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The resul t s  a re  presented of an experimental  study concerning cer ta in  charac te r i s t i c s  
of boundary- layer  turbulence in water  s t r eams  containing small  amounts of polyethylene 
oxide and polyacrylamide.  The s t roboscopic  method of observing the flow was used in 
the experiment.  

In a r t ic les  on this subject  the question is extensively discussed as to what causes the reduced r e -  
s is tance to turbulent flow of water  with a small  content of cer ta in  maeromolecu la r  substances.  A significant 
number of authors subscr ibes  to the view that the reduced res is tance  is a resul t  of a thicker viscous sub- 
layer.  

The method of s t roboscopic  flow observat ion developed at the Institute of Thermophysics ,  Siberian 
Branch, Academy of Sciences of the USSR [1] makes it possible now to study the charac te r  of the liquid 
flow not only throughout the channel c ross  section but also in the immediate  vicinity of a wall. In their 
preceding ar t ic les  [2] the authors have shown that an addition of substances resul ts  in a considerable in- 
c r ease  of the t ransi t ion flow region where the velocity profile becomes more  sloped. 

The last  se r ies  of tests  had been performed with weak solutions of polyethylene oxide (0.007%) and 
polyacrylamide (0.01-0.012%). The procedure  applied here  and the wealth of experimental  data obtained 
made it possible not only to determine the profiles of average  and of pulsating velocity over the channel 
c r o s s  section but also to const ruct  pulsation h is tograms and to find the coefficients of spatial cor re la t ion  
for  the longitudinal component of velocity. 

Experience has shown that polyethylene oxide and polyacrylamide solutions break up considerably 
and fast  when in motion. For  this reason,  measurements  were made in closed circulat ion sys tems  as well 
as in a high-capaci ty  sys tem behaving like an open one. 

The profiles of average  velocity obtained f rom these tests  a re  shown in Fig. 1 in dimensionless  coor -  
dinates. Curves 1 and 2 represen t  the flow of f resh  polyethylene oxide and polyacrylamide solutions driven 
once through a 1 • I cm channel. The velocity profiles differ considerably f rom common turbulence pro-  
files over the entire range of measurements  (y/H _< 0.75, ~? <- 340). 

Curves 3 and 4 represen t  the flow of solutions circulat ing for some time (several hours) through a 
closed sys tem and largely  broken up as a result .  On these curves  one can distinguish all three regions 
which cha rac te r i ze  turbulent flow: the viscous sublayer,  the t ransi t ion region, and the region of developed 
turbulence where the slope of the veloci ty profile (the turbulence factor  ~) is the same as for common liq- 
uids. The t ransi t ion region is much wider, however, and also the velocity has increased at the boundary 
with the turbulent core  of the s t ream.  

It is possible to calculate,  on the basis of the plotted velocity profiles,  the mixing length which appears  
in the Prandtl  equation T T = p/2(dU/dy) 2. These calculations are  shown in Fig. 2. The mixing lengths in 
polyethylene oxide and in polyacrylamide solutions appear  much shor te r  than in a water s t ream.  The 
turbulence factor  ~ for the f resh  polyethylene oxide solution is a lmost  constant and about 0.075 over the 
entire measured  region. 
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Fig. i. Velocity profiles in dimensionless coordinates: I) 0.007~c 
polyethylene oxide solution, Re = 27,000 (fresh solution); 2) 0.01% 
polyacrylamide solution, Re -- 18,300 (fresh solution); 3) 0.02~c poly- 
acrylamide solution, Re = 9400 (after breakup); 4) 0.007% polyethylene 
oxide solution, Re = 13,200 (after breakup); 5) water, Re = 35,000. 

