
The final r e s u l t s  of the in tegra l  emi s s iv i t y  calculat ions for  polyethylene and polyethylene terephthala te  
a re  p re sen ted  in Table 1. The following values  of ref lec t ion coeff icient  R* were  used in the calculat ions:  
polyethylene,  0.08; polyethylene t e reph tha la te ,  0.12. 

It is evident f r o m  Table 1 that  with i nc rea se  in t e m p e r a t u r e  the emi s s iv i t y  of the polyethylene f i lm,  ca l -  
culated with the above a s sumpt ions ,  i n c r e a s e s ,  while e(T) of the te rephtha la te  f i lm f i r s t  i n c r e a s e s ,  then fa l l s .  
This is  because  with inc rease  in t e m p e r a t u r e  the m a x i m u m  of the Planck radia t ion for  the polyethylene fi lm 
moves  into a spec t r a l  region where  t r a n s m i s s i o n  d e c r e a s e s .  T h e  polyethylene te reph tha la te  t r a n s m i s s i o n  spec- 
t r tun  is  m o r e  ~broken, ~ so that  the t e m p e r a t u r e  dependence  of i t s  e m i s s i v i t y  is  m o r e  complex in c h a r a c t e r .  
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Theore t ica l  and expe r imen ta l  s tudies  a r e  r epor t ed  for  the convective diffusion occur r ing  at the 
e lec t rode  of an e lect rodiffus ion a n e m o m e t e r ,  pa r t i cu l a r ly  with r e g a r d  to the m e a s u r e m e n t  of 
ave rage  and fluctuation veloci t ies  in rheological ly  complex  liquids and weak po lymer  solut ions.  

Information on the veloci ty pa t te rn  in l amina r  or  turbulent  flow is of decis ive impor tance  in r e s e a r c h  on 
convective heat  and m a s s  t r a n s f e r .  The t h e r m o a n e m o m e t e r  method may  be applied to theologica l ly  complex 
l iquids,  which may  have var ious  p r o p e r t i e s :  v i scoe las t i c i ty ,  pseudoplas t ic i ty ,  v i scoplas t ic i ty ,  mechanode-  
s t ruc t ion ,  and the rmodes t ruc t ion ,  which involves var ious  diff icult ies .  In p a r t i c u l a r ,  there  is a ma rk ed  fall in 
sens i t iv i ty  in m e a s u r e m e n t s  on p o l y m e r  solutions of WSR-301 type [1, 2] and also the occu r rence  of anomalous 
signals  unre la ted  to turbulent  veloci ty f luctuations [3]. Very p romis ing  methods such as l a s e r  anemomet ry  
[4, 5] and other  optical  methods become la rge ly  unsuitable if the fluid is opaque or  s t rongly sca t te r ing .  It is 
a lso of l i t t le value to use Pitot tubes with p iezoe lec t r i c  convers ion  at low speeds ,  although they can be used to 
m e a s u r e  veloci ty  f luctuations in turbulent  flows of po lymer  solutions in pipes  [6] and enclosed je ts  [4, 7]. 

E l ec t rochemica l  m e a s u r e m e n t  of veloci ty  has  some m a j o r  advantages such as high sensi t iv i ty ,  long work-  
ing life in the e l e c t r o d e s ,  compara t ive  s impl ic i ty  in the equipment ,  and scope for  using the t r ansduce r  for  
s eve ra l  pu rposes  [8, 9, 13, 19]. 

The theory  and p rac t i ce  of the e lect rodiffus ion a n e m o m e t e r  have been considered [10, 11], pa r t i cu la r ly  
when the sens i t ive  sur face  is a continuous cone or  wedge. Such an e lec t rode  can be used with a nonl inear ly  
v iscous  power - l aw  liquid in the following theologica l  equation of s ta te:  

k F Ou i ~-'  Ou 
= I - - ~  (1) oy j 0y 

and the equation for  convective diffusion can be solved analyt ical ly to give expres s ions  for  the s ta t ic  and dy- 
namic  c h a r a c t e r i s t i c s  [10, 1I] .  

