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This a r t i c l e  cons iders  the kinet ics  of m a s s  t r an s f e r  (solution) between a solid and a liquid 
in which a v ibra t ion p roces s  is excited by spark  d i scharges  with different f requencies .  The 
re la t ive  i nc rea se  in the m a s s - t r a n s f e r  constant is a function of f requency and r eaches  a 
max imum when the hatter has a ce r ta in  value. 

It has been shown in a number  of s tudies [1--4] that  the kinet ics  of m a s s  t r an s f e r  a r e  to a substant ia l  
extent governed by the re la t ive  r a t e  at  which a liquid flows by a solid. The m a s s - t r a n s f e r  constant  in-  
c r e a s e s  with this ra te .  

Methods for  increas ing  the re la t ive  flow ra te  by impar t ing  low- or h igh-f requency (ultrasonic) v i b r a -  
t ions to the liquid have proved to be effective.  

In addition to these  methods,  the re la t ive  flow ra te  can be inc reased  by spark  d i scharges  in the 
liquid, s ince the l a t t e r  excite  pulsed accous t ic  v ibra t ions  [6], and the i r  use to a c c e l e r a t e  m a s s - t r a n s f e r  
p r o c e s s e s  may  be v e r y  promising.  This  has been confirmed by a study [5] on the intensif icat ion of acid 
decomposi t ion of an apat i te  concentrate .  

It  can be a s sumed  that, in f i r s t  approximat ion,  the m a s s - t r a n s f e r  kinetics a r e  descr ibed  by re la t ion-  
ships s imi l a r  to those obtained in studying m a s s  t r ans f e r  during low-frequency liquid vibrat ions .  Such 
re la t ionships  have been obtained in a number  of studies [8-11]. 

The kinetics of m a s s  t r an s f e r  f r o m  spher ica l  par t ic les  to a liquid over  a broad f requency range (10- 
125 Hz) was invest igated by Burdukov and Nakoryakov [10]. They obtained the following equation: 

[ B~d '~ I Nu = K d _-- 0.99 -3. (1) 

With constant values  of d, D, and v, it follows f rom Eq. (1) that 

1 2 

K = m ~ A  a �9 (2) 

In o rde r  to use  Eq. (2) to de te rmine  the m a s s - t r a n s f e r  constant under conditions w h e r e t h e  v i b r a -  
t ions in the liquid a r e  excited by spa rk  d i scharges ,  we must  de te rmine  the manner  in which a change in 
pulsed f requency affects  the ampli tude of the liquid vibrat ions.  

It can be a s sumed  [12] that, with the s ame  circui t  e lec t r i ca l  p a r a m e t e r s  and medium conditions, 
each d ischarge  produces liquid v ibra t ions  of identical  amplitude. 

Since a spa rk  d ischarge  is actual ly  accompanied by radia t ion  of a compres s ion  wave and subsequent  
fo rmat ion  of a pulsating gas bubble [13], the t e r m  "amplitude" means  the total  d i sp lacement  of the liquid 
during the period for  which the bubble exis ts .  
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Fig. 1. Change in displacement amplitude of liquid A with t ime:  a) T c < T, co < OJcr , A = ZR0; 
b) T c = T, co = cocr, A = 2R0; c) T c > T, co > cocr, A = Z(R 0 - r ) .  

Fig. 2. Solution apparatus.  

With small  d ischarge gaps, the pulsating gas bubble has the fo rm of a short  cylinder [13] and the 
vibrat ion amplitude of the surrounding liquid is determined by the difference in the cylinder radii  during 
expansion and compress ion:  

A = ~, ( R o - - r ) .  (3) 

It can be assumed in f i r s t  approximation that the change in amplitude with t ime is s imi lar  to the 
change in p res su re  at  the shock-wave front. The change in amplitude during the period for which the gas 
bubble exists can then be approximately represented  on coordinates indicating the bubble radius versus  
t ime, as  shown in Fig. la ,  b, and c [14]. It can be seen f rom Fig. 1 that the amplitude A = ~R 0 = const r e -  
mains constant to the d ischarge  frequency at which the discharge period becomes equal to or g rea te r  than 
the t ime for which the gas bubble exists (Fig. la).  

This l imiting discharge  frequency will be called the cr i t ical  frequency. When the frequency is further  
increased,  the amplitude is reduced (Fig. lc) and is defined by Eq. (3). 

F r o m  the conditions that the f igures be similar  (Fig. lc) for the postcr i t ical  region (co > C0cr), it 
follows that 

A T 
R---o = T c (4) 

Express ing the discharge period in t e rms  of the frequency, we can write Eq. (4) in the form 

A =  Re 1 - - .  (5) 
T c o) 

The quantity R0 /T  c cha rac te r i zes  the ra te  of d ischarge-channel  expansion [13] and, with all other 
conditions being equal, is constant for d ischarges  of given energy. 

Solving Eqs. (2) and (5) jointly, we find 

at co ~ ~Ocr K = mBo~ (6)  
1 

atr K = m  2 - -  (7) 
( D 0 , 1 6 7  
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Fig. 3. Relative inc rease  in solution rate  as a function of dis-  
charge frequency (co, Hz) (a) and log K / K  0 as a function of log w 
(b). 1) Gypsum fract ion with grain size of 1-1.5 ram, U = 2 kV; 
2, 3) cylindrical  KNO 3 specimens,  d = h = 8 mm; 2) U = 1.5 kV; 
3) U =2 kV. 

