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Investigations have been made of the drying e~ quartz sand and speci- 
mens of foam polyurethane in an acoustic field. The layerwise dis- 
tribution of moisture and temperature during elimination of moisture 
is given. 

The r e c e n t  l i t e r a t u r e  con ta ins  a number  of a r t i c l e s  
on the acous t i c  method of d ry ing ,  which is  c o n s i d e r e d  
p r o m i s i n g  for  h e a t - s e n s i t i v e ,  e a s i l y - o x i d i z e d ,  and 
h a r d - t o - d r y  m a t e r i a l s  [1 -4 ] .  The au thors  of these  
a r t i c l e s  p r e s e n t  da t a  showing that  the acous t i c  method  
a c c e l e r a t e s  d ry ing  and l o w e r s  the f inal  m o i s t u r e  
content  without  a p p r e c i a b l y  i n c r e a s i n g  the t e m p e r a -  
t u r e  of the m a t e r i a l .  The ac tua l  m e c h a n i s m  of a c o u s -  
t ic  d ry ing  is  not  ye t  c l e a r ,  however .  

An e x p e r i m e n t a l  equ ipment  with a g a s - j e t  type 
GSI-4 r a d i a t o r  [5] has  been  u s e d  to i nves t iga t e  the 
k ine t i c s  of m o i s t u r e  t r a n s f e r  in acous t i c  d ry in g .  The  
c a p i l l a r y - p o r o u s  m a t e r i a l  t e s t e d  was  qua r t z  sand 
with s a t u r a t e d  weight  of 1.736 �9 l0  s kg/m3; g r a i n s  
0.355-1 m m  in s i ze  made  up mos t  of the m a s s  (88.3~).  
Sand with a m o i s t u r e  content  of 0.164 k g / k g  was  
packed  into a p l a s t i c  c y l i n d e r  ( in te rna l  d i a m e t e r  60 
ram).  The spec imen ,  32 m m  in height ,  was sub jec ted  
to acous t i c  v i b r a t i o n  at  v a r i o u s  sound p r e s s u r e  l eve l s  
(158, 163, and 167 dB) for  a def in i te  t i m e .  Then the 
dev ice  was  wi thdrawn f rom the equipment ,  and the 
sand s a m p l e d  in l a y e r s  for  m o i s t u r e  content ,  for  
which p u r p o s e  the s p e c i m e n  was  pushed out of the 
c y l i n d e r  by a p i s ton  and d iv ided  into e ight  p a r t s .  
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Fig .  1. D i s t r i bu t i on  c u r v e s  of m o i s t u r e  
content  ~, kg /kg ,  ove r  depth  of sand 
l a y e r  b, mm,  at  a sound p r e s s u r e  l eve l  
j = 167 dB (the c o m p r e s s e d  a i r  p r e s s u r e  
was  P = 2.16 �9 105 N / m  a, the f requency  
f = 7 k c / s ) :  1) dura t ion  of d ry ing  ~ '=5min ;  

2 -15 ;  3 -30 ;  4 - 6 0 .  

The in i t i a l  m o i s t u r e  content  of the sand was  found by 
s t a t i s t i c a l  a n a l y s i s .  The m o i s t u r e  content  of  the cut  
l a y e r s  was  d e t e r m i n e d  by weighing.  The t e s t s  w e r e  
dupl ica ted ,  and i t  was  c o n s i d e r e d  s a t i s f a c t o r y  if  the 

d i v e r g e n c e  in m o i s t u r e  content  r e a d i n g s  for  p a r a l l e l  
s a m p l e s  did  not exceed  1.0%. 

As  wel l  as  the m o i s t u r e  content  in the l a y e r s ,  the 
t e m p e r a t u r e  of the m a t e r i a l  was  a l so  m e a s u r e d  us ing  
c o p p e r - c o n s t a n t a n  t h e r m o c o u p l e s  e m b e d d e d  in the 
s p e c i m e n  and a type E P P - 0 9  p o t e n t i o m e t r i c  r e c o r d e r .  
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Fig .  2. C u r v e s  of d ry ing  (1) and t e m p e r a t u r e  
f ie ld  (2) for  sand (u in kg /kg ,  t in "C, r in 
min) in d i f f e r en t  l a y e r s  of the s p e c i m e n  (2) 
6 m m  f rom the s p e c i m e n  s u r f a c e ;  3) 14; 

4) 22; 5) 30. 

Since the t e s t s  w e r e  conducted  at  a cous t i c  f r equen -  
c i e s  (7 -15  kc / s} ,  a l l  the equ ipment  was  loca ted  in a 
s p e c i a l  soundproof  c h a m b e r .  In the t e s t s  the a i r  
blown through  the e m i t t e r  was  e x t r a c t e d  th rough  
l a t e r a l  ho les  in the r e f l e c t o r  in such a way that  the 
s p e c i m e n  s u r f a c e  was  e xpose d  only to acous t i c  w a v e s .  

