
As z --  ~, Eq. (15) tends asymptot ical ly  to zero,  and for values of the argument  ~ - 3  it is close to 
unity. 

An approximate  solution of the initial problem in Eqs.  (4) and (15) can be constructed as follows~ For 
fixed t, the concentrat ion | is equal to unity on a sect ion f rom 0 to x , ,  where x ,  is the value of x for which 
z/2 fDt = --3. For  x > x , ,  the distr ibution of the concentrat ion is descr ibed b y  Eq. (15). 

NOTATION 

@, concentrat ion of mater ia l  in porous medium; a, concentrat ion of mater ia l  in sorpt ion layer;  F, 
Henry constant; D, diffusion coefficient;  m 0, porosi ty;  T, delay t ime;  t, x, t ime and space coordinates;  
f i l t rat ion velocity.  

U, 
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C O N V E C T I V E  MASS E X C H A N G E  OF A C O N E  AND 

D Y N A M I C  C H A R A C T E R I S T I C S  OF A N  E L E C T R O D I F F U S I O N  

A N E M O M E T E R  IN A N O N L I N E A R L Y  V I S C O U S  F L U I D  F L O W  

Z .  P .  S h u l ' m a n ,  N. A .  P o k r y v a i l o ,  

A .  S~ S o b o l e v s k i i ,  a n d  T .  V. Y u s h k i n a  

UDC 532.135:532.517.2 

The resul ts  of a theore t ica l  and experimental  investigation of the nonstat ionary mass exchange 
of a cone in a nonlinearly viscous fluid flow are  presented.  The ampl i tude- - f requency  cha rac -  
t e r i s t i cs  of an electrodiffusion anemometer  are  plotted f rom the resul ts  obtained. 

Electrodiffusion anemometry ,  an e lec t rochemica l  method now widely used for studying heat-  and mass -  
exchange p rocesses ,  forms the basis of a new trend in the measurement  of the velocities of fast-flowing media 
[1-5]. 

The essence  of this method of measurement  is that the mass  t r ans fe r  in the electrolyte  solution is due to 
the diffusion of e lectr ical ly  charged par t ic les ,  i . e .  to the simultaneous t r ans fe r  of mass and e lec t r ica l  charge.  
It i s  then possible,  depending on the magnitude of the limiting diffusion current ,  to  make a judgment about the 
intensity of mass t rans fe r  towards the t r ansducer  and, ultimately, to determine the local instantaneous ve loc-  
ity of the fluid flow. The t r ansduce r - e l ec t rode  used i n the se  measurements  usually has a conical,  wedge- 
shaped, cyl indrical ,  or spher ical  surface ,  and a number of problems related to the selection of optimum elec- 
t rode dimensions -- its sensitivity,  the nature of the dependence of the current  on velocity, and the statist ical  
and dynamic charac te r i s t i cs  --  a re  determined by the principles governing s ta t ionary and nonstationary con- 
vect ive diffusion. None of these problems has been studied in any depth so far  even with re fe rence  to the s im-  
plest case -- the flow of purely viscous linear fluid electrolytes  around an e lect rode.  

In pract ice ,  however, it is often a question of fluids possess ing non-Newtonian propert ies  and this cannot 
b e t a k e n  into account in calculating the convective diffusion p roces ses .  Thus, a theoret ical  and experimental 
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invest igat ion of the mass  exchange of a rotat ing disk e lec t rode  in an e lec t ro ly te  with an exponential rheo -  
logical equation of s tate  shows significant specia l  cha rac te r i s t i c s  in the convective diffusion p rocesses  in 
these  fluids [6]. 

The subject  of this paper is a theore t ica l  and exper imenta l  invest igat ion of convective mass exchange 
and of the dynamic cha rac te r i s t i c s  of a conical  e lec t rode  around which the re  is general ly  a flow of an in- 
compress ib le  nonlinear purely viscous fluid with an exponential rheological  equation of s ta te  [7]: 

1 . . I n - !  . 

~ij = - - P 6 , j  + k -~e~e,~ ~ eli. (1) 

The flow veloci ty  range  is cons idered  as s tat ionary,  and a sudden change in concentrat ion is genera ted  
at the so l id - -  fluid' in te r face .  The pa r ame te r s  of the rheological  equation of s tate  (1) and the physical  p rop-  
er t ie~s of the fluid a re  assumed to  be independent of the concentrat ion.  

