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The reduction of turbulent friction [I] when a liquid containing small amounts of certain soluble polymers flows 

along a smooth surface is associated with a reduction of the intensity of the transverse turbulent fluctuations in a 

layer directly adjacent to the surface. Measurements of the velocity profiles show that adding polymers considerably 

increases the thickness of the viscous sublayer [2]. This effect is associated with the formation in the solutions of 

large associations of polymer maeromolecules and solvent molecules, which affect the development of turbulent eddies 

[3,4]. 

The reduced level of turbulent mixing near the wall due to the addition of a polymer should lead not only to a 

reduction in momentum transfer but also to a reduction in turbulent heat transfer. Gupta et al. [5] report reduced heat 
transfer from the wall of a tube carrying polyacrylamide solutions. In the paper we investigate the heating of guar gum 

solutions flowing through a tube. 

The experiments were conducted on the apparatus shown schematically in Fig. 1. Depending on the experiment, 

water of aqueous solutions of guar gum were driven by a pump 4 through a flow-regulating valve 3 into a calibrated 
copper tube I, 7.82 mm in diameter and 240 cm long, part of which was enclosed in a steel jacket 2. A temperature 

drop between the wall of the copper tube and the liquid flowing through it was maintained by circulating through the 

jacket water heated to 60-90 ~ C. The jacket extended for 165 cm along the tube. The pressure drop was measured on 
a section 182 em long. The length of the entrance section was approximately equal to 65 diameters. The pressure drop 

was measured with a differential manometer 8 filled with mercury or carbon tetrachloride, depending on the magnitude 
of the drop. The liquid temperature rise was determined by means of thermometers i0 in thermally insulated 

mountings 9 at the beginning and end of the tube. The temperature of the water at the inlet and outlet of the heat- 
exchanger jacket was also recorded. The heat exchanger and the tube were insulated on the outside. In this way it was 

possible to determine the amount of heat transferred in the heat exchanger to the liquid flowing through the tube. 

The temperature of the tube wall was determined with copper-constantan thermocouples ii located 8 cm from 

the junctions of the jacket and the tube. The thermocouple emfs were measured with a UPIP-60M potentiometer. 

After leaving the measuring section the liquid entered a cooler 5, which made it possible to maintain a constant 

liquid temperature at the measuring section inlet. The liquid flow rate was measured with an orifice plate 6 fitted with 

a differential manometer 7. This plate had an orifice 14 mm in diameter and was mounted in a tube with an inside 

diameter of 20 ram. Volume calibration of the plate showed that the pressure drop across it was somewhat lower for 

guar gum solutions than for ordinary liquid. The reduction was 6-8% at a solution concentration of 3 . I0 -4 by weight. 

(A similar reduction is also observed in connection with polyoxyethylene solutions [6]. ) Small values of the flow rate 

were measured volumetrically. 

The experiments were performed on water arld aqueous solutions of guar gum. The dry gum was mixed with 

distilled water at room temperature, after which the solution was kept for 2-3 days. Values of the dynamic coefficients 
of viscosity ~7 are plotted in Fig~ 2 as a function of the concentration C and temperature of the solution. The viscosity 

was determined with an Ostwald viscometer, capillary diameter i. 16 ram. At these concentrations the density of the 

solutions was practically the same as the density of the water. 

Values of the resistance coefficient k for water and guar gum solutions are shown in Fig. 3 as a function of the 
Reynolds number R = wdp/7?. The resistance coefficient h was determined from the relation 

