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A description is given of an experimental apparatus and method for 
determining flow crisis in 1, 2, and 3% solutions of polyvinyl alco- 
hol in water. The results of the experiment are compared with calcu- 
lations. 

We wil l  cons ide r  the mot ion of l iquids  with s t r u c -  
tu ra l  v i s cos i t y  obeying the rheologica l  equat ion [1] 

% - - { P =  ~P=. , (i) 

The steady-state isothermal flow of these liquids 

is determined by the following system of parameters 
(to be specific we will consider motion in a circular 

tube ) : 

p, %, q~, O, D, ~-. (2) 

This s y s t e m  differs  f rom the p a r t i c u l a r  case  of a 
Newtonian l iquid in that ins tead  of the v i scos i ty  it con-  
ta ins  the th ree  p a r a m e t e r s  ~0, ~ and | Since the 
n u m b e r  of bas ic  d imens ions  does not change, in ac -  
cordance  with the p i - t h e o r e m  our case  wil l  be c h a r -  
ac te r i zed  not  by one c r i t e r i o n - - t h e  Reynolds n u m b e r - -  
but  by t h r ee  d i m e n s i o n l e s s  quant i t ies  composed of the 
p a r a m e t e r s  of s y s t e m  (2), for example,  

R% -~-- 9% D w, 

O, = Pq~o DV [@{, 

a,  = cp~/%. (3) 

Solving the equat ions of mot ion and cont inui ty  for 
the l a m i n a r  flow r e g i m e  of a l iquid governed by rheo -  
logical  equat ion (1), we find the r e l a t i on  between the 
d i m e n s i o n l e s s  p a r a m e t e r s  in the form 

4 -~ (c t , - -1)A a exp (--  B) - -  -51=0. (4) 

Here, 

Reo ~_ Re~ 
A =  B ~  

16 ' 8 0 , ( a , - - 1 )  

1 + 3 + 6  6 

y N+5 - 

Equation (4) contains ,  apar t  f rom the p a r a m e t e r s  
(3), an unknown quantity, the r e s i s t a n c e  coeff ic ient  
~, which, genera l ly  speaking,  is a funct ion of these  

p a r a m e t e r s .  
We will  use  the cons tancy  of the r e s i s t a n c e  co-  

eff ic ient  at the onset  of the t r a n s i t i o n  r e g i m e  and ob-  

ta in  in expl ici t  f o r m  the r e l a t i on  be tween the c r i t i c a l  
Reynolds n u m b e r  Re ,  and the p a r a m e t e r s  |  and c~,. 
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Fig. 1. Critical Reynolds number 

Re, as a function of the numbers 

| and c~, (calculated from Eq. 

(4)). 

Equation (4) was solved by Newton 's  method on an M- 
20 compute r .  The r e su l t s  a re  shown in Fig.  1. They 
are  val id  for  l iquids  that do not pos ses s  e las t ic  p ro -  

pe r t i e s .  
In the expe r imen ta l  inves t iga t ion  of media  with 

structural viscosity it is important to measure di- 
rectly the theological characteristics of the liquid 

inves t iga ted .  
The r e l a t ion  between fluidity ~ and shear  s t r e s s  

was m e a s u r e d  with a se t  of cap i l l a ry  v i s c o m e t e r s . W e  
inves t iga ted  aqueous solut ions  of polyvinyl  alcohol 
(PVA) at concen t r a t ions  of 1, 2, and 3%. The flow 
curves  (Fig. 2) were  r eco rded  at the beg inn ing  and end 
of the e x p e r i m e n t  and were  found to be s table .  

In o r de r  to e s t ima te  the e las t i c  p rope r t i e s  of the 
l iquid we set  up a pa ra l l e l  aux i l i a ry  loop, in which 
the n o r m a l  s t r e s s  d i f fe rence  was m e a s u r e d .  F r o m  a 
c o n s t a n t - l e v e l  tank 1 (Fig. 3) the l iquid en te red  a 
plexiglas  channel  2 m e a s u r i n g  10.2 x 42.5 • 1100ram.  
At a d i s tance  of 850 m m  f rom the channel  in le t  we in -  
se r ted  a pitot tube made f rom a hypodermic  needle  
0.8 m m  in d i a me t e r .  A hole 0 .8  m m  in d i a m e t e r  was 
d r i l l ed  in the channel  opposi te  the end of the tube.  

In the s ame  c r o s s - s e c t i o n  we r eco rded  the veloci ty  
prof i les  with the op t i c o - me c ha n i c a l  i n s t r u m e n t  d e s -  

c r ibed  in [2]. 
The s ta t ic  p r e s s u r e  probe  4 and the pitot tube 5 

were  connected with a .q-shaped two- l iqu id  d i f fe r -  
ent ia l  m a n o m e t e r  6 (the second l iquid was c h l o r a n i -  
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Fig. 2. Fluidity ~0, m2/N �9  as a func- 
tion of the shear  s t ress  v, N/m 2, for 1, 2, 
and 3~ aqueous solutions of PVA (1, 2, 3, 

respec t ive ly) .  
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Fig. 3. Experimental setup: 1) constant-level  tank, 2) rectangular  
duct, 3) dye tank, 4, 11) static p ressure  probes, 5) pitot tube, 
6) differential U manometer ,  7) overflow tank, 8) tank, 9) e lec-  
t r ic  motor,  10) differential 1"1 manometer ,  12) working tube, 
13) dye capil lary,  14, 17) valves, 15) glass tube, 16) ro tameter .  
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l ine,  Q = 1216 k g / m  3 at 20~ The m a n o m e t e r  r e a d -  
ings were  obtained with a KM-6 ca the tomete r .  

