), we 
obtain the gas-dynamic  equations in the Navier -Stokes  approximation. Taking note of the express ion for 
Q(1) we readily see that in this approximation the gas-dynamic  equations cannot, as in the Euler  approxi-  e ' 
mation, be represented  in the form of a closed sys tem of equations for n, u, B, and ek, and it is necessary .  
to consider  equations for n v. 

The determination of the relaxat ioaal  p re s su re ,  the vibrational relaxation time, and also the sources  
Qv and Qe is tied in with the solution of the l inear integral  equations wri t ten out above. However,  in solv- 
ing these equations it is necessa ry  to know the Mellor opera tors  f o r  the rigid ro ta tors  and not mere ly  the 
corresponding transi t ion probabili t ies.  At the present  time the solution of the quantum-mechanical  problem 
is beset  with considerable computational difficulty, so that quantitative es t imates  are not considered in this 
paper. 

In conclusion, the author thanks V. N. Zhigulev and V. S. Galkin for a discussion of his results. 
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