The mass exchange is t r ea t ed  as low-intensi ty in the sense  that the concentrat ion range of the diffu- 
sing additive does not influence the dynamic cha rac te r i s t i c s  of the flow. It is a lso assumed that the th ick-  
ness of the boundary layer  is much lower than the radius of curvature  of the cone. The x axis is aligned 
along the generat ing line of the cone and the y axis,  perpendicular  to  it .  

The mathemat ica l  formula t ion  of the problem is r ep re sen ted  by a sys t em of equations [8]: 

o.  o.  =veV + k o ( o . ) .  (m 
"0--2 + oy  "gF ou : ' 

a(ux) + a (vx) = o, (3) 
ax ay 

OC----!~ -t- u acx -}- v OC----Ax -- D a~c~ (4) 
at Ox Oy ay ~ 

with initial and boundary conditions 

U(X, 0 ) =  U(X, O)= O; U(X, 00)~-V =bxm', 

C~(x, y, o )=  Co; C~ (x, o, t )=  o; C~(x, oo, t)= Co. 

(5) 
(6) 

The pa r a me te r  m in the law governing the veloci ty of the potential  flow is re la ted  to  the magnitude of the 
half-angle ~ at the ve r t ex  of the cone by an approximate  re la t ionship  [9]: 

m = 4 _ ~ , .  (7) 
jl"a 

The dynamic problem (2), (3), and (5) is s e l f - s i m i l a r .  The veloci ty dis t r ibut ion being sought in the bound- 
a ry  l aye r  is found f rom the formulas  

u = bx~F ' QI), (8) 
I m(2--n)--I m(2--n)--I 1 

1]-~- ~ k  (b2:np'm(2n-1)-t-nn~l - + 2 ~i'+n] yX n - l -~  --=~X n" t -~  /~l-t-n ~, 

I m(2n--1 )--n r l 

v = - - b M  1-~~x ~+--~ [ m(2n--1)+n-+-2n+l F ~ rn(2--n)~ln~_~_l ~lF' ] .  (9) 

The equation of convective diffusion is solved by using the fact that  in the case  under examinat ion 
the diffusion Pr  numbers  a r e  ex t r eme ly  large ,  so that it is admiss ible  to  l imit oneself  to the l inear part  
of the veloci ty prof i le :  

O (u/V) y=o u = p ~ y = a q ,  P l = ~  , 
v oy (lo) 

0 (u/V) ] = F" (0). 

The dynamic fo rm pa rame te r  in Eq. (10) is found by using a Stepanov--  Mangier t r a n s f o r m  for an 
"exponential" fluid [6] and by using the resu l t s  of exact  and approximate  solutions of the equations for the- 
boundary layer  on a flat sur face  [8, 10]. Values of F"(0) = a for  a number of m and n-values a re  given in 
Table  1. 
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T A B L E  1. Values  of F"(0) = a and hi/2(0) fo r  Dif ferent  m and n 

0,2 
0,4 
0,6 
0,8 
1,0 

~0,2 
0,4 
0,6 
0,8 
1,0 

0, I 0,2 

0,0922 
0,1532 
0,219 
0,2853 
0,3486 

2,7054 
2,6861 
2,6718 
2,6617 
2,6518 

0,1669 
0,252 
0,336 
0,4145 
0,4857 

2,648 
2,6372 
2,6292 
2.6229 

I 2,6179 

tTl 

0,4 0,5 

F" (o) = a 

0,3086 0,3798 
0,4166 0,4908 
0,5136 0,5864 
0,5956 0,6668 
0,6663 0,7342 

~.1t2 (0) 

2,5359 2,480t 
2,5412 2,4935 
2,5452 2,5034 
2,54832,5112 
2,551 I 2,5174 

0,6 0,8 1,0 

0,4525 
0,5619 
0,6538 
0J3 
0,793 

2,4236 
2,4453 
2,4614 
2,4739 
2,4839 

0,6059 
0,6977 
0,7751 
0,8389 
0,8913 

2,3043 
2,3454 
2,3752 
2,398 
2,4159 

0,7746 
0,8285 
0,883 
0,9308 
0,9726 

2,1635 
2,2349 
2,2829 
2,3182 
2,3454 

By changing f r o m  x, y,  and t coo rd ina t e s  t o  x, r and t coo rd ina t e s  in (4) and by  then  in t roduc ing  
the  va r i ab l e s  

