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The prof i les  of longitudinal averaged veloci t ies  in a rec tangula r  channel with two-way uniform 
blowing a re  measured .  A method is proposed for  the calculation of the veloci t ies  based on the 
obtained empi r i ca l  re la t ions .  The normal  components of the veloci ty  and the shea r  s t r e s s e s  
in the flow are  computed�9 

In recent  yea r s  a cons iderable  number  of investigations of turbulent flows of a gas with t r a n s v e r s e  
flow of ma t t e r  have been ca r r i ed  out. In most  cases  the boundary layer  forming on a pe rmeab le  plate  has 
been studied. However,  in technology, turbulent flows inside p e r m e a b l e  channels a re  often rea l ized.  In 
this case  the flow has a number  of pecul ia r i t i es  compared  to the boundary layer  in the conditions of the ex-  
t e r i o r  p rob lem and has been li t t le invest igated so far .  In [1, 2] the averaged cha rac t e r i s t i c s  of the flow in 
porous c i r cu l a r  tubes have been determined exper imenta l ly  and in [3, 4] s implif ied equations of motion a re  
analyzed for  this case .  

The p resen t  work is devoted to the exper imenta l  investigation of i so the rma l  flow of a i r  in a rec tangu-  
l a r  channel with a i rb lown ac ros s  two opposite wal ls .  The dimensions of the c ro s s  sect ion of the channel 
are  35 x 31 ram. The exper iments  a re  conducted for  Reynolds numbers  de te rmined  according to the equiv- 
alent d i ame te r  (Re = 1.6. 104 -6 .5 .104  and for in tensi t ies  of blowing at the ent rance  m0=  PaVa/PoUo = 5.70 
�9 10 -2, where  Pa, v a a r e  r e spec t ive ly  the density and the normal  component  of a i r  at the su r face  of the 
porous  wall  and P0, u0 are  the density and d ischarge  ra te  of a i r  in the main flow at the entrance into the 
p e r m e a b l e  pa r t s .  

The p e r m e a b l e  walls (the top and bot tom walls of the operat ing section) a re  pla tes  of dimensions 210 
• 35 • 5 m m  made of b ronze  50-60% poros i ty  with the average  s ize  of t h e p o r e s  roughly equal to 50 #. The 
two side wails of the operat ing section a re  made of plast ic .  A p re iuse r t ed  nonpermeable  segment  of 1600 
m m  length is provided for  the hydrodynamic s tabi l izat ion of the flow. 

The main air  flow is produced by a blower  (standard vent i la tor  of diesel  motors  with output of 300 
nm3/h); the blown ai r  passes  through a r educe r  f rom the piston c o m p r e s s o r  with an accumulat ing capaci ty  
of 6 m 3. The discharge of air  in the main flow is measu red  by gas counters  RS-100 and is fu r ther  regulated 
by a normal  diaphragm. Immedia te ly  behind the gas counter  the stat ic  p r e s s u r e  is measu red  by a U-shaped 
m e r c u r y  manomete r  and the t empe ra tu r e  at the center  of the flow is measured  by a c o p p e r - c o n s t a n t a n  t he r -  
moeouple with KP-59 po ten t iometer  of c lass  0.05. The d ischarge  of the blown a i r  is de termined with a p r e -  
ca l ibra ted  measur ing  disk. 

A s e r i e s  of m e a s u r e m e n t s  of the prof i les  of the longitudinal veloci t ies  were  c a r r i e d  out for  different  
intensi t ies of blowing in four c r o s s  sect ions of the operat ing sect ion at re la t ive  dis tances  x /b  = 1.49, 2.78, 
4.17, 6.19 f r o m  the s t a r t  of the porous segment;  he re  x is the longitudinal coordinate  and b is the height 
of the channel. The a i r  veloci ty  u was measured  by a to ta l - th rus t  micro tube  made of an injection needle 
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Fig .  1 F ig .  2 

F ig .  1. P ro f i l e s  of longitudinal  ve loc i t i e s :  1)m 0 = 0, x /b  = 0; 2 )m 0 = 0.0037, 
x /b  = 6.19; 3) m 0 = 0.0162, x /b  = 6.19; 4) m 0 = 0.0480, x /b  = 6.19; 5) m 0 
= 0.0480, x /b  = 1.49. 

