
K I N E T I C S  OF H E A T I N G  D I S P E R S E  M A T E R I A L S  

D U R I N G  D R Y I N G  I N  A V I B R O F L U I D I Z E D  L A Y E R  
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Approximate  solut ions of the main  equation of heat  and m a s s  t r a n s f e r  for  a per iodic  and con-  
tinuous p r o c e s s  of drying in a vibrof luidized l aye r  a re  given, and compared  with e x p e r i m e n t -  
al data; a Rehbinder  number  is  used to es tab l i sh  the connection between the t e m p e r a t u r e  of 
the m a t e r i a l  and the m o i s t u r e  content.  

Drying  in a vibrof luidized l a y e r  in a number  of cases  can success fu l ly  compete  with other  modern  
methods  of drying mo i s t  d i s pe r s e  m a t e r i a l s ,  e spec ia l ly  with drying in a fluidized l aye r  [1, 2]. I t  is  e s p e -  
c ia l ly  useful to dry  finely d i s p e r s e d  adher ing m a t e r i a l s  in a vibrof luidized l aye r ,  and also m a t e r i a l s  which 
cannot be r emov ed  f rom the appara tus .  

As is a l r eady  known [3, 4], in a number  of cases  it is useful  to supply conductive heat  to the mo i s t  
m a t e r i a l  which is  in a vibrof luidized s ta te ,  e spec ia l ly  when d i rec t  contact  of the m a t e r i a l  with the heat  c a r -  
r i e r  is unsuitable.  R e s e a r c h  on the drying p r o c e s s  and the k inet ics  of heating d i spe r se  m a t e r i a l s  in a 
v ibrof lu idized l aye r  when heat  is  supplied by conduction was c a r r i e d  out in [3, 7]. In these  works ,  however ,  
the t e m p e r a t u r e  of the heat ing su r face  was constant .  In p rac t i ce  it is poss ib le  to use different  methods of 
introducing heat  to the heat ing sur face  of the v i b r o - d r y e r :  heating the sur face  with superhea ted  vapor ,  e l ec -  
t r i c  heating,  induction heating,  hot gases  etc.  In these  ca se s  the t e m p e r a t u r e  of the heat ing su r face  can be 
constant ,  o r  var iable .  Moreove r ,  in the work  [3] approx imate  analyt ical  calculat ion of the k inet ics  of 
heat ing a mois t  d i s pe r s e  m a t e r i a l  was examined only in the case  of a constant  drying ra te .  

In connection with this we have c a r r i e d  out r e s e a r c h  on the k inet ics  of drying and heat ing in a v i b r o -  
fluidized l aye r  in the case  of conductive supply of heat  for  per iods  of constant  and fal l ing drying ra te ,  with 
a vary ing ,  and constant  t e m p e r a t u r e  of the heat ing su r face .  A finely d i spe r se  sodium chlor ide ,  whose f r a c -  
tional composi t ion  i s  given in Table  1, was se lec ted  as the m a t e r i a l  to be invest igated.  The mean  d i ame te r  
of the pa r t i c l e s  ca lcula ted  accord ing  to the fo rmula  dmn = E d i A g i / r A g  i, is dmn = 3.66 �9 10 -4 m.  Here  di 
= (d 1 + d2)/2,  where  d 1 and d 2 a re  the e x t r e m e  dimensions  of the m e s h e s  for  a given fract ion;  Agi is the quota 
of a given f rac t ion  in weight %. The initial  mo i s tu r e  content of the sa l t  in the expe r imen t s  was ~l = (4-6) 
�9 10 -2 k g / k g ,  and the final content was ~2 = (0.05-0.1) �9 10 -2 k g / k g .  

