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An investigation is carried out into the process of the drying of a cer- 
amic disk involving the use of an acoustic field produced by a gas- 
jet emitter fed by hot air (up to 140 ~ C). 

It has been demonstrated in a number of studies 
that the greatest intensification of the acoustic drying 

process is achieved when a moist material is sub- 

jected simultaneously to acoustic oscillations and 

heating by means of convective [1], conductive [2], 

infrared [3], and high-frequency [4] methods. 
However, application of the indicated combined 

methods requires rather cumbersome equipment. 

Particular interest has been expressed in the com- 

bination of two drying methods in a single apparatus. 

Below we present the results from an experimental 
investigation of the acoustic drying process in which 

hot air was used to feed the gas-jet emitter. 

Ceramic disks 120 mm in diameter and 20 mm 

thick were used for the experiment, and these had an 
initial moisture content of 0.34 kg/kg. 

To ascertain the effect of the acoustic oscillations 

produced by the gas-jet emitters (with the latter fed 

with heated air) on the moist capillary-porous mate- 

rial, we set up an experimental installation which 

made it possible to carry out the drying operation in 

the presence of acoustic oscillations and without the 

latter (with conventional convective drying). 

The installation (Fig. i) consisted of air heater 1 

with spiral 2 and regulating transformer 3; chamber 

4 with gas-jet emitter 5 and specimen 6; manometer 
7, flowmeter 8 and thermoeouples with secondary 
instrument 9. 

Two series of experiments were carried out: con- 

vective and acoustic drying. 

Fig. 1. Experimental apparatus. 

Identical hydrodynamic conditions of flow past the 
specimen being dried were achieved by maintaining 

the air flow rate in the acoustic and convective drying 
at a constant 115 m3/hr. In the case of acoustic dry- 

ing this corresponded to a sound-pressure level of 

160 dB at the emitter (at an air temperature of 20 ~ C). 

In t he  c o n v e c t i v e - d r y i n g  e x p e r i m e n t s ,  t he  w h i s t l i n g  of 
t he  g a s - j e t  e m i t t e r  w a s  r e c o r d e d .  

T h e  a i r  t e m p e r a t u r e  w a s  e s t a b l i s h e d  by  v a r y i n g  

t h e  v o l t a g e  to t h e  e l e c t r i c  a i r  h e a t e r  by  m e a n s  of t he  
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Fig. 2. Convective (i, 2, 3) and 

acoustic (I', 2', 3') drying of a 

ceramic disk at air tempera- 

tures of 20, 70, and 140 ~ C, 
respectively (U, kg/kg; % min). 

regulated transformer and it was maintained for each 

series of experiments at levels of 20, 70, and 140 ~ C. 

The moisture content was determined by weighing 

the specimen on analytical scales. 

Figure 2 shows the curves of convective and acous- 

tic drying of the specimen for various air tempera- 

tures. 

Comparison of the convective curve (I) and acous- 
tic curve (i') for drying at 20 ~ C shows that the drying 

rate in the latter case is greater by a factor of 2.5 

(with a change in the moisture content from 0.34 to 

0.24 kg/kg). At 70 ~ C the rate of acoustic drying (2') 

is greater than the rate of convective drying (2) by a 

factor of 2.2. With a higher temperature (140 ~ C) the 

effect of acoustic drying (3') in comparison with con- 

vective drying (3) is diminished. Here the rate of acous- 
tic drying is greater than convective drying by a fac- 
tor of only 1.4. 

REFERENCES 

1. S. G. S i m o n y a n ,  So. t r u d o v  VNII  n o v y k h  s t r o i -  
t e l ' n y k h  m a t e r i a l o v ,  no.  2, (10) ,  pp.  3 4 - 3 5 ,  1965.  



310 INZHENERNO-FIZICHESKII  ZHURNAL 

2. Yu. Ya. Bor i sov ,  N. N. Dolgopolov,  and S. G. 
S imonyaa ,  A k u s t i c h e s k i i  zhurna l ,  vol. XI, no. 3, 
1965. 

3. N. N. Dolgopolov and S. G. Simonyan,  Sb. t r u -  
dov VNII novykh s t r o i t e l ' n y k h  m a t e r i a l o v ,  no. 2, (10), 
pp. 14 -21 ,  1965. 

4. S. G. Simonyan and N. N. Dolgopolov,  IFZh  
[ Jou rna l  of Eng inee r ing  Phys i c s ] ,  10, no. 4, 1966. 

13 F e b r u a r y  1967 Al l -Union  S c i e n t i f i c - R e s e a r c h  
Ins t i tu te  for  New S t r u c t u r a l  
M a t e r i a l s ,  Moscow 

SOLIDIFICATION OF A K I L L E D - S T E E L  INGOT 

A. A. Z b o r o v s k i i  

I n z h e n e r n o - F i z i c h e s l d i  Zhurna l ,  Vol. 13, No. 4, pp. 577-580 ,  1967 

UDC 536.421.4 

An approximate solution is presented for the problem of the thickness 
of the diffusion boundary layer on solidification of a killed-steel ingot 
under conditions of natural the rmal -mel t  convection. 

