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The effect  of p o l y m e r  addit ives at var ious  concentra t ion levels  on the p a r a m e t e r s  of a cen- 
t r i fugal  pump is demons t r a t ed  exper imenta l Iy .  Optimal po lyac ry l amide  concentra t ions  for  
a centr i fugal  pump a r e  de te rmined .  

The  effect  of reduct ion in hydraul ic  r e s i s t a n c e  upon addition of ce r ta in  high molecu la r  weight poly-  
m e r s  to a liquid flowing along a ha rd  s u r f ace  was d i scovered  by T o m s  in 1948 [1]. Fur ther  s tudies have  
shown that  this phenomenon is evidently connected with fo rmat ion  of l a rge  assoc ia t ions  of po lymer  m a c r o -  
molecu les  and solvent  molecu les ,  which affect  the development  of pulsat ions in the l aye r  d i rec t ly  next to 
the wall.  

Exper imenta l  s tudies of the flow of wa te r  solutions of po lymer s  in the gap between a rotat ing disk 
and enclosing shield [2] showed a s ignif icant  reduct ion in torque in compar i son  to expe r imen t s  with water ,  
and r a i s ed  the question of the effect  of po l ymer  addit ives on the c h a r a c t e r i s t i c s  of centr i fugal  pumps .  
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Fig. 1. Effect of var ious  p o l y m e r  
concentra t ions  on the c h a r a c t e r i s t i c s  
H and Q of a centr i fugal  pump (H, m; 
Q, I i t e r s / s e c ) ,  a: Pump eff iciency 
v e r s u s  flow ra te  Q and p o l y m e r  con- 
cent ra t ion  C (efficiency, %; C, %) 
b: 1) water ,  2 ) C  = 0.005%, 3)0 .01,  
4) 0.03, 5) 0.05, 6) 0.1%. 
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Fig. 2. Effect  of p o l y m e r  addit ive on useful  power  Noand input power  N I 
of centr i fugal  pump for  var ious  flow ra t e s  (No and NI, W; Q, l i t e r s / s e e ) .  
1) Water ;  2) C = 0.03%. 

Fig. 3. I nc r ea s e  in eff iciency (%) ve r su s  solution concentra t ion (%). 

In [3] r e su l t s  we re  obtained which indicated i m p r o v e m e n t  of pump c h a r a c t e r i s t i c s  upon addition to 
water  of AMF type po lyac ry lamide  (PAA) at a concentrat ion level  of 0.05%~ The pump efficiency inc reased  
by 10%, and d r ive  power  requ i red  was reduced.  

The purpose  of this p r e s en t  study is the de terminat ion  of the dependence of centr i fugal  pump p a r a m -  
e te r s  on the concentra t ion level  of p o l y m e r  addit ives used to reduce  f r ic t ion.  

The exper imen ta l  appara tus  cons is ted  of a 1.5K-6 pump with e lec t r i c  mo to r ,  supplied by a 200 l i t e r  
tank, shor t  connecting pipes between pump and tank, a va lve  at the pump output, and a m e a s u r e m e n t  tank. 
The p r e s s u r e  at the pump output PM was m e a s u r e d  by an MO 160 x 4 m a n o m e t e r  (accuracy range  0.5), 
the vacuum at  the pump input PI  was m e a s u r e d  by a vacuum gauge (accuracy range  0.5), the flow r a t e  was 
m e a s u r e d  by the vo lumet r ic  method using the m e a s u r e m e n t  tank and a ch ronomete r ,  and the power  con- 
sumed  by each phase  by the e l ec t r i c  moto r  was m e a s u r e d  by a K-50 por tab le  wa t tme te r  (accuracy range  
0.5). The pump speed was mainta ined constant  at 2800 r p m  for  all the exper imen t s .  

E r r o r  in flow r a t e  Q m e a s u r e m e n t  did not exceed 1.3%, e r r o r  in p r e s s u r e  head H, 1.8%; in power  
consumed NI, 2.1%, in useful  power  No, 1.9%, and in eff iciency,  3.5% (1.1% in absolute  units).  

All exper imen t s  we re  conducted with AMF ammonia  po lyac ry lamide .  Two to th ree  days be fo re  the 
exper iment  a 1% solution of the po l ym er  was p repa red ,  then diluted to the requ i red  concentra t ion on the 
day of the exper iment .  

