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The paper presems the results of an experimental study of the heat 
transfer and the temperature field in a free-convection boundary 
layer on a vertical surface with uniform porous btowing and suction 
and Tw = eonst. The method of measurement is described and the 
experimental data are compared with the theoretical resuks obtained 
by the authors in an earlier work. The experiments were carried out 
oil a Zender--Mach interferometer. The ~eoretieal and experimental 
results are found to be in good agreement. Critieai values of the 
parameters are found, which determine the beginning of the transient 
and developed turbulent regions as a function of the rate of blowing o~ 
suction. 

E x p e r i m e n t /  setup.  An expe r imen ta l  setup, shown 
in Fig .  1, was cons t ruc ted  in o r d e r  to check the 
theore t i ca l  r e su l t s  obtained by the authors  in an 
e a r l i e r  work [ 5]. The e x p e r i m e n t s  w e r e  p e r f o r m e d  
on porous  copper  p la tes  with a coef f ic ien t  of poros i ty  
of approx imate ly  0.5. F i v e  pla tes  w e r e  used, with 
a working  a r e a  of 200 x 300 m m  and about 10 m m  
th ickness .  The p la tes  w e r e  mounted in p rof i l e  s lots  
in textol i te  housings flush with the su r f ace  of the 

housings,  so  that the total working a r e a  was 1000 mm 
high by 300 rum wide.  Each housing was h e r m e t i c a l l y  
sea led  and had a s epa ra t e  heat ing and blowing sys t em.  
The a i r  was blown in and sucked out by fans.  Ai r  
flow was m e a s u r e d  by means  of RS-5a  and RS-3a  
r o t a m e t e r s ,  ca l ib ra ted  with a non-s tandard  o r i f i ce .  
The ve loc i ty  of the a i r  being blown in or  out could 
be var ied  in a wide range .  The max imum e r r o r  in 
a i r  flow m e a s u r e m e n t s  was about 4%. The a i r  blown 

in was f i l t e r ed .  
The pla tes  w e r e  heated by means  of r a d i a t o r s  

mounted in the textol i te  housings,  so that the change-  
o v e r  f r o m  blowing to suct ion did not r e q u i r e  any 
modi f ica t ions  of the se t -up .  

The r a d i a t o r s  cons is ted  of a double row of i n f r a -  
red  encandescent  bulbs with m i r r o r  coating.  Each 
bulb also had its own r e f l e c t o r  of a luminum foil .  
The inside of each housing was cove red  with foil .  
This a r r a n g e m e n t  heated the porous  copper  plate  to 
a un i form t e m p e r a t u r e ,  which could be adjusted by 

varying the voltage a c r o s s  the heat ing c i r cu i t .  The 
un i fo rmi ty  of the t e m p e r a t u r e  was checked by nine 
c h r o m e l - c o p e l  (a C u - N i  alloy) t he rmocoup les  e m -  
bedded in the plate .  Dur ing the expe r imen t s ,  the 
su r f ace  t e m p e r a t u r e  of the porous plate and the 
power  supplied to the r a d i a t o r s  w e r e  regula ted .  
The t e m p e r a t u r e  of the blown and sucked a i r  was 
m e a s u r e d  by three  c h r o m e l - c o p e l  the rmocoup les  in 
the i m m e d i a t e  vic ini ty  of the plate  and at the in le t  to 

the textol i te  housing.  These  the rmocoup les  had r a d i -  
ation s c r e e n s  in the fo rm of foil cy l inders  of 25 m m  

length.  

The the rmoeoup les  which w e r e  embedded in the 
plate  w e r e  used only fo r  regulatJon,  not for  su r f ace  
t e m p e r a t u r e  m e a s u r e m e n t .  Steady state,  as indicated 
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Fig.  1. E x p e r i m e n t a l  se t -up .  1) tex to l i te  
housing; 2) porous  copper  plate; 3) r a -  
dia tors ;  4) rad ia t ion  sc reen ;  5) t h e r m o -  
couples;  6) switch; 7) po ten t iomete r ;  8) 
regula t ing  t r a n s f o r m e r ;  9 ) s t a b i l i z e r ;  10) 

r o t am e te r ;  11) fan; 12) stand. 

by these  the rmocoup les ,  was r eached  in about 50 min 
in the case  of low blowing (suction) and in about 30 
rain with m a x i m u m  blowing (suction). 

