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An experimental  test  is repor ted  for  the effects of low-frequency oscil lat ions on the mass  
t r ans fe r  between a sphere  and a medium at large Prandtl  numbers .  

Transfer processes are substantially accelerated in pulsating and oscillating flows. Fundamental 
investigations have been conducted on heat and mass transfer in vibrational processes and empirical 
relationships have been derived [3-6, 8, 9]. In [I] a solution was given for transport from bodies of simple 
shape in a sonic field under conditions of free convection and the mass transfer from a cylinder in a sonic 
field at high Prandtl numbers has been solved by Grafov [2]. 

In the present work some theoretical relationships for heat and mass transfer in vibrational motion 
were subjected to experimental test. The tests were conducted at 0.50 I-Iz and at large Prandtl numbers 
for mass exchange between a sphere and a medium at large and small s/R. To allow measurement of 
the mass flux when the diffusion Prandtl numbers were some thousands, we used an electrochemical 
method of examining the mass transfer, which has considerable advantages: it provides good reproduci- 
bility and adequate accuracy, while substantially reducing the time and labor needed [7]. 

The method is based on the rate of the redox reaction 

KsFe (CN)6 -]- e-  = K4Fe (CN)6. 
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Fig. I. Apparatus: I) frequency meter, 2) photodiode, 3) light 
source, 4) metric motor, 5) disc, 6) crank mechanism, 7) 
frame, 8) thermostatic vessel, 9) cathode, I0) anode. 

Fig. 2. Transducer calibration for steady'flow around a sphere. 
The points are experimental values while the line represents 
Eckert's formula. 
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Fig .  3. Mass  t r a n s f e r  for  a sphe re  in the p r e s e n c e  of v ib ra t ions ;  
a) s /R  < 1: 1) our  r e s u l t s ,  2) for  benzoic ac id  [1], 3) theory ;  b) 
s / R  > 1: the points a r e  expe r imen ta l  va lues ,  the l ine c o r r e s p o n d s  
to the points Nu = 2 + 0.53 P r  ~ < Re~ 

The a r e a  of the anode is 100-1000 t imes  that  of the cathode,  so that  the anode does not become 
p o l a r i z ed .  The r a t e  can be moni tored  f rom the c u r r e n t  between the e l ec t rodes ;  it i n c r e a s e s  exponent ia l ly  
with the potential  d i f ference  at  f i r s t  and then tends to a l imi t  s e t  by m o l e c u l a r  and convect ive  diffusion.  

An e x t e r i o r  flow produces  12 > I 1 if Re 2 > Re 1, so the l imi t ing  c u r r e n t  al lows one to judge the flow 
c h a r a c t e r .  The cathode r a t e  in the l imi t ing  condition is cont ro l led  by the m a s s - t r a n s f e r  r a t e ,  which is 
r e l a t ed  to the l imi t ing  c u r r e n t  by 
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F 

The m a s s - t r a n s f e r  coeff ic ient  is 

I 

FS (~ " c )  

The ion concent ra t ion  at  the cathode is zero  in the l imi t ing  condit ion,  t he r e fo re  fo r  the d imens ion le s s  

m a s s - t r a n s f e r  coeff ic ient  

Id 
Nu ~ - -  

FSc| 

Then the ave rage  t r a n s p o r t  coeff ic ient  for  a sphe re  is found via the l imi t ing  c u r r e n t  for  a given mode 
of flow. 

We used 0.001-0.01 M K3Fe (CN) 6 and KtFe (CN) 6. Effects  of ion mig ra t ion  on the r e s u l t  we re  p r e -  
vented by adding 0.5-2 N NaOH, choosing the exact  concentra t ion  to adjus t  the Prand t l  diffusion number  
as  r equ i r ed .  The composi t ion  and reac t ion  scheme prevented  deposi t ion on the e l e c t r o d e s .  

F igu re  1 shows a l ine d i a g r a m  of the appara tus  on which the expe r imen ta l  data  were  obtained.  

The e l ec t ro ly t e  t e m p e r a t u r e  was kept constant  at  25~ As K3Fe (CN) 6 may  decompose ,  and a t m o ,  
sphe r i c  oxidation is pos s ib l e ,  we p r e p a r e d  a f r e s h  solut ion each t ime and m e a s u r e d  its concent ra t ion  at  
the s t a r t  and end. The c u r r e n t  was m e a s u r e d  with an Ml104 m i t l i a m m e t e r  (c lass  0.2), wh i l e the  potent ia l  
d i f ference  was m e a s u r e d  with a vacuum-tube  vo l tmete r  having a high in te rna l  r e s i s t a n c e .  The anode a r e a  
was 2000 t imes  that  of the cathode.  The cathode was a s tee l  sphere  welded to a mount a t tached to the 
c r ank  v ib ra to r  mechan i sm.  The sphe re s  had been n icke l -p l a t ed  and the anode was a l so  of n icke l .  

The ca l ib ra t i on  was checked in s t e a d y - s t a t e  flow, which a l so  s e r v e d  to check the pu r i ty  of the plat ing 
and the p r e s e n c e  of p a r a s i t i c  emfs .  The ca l ib ra t i on  curve  (Fig .  2) f i t ted c lo se ly  to E c k e r t ' s  fo rmula .  

Nu = 2 --  0.37 Pr ~ Re ~ 

so the method is r e l i a b l e  and can be used in r e s e a r c h  on t r a n s p o r t  phenomena.  We used sphe re s  with 
R 1.6-3.6 ram, which gave s / R  0.2 to 8.0, while P r  was 2200. The r e s u l t s  for  s / R  < 1 we re  compared  
with the t heo re t i ca l  r e su l t  [1] 
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and the r e su l t s  for  s / R  > 1 with 

Nu=0.416( B~ R ~/3 
\ ] f l~ -  D J ' 

(1) 

N u = 2 + A P r ~  ' (2) 

which co r r e sponds  to s t eady - s t a t e  flow. 

The observa t ions  for  s / R  < 1 (Fig.  3a) agree  well  with (1), while those  for  s / R  > 1 (Fig. 3b) agree  
s a t i s f ac to r i l y  with (2) fo r  A = 0.53. 

The r e su l t s  can be used to evaluate  the effects  of low-f requency  osci l la t ions on t r a n s p o r t  in l iquids.  

N u  
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Pr 
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Nusse l t  number ;  
Reynolds number ;  
Prandt l  number ;  
ampli tude of osci l la t ion veloci ty;  
d i sp lacement  ampli tude;  
c i r c u l a r  f requency;  
radius  of sphere ;  
d i ame te r  of sphere ;  
k inemat ic  v i scos i ty ;  
diffusion coeff icient ;  
concentra t ion;  
F a r a d a y  number ;  
a r e a ;  
mo lecu l a r  weight;  
m a s s  flux; 
mas s - t r a n s f e r  c oefficient;  
ave r age  oscil lat ion veloci ty .  
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