The expe r imen ta l  r e s e a r c h  was c a r r i e d  out on an exper imen ta l  appara tus  whose layout is  shown in 
Fig.  1. The mo i s t  m a t e r i a l  is loaded into a chambe r  1, which has  an e lec t r i c  hea t e r  11 built  into the bo t -  
tom.  The supply of the e l ec t r i c  hea t e r  is obtained f r o m  an ae c i rcui t  through the l a b o r a t o r y  au to t r ans -  
f o r m e r  13. The v ibra t ing  table 2, on which the chambe r  with the m a t e r i a l  is  p laced is  caused to osci l la te  
by a d c  e lec t r i c  mo to r  4. The supply of the e l ec t r i c  mo to r  is obtained f rom the rec t i f ied  VAZ-50-125. The 
f requency  of the v ibra t ions  of the v ibra t ing  table in a range  of 0-50 Hz is smoothly  va r i ed  by the speed of 
ro ta t ion  of the m o t o r ,  to which a regula ted  dc voltage was supplied.  The speed of rota t ion of the m o t o r  was 

TABLE 1. Screening analys is  of sodium chloride 

Dimensions of the 
apertures, mrn 

-Residue on the 
screen ,  ~a 

0,400 i 0,630 0,35,5 0,315 0,250 

2,80130,2 t 1',7 I 14,' 20,9 

0,200 0,150 0,100 

8,10 5,70, 4,30 

0,063 0,063 

0,80 [ 0,30 
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Fig.  1. Main layout  of the exper imenta l  v i b r o -  
d r y e r  with conductive heat  supply: 1) chamber  
for  the ma t e r i a l  being dried;  2) v ibra t ing table; 
3) bed plate;  4) dc e l ec t r i c  motor ;  5) e lec t ronic  
automat ic  po ten t iomete r  E P P - 0 . 9 - M 2 ;  6) t h e r -  
mal  probe;  7) e l e e t r o t a c h o m e t e r  t r ansducer ;  8) 
secondary  device of the e l ec t ro t achome te r ;  9) 
r e c t i f i e r  VAZ-50-125;  10) eccen t r i c  with v a r i -  
able eccent r ic i ty ;  1 1 ) e l e c t r i c  hea te r ;  12) e l e c -  
t ronic  po ten t iomete r  E PV-0.1;  13) l abo ra to ry  
au to t r ans fo rmer ;  14) c h r o m e l - c o p e l  t h e r m o -  
couple. 

f ixed by  the e lec t r i c  t a c h o m e t e r  7, 8. The ampli tude of the v ibra t ions  va r i ed  s tep by step f rom 0-5 m m  by 
using an eccen t r i c  m e c h a n i s m  with vary ing  eccen t r i c i ty .  The expe r imen t s  were  c a r r i e d  out with a heat ing 
su r face  t e m p e r a t u r e  which was constant  and va r i ed  with t ime.  In o rde r  to mainta in  the de te rmined  con-  
s tant  t e m p e r a t u r e  of the su r face ,  automat ic  regulat ion was provided using m e r c u r y  changeover  switches 
buil t  into the e lec t ron ic  po ten t iomete r  12 of the type EPV-0 .1 .  The var iab le  t e m p e r a t u r e  of the sur face  was 
es tab l i shed  accord ing  to a given p rev ious ly  es tab l i shed  law by using a control l ing m e a s u r i n g  appara tus .  
The t e m p e r a t u r e  of the heat ing su r face  was r eco rded  by  the po ten t iomete r s  12 and 5, by using chromel  
- copel the rmocoup les  which had been connected to them and peened into the sur face .  The t e m p e r a t u r e  of 
the sal t  ove r  the height of the l a y e r  and during the drying p r o c e s s  was m e a s u r e d  by a t he rma l  probe  which 
cons i s ted  of 10 c h r o m e l -  copel the rmocoup les  with a junction d i ame te r  of 0.3 m m ,  connected to the poten-  
t i ome te r  5. The the rma l  probe  was  located at the cen te r  of the working chamber  and r igidly at tached to 
the l a t t e r .  The p a r a m e t e r s  of the v ibra t ion va r i ed  in the following manner :  the amplitude was within the 
l imi t s  A* = 1-5 ram,  and the f requency was f = 10-50 Hg. The t e m p e r a t u r e  of the heating sur face  was 150- 
300~ and the height of the dense l aye r  was hde = 20-90 m m .  The working chamber  had a r ec tangu la r  c r o s s  
sect ion of 55 x 240 m m ,  and i ts  height was 350 m m .  