During the exper imen t s  the solutions were  pumped through the s y s t e m  no m o r e  than th ree  to four 
t i m e s ,  to avoid deg rada t i on  of the solut ions and the resu l tan t  effect  on m e a s u r e m e n t s .  Moreover ,  de-  
gradat ion  was moni to red  by m e a s u r e m e n t s  of the solution v i scos i ty .  At each concentra t ion level m e a s u r e -  
ments  we re  made  a t  the beginning and end of the exper iment ,  and under  the above conditions no d i f ference  
in m e a s u r e m e n t s  was observed .  

T e s t s  we re  made  on solutions of the following concent ra t ions :  0.005, 0.01, 0.03, 0.05, 0.1%. The 
v i scos i ty  of these  solutions in water  supply wa te r  at 20~ was 1.22, 1.46, 2.03, 2.54, 3.24 cent is tokes ,  
r e spec t ive ly .  

The  eff iciency of the pump was de te rmined  f rom the re la t ionship  

No Q(Po ! PI) . 100%. 
N I NI 

The exper imenta l  r e su l t s  a r e  p re sen ted  in the fo rm of curves  of pump head H, efficiency,  useful  
power  N o, and input power  N I as functions of flow ra te  Q (Figs.  1 and 2). 

It is evident f r o m  examinat ion of the pump c h a r a c t e r i s t i c s  H, Q (Fig. 1) that  even at a concentra t ion 
of 0.005% the bas ic  pump p a r a m e t e r s  a r e  improved .  Concentra t ion i nc r ea se  to 0.03% improves  the cha r -  
a c t e r i s t i c s  fur ther ,  while i n c r e a s e  to 0.1% causes  degradat ion as compared  to the 0.03% concentrat ion.  It 
is evident that  concentra t ion i nc r ea s e  above 0.03% produces  no fur ther  d e c r e a s e  in f r ic t ion losses ,  as has  
been conf i rmed by exper imen t s  with AMF po lyac ry lamide  in tubes,  while on the other  hand, with i n c r e a s -  
ing concentra t ion the v i scos i ty  of the solution exer t s  a g r e a t e r  effect.  
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Addition of po lymer  to a concentrat ion of 0.03% increases  the flow ra te  Q in the working portion of 
the charac te r i s t i c  (at constant head H = const) by approximately 15%, and improves the head H (at flow 
ra te  Q = const) by about 7%. 

Figure lb shows the pump efficiency as a function of flow ra te  Q for PAA solutions of various con- 
centrat ions.  It is evident that po lymeradd i t ionhas  the grea tes t  effect in the high flow ra te  range, i . e . ,  
in the working par t  of the charac te r i s t i c .  The absolute value of the efficiency at a 0.03% concentration 
compr ises  37.2% as opposedto ~32% for water ,  i . e . ,  a re la t ive  increase  of 16%. With increase  in concen- 
t rat ion to 0.1% the efficiency dec reases  to ~35.2%. 

The curves for No and N I versus  flow rate  Q were constructed only for water and the 0.03% concen- 
tration,  since the curves  for the other concentrations lie between these  two. 

F rom Figs.  lb,  2 it is evident that the inc rease  in pump efficiency and useful power No with a poly- 
me r  solution as compared to water  increases  with increase  in flow ra te  Q. It is possible that this is r e -  
lated to a decrease  in hydraul ic  losses  in the pump with increased  flow rate .  

On the basis  of these experiments  it may be proposed that the grea tes t  effect f rom use of polymer  
additives will be produced in high speed pumps.  

The decrease  in input power over the entire flow rate  range f rom 0 (with valve completely closed) 
to maximum was constant,  being about 14%o The reduction in input power at zero flow rate  permits  the 
assumption that the reduction occurs  due to a decrease  in losses f rom disk friction, since only these losses 
can be reduced at zero  output. 

The growth in useful power at high flow rates  is probably caused by a decrease  in pump hydraulic 
losses .  The curve of efficiency increase  R versus  polymer  concentrat ion (difference in efficiencies for 
operation with po lymer  and water  in the working portion of the character is t ic)  (Fig. 3) allows the concen- 
t rat ion range 0.02-0.05% to be considered optimal for PAA solutions. Fur ther  concentration increase  
leads to degradation of charac te r i s t i c s .  

Thus, for operation with po lymer  solutions pump efficiency is raised,  the H--Q charac te r i s t i c  is 
improved, useful power increases  and power input decreases .  It has been established that for solutions 
of AMF ammonia  polyaerylamide  in a centrifugal pump the optimum concentrat ion range is 0.02-0.05%. 
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NOTATION 

is the pressure at pump output, N/m2; 
is the pressure at pump input, N/m2; 
is the flow rate, liters/sec; 
is the power consumed, W; 
is the useful power, W; 
is the difference in efficiency for operation with polymer solution and water. 
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