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T r a n s f e r  p r o c e s s e s  a re  known to be m a t e r i a l l y  acce l e r a t ed  in a h igh-power  acoust ic  field [1-5]. A 
detai led ana lys i s  of work  on the influence of acoust ic  v ibra t ions  on heat  and m a s s  t r a n s f e r  was  given by 
Fand and Key [5]. We previous ly  [3] published a solution for m a s s  t r an s f e r  f r o m  solids of s imple  shape 
under f r ee -convec t ion  condit ions.  

The t r a n s f e r  under  f r ee -convec t ion  conditions was ca lcula ted  for  a sphere  in an acoust ic  field. The 
sphere  under considera t ion  was placed in a med ium per tu rbed  by an acoust ic  wave with the following pa-  
r a m e t e r s :  B was  the v i b r a t i o n - r a t e  ampli tude,  w was  the angular  f requency,  S was the d i sp lacement  a m -  
plitude, a n d k w a s  the acoust ic  wavelength (Fig. 1). The p rob lem was solved with the following as sumpt ions :  
a) the acoust ic  wavelength was fa r  g r e a t e r  than the sphere  rad ius ,  k>> R; b) the ra t io  of the d i sp lacement  
ampli tude to the sphere  radius  was  e i ther  fa r  g r e a t e r  than one, S/R>> 1,or fa r  l e s s  than one,S/R<< 1; c) the 
Grashoff  number  tended to ze ro ,  G ~  0. 

With this formula t ion  of the p rob lem,  we found an expres s ion  for  the d imens ion less  local  m a s s - t r a n s -  
f e r  constant  (Nussel t  number)  in the f o r m  (D is the diffusion constant) 

cos ~ q) N t.89 
V-~--~ V~ + r (1) 

In o rde r  to ve r i fy  the t r an s f e r  m e c h a n i s m  f r o m  a sphere  to an acoust ic  f ie ld in a gaseous  medium,  
we conducted expe r imen t s  on m a s s  t r a n s f e r  in the e thano l -a i r  sy s t em.  

Fig. 1. Acoust ic  flow around a sphere  
p laced  in veloci ty  loop of standing acoust ic  
wave.  B) v ib ra t ion-ve loc i ty  amplitude;  
w) angular  f requency;  k) acoust ic  wave-  
length; S) d i sp lacement  ampli tude.  
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Fig.  3. M a s s - t r a n s f e r  con-  
stant  as  a function of acous t i c -  
f ield p a r a m e t e r s .  - - )  Theo-  
r e t i ca l  curve;  O) expe r imen ta l  
points .  

Drop vapor iza t ion  was s imula ted  by vapor iza t ion  of a liquid f r o m  
the su r face  of a porous  sphere .  The exper imenta l  setup is shown in 
Fig.  2, where  1 is the def lector ,  2 the porous  sphere ,  3 the acoust ic  
r ad ia to r ,  and 4 the e lec t romagne t .  

The acous t i c -wave  source  w a s  an e lec t rodynamic  e m i t t e r , w h i c h  
made it poss ib le  to obtain sound of sufficiently high intensity (up to 
165 dB). In con t ra s t  to h igh-power  e m i t t e r s  operat ing in a i r ,  which 
usually genera te  highly i r r e g u l a r  sound, this r ad ia to r  made it poss ib le  
to obtain acoust ic  v ib ra t ions  with a uni form ampli tude along the wave 
f ront .  A detai led descr ip t ion  of this type of e m i t t e r  was  given e a r -  
l i e r  [3]. 

The m a s s  t r an s f e r  f r o m  the sphere  was  invest igated in a s t a -  
t ionary  acoust ic  f ield.  The s t rength  of the acoust ic  v ibra t ions  was  
m e a s u r e d  with a p iezoe lec t r i c  p r e s s u r e  sensor  having a cyl indr ica l  
sens ing  e lement  with an inside d i ame te r  of the o rde r  of 1.5 m m .  The 
f requency of the acoust ic  v ib ra t ions  was m e a s u r e d  with a f requency 
m e t e r .  The amount  of liquid vapo r i zed  f r o m  the sphere  su r face  was  
m e a s u r e d  by the vo lume t r i c  method.  Ethanol was used  as  the working 
fluid. 