The p rev ious ly  mois tened  and weighed sa l t  was loaded into the working chamber  which v ibra ted  at a 
given ampli tude and f requency,  and i t  was  dr ied  to a constant  weight. During the course  of the exper imen t  
the t e m p e r a t u r e  of the heat ing su r face  of the m a t e r i a l  and the f requency of v ibra t ion were  continuously ad-  
justed.  

The exper imen ta l  data accord ing  to the k inet ics  of drying were  t r ea t ed  by a method p roposed  by Lykov 

[91: 

dU 
dz ---- • (u - -  u,). (1) 

The magnitude N in expres s ion  (1) depends on the drying condition (t*, q~, A*, f),$ and the re la t ive  drying 
fac to r  x depends on the p r o p e r t i e s  of the m a t e r i a l  which is being dr ied and on i ts  initial mois tu re .  

Some exper imen ta l  drying cu rves  and the var ia t ion  of the t e m p e r a t u r e  of the m a t e r i a l  with r e sp ec t  
to t ime a re  r e p r e s e n t e d  by points shown in Fig.  2. The signif icant  pa r t  of the p r o c e s s  of  drying the smal l  
c r y s t a l  sodium chloride in a vibrof luidized l aye r  takes  place at a constant  speed.  During this per iod  the 
main  quantity of m o i s t u r e  (approximate ly  f rom 5.5 �9 1 0  - 2  to 0.7 - 1 0  - 2  kg /kg)  is  r emoved  in all drying condi-  
t ions.  This  d e m o n s t r a t e s  the in tensi ty  with which the drying speed d e c r e a s e s ,  the r emain ing  quantity of 

~ F o r  t =cons t ,  t* =t ,  for  t = f (T ) , t *=  tma x. 
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Fig. 2. Drying curves  and tempera tu re  curves  
(t = 165~ hde = 44 mm,  f = 28.3 Hz): 1, 1 ' ,  1") 
A* = 4.5 ram; 2, 2 ' ,  2") 3.5 mm; 3, 3 ' ,  3") 2.5 
ram; 4, 4 ' ,  4") 1.5 ram. 

mois ture  is removed (up to ~(0.1-0.05) �9 10 -2 kg /kg) ,  but both periods are approximately the same with r e -  
spect  to time. It has also been established experimental ly  that the p rocess  of drying intensifies with in- 
c r ease  in the amplitude of vibration. Another pa r ame te r  of vibration,  frequency,  in the investigated range 
influences the drying rate  to a l e s s e r  extent; hence,  for example,  when f = 21.4 Hz, A* = 4.5 mm d~/dT 
= - N  = 7.4- 10 -3 k g / k g / m i n ,  and where A* = 1.5 mm and with the same frequency N = 5.1" 10 -3 k g / k g / m i n ,  
i ,e. ,  the drying rate in the f i rs t  per iod inc reases  hence approximately 1.5 t imes.  When A* = 2.5 mm and 
the variat ions of the frequency f rom f~ = 40 Hz to f2 = 14.7 Hz the drying rate var ies  f rom 7.6 �9 10 -1 to 6.7 
.10 -~ k g / k g / r a i n ,  that is, 1.1 t imes.  These experiments  were ca r r i ed  out at a constant t empera ture  of 
the heating surface t = 165~ with a height of the dense layer  hde = 44 mm and u 1 = 5 .5 .10 -2 k g / k g .  

