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Experimental  data are  presented on the influence of po lyox-admix tures  in an aqueous solu-  
tion on the magnitude of the local drag coefficients.  Theoret ical  and experimental  resul ts  on 
determining the p r e s s u r e  drop in a pump during the flow of polymer  solutions in a real  hy_ 
draulic apparatus a re  compared.  

1. Besides the normal  sections of constant c ross  section, any rea l  hydraulic sys tem contains dif- 
ferent  kinds of connecting and transit ion sections,  rec t i l inear  and curvi l inear ,  with constant or variable 
c ross  sections varying smoothly or suddenly, as well as d iverse  throttling or shut-off adapters .  

The p r e s s u r e  tosses  in the shaped par ts  of a pipeline are  determined mainly by the s t ream energy 
tosses  in vortex formation,  caused by strong re tardat ion of the s t ream,  and its separat ion because of the 
presence  of a positive p re s su re  gradient  (upon the sudden expansion of the s t ream in diffusors because of 
an abrupt change in the sys tem c ros s  section, etc.). 

Just  as friction, separat ion,  vor tex-format ion,  and their associa ted vetoeity redistr ibutions cause a 
loss in mechanical  energy.  These phenomena are  therefore  an additional source of hydraulic drag so that 
the total hydraulic drag of the pipes is compr ised  of the frict ion drag and the drag due to separat ion (vor- 
tex formation).  This ta t ter  drag is cus tomar i ly  called local since it always is caused by local changes in 
the pipeline configuration and is concentrated in a comparat ively  small  section in contras t  to the friction 
drag which is distr ibuted uniformly over the whole length of the pipe. 

In the case of flow of aqueous po lymer  solutions in hydraulic sys tems ,  many exper imenters  have 
remarked  the influence of the po lymer  admixtures  on the magnitude of the frict ion drag coefficient.  This 
influence can be est imated quantitatively depending on the flow mode (Reynolds number),  size of the pipe-  
tines, and kinds of po lymers  (for example, [1]). However, data about sys temat ic  investigations of the in- 
fluence of po lymer  admixtures  on the magnitude of the local drag coefficient are  lacking. Some informa-  
tion about this question is contained in the papers  of Pisolkar  [2] and Lipatov [3]. To supplement the data 
in [2, 3], individual shaped par t s  of pipelines were tested in s t r eams  of water  and polymer  solutions in a 
hydraulic apparatus [1], and computations on determining the drag of the whole hydraulic sys tem,  including 
tanks, rec t i l inear  pipeline sections,  wedge gate valves, elbows with different angles of rotation, washers ,  
were also verified experimental ly .  

The polyox WSR-301 and polyacrylamide were chosen as po lymers  and solutions in the concentrat ions 
c = 10 -3 g / c m  3, c = 2 . 1 0  -3 g / c m  3 (polyox), and c = 1 .4 .10  .5 g / c m  3 (polyacrylamide) were prepared  there-  
f rom.  

2. To determine the influence of the polymer  admixtures  in a water s t ream on the local drag coef-  
ficient, the magnitudes of these coefficients were found in the water  s t ream.  Determined during the tests  
were:  

1) the local drag coefficients of the shaped par ts  of the pipeline with a sudden s t ream expansion when 
going f rom pipelines of d iameters  d 1 = 20.9 and d 1 = 9.75 mm to a pipeline with the diameter  d 2 
= 35.5 mm and a sudden s t r eam contract ion and expansion in a d = 70 mm diameterp ipe l inebecause  
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Fig.  1. Dependence of the l o c a l d r a g  coefficient  ~l = 2gAhlocal/V~ 
on the Reynolds number  Reis  = v ld l /v  s for  wa te r  flows in a polyox 
solution in a pipe with a sharp  change in the d i ame te r  f rom d i 
= 2 0 . 9 m m ( a )  a n d d  1 = 9 . 7 5 m m  (b) t o d  2 = 3 5 . 5 m m :  1) water ;  
2) polyox solution, c = 10 -3 g/cm3; dashes  a re  the computat ion 
[4], w a t e r .  

of inser t ion  of washe r s  with d i a m e t e r s  d o = 26.5, 41.5, and 54 m m  and 45 ~ taper  angle in i ts  chan-  
nel; 

2) the local  d rag  coefficient  of the flow in elbows with 90 and 180 ~ s t r e a m  rotat ion angles  and a gate 
valve.  

