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The spec t r a l  components  of p r e s s u r e  pulsation in the boundary l ayer  of a pla te  supplied with 
an aqueous solution of polyoxyethylene a r e  m e a s u r e d .  The effects  of concentrat ion and sup- 
ply r a t e  of the solution a r e  studied, together  with t r ans fo rma t ion  of the p r e s s u r e  pulsat ion 
spec t rum  along the pla te .  

Invest igat ions of the Toms  effect  have shown that the m e c h a n i s m  of hydraul ic  r e s i s t a n c e  reduct ion 
by po lymer  addit ives is quite complex.  Exper iments  p e r f o r m e d  with tubes and flows around bodies,  m e a -  
sur ing the r e s i s t a n c e  coefficient,  ave r age  veloci ty prof i le ,  and tangent s t r e s s e s  have not given a complete  
c l ea r  understanding of the mechan i sm by which po lymer  addit ives affect  the turbulent  cha r ac t e r i s t i c s  of 
flows. Recently,  ever  g r e a t e r  attention has been paid to the behavior  of the pulsat ion cha rac t e r i s t i c s  of a 
turbulent  boundary l ayer  affected by po lymer  addit ives.  Never the less ,  the studies [1, 2] did not sufficiently 
c lar i fy  the question of the effects  of concentrat ion,  mo lecu la r  weight, and supply r a t e  of the po lymer ,  as 
well as t r ans fo rma t ion  of the pulsat ion cha rac t e r i s t i c s  along the body flowed over .  This  p resen t  study will 
offer  the r e su l t s  of exper imenta l  invest igat ions of the effect  of po lymer  addit ives on the p r e s s u r e  pulsat ion 
spec t rum in the boundary l aye r  of a hydraul ica l ly  smooth pla te .  

Measuremen t s  were  made in a hydraul ic  tube 340 x 340 m m  in sect ion,  inside of which was mounted 
a pla te  1200 • 310 m m ,  12 m m  thick.  The r a t e  of flow around the pla te  was 9.0 m / s e c .  The po lymer  so -  
lutions were  introduced nea r  the front  edge of the plate  through a sl i t  in a su r face  tangent to the pla te .  In 
Fig. 1 a schemat ic  d i ag ram of the working port ion of the hydrodynamic  tube with plate  is shown. Polyoxy-  
ethylene of mo lecu la r  weight 7 �9 106 (P- l )  and 2.5.106 (P-2) was used.  P r e s s u r e  fluctuations were  m e a -  
sured  by p i e z o c e r a m i c  s enso r s  with sens i t ive  e lement  d i ame te r  4.0 mm,  located flush with the plate  s u r -  
face.  Sensor  s ignals  were  r eco rded  with a Bru le  and K e r r  two channel ins t rumenta t ion  tape r e c o r d e r ,  
type 7001, in the f requency range  2-20,000 Hz. 

Spectra l  analys is  of the informat ion was p e r f o r m e d  by a type 1461A D~iv spec t ra l  ana lyze r  with band- 
with of 7%, and r e c o r d  ed by a type 2305 Brule  and K e r r  char t  r e c o r d e r .  The effect  of the po lymer  
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Fig. 1. Working port ion of the hydrodynamic  tube: 
I, plate;  II, tu rbul izer ;  III, s l i t .  
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Fig. 2. Difference in level of spect ra l  components of p r e s -  
sure  pulsation Ap  (dB) versus  frequency f (Hz) and: a) supply 
ra te  of po lymer  at constant concentrat ion (1, Q = 140 cm 3 
/ s e c ;  2, 240; 3, 340; polyox 1, c = 5"10 -4 , sensor  2); b) 
solution concentrat ion at constant supply ra te  (1, c = 62 �9 10-5; 
2, 250-10-5; 3, 1000.10-5; polyox 1, Q = 340 cm3/sec,  
sensor  2). 

additives on p r e s s u r e  pulsation in the boundary layer  was presented in the form of the difference in com- 
ponent spect ra l  levels for introduction of the po lymer  and for pure water .  A negative value of this differ-  
ence corresponds  to a reduction in spect ra l  components; positive value, to increase .  

It is evident f rom Figs.  2, 3, that the introduction of polyoxyethylene into the boundary layer  changes 
the p r e s s u r e  pulsation spec t rum over the entire frequency range studied. A pecul iar i ty  of polymer  in t ro-  
duction through a slit  is that in the low frequency range there  occurs  an increase  in spect ra l  components 
of p r e s s u r e  pulsation. At the same t ime a reduction in the component level at medium and high audio f re -  
quencies is observed.  It should be noted that supply of water through the slit  at the same rate  as the poly- 
me r  was supplied had no noticable effect on the pulsation p r e s s u r e  level over the entire frequency range 
studied. 

The amount of the p r e s s u r e  pulsation reduction, as the experiments showed, was dependent on the 
supply rate ,  concentration,  and molecular  weight of the polymer  introduced. In the supply rate  range 
studied, the amount of pulsation reduction varied little. This is supported by the graphs of Fig. 2a. For  
example, inc rease  in the supply ra te  by a factor  of 2.5 at a concentration of 5 �9 10 -4 increased the effec- 
t iveness of the po lymer  additive action by about 13%. It was observed that variat ion of the concentrat ion 
of the polymer  introduced exerts  a g rea te r  influence on the p r e s s u r e  pulsation. Figure 2b shows the dif- 
ference in p r e s s u r e  pulsation spect ra l  component level as a function of polymer  concentration (data f rom 
sensor  2). As is evident f rom the figure,  increase  in concentrat ion f rom 6.2 �9 10 -5 to 10 -3 leads to an in- 
c rease  in spect ra l  component level in the range 4-250 Hz, and a reduction in the range 250-20,000 Hz. 

The t ransformat ion  of the p r e s s u r e  pulsation spec t rum along the plate was also studied. The resul ts  
of these studies, pe r formed with solutions of polyoxyethylene P -2  with molecular  weight M = 2.5 �9 106, a re  
presented in Fig. 3. During the measurements  concentration, polymer  supply ra te ,  and flowby velocity 
were maintained constant. It was observed that with removal  f rom the point of introduction the spect ra l  
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Fig. 3. Transformat ion  spec t rum 
of p r e s s u r e  pulsation AP (dB) v e r -  
sus f (Hz) along plate for constant 
supply ra te  Q (cm3/sec) and con- 
centra t ion:  1) sensor  1; 2) 2; 3) 3; 
polyox 2; Q = 225 cm3/see,  e = 5. 
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component level  undergoes  a t r ans fo rmat ion ,  namely,  the po lymer  effect iveness  i nc rea se s  in the low f r e -  
quency range,  while it fails  at medium and high f requencies .  It follows f rom Fig. 3 that the opt imum 
p o l y m e r  effect  occurs  in the a r e a  of the second senso r .  Compar ing  the curves  shown in Figs.  2a and 3, 
for  po lymer s  of differing molecu la r  weight, at  s i m i l a r  supply r a t e s  and concentra t ions ,  it can be seen  that  
the ef fec t iveness  of the po l ym er s  di f fers  only in the low frequency range;  the low weight po lymer  de-  
c r e a s e s  the p r e s s u r e  pulsat ion m o r e  effect ively while the high weight po lymer  produces  an inc rease .  
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