This influence of the amplitude and frequency of the vibrations cor responds  with the data which are 
known f rom the l i te ra ture  [3, 7]. It is established by r e s e a r c h  on the behavior  of the mater ia l  in a ve r t i -  
cal ly vibrat ing vessel  [7] that when the amplitude of the vibration increases  in a cer tain range,  in the case 
of constant frequency,  the mixing of the par t ic les  in the layer  improves .  The influence of the variat ion in 
the frequency of the vibrations in the case of invariable amplitude has less  effect on the intensity of mixing. 
The influence of the amplitude and frequency of the vibrations on the drying rate in the f i rs t  period can 
evidently by explained by this. It is natural  that in o rder  to maintain a constant tempera ture  of the heating 
surface  the quantity of heat supplied in a unit of time must  be different. 

We will examine the kinetics of heating the moist  mater ia l  during drying in a vibrofluidized layer  in 
g rea te r  detail. We will adopt the following known assumptions [3, 5, 6]: constancy of the tempera ture  of the 
mater ia l  which is being dried over the height of the vibrofluidized layer ,  the gradient less  heating of the 
par t ic les  of mater ia l ,  the invariabil i ty of the effective coefficient of heat exchange from the heating surface 
to the material which is being dried in which this coefficient also takes into account the transfer of heat by 
convection and by radiation, and also heat exchange between the particles in the vibro-liquid layer, and the 
neglecting of heat losses into the surrounding medium. 

The equation of the thermal balance when applied to the periodic process of drying (Fig. 3a) in a vibro- 
fluidized layer similar to [8] is written in the form 

aef F ( t -  7~)dv = OCm(' 1 + e.jl ~t ) d~-- rOdu-. (2) 
\ C m ! 

Hence it must  be noted that a s imi la r  balancing equation 

~efFsp(t - -~)dx=G*c m I + ~ u  d~--rG*du (3) 

will also deser ibe the p roces s  of drying a moist  d isperse  mater ia l  in a continuous action v i b r o - d r y e r  (Fig. 
3b) with the differenee that instead of the time differential d r  a path differential must  be substituted into the 
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Fig.  3. Calcula ted d i ag rams  of a) pe r iod ic -ac t ion  
v i b r o - d r y e r s ,  and b) continuous v i b r o - d r y e r s ,  with 
conductive heat  supply: 1) v ibra t ing  ves se l  (tray); 2) 
m a t e r i a l  which is  being dried;  3) heat ing sur face ;  I) 
mo i s t  ma te r i a l ;  II) dr ied m a t e r i a l ,  

lef t -hand pa r t  of the equation, i .e . ,  to conver t  the mean  speed of movement  of the ma t e r i a l  into a t ime 
different ial  dx = 7r instead of the sur face  heat ing F,  a specif ic  sur face  Fsp  mus t  be subst i tuted which 
comes  into the unit path of d i sp lacement  of the t r ea t ed  m a t e r i a l ,  and ins tead of the m a s s  of the charge ,  there  
should be a m a s s  output of the d r y e r ,  in t e r m s  of d ry  m a t e r i a l .  

With constant  t e m p e r a t u r e  of the heat ing su r face  

t = const. (4) 

In the case  of heat ing of the su r face  with gases  the var ia t ion  in the t e m p e r a t u r e  of the heating sur face  with 
r e s p e c t  to t ime is e x p r e s s e d  with sufficient  a ccu racy  sa t i s f ac to r i ly  by the exp re s s ion  

t = t k -~ ( t in-  t k) exp (--  p~). (5) 

We will examine the solution of the equation (2) in the case  of the condition (4) for  the per iod  of dec reas ing  
drying speed.  I t  is known [9] that for  this dry ing  pe r iod  the express ion  (1) is  appl icable .  By in tegra t ing  
(1) f rom 0 to T and f r o m  ucr l  to u we have 

= % + (Ucrl--t%) exp (--  • (6) 

By substituting (4), and (6) into (2), we will obtain 

C 1 

We will define: 

n e f F ' A ;  (8) 
Gem 

r~4N (Ucrl:-- up) = B; (9) 
Cm 

c l 
1 + -~m % = E; (10) 

cl (Uch--Up) = D. (11) 
C m 

Taking into account (8)-(11), equation (7) is  conver ted  to the f o r m  

d~ A ~ At --. B exp (--  • 
d~ -~ E + D exp ( - -  • E + D exp (--  • = 0. (12) 

