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The ar t ic le  presents  the resu l t s  of an experimental  investigation of the effect of ul trasonic vibrat ions 
on mass t r ans fe r  f rom a sphere at large values of the l>randtl number .  An e lec t rochemical  method was 
used to measure  the m a s s - t r a n s f e r  coefficient.  

The resu l t s  of the experimental  investigation are  compared with a theoret ical  dependence obtained 
ear l ie r  in [1]. 

T rans fe r  p r o c e s s e s  between a solid body and a liquid or gaseous medium are  considerably acce lera ted  
with a re la t ive  vibrat ional  motion of the body and the medium, 

A number of experimental  investigations by Soviet and foreign authors [1-4] have been devoted to the 
question of heat and mass  t r ans fe r  f rom solids of simple form in a field of acoust ic  vibrat ions.  A detailed 
review of investigations ca r r i ed  out up to 1960 is given in [4]. 

The concepts with r e spec t  to the mechanism of the action of sonic vibrations on t r ans fe r  p rocesses ,  
put forward by var ious  authors ,  a re  ra ther  contradic tory.  

In [1] a theore t i ca l  dependence of the m a s s - t r a n s f e r  coefficient on the pa rame te r s  of the sonic field 
was derived. In the solution of this problem,  the following assumptions were  made: 

l) The wave lengths of the sonic vibrat ions,  X, are  much grea te r  than the radius of the sphere,  k >>R; 

2) the rat io of the amplitude of the displacement,  s, to the radius of the sphere,  R, is ei ther  much less 
than unity, s /R  << 1, or  much g rea te r  than unity, s/~t >> 1; 

3) the Grashof number approaches zero,  G -~ 0. 

With the l imitations adopted, for mass  t r ans fe r  f rom a sphere,  in [1], for the averaged m a s s - t r a n s f e r  
coefficient (the Nussel t  number,  const ructed with respec t  to the diameter  of the sphere,  d, the following 
formula  was obtained 

,V = 0.832 ~ ]  (~- ~ i) (1) 

Here B is the amplitude of the vibrat ional  velocity; r is  the cyclic frequency; v is the kinematic v i s -  
cosi ty coefficient; D is the diffusion coefficient.  

The purpose of the presen t  investigation was an experimental  verif icat ion of the theoret icaldependence 
describing heat-  and m a s s - t r a n s f e r  p roces se s  with a vibrat ional  motion. 

The investigation of the effect of ul t rasonic vibrations on mass  t rans fe r  f rom a sphere at large Prandtl  
numbers  was ca r r i ed  out in a unit, a schematic  diagram of which is shown in Fig.  1. In this schematic 
diagram, 1 is a high-voltage rec t i f ier ;  2 is an ul t rasonic generator ;  3 is a source of sound; 4 is a USh-2 
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broad-band  ampl i f i e r ;  5 is  a vacuum vo l tme te r ;  6 is  an SI-7 osc i l lograph ;  7 is  a p i e z o e l e c t r i c  pickup; 8 is  
a n ickel  sphe re  (the cathode}; 9 is  a VLU-2 vacuum vo l tme te r ;  10 is  an Ml104 m i l l i a m m e t e r ;  11 is  a v a r i -  
able r e s i s t a n c e ;  12 is a s t andard  r e s i s t a n c e ;  13 is an R2/1 po ten t iomete r ;  14 is  a source  of d i r e c t  cur ren t ;  
15 is the anode. 

An e l e c t r o c h e m i c a l  method was used to m e a s u r e  the d imens ion le s s  m a s s - t r a n s f e r  coeff icient .  The 
e l e c t r o c h e m i c a l  method, d e s c r i b e d  in a number  of a r t i c l e s ,  is  ba sed  on the following e l e c t r o c h e m i c a l  r e a c -  
tion, con t ro l l ed  by diffusion [5] 

Fe (CN)6 s ~- e- ~ Fe (CN)64 

The ox ida t ion- reduc t ion  sy s t em KaFe(CN}i/K4Fe(CN) 6 is  convenient  because  of the fact  that  the e l e c -  
t r o c h e m i c a l  r eac t ion  t akes  p lace  in the diffusion reg ion  over  a wide range  of p a r a m e t e r s ,  because  no de -  
pos i t s  a r e  fo rmed  on the e l e c t r o d e s ,  and, f inal ly ,  because  none of the components  of the sy s t em a r e  consumed; 
consequently,  the composi t ion  of the sy s t em can r e m a i n  constant  over  the cour se  of a long pe r iod  of t ime ,  

With the p r e s e n c e  of an e l e c t r i c a l  potent ia l  between the anode and the cathode,  the a r e a  of the anode 
is taken many t i m e s  g r e a t e r  than the a r e a  of the cathode, to avoid po l a r i za t i on  of the anode; the e l e c t r o -  
chemica l  r e a c t i o n  p r o c e e d s  on the i r  su r face  in accordance  with the above scheme.  The c u r r e n t  in the ca th-  
ode c i r cu i t  is  p ropo r t i ona l  to the number  of ions r eac t i ng  in the c i r cu i t  in unit  t ime;  th is ,  in turn ,  is  de -  
t e r m i n e d  by the r a t e  of supply of the r eac t i ng  ions to the sur face  of the sphere  and by the r a t e  of r e m o v a l  of 
the r e a c t i o n  p roduc t s  f rom the sphere  as  the r e s u l t  of convect ive and molecu la r  diffusion.  