C C O - -  C~ BC3t Vt pr~,13A2/3 
C o xND x 
vlW2 2 

o~ = xE(. \_~3B /t'i/3'wherePr~ = - - D - ( ~ ) V x  - -  " ,+~ 

is  a g e n e r a l i z e d  d i f fus ion  Prand t l  number ,  
I m(2n--I  )A-, n-+-2 

= bM t+n x .+I F (q) is a point function, 
1 

A =  1 8 ( n +  1) -'- 1 ' 

1 

E -- 3m 5n --k 4 H -- 2n - -  6m -:- 4 B ---- [2abM '+n ]z'"-'D, 
6 ( n +  I) 3(n • l) 

we obtain  

(11) 

OC 3H OC OC 02C ~ _ _ _ _ 3 ~ 2  (12) 
0v E 0T 0o 0~ 2 '  

C(+, o)=0, c(o, ~)= 1, c(~o, ~)=o. (13) 

A method of solving (12) and (13) is set out in detail in [II]. A solution of the /~place-trarLsformed 
equation (12) is sought inthe form of a series containing a certain initially known function X(w) which is 
then sought from the solutionto the stationary problem. ]By using the results of [11], we obtain 

=~exp[- -~(0)~]  +~,/2(0)erf[~(0)~]l/2 ~-~ g'~(0) F[~(0)% I/2]~, (14) T) 
(~T),/z - -  ~ )----1/2 (~0) " F (l/2) f 

2n--gin ,~4 

D OClo--fflu= ~ ' -61 )1/3 i= = = ( Co,: C' (O, (15) 

where g~ (0) are given by formulas (33) in [11] and X (0) is found from the equation [11] ~g; (o) 
--C' (0, x) =--Cst(0 ) ---- )j/2 (0) --  = )j/2(0 ) . (16) 

Values of A (0) for different m and n are given in Table 1. 

I t  must be noted that the series inthe right-hand part of (14) and (16) is "semidivergent" ar~] its sum 
is found with the help of the Euler transform [12] which improves the divergence. An analysis of (15) shows 
that the characteristic stationary-mode establishment time of the process is determined by the relationship 
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Fig.  1. Dependence of the f requency 
c h a r a c t e r i s t i c  modulus on the d imens ion-  
less  f requency for  a conical  t r a n s d u c e r .  

L Pr~/3 2n.-k4--6rn 
T,. -- V~(O) A 2/3"x 3(n+1) , ~ = ___XL " (17) 

With the c h a r a c t e r i s t i c  t i m e  it is poss ib le  to  a s s e s s  the influence of the p a r a m e t e r s  of the fluid, the 
d imensions  of the body, and the veloci ty  of flow on the p r o g r e s s  of the t r ans i en t  p r o c e s s .  Thus,  ca lcu la -  
t ions show, other conditions being equal,  that  T x i n c r e a s e s  as  the pseudoplast ic  p rope r t i e s  of the  medium 
a r e  s t rengthened and as m is reduced,  with the influence of m becoming g r e a t e r  as n i n c r e a s e s .  

An e x p r e s s i o n  for  the to ta l  m a s s  flow is obtained by in t eg ra t ing  (15) over  the cone su r face :  
L [@ ]l/3 L 2n--6mX-4 l 

I .=2 .~s ina . I ]~xdx=2~s in ( z  EB'  Co t" x 6(n+,) C'(O, "~)dx, (18) 
o 6 

a,n+hn-i-4, { [ ^ , z m ( 2 n  i) -:- n -+- 2 ] l - ~  } (19) Ist ---- Co2nsina3(n-~- 1) L a(,,+l) v~ +'~ D ~'/3 1/3Ea via ---__ ~ ] l/a 
1/3F(I/3)(3m+5n--4) t. n -+- i ' 

where  L is the genera t ing  line of the cone.  