The solution of equation (12) is 

~ (E-~ Dy) [ C 

where  

A t  ~ (E + Dy) a-1 
~tN J ya+l 

o ] 
(13) 
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Fig.  4. Relat ionship between the Rehbinder  number  Rb 
and the t e m p e r a t u r e  of the m a t e r i a l ,  and the mo i s tu r e  con-  
tent (t = 165~ hde = 44 mm) .  P a r a m e t e r s  of v ibra t ion  
see  Fig.  2. 

9 = exp (--  • (14) 

A 
a -  ExN (15) 

As a ru le ,  for  many  m a t e r i a l s ,  e spec ia l ly  for  c rys ta l l ine  d i spe r se  m a t e r i a l s  the equi l ibr ium mo i s tu r e  
is  c lose to zero ,  T h e r e f o r e  E = 1 can be adopted without significant  e r r o r .  We will also examine the p r o d -  
uct Dy: the magnitude D, in accordance  with (11), is  l e s s  than unity and will f luctuate f rom hundredths to 
thousandths pa r t  of unity; the magnitude y in the per iod  of falling speed d e c r e a s e s  f r o m  seve ra l  tenths to 
ten thousandths pa r t  of unity. As a resu l t  it is  found that the product  Dy << 1, and the re fo re  it is poss ib le  
to take E + Dy = ~1. Hence ins tead of (13) we will have 

~ = ya [ C At f dy B ~ dy ] At By (16) 
• ya+-~--~ + - - ~  j--~--J = Cya + ~ + • (1--~a)" 

F r o m  the initial conditions ~ I y = y l  = ~ 1 we will de te rmine  the a r b i t r a r y  in tegrat ion constant  C: 

bl At B 
• • u a )  Yl (17) C =  

where  Yl = exp ( -v2qr l ) ,  and 71 is the drying t ime  in the per iod of constant speed up to the cr i t ica l  mo i s tu re  
content.  

Taking (17) into account,  the express ion  (16) is conver ted  to the fo rm 

. , ,  ,,<, 

�9 • Lt Y~ ) (18) 

Hence the final form of the solution fo.r fo rmer  in i t ia l  conditions for  the per iod of decreasing speed has the 
fo rm (18). 

F r o m  analys is  of equation (2) by condition (4) for  a per iod  of constant  drying speed where  ~ = const ,  
i . e . ,  d~/d~- = 0, it is poss ib le  to obtain a re la t ionship  for  calculat ing the mean  t e m p e r a t u r e  of the ma t e r i a l  
for  this per iod  with r e s pec t  to the height of the l aye r  

---- t B i ,  , (19) 
A 

where  

1205 



rN 
B, = - -  (20) C~ 

The solution of equation (2) in the case of variable temperature of the heating surface, i.e., for condition 
(5), for the period of decreasing drying speed taking into account the previous designations is 

-  --ay + .- :m-.  dy . (21) 
a N  

Y 
The expres s ion  (21) taking into account the prev ious  p r e m i s e s  can be wri t ten  in the following form:  

zN ya+1 • p +' --~ - ~  �9 (22) a--~- 
Y 

In accordance with experimental data, it is possible to assume that a ~ p/~N,  and then 

• y.+l • 7 -  = Cya -}- - ~ a  @ • (a - -  I) Y" (23) 

F r o m  the initial conditions ~ l y = y l  = ~ 1 we will de te rmine  the in tegra t ion constant  C: 

C ~ Ark A (tin-- lk) - -  B 
y~ • • (a - -  1)~-1 (24) 

The expres s ion  (23) for  de te rmin ing  the t e m p e r a t u r e  of the m a t e r i a l  taking (24) into account a s s u m e s  the 
fo rm 

~ ) = ~ '  -~ i  • -~ i  - - I -  •  I~--]:V--Y].. (25) 

F igure  2 gives the t e m p e r a t u r e  cu rves  (continuous l ines) ,  ca lcula ted according  to the fo rmu lae  (18)-(19). 
The expe r imen ta l  data  (points) a re  also plotted.  In all c a se s  the ca lcula ted  cu rves  a re  somewhat  higher  
than the exper imen ta l  cu rves ,  in which this deviation does not exceed 10%. 

