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Results  of measurements  of the pulsation charac te r i s t i c s  of a turbulent boundary layer  on a 
flat penetrable plate, in a range of variat ion of the pa r ame te r s  of in-blow from 0 to 20, are  
presented.  It is shown that for supercr i t iea l  in-blows close to the surface there exists  a 
zone in which the energy spec t ra  of veloci ty  pulsations do not va ry  as the distance f rom the 
surface increases ,  and they differ f rom the spec t ra  in the core of the boundary layer .  

In [1-4] it is experimental ly  shown that in the case of s t rong in-blows that exceed the cr i t ical  in-blows 
a charac te r i s t i c  "dr ive-back  layer"  a r i s e s  on a penetrable surface.  In this layer  the gradients of the longi- 
tudinal velocity,  t empera ture ,  and concentration, with respect  to the normal  to the surface,  are  pract ica l ly  
zero.  Velocity pulsations in this layer  are  considerably less  than in the remaining portion of the boundary 
layer .  It is of interest  to examine under these conditions the variat ion,  along the normal  to the surface,  of 
other charac te r i s t i c s  of the surface layer ,  in par t icular ,  the energy spec t rum of veloci ty pulsations. 

The experiments  were ca r r i ed  out on a subsonic aerodynamic  tube of the open type working in suction 
(Fig. 1). The veloci ty  range in the working chamber  was 2-70 m / s e e  with intensity of turbulence of the flow 

~ 0.1%. The comparat ively  low degree of intensity of turbulence of the flow was achieved thanks to the 
presence  of a profiled nozzle 1, p rechamber  2 with smoothing grids 3 (grid dimension 2 x 2 mm2), and a ten-  
fold compress ion  of the flow in cons t r ic tor  4. The length of the p rechamber  was 1500 mm, and the section 
was 680 x 680 mm 2. The working chamber  had a length of 1400 mm, a width of 200 mm; its height could be 
var ied  f rom 100 to 300 mm, thanks to a flexible upper wall 5. The working section 6, on which the boundary 
layer  was investigated, constituted a flat c lear  plast ic plate of length 1010 ram, width 154 ram, and thick- 
ness  22 mm. The front and back edges had a s t reamlined shape. The plate was fixed to the lower wall of 
the working chamber  by six supports 7 which had a good s t reamlined shape of the c ross  section. The 
height of the supports was 53 mm. Three porous plates of dimension 278 x 120 • 8 mm 3 were placed on the 
upper plane of the working section.  Under each plate there was an isolated cavity. The in-blown air  
reached each cavity via a separate  air  duct. The porous plates were baked f rom the powder of polymethyl-  
methacrylate  L - l w i t h  a d iameter  of par t ic les  0.1 mm. The technology of baking was as follows: the pow- 
der was poured into a copper mould, heated up to the tempera ture  160-180~ kept for 2 h at this t empera -  
ture,  af ter  which its compress ion  by means of the lid of the mould was ca r r i ed  out until the required de-  
gree poros i ty  was obtained. The uniformity of penetrabil i ty of the plates was checked by the method des-  
cribed in [5]. 

After  the working chamber  the flow passed a diffuser 8 of length 2700 mm with a small  opening angle 
and went into a r ece ive r  having a volume of 140 m 3. F rom the rece iver  the a i r  was drawn off by a cen t r i -  
fugal fan driven by a d i r ec t - cu r r en t  e lec t r ic  motor.  The rece ive r  is separated f rom the diffuser by a 
s i lencer  in o rder  to prevent  the penetration of the acoust ic  noise, excited by the fan and the motor,  into 
the working chamber.  

All measurements  were  ca r r i ed  out at a distance of 730 mm f rom the front edge of the working sec -  
tion. The measurements  of the profi les  of the mean velocity,  intensity of turbulence,  and energy  spect ra  
of veloci ty  pulsations were ca r r i ed  out by means of a t he rmo-anemomete r  of constant res i s tance  in the 
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band 10-3000 Hz. As the t r ansducer  of the t h e r m o -  
anemometer ,  a gilded tungsten filament of d iameter  
0.008 mm, length 2 mm, was used; it was placed 
para l le l  to the penetrable wall and perpendicular  to 
the basic s t ream.  The distance of the t r ansducer  
filament f rom the pentrable surface was measured  
by means of a KM-6 cathetometer  with an accuracy  of 
0.005 mm. The mean veloci ty of the s t ream was r eg -  
i s t e redby  a d c  vol tmeter ,  while the pulsating const i t -  
uent of the veloci ty vector  was measured  by a mean-  
square vol tmeter .  A spec t rum analyzer  was connected 
paral le l  with the lat ter .  

