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An in tegra l  method  is p roposed  fo r  ana lys i s  of a mul t i componen t  r eac t i ng  f a r  wake behind a 
body. The r e su l t s  of the ana lys i s ,  obta ined by us ing  the method p roposed ,  a r e  c o m p a r e d  
with exact  n u m e r i c a l  data. 

It  is a s s u m e d  that  the flow in the f a r  a x i s y m m e t r i c  wake behind a body ts d e s c r i b e d  by a s y s t e m  of 
mul t i componen t  b o u n d a r y - l a y e r  equat ions:  
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under  the boundary  condi t ions  

r = O, v~ = OvdOr = OT/Or = O~dOr , 

- r--~oo, Vx-+ve, T--~Te, ~ - - ~ e ,  (6) 

x = x n ,  v x=v~(r) ,  T = T  a(r), ~=~iH(r). 

All the notat ion he re  is d imens ion le s s  in con fo rmi ty  with the l is t  of nota t ions .  

Let  us use the in tegra l  r e l a t ions  method fo r  an approx ima te  solut ion of the p r o b l e m  (1)-(6). Let  us  
se t  
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Ini t ia l  ve loc i ty  (a) and t e m p e r a t u r e  (b) p ro f i l e s :  
dashes  r e f l ec t  data f r o m  this  paper ,  while sol id  l ines  a r e  
f r o m  [t]. 

where  

o o . 2  

Let  us  note that  the r e p r e s e n t a t i o n s  (7)-(10) sa t i s fy  all the condi t ions  imposed  on the c o r r e s p o n d i n g  func -  
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t ions  by the r e l a t ionsh ips  (6) f o r  r = 0 and r ~ % 

F r o m  the equat ion of s ta te  and (8) and (9) t h e r e  fol lows that  

9 ~ 9 / Q , = {  l-'--t, o [ ( 1 - - a ) 9  pr* - - a Y 2 P r * ] } - l { 1 - - ( ~  ~ ,)-13I~, 
(II) 

By us ing  (7) and (11) a connec t ion  between the phys ica l  coo rd ina t e  r and the t r a n s f o r m e d  coord ina te  ~ (or y) 
can  be obta ined in ana ly t i ca l  f o r m  f r o m  the f i r s t  r e la t ionsh ip  in (10). 

To de t e rmine  the unknown funct ions  of the longitudinal  coord ina te  u0, A, t 0, a, Xi0, li let  us  r e q u i r e  
that  in tegra l  r e l a t i ons  be sa t i s f ied  fo r  (2)-(4), a s  well as  tha t  (2) and  (4) and the heat  influx equat ion 
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be sa t i s f ied  fo r  r = 0. 

The axial  equat ions  and in tegra l  r e l a t ions  fo r  the equat ions  of mot ion,  ene rgy ,  and concen t r a t ion  c o n -  
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Fig. 2. Wake radius.  
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Fig. 3. Axial t empera ture .  

where 
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The constant c T in (15) is determined f rom the initial conditions, and the quantities h i a re  known functions 
of the t empera tu re .  The relationship (15) is used to define a(x). The (N-2) equations (16) and (17) should 
be supplemented by the equal i t ies  

N N N N 

= Z l, = o, z X,o/M, = Z z l;M,=o. (18) 
i = l  E'=I i = 1  i = l  ' 

N 

The f i r s t  two equali t ies follow f rom the integral ~ ~i = 1 of the system (4), and the second two follow f rom 
the quasineutral i ty  condition. !~x 

In deriving the integral  relat ions it was assumed that the s t r eam tube equations 

PeVe dve dp H~ H~, PaVe d~i~ 
dx �9 dx dx 

are  valid on the outer  boundary of the wake. 

Let us note that if there  is no p r e s su re  gradient  (v e -= 1), then the sys tem (12), (13) has the integral  

The initial conditions for  the sys tem (12)-(17) are  obtained by using the approximations of the func-  
t ions vH(r), TH(r), ~iH(r) given in the initial section by the relat ionships (7)-(9). 

Results  of computations by the mesh  method are  presented  in [1] for  a react ing turbulent  far  wake be-  
hind a body moving at the velocity v = 7010 m / s e e  i n n  nitrogen a tmosphere  with T = 300~K, p~ = 2" 104 
N/m2: The wakewas  computed by using an integral  method under the same conditions as in [1], in o rde r  
to compare  with these exact numer ica l  resul ts .  
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Fig. 4. In tegra l  c h a r a c t e r -  
istic of the e lec t ron  concen :  
t ra t ion.  

