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Resu l t s  a r e  shown of an expe r imen ta l  s tudy concerning the reduct ion of hydraul ic  l o s ses  in 
s t r e a m s  with suspended solid p a r t i c l e s .  

Expe r imen ta l  s tudies  made  by var ious  authors  have shown that the addition of sma l l  quanti t ies of s o -  
luble p o l y m e r s  apprec iab ly  r educes  the hydraul ic  d rag  (a su rvey  of some of these s tudies  is given in [1]). 
I t  appea r s  that  the hydraul ic  d rag  d e c r e a s e s  at low concent ra t ions  of po lymer  m a t e r i a l .  This phenomenon, 
t he re fo re ,  is o f  cons ide rab le  scient i f ic  in t e res t .  A reduct ion of hydraul ic  drag  is,  of course ,  in teres t ing  
a lso  f rom the technical  standpoint,  e spec ia l ly  in hydraul ic  t r anspor t .  

The purpose  of this study was to analyze  the effect  of po lyac ry lamide  additive on the reduc t ion 'o f  hy-  
draulic  d rag  in s t r e a m s  with suspended solid p a r t i c l e s .  

The t e s t s  we re  p e r f o r m e d  with nonhydrolyzed 8% po lyac ry lamide  as the m a c r o m o l e c u l a r  addit ive.  
Aqueous solut ions of this p o l y m e r  in var ious  concentra t ions  w e r e  p r e p a r e d  by means  of a mechanica l  m i x e r .  
Quar tz  sand, ash,  c lay,  b rown coal ,  and hard  coal s e rved  a s  the solid phase .  The  t es t s  were  p e r f o r m e d  in 
smooth -wa l l ed  g lass  tubes of var ious  d i a m e t e r s .  The effect ive (technical)  reduct ion of hydraul ic  drag  was 
ca lcula ted  f rom tes t  data accord ing  to the formula:  

h~. = ~'1--~2 100%. 
x h 

The reduct ion of hydraul ic  d rag  as a function of po lyac ry lamide  concentra t ion is shown in Fig.  1 for 
var ious  concentra t ions  of the solid component .  The t e s t s  were  p e r f o r m e d  in a tube with a 7 m m  d iame te r  
and a t  a Reynolds number  Re = 12,300. The solid phase was quartz  sand with pa r t i c l e s  0-1.2 m m  in s ize .  
The concent ra t ion  of po lyac ry lamide  Cp was var ied  f r o m  0 to 10 -~ g / c m  3, the concentra t ion of sand C s was 
var ied  f rom 0 to 37.5%. 

The d i ag r am  indicates  that, when an aqueous solution of po lyac ry lamide  in sma l l  concentra t ions  flows 
without a solid component  (C s = 0), the reduct ion of hydraul ic  drag  i n c r e a s e s  to a m a x i m u m  AX/X = 58% at  
some  opt imum concent ra t ion  (Cp = 2.4 �9 10 .4 g/era3). As m o r e  po lyac ry lamide  is added, the reduct ion of 
hydraul ic  d rag  b e c o m e s  l e s s  again.  

The addition of a solid component  (sand) to an aqueous solution of po lyac ry lamide  s u p p r e s s e s  the r e -  
duction of hydraul ic  drag  over  the ent i re  range of po lyac ry lamide  concent ra t ions .  Moreover ,  the m a x i m u m  
reduct ion  of hydraul ic  d rag  (within the t e s t  range  of solid pa r t i c l e s  concentrat ion) occurs  at  the same  poly-  
a c r y l a m i d e  concentra t ion  (C = 2.4 �9 10 -4 g/cm3).  As m o r e  sand is added, the hydraul ic  d rag  is reduced  
l e s s .  I t  will be  noted that th p reduct ion of hydraul ic  drag  as a function of po lyac ry lamide  concentrat ion (for 
the en t i re  range  of solid pa r t i c l e s  concentrat ion) follows qual i tat ively the same  trend as in an aqueous so lu-  
t ion of po lyac ry l amide  without sand (C s = 0). 

The t e s t  data obtained with ash  as the solid component  have been evaluated on a GRES and a re  shown 
in F ig .2 .  The s ize  of ash pa r t i c l e s ,  densi ty  1.3 g / c m  ~, was var ied  f rom 0 to 2.5 ram.  I t  is evident here  
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Reduction of hydraulic drag as a function of the polyaerylamide con- 
centration, at various concentrations of quartz sand: i) C s (wt.) = 0; 2) 7.5%; 

3) 15%; 4) 22.5%; 5) 30%; 6) 37.5%. 

Fig. 2. Reduction of hydraulic drag as a function of the polyacrylamide con- 
centration, at various concentrations of ash: I) C s (wt.) = 0; 2) 7.5%; 3) 15%; 
4) 22.5%; 5) 30%. 

that, as polyacrylamide is added, the reduction of hydraulic drag increases to a maximum at Cp = 5 �9 10 -4 
g/cm 3 (for the entire range of solid particles concentration). Moreover, the maximum reduction of hy- 
draulic drag is greater here than at corresponding concentrations of sand. This has to do with the different 
densities of ash and sand, as a result of which less energy is wasted on suspending ash particles in a turbu- 
lent stream. 

No reduction of hydraulic drag was observed in the tests performed with brown and hard coal. This 
is, apparently, because polyacrylamide molecules coagulate with coal particles and the damping effect on 
hydraulic drag is lost. Negative results were also obtained in the tests with brown clay. As polyaerylamide 
is added to the aqueous suspension of clay, floceular structures are formed which precipitate from the solu- 
tion. 

On the basis of these tests with coal and clay, of course, no conclusion can yet be drawn as to the 
impossibility of reducing the hydraulic drag in suspensions of these materials. One may expect some other 
polymer additive to eventually reduce the hydraulic drag in this case. 

Thus, our experimental study has shown that the addition of polyacrylamide to a turbulent stream 
with solid particles (sand, ash) does reduce the hydraulic losses. It is to be hoped that the use of macro- 
molecular additives will greatly improve the efficiency of hydrotransporting loose material. 

N O T A T I O N  

X 1 is the friction coefficient in a water stream with a certain concentration of solid particles; 
~t 2 is the friction coefficient with polyacrylamide added to the water stream with the same concentration 

of solid particles; 
Re is the Reynolds mtrnber; 
d is the tube diameter; 
Cp is the concentration of polyacrylamide; 
C s is the concentration of solid particles. 
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