In the f i r s t  s t age  of d ry ing ,  e l im ina t i on  of m o i s t u r e  
f rom the s p e c i m e n  took p l ace  s lowly  (e. g . ,  dur ing  
the f i r s t  5 rain the m o i s t u r e  content  changed only 
f rom 0.164 to 0.162 kg /kg) .  I t  should be noted that  
h e r e  the w a t e r ,  under  the inf luence of g r a v i t y ( F i g .  1), 

is  r e d i s t r i b u t e d  ove r  the  s p e c i m e n  height;  the  lower  
l a y e r s  a c q u i r e  g r e a t e r  humidi ty .  Subsequent ly ,  the  
d ry ing  r a t e  i n c r e a s e s ,  and the s lope  of the m o i s t u r e  
content  cu rve  changes ,  ind ica t ing  that  m o i s t u r e  i s  
d i f fus ing f rom the lower  l a y e r s  to the upper ,  whence 
i t  e v a p o r a t e s .  

I t  m a y  be seen  f r o m  Fig .  2 that  the d ry ing  curve  
c o n s i s t s  of t h r e e  sec t ions :  a b - - a  p e r i o d  of i n c r e a s i n g ,  
b c - - a  p e r i o d  of cons tant ,  and c d - - a  p e r i o d  of fa l l ing  
d ry ing  r a t e .  We obta ined  the gent ly  s lop ing  sec t ion  
ab at  high acous t i c  ene rgy  dens i ty  (167 dB) only for  
c o m p a r a t i v e l y  th ick  s p e c i m e n s  (in our  c a s e  32 mm}; 
for  th inner  s p e c i m e n s  ( e . g . ,  10 mm) this  s ec t ion  
was  absen t .  
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The t empera tu re  curves  in four l aye rs  of the sand 
specimen a re  also shown in Fig. 2. The resu l t s  
indicate that a t empera tu re  drop in the f i r s t  stage of 
drying is  cha rac t e r i s t i c  of the acoustic method, the 
t empera tu re  gradient  here  being 2 deg/cm.  At the 
end of the f i r s t  stage the t empera tu re  becomes equal 
at all  points of the specimen.  Later  t empera tu re  
gradient  changes d i rec t ion  and reaches  3 -5  deg/cm.  
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Fig. 3. Curves of acoustic drying of a 
specimen of foam polyurethane at v a r i -  

o u s  field intensi t ies:  1) 155 dB; 2) 165; 
3) 167; 4) 169. 

The f i r s t  tes t  ma te r i a l  used was foam polyurethane, 
which has a high mois ture  absorpt ion coefficient (up 
to 800%). The volume weight of the specimen co r -  
responded to 40 kg/mS; the poros i ty  was 63.2% open 
pores ;  the mean pore d iamete r  was 0.4 mm. The 
spec imen d iamete r  was 140 mm at thickness 15 mm. 

Drying was done at sound p r e s s u r e  levels  of 155, 
165, 167, and 169 dB. The re su l t s  of the t es t s  a re  
shown in Fig. 3. 

Examination of the curves  shows that the intensity 
of i r rad ia t ion  has a substant ial  influence on the d ry -  
ing ra te .  Thus, while 40 min is required at 167 dB 
to halve the mois ture  content (from 9 to 4.5 kg/kg), 
only 7 min is required at 169dB, i . e . ,  a factor  of 
5.7 l ess .  

It should be s t r e s s e d  here  that the mechanism of 
mois ture  removal  at  sufficiently high mois ture  con- 
tent and a definite intensity is  not l imited only by 
evaporat ion of mois ture;  mechanical  removal  a l s o  
plays an appreciable  part .  At high enough sound 
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energy levels  (J = 169 dB) intense separa t ion  of 
mois tu re  drops from the specimen is observed 
during the init ial  drying phase.  

Since the investigations were  c a r r i e d  out in an 
acoust ic  field which was near ly  diffuse, the location 
of the specimen re la t ive  to the emi t t e r  had no ap- 
prec iab le  significance.  Drying of the specimen for 
10 min from an ini t ial  mois tu re  content of 8.9 kg/kg 
with horizontal  a r rangement  of the ma te r i a l  reduced 
the mois tu re  content to 4.0 kg/kg, and with ver t ica l  
a r rangement  to 4 .3-4 .4  kg/kg, i . e . ,  the difference 
is only 7-10% in favor of a horizontal  ar rangement .  

The tes t s  conducted with the cap i l l a ry-porous  
ma te r i a l s  used give grounds for considering that the 
acoustic method allows drying to be acce le ra ted  
seve ra l  t imes  in comparison with other methods, and 
simultaneously reduces  the t empera tu re  of the m a t e r -  

i a l  being t rea ted .  At the same t ime,  some increase  
of t empera ture  of the ma te r i a l  (ar is ing from absorp-  
tion of acoustic energy) is observed at high acoustic 
field intensi t ies ,  and this probably leads to additional 
increase  in drying ra te .  

The intense mechanical  removal  of mois ture  ob- 
served  at high levels of acoustic field and mate r i a l  
mois ture  content leads us to suppose that this mech-  
anism occurs  in al l  cases  of acoustic drying in the 
init ial  stage of the per iod of constant drying ra te .  
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