The solution to 

Oc Oc 02c 
u + v - - - -  = D ~ (2) 

Ox Og Og z 
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Fig.  1. Diffusion cur ren t  I (pA) as a func- 
tion of speed u (m/sec) :  a) calculation of 
the effect f rom the finite e lec t rochemi-  
cal react ion rate [1, 2) P r  = 10, k 1 = 10 -3, 
5 . 1 0  - 4 m / s e c ;  3, 4, 5) Pr  =103 , k 1=,r  
10 -3, 5 .10  -4 m/seC,  respect ively] ;  b) cal i -  
brat ion in pure e lectrolyte  (1) and in PEO 
solutions [2) 0.05%, 4) 0.003%, 5) f rom 
theory];  c) calibration in Na-CMC solutions 
[2) 0.05%; 3) 0.01%; 4) 0.003~O]o 

subject to the boundary conditions 

Oc .=0 =/~c  (x, 0), c(x, co)=c0;  c(0, y) =c0; D by (3) 

corresponding to a finite rate of e lec t rochemica l  reaction at the surface reveals  the effects f rom the shape of 
the body, the value of k 1 , and the p roper t i es  of the liquid [10]. 

Figure  l a  shows the diffusion flux in relat ion to velocity [10], and it is c lear  that the sensitivity of a 
device working with P r  = 10 is: substantially less than that for P r  = 103 under otherwise equal conditions. 
Fur the r ,  thermal  measurements  on weak po lymer  solutions are  accompanied by low values of Pr ,  and k 1 has 
the meaning of additional thermal  res i s tance  around the t r ans fe r  surface for  a thermal  t ransducer ,  so one 
supposes that one possible cause of the reduced sensit ivity found in some eases  in po lymer  solutions may be 
coating of the surface by the polymer .  

A difference f rom a ther rnoanemometer  is that the sensit ivity of an anemometer  remains  reasonably 
high even for  concentrated po lymer  solutions [12]. 

The electrodiffusion anemomete r  has been used in turbulent flows of polymer  solutions showing visco-  
e las t ic i ty ,  and it has been found not always desirable to use a t r ansducer  in which the sensitive surface is a 
continuous cone o r  wedge. The best  design is a wedge with the sensitive component behind the point of inci-  
dence.  Table 1 gives the basic  p a r a m e t e r s  of the senso r s ,  which differed in dimensions of the sensing element  

TABLE 1. Dimensions of Wedge Transducers ,  mm 

Transducer number I 2 a 

D~tance of electrode from l~ading 
edeL~ 

Widtli of electrode along the flow 
Length of electrode transverse to flow 
Width of wedge 

0,50 
0,036 
0,54 
1,40 

0,93 
0,071 
0,57 
1,15 

0,35 
0,178 
0,57 
1,25 
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and d is tance  f r o m  the point  of inc idence .  We a l so  used  con ica l  t r a n s d u c e r  No. 4, which had a cont inuous sen -  
s i t ive  e l emen t  at  the v e r t e x  of a cone hav ing  a g e n e r a t o r  of length 0.7 m m .  

The s ta t ic  and dynamic  c h a r a c t e r i s t i c s  of the t r a n s d u c e r s  with d i sp l aced  sens i t ive  e l e m e n t s  m a y  be 
de r ived  f r o m  (2) with the boundary  condi t ions  

c(x, 0 ) = 0 ;  c(x, oo)=co (4) 

with the o r ig in  of the coord ina te  s y s t e m  p laced  at the s t a r t  of the sens i t ive  e l emen t .  

As usua l ,  we a s s u m e  a l i n e a r  ve loc i ty  d i s t r ibu t ion  u =/3y within the diffusion l a y e r  f o r  P r  >> 1; as  the 
r e a c t i n g  su r f ace  l ies  to the r e a r  of the point  at which the bounda ry  l a y e r  a r i s e s ,  and the length of the sens ing  
p a r t  a long the flow is  sma l l ,  we can use  p r e v i o u s  a s s u m p t i o n s  [13, 14] and put fl = cons t  as  the ave r ag e  value 
a long the e l e c t r o d e .  In the ge ne ra l  c a s e  of the p o w e r  law of (1), /3 is to be found by so lv ing  the dynamic  p r o b -  
l em [15]. F o r  example ,  f o r  a wedge su r f a c e  

F \ n + I _ b"+'  x "+~ (5) 

Then (2) and (4) a re  r ead i ly  so lved  by in t roduc ing  the va r i ab le  

n = v . (6 )  

The total  m a s s  flow to the su r f ace  is  

3 coD2/3 BI/3 
I -- ' av hL2/3. (7) 