F ig .  2. Dependence of d i sp l acemen t  th ickness  5"/5~' on the longitudinal  co-  
o rd ina te  x /b  for  di f ferent  values  of the p a r a m e t e r  m: 1) m = 0.01; 2) m 
= 0.02; 3) m =  0.03; 4) m =  0.04. 

having 1 mm ex te rna l  d i a m e t e r  and 0.5 mm in terna l  d i ame te r .  The measu r ing  tube was introduced into the 
flow through a s l i t  in the s ide  wal l  and was d i sp laced  along the v e r t i c a l  with the use of a coordina te  device  
pe rmi t t i ng  the read ing  of the y coordina te  with an accu racy  up to 0.05 mm. The s t a r t  of the read ing  was 
taken f rom the p r e s e n c e  of e l e c t r i c a l  contact  between the tube and the porous wall .  

The s t a t i c  p r e s s u r e  P was measu red  at the cen te r  of the flow with a Prandt l  tube. 

The ex is tence  of a fully developed turbulent  flow at the ent rance  into the opera t ing  sec t ion  in the e a -  
t [re  invest igated range  of Reynolds numbers  was e s t ab l i shed  by p r e l i m i n a r y  m e a s u r e m e n t s  of the ve loc i ty  
p ro f i l e s  and the s ta t ic  p r e s s u r e  in the flow without blowing. No read jus tmen t  of the ve loc i ty  prof i le  along 
the length of the opera t ing  sec t ion  was noticed.  

The t r a n s v e r s e  inject ion of m a t t e r  changes the form of the flow s t r u c t u r e  apprec iab ly .  A typical  
f ami ly  of m e a s u r e d  ve loc i ty  p rof i l es  U/Um, where  u m is the ve loc i ty  of a i r  at the cen te r  of the channel,  is 
shown in Fig .  1. The blown gas,  not having any momentum in the longitudinal d i rec t ion ,  causes  a r e t a r d a -  
tion of the main flow nea r  the wall .  This in turn leads to an i nc rea se  of the ve loc i ty  in the cen t r a l  pa r t  of 
the channel above the na tura l  inc rease  of ve loc i ty  due to the addition of the mass  of blown gas to the main 
flow. The ve loc i ty  p ro f i l e s  become less  f i l led and the deformat ion  of the p rof i l es  is more  not iceable  for  
more  intense blowing and l a r g e r  longitudinal coordina te  x. The most  " rapid"  change of the fo rm of the 
ve loc i ty  p ro f i l e s  occurs  at the beginning of the p e r m e a b l e  segment .  In the sec t ions  d isp laced  f rom the be -  
ginning there  is a tendency toward the s tab i l i za t ion  of the flow and the e s t ab l i shmen t  of " s e l f - s i m i l a r "  p r o -  
f i les ,  i . e . ,  p ro f i l e s  whose fo rm no longer  depends on the longitudinal coordina te  x and is a function of the 
condit ions of blowing only. The p r e s e n t  exper imen t s  we re  conducted on a r e l a t i ve ly  shor t  porous segment  
(x/b _< 6.2), which did not p e r m i t  the de te rmina t ion  of the d i s t ances  n e c e s s a r y  for  the e s t ab l i shment  of the 
" s e l f - s i m i l a r i t y . "  Almost  comple te  s t ab i l i za t ion  of the flow o c c u r r e d  only for  s m a l l  in tens i t ies  of blowing 
(m 0 <- 0.3 �9 10-2). 