The t e m p e r a t u r e  f ie ld  in the boundary l a y e r  and 
the wall  t e m p e r a t u r e  w e r e  m e a s u r e d  by means  of a 
IZK-454 Z e n d e r - M a c h  i n t e r f e r o m e t e r  with a f ie ld  
of 225 + 5 m m  d i a m e t e r .  

The plate  housings w e r e  mounted on a v e r t i c a l l y -  
adjus table  stand, so that any por t ion  of the plate  could 
be obse rved  by the i n t e r f e r o m e t e r .  The opt ical  length 
of the model,  i . e . ,  the path of the l ight beam, was 
300 m m .  The m onoch rom a t i c  beam was obtained f r o m  
a DRSh-250 m e r c u r y  lamp with a m o n o c h r o m a t o r .  
The photographs w e r e  taken with the i n t e r f e r o m e t e r  
adjusted both fo r  infinite and f ini te f r inge  width. The 
p r o c e s s i n g  of the i n t e r f e r o g r a m s  and the ca lcula t ion  
of the t e m p e r a t u r e  f ie ld  f rom the densi ty  field w e r e  
in acco rdance  with the method of [7]. 

As might  be expected,  blowing and suct ion had a 
m a r k e d  ef fec t  on the f r e e - c o n v e c t i o n  boundary l aye r  

and t e m p e r a t u r e  f ie ld  (Fig.  2). 
Compared  with the c a s e  of an i m p e r m e a b l e  s u r -  

face (Fig.  2c), suction makes  the boundary l aye r  

th inner  and the t e m p e r a t u r e  p rof i l e  fu l l e r  (Fig.  2a, b). 



Blowing r e s u l t s  in a swe l l ing  of the bounda ry  l a y e r  
and the a p p e a r a n c e  of an inf lec t ion  poin t  in the t emp-  
e r a t u r e  p ro f i l e  (Fig~ 2d)o This  e f fec t  is  p a r t i c u l a r l y  
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p a r a m e t e r  can be seen  in F ig .  3, which shows the 
t e m p e r a t u r e  p r o f i l e s  in <p-~ c o o r d i n a t e s .  The c u r v e s  
l abe l ed  3 in the c e n t e r  of F ig .  3 r e p r e s e n t  the ca se  
of an i m p e r m e a b l e  p la te  07 = 0). The b r o k e n  l ine  
r e p r e s e n t s  P o h l h a u s e n ' s  exac t  solut ion [3], and the 
cont inuous cu rve  r e p r e s e n t s  the au thor s  ~ so lu t ion  [5] 
fo r  ~? = 0. F ig .  3 a l so  shows e x p e r i m e n t a l  da ta  for  

= 0 taken f r o m  [2, 7]. Cu rves  1, 2 r e p r e s e n t  
b lowing and cu rves  4, 5 r e p r e s e n t  suc t ion .  It is  
i n t e r e s t i n g  to note that  the t e m p e r a t u r e  p r o f i l e  c o r -  
r e spond ing  to V = 0.6 (Curve 1) has  an inf lec t ion  point .  
The t h e o r e t i c a l  t e m p e r a t u r e  p r o f i l e s  a r e  b a s e d  on [5]. 
The e x p e r i m e n t a l  poin ts  a r e  b a s e d  on the i n t e r f e r o -  
g r a m s  taken by the au tho r s .  I t  can be seen  f r o m  
Fig .  3 that  the a p p r o x i m a t e  so lu t ion  of [5] is  in a 
qui te  s a t i s f a c t o r y  a g r e e m e n t  with the e x p e r i m e n t a l  
da ta .  

Fig. 2. Interferograms of the thermal boundary 
layer (upper row) and of the temperature field 
(bottom row) in free convection on a porous plate 
for various values of~] : a)~ < -l.0;b)~? =-0.5; 
c)~? = 0.6;e)~ > 1.0;f) transition zonefor~= 0.4; 

g) turbulent region for~]= 0.5. 

no t i c eab l e  with va lues  ~ >> lo0 (F ig .  2e), when the 
bounda ry  l a y e r  is  pushed  away f r o m  the wall ,  and a 
s u b l a y e r  with t e m p e r a t u r e  equal  to that  of the wa l l  
a p p e a r s  unde rnea th .  
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F i g .  3. C o m p a r i s o n  of e x p e r i m e n t a l  and 
t h e o r e t i c a l  da t a  on the t e m p e r a t u r e  d i s -  
t r ibu t ion  in the bounda ry  l a y e r :  cont in-  
uous l i n e s - - a c c o r d i n g  to equat ion (6); 
b r o k e n  l i n e - - a c c o r d i n g  to Poh lhausen ;  
1, 2, 3, 4, 5 ) e x p e r i m e n t a l  da t a  obta ined  
in the p r e s e n t  work  fo r  77 = 0.6, 0.4, 0, 
- 0 . 4 ,  and - 0 . 6 ,  r e s p e c t i v e l y ;  0) Soehengen ' s  

da ta  [2]; 7) M a l o z e m o v ' s  da ta  [7]. 