2 1.84 

The d y n a m i c  c h a r a c t e r i s t i c s  of th is  type of device  can be d e t e r m i n e d  by solving the fol lowing l i nea r  dif-  
f e ren t i a l  equat ion with the above a s s u m p t i o n s  [13, 14]: 

Oc Oc 02c - - - + u - - - = D - - ,  c(x, O, t ) = O ,  c(O, y, t ) = c ( x ,  ~ ,  t ) = c ~ ,  (8) 
Ot Ox Off 

subjec t  to  the condi t ion tha t  the ve loc i ty  d i s t r ibu t ion  (input signal)  v a r i e s  h a r m o n i c a l l y .  As p r e v i o u s l y ,  we 
a s s u m e  f o r  P r  >> 1 that  the ve loc i ty  p ro f i l e  is l i nea r :  u / U  0 = fly. To define ~ we solve the equat ion 

Ou Ou Ou OU OU k I Ou "-~ ' OZu 
O---~+u O x . + V - - = ~ + U .  _. + - - n l  Oy Ot Ox p -O-if- Oy z ' 

(9)  

u - - - - v = 0  for y = 0 ;  u = U ~ ,  t) for y- , -oo,  

where  

U = Uo(1 + eexp (icot)) = Uo + U,; Uo = bx m, e = const (( 1. (10) 

The solut ion is  def ined in the usual  way as 

u = Uo(X, g) + eu,(x, g)exp(i~t), v = vo(x, g) +eoiCx, y)exp(io~t). (11) 

we  subst i tu te  (11) into (9) to get  an equat ion fo r  the s t e a d y - s t a t e  componen t ,  fo r  which the solution is  
known [15], and an equat ion fo r  u~(~, y) :  

Ou, 
ir - -  ui + uo + vt 

+ 2U~ " ~ x  + - -  n - - -  + (n 
P ~ , Oy 2 p 

u ~ = v ~ = O ,  y = O ;  u 

F o r  the case  of low f r e que nc i e s  we spec i fy  the s t r e a m  

Ouo + Ou, 
- vo Oy --io~Uo 

Ou, [ Ouo - - - , - o - j  ) ~ _ _  

=Uo,  y'--~ ~ .  

function as  the s e r i e s  

02U0 
+ 0 (ez), (12) 

@2 

( 2 ~ , } - = ~ + 1  b ~ p , + , ~ ;  n+, . ( i ~ ) I e ~ ( , 9 ,  (13) 
T, = U o \ n + 1 t=0 

where  ~ = w/bx  m -  ~ and 7/is  the s e l f - m o d e l i n g  va r i ab le  in the s t a t i ona ry  p r o b l e m ;  we subst i tu te  (13) into (12) 
to get  a s y s t e m  of equat ions  fo r  the funct ion gl tha t  m a y  be so lved  n u m e r i c a l l y  fo r  va r ious  m and n. In what  II 
fol lows we a r e  i n t e r e s t e d  in gl (0). 
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It i s  r e a d i l y  shown tha t  g~(0) = [3/(n + 1 ) ]F"(0) ;  then  g'~(0) can  be  d e t e r m i n e d  with  su f f i c i en t  a c c u r a c y  
by  L i g h t h i l l ' s  a p p r o x i m a t e  m e t h o d  [16]. 

F o r  l a r g e  w we fo l low [17] in s p e c i f y i n g  q'l a s  
3(1--tz) 

1 2 m n - - m  -4- 1 pb 2 )-l/1+n 
(n--l)(3m--l) 

(/0))_i / 2 • 2(n+,) ~-'~ OSt6t (;); 

( l - -n)(3m-- 1 ) 
~. : ( b X m - t l l / 2  

k - - ~  ] ", ; = y(io~)l/2 x 2(n~-l)  

F o r  s m a l l  a and  no t  v e r y  l a r g e  ~ we a s s u m e  [17] tha t  

F (~, ;) = 1-- p" (o) a2;~. 
2 

3( l - -n)  

2 ) tit+n; 
pb k n = a ; .  

(14) 

F r o m  (12) and (14) we ge t  a s y s t e m  of e q u a t i o n s  f o r  the Gl tha t  i s  s o l v e d  a n a l y t i c a l l y ;  the  e x p r e s s i o n s  f o r  the 
G l a r e  c u m b e r s o m e  and  t h e r e f o r e  a r e  no t  g iven .  