P r e l imina ry  measurements  of the veloci ty of 
the basic s t r eam in horizontal  sections at var ious  
heights above the porous plate showed the presence  of 
a zone of width 50-60 mm, where the flow is two-di -  
mensional even for such large in-blows when b g 20. 
Here b is the in-blow pa rame te r  

b = p www2 /p oWoCso 

where P0 and Pw are the densit ies of the mater ia l  of 
the basic and in-blown s t reams,  w 0 and w w are the 

veloci t ies  of the s t ream,  respect ively,  on the edge of the boundary layer  and at the output f rom the porous 
plate, and cf0 is the coefficient of fr ict ion under the s tandard conditions (on a plane nonpenetrable surface 
under isothermal  conditions). 

Measurements  of the profi les of the mean veloci ty on a nonpenetrable plate confirmed the presence  
of a developed turbulent boundary layer  in the section being considered. The velocity profi les  measured  
on the penetrable plate in the case of subcr i t ica l  in-blows sa t i s fac tor i ly  coincide with a calculation ca r r i ed  
out in accordance  with [7], using an expression that is repeatedly being confirmed by experimental  data 

~o = i - V - V  + b ( l  - -  ~o) + ~/, b ( l  - -  ~o)~ (1) 

= ( l  - b/b , )  ~ (2) 

b. = 4 [t -k 0.83/(Re**)0.14] (3) 

COo = ~ / ~  ( 4 )  

where ~ =(cf/Cfo)Re** is the relative var ia t ion of the coefficient of friction in the case Re** =idem, w = 

w/w 0 is the dimensionless  veloci ty  in the boundary layer  on the penetrable plate, Re ** is the Reynolds num- 
ber  determined f rom the thickness of the impulse loss,  w 0 is the veloci ty profile on the nonpenetrable s u r -  
face, ~ =y/6 is the dimensionless  ordinate r e f e r r ed  to the thickness 6 of the boundary layer ,  and b ,  is the 
cr i t ical  blow paramete r .  For  b = b .  according to (2) ~ =0. For  b > b ,  a dr ive-back  layer  a r i ses  on the 
surface subjected to the flow [1, 2, 4, 7]. For  the experiments  ca r r i ed  out, n =6; this agrees  with the es t i -  
mates produced in [8]. 

The energy spec t ra  of veloci ty pulsations were measured  under the conditions of subsequent analysis  
by means ofanS5-3 harmonic  analyzer .  In the case of measurements  close to the wall and on the outer 
edge of the boundary layer ,  the contribution by the noise of the e lec t r ica l  circuit  of the t he rmoanemom-  
e ter  grows sharply.  Therefore,  when p rocess ing  the resul ts ,  the amount of noise was subtracted f rom the 
measured  signal. The intensity of this noise and its energy  spec t rumwere  measured  in the case where the 
t r ansduce r  of the t he rmoanemomete r  was placed in the medium at rest .  

The in tens i tyof turbulence  was determined according to [6] f rom the following expression:  

~U 

where ur is the voltage measured  by the mean-square  vol tmeter ,  u is the voltage m e a s u r e d b y t h e  dc vol t -  
meter ,  corresponding to the mean veloci ty  at the point of measurement ;  u 0 is the voltage corresponding to 
the medium at res t .  
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The spec t r a l  function ~(k) was calcula ted accord ing  to the ex-  
p re s s ion  

d) (k) = (wi2nA/) (u12/u~ ~) 

where  k=2r f /w is the wave number ,  uf 2 is the square  of the reading 
of the output ins t rument  of the spec t rum analyzer ,  which co r r e sponds  
to the ene rgy  of the ve loc i ty  pulsat ion at the f requency  f ;  ue 2 is the 
energy  of the signal  en te r ing  the input of the ana lyzer ,  in the whole 
f requency range;  A f  is the width of the pas s  band of the spec t ru m 
analyzer ,  and f is the f requency being investigated.  

In Fig. 2 we have p resen ted  the exper imen ta l  p rof i les  of the 
intensi ty of turbulent  pulsat ions of the modulus of the ve loc i ty  v ec to r  
on nonpenetrable  and penet rab le  pla tes ;  l) b =0, 2) 4.65, 3) 11.36, 
4) 18.16, 5) b =  0 [9]. 

As the in-blow p a r a m e t e r  i nc r ea se s ,  the max imum of the p r o -  
file of intensi ty of turbulence grows,  and it is d isplaced toward the 
outer  edge of the boundary layer .  The intensity profi le  on the non-  
pene t rab le  su r face  sa t i s fac to r i ly  ag r ee s  with the analogous m e a s u r e -  
ments  [9]. The prof i le  of the intensi ty of the veloci ty  pulsat ions on 
the pene t rab le  sur face  qual i ta t ively  ag r ee s  with the data of [10, 11]. 

In [12] the longitudinal and t r a n s v e r s e  ve loc i ty  pulsat ions  were  measu red  s epa ra t e ly  for  smal l  in-  
blows. The approach of the m ax i m um  intensi ty of the longitudinal ve loci ty  pulsat ions  toward the wall  was  
noted, when the in-blow p a r a m e t e r  was inc reased  in the range  b =2.54-3.0.  For  b =3.8 the max imum began 
to move away f r o m  the wall.  By summat ion  of the longitudinal and t r a n s v e r s e  ve loc i ty  pulsat ions according  
to these  resu l t s ,  the dis t r ibut ion of the intensi ty of the modulus of the vec to r  ve loc i ty  along the normal  to 
the sur face  was found. This  dis t r ibut ion r evea l s  a tendency of the max imum of pulsa t ions  to move away 
f r o m  the wall  as  the in-blow inc rea se s .  