The d e f o r m a t i o n  of the t e m p e r a t u r e  f ie ld  in the 
boundary  l a y e r  fo r  low values  of the blowing (suct ion)  
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Fig. 4. Comparison of experimental and calculated 
values of the heat transfer coefficient in natural con- 
vection with blowing and suction: I) according to [5]; 
2) according to equation (I0) ; 3) according to [I]; 4) 

according to equation (17). 

The wa l l  t e m p e r a t u r e  c a l cu l a t ed  f r o m  the i n t e r -  
f e r o g r a m s  a g r e e d  with the t he rmocoup l e  r e a d i n g s  
to within 0.2 ~ C. The e r r o r  a s s o c i a t e d  with the 
eva lua t ion  of the i n t e r f e r o g r a m s  is  0,1 f r inge ,  which 
r e s u l t s  in an e r r o r  of about  3% in the ca lcu la t ion  of 
the d i m e n s i o n l e s s  t e m p e r a t u r e  ~ .  We did not take 
into account  the r e f r a c t i o n  of l igh t  b e a m s  due to the 
dens i ty  g r a d i e n t  in the bounda ry  l a y e r  n e a r  the wal l ,  
which could p r o d u c e  an e r r o r  of 1%. 

The loca l  va lues  of the hea t  t r a n s f e r  coef f i c ien t  
we re  ca l cu l a t ed  f r o m  the t e m p e r a t u r e  f i e lds  ob ta ined  
f r o m  the i n t e r f e r o g r a m s .  These  va lues  a r e  shown in 
F ig .  4 as  a function of the d i m e n s i o n l e s s  blowing 
(suct ion)  p a r a m e t e r  7. F ig .  4 a l so  shows cu rves  
obta ined  f rom t h e o r e t i c a l  so lu t ions .  In o r d e r  to 
d e m o n s t r a t e  the e f f ec t ivenes s  of b lowing (suct ion)  
the va lues  of the hea t  t r a n s f e r  coef f ic ien t  a r e  n o r m -  
a l i zed  with r e s p e c t  to the loca l  values  of the N u s s e l t  
number  for  an i m p e r m e a b l e  su r f ace  Nux0. 
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Curve I in Fig. 4 was obtained by the authors in 

[5], taking the first two non-zero terms of the sol- 
ution. Taking into account the subsequent terms, we 
obtain 

.v =: ( .~0~,  ') 5~ I 504.4!  ] - 1  x 

[ 1 -  R%/(a)(6=0' Pr) _, 
X 

L 5f {4} (5 = 0, Pr) 

_:_ Re~,/(~(6 -- 0, Pr} Reef(r}(6 = 0, Pr) _ L . . . ]  , 

30fl'D(6 = 0. Pr) 210f I'~} (6 ::: 0, Pr) 
(1) 

w h e r e  R e  5 = vosT/~ and the va lue s  o f f ( i ) ( 5  = 0, P r )  
a r e  t a b u l a t e d  f o r  v a r i o u s  v a l u e s  of P r .  * 

I n v e r t i n g  the s e r i e s  (1), we ob t a in  

I 504.4, i 1'4 = Grxl/4 f(4} )(  
x _ (6 = 0, Pr) _ 

• 

+[2( 
x[ 

f{8)(6=:0, Pr) R%ar71 ( x la 504-4! 
[/{4)(8 = O, Pr)] ~ ~ 5 ] 5 

f{5} (6 =0 ,  Pr) ~2_ /{~} (6 = 0, Pr) 1 x 

') I / 4  

Re: Gr :2(  ~ 16@ . . . .  (2) 

To f ind e x p l i c i t l y  the v a l u e s  of the r e l a t i v e  t h i c k n e s s  
of the b o u n d a r y  l a y e r  5 / x  f r o m  (2), we  m u s t  u s e  the 
m e t h o d  of s u c c e s s i v e  a p p r o x i m a t i o n s .  As  a f i r s t  
a p p r o x i m a t i o n  we t ake  the va lue  of 5 / x  f o r  an i m -  
p e r m e a b l e  s u r f a c e ,  

504-4! 1 L'4 6/x = Gr.7 ';4 f(4} ~ Z 0 ,  Pr) (3) 

and as  a s e c o n d  a p p r o x i m a t i o n  we  t ake  the  va lue  of 
6 / x  o b t a i n e d  in [5] on the b a s i s  of the f i r s t  two non-  
z e r o  t e r m s  of the s e r i e s ,  i . e . ,  

5 _ GrT,,41 504.4t ] ,4  
- .  " L r {*gT  Pr) J 

,< 

> [ l - -  f(5)(6 = 0, Pr)q ] - ' .  

