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NOTATION 

P0, largest Newtonian viseosity; p, effective viscosity; ~, shear stress; ~, rate of shear; c, n, constants 
in rheological equation; Q, amount of heat; F, area of inner surface of pipe; Atlog, logarithmic mean thermal 
head; to, tout, temperatures of liquid at pipeinlet and outlet; k, number of thermoeouples; li, distance between 
positions of thermoeouples; ti, ti+f, thermocouple readings; Pe, Peclet number; Nu, average value of Nusselt 
number; de, l, equivalent diameter and length of pipe. Indices: w, parameter of liquid at temperature of pipe 
wall; L, parameter of liquid at mean temperature of liquid. 
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We desc r ibe  the r e su l t s  of the expe r imen ta l  invest igat ions of the flow s t ruc tu re  on the ini t ial  
segment  when weak solutions of a p o l y m e r  flow in a r ec tangu la r  channel.  

As is kfiown, the exis t ing methods and ins t rument s  for  measu r ing  the c h a r a c t e r i s t i c s  of the s t ruc tu re  
of the flow of a liquid (P i to t - -Prandt l  tubes ,  d i s c r e t e  methods ,  t h e r m o a n e m o m e t e r s ,  e tc . )  cause  a dis tor t ion 
of the c h a r a c t e r i s t i c s  and introduce subs tant ia l  unjustified e r r o r s ,  especia l ly  fo r  solutions of p o l y m e r  m a t e -  
r i a l s  [6]. 

One of the new and p romis ing  devices  that  can be used for  invest igat ing the veloci ty s t ruc tu re  of p o ly mer  
solution flows is the l a s e r  Doppler  a n e m o m e t e r  (LDA). Fewer  than 10 studies have thus fa r  been published on 
the invest igat ion of dilute p o l y m e r  solution flow using LDAs [1-5, 7, 8]. 

We a t tempted  to inves t iga te  exper imenta l ly  the veloci ty  s t ruc tu re  of the flow of solut ions of po lyac ry l -  
amide  (PAA) in the ini t ial  segment  of a r ec t angu la r  channel by using a l a s e r  Doppler  a n e m o m e t e r .  A block 
d i ag ram of the expe r imen ta l  appara tus  is shown in Fig.  1. 

The LDA, a pa r t  of the measu r ing  sec t ion ,  was se t  up according  to the s c h e m e  with a support ing beam 
[3] and cons is ted  of a s ing le -mode  l a s e r  of the LG-38 type and a t r ansmi t t ing  unit,  which included a l a s e r  beam 
div ider ,  m i r r o r s ,  and a focusing lens.  The r e c e i v e r  unit included a se t  of d i aph ragms ,  a rece iv ing  object ive,  
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Fig .  1. Block d i a g r a m  of the expe r imen ta l  
appara tus :  l) $5-2 harmonic  ana lyze r ;  2) 
Ch3-24 f requency me te r ;  3) $5-3 harmonic  
ana lyze r ;  4) U Z - T A a m p l i f i e r ;  5) $4-8 s p e c -  
t r u m  ana lyze r ;  6) pho to rece ive r  unit; 7) con-  
s t a n t - p r e s s u r e  tank; 8) 84-12 s p e c t r u m  
ana lyze r ;  9) r e c t a n g u l a r  channel;  10) nozzle;  
11) lens;  12) l a s e r  LG-38; 13) beam d iv ide r .  
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Fig .  2. Veloci ty  p ro f i l e s  for  the flow of PAA solut ions 
in a r e c t a n g u l a r  channel:  1) PAA concentra t ion  0.2~c; 2) 
0.05; 3) 0.005; y ,  mm; V x,  c m / s e c .  

and FEU-79 pho tomul t ip l i e r .  The r e c o r d i n g  appa ra tus  included a U Z-7A b r o a d - b a n d  a m p l i f i e r ,  $4-8 and $4-12 f r e -  
quency s p e c t r u m  ana lyze r s ,  and $5-2 and $5-3 h a r m o n i c  a na l yz e r s .  In o r d e r  to improve  the readout  accuracy ,  the 
f requency of the h a r m o n i c - a n a l y z e r  he te rodynes  was moni tored  with a Ch3-24 e l ec t ron ic -coun t  frequency m e -  
t e r .  The hydrodynamic  t e s t  s tand cons i s t ed  of a hor izonta l  r e c t angu la r  channel  with a c r o s s  sect ion with a = 
100 mm and b = 10 ram, a t r ans i t i on  nozz le ,  and a c o n s t a n t - p r e s s u r e  tank. In o r d e r  to mainta in  a r ec t angu la r  
veloci ty  p rof i l e  at~the inlet  to the channel ,  the channel  i t s e l f  was placed ins ide  the  nozzle (Fig. 1). 