The shaped pa r t  of the pipeline being invest igated was p laced in a s t ra igh t  cons t an t -d i ame te r  pipe 
which had a length not l e s s  than 25 d 1 both ahead of and a f t e r  this pa r t  and pe rmi t t ed  el iminat ion of the in-  
fluence of the component  pa r t s  of the hydraul ic  appara tus  on the local  d rag  coefficient to be  de te rmined .  

The p r e s s u r e  drop at  some local sect ion of the pipel ine,  enclosing the shaped pa r t  being tested,  was 
m e a s u r e d  in the t es t s .  As a rule ,  the length of the local  sect ion was 4-10 d up and downs t ream of the lo-  
cation of this pa r t .  

The magnitude of the local  d rag  coeff icient  was calculated by means  of the fo rmulas  

2ghhlocal 2g Ah local 
~ 1 - -  v~ or ~ 2 - -  ~"~ (1 )  

TO de te rmine  the p r e s s u r e  drop Ahloca l f r o m  the p r e s s u r e  drop  ahop  t m e a s u r e d  during the tes t ,  the 
p r e s s u r e  lo s ses  clue to f r ic t ion drag  were  e l iminated which equaled the cor responding  lo s ses  of the de-  
veloped turbulent s t r e a m s  i'n pipes of the s ame  d i a m e t e r  and length. Taking account of the c u s t o m a r y  
notation, the magnitude of the local  d r ag  coefficient  was de te rmined  by the following dependences:  

upon a sudden diminution of the pipeline c r o s s  sect ion 

2gAhopt ( ~., ~4 L, ( ~._, "14;., _ Lo . 
~ s =  v~ 1 ~-  - -  - -=  ,.o, (2t 

whe re  

Pl - -  P2 = yAhopt > O; 

upon a sudden inc rea se  in the pipeline c r o s s  sect ion 

where  

_•, L I d ,,4 2gAhopt 
~1=1 / d ' ~  4 X 1 - -  - -  ~0- / "~ ) ) , . , +  - -  

Pl - -  P2 = ~Ahopt ~ 0; 

upon the p r e s e n c e  of elbows,  a gate valve,  or  washe r s  in the pipeline 

~= 2ghhopt L Z, 
v 3 d 

(3) 

(4) 

where  

Pl - -  P2 = 7Ahopt > 0. 

The data obtained as  a resu l t  of m e a s u r e m e n t s  and p r o c e s s e d  by means  of fo rmulas  (1)-(3) for  the 
magnitude of the local  d rag  coeff icient  of al l  the kinds of shaped pa r t s  cons idered  here in  a r e  p resen ted  in 
F igs .  1-4. The dashes  in these s ame  f igures  r e p r e s e n t  the computed values  of these  s ame  coeff ic ients  
[4, 5], which ag ree  well  with the exper imenta l  r e su l t s .  
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F i g .  2. Dependence  of the l o c a l  d r a g  c o e f f i c i e n t  ~ = 2gAhloca  l 
/ v  2 of w a s h e r s  of d o = 26.5 m m  (a), d o = 41.5 m m  (b), and  d o 
= 54 m m  (c) d i a m e t e r  in a f low of w a t e r  and  po tyox  in a 
d = 70 m m  d i a m e t e r  p i p e l i n e :  1) w a t e r ;  2) po lyox  so lu t ion ,  

c = 10 -3 g / c m 3 ;  3) po lyox  so lu t ion ,  c = 2 �9 10 -3 g / cm3;  d a s h e s  