20. |;"-4 [(~)(6 = 0, Pr) 
(4) 

Subs t f tu t ing  (3) and (4) into (2), and c a r r y i n g  ou t  the 
n e c e s s a r y  t r a n s f o r m a t i o n s ,  we obta in ,  fo r  P r  = 0.72, 

f i r s t  a p p r o x i m a t i o n :  

6 x = 5 . 4 2 G r ,  I , ( l +  1 .07q§  1.4if-'- . . 3 1 4 ,  (5) 

* F o r  d e t a i l s ,  s e e  [5]. 

s e c o n d  a p p r o x i m a t i o n :  

&/.v= 5.J2Gr,  I 1(1 .!. 1.07q 0.503q"--1 )~.4 . . . . .  (6) 

The local heat transfer coefficient is given by the 

relation 

a,. = - ), grad 01~/(T=, T~). (7) 

Knowing  the va lue  of the t e m p e r a t u r e  g r a d i e n t  a t  the 
wa l l  [5], we have  

Nu,,, = (x/5). 12/(6 + R% l)r). (8) 

Subs t i t u t i ng  (5) and (6) in to  (8), we obta in ,  fo r  P r  = 
= 0.72, 

f i r s t  a p p r o x i m a t i o n :  

Nu~/Nu,0 := (I --0.7111 : 0.08311"- . . . ) ,  (9) 

s e c o n d  a p p r o x i m a t i o n :  

N u / N u , . = ( l  - 0 . 7 h l + 0 . 0 8 6 q  ~ .... . . 3 .  (10) 

Equa t ion  (10) g i v e s  c u r v e  2 in F i g .  4. 
F o r  p r a c t i c a l  p u r p o s e s  one  o f t en  n e e d s  to know 

the m e a n  va lue  of the b e a t  t r a n s f e r  c o e f f i c i e n t .  I n -  
t e g r a t i n g  (7) f r o m  0 to x, we ob ta in  

= t__ i', xax 
X , 

D 

(11) 

o r  

eL.% = {1 - -  0.532q L 0.051"l,"- =- . . .), (12) 

where ~-0 is the mean heat transfer coefficient on a 

vertical impermeable surface, equal to 4C~x0 [3]. 
The amount of blowing (suction) was expressed 

in terms of the parameter 

q~=v92v( Gr' ) ~ 4 x ,  --4 

07 > 0 f o r  b lowing  and ~ < 0 fo~" suc t ion) ,  wh ich  did 
not  e x c e e d  un i ty .  The  G r a s h o f  n u m b e r  w a s  b a s e d  
on the m e a n  t e m p e r a t u r e  of the b o u n d a r y  l a y e r  
(T w + T~o)/2, and the R e y n o l d s  n u m b e r  Re  x = vc0x/~ 
was  b a s e d  on the k i n e m a t i c  v i s c o s i t y  c o r r e s p o n d i n g  
to wa l l  t e m p e r a t u r e .  

The e x p e r i m e n t s  show tha t  t h e r e  e x i s t s  a q u a l i -  
t a t i v e  a n a l o g y  be tween  f o r c e d  and f r e e  convec t i on  with  
b lowing  o r  s u c t i o n .  T h i s  a n a l o g y  t o u c h e s  upon the 
e f f ec t  of b lowing  ( suc t ion )  on h e a t  t r a n s f e r  and the 
f o r m a t i o n  of the b o u n d a r y  l a y e r .  

L e t  us  a t t e m p t  to e x p r e s s  the h e a t  f lux to the wa l l  
qw in o u r  p r o b l e m  in t e r m s  of e x p e r i m e n t a l  r e s u l t s  
o b t a i n e d  f o r  the  c a s e  f o r c e d  c o n v e c t i o n  wi th  s u c t i o n  
o r  b lowing .  