A mix tu re  of five components  N, N +, N +, e, N 2 (i = 1, 2, 3, 4, 5, 
respec t ive ly)  which took pa r t  in eight chemica l  reac t ions  

e ~ - N ~ - = N §  N~-N~=2N-kN.., N+e§  

N2~e-~N+=N2-- N, N+N,J-=N.~§ +, N +e§  
, A -  ' N2--e-v-N5 =N.z+N. 2, N~+N--=-3N 

was cons idered .  The fo rward  reac t ion  constants  were  taken f r o m  [1], 
while the r e v e r s e  cons t an t s  were  computed by using the equi l ibr ium con-  
s tants  according  to data in [2]. 

It  is a s sumed  that the conditions on the outer  wake boundary a re  the 
s ame  as  at infinity so that v e -~ T e -- ~se = 1, ~ie = 0, i = 1, 2, 3, 4. 

The veloci ty  and t e m p e r a t u r e  p ro f i l e s  in the initial sect ion a re  r e p r e -  
sented in Fig. l a  and b. I t  follows f r o m  Fig. l a  that  in the initial section 

1 - -  v~ (61) = 0.074 u o. 

This  re la t ionship  is taken as the definition of the wake radius  61 . 

I t  is a s sumed  that chemica l  equi l ibr ium holds in the initial sect ion.  In conformi ty  with this  a s s u m p -  
tion, the prof i les  of all the components  were  de te rmined  by means  of the t e m p e r a t u r e  and p r e s s u r e  by using 
tables  [3]. The values  of XiH and / i l l  were  de te rmined  by using approximat ions  of the p rof i l es  cons t ruc ted  
in such a manner  by the re la t ionship  (9). 

It  is a s sumed  that P r  T = P r *  = SCTi = Sc~ = 1 in the computat ion.  Molecular  e f fec ts  were  not taken 
into account. The s y s t e m  of ord inary  differential  equations (12)-(14), (16), (17), where a(x) is given i m -  
pl ici t ly  by (15) and A is defined by (19), is in tegra ted  by the Runge-Kutta  method on the Bt~SM-3 e lec t ronic  
digital compute r  by using the re la t ionship  {18). 

P r e s e n t e d  in Figs .  2-4 is a compar i son  of the computed data obtained by using the in tegral  re la t ions  
method (dashes) and the mesh  method (solid lines).  The numbers  1, 2 denote r e su l t s  obtained by using the 
e x p r e s s i o n s  

~t~ = k(1 --P0v0)61, ~% = kuo61 ( k =  0.02) 

respec t ive ly ,  for  the turbulent  v iscos i ty .  P r e s e n t e d  in Fig. 2 is the wake radius ,  in Fig. 3 the dimensional  
axial t e m p e r a t u r e  T T ~  and in Fig. 4 the dimensional  integral  e lec t ron  concentra t ion cha rac t e r i s t i c  

6z 

I= i" n4dr, lcm-2. 

The ag reemen t  between the computed data obtained by using the approx imate  and exact  numer ica l  
methods  is comple te ly  sa t i s fac to ry .  Meanwhile,  the approx imate  method has  obvious advantages ,  the p o s -  
sibi l i ty of using s tandard  p r o g r a m s  in the computat ion in an e lec t ron ic  compute r ,  and the savings  in m a -  
chine t ime.  

x, r(d)t 

Vx, Vr (v.o) 
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T(T=o) 
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hi (CpooTr 
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wi ho~voo/d) 

N O T A T I O N  

a r e  the longitudinal and radia l  coordinates ;  
a re  the veloci ty  vec to r  components  on the x and r axes; 
is the density; 
is the p r e s s u r e ;  
is the t empera tu re ;  
is  the total  heat  content; 
is the specif ic  heat  content; 
a r e  the turbulent  and l amina r  coeff ic ients  of v iscosi ty ;  
a r e  the physical  and turbulent  Prandt l  and Schmidt numbers ;  
is the re la t ive  m a s s  concentra t ion of the i - th  component;  
is the radia l  component  of the diffusion vector ;  
is the m a s s  ra te  of format ion  of the i - th  component; 

~ I n thepa ren the se s  the dimensional  d iv isor  for  the given d imens ion less  quantity is shown. 
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Cp = Z~ i" 8hi/OT; 
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Zi 
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k 
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is the unper turbed s t r eam Mach number; 
is the adiabatic index; 
is the molecular  weight; 
see (7)-(9); 
are  the constants in the prof i les  (8), (9); 
a re  the pa r ame te r s  of the prof i les  (8) and (9); 
a re  the t r ans fo rmed  radial  coordinate and semi - rad ius  of the wake (see (10)); 

is the number of mixture  components; 
is the charge number; 
is the drag coefficient; 
is the wake radius; 
is an empir ica l  constant; 
is the numberical  e lec t ron density. 

S u b s c r i p t s  

denotes the undisturbed s t ream;  
e denotes the outer  wake boundary; 
0 denotes the wake axis; 
H denotes the initial section; 
i denotes the mixture  component. 
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