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Resul ts  of a de terminat ion of the re la t ive  l imit  laws of heat exchange and the separa t ion  
p a r a m e t e r s  a re  p resen ted  for  the genera l  case  of a density dis t r ibut ion over  a boundary 
layer  in subsonic flow, The r e su l t s  of computat ions on a digital compute r  a re  in good 
agreement  with the proposed approximate  fo rmulas .  

1. In subsonic mult icomponent  gas  flow over  a p e r m e a b l e  sur face  (blowing, chemical  react ions ,  etc.) 
under conditions of nonisothermy,  the density distr ibution over  the boundary layer  with Prandt l  and Lewis 
n u m b e r s  P r  = Le = 1 is r ep resen ted  in genera l  f o rm by the express ion  

Po =_ [*' ~- (1 - -  , i ) 0 ]  [*2 ~- (1 --*2) 0] (1.1) 
p [ , ,  + ( 1 - - % ) 0 ]  

Here  

' 1  = hw/ho; '2  = Mo/Mw; % -= ep,o/e~o. 
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Fig. 1. Relat ive coefficient of h e a t - m a s s - e x c h a n g e  for the values  r = 20 and r 
= 5 and a r b i t r a r y  r 1-6) Machine computat ion;  points) computat ion using (1.4) 
and (1.5): 1) r = 12.5; 2) 10; 3) 8; 4) 5; 5) 3; 6) 2. 

Fig. 2. Cr i t i ca l  boundary layer  separa t ion  p a r a m e t e r s  for  r = 5 and a r b i t r a r y  
values  of r 1-5) Machine computation;  points) computat ion using (1.5): 1) r = 10; 
2) 8; 3) 5; 4) 3; 5) 2. 
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The l imit ing re la t ive  heat  and m a s s  exchange law in the p resence  of a t r a n s v e r s e  s t r e a m  of ma t e r i a l  

1 

dO .)2. 
tFh= ( ~  V(l+blO)po/p 

0 

(1.2) 

Wh=St/Sto; bl=]~/%Uo St. 

of r 
The integral  (1.2) has been evaluated on a digital computer  taking account of (1.1) for a r b i t r a r y  values 
r176 r and bl. Some resu l t s  of the computat ions a re  presented  in Fig. 1 (solid lines). 

Data of a machine  computat ion a r e  p resen ted  in Fig. 2 for  some  values  of Ct, r r for  the boundary 
layer  separa t ion  p a r a m e t e r  defined by the express ion  [1]: 

l 

�9 !,' ( 90 /9 )  0 
0 

For  p rac t i ca l  computat ions,  the following approx imate  fo rmulas  

b~ = bcr,.bcr Jbcr 3 cr 
can be used respec t ive ly  for  the law of heat exchange and the separa t ion  p a r a m e t e r s .  
f r o m  the known re la t ions  [1] 

(1.3) 

(1.4) 

(1.5) 

Here  bcr  i is found 

bcr i = (arccos'(2--~i)/,z) 2 for ~2~ > 1, (1.6) 
~ - -  1 

bcri=(In 1--l/1--*~ )2 /(1 1- -  r l--~t / --*i) for ~ i <  1. (1.7) 

1 and 2 the points r e p r e s e n t  the r e su l t s  of calculat ing the re la t ive  hea t -exchange  coeff icients  In Figs .  
and the p a r a m e t e r s  of forcing back the boundary l ayer  by means  of the proposed  fo rmulas  (1.4) and (1.5). 
Good cor respondence  between the quantities being de te rmined  is observed  upon a compar i son  with the r e -  
sults  of a machine computat ion.  

For  the pa r t i cu l a r  case  of blowing a homogeneous gas r = r the re la t ive  hea t -exchange  coefficient  
is computed by means  of the fo rmulas  [1] 

4 [in [ V ( 1 - , O ( 1  + b  0 + 1 / ~  ]2 
�9 h- (1--,1)o, V 1-- , ,  + V~-~ for ~,. < i (1.8) 

4 [ V b,. | / bl,~]--] 2 
W~-- (r 1)bl arctg (~1-- 1)(1 + b  0 --arctg V ~ Z i - 1  ] (1.9) 

for ~1 > 1. 

