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The effect of nonisothermicity on the characteristics of an incom- 
pressible boundary layer is investigated. It is assumed that the vis- 
cosity is temperature dependent. 

The poss ib i l i ty  of b o u n d a r y - l a y e r  control  based on 
va r i a t ion  of the coeff icient  of v i scos i ty  was examined 
in [1, 2]. More recent ly ,  the ques t ion of the effect of 
non i so the rmic i ty  on the c h a r a c t e r i s t i c s  of a c o m -  
p r e s s i b l e  boundary  layer ,  p a r t i c u l a r l y  separa t ion ,  
has rece ived  cons ide rab le  a t tent ion.  This work is  r e -  
viewed in [3]. The p r e sen t  note is concerned  with the 
effect of non i so the rmic i t y  on the c h a r a c t e r i s t i c s  of an 
i n c o m p r e s s i b l e  boundary  layer ,  when the v i scos i ty  de-  
pends on t e m p e r a t u r e .  The inves t iga t ion  is based on a 
n u m e r i c a l  f in i t e -d i f fe rence  solut ion (see [4]). 

Reduced to d imens ion l e s s  form,  the equat ions of 
the s t eady- s t a t e  boundary  l ayer  a re  wr i t t en  as follows: 
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with the boundary  condi t ions  

u = v = 0 ,  T -  T o ( x ) - - A  at y = 0 ,  
B - - A  

u = U ( x ) ,  T - -  T , (x ) - -A at  y - ~ o ,  
B - - A  

u----V(y), T =  O(y ) - -A  at x=:0,  
B - - A  

where  D = poU2/pCpJa&T;  AT = B - A ; P r  = p / a ; A  
and B a re  given cons tan t s ;  U(x), V(y), T0(x), Ti(x), 
| a r e  given funct ions .  

To in tegra te  s y s t e m  (1), we use  the method of f inite 
d i f fe rences  [4], employing an absolu te ly  s table  i m -  
p l ic i t  scheme.  

Then s y s t e m  (1) may be approximated  by the fo l -  
lowing dif ference sys tem:  
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with the co r respond ing  boundary  condi t ions:  x i = l ax ,  
Yk --kAy, i = 1 ,  2, 3 . . . . .  k = l ,  2, 3, . . . , K .  

If the values  of ui_l ,  k, vi_l,  k, Ti-1, k a re  known 
for some i, the th i rd  equation of sy s t em (2) reduces  
to the form 

akTi,~_ 1 - -  2bkTi,~ + ckTi,~+l = g~, (3) 

where  a k, b k, c k, gk a r e  known quant i t ies .  We solve 
(3) by the pivotal method [5]. Having solved sys t em 
(3), we de t e r mi ne  T. - .  After  de t e rmin ing  T. - we 

i~ K 1 ,  K 

deal s i m i l a r l y  with the f i r s t  equation of sys t em (2). 
After  having found ui,  k we de t e rmine  vi,  k f rom the 

second equat ion of s y s t e m  (2). We then proceed to de-  

t e r m i n e  Ti+l, k, ui+l, k, v i +  i ,k ,  etc .  
The ca lcula t ions  were  made  for the case  in which 

U(x) = 1 - x , V ( y )  = 1, T0(x) = A, TI(X) =O(y)  = B .  
Instead of the condit ion u = U(x) at y = oo we took the 
condit ion Ou/Oy = 0 at  Yk = KAy, the point K being so 
se lec ted  that the condit ion ui, k = U(xi) was sa t i s f ied  
with given accuracy .  

It was a s s u m e d  that the v i scos i ty  depends on t e m -  
p e r a t u r e  accord ing  to the Bachinski i  fo rmula  #(T) = 
= p0/(b 1 + b2T). All the ca lcula t ions  were  made for 
lubr ica t ing  oil, whose c h a r a c t e r i s t i c s  were  taken f rom 
[6]. 

The following cases  were  cons idered :  
1) v i scos i ty  independent  of t e m p e r a t u r e :  #(T) = 1; 
2) v i scos i ty  dependent  on t e m p e r a t u r e :  a) wall  t e m -  

p e r a t u r e  20 ~ C, f r e e s t r e a m  t e m p e r a t u r e  40 ~ C. For  
this  case 
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_ 1 A 2 0  ~ , B = 4 0 ~  
(T) 1 _L 2.24T' 

b) wall  t e m p e r a t u r e  40 ~ C, f r e e s t r e a m  t e m p e r a t u r e  
20 ~ C. For  this  case ,  

1 A = 4 0  ~ , B = 2 0 ~  
p,(T) = 1--.0.69T" 

The locat ion of the sepa ra t ion  point was d e t e r m i n e d  
f rom the condit ion au /Sy  ly=0 = 0, which in f in i t e -  
d i f fe rence  f o r m  becomes  

- -  3u~,0 -4- 4 u . 1  - -  u i.2 = 0 .  