9 w  ~ 
A p ~ . ~  d 2 
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In these equations w is  the m e a n  veloci ty  of the l iquid in the tube, d is the tube d iame te r ,  77 is the dynamic  
coefficient  of v iscos i ty ,  p is the l iquid densi ty ,  and l is  the length of the tube sect ion on which the p r e s s u r e  drop Ap 
was measu red .  In Fig. 3 points  1 re la te  to water ,  and points 2, 3, and 4 to guar  gum solut ions at concen t ra t ions  of 
1.5 �9 10 -4, 3 �9 10 -4 and 5 �9 10 -4, respec t ive ly .  As follows f rom the data of Fig. 3, in the tu rbulen t  flow r eg ime  at low 
va lues  of the Reynolds n u m b e r  the shear  s t r e s s e s  at the tube wall a re  the same  for  the o rd ina ry  l iquid and for guar 
gum solut ions.  They differ  only at quite high Reynolds  numbers ,  the drag reduct ion  for the po lymer  solut ion being the 
g rea t e r ,  the higher  the va lue  of that number .  As the concent ra t ion  of the guar  gum solut ion i n c r e a s e s  f rom zero  to 
3 �9 10 -4, the d rag  reduc t ion  effect i nc reases ;  however ,  a fu r the r  i n c r e a s e  in concent ra t ion  produces  p rac t i ca l ly  no 
change in the effect. This  is in good ag reemen t  with the exper imenta l  data a l r eady  published.  

/ : j  _ 

Fig. 1 

The heat transfer coefficient ~ was determined from the relation ~sAt = q, where s is the area of the heatecl 

surface of the tube, At is the mean temperature difference between the wall of the tube and the liquid flowing through 

it, and q is the amount of heat transferred to the liquid per unit time. The quantity q was determined from the 

temperature rise and the flow rate of the liquid. In view of the low concentrations of the polymer solutions it was 

possible to take their specific heat equal to that of water. 

Fig. 2 

In the expe r imen t s  we observed a reduc t ion  of the heat  t r a n s f e r  coefficient  analogous to the reduc t ion  of the 
r e s i s t a n c e  coefficient.  Like the hydrodynamic  r e s i s t a n c e ,  the heat t r a n s f e r  to water  and guar  gum solut ions  is the 
same  at sma l l  Reynolds n u m b e r s  in the tu rbulen t  flow reg ime.  This indica tes ,  in pa r t i cu l a r ,  that the t he rma l  
conduct iv i t ies  p of di lute  guar  gum solut ions and water  p rac t i ca l ly  coincide. 

The heat transfer data are presented in Fig. 4 in dimensionless coordinates, using the same notation as in Fig. 

3. Along the axis of abscissas we have plotted the Reynolds number, along the ordinate axis the complex N* = 

= NP-~ where  N = ~ d / #  is  the Nusse l t  number ,  and P = 7?Cp/# the Prand t l  number ;  the subsc r ip t  1 
means  that the Prand t l  number  was calculated f rom the m e a n  wall t empera tu re .  As with the quant i t ies  en te r ing  into 
the Prand t l  n u m b e r  without a subscr ip t ,  in ca lcula t ing  the number  N the the rmal  conductivi ty p was taken at the mean  
t e m p e r a t u r e  of the liquid [7]. 

Like the hydrodynamic  r e s i s t ance ,  the tu rbulen t  heat t r a n s f e r  is reduced when a po lymer  is  d issolved in the 
water .  As the concent ra t ion  of the solut ion i n c r e a s e s  f rom zero  to 3 �9 10 -4, the heat t r a n s f e r  falls.  A fu r the r  i n c r e a s e  
in concent ra t ion  has a lmos t  no effect on heat t r ans fe r .  The data on this l imi t ing  value of the heat  t r a n s f e r  for guar  
gum solut ions l ie  approx imate ly  on a s t ra ight  l ine  pa ra l l e l  to the s t ra ight  l ine 0.17 R ~ 33, which co r responds  to the 
heat t r a n s f e r  in a per fec t ly  l a m i n a r  flow. The re la t ive  reduct ion is  approximate ly  the same  for  the heat t r a n s f e r  and 
the hydrodynamic  r e s i s t ance .  At R = 5 �9 10 4 and a solution concent ra t ion  of 3 . 1 0  .4 or above a quadruple  reduct ion  of 
heat  t r a n s f e r  is  observed.  
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In conclusion the authors thank G. I. Barenblat t  for his in teres t  in thei r  work. 
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