It has been shown in [1] that (1.8) and (1.9) a re  approximated  well by the fo rmula  

1 - ( 1 . 1 0 )  

0 is de te rmined  by means  of (1.6) and (1.7). He re  bcr  

Upon blowing an inhomogeneous gas under s t rongly noniso thermal  conditions the co r rec t ion  to the 
p a r a m e t e r s  r and r can r eaeh  a signifieant value.  For  example,  let us take the blowing of hel ium when 
the concentra t ion of injected gas on the wall tends to one, in a i r  (T O = 3000~ T w = 290~ In this ease  
r = 7.25 and r = 1.24/0.327 = 3.79 and the co r r ec t i on  to the heat  exchange coeff icient  (see Eq. (1.12)) is 
[ ( ~  + 1)/(~/3.79 + 1)] 2 = 1.57 t imes .  

0 r eaches  the same  o rde r .  Analogous e s t ima te s  show that the co r rec t ion  to the quantity bcr  
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Fig. 3. Compar i son  between re su l t s  
of computing the re la t ive  h e a t - m a s s -  
exchange coeff icients  due to blowing by 
machine and by the approximate  fo r -  
muia  (1.12). Curve) computat ion by 
(1.12) ; points) machine computat ion for  
different  values  of r r r and b 1. 

Resul ts  of compar ing  the re la t ive  heat  exchange coefficient  during blowing, r e f e r r e d  to i so the rmal  
conditions 

with the approximat ing formula  

"tF b = "trat~Ft,  (1.11) 

blWh~ 2 (1.12) �9 b= ] 

are  p resen ted  in Fig. 3. Here  

2 )2 )2 

It is seen that the approximat ion  (1.12) yields  good cor respondence  with the r e su l t s  of a numer ica l  
machine  solution. 

�9 2. The approx imate  express ions  obtained for the re la t ive  law (1.4) of h e a t - m a s s - e x c h a n g e  ~h and 
the boundary layer  separa t ion  p a r a m e t e r  b~ in (1.5) can be extended to finite Reynolds number  Re**.  The 
law [1, 3] (for the range 200 < Re** < 104) 

0.0128 ( ~t~ )0.25 
St~ -- Re* ~~176 (2.1) 

is hence taken as the s tandard value of the h e a t - m a s s - e x c h a n g e  coefficient .  

The f ini teness  of the numbers  Re** in de termining the c r i t i ca l  flowing p a r a m e t e r s  is taken into 
account in [1]: 

her: boer 1 q Re..,0,i 4 . (2.2) 

In conclusion, it can be noted that the proposed approximate  express ions  (1.4) and (1.5) agree  well 
with the resu l t s  of the machine computat ion.  The enthalpy h, the specif ic  heat  Cp, and the molecu la r  weight 
M a re  de te rmined  for  gas mix tu res  on the wall and in the s t r e a m  core  at the wall  and main  s t r e a m  t e m -  
p e r a t u r e s ,  r espec t ive ly .  

Re** 

t)r 
Le 

P 
0 = ( h -  hw) / (h o - hw) 
h 
Cp 
M 
% 

St 

is the 
loss ;  
is the 
is the 
is the 
is the 
is the 
is the 
is the 
is the 
of the 
is  the 

N O T A T I O N  

cha rac t e r i s t i c  Reynolds number  defined by the thickness  of the energy 

Prandt l  number ;  
L e w i s -  Semenov number ,  
density of the gas mixture ;  
d imens ion less  enthalpy; 
enthalpy of the gas mixture ;  
specif ic  heat;  
molecu la r  weight of a mult icomponent  mixture ;  
re la t ive  coefficient of h e a t - m a s s - e x c h a n g e  taking account of the influence 
t r a n s v e r s e  flux of ma te r i a l ,  nonisothermy,  etc. ;  
Stanton number  under  rea i  conditions; 
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St 0 
b~ 

bcr  

# 

is the Stanton number  for  s tandard conditions; 
is the wall pe rmeab i l i t y  p a r a m e t e r  r e f e r r e d  to St; 
is the c r i t i ca l  bounda ry - l aye r  separa t ion  p a r a m e t e r  r e f e r r e d  to the Stanton 
number  St 0 under s tandard condition; 
is the re la t ive  h e a t - m a s s - e x c h a n g e  coefficient  taking account of the influence 
of the p a r a m e t e r s  r ~2, r (Eq. (1.12)); 
is the dynamic v i scos i ty  coefficient .  

S u b s c r i p t s  

w is the wall; 
0 is the main  s t r e a m .  
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2. 
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