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Resul ts  are  shown of an experimental  study dealing with the flow pat tern on the wall side of 
a turbulent boundary layer  with injection and a positive longitudinal p r e s su re  gr~.dient. 

In [1] the authors  have derived a theoret ical  and an empir ical  relation between the cr i t ical  value of the 
injection rate and the positive longitudinal p r e s su re  gradient.  The theoret ical  relat ion is based on the 
p remise  that at some t ime Cf = 0, while bcr  is determined experimental ly with an indicator ins t rument  and 
a reading of the t ime at which the concentrat ion of the injected liquid at the wall has a lmost  reached 100%. 
According to these tests ,  an increase  in the positive longitudinal p r e s su re  gradient leads to a p r io r  con-  
centrat ive displacement.  On the o~her hand, special  measurements  under such conditions [2] have shown 
that the concentrat ion profile of the displacement zone in a turbulent boundary layer  does not depend on the 
p re s su re  gradient.  Only the injection rate affects the concentrat ion profile.  Thus, two contradic tory  
t rends are  noted simultaneously.  In o rder  to explain this phenomenon, a special study was made of the 
flow pattern in a boundary l ayer  with injection and a positive p r e s s u r e  gradient.  The tes ts  were pe r fo rmed  
in a hydraulic apparatus built with the same components as tn [3]. The porous plate was wider than in [3], 
however, namely 200 • 15 mm in size. In o rde r  to lower the t empera tu re  level and to provide for a smooth-  
er  regulation of the flow rate in the mains t ream,  water  was pumped into the active zone f rom a constant-  
level tank through a large buffer chamber .  The sublayer  at the wall was observed with an indicator ins t ru-  
ment and also visually by t rac ing  a s t r eam of fine aluminum par t ic les  of the 5-20 p size. The flow pat tern 
was photographed with a high-speed c a m e r a  at 1000 f r ames  per  second. In addition, photographs were 
taken with a high-speed camera  at 48 f r ames  per  second under continuous illumination, and also the ve loc-  
ity field was recorded  using a model "Zeni th-E" camera  with a m i r r o r - t y p e  view finder and a tr iple flash. 
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Fig. 1. Crit ical  injection rate as 
a function of the positive longitu- 
dinal p r e s s u r e  gradient,  for Re* * 
= 4000: points 1-5 indicate the 
values of b and k 0. 

Each f rame yielded here  some information about the flow pattern 
in the boundary layer .  

The cr i t ical  value of the injection rate is shown in Fig. 1 as 
a function of the positive p re s su re  gradient,  accord ingto  [1]. Points  
1-5 indicate the values of the injection rate and of the p r e s s u r e  g r a -  
dient (Re* * = 4" 10 ~) at which the flow pat tern in the sublayer  was 
studied. 

Let us f i rs t  examine the flow pattern in two ext reme cases:  
1) b = b c r a n d ~ 0 = 0 ,  and 2) b = 0 a n d  ~0=~0,cr.  For  comparison,  
in Fig. 2a are  shown photographs$ depicting the b = 0 and 7~ 0 = 0 
condition (item 2). According to Fig. 2b (item 1), during injection 
at the cr i t ical  rate the s t reaml ines  bend strongly and t r ansve r se  
velocity fluctuations increase ,  but no backs t ream is noted in the 
boundary layer .  The indicator method of test ing [2] under the same 
conditions has revealed a thin layer  of injected t r a c e r  liquid at the 

tin Fig. 2 are  shown the copies of negatives.  
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Fig. 2. Flow pat tern in a bound- 
a ry  layer:  a} b = 0 and X 0 = 0 
(item 2); b) b = bcr  and X 0 = 0 
(item 1}; c) b = 0 and ~0 = X0,cr 
(item 3); d) b = 0.75bcr and ~0 
= 16 (item 4); e) b = 1.1bcr and 

= 16 (i tem 5). 

surface of the porous plate, as evidence of an almost  100% concentration of injected liquid there.  In Fig. 
2c we see the flow pattern when b = 0 and ~0 = ~0,cr {item 3). Eddies are  distinctly noticeable here,  c h a r -  
acter iz ing the separation zone during diffusive flow. An analysis  of the fi lm str ip shot with a high-speed 
camera*  leads one to conclude that these eddies form in the immediate vicinity of the wall. This is evi -  
dent in Fig. 2c. 

Let us now examine the flow pat tern within some intermediate  range of X0 values.  I n  Fig. 2d (item 
4) we see that at ~ = 16 and b = 0.75bcr no backs t ream has yet appeared in the boundary layer .  

A fur ther  increase  in the injection rate to b = 1.1bcr (item 5) resu l t s  in the appearance of regular  
backs t reams  in the boundary layer  (Fig. 2e), typical of  a flow near  the separat ion point without injection. 
An analysis  of our data for b = 1.1bcr and X 0 = 16 has established that the backs t r eams  cover  an i nc rea s -  
ingly wider portion of the boundary layer .  This is explained by the injection. An evidence of it is the thin 
layer  of injected liquid which appears  under these conditions at the surface of a porous plate and which has 
been recorded  by the indicator method in [3]. All this conf i rms  that the eddies generated under conditions 
of a positive p r e s s u r e  gradient and cr i t ica l  injection do not reach the wall, at least  when the diffusion rate 
in the channel is ve ry  low. A s imi lar  pat tern is noted when ~0 = 9. 

The presence  of backs t r eams  near  a porous wall in a boundary layer  with b ~ bcr  and ~0 ~ ~0,cr in-  
dicates that the gradient  ~Ux/Dy can become negative in the immediate  vicinity of the wall. This, in turn, 
indicates that the instantaneous value of the fr ict ion coefficient may become zero.  The flow pattern r e -  
vealed here  explains the causes  of a p r io r  concentrat ive displacement under a positive p re s su re  gradient,  
as has been discussed ear l ie r .  The resul t ing dynamic displacement c rea te s  favorable conditions for a sub- 
sequent concentrat ive displacement.  

N O T A T I O N  

Cf is the fr ict ion coefficient; 
b = 2 P w W w / P o u o C f o  is  the wall permeabil i ty;  

*This film str ip was shown at the All-Union Conference on Heat and Mass Trans fe r  in Minsk (1972). 
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P 
Cf0 

= -- (25/Cf0u0) (du0/dx) 

is  the density of the medium; 
is  the f r ic t ion coeff icient  at a plane plate in a homogeneous  i so the rma l  
stream; 
is the form factor referred to Cf0~ 

S u b s c r i p t s  

w r e f e r s  to the wall; 
0 r e f e r s  to the outer  edge of the boundary l a y e r  or  to "s tandard"  conditions. 
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