a r e  the c o m p u t a t i o n  [4, 5]. The  o r d i n a t e  ax i s  in  F i g .  a should  
be  1.2, 1.6, 2.0. 
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F i g .  3. D e p e n d e n c e  of the l o c a l  d r a g  c o e f f i c i e n t  } = 2gAhloca  l 
/ v  2 of a DU70 ga te  v a l v e  on the R e y n o l d s  n u m b e r  Re s = v d / v  s 
fo r  w a t e r  and  po lyox  so lu t ion  f lows:  1) w a t e r ;  2) po lyox  s o l u -  
t ion ,  c = 10 -3 g / cm3 ;  3) po lyox  so lu t ion ,  c = 2 . 1 0  -3 g / cm3;  

d a s h e d  l ine  i s  the c o m p u t e d  va lue .  

The  m a g n i t u d e s  of the f r i c t i o n  d r a g  c o e f f i c i e n t s  ?t in (2)-(4) w e r e  d e t e r m i n e d  in t e s t s  wi th  the po lyox  
s o l u t i o n s  b y  the m e t h o d  of c o n v e r t i n g  the e f f i c i e n c y  of t h e s e  s o l u t i o n s  to r e d u c e  the f r i c t i o n  d r a g  [1]. The  
e f f i c i e n c y  of the s o l u t i o n s  was  c h e c k e d  r e g u l a r l y  by  m e a n s  of  da t a  on t h e i r  f low in a c o n s t a n t  s e c t i o n  p i p e -  

l ine  of  d = 20.9 m m  d i a m e t e r .  

A s  i s  s e e n  f r o m  the r e s u l t s  p r e s e n t e d  ( F i g s .  1-4) ,  the  p o l y m e r  a d m i x t u r e s  in  a w a t e r  f low e x e r t  no 
s u b s t a n t i a l  i n f luence  on the m a g n i t u d e  of the l o c a l  d r a g  c o e f f i c i e n t s .  To v e r i f y  the v a l i d i t y  of the d e d u c -  
t ions  ob ta ined ,  the to ta l  d r a g  of a s p e c i f i c  h y d r a u l i c  s y s t e m  [1], o p e r a t i n g  in  a c l o s e d  c y c l e  ( f rom a pump)  
and  c o n t a i n i n g  v a r i o u s  t u r n i n g  e l b o w s  wi th  30-180 ~ a n g l e s  of r o t a t i o n  in  v a r i o u s  s t r e a m  p l a n e s ,  two w e d g e -  
l ike  g a t e s ,  a w a s h e r  wi th  a q u a r t e r  c i r c l e  p r o f i l e  and  two t anks ,  a head  and a d i s c h a r g e  tank,  in  add i t i on  
to s t r a i g h t  p i p e l i n e s  of d i a m e t e r s  35.5, 70.0, and 100 m m ,  was  i n v e s t i g a t e d .  
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Fig. 4. Dependence of the local drag coefficient 

= 2gAhloca l /V  2 on the  R e y n o l d s  n u m b e r  Re s = v d / v  s f o r  
w a t e r  and  p o l y o x  s o l u t i o n  f lows  in  a 90 ~ (a) and  Z -  
s h a p e d  (b) e lbow of d = 50 m m  d i a m e t e r  (b): 1) w a t e r ;  
2) p o l y o x  so lu t ion ,  c = 10 -3 g / c m 3 ;  3) po lyox  so lu t ion ,  
c = 2 . 1 0  -3 g / c m 3 ;  d a s h e d  l ine  i s  the c o m p u t a t i o n  [5]. 
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Fig.  5. Dependence o f  the quantity Ahf (ram Hg), p ropor t iona l  to the fr ic t ion 
fo rce ,  o n A h  s (mm Hg), p ropor t iona l  to the square  of the fluid d ischarge  in 
the pipeline: 1) water ;  2 )po lyacry lamide  solution, c = 1 .4 .10-Sg /cm3;  3) polyox 
solution, c = 1 0 '  ~ g / c m  3. 