The ana lys i s  of the expe r imen ta l  data showed that all  measu red  ve loc i ty  p rof i l es  can be desc r ibed  
suff ic ient ly  accu ra t e ly  by a r e la t ionsh ip  of the fo rm u/u m = (2y/b) n, where u m and n a r e  functions of the co -  
o rd ina te  x and the condit ions of blowing. 

However, it should be taken into cons ide ra t ion  that this dependence,  as all  such kind of power laws 
of ve loc i t i e s ,  does not co r r e spond  to the r ea l  na ture  of the prof i le  at the cen t e r  of the channel,  where  the 
de r iva t ive  3u/3y must  Lend to ze ro  for  y --* b/2. 

F o r  the gene ra l i za t ion  of the expe r imen ta l  data  it was found convenient to introduce an in tegra l  quan- 
tity, the thickness  of d / sp lacement  
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Fig. 3. Profi les of normal  components of velocity for x/b 
= 0.75 (a) and for m 0 = 0.054 and different values of x/b (b): 
a: 1) m 0 = 0.0037; 2) 0.0194; 3) 0.0296; 4) 0.0540; b: 1) x 
/b = 5.0; 2) 2.0; 3) 0.75. 
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Substituting (1) into the above expression of the velocity profile we can find the relation between the 
power exponent n and the displacement thickness 5*: 

2~i* 
n (2) 

b - - 2 6 "  

The magnitude of the longitudinal velocity at the center  of the channel can also be expressed in te rms  
F r o m  the law of conservation of mass we can write 

b / 2  b 

0 

of 5 ' .  

flow: 

(3) 

On the other hand f rom the definition of the displacement thickness it follows that 
b /2  

u,~ (b/2 - -  6*) = t" udy .  (4) 

A comparison of Eqs. (3) and (4) leads to the following expression for  the velocity at the center  of the 

X 
1 + 2m0-~- " 

u,~ = u0 2 5* (5) 
1 - - - -  b 

Thus the problem of general izat ion of the experimental data on longitudinal velocities reduces to the 
determination of a generalized dependence of the quantity 6". The experimental  values of this quantity were 
obtained by graphical  integration of the measured velocity profi les.  The values of 5* are given in Fig. 2 
in the form of a function of the relative longitudinal coordinate x/b.  The local intensity of blowing m, ca l -  
culated f rom the value of the discharge rate in the corresponding cross  section, is used as a pa ramete r  in 
the graph. The local intensity of blowing m is related to the intensity of blowing at the entrance m 0 through 
the relation 

mo (6) t r /  
x 

1 + 2mo--~- 
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Fig.  4. P ro f i l e s  of s h e a r  
s t r e s s e s  at x /b  = 5.0; 1) m 0 
= 0.0194; 2) m 0 = 0.0296; 3) 

m 0 = 0.054. 

As shown in [1], the choice of m as a p a r a m e t e r  defining the in- 
tens i ty  of t r a n s v e r s e  feed of mass  is more  jus t i f ied in compar i son  with 
m0, s ince  at a ce r t a in  d i s tance  f rom the s t a r t  of the porous segment  
down the flow, input effects  must  d i s appea r  and the na ture  of the flow 
wil l  be comple te ly  de te rmined  by the local  condit ions.  

On the bas i s  of the expe r imen ta l  data we obtain the following em-  
p i r i c a l  r e l a t ionsh ip  

which [ s v a l i d f o r  1 - < x / b - ~  6.2 and 0 ~  m_< 0.04. The q u a n t i t y 6 ~ c o r -  
responds  to ze ro  intensi ty  of blowing and is equal to the d i sp lacement  
th ickness  at the en t rance  to the porous segment .  