In Fig. 3 we have p resen ted  exper imenta l  energy  spec t r a  of pulsat ions on nonpenetrable  su r faces .  
Curves  1 and 2 a re  the exper imen t s  [9], b =0, ~ =0.58, and 0.0011, respec t ive ly ;  3 and 4 a r e  for  b =0, 

=0.004 and 0.5, respec t ive ly ;  5 is for  b=5.33 ,  ~ =0.006; 6 and 7 a re  for  b=3.72 ,  } =0.29 and 0.69, r e -  
spect ively;  8-14 a r e  for  b =18.16, ~ =0.0015, 0.003, 0.007, 0.01, 0.015, 0.316, 0.72 respec t ive ly .  F r o m  these  
graphs  we can see  that on the nonpenetrable  su r f aces  the energy  spec t r a  in a broad  range of va r ia t ion  of 

will  agree  with the known resu l t s  [9]. 

In the immedia te  vic ini ty  of the wall  the spec t r a  a r e  located in the region of la rge  wave numbers ;  they 
a re  displaced into the region of s m a l l e r  wave numbers ,  if we move away f r o m  the wall.  For  the turbulent  
core  of the boundary l aye r  these  s pec t r a  a r e  p rac t i ca l ly  unal tered.  The s a m e  pa t te rn  is obse rved  in the 
p r e s e n c e  of a t r a n s v e r s e  flow of the medium in the range of var ia t ion  of the in-blow p a r a m e t e r  b f r o m  0 
to b , .  F u r t h e r m o r e ,  such a dis t r ibut ion of the spec t r a  is p r e s e r v e d  over  the en t i re  sect ion of the boundary 
l aye r ,  with the exception of the region in the immedia te  vic ini ty  of the wall,  even for  v e r y  la rge  in-blows 
(b ~ 20). In the immedia te  vic ini ty  of the wall  the ene rgy  spec t rum of ve loc i ty  pulsa t ions  in the case  of 
supe rc r i t i c a l  in-blows r e m a i n s  unal tered for  the ent i re  region. 

F r o m  Fig. 3 we can see that  for  b=18.16 the extent of this region along the ordinate  is ~ =0-0.015 
(y =0-1.5 mm). 

Also an in te res t ing  fea ture  is noted which consis ts  of the following. By introduction of additional 
pe r tu rba t ions  into the in-blow s t r eam ,  we can v a r y  the energy  spec t rum of ve loc i ty  pulsat ions close to the 
wall. In the case  of s upe rc r i t i c a l  in-blows,  this new f o r m  of the energy  spec t rum close to the wall  r ev ea l s  
a tendency to r e m a i n  unal tered.  

We cons ider  in a g r e a t e r  detai l  the r e su l t s  of m e a s u r e m e n t s  of the intensi ty of turbulence and the  
ene rgy  spec t r a  of ve loci ty  pulsat ions  in the case  of supe rc r i t i c a l  in-blows (b =18.16). F r o m  Fig. 2 we 
see that  up to the height ~ ~ 0.002 the intensi ty of turbulence is smal l  and only sl ightly va r i e s .  In addition, 
f r o m  the analys is  of t r a c e s  obtained by means  of an osci l lograph,  it follows that  the veloci ty  osc i l la t ions  
in this region substant ia l ly  di f fer  in f o r m  f r o m  the turbulent  pulsat ions  in the boundary layer .  These  o sc i l -  
lat ions have a smoothed low-f requency  cha rac t e r ,  while the turbulent  pulsat ions in the outer  port ion of the 
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boundary l aye r  have the: f o r m  of sha rp  h igh-f requency peaks .  Fo r  the outer  region of the boundary layer ,  
the turbulent  ve loc i ty  pulsat ions  ex i s t  in the f requency  range 0-3000Hz and higher.  Near  the wall  the upper  
boundary  of the f requency range  co r r e sponds  to ~ 500 Hz. 

The r e su l t s  obtained here  ag ree  with the conclusions of [1] about the fact that in the case  of l a rge  in- 
blows on a pene t rab le  sur face  the re  ex is t s  a " d r i v e - b a c k  l aye r ,  w Use of ene rgy  spec t r a  of ve loc i ty  pu l sa -  
t ions in the ana lys i s  of a turbulent  boundary l aye r ,  in the case  of supe rc r i t i c a l  in-blows,  allows us to e s t ab -  
l ish m o r e  confidently the va r i a t ion  of modes of flow under these  conditions. Such an approach was found 
to be success fu l  when studying the flow of two-phase  liquids [13]. 
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