The present  investigation was an at tempt at  experimental verif icat ion of the above theories  and of 
Eqs. (6) and (7), for which purpose we conducted an experimental investigation of the solution kinetics of 
KNO 3 specimens and natural gypsum part ic les  suspended in water under the action of spark  discharge with 
different frequencies.  

Our investigation was conducted in a labora tory  apparatus consisting of three main units: a device 
for suspended-layer  solution, a sho r t - cu r r en t  pulse generator ,  and a cont ro l led- tempera ture  chamber for 
supplying the solvent to the apparatus at the desired temperature.  

The solution unit (Fig. 2) consisted of a metal  column 1 40 • 40 mm in size, with a sc reen  2 in its 
lower portion and an enlarged a rea  3 in its upper portion, to prevent losses .  Steel e lectrodes  4 were 
mounted in the la tera l  walls of the column, with the aid of rubber  insulators  5. Both electrodes were in- 
sulated, while the positive electrode was tapered, in accordance with the recommendat ions  in [7]. 

The electrode power supply was f rom a shor t -cur ren t  pulse generator ,  which consisted of a capacito 
energy accumulator  with a control device, in the form of a thyra t ron blocking generator .  The cur ren t -  
pulse frequency could be varied over the range 10-600 Hz, the discharge voltage over the range 1-3 kV an( 
the discharged energy over the range 0.5-1.5 J. 

The experimental  method consisted in the following. 

A given portion of gypsum with a grain  size of 1-1.5 mm was introduced into the solution apparatus 
and suspended in flowing distilled water  at 18~ A sample Of the solution was f i rs t  taken at the apparatus 
outlet and fil tered through a layer  of f iberglass .  The generator  was then connected and another solution 
sample was taken and filtered. Titrat ion was used to determine the gypsum concentrat ion in each sample. 

The relat ive increase  in m a s s - t r a n s f e r  ra te  was evaluated f rom the concentration ratio: 

I( _ C2--Co (8) 
Ko C,-- C0 

Cylindrical part icles  of KNO 3 produced by pressing were dissolved in flowing distilled water at 18~ 
in the same apparatus.  

Previously  prepared samples [3] were introduced into the apparatus with the aid of a special  holder, 
located on the axis of the unit at a distance of 15 mm f rom the d ischarge-gap axis; solution was conducted 
for  a predetermined time. 

The relat ive increase  in the m a s s - t r a n s f e r  ra te  was evaluated f rom the specimen weight loss:  

K AG 
- (9: 

Ko AGo 

Each experiment was duplicated five t imes with specimens of identical size at each frequency. 

The experimental  resul ts ,  which a r e  presented in Fig. 3a, show that the cr i t ical  d ischarge frequenc~ 
under the conditions described above was 190-200 Hz. Mass t ransfer  was accelera ted by a factor  of five 
for  the mounted par t ic les  and by a factor  of 2.3 for the suspended particles.  
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P r o c e s s i n g  of the exper imenta l  r e su l t s  in the f o r m  of the function l o g K / K  0 = f(logco) (Fig. 3b), taking 
into account the fact  that the value of K 0 was constant  for  both sa l t s  under all  the exper imenta l  conditions, 
enabled us to obtain the re la t ionships :  

at co-~co~: r K-~mlo~ ~ (10) 

1 
at co~>mcr K = m ~  coO.- ~ -  (11) 

As can be seen,  these  re la t ionships  a r e  in s a t i s f ac to ry  a g r e e m e n t  with Eqs. (6) and (7). However,  the 
d i sc repancy  between Eqs. (7) and (11) is  l a rge  for  the pos tc r i t i ca l  region. This can be at t r ibuted to the 
fact  that we did not take into account  the t h e r m a l  and cavi tat ion effects ,  the d ispers ion ,  and the e l ec t ro -  
magnet ic  radia t ion of the s p a r k  d i scharges .  

It  can be a s sumed  in f i r s t  approx imat ion  that the t he rma l  effect  and e lec t romagne t ic  radia t ion a r e  in-  
dependent of the d i scharge  frequency.  

The m a s s - t r a n s f e r  constant in the pos tc r i t i ca l  reg ion  should then be g r e a t e r  than that given by Eq. 
(7), which is based on an i nve r se ly  propor t ional  dependence on f requency [Eq. (5)]. 

N u  

K, K 0 
d 
h 
D 
CO 

COcr 
y 

A 
B = 4c0A 
R0, r 
T = 1/co 

Tc 
CO 
C1, C2 

AGo, AG 
m, ml, m 2 
U 

N O T A T I O N  

is the diffusion Nussel t  number;  
a r e  the m a s s - t r a n s f e r  coeff icients  with liquid pulsations and without; 
i s  the d i am e t e r  of par t ic le ;  
is the height of par t ic le ;  
is  the diffusivity; 
is  the d i scharge  frequency;  
is  the c r i t i ca l  d i scha rge  f requency;  
, s  the Mnemat ic  v iscosi ty ;  
,s  the ampli tude of liquid pulsat ions;  
is  the ampli tude of liquid pulsation velocity;  
a r e  the radius  of gas bubble cyl inder  in expansion and contract ion;  
is the d i scharge  period; 
is  the l i f e - t ime  of gas bubble; 
is  the init ial  gypsum concentra t ion in water  for  solution; 
a r e  gypsum concentra t ion in solution at appara tus  entrance for  solving with d i scharges  
and without them; 
a r e  the lo s ses  of s ample  weight in solving with d i scharges  and without; 
a r e  the constants ;  
is the vol tage in d i scharge  region. 
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