In the study we de t e rmined  the longi tudinal  ave rage  ve loc i t i e s  of flow Vx f rom the following m e a s u r e d  
quant i t ies :  

~f 
sin 0 

where k is  the wavelength of the l a s e r  radiation. (k = 0.63.10 -~ m for  the l a s e r  we used);  f is  the Doppler  f r e -  
quency (measured  with a s p e c t r a l  appara tus ) ;  O is the angle of in t e r sec t ion  of the l a s e r  beams  (in our case  

13~ 

The veloci ty  m e a s u r e m e n t s  were  made at  d i s t ances  of 2, 5, 10, 20, 50, and 100 mm f rom the flow in-  
let  to the channel .  The veloci ty  d i a g r a m  at each c r o s s  sect ion was cons t ruc ted  on the bas i s  of 16 e x p e r i m e n -  
ta l  points (spaced 0.67 mm apar t ) .  The e r r o r  in the veloci ty  m e a s u r e m e n t  did not exceed 2%. 

In o r d e r  to conduct the inves t iga t ions ,  we p r e p a r e d  aqueous solut ions of PAA. By a p r e s c r i b e d  method 
for  the dilut ion of a highly concent ra ted  solut ion ,  we obtained uniform solut ions containing 0.005, 0.05, and 
0.2~c PAA by weight.  Af te r  the p o l y m e r  was added,  the flowing liquid remained  t r a n s p a r e n t .  It should be 
noted that  when lengthy expe r imen t s  a r e  c a r r i e d  out accord ing  to the c losed  s c he m e ,  the poss ib i l i t y  of p a r t i a l  
des t ruc t ion  in the po lymer  solution cannot be excluded.  The d i s t r ibu t ion  of flow ve loc i t i e s  on the in i t ia l  s eg -  
ment  of the r ec t angu la r  channel  was de t e rmined  both for  l a m i n a r  and for  turbulent  flow. The Reynolds num- 
be r s  were  found on the bas i s  of equivalent  d i a m e t e r s ,  and the ave rage  veloci ty  on the bas i s  of the vo lumet r i c  

flow r a t e .  

F igu re  2a shows the r a su l t s  obtained at  c r o s s  sec t ions  5 mm and 100 m m  from the in le t  to the channel 
for  l a m i n a r  flow (Be d = 1100) for  var ious  PAA concen t ra t ions .  The ord ina te  axis  shows the d is tance  f rom 
the walls  of the channel ,  and the a b s c i s s a  axis  shows the longitudinal  average  veloci ty  of the flow. F o r  
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compar ison ,  we show in Fig. 2b the velocity distribution for  turbulent flow (Re d = 5400) at a distance of 100 
mm f rom the inlet to the channel for various PAA concentrat ions.  

It can be seen f rom Fig. 2 that on the initial segment  a velocity profile is formed.  The velocity d i s t r i -  
bution depends substantially both on the c ros s  section selected and on the regime of flow of the polymer  solu-  
tion. The added po lymer  substantially affects the kinematic charac te r i s t i c s  of the flow. As the solution be- 
comes more  concent ra ted ,  the velocity field is deformed.  In the case  of laminar  flow the velocity diagram 
becomes elongated along the s t r eam and becomes less full. Analyzing the nature of the deformation of the 
velocity field, we can assume that the velocity d iagram for  water with polymer  additives on the initial segment  
of a rec tangular  channel resembles  the velocity diagram on the uniform-flow segment,  i . e . ,  the initial or  ac-  
celerated segment  is reduced. 
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Crude para f f in - r ich  petroleum has been used to examine the s t ruc tura l  changes in non-New- 
tonian hydrocarbon sys tems in s teady-s ta te  and transient  modes of flow, which include v a r -  
ious relaxation p rocesses .  

The rheological  behavior of crude petroleum is of some considerable interest  [1-5], par t icular ly  since 
oil r ich in paraffin hydrocarbons constitutes an increasing proportion of oil output, which gives considerable 
in teres t  to the s t ruc tura l  changes occur r ing  under s t rain.  Crude oil of this type constitutes a s t ruc tured  two- 
phase sys tem with coagulation features ,  so one needs to know the laws governing the thixotropic behavior of 
the s t ruc ture  under shear .  

The various phenomena involved in the disruption of the s t ruc ture  and the recovery  have notbeen exam-  
ined in detail, especial ly for a lkane- r ich  petroleum in t ransient  states of deformation and also at low shear  
rates  (around 10 -3 sec-1),  where the s t ruc tura l  changes are  the most  pronounced. 

Here we present  resul ts  on the rheological  features of two types of oil f rom the Mangyshlak deposit dif- 
fering in alkane levels, and the data provide some additional information on these points. 

We used a Weissenberg rheogoniometer  of c o n e - p l a n e  type of d iameter  5 cm and cone angle 2 ~ in the 
working part .  The resul ts  were processed  in the normal  way for  this method [6]; the measurements  were 
made at 20~ 

The s t ruc tura l  changes may be deduced f rom three types of data: f lowcurves ,  s t r e s s -va r i a t ion  curves  during 
s t ra in ,  and s t r ess  relaxation af ter  s train.  We were able to relate the data f rom such curves  to features of the s t ruc -  
ture.  
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