In o rde r  to d e t e r m i n e  the n o r m a l  s t r e s s  d i f fe rence  
in the l a m i n a r  flow r e g i m e  we deducted f r o m  the r e a d -  
ings of m a n o m e t e r  6 the veloci ty  head d e t e r m i n e d  
f rom the veloci ty  prof i le  r eco rded  with the optic| 
m e c h a n i c a l  i n s t r u m e n t .  

A s i m i l a r  method was desc r ibed  in [3], In [3], how- 
ever ,  it  was proposed to ca lcu la te  the veloci ty  head on 
the b a s i s  of the Ostwald-De Waele power  law and not 
to m e a s u r e  it d i rec t ly .  The exponent was a s sumed  
cons tant  whe reas  in r ea l i t y  it  depends on the shea r  
s t r e s s .  Since the shea r  s t r e s s  v a r i e s  over  the channel  
c r o s s - s e c t i o n ,  this method may lead to a s e r ious  de-  
v ia t ion  f rom the t rue  ve loc i ty  profi le .  

The e x p e r i m e n t  showed that the ve loc i ty  heads mea -  
su red  with a pitot tube a re  in a g r e e m e n t  with the v e -  
loci ty  p rof i l e s  m e a s u r e d  by the op t i co -mechan ica l  
method. This enabled us to conclude that  in our  case  
there  was p rac t i ca l ly  no n o r m a l - s t r e s s  d i f ference .  

L a m i n a r  flow c r i s i s  was de t e rmined  by two inde-  
pendent  methods:  1) f rom the effect on a jet  of dye, 
2) f rom the b r eak  in the p r e s s u r e  drop-f low r a t e  

curve. 
From the constant-level tank 1 the liquid entered 

a glass tube 15 with an inside diameter of 40 mm and 

a length of 500 ram. Tube 15 was connected with the 

working tube 12 by means of a standard 29 x 24 mm 

ground-glass joint. Four working tubes with' inside 

diameters of 5, 6, 8 and I0 mm were employed. Into 

tube 15 we sealed a capillary 13, through which a jet 

of dye (filtered solution of brilliant green) entered 

the working tube from tank 3. The rate of flow of dye 

was regulated by means of valve 14. The static pres- 

sure was registered through holes 0.8 mm in diame- 

ter. The distance between static holes ii was equal 

to i00 ram. The first hole was 50 diameters from the 

inlet. The static holes were connected to an inverted- 

U differential manometer i0. From the working tube 

the liquid entered tank 8 from which it was returned 

to tank 1 by pump 9. The l iquid flow ra te  could be 
var ied  by means  of valve 17. The flow ra te  was m e a -  

sured  v o l u m e t r i c a l l y  
The expe r imen t s  were  pe r fo rmed  as follows. By 

gradual ly  opening valve 17, we de t e rmined  the r e -  
la t ion between p r e s s u r e  drop and flow ra te  and r e g -  
i s t e r ed  the m o m e n t  of washout  of the dye. We then 
plotted curves  r e l a t i n g  the shear  s t r e s s  with the flow 
ra te  and the r e s i s t a n c e  coeff ic ient  with Re0. The 
b reak  in the curves  co r r e sponds  to the onset  of the 
t r ans i t i on  r eg ime .  The shea r  s t r e s s e s  at the wall at 

the flow c r i s i s  points cons ide rab ly  exceeded the v a l -  
ues of ~- c o r r e s p o n d i n g  to a l ineal- flow law. 

The d i s c r e pa nc y  in the va lues  of R e .  obtained by 
the two methods ment ioned  above did not exceed 4%. 
A check with d i s t i l l ed  wa te r  gave a va lue  R e .  ~ 2300. 
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Fig. 4. Cr i t i ca l  Reynolds n u m b e r  Re* as a 
funct ion of |  and ~ . :  1, 2, 3) ca lcu la ted  
f r o m  (4) with cz. = 1.47, 1.80 and 2.36; 
a , b ,  c, d) e x p e r i m e n t s  with 1% so lu t ions  
and work ing  tube d i a m e t e r s  of 5, 6, 8, and 
10 ram; e,  f) e x p e r i m e n t  with 2% so lu -  
t ions and d i a m e t e r s  of 8 and 10 m m ;  g, h) 

the s ame  for  3% solut ions .  

It is c l e a r  f rom Fig. 4 that  the a g r e e m e n t  between 
e x p e r i m e n t  and ca lcu la t ion  may be desc r ibed  as s a t -  
i s fac tory .  

NOTATION 

~o is the fluidity; | is the coefficient stability; T 

is the modulus of shear stress; 9~0 and q~oo are the 
limiting values of fluidity at zero and infinitely large 

shears, respectively; @ is the density of liquid; D is 

the diameter of tube; -~ is the mean velocity; ~ is the 
resistance coefficient; Re. is the critical value of the 

number Re0 . 

REFERENCES 

1. S. S. Kutate ladze,  V. I. Pop| and E. M. Kha-  
bakhpasheva,  P M T F  [Journal  of Applied Mechanics  
and Techn ica l  Phys ics ] ,  no. 1, 1966. 

2. Yu. V. Kostylev,  V. I. Pop| and E. M. Kha- 
bakhpasheva,  P M T F  [Journal  of Applied Mechanics  
and Technica l  Phys ics ] ,  no. 2, 1966. 

3. J. G. Savins, A. I. Ch. E. J., 11, no. 4, 1965. 

23 July 1966 Ins t i tu te  of The rmophys i c s  
S iber ian  Div is ion  AS USSR, 
Novos ib i r sk  