Thus,  the c u r r e n t  in the cathode c i r cu i t  is  a quant i ta t ive m e a s u r e  of the r a t e  of the m a s s - t r a n s f e r  
p r o c e s s  on the su r face  of the body under invest igat ion.  

Under the condit ions of a l imi t ing  diffusional  cu r r en t ,  the r a t e  of the r eac t i on  at  the cathode is d e t e r -  
mined by the r a t e  of mass  t r a n s f e r  between the su r face  of the cathode and the flow of e lec t ro ly te ;  under  
these  c i r c u m s t a n c e s ,  the flow of mass ,  q, is  connected with the value of the l imi t ing  cu r ren t ,  I, by the r e -  
la t ionship 

q = I M / F  

Here M i s  the molecu la r  weight; F is the F a r a d a y  number .  F o r  the m a s s - t r a n s f e r  coeff ic ient  we thus 
have 

I 
- FS(c~ --c) 

Here  S is the a r ea  of the cathode (the sphere)  ; c is  the concent ra t ion  of the e l ec t ro ly t e .  Under condi-  
t ions of a l imi t ing  diffusional  cu r r en t ,  as the r e s u l t  of po l a r i za t i on  the concent ra t ion  of ions at  the cathode 
is equal  to zero ;  t he re fo re ,  for  the d imens ion le s s  m a s s - t r a n s f e r  coeff ic ient  we have 
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Consequently, the problem of determining the dimensionless mass - t r ans f e r  coefficient f rom a sphere 
has been reduced to measurement  of the value of the cur ren t  in the cathode c i rcui t  under the given flow con- 
ditions. The electrolyte  was a solution of the salts  of f e r r i - and  fer rocyanide ,  K~Fe(CN) 6 and KaFe(CN)6 , 
with a 0.001-0.01 N concentration.  To eliminate the effect of the migrat ion of ions on the value of the e lec -  
t r ic  current ,  foreign ions in the form of caustic soda with a concentration of 0.5-2N were added to the e lec-  
t rolyte.  By varying the concentrat ion of caust ic  soda it is possible to obtain liquids with different values of 
the diffusion Prandt l  number;  in the present  investigation, the Prandtl  number P = 2200. 

In view of the possibi l i ty of oxidation in air  and of decomposition of the K3Fe(CN) 6 salt, a new solution 
of electrolyte was p repared  each t ime,  and its concentrat ion was measured  before and after  an experiment.  
By thermosta t t ing of the working volume of the liquid during the experiments  the tempera ture  of the e lec t ro -  
lyte was maintained constant and equal to t =25~ 

The experimental  method consis ted in the following. The sonic emit ter  was installed in the vesse l  
with the liquid at a determined distance; on a special  base,  paral le l  to the plane of the emit ter ,  there  was 
installed a flask with the e lect rolyte  into which, using a positioning device, there  were  inser ted the sphere 
being investigated (the cathode) and a p iezoelect r ic  pickup for measuring the intensity of the ultrasonic v i -  
brat ions.  

The cu r ren t  in the cathode c i rcui t  was measured  with an Ml104 mi l l iammeter ,  c lass  0.2. The voltage 
between the cathode and the anode was measured  using a vacuum vol tmeter  with a large internal res is tance .  

The frequency of the ul t rasonic vibrations was measured  and monitored in a SI-7 double-beam elec-  
tronic osci l lograph.  

The sources  of ul t rasonic  vibrat ions were magnitostr ic t ive and quartz emi t te rs ,  making it possible 
to obtain a sound of sufficiently high intensity, f rom 5 to 30 W / c m  2, respect ively .  

The main p a r a m e t e r s  of the experiment  were var ied within the following limits: the frequency of the 
ul t rasonic  vibrations f rom 20 kHz to 1 MHz; the d iameter  of the sphere f rom 1.5 to 6 mm; the Prandtl  num- 
ber  f rom 2000 to 2300. 

The resul t s  of the experimental  investigation of mass  t rans fe r  f rom a sphere are  presented in Fig. 2, 
where b = B 2//3 R I/3 (w v)l//6 I)1/3; the theoret ical  dependence (1) sa t is factor i ly  co r re la t e s  the experimental  r e -  
sults.  

F rom the resu l t s  of the p resen t  work it follows that the mechanism proposed ear l ie r  [1] for mass  
t ransfer ,  with large values of the Prandt l  number  and a smal l  value of the rat io of the amplitude of the d is -  
placement  of the medium to the radius of the sphere,  is determined by the laws governing the internal r e -  
gion of secondary  flows. 

The data obtained can be used for evaluation of the effect of vibrations on m a s s - t r a n s f e r  p rocesses  
in liquid media. 
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