With  r e g a r d  to the  m a s s  t r a n s f e r ,  we a s s u m e  tha t  

The so lu t ion  to (8) i s  sough t  in the  f o r m  

U o Ut 

V0-PavY; ~-0 =g'avY" (15) 

a t  c = c o q- e exp (lot) ci. (16) 
/t o 

F o r  c ~ we ge t  an equa t ion  whose  so lu t ion  t a k e s  the  f o r m  of (7), whi le  f o r  c 1 we ge t  an equa t ion  tha t  put  in 
t e r m s  of the  d i m e n s i o n l e s s  v a r i a b l e s  

x i - -  L ' Y i = Y  ; . o i = o  (17) 

r e s u l t s  in 

c)ci Oc ~ 02ci 
ion,c, § y, + y, ox, - 

ci (xi O) = c, (0, y,) = ci (x,, o~) = O. 

(18) 

An equa t ion  of the  f o r m  of (18) h a s  been  s o l v e d  [13] f o r  v a r i o u s  w l .  

The f r e q u e n c y  r e s p o n s e  of the  s e n s o r  i s  de f ined  as  

L 

W (i~l) -- u, 11 U,/Uo; li = D ~ dx. (19) 
Uo Io 0 

The s q u a r e  of the  m o d u l u s  of the  f r e q u e n c y  r e s p o n s e  i s  

I W 12 = (uduop  I H 12, 

w h e r e  IHI 2 i s  g iven  by  (1.69) of [13]. 

T h e s e  e x p r e s s i o n s  a l low one to c a l c u l a t e  the  f r e q u e n c y  r e s p o n s e  and,  if  n e c e s s a r y ,  to c o r r e c t  s p e c t r a l  
da t a  by  m e a n s  of the fo l lowing  r e l a t i o n  [18]: 

S~ = S~ I W 12. (20) 

The v i a b i l i t y  of t h i s  d e v i c e  was  c h e c k e d  on an i m m e r s e d - j e t  s y s t e m  p r e v i o u s l y  d e s c r i b e d  [11]. The 
i = f(U) c a l i b r a t i o n  c u r v e s  w e r e  d e t e r m i n e d  wi th  the  t r a n s d u c e r s  s e t  in the  p o t e n t i a l  c o r e  of an a x i a l l y  s y m -  
m e t r i c a l  i m m e r s e d  j e t ,  wh ich  was  a r e g i o n  of s h e a r - f r e e  f low with  a r e c t a n g u l a r  d i s t r i b u t i o n  fo r  the m e a n  
v e l o c i t y  and a m i n i m a l  l e v e l  of t u r b u l e n t  f l uc tua t i on .  The m e a s u r e m e n t s  w e r e  a l s o  p e r f o r m e d  a long  the j e t  
ax i s  to g ive  c h a r a c t e r i s t i c s  such  as  the  m e a n  s p e e d  and the  l ong i tud ina l  c o m p o n e n t  of the  f l uc tua t ing  v e l o c i t y ,  
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TABLE 2. Slopes of Calibration Curves 

Solution 

Pure electrolyte 
PEO,, % 0,05 

0,01 
0,003 

Na-CMC 0,05 
0,01 
0,003 

0,425 
0,415 
0,340 
0,450 

0,460 
0,460 
0,460 

Transducer number 

0,445 
0,425 
0,365 
0,390 

0,440 
0,445 
0,435 

0,445 
0,390 
0,310 
0,450 

0,470 
0,465 
o, 455 

as well as the energy spect rum.  A load r e s i s to r  was inser ted  in the circui t  during the fluctuation m e a s u r e -  
ments ,  which provided a voltage V = i �9 Rl, where i is the instantaneous cur ren t .  The signal then passed 
through an amplif ier  to a th ree-oc tave  spec t rum analyzer  type FSP-80 having a passband f rom 2 to 2-104 Hz. 
The same function was pe r fo rmed  by a TOA-111 spect rum analyzer ,  which was also used as a wide-band 
amplif ier .  The exper iments  were based on an e lect rolyte  of composition 0.025 M K4Fe(CN)6/K3Fe(CN) G and 
0.5 M K2SO 4. This e lec t rochemica l  sys tem has various advantages when used with platinum e lec t rodes :  the 
limiting cur ren t  cor responds  to a wide voltage range,  there are  no reaction products  deposited at the e lec-  
t rodes ,  the e lec t rochemica l  react ion is fas t ,  and the sys tem is compatible with water-soinble  po lymers .  
Good reproducibil i ty was ensured by using anode - cathode activation. Figure lb gives calibration curves  in 
the pure e lectrolyte  and in PEO solutions,  as well as curves  calculated for water  f rom (7). This agreement  
between theory and experiment  is sa t i s fac tory .  The larges t  d iscrepancies  occur  for  t r ansducer  No. 3 and are 
probably due to the size and disposit ion,  since the condition [3 = const assumed in solving (2) is met less accu-  
rately.  