Hence,  the r a t ios  (18), (19), and (25) es tab l i sh  the connection between the t e m p e r a t u r e  of the m a t e r i a l ,  
and the t ime in the drying p r o c e s s .  However ,  in o r d e r  to calcula te  the drying p r o c e s s  the re la t ionship  b e -  
tween the t e m p e r a t u r e  and the m o i s t u r e  content of the m a t e r i a l  is quite impor tan t  [10]. Such a connection 
is  es tab l i shed  by using the Rehbinder  number  for  approx imate  calculat ions in the per iod  of the dec reas ing  
dry ing  speed 

c ( . ~ ]  
Rb = - 7  ~, d - ~ /  " (26) 

A wel l -def ined re la t ionship  between the t e m p e r a t u r e  of the m a t e r i a l  and i ts  mo i s tu r e  content can be obtained 
d i rec t ly  f r o m  exp re s s ions  (28), and (25), subst i tut ing T into these  (into magnitude y) f rom equation (1) 
through u. However ,  as can eas i ly  be  seen ,  e x p r e s s i o n s  which a re  c u m b e r s o m e  and unsuitable for  ca lcu-  
la t ion would have been obtained. T h e r e f o r e  in o r d e r  to es tab l i sh  a connection between the t e m p e r a t u r e  and 
the mo i s tu r e  content of the m a t e r i a l  we used a different  approach using the Rb. 

The expe r imen t s  which we c a r r i e d  out on drying fine c ry s t a l  sodium chloride in a vibrofiuidized l a y e r  
and the i r  subsequent  t r ea tmen t  accord ing  to (26) give the following re la t ionsh ips ,  se t  out in Fig.  4 for  a 
given ease:  

Rb = - -  0,6 for Ukr 2 ~< u -~ Uk h, 
_ (27)  

Rb -= kT [0.8 (u - -  up)- 10 z - -  2.01 for up ~ u ~. Ukr2, 

As numerous  expe r imen ta l  invest igat ions  have shown [11], in a genera l  case  

Rb = d___.~_ c o + cl'ff = L~ (~, 
dh- r 

where  the exper imen ta l  fae tor  L does not depend on the mo i s tu r e  content.  Henee we have 

S d z = L r ~  f(~) d~. 
_ _ c o + c z ;  

0ef Uef 

(28) 
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However ,  in a number  of cases  instead of the local value c = c o + clu a n a v e r a g e d  value of volume and the 
t ime of the p roces s  (or par t  of the process)  is taken, with specif ic  heat c. We will then obtain instead of 
(28), as in (11) 

= ~r L--7- f (0 d~. 

Uef 
Substituting (27) into (29) we obtain correspondingly:  

C 

= ~i + 0,4.103rkT 
c [(~ - -  %)~ --  (~krz-- up)~] + 2rkT_ (Ukr2-- ~) + 0.6r__ (Ukr~-- Ukr,) 

6 e 

where 

(29) 

(30) 

(31) 

up 4 u -~.. Ukr,. 
In (31) the relat ionship (30) is taken into account. 

The curves  {hatched), calculated according to (30) and (31), a re  given in Fig. 4. 
a re  also plotted. The d i sc repancy  :hence is not more  than 8%. 

In conclusion,  we note that it is possible to obtain a rat io for  determining the heating surface  (or the 
magnitude a) f rom the express ion  (20), and hence the remaining p a r a m e t e r s  of the p ro ce s s  must  be known. 