When m e a s u r e m e n t s  a r e  made in a non-Newtonian fluid cha rac t e r i zed ,  as a ru le ,  by a compara t ive ly  
high v iscos i ty ,  by high-value diffusion Pr  n u m b e r s ,  and by m i c r o -  and macro inhomngene i t i es ,  the p r e -  
f e r r e d  shapes  of measur ing  e lec t rodes  a r e  the wedge or the cone.  The use  of wi re  cyl indr ica l  e l ec t rodes ,  
which can  have ex t r eme ly  sma l l  d imens ions ,  and, thus ,  ex t r eme ly  sma l l  iner t ia  ra t ings ,  is not ve ry  wide-  
sp r ead  because  the measur ing  su r face  has  a low mechanica l  s t rength  and is frequently clogged with di r t .  

The f requency c h a r a c t e r i s t i c s  of a flat  v iscous  f r ic t ion  s h e a r i n g - s t r e s s  t r ansduce r  a r e  de te rmined  
in papers  [13-15]. The s impl i f ica t ions  of the diffusion equation used in these  papers ,  which a r e  re Ia ted  to 
the  sma l l  d imens ions ,  the shape of the e lec t rode ,  and i ts  location, a r e  conf i rmed for the case  in which the 
va r i a t ion  in the th ickness  of the hydrodynamic  boundary layer  running the length of the e lec t rode  can be 
ignored.  This  occurs  when m e a s u r e m e n t s  a r e  made by a m i c r o e l e c t r e d e  fa i r ly  fa r  r emoved  f r o m  the in i -  
t ia l  point of growth of the hydrodynamic  boundary layer .  When the veloci ty is measu red  by, for example ,  
a conical  e lec t rode ,  the init ial  point of growth of the dynamic and diffusion layers  coincide and the above-  
mentioned assumpt ions  a r e ,  in this  case ,  hardly just if ied.  

The t r a n s f e r  function of the I inear  s y s t e m  Under invest igat ion can be found using a t r ans ien t  func- 
t ion  - -  the r eac t i on  of the s y s t e m  to  a s t e p - b y - s t e p  change in the input s ignal  [16], in our case ,  to a s t ep -  
b y - s t e p  change in the veloci ty  field.  The solut ion to such a p rob lem is r e la ted  to  well~known diff icult ies 
which a r e  aggrava ted  fur ther  by the need to  take into account the nonlinear p rope r t i e s  of pseudoplast ic  and 
di latant  fluids. The p rob lem can, however ,  be s impl i f ied cons iderab ly  if it is t aken  into account that with 
high Pr  numbers  the s tab i l iza t ion  t i m e  of the hydrodynamic  boundary l ayer  is smal l  enough to be ignored 
compared  with the s tabi l iza t ion  t ime  of the diffusion boundary l ayer  and that  the nonsta t ionary convect ive 
diffusion governs  the whole course  of the t r ans i en t  p r o c e s s  [21, 22]. In this case ,  the s t e p - b y - s t e p  change 
in the veloci ty  can be identified with a s t e p - b y - s t e p  acc re t i on  of " f resh"  port ions of the subs tance  and the 
e lec t rode  cu r r en t  genera ted  by the s t e p - b y - s t e p  change in the gradient  of the su r face  concent ra t ion  can be 
t aken  as the t r ans i en t  c h a r a c t e r i s t i c .  

The r e su l t s  obtained above [(18) and (19)] a r e  used to  de te rmine  the t r a n s f e r  function: 
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Fig. 2. Exper imenta l  instal la t ion d iagram:  1) 
supply tank; 2) cor~ainer; 3) overflow tank; 4) 
hose pipe; 5) supply pipe; 6) valve; 7) nozzle; 
8) working medium; 9) coordinating device;  10) 
p iezometer ;  11) anode; 12) galvanic cell;  13) 
rheos ta t ;  14 )vo l tme te r ;  1 5 ) m i c r o m e t e r ;  16) 
loading res i s t ance ;  17) switch. 