The d i s t r i b u t i o n  of a so lub le  a d m i x t u r e  in the ca se  
of n o r m a l l y  d i r e c t e d  c r y s t a l l i z a t i o n ,  as  is  we l l  known, 
is  given by the e f fec t ive  d i s t r i b u t i o n  coe f f i c i en t  d e t e r -  
m i n e d  by B u r t o n - P r i m - S l i c h t e r  [1]: 

k = ko (1) 
ko + ( 1-- ko) exp ( - -A) '  

w h e r e  A = f 6 / D ,  whi le  the e q u i l i b r i u m  d i s t r i b u t i o n  
coef f i c ien t  k 0 = Cs/C0. 

Of the t h r e e  fundamenta l  p a r a m e t e r s  f ,  6, and D 
tha t  d e t e r m i n e  the n o r m a l i z e d  r a t e  of g rowth  A and,  
consequen t ly ,  the  e f fec t ive  d i s t r i b u t i o n  coef f i c ien t  k, 
the growth  r a t e  f ,  and the di f fus ion f a c t o r  D in the 
l iquid  a r e  g e n e r a l l y  known. If the  condi t ions  of the  
l iqu id  flow for  the so l i d i f i c a t i on  of the a l loy  a r e  known, 
it  is  t h e o r e t i c a l l y  s o m e t i m e s  p o s s i b l e  to c a l c u l a t e  the 
t h i c k n e s s  6 of the di f fus ion boundary  l a y e r .  Solut ions  
have been  ob ta ined  for  the t h i c k n e s s  6 of the d i f fus ion  
l aye  r at  the  end of a s i n g l e - c r y s t a l  ax i s  on v e r t i c a l  
e x t r a c t i o n  f r o m  the m e l t  [1] and with c o n c e n t r a t e d  
n a t u r a l  convec t ion  of the m e l t  [2], def ined  by the d i f -  
f e r i n g  dens i ty  of the l iquid  in the bounda ry  l a y e r  en -  
r i c h e d  by an a l l oy ing  a d m i x t u r e ,  and  in the  m a i n  m a s s  
of the  me l t .  Analogous  so lu t ions  for  h e t e r o g e n e o u s  
t r a n s f o r m a t i o n s  in a l iquid,  not a c c o m p a n i e d  by hea t  
l i b e r a t i o n ,  a r e  g iven  by Lev ich  [3]. 

As we d e m o n s t r a t e d  e a r l i e r  [ 4 -6 ] ,  the s o l i d i f i c a -  
t ion of a k i l l e d - s t e e l  ingot  is  a c c o m p a n i e d  b y t h e  n a t u -  
r a l  t h e r m a l  convec t ion  of the m e l t ,  when the c o l d e r  
l a y e r s  of the me ta l  a t  the c r y s t a l l i z a t i o n  f ront ,  e n -  
r i c h e d  with s o l i d - p h a s e  nuc le i ,  s ink  down, d i s p l a c i n g  
the w a r m e r  but  l e s s  dense  l a y e r s  of the  m e l t  upward  
along the ax i s  of the ingot. The ca lcu la t ion  of the  d i f -  
f u s i o n - l a y e r  t h i c k n e s s  unde r  the condi t ions  of n a t u r a l  
t h e r m a l  convec t ion  m e r i t s  a t ten t ion .  

The i n t e g r a l  ba l ance  equat ion for  the a d m i x t u r e  in 
the vo lume of the boundary  l a y e r  [2] 

l 

~ x  C I vdg + [Cs, (2) 
0 

w h e r e  the upper  i n t eg ra t i on  l i m i t  I is  g r e a t e r  than 
both the t h i c k n e s s  of the d i f fus ion  (6) and the h y d r o -  
dynamic  (60) bounda ry  l a y e r s .  

If we neg lec t  tile loca l  va lues  in l iquid  dens i ty  and 
the d i f f e rence  be tween  the d e n s i t i e s  of the l iquid  and 
so l id  p h a s e s ,  the ve loc i ty  v n of the l iquid influx to the 
boundary  l a y e r  n o r m a l  to the s o l i d - l i q u i d  i n t e r f ace  is 
def ined  by the equat ion for  the c o n s e r v a t i o n  of m a s s  

t 

a x  d 
o 

F r o m  (2) and (3) we obta in  

l 

t(c~-c?=~-~x (C,--q)vdy. 
o 

(3) 

(4) 

The upper  i n t eg ra t i on  l i m i t  l can be  r e p l a c e d  by 6, 
s ince  when y > 6, C 1 - C~ = 0. 

Thus ,  
5 

f (c0-cs) =-~x (c,--q)vdu. (5) 

F o r  an a p p r o x i m a t e  solut ion of (5) le t  us e x p r e s s  
the ve loc i ty  of the l iquid  flow in the  c a s e  of n a t u r a l  
t h e r m a l  convec t ion  [7] and the d i s t r i b u t i o n  of the ad -  
m i x t u r e  concen t r a t i on  in the boundary  l a y e r  [1] in the 
fo l lowing f o r m :  

v = v ,  ~o 1 - -  fo r  O--<y~<6~, (6) 