The least  d iscrepancy between the calibration curves  was observed for the pure electrolyte  and a 0.003% 
PEG solution, The increased  velocity of a 0.05% PEO solution caused the calibration curves  to lie lower.  
Figure  l c  shows calibration curves  for  the t r ansducers  in Na-CMC solution. The viscosi ty  of an Na-CMC 
solution differs f rom that of a PEO solution of the same concentrat ion in that the viscosi ty is very  much c loser  
to that of the pure e lec t ro lyte .  The slopes of the calibration curves  are given in Table 2, and they imply that 
there is vir tually no spread in the Slope for  Na-CMC, in cont ras t  to PEG. This is probably due to the more  
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Fig.  2. Measurements  of the average axial velocity of an immersed  
jet with the following t r ansducer s :  1) No. 1; 2) No. 2; 3) No. 3; 
4) No. 4; 5) Pitot tube; a) pure e lec t ro lyte ;  b-d) PEO solutions 
with concentrat ions of 0.003, 0.01, and 0.05%, respect ively;  e) 0.05% 
Na-CMC solution. 
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m a r k e d  non-Newtonian behav io r  of PEO solut ions.  Also,  the readouts  in the var ious  solutions were  stable 
o v e r  long pe r iods .  The ca l ibra t ion  r e su l t s  indicate that the readout  in a dilute p o l y m e r  solution hardly  v a r i e s  
down to the point where  the sens i t iv i ty  is  los t  at low ve loc i t i e s ,  in con t ras t  to the m a r k e d  changes shown with 
a t h e r m o a n e m o m e t e r .  

The ca l ibra t ion  cu rves  for  the p o l y m e r  solutions show that the e r r o r  of m e a s u r e m e n t  is  l eas t  if  the sen-  
s i t ive e l emen t  is  d isplaced f r o m  the point of incidence and the m e a s u r e m e n t s  a re  made in a p o l y m e r  solution 
homogeneous  in concentra t ion .  The re la t ive  e r r o r  of m e a s u r e m e n t  is  then only 5-7%. This e r r o r  may  r i s e  
to 15-17% for  PEO o r  9-12% for  Na-CMC if the concentra t ion is inhomogeneous.  

An a x i s y m m e t r i c a l  enc losed  turbulent  je t  p rov ides  a good means  of me t ro log iea l  evaluation for  va r ious  
types  of veloci ty  gauge.  F igure  2a shows r e s u l t s  obtained with a Pitot  tube and the e lect rodiffus ion t r a n s -  
duce r s  fo r  the dis tr ibut ion of the mean  veloci ty  along the axis  of a je t  of pure  e lec t ro ly te .  The good ag reemen t  
indicates  that the d i f fe rences  in shape and s ize  of the t r a n s d u c e r s  a re  not decis ive for  the solvent  f ree  f rom 
p o l y m e r .  P a r t s  b - d  of Fig .  2 i l lus t ra te  the ef fec ts  of PEG on the operat ion when there  is developed tu rbu len t  
flow. Resul ts  obtained with t r a n s d u c e r s  Nos.  1-3 a r e  e s sen t i a l ly  f i t ted by  a single curve ,  whose behav io r  is  sub-  
s tant ia l ly  dependent on the PEO concentra t ion .  The length of the init ial  pa r t  i n c r e a s e s  with the concentrat ion 
( f rom 4 d i a m e t e r s  at e = 0% to 10 at c = 0.05% PEO), and the je t  becomes  of long-range  type,  which is in good 
a g r e e m e n t  with m e a s u r e m e n t s  made with a Pitot  tube and a l a s e r  a n e m o m e t e r  [4, 7]. 