1 ]i/3 L 2n-- fro+4 ,~ 

2~sin~ ~ EB ~ [1/3F(1/3)l-x.(x 6(~+,) dx 
117 (s) = o (20) 

r 1 " , ] / 3L  __22n--6m~,4 ~ = 

l = o  k t/~" (0) " " 

By substituting iw for  s in (20) we obtain an express ion  for the frequency cha rac t e r i s t i c ,  which, a f te r  
slight t ransformat ion ,  takes the fo rm 

I 2n--6m,-~4 ~I , . [ 2 n - - 6 m - ~  ,'--I 

_ 6 ~ - 2 . ~  ' g; (0) a(.+,-----~ -l/2 
X )d/2(0)(i~; 3(.+,) +I),/2 - ~-#2~) + I )  dx , (21) 

l=O 

where 

~.= x ~=2~fTL=o~TL,  TL-- LPrL/3 
- L  ' V;L(O)A2/3 (22) 

The r ea l  and imaginary par ts  of W(f-~ a r e  calculated by formula  (21) on a 1Vfinsk-22 computer .  The 
resu l t s  of calculating the f requency cha rac t e r i s t i c  modulus IWl a re  shown in Fig. ! ,  showing that for  a 
fixed value of m the change in the index n has vi r tual ly  no influence on the behavior  of iW I as a function of 

TABLE 2. 
t ion 

Rheological Parameters of Solutions under Investiga- 

0.028 M K4[Fe(CN)6 ] / 
[K3]Fe(CN)~J + O.fi 
KzSO 4 + Na- CMC % 
solution 

p. 10 -2 kg/m 3 k S 103 kg/secn-2/ 

I,O15 1,16 
1,032 2,15 
1,04 870 

n Decl09 mz/ 

,, ,,, 

1 I 0,625 
0,94 0,612 
0,604 O, 469 

0 
l 
1,5 
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Fig. 3 Fig. 4 
Fig. 3. Nonstationary convective mass exchange of a conical electrode 
(L=0.537-10 -3 m; 2~ =53~ a) I, 0% Na-CMC [l) v 0=0.42; 2) 0.82; 
3)'3.9 m/sec]; II, 1% Na-CMC [4) v 0 = 0.35; 5) 0.7; b) 1.97 m/sec]; b) 
1.5% Na-CMC; I, v 0 = 1.8 m/sec; If, 1.8; III, 0.98; I, v 0 = 0.4; 2, 
0.98; 3, 1.8; 4, 2.8 m/sec. 

Fig. 4. Stationary convective mass exchange of a conical electrode: 
(L = 0.53.10 -3 m; 2~ = 53~ i) 0% Na-CMC; 2) 1% Na-CMC; 3) 1.5% 

Na-CMC; i, ~, v, m/sec. 

the d imens ion less  f requency ~.  According to [19], the re la t ionsh ip  between the spec t r a l  dens i t ies  of the 
cu r r en t  and veloci ty  f luctuations can be r ep re sen t ed ,  using the f requency cha rac t e r i s t i c  modulus,  by the 
fo rmula  

S ,  i = Su [W[ 2, (23) 

where  Sui is the spec t r a l  densi ty  of the veloci ty  f luctuat ions,  r eca lcu la ted  for  the spec t r a l  densi ty  of the 
diffusion cu r r en t  without making al lowance for  the iner t ia  of the t r a n s d u c e r .  

F r o m  (22) and Fig.  1, it is c l ea r  that  the sens i t iv i ty  of the e lec t rodi f fus ion  t r ansduce r  falls  as the 
f requency of the pe rcep t ib le  s ignal  i n c r e a s e s ,  but the p a r a m e t e r  governing the f requency bandwidth of the 
t r a n s d u c e r  is the t ime  constant  TL ,  and as this  is reduced ,  the bandwidth is i nc reased .  The magnitude of 
T L is dependent on m, which is r e l a t ed  d i rec t ly  (7) to  the angle at the ve r t ex  of the conical  t r a n s d u c e r -  
e l ec t rode ,  the length of the genera t ing  l ine,  and the p r o p e r t i e s  of the fluid, and, as can be seen  f r o m  (17) 
and (22), T L is analogous to  the  c h a r a c t e r i s t i c  s t a t i ona ry -mode  es tab l i shment  t ime  of the p roce s s  which 
has been  examined a l ready  when ~ = 1. 

