
T H E  T E M P E R A T U R E  F L U C T U A T I O N S  IN A 

T U R B U L E N T  F L O W  O F  W A T E R  C O N T A I N I N G  

A P O L Y M E R  
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Resu l t s  a re  given on the mean t e m p e r a t u r e  d is t r ibu t ion  and on the au tocor re l a t ion  and s p e c t r a l  
functions for the t empe ra tu r e  f luctuat ions in a turbulent  flow of wa te r  or  a weak solution of 
po lyac ry l amide .  

The l i t e r a tu r e  contains  numerous  p a p e r s  on the causes  of r e s i s t a n c e  reduct ion and lower heat  t r a n s -  
fe r  in the turbulent  flow of wate r  containing ce r t a in  m a c r o m o l e c u l a r  subs tances .  Var ious  hypotheses  have 
been made to expla in  these e f fec t s ,  which involve thickening of the v i scous  sub laye r ,  extension Of the 
t r ans i en t  flow s ta te ,  suppress ion  of h igh-f requency pulsa t ions ,  and so on. 

It has been shown [1, 21 that m a c r o m o l e c u l a r  compounds produce a cons ide rab le  reduct ion in the ex-  
tents  of t r a n s v e r s e  veloci ty  fluctuations and an i n c r e a s e  in the aniso t ropy of the turbulent  edd ies ,  together  
with a subs tan t ia l  i n c r e a s e  in the in t e rmed ia t e  region for the turbulent  flow. 

Here  we p re sen t  m e a s u r e m e n t s  on the t e m p e r a t u r e  d is t r ibu t ion  and the fluctuation c h a r a c t e r i s t i c s  
for the turbulent  flow of wa te r  and a 0.012% solution of po lyac ry l amide .  

The au tocor re l a t ion  and s p e c t r a l  functions for the l a t t e r  solution were  ca lcula ted  for  a Reynolds  num- 
ber  of about 2. 104; the reduct ion in the r e s i s t a n c e  was dependent  on the degree  o f d e s t r u c t i o n o f  the so lu-  
tion and va r i ed  f rom 70 to 40%. 

The t e s t s  were  done with a tube of 10 • 10 mm 2 and length 100 cm; three  wai l s  of the tube were  made 
of luci te ,  while the fourth was made of c h r o m i u m - p l a t e d  copper .  Heat was supplied uniformly through 
the copper  plate f rom an e l e c t r i c a l  hea te r .  The channel had a hydrodynamic  s tab i l i za t ion  length of 110 
t imes  the d i ame te r .  

The t empera tu re ,  f luctuations and the mean t e m p e r a t u r e  were  m e a s u r e d  by ten the rmocouples  ex tend-  
lag along the flow at d i f ferent  d i s t ances  from the wall;  the d i a m e t e r s  of the w i r e s  were  0.09 a m ,  or  e l se  
0.6 mm for the two the rmocoup les  n e a r e s t  to the wall .  These  couples  were  0.1 and 0.3 mm from the wall  
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Fig.  1. A v e r a g e d  t e m p e r a t u r e  p ro f i l e s  in d i -  
mens ion l e s s  coord ina tes :  a, water ;  1 )Re  
= 21600; 2) 22200; 3) 24200; 4} 13500; 5) 8700; 

- -  6) 4880; b, 0.01270 solution of po lyac ry l amide :  
7} Re = 22200, ~/~0 = 0.3; 8) 21800 and 0.34; 
9) 21600 and 0.38; 10) 20200 and 0.44. t + 

= (tcT--t)pcprv*/q.  
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Fig. 3 

Fig. 2. Autocorrelat ion function of temperature  fluctuations: 1, 
water ,  Re = 22200; 2, 3, 0.012% polyacrylamide solution, Re 
= 22200, ~/~0 = 0.3 and Re = 20700, ~/~0 = 0.54. ?,  see. 

Fig. 3. Normalized spectra l  density of tempera ture  fluctuations. 
1, 2, polyacrylamide solution, Re = 22200, ~/~0 = 0.3 and Re 
= 207000, ~/~0 = 0.54; 3) water ,  Re = 22200. f, Hz. 

i0 s e c  

Fig. 4. Osci l lograms of tempera ture  fluctuations 
in the range of transit ional  Reynolds numbers  (Re 
= 3500) for water  (1) and polyacrylamide solution 
(2). 

respect ively.  The t ime-cons tants  of the thermo-  
couples did not exceed 0.006 sec under the working 
conditions. 