The r e su l t s  obtained with the conical  t r a n s d u c e r  having a continuous sens ing e l emen t  lie somewhat  above 
those  for  the o ther  t r a n s d u c e r s ,  which was a lso  obse rved  with Na-CMC solutions (Fig. 2e). In the range 0.03- 
0.05% Na-CMC there  was a reduction in the range of the jet  with t r a n s d u c e r s  Nos.  1-3 and some shortening of the 
ini t ial  segment .  

The lag in the t r a n s d u c e r  may  have a m a r k e d  ef fec t  on m e a s u r e m e n t s  of the longitudinal component  of 
the veloci ty  fluctuation.  F o r  example ,  Fig .  3 shows data obtained with t r a n s d u c e r  No. 3, which lie below the 
curve  r ep re sen t ing  the me a s u r e m e n t s  with t r a n s d u c e r s  Nos.  1 and 2, which are  in good ag reemen t  with published 
values.  The e lect rodif fus ion a n e m o m e t e r  p rov ides  information on flow regions  where Pitot tubes a re  of 
l imi ted  use on account of the loss  of sens i t iv i ty  at low flow speeds .  This applies  pa r t i cu la r ly  to d i f fe rences  
in the turbulence at l a rge  d is tances  f rom the nozzle  (x/D > 20) for  i m m e r s e d  je t s  of wa te r  and p o l y m e r  solu-  
t ions .  F igu re  3 shows r e s u l t s  obtained with a fas t  t r a n s d u c e r  in 0.003% PEO solution, and it is c l ea r  that  the 
turbulence a t  x /D  > 2 0 i s  l e s s  than that for  wate r .  The avai lab le  publ ished evidence r e l a t e s  to x /D < 20. 

Di f fe rences  in lag can a lso  have a substant ia l  e f fec t  in m e a s u r e m e n t s  on the spec t r a l  density of the 
veloci ty  f luctuat ions.  F igure  4 shows s p e c t r a  r e c o r d e d  with the slow t r a n s d u c e r  No. 3 and a fas t  t r a n s d u c e r  
(IWI ~ 1) (curves 1 and 3). Curve 2 of Fig .  4 shows that there  is scope fo r  co r r ec t ing  the spec t r a  f rom a 
slow t r a n s d u c e r  by means  of (19) and (20). 

The l a rge  sp read  in the r e su l t s  at low f requenc ies  is due to the r e s t r i c t e d  scope fo r  averaging  with the 
TOA-111 r m s  v o l t m e t e r .  

F igure  5 shows the spec t r a l  densi ty of the longitudinal component  of the veloci ty  fluctuation fo r  x /D = 20 
as r e co rded  with a fas t  e lect rodiffus ion t r a n s d u c e r ,  which ag ree s  well  with a Pitot  tube fit ted with a p iezoe lec t r i c  

E?\I! 

l f; % 2 
0 20 4~0 X/D 

Fig.  3. Variat ion in turbulence for  
u,/u0, %, along the axis  of an i m -  
m e r s e d  jet  of pure  e lec t ro ly te  (1-3) 
and of a 0.003% solution of PEO (4) 
for  t r ansduce r s :  1) No. 1; 2) No. 2; 
3) No. 3; 4) No. 1. 
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Fig. 4. Energy spectra for the longitudinal component of the velocity 
fluctuation at the axisof a turbulent immersed jet [a) x/d = 10; b) 30];. 
i) data recorded with transducer No. 3; 2) data of 1 corrected from 
(19) and (20); 3) results obtained with a fast transducer, f in Hz. 

Fig. 5. Energy spectra for the longitudinal component of the velocity 
fluctuation at the axis of a jet: I) pure electrolyte; 2) 0.05% PEO 
solution; 3) 0.05% Na-CMC solution. E~(f) in cm2-sec -i. 

t r ansduce r  [7]. It also shows measu remen t s  made in PEG and Na-CMC solutions. There is par t icu lar ly  
s t rong suppression of the high-frequency fluctuations (about 20 dB) in PEG solutions. 

In conclusion,  we note that the e lectrodiffusion anemomete r  is not r e s t r i c t ed  to special ly p repa red  e lec -  
t ro ly te  solut ions,  since the oxygen natural ly  p resen t  in water  can be used as an e lec t rochemica l ly  active sub- 
stance that provides  the limiting diffusion cur ren t  at the e lec t rode .  Also,  the oxygen concentrat ion in the 
working volume can be moni tored  by measur ing  the diffusion cur ren t  in the nonstat ionary state.  Apparatus 
employing this method can substantiallY improve the utility of e lectrodiffusion anemomet ry .  