4 INZ HENERNO- FIZICHESKII ZHURNAL 

By a s y s t e m a t i z a t i o n  of pub l i shed  e x p e r i m e n t a l  
da t a  on l a m i n a r  boundary  l a y e r s  on p e r m e a b l e  s u r -  
f a c e s  in fo r ced  convect ion  the re  has  been obta ined 
the e m p i r i c a l  r e l a t i o n  [6] 

q~ _.1__ |.8,')( nl~_] !/3 9~tJw [ tz:~x ~, 1,2 ++. . ( 1 3 )  

L e t  us a s s u m e  that in the l a y e r  ad jacen t  to the wal l  
the hea t  t r a n s f e r  condi t ions  a r e  the s a m e  in f r ee  
and fo rced  convect ion  [8]. Then equation (13), with 
m I = m2, b e c o m e s  

w h e r e  

q" = 1 - -  1.82 v~ ( u,x t ''~ (14) 
qw, Ul ~ 'v ) ' 

u~ ~ 5.17v (0.952 -~- Pr)-(/:'(gf~Odv~)l/2x t/~" �9 (15) 

Subst i tu t ing  (15) into (14), we obta in  

a~ _ 1 - -  0.80 v ~ _  (Gr,)_,;.4 (0.952 -s Pr) 1/4 (16)  
qWo 'V 

or ,  fo r  P r  = 0.72, 

q,/q,,,o = I - -  0.645Re, (Gr~/4) -l/4 . (17) 

Equation (17) is  in good a g r e e m e n t  with e x p e r i m e n t a l  
r e s u l t s  and with the so lu t ions  obtained in [1, 5]. This  
equation is r e p r e s e n t e d  by curve  4 in F ig .  4. 

T r a n s i t i o n  f r o m  l a m i n a r  to tu rbulen t  f low. Due to 
the low values  of the ve loc i t i e s  in the f r e e - c o n v e c t i o n  
boundary  l a y e r ,  very  low values  of blowing o r  suct ion 
ve loc i ty  suff ice  to cause  s ign i f i can t  changes  in the 
th ickness  of the boundary  l a y e r ,  t e m p e r a t u r e  pro-- 
f i les ,  and ve loc i ty  p r o f i l e s .  The e x p e r i m e n t s  show 
that  the l a m i n a r  boundary  l a y e r  r e t a i n s  i t s  b a s i c  
s t r u c t u r e  for  I~] ~ 1.0. 

F o r  0 < 77 -< 1.0 the boundary  l a y e r  becomes  
th icker ,  and the t e m p e r a t u r e  p ro f i l e s  become  l e s s  
full (F ig .  2d). The th ickening  of the boundary  l a y e r  
has  the r e s u l t  that  long waves  appea r  m o r e  often. The 
ampl i tude  of these  waves  i n c r e a s e s  with i n c r e a s i n g  
7, and the flow b e c o m e s  l e s s  s t ab le  with r e s p e c t  to 
ex te rna l  p e r t u r b a t i o n s  and t r a n s v e r s e  o s c i l l a t i o n s .  
These  ef fec ts  af fec t  the loca t ion  of the t r ans i t i on  
z o n e - - i t s  beginning moves  u p s t r e a m ,  and the l a m -  
i na r  r eg ion  b e c o m e s  s h o r t e r ,  

F o r  - 1 . 0  _< 77 < 0 the s t ab i l i t y  of the boundary  
l a y e r  with r e s p e c t  to e x t e r n a l  p e r t u r b a t i o n s  i n c r e a s e s ,  
i t s  th ickness  d e c r e a s e s ,  and the t e m p e r a t u r e  p r o -  
f i l e s  move c l o s e r  to the s u r f a c e  and become  fu l l e r  
(F ig .  2b). This  has  the effect  that  the locat ion of 
the beginning  of the t r an s i t i on  zone and the beg in -  
ning of the tu rbu len t  boundary  l a y e r  move down- 
s t r e a m .  

Typica l  p i c t u r e s  of t r ans i t i on  zone and deve loped  
tu rbu len t  flow a r e  shown in F ig .  2f, g. 

The loca t ion  of the beginning of the t r ans i t i on  
zone was d e t e r m i n e d  by the a ppe a ra nc e  of i r r e g u l a r  
p e r t u r b a t i o n s ,  which, as  can be seen  in F ig .  2f, 
appea r  a t  a def in i te  point  of the su r f a c e  and, conse -  
quently,  a t  a def in i te  value of the Brashof  number .  
The Grashof  number  i s  the govern ing  p a r a m e t e r  in 
f r ee  convect ion,  analogous  to the Reynolds  number  
in fo r ced  convect ion .  The beginning of the fu l ly -  
deve loped  tu rbu len t  flow was d e t e r m i n e d  by the 
a p p e a r a n c e  of eddies ,  which can be seen  in F ig .  2f. 