2A g 

Calcula t ions  gave the fol lowing locat ion of the s ep -  
a r a t i on  points:  

0 .1250>Xsep>0.1225 for ~t ----l~ 

1 
0.09750 > Xse p > 0.09625 for ~ 1 + 2.24T' 

1 
0.t6750 ) Xsepl>0.16625 for ~ = 

1 ~ O~ 69  ~ 

Clear ly ,  when the v i scos i ty  is  t e m p e r a t u r e - d e p e n -  
dent, the non i so the rmic i t y  has an impor tan t  inf luence 
on the locat ion of the s epa ra t ion  points .  In p a r t i c u l a r ,  
when the wall  is heated the s epa ra t i on  point  is shifted 
cons ide rab ly  downs t ream.  

F igure  1 shows the .veloci ty  p rof i l e s  at the point  
x = 0.05, while Fig.  2 shows the prof i les  n e a r  the sep-  
a r a t i on  points .  It is c l ea r  f rom Fig.  1 that  when the 
wall  t e m p e r a t u r e  is lower than the f r e e s t r e a m  t e m p e r -  
a ture  the veloci ty  prof i le  has a point  of inf lec t ion .  
This leads to e a r l i e r  separa t ion .  When the wall  t e m -  
pe ra tu r e  is lower [sic] than the f r e e s t r e a m  t e m p e r -  
a ture ,  a point  of inf lect ion appears  only n e a r  the s ep -  
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Fig.  1. Veloci ty prof i les  at  x = 0.05: 
1) # = 1; 2) 1/1 + 2.24T; 3) 1/1 - 0.69T. 

a ra t ion  point  (Fig. 2). F igure  3 shows how the non i so -  
t h e r m i c l t y  of the flow affects the d i sp lacement  th ick-  

ness  5"= l__ ~ (U--u) dx. The in tegra l  was evaluated 
U 

0 

n u m e r i c a l l y  f rom Y0 to Yk = KAy accord ing  to the 
t rapezo ida l  ru le .  Clear ly ,  cooling the wall  r educes  
and heat ing it  i n c r e a s e s  the th ickness  of the boundary  
l aye r .  

In the computat ions  the s teps  Ax, Ay, and K were  
so chosen that within the accu racy  se lec ted  a dec rease  
in Ax and Ay and an i n c r e a s e  in K had no effect on the 
r e s u l t s .  We f inal ly  se lec ted  Ax = 0.0003125, Ay = 
= 0.02, K = 201 for  the cases  /~(T) = 1 and p(T) = 
= 1/(1 + 2.24T), K = 301 for  the case  p(T) = 1/1 - 
- 0.69T. 
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Fig.  2. Velocity prof i les  nea r  s e p a r a -  
t ion points :  1) # = 1 at x = 0.1225; 2) 
1/1 + 2.24T at x = 0.09625; 3) 1/1 - 

- 0.69T at x = 0.16625. 
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Fig. 3. B o u n d a r y - l a y e r  d i sp lacemen t  th ickness :  

1) # = 1; 2) 1/1 + 2.24T; 3) 1/1 -- 0.69T. 
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In the ca lcula t ions  whose r e su l t s  a re  p resen ted  
above we took P r  = 7 and D = 0 in  view of the s m a l l -  
ne s s  of D at the se lec ted  va lues  of the p a r a m e t e r s .  

The ca lcula t ions  were  p e r f o r m e d  on a Minsk-2 c o m -  
puter .  

NOTATION 

u and v a re  veloci ty  components ;  T is the t e m p e r -  
a tu re ;  U is the veloci ty  of the potent ia l  flow; # is the 
coeff ic ient  of v i scos i ty ;  p is  the densi ty  of the fluid;  
J is the mechanica l  equivalent  of heat;  a is the t he rma l  
diffusivi ty;  v is  the k inemat ic  coefficient  of v i scos i ty ;  
U0, P0, l, A, B a re  c h a r a c t e r i s t i c  cons tan t s ;  6* is the 
d i sp lacemen t  th ickness  of the boundary  l aye r ;  Re = 
= U0//~; P r  = •'/a; D = # o U Z o / P C ~ J a A T ;  AT = B - A ;  
Cp is the specif ic  heat at cons tant  p r e s s u r e .  
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