F o r  calculations according to the formulae  given in the work it is n e c e s s a r y  to know the relat ionship 
for  determining ~ef  and N. The authors  propose to publish the resu l t s  of r e s e a r c h  for  determinat ion of 
these magnitudes in a separa te  repor t .  

Exper imenta l  points 

A* is 
e is 
f is 
g is 
G is 
hde is 
r is 
t is 
u is 
n 

u 1 is 
~ef  is 

is 
�9 t is 
T is 
o9 is 
Rb is 
K is 
T is 

N O T A T I O N  

the amplitude of vibrat ion,  ram; 
the specif ic  heat J / k g .  deg; 
the f requency of vibrat ion,  Hz; 
the gravitat ional  acce le ra t ion ,  m/ see2 ;  
the mass  of charge ,  kg; 
the height of dense layer  of charge,  ram; 
the latent heat of evaporat ion,  J / k g ;  
the t empera tu re  of the heating sur face ,  ~ 
the mean mois ture  content of the mate r ia l  with respec t  to the volume, kg.  m o i s t / k g  dry  mater ia l ;  
the initial mois ture  content,  kg.  m o i s t / k g  dry  mater ia l ;  
the effect ive coefficient  of heat exchange,  W / m ~ ' d e g ;  
the mean t empera tu re  of the mater ia l  with r e spec t  to the volume; 
the re la t ive  drying factor ;  
the t ime,  rain; 
the c i r cu l a r  f requency,  see- i ;  
the Rehbinder number;  
the fac tor  of the working condition (K = A*o92/g); 
the dimensionless  t empera tu re  [T = ( t - ~ 0 ) / ( ~ 0  + 273)]. 

S u b s c r i p t s  

l denotes the liquid; 
c r  i denotes the f i r s t  c r i t ica l  state;  
e r  2 denotes the second cr i t ica l  state;  
k denotes the final value; 
M denotes the mate r ia l ;  
in denotes the initial value; 
o denotes the condition of absolutely dry  body; 
p denotes the equi l ibr ium state;  
4~ fixed value. 

1207 



2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
I0. 
II. 

LITERATURE CITED 

S. S. Zabrodskii, Hydrodynamics and Heat Exchange in a Fluidized Bubbling Layer [in Russian], 
Gosenergoizdat, Moscow- Leningrad (1963). 
Z. A. Kats and A. P. Rysin, Konservnaya i Ovoshehesushil'naya Promyshlennost', No. 1 (1965). 
V. I. Syroedov, Graduate Thesis, Moscow Technological Institute of the Food Industry (1967). 
V. A. Sheiman, A. S. Zelepuga, and S. G. Krasnieh, in: Research on Drying and Heat Processes 
[in Russian], Nauka i Tekhnika, Minsk (1968). 
A. S. Ginsburg and V. A. Rezchikov, Drying of Food Products in a Fluidized Layer [in Russian], 
Pishehevaya Promyshlennost I , Moscow (1966). 
I. F. Pikus, in: Heat and Mass Transfer in Disperse Systems [in Russian], Nauka i Tekhnika 

Minsk (1965). 
V. A. Chlenov and N. V. Mikhailov, Drying of Free-Flowing Materials in a Vibroiluidized Layer 
[in Russian], Stroiizdat, Moscow (1967). 
V. A. Sheiman, in: Heat and Mass Transfer [in Russian], Vol. 6, Part I, Naukova Dumka, Kiev 

(1968). 
A. V. Lykov, The Theory of Drying [in Russian], Gosenergoizdat, Moscow-Leningrad (1950). 
A. V. Lykov, V. A. Sheiman, P. S. Kuts, and L. S. Slobodkin, Inzh.-Fiz. Zh., 13, 5 (1967)o 
A. V. Lykov, V. A. Sheiman, and P. S. Kuts, in: Heat and Mass Transfer [in Russian], Vol. 6, 
Part 2, Naukova Dumka, Kiev (1968). 

1208 