Fig. 2. Distribution of mixing lengths over the channel cross section: 
i) water; 2) polyethylene oxide solution; 3, 4) polyacrylamide solutions 
of various concentrations. 
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Fig.  3. Re la t ive  m e a n - s q u a r e  va lues  of longitudinal  and t r a n s v e r s e  ve loc i ty  
pulsa t ions:  1) water ,  Re = 35,000; 2) 0.007~c polyethylene oxide solution,  Re 
= 27,000; 3) 0.01% p o l y a c r y l a m i d e  solution,  Re = 18,300. 

Fig.  4. Spat ia l  c o r r e l a t i o n  for  the ve loc i ty  u as  a function of x and y: 1) wa-  
t e r ;  2) 0.007~c polyethylene oxide solution. 

In Fig. 3 a r e  shown the m e a n - s q u a r e  pulsa t ions  (longitudinal and t r a n s v e r s e )  m e a s u r e d  in the s ame  
solut ions  and in pure wa te r .  It follows f rom the d i a g r a m  in Fig. 3a and b that the r e l a t i v e  magni tudes  of 
pulsa t ions  ( r e f e r r ed  to the ve loc i ty  at  a given point) d e c r e a s e  as  po lymer  m a t e r i a I  is  added,  the t r a n s v e r s e  
pulsa t ions  d e c r e a s i n g  much f a s t e r .  While the turbulent  ve loc i ty  pulsa t ions  near  the wal l  in a pure wa te r  
s t r e a m  a r e  c h a r a c t e r i z e d  by some deg ree  of an t so t ropy ,  in solut ions of p o l y a c r y l a m i d e  or e s p e c i a l l y  of 
polyethylene oxide this  an i so t ropy  is  much more  pronounced and is mainta ined over  a much g r e a t e r  d i s -  
tance f rom the wal l  (Fig. 3c). 
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In Fig. 4 a r e  shown the coeff icients  of spat ia l  co r re l a t ion  for  the longitudinal component  of pulsating 
ve loc i ty  over  a dis tance y / H  = 0.75 07 = 80) f r o m  the wall. The m e a s u r e  of longitudinal vo r t i ces  (along the 
x-ax is )  is much g r e a t e r  than of the t r a n s v e r s e  ones. As the au tho r s '  m e a s u r e m e n t s  have shown, this dif-  
f e r ence  is a l so  g r e a t e r  in the solutions studied he re  than in pure  water  s t r e a m s .  

One may  postulate  some  re la t ions  between the p rope r t i e s  of polyethylene oxide solutions and the 
c h a r a c t e r  of turbulent  pulsat ions in them.  

It is well  known that d issolved polyethylene oxide eas i ly  s t r e t ches  into v e r y  thin and r a the r  long 
f ibers .  If such f ibe r s  a r e  fo rmed  in the s t r e a m  under  the influence of tangential  s t r e s s e s  para l le l  to the 
d i rec t ion  of flow, these  f ibe r s  can impede pulsat ions in the d i rec t ion perpendicular  to the f iber  axes.  The 
tangential  s t r e s s e s  d e c r e a s e  as  the dis tance f r o m  the wall  i n c r e a s e s  and, t h e r e f o r e ,  this effect  gradual ly  
weakens.  

It mus t  be emphas ized ,  however ,  that the var ious  po lymers  differ  f r o m  one another  with r e s p e c t  to 
the i r  p rope r t i e s  and that thei r  flow pulsat ion levels  a r e  reduced by different  mechan i sms .  

~o = V / v *  
= y v * / v  
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NOTATION 

is the dimensionless velocity; 
is the dimensionless coordinate; 
is the mixing length; 
a r e  the m e a n - s q u a r e  pulsat ions of the longitudinal and of the t r a n s v e r s e  veloci ty  component,  
r es pectively;  
is the r a t e  of shea r  s t r e s s  a t  the wall;  
is  the a v e r a g e  longitudinal veloci ty;  
is the instantaneous longitudinal veloci ty;  
is the co r r e l a t i on  coefficient;  
is the dis tance f rom the channel wall; 
is the half-width of the channel; 
is the Reynolds number .  
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