In the e x p e r i m e n t s  we found the va lues  ~I and 
7/2 for  which the beginning of the t r a n s i t i on  zone o r  
the beginning of deve loped  tu rbu len t  flow a p p e a r e d  
at  a g iven  value of the Grashof  number .  The r e s u l t s  
of the i n t e r f e r o g r a m s  w e r e  plot ted in the fo rm of 
Nux vs.  Grx in l o g a r i t h m i c  coo rd ina t e s  for  var ious  
va lues  of the p a r a m e t e r  ~?. This  made  i t  p o s s i b l e  
to d e t e r m i n e  the loca t ion  of the t r ans i t ion  zone as  
a function of blowing (suct ion).  

The loca t ion  of the beginning of the t r ans i t i on  
zone can be r e p r e s e n t e d  by e m p i r i c a l  f o r m u l a  

v,,,x ( Gr~ ) -']~ 
Gr, = Gr,, [ l -  0 .3 - -~ - - \ - -4 - - -  ] ,  (18) 

and the beginning of the devloped tu rbu len t  flow can 
be r e p r e s e n t e d  by 

Gr2=Gr.~o[1--0 .2  v~x (--G-~-)-"]+] " v  (19) 

In (18) and (19) the values  Gr~0 and Gr20 a r e  
those  for  an i m p e r m e a b l e  su r face ,  in the ca se  of 

a i r  equal  to i0  z and 2 x 10 9 [4]. The f o r m u l a s  (18) 
and (19) we re  obta ined with blowing (suct ion)  ex-  
tending o v e r  the whole t r ans i t i on  zone and [771 --- 1.0. 

P r o p e r t i e s  of the boundary  l a y e r  fo r  l a r g e  va lues  
of blowing (suct ion) .  I t  is  i n t e r e s t i n g  to c o n s i d e r  the 
r e s u l t s  of e x p e r i m e n t s  with f771 > 1.0. F o r  n ~ 1.0 
the re  a p p e a r s  a f i lm of a i r  on the su r f a c e  and the 
boundary l a y e r  " s l i p s "  on this  f i lm (Fig .  2e). This  
a i r  f i lm has  f ini te  th ickness  and constant  t e m p e r a t u r e ,  
equal  to T w, F o r  Grx  < 10 6 the boundary  l ayer ,  which 
is pushed away f rom the wall ,  r e t a i n s  i ts  l a m i n a r  
s t r u c t u r e  and no mixing  o r  i r r e g u l a r  p e r t u r b a t i o n s  
occu r  in it, i r r e s p e c t i v e  of the value of the blowing 
p a r a m e t e r .  

F o r  T/< - 1 . 0  the th ickness  of the boundary  l a y e r  
s h a r p l y  d e c r e a s e s  and the t e m p e r a t u r e  of the wal l  
can approach,  with cons tant  hea t  load, the t e m p e r -  
a tu re  of the su r round ing  gas .  

These  p r o p e r t i e s  of the boundary  l a y e r  for  l a r g e  
values  of blowing (suct ion)  have the effect  that the 
e x p e r i m e n t a l  in F ig .  4 which c o r r e s p o n d  to [~?[ c lose  
to unity have a l a r g e  s c a t t e r .  

NO TATION 

vw--blowing o r  suct ion ve loc i ty ;  T - - t e m p e r a t u r e ;  
= y / x ( G r x / 4 ) l / ' - V o h m a u s e o ' s  d i m e n s i o n l e s s  c o -  

o r d i n a t e ;  ~ = vwx/v (Grx /4Y  1/4)- - -b lowing  o r  suct ion 
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parameter ;  Re 5 = vwS/~--Reynolds number, based 
on the blowing (suction) velocity and on the boundary 
layer  thickness; q~ = (T - T~o)/(T w - T~)--dimen- 
sionless temperature of the boundary layer;  Re x = 
= vwx/~,--Reynolds number, based on the blowing 
(suction) velocity and the coordinate x; Gr 1 and 
Gr2~Grashof numbers corresponding to the begin- 
ning of the transition zone and the beginning of 
developed turbulent flow; m 1 and m2--molecular 
weights of main-s t ream and blown gas, respectively;  
qw0~heat flux on impermeable surface;  ul--a function, 
with the dimensions of velocity, given in [3]. 
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