The m a s s  exchange of the cone is inves t igated exper imenta l ly  using the e lec t rodi f fus ion method, 
which makes  it poss ib le  to effect  a p rac t i ca l ly  in te rmi t ten t  change in the gradient  of the concent ra t ion  at 
the  solid - -  solut ion in te r face .  The e l ec t rode  po la r iza t ion  achieved during the exper iment  for  al l  values of 
t ensu re s  that  the boundary conditions a r e  sa t i s f ied  fa i r ly  p r ec i s e ly  in accordance  with (6). The high de-  
g r ee  of r e l i ab i l i ty  of the e lec t rodi f fus ion  method of invest igat ing fas t - f lowing t r ans i en t  p r o c e s s e s  is shown 
in [1, 6]. 

T h r e e  solutions a r e  used as working fluids:  a pure  e lec t ro ly te ,  a 1% solut ion of a Na-CMC (carboxy-  
methylcel lu lose)  po lymer  (first  batch),  and a 1.5% solut ion of Na-CMC (second batch) in the p r e s e n c e  of an 
e l ec t ro ly te .  A 0.025 M aqueous solut ion of f e r r o f e r r i c y a n i d e  Kr [Fe (C N)e]/K a [Fe (CN)~ ] is used as  the e l e c -  
t r o ly t e ,  and an  ox i da t i on - - r educ t i on  r eac t i on  takes  place  in it: 

Fe (CN)~ -a +e  - !  ~- Fe (CN)~-4. 

A "background e lec t ro ly te , "  0.5 M K2SO 4, is added to the e lec t ro ly te  to  reduce  ion migra t ion  under the a c -  
*ion of the e lec t r i c  field. The bas ic  m e r i t s  of this s y s t e m  a r e  the high e l ec t rochemica l  r eac t ion  r a t e ,  
which makes  poss ib le  its use  in studying t r ans ien t  p r o c e s s e s ,  and the absence  of r eac t ion -p roduc t  l i b e r a -  
r 

It is a wel l -known fact that  aqueous solutions of Na-CMC pos se s s  pseudoplas t ic  p rope r t i e s  which a r e  
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Fig. 5. Energy spec t rum of the longitudinal 
component of the fluctuation velocity on the 
axis of a turbulent submerged s t r e a m  (x/D = 
30, v 0 = 0.45 m / s e c ;  n = 1): I) data obtained 
using a conical electrode;  II) data f rom I r e -  
calculated taking into account (21) and (23); 
III) data obtained using a wedge-shaped e lec-  
t rode,  f, Hz. 

maintained in the presence  of the above-mentioned electrolyte  [17, 18]. The theological  proper t ies  of the 
solutions a re  investigated on a "Rheotest" ro t a ry  v i scomete r .  Table 2 shows that the 1.5% solution of 
Na-CMC possesses  marked pseudoplastic proper t ies ,  while the 1% solution possesses  extremely" weak 
pseudoplastic p roper t ies .  The coefficients of Fe(CN)$ 3 ion diffusion are  measured  by the "surge current"  
method [20]. 

An elect rode with a conical working sur face  is tested in a submerged s t r eam with a d ischarge  rate  
which can be regulated in the 0.3-4 m / s e c  range.  Figure  2 gives an installation diagram.  

The e lec t r ica l  c i rcui t  is a lso given in this d iagram.  The cathode is a conical e lectrode 8 and the 
anode is a platinum plate 11 which has an a rea  103 time s g rea te r  thanthe a rea  of the cathode. The p roces s  
is r ecorded  by an N102-type loop osci l lograph 16 and the t ime markings a re  recorded at the same t ime 
at a frequency of 1000 Hz. The conical electrode 8 is fixed in the  potential center  of the submerged flow 
at 3-4 cm f rom the edge of the nozzle 7 in the flat veloci ty-profi le  region.  In this c ross  sect ion the in- 
tens i ty  of the turbulence of the incoming s t r eam is less than 0.5%. The polarizat ion voltage is fed to the 
e lec t rodes  intermittently by closing the switch 17, thus generating a t ransient  convective diffusion pro-  
e e s s .  