NOTATION 

n, index of non-Newtonian behavior ;  k, consis tency measu re ;  k t ,  e l ec t rochemica l  rate constant;  x, 
x,  y ,  coordinates ;  t ,  t ime;  m,  p a r a m e t e r  in the velocity law for  the boundary layer  U, U = b~m; h, e lect rode 
width; L, e lec t rode  length; D, diffusion coefficient;  c 0, concentrat ion;  Si, spect ra l  density of flow fluctua- 
t ions;  Su, spec t ra l  density of velocity fluctuations;  F ,  s t r e am  function. 
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A P H E N O M E N O L O G I C A L  D E S C R I P T I O N  OF D I F F U S I O N  

P R O C E S S E S  IN N O N I D E A L  G A S E S  

P .  P~ B e z v e r k h i i ,  V .  G .  M a r t y n e t s ,  
a n d  E .  V .  M a t i z e n  

UDC 532.72.533.27 

A phenomenological  approach  to the diffusion p rob lem is p re sen ted  which allows one to d e t e r -  
mine the behav io r  of the coeff icient  of interdiffusion in nonideal b ina ry  gaseous  solutions in a 
r a t h e r  wide region of var ia t ion  of the p a r a m e t e r s .  

The theory  of diffusion in dense nonideal  gases  st i l l  r ema ins  underdeveloped.  In this connection a 
phenomenological  approach  to the diffusion p rob lem is  of fered  which p e r m i t s  a sa t i s f ac to ry  descr ip t ion  of the 
behav io r  of the coeff icient  of interdiffusion n e a r  the c r i t i ca l  region of vapor iza t ion  of b ina ry  solutions except  
for  a smal l  vicini ty  of the c r i t i ca l  point.  This approach  is ba sed  on propos i t ions  of nonequi l ibr ium t h e r m o -  
dynamics ,  and i ts  succes s  is due to the exper imen ta l ly  es tab l i shed  re la t ionship  consis t ing in the fact  that the 
mobi l i ty  of pa r t i c l e s  in dense gases  depends smoothly  on the p a r a m e t e r s  of the s y s t e m  and, in a n u m b e r  of 
c a s e s ,  is subject  to calculat ion or  expe r imen ta l  de terminat ion .  Thus,  in the given approach pr inc ipa l  a t ten-  
tion is  paid to the ana lys i s  of the the rmodynamic  force  - the gradient  of the chemica l  potential .  One can be 
sure  that a success fu l  explanation of some of the obse rved  dependences of the coefficient  of diffusion on the 
p a r a m e t e r s  of the s y s t e m  through such an approach  will p romote  the m o r e  intensive development  of e x p e r i -  
ment  in this field.  

According to nonequi l ibr ium t h e r m o d y n a m i c s ,  in a one -phase ,  two-component  sy s t em without ex te rna l  
f ie lds ,  with P = eonst  and T = eonst ,  

]~ = - -  L , 2  v~t~  . . . .  n D t ~ v  c ,  ]~ = - -  ] , ,  (1) 
T 

where  the fluxes of the components  are  t r ea t ed  in a re la t ive  coordinate  sy s t em moving with the n u m e r i c a l - m e a n  
ve loc i ty ,  and hence D~2 is t r e a t ed  in the same  coordinate  sy s t em.  

One can show [1] that  

D,~ = bc (1 - -  c) 0 ~ -  p ,T  (2) 

The mobil i ty  en te r ing  into Eq. (2) mus t  be dis t inguished f rom molecu l a r  mobi l i ty .  They coincide if the concen-  
t ra t ion  approaches  zero .  Hencefor th  we have the l a t t e r  case  in mind.  It is seen f r o m  (2) that the coefficient  
of interdiffusion depends on the mobil i ty  and the der iva t ive  of the chemica l  potent ia l  with r e s p e c t  to the concen-  
t ra t ion .  F i r s t  le t  us cons ider  the mobil i ty  and cite expe r imen ta l  data allowing us to make an assumpt ion about 
the weakness  of i t s  var ia t ion .  In Fig.  1 we p re sen t  data on self-diffusion in different  gases  in a wide range of 
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