The expe r imen ta l  method was as  follows: a standing acoust ic  
wave was  s e t  Ul~ and the sphere  in t roduced into a ve loci ty  loop. The 
working liquid was fo rced  through the sphere ,  a definite vapor iza t ion  
r e g i m e  was es tab l i shed  by adjusting the p r e s s u r e  in the working- l iq-  
uid del ivery  sys tem,  and the p r e s s u r e  in the channel and the s t rength  
of the acous t ic  Vibrations were  held constant  throughout the e x p e r i -  
ment .  

The following quanti t ies  we re  m e a s u r e d  in each  s e r i e s  of ex-  
pe r imen t s :  i) the amount of liquid vapor ized  f rom the sphere ;  2) the 

t e m p e r a t u r e  of the sphere  su r face  (with a n ichrome-cons tan tan  thermocouple  contact -welded to the sphere  
sur face) ;  3) the ambien t  t e m p e r a t u r e ;  4) the p r e s s u r e  in the acoust ic  wave;  5) the f requency of the acous t ic  

v ib ra t ions .  

In this  expe r imen ta l  inves t iga t ion ,  we de te rmined  the d imens ion less  m a s s - t r a n s f e r  constant  ( av e r -  
aged over  the sphere)  as  a function of the  ampl i t ude  of the v ib ra t ion  veloci ty  and the f requency of the acous -  
t ic  v ib ra t ions .  The acous t i c -v ib ra t i on  intensity v a r i e d  f r o m  150 to 165 dB, and the v ibra t ion  f requency f r o m  

7 to 18 kHz. 

The expe r imen ta l  data w e r e  p r o c e s s e d  with Eq. (1). In o r d e r  to de te rmine  the ave rage  m a s s - t r a n s f e r  
constant  N, it is n e c e s s a r y  to a v e r a g e  the above theore t ica l  function in Eq .  (1) ove r  the sphere ,  using the 

fo rmu la  

<N>=~fN~ 
where  F is  the su r face  a r e a  of the sphere  and N O is  the local  Nusse l t  number .  

The ave rag ing  in tegra l  s e l ec t ed  numer i ca l ly  in our p rev ious  study [3] would produce an e r r o r  in this 

case .  We can se lec t  the exact  in tegra l  

<:">= ::"R'r176 ~ ~ = " ' " ~  WO , V ~ '  
0 0 0 

(2) 

The d imens ionless  m a s s - t r a n s f e r  constant  was de te rmined  f r o m  the well-known fo rmula  

N ~ ~Jd/D (3) 
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where  fl is the m a s s - t r a n s f e r  constant ,  which is r e l a t ed  to the m a s s  flow by the equation 

~M 
q = ~TV0r (P~ - poo) 

Knowing the sa tu ra t ed  vapor  p r e s s u r e  a t  the sphere  sur face  Pw, the sa tu ra ted  vapor  p r e s s u r e  at  in-  
finity 1)oo, the diffusion constant  of ethanol at a t e m p e r a t u r e  T,  and the molecu la r  weight of the a l coho lvapor  
M, we can unambiguously define the left  side of Eq. (3). 

The r e s u l t s  of our expe r imen ta l  study a re  p r e sen t ed  in Fig. 3, where  B*=B (r As can be seen 
f r o m  this graph,  the expe r imen ta l  data a re  in sa t i s f ac to ry  a g r e e m e n t  with the theore t i ca l  function in Eq. (2). 

It  mus t  be noted that  the theore t ica l  function in Eq. (2) differs  f r o m  that  given by Bor isov  and Stat-  
nikov [4] only in the coeff icient .  
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