The experimental  data a re  processed  in the fo rm (i/ist) = (I/Ist) = f(v0t/L) for nonstat ionary diffusion 
current  measurements  and in the form i = f(v 0) = !s tzF for s ta t ionary measurements .  Figure  3a shows the 
resul ts  of measur ing nonstationary diffusion flows for different velocities of flow of the pure electrolyte  
and the 1% solution of Na-CMC polymer in the presence  of the e lect rolyte  which is a vir tually Newtonian 
fluid, as is shown by v i scomet ry .  Calculations based on the formulas (18) and (19) a re  shown by solid 
lines.  It is c lear  that the experimental  data a re  in good agreement  with the theoret ical  re la t ionships .  The 
data given in Fig. 3b represen t  the resu l t s  of an experiment on the nonstationary mass exchange of a cone 
in a 1.5% solution of Na-CMC possess ing pseudoplastic proper t ies .  These resul ts  a re  also in good agree -  
ment with the calculations.  The layering of the curves in Fig.  3b for different values of v 0 is due to the 
fact that the general ized Pr number (II) is dependent on the veloci ty when n ~ 1. It is a lso c lear  :from Fig. 
3a, b that the s ta t ionary-mode establ ishment  t ime of the nonstat ionary process  is g rea te r  in the 1.5% Na- 
CMC solution than in the pure e lec t ro lyte .  Calculations show that the t ime constant of the t ransducer  
operating in this solution is increased by a factor  of 2-4 as a function of the velocity of the incoming flow 
compared with T L in the pure e lectrolyte ,  i . e . , t h e  dynamic charac te r i s t i cs  of the t ransducer  in the e lec-  
t ro ly te  with polymer additives a re  impaired  somewhat.  
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Figure 4 r ep re sen t s  the resu l t s  of the measurement  of a s ta t ionary diffusion flow in the conical 
e lec t rode  circui t  for different  fluids and different  veloci t ies  of flow around it. The solid line gives the 
f igures calculated f rom formula  (19). It is c lear  that a change in the pa rame te r  of non-Newtonian be-  
havior  of the fluid gives r i s e  to a change in the magnitude of the cur ren t  and in the nature of the i(v 0) r e -  
lationship. Formula  (19) shows that the tangent of the slope angle of the s t ra ight  line i(v 0) in logari thmic 
coordinates is equal to 1/(n + 1), i . e .  it is g r ea t e r  for pseudoplastic fluids (n < 1) than for the pure e lec -  
t ro ly te  (n = 1). This is co r robora ted  sa t i s fac tor i ly  by the exper iment .  

In addition to measur ing the nonstat ionary diffusion cur ren t  and finding the stabil izat ion t ime of the 
s ta t ionary state,  the dynamic  proper t ies  of the conical t r a n s d u c e r - e l e c t r o d e  a re  evaluated by comparing 
the spec t ra l  densi t ies  of fluctuations in the longitudinal component of the flow velocity on the axis of the 
turbulent  submerged flow. Data obtained using the  conical e lec t rode  under considerat ion (L ~ 0.74 �9 10-3m 
m ~0.2)  and recalcula ted  taking into account its a m p l i t u d e - f r e q u e n c y c h a r a c t e r i s t i c  (21)and (23)are 
compared  with data obtained using a wedge-shaped e lec t rode  which is vir tual ly i ne r t i a - f r ee  in re la t ion  to 
ex t remely  small  r e ac t i on -a r ea  dimensions within the range of f requencies  under investigation. Analysis 
shows that spec t ra  plotted f rom measurements  taken with the conical t r ansducer  and taking into account 
(21) and (23) a re  in good agreement  with spec t ra  measured  using.the wedge-shaped t r ansduce r .  Figure 5 
shows the resu l t s  of 'a compar i son  of data f rom measurements  in the x/D = 30 c ross  section (data obtained 
using the conical  e lec t rode  a re  not given in the 50-200-Hz range in the figure).  

It should be noted that the feasibil i ty of using the nonstat ionary diffusion cur rent  as the  t rans ient  
cha rac te r i s t i c  is a lso tes ted by calculating the dynamic charac te r i s t i c s  of an electrodiffusion fr ic t ion 
t r ansduce r .  A compar i son  for m = 0, n = I with the ampl i tude--  f requency charac te r i s t i c  obtained by a 
more  accura te  method by the authors of [14,15] shows that the maximum divergence is less than 3 dB. 
This accuracy  is quite acceptable for the pract ica l  use of the method proposed for calculating the amplitude 
-- f requency cha rac t e r i s t i c .  