Fig.  6. Dependence of the p r e s s u r e  drop in the pump Hp (ram Hg) on AH s (mm 
Hg), p ropor t iona l  to the s q u a r e o f  the fluid d ischarge  in the hydraulic appara tus :  
1) water ;  2) po lyac ry lamide  solut ion,  c = 1 .4 .10  -s  g/cm3; 3) polyox solution, 
c = t0  -3 g /cm3,  

The computat ion of the hydraulic  s y s t e m  was reduced to the following dependence of the magnitude of 
the p r e s s u r e  head Hp produced by  the pump on the magnitude of the mean water  flow veloci ty v in the work -  

: ing pipeline (d = 35.5 r a m ) :  

Hp = -- 2g (5) 

The f i r s t  m e m b e r  is  the total  magnitude of the local  d rags  of the s y s t e m  under  considera t ion,  c o m -  
puted by means  of known dependences [4]. The second m e m b e r  is  the total  magnitude of the fr ic t ion coef -  
f icients  of al l  the s t r a igh t  pipeline sec t ions  in the sys t em.  

The computat ions p e r f o r m e d  accord ing  to (5) ag ree  well  with the exper imen ta l  data obtained for  wa te r  
flow in a hydraulic  appara tus  (Fig. 6). 

In the ease  of a flow of po l ym er  solutions in a hydraulic sys t em,  it  should be expected that the m a g -  
nitude of the local  d rag  coeff icients  would r ema in  unchanged. However ,  the fr ic t ion d rag  in a s t r e a m  of 
po lymer  solutions changes substant ia l ly  as  compared  with the water  s t r e a m  and a co r rec t ion  to the coeff i -  
cient 3 /v  t/4 should be  introduced in (5): 

Hp= 2 ,3+-~r  2--/' (6) 

where  

k Ah f(polymes) 
for v = const (for AHs = const) 

Ah f(water) 

is  the co r rec t ion  coeff icient  taking account  of the value of the reduction in fr ict ion d rag  in the s t r e a m  of 
po lymer  solution. 

Computat ions by means  of (6), where  the coeff icient  k was de te rmined  f rom re su l t s  of m e a s u r i n g  the 
fr ic t ion drag  in water  and po lyae ry lamide  and polyox solutions of concentra t ions  c = 1 .4 .10  -5 g /e ra  3 and 
c = 10 -3 g /e ra  z, r e spec t ive ly  (Fig. 5), showed good a g r e e m e n t  with the exper imenta l  r e su l t s  obtained in 
tes t s  with these solutions (Fig. 6). 
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There fo re ,  the deduction about the independence of the magni tude  of the local drag coefficients on the 
p resence  of po lymer  admixtures  in a sufficiently high concentrat ion (c = 10 -~ g / cm 3) in the water  s t r eam is 
conf i rmed by the exper imenta l  resu l t s  of measur ing  the total magnitude of these coefficients  in a specific 
hydraul ic  apparatus .  
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NOTATION 

the p r e s s u r e  drop in the pump; 
t h e p r e s s u r e  drop in the flow mete r ;  
the p r e s s u r e  drop in the measu red  section of a r ec t i l i nea r  pipeline; 
the static p r e s s u r e  ahead of the local  drag; 
the s ta t ic  p r e s s u r e  behind the local  drag; 

the p r e s s u r e  drop d i rec t ly  at the local  drag; 
the pipeline d iameter ;  
the pipeline d iamete r  ahead of the local  drag; 
the pipeline d iamete r  behind the local drag; 
the mean discharge  velocity in a pipeline of d iamete r  d; 
the mean discharge  velocity before  the local drag; 
the mean discharge  velocity behind the local drag; 
the leas t  je t  d iamete r  during contract ion;  
the Reynolds number;  
the fr ic t ion drag coefficient;  
the kinematic  viscosi ty  of the solution; 
the kinematic  viscosi ty  of water .  

i, 

2. 
3. 
4. 
5. 
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