It is possible for a film of deposit to form 
when one uses thermocouples in solutions of poly- 
mers ,  which can alter  the t ime-cons tants  of the 
thermocouples ,  but es t imates  showed that this 
effect was small.  This was confirmed also by the 
identity in the spectral  densit ies obtained by means 
of two adjacent thermocouples differing in diameter .  

The mean emfs were measured  by means of 
a low-res is tance  R-306 potentiometer  and a M- 

195/1 ref lect ing galvanometer .  The fluctuating signals f rom the thermocouples  and potentiometer  were 
passed to a d c  amplif ier  and then to an M-102 loop osci l lograph via a c i rcui t  s imi lar  to that used in [31. 
The passband for the signal was 0 to 30 Hz. The autocorrelat ion and spectra l  functions for the t empera-  
ture fluctuations were calculated by digitizing the graphical information f rom the osc i l lograms by means 
of a PUOS-1 semiautomatic  device. 

The resul ts  (Fig. 1) show that the tempera ture  distribution shows the same tread as the average 
velocity. When polymers  are  used, the temperature  shifts upwards in dimensionless  coordinates of t + 
against Y+, while the intermediate region increases  ia scale. The upward shift in the temperature  d i s t r i -  
bution is g rea te r  the l a rge r  the res is tance  reduction effect.  

The autocorrela t ion and spect ra l  functions were calculated by means of the scheme used in [41; the 
Nyquist frequency used in p rocess ing  the osc i i lograms was 42.8 Hz, while the equivalent number of degrees  
of f reedom was 79. 

The autocorrela t ion function fell rapidly from unity to zero ,  and then oscillated around zero  (Fig. 2}. 
The autocorrela t ion curves  enable one to evaluate the integral  time scale and the microsce le  of the turbu- 
lent fluctuations in the temperature .  

The integral  scale was found to vary  little with distance from the wall, but the value for s f resh  
polyaerylamide solution was about twice that for water  at the same Reynolds numbers.  The autocorrelat ion 
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curves  also showed that the integral scale decreased as the Reynolds number increased.  The microsc~les  
were found respectively as 0.026 and 0.039 sec for water  and fresh polyacrylamide solution at identical 
Reynolds numbers.  

A fuller idea on the time scales  is given by the spectral  density for the temperature  fluctuations 
derived by Four ier  t ransformat ion from the autocorrelat ion function. Figure 3 shows the distribution of 
the relat ive spectral  density for the temperature  fluctuations for water and two modes of flow of the poly- 
acrylamide solution. It follows directly f rom the data that water  gives higher frequencies than do the 
solutions at the same Reynolds numbers ,  so the resu l t s  confirm that the res is tance  reduction in the solu- 
tions occurs  by suppression of the high-frequency pulsations. 

The recordings  of the temperature  fluctuations served also to observe the onset of turbulence. The 
curves showed that the temperature  fluctuations in a nonisothermal flow are of turbulent origin and are 
due to t ransfer  of heat by the velocity fluctuations. The water  in the solution had no temperature  fluctua- 
tions in the flow when this was laminar,  and the turbulence arose at Reynolds numbers  about 2200. An 
intermediate charac te r  of flow occurred up to Reynolds numbers  of 4-4.5-  103. Therefore ,  in this case 
the res is tance  reduction mechanism cannot be ascr ibed to extension of the transient  state from [aminar to 
turbulent flow. 

Figure 4 also shows that the frequencies of the temperature  fluctuations at the onset of turbulence 
in the solution was less than that for water ,  but that the frequency of occur rence  of turbulent motions in 
the solution was higher, while the duration of the bursts  was less.  

Y+ = yv*/v  is the 
t + is the 
v* is the 
q is the 
R is the 
1" is the 
S is the 
t -t2 is the 

is the 
~0 is the 

N O T A T I O N  

dimensionless  coordinate;  
dimensionless  temperature ;  
dynamic velocity; 
heat flux density; 
autocorrelat ion coefficient; 
time shift; 
spectra l  density; 
rm s  temperature  fluctuation; 
hydraulic res is tance  coefficient; 
hydraulic res i s tance  coefficient for Newtonian fluids. 
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