The prof i l es  of the normal  eomponents  of the ve loc i ty  v and shea r  
s t r e s s e s  r a r e  computed f rom the measu red  p ro f i l e s  of the longitudinal 
ve loc i t i e s  and the values of the s ta t ic  p r e s s u r e .  The in tegra t ion  of the 
eontinutty equations leads to the following equation de te rmin ing  the lo-  
cal  value of the normal  component of the veloet ty:  

g 

0 [ udg+~a (8) 
V -~ OX 

, )  
0 

o r  
y/b 

v a 0 (x/b) . 
0 

The in tegra t ion  of the p rof i l es  in the l imi t s  f rom 0 to y /b  was done g raph ica l ly .  F r o m  the values  of the 
quanti t ies  in the square  b r ackes t ,  obtained in five different  c r o s s  sec t ions  (including the c r o s s  sect ion 
x /b  = 0), an approximate  analyt ic  exp re s s ion  was found by the l e a s t - s q u a r e s  method, which was used for  
computing the de r iva t ive  with r e s p e c t  to x /b .  

The local  values  of the tangential  s t r e s s e s  were  obtained by integrat ion of the momentum equation 

V 

= + O t" OP 
~ Ox Pu~@ + p u v +  ~ g 

0 

(9) 

o r  

0.5 

0 (x/b) P m cl (y/b) 4 ,our - -  ~ - -  g 
y/b 

The in tegra l  t e r m  in Eq. (9) was evaluated by a method s i m i l a r  to that used in the ca se  of Eq. (8). 

The prof i l es  of the no rma l  components  of the veloci ty  a re  shown in Fig.  3 (a and b). F o r  sma l l  va l -  
ues of x /b  near  the wall  an inc rease  of v is observed  r ight  up to a ce r t a in  maximum value Vm, which can 
be apprec iab ly  l a r g e r  than the ve loc i ty  v a at the exit  f r om the porous wall .  The value of the ra t io  Vm/9 a 
and also of the coord ina te  co r r e spond ing  to the maximum of the prof i le  for a fixed x /b  depends on the in- 
tens i ty  of blowing. An inc rease  in m 0 causes  the d i sp lacement  of the maximum of the prof i le  toward the 
cen te r  of the channel and the max ima  themse lves  become more  "flat ."  The zone f rom the wall  to the point 
where  the ve loc i ty  v again becomes  equal to Va, co r r e sponds  to the pa r t  of the flow exper ienc ing  r e t a r d a -  
tion under the action of the injected mass .  As was to be expected,  this zone is l a r g e r  for  l a r g e r  in tensi ty  
of blowing. 

As the axial  d i s tance  x /b  f rom the beginning of the porous segment  i n c r e a s e s ,  the inc rease  of v near  
the wall  s lows down and at a ce r t a in  value of x /b ,  which depends on the condition of blowing, the re  is no 
i n c r e a s e  (Fig. 3b). At x /b  = 5.0 the no rma l  component of the ve loc i ty  approx imates  to a l inea r  function 
of the r e l a t ive  coord ina te  y in the en t i re  invest igated range of in tens i t ies  of blowing, de c r e a s i ng  f rom va 
at the wall  to ze ro  at the cen te r  of the flow. 
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The distr ibution of the shea r  s t r e s s e s ,  normal ized  to pu 2, is shown in Fig. 4; here  u is the local 
d i scharge  ra te  in the given c ro s s  section.  These  prof i les  are  significantly different  f r o m  usual l inear  p r o -  
fl ies in channels with nonpermeable  wails .  The t r a n s v e r s e  injection of ma t t e r  causes  a dec rea se  of the 
shea r  s t r e s s e s  at the wall.  The value of �9 inc reases  with the dis tance f r o m  the wall  and at a cer ta in  d i s -  
tance y /b  it at tains its m ax i m um  value which genera l ly  exceeds the shea r  s t r e s s  at the wall  in the absence 
of blowing. The max imum value ~'m inc reases  with the intensi ty of blowing and the position of the max imum 
shifts  toward the center  of the flow. 

The shea r  s t r e s s e s  and the normal  components of the veloci ty  obtained f r o m  the computat ions a re  in 
quali tat ive ag reement  with the cor responding  values given in [1] for  the case  of a i r  flow in a porous  c i r -  
cu la r  tube. 
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