NOTATION 

C1, concentrat ion;  Co, concentra t ion in flow; x ,y ,  coordinates oriented along the generat ing line of 
the cone and perpendicular  to  it, respec t ive ly ;  t ,  t ime;  ~, cur ren t  function; u, v, velocity components 
along x and y axes,  respec t ive ly ;  V, veloci ty at boundary- layer  limit; v0, incoming flow velocity;  D, 
diffusion coefficient;  n, index of non-Newtonian behavior  of fluid; m, pa rame te r  in law governing ve loc -  
ity at boundary - l aye r  l imit;  k, degree  of consis tency;  7, s e l f - s imi l a r  constant; ~ ,~ ,  C, dimensionless  
constants:  t ime,  coordinate ,  and concentrat ion,  respec t ive ly ;  s,  Lap lace - t r ans fo rm p a r a m e t e r ;  Tij, 
s t r e s s - t e n s o r  component; eij ,  s t r a i n - r a t e - t e n s o r  component; 5ij, Kronecker  symbol;  W, t r an s f e r  func- 
t ion; f, f requency;  z, e lec t rova lenee  number;  F, Faraday  number.  
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M E C H A N I C A L  B E H A V I O R  OF U N S T A B L E  E M U L S I O N S  

A .  I .  G u z h o v ,  A .  P .  G r i s h i n ,  
L .  P .  M e d v e d e v a ,  a n d  V .  F .  M e d v e d e v  

UD'C 532.135:541.18.051.3 

Resul ts  of expe r imen ta l  s tudies of the rheologie  p rope r t i e s  of unstable mac roemul s ions  of the 
water  --  oil type a r e  p resen ted .  A reg ion  of non-Newtonian behavior  of the t e s t  emuls ions  is 
identified. 

The theologic  p roper t i e s  of emuls ions  a r e  f a r  f r o m  comple te ly  studied, s ince emuls ions  a r e  s y s t e m s  
difficult  to inves t iga te .*  This  is a s soc ia t ed  with the fact that the d i spe r sed  phase  is a de formable  fluid. The 
deg ree  of de fo rmat ion  depends on the globule s ize  and o n t h e  shear  r a t e .  Special  diff icult ies a r i s e  in studies 
of the theologic  p roper t i e s  of unstable  emuls ions .  

This  paper  is devoted to a p resen ta t ion  of expe r imen ta l  methods and re su l t s  for a study of the theo logy  
of unstable mac roemul s ions  of the water  - -  oil type .  The emuls ions  were  produced by turbulent  mixing of 
t r a n s f o r m e r  oil and an aqueous solution of 4411 disolvane at a concentra t ion of 0.02 wt. % during the i r  joint 
flow in a horizontal  cyl indrical  pipe.  

Differ ing degrees  of emuls ion  d i spe r s ion  were  achieved by varying the mean  flow veloci ty (w = 1.3 m / s e c  
and w = 1.7 m / s e c ) .  The content of;the d i spe r sed  phase var ied  f r o m  0 to 0.35; s t ra t i f ica t ion  of the flow 
occur red  at la rge  ~ with subsequent  invers ion  of emuls ion  phases .  

Since the emuls ions  studied were  unstable,  it was not poss ib le  to  invest igate  the i r  viscous p roper t i es  
under  s ta t ic  conditions. Viscosi ty  m e a s u r e m e n t s  of such emuls ions  were  accompl ished d i rec t ly  in the flow by 
means  of a cap i l l a ry  method.  The essen t i a l s  of the method developed for this purpose  a r e  i l lus t ra ted  by the 
scheme  shown in Fig. 1. 

The g lass  capi l la ry  2 was inse r ted  in the exper imenta l  pipe 1 with an internal  d i a m e t e r  of 39.4 mm along 
which the unstable emuls ion  flowed. The cap i l l a ry  tube was held in posit ion by means of a b r a s s  fitting equipped 
with a packing gland and seal ing nut. The cap i l l a ry  was inser ted  at r ight  angles to  the flow so  that  the upper 
end of the tube was located on the axis  of the pipe.  The lower end was inser ted  in the s topcock 3, which was 
connected to the ca l ibra ted  sea led  v e s s e l  4 by a flow passage  cons iderab ly  g r e a t e r  than the internal  d iamete r  

*The rheology of colloidal s y s t e m s  has been  developed in detai l .  
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