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A method is presented for the calculation of the time required to dry 
disperse polyfractional ceramic suspensions with a high initial content 
of the solid phase. 

In addition to the p roces se s  of heat and m a s s  t r a n s -  
fer ,  the genera l  solut ion for the problem of the eva-  
porat ion of a d i sperse  polyfract ional  sys tem of drops 
mus t  take into cons idera t ion  such p roce s se s  as the 
d i spers ion  of the ma te r i a l ,  i ts d is t r ibut ion  in the gas 
flow, and the joint  motion of the m a t e r i a l  and the hot 
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Tempera tu re  change in gases and 
ma te r i a l  as a function of t ime:  
1) t e m p e r a t u r e  of gas medium;  

2) t empera tu re  of mate r ia l .  

gases.  A genera l  solution is p resen t ly  imposs ib le ,  
not only because  of the mathemat ica l  difficulties,  but 
also because of the fact that the mechan i sm re spon-  
sible for cer ta in  of the phenomena respons ib le  for the 
actual  drying p rocess  is unc lea r .  For  an analys is  of 
the exper imenta l  data and for the genera l i za t ion  of 
the la t te r  it is ex t remely  impor tan t  to have analyt ical  
solutions for the problem of the evaporat ion of a poly- 
f ract ional  sys tem of drops,  with these  problems f o r -  
mulated in the s imples t  manner .  

The l i t e ra tu re  contains severa l  r e fe rences  devoted 
to this problem.  Of grea tes t  in te res t  among these is 
the work of Marsha l l  [1], in which the method of suc -  

cessive approximations is used to calculate the t ime 
requ i red  for the evaporat ion of a cloud of water  d rop-  
le ts  of a specified g ranu lome t r i c  composit ion,  in the 
assumpt ion that Nu = 2. 

In consider ing the drying drops in suspension,  we 
mus t  bear  in mind that the final d i ame te r  of the dr ied 
par t ic le  is governed by the content of the solid phase 
in the suspended drop. 

Studies conducted at the Insti tute of Gasses  of the 
UkrSSR Academy of Sciences into the drying of so l i -  
t a ry  drops of ce ramic  suspensions  'used in the manu -  

facture of s t ruc tu ra l  ce ramics  have demonst ra ted  that 
the d iamete r  of a drop in the drying p roces s  va r ies  
insignif icant ly.  For  an ini t ia l  mois tu re  content of 50% 
in the suspension,  the change in the drop d iamete r  is 

approximately 10%. Moreover,  it has been es tabl ished 
that the drying process  occurs  p r imar i l y  during a pe-  
r iod of constant  velocity, and that the t e mpe r a tu r e  of 
the drop in the suspens ion  var ies  only slightly, de-  
pending on the t empera tu re  of the ambient  medium~ 

Consider ingthe  above, let us cons ider  the p rocess  of 
heat and m a s s  t r ans f e r  between a polyfr actional sys tem 
of drops in a ce ramic  suspension and h igh- tempera tu re  
gases .  It is assumed in the  formula t ion  of the problem 
that the dis t r ibut ion of the pa r t i c l e s  has been specified in 
advance on the bas i s  of s ize;  the pa r t i c l e s  have been un i -  

formly  d is t r ibuted  through the volume of the g as; at each 
instant  of t ime  the g a s t e m p e r  ature is uni form through 
the ent i re  volume and it is equal to t i at the init ial  instant  
of t ime.  The t ime var ia t ion  of the gas and m a t e r i a l  t e m -  
pe ra tu re  is shown schemat ically in the f igure.  

To s impli fy  the calculat ions,  we assume the p a r t i -  
cle d iamete r  D and the drop t empera tu re  t d to be con- 
s tant  throughout the ent i re  drying process :  D = const ;  
t d = const. We assume that the heat and mass  t r ans f e r  
for the smal l  drops is subject  to the equation Nu = 2. 

The d isperse  ma te r i a l  is condit ionally divided into 
n fract ions on the bas i s  of par t ic le  s ize.  The par t ic le  
d i ame te r s  in each f rac t ion  are  assumed to be identical .  
The calculat ion of the drying is ca r r i ed  out in s tages,  
as each f rac t ion is completely dr ied.  

Data for the Calculation of the Drying of a Ceramic  Suspension of 
Specified Granulomet r ic  Composition 

~ ~ The moisture content  o f  the various 
�9 Au lkca]i ~ i "  moisture composit ions 

0.08 ] 1000 860 860 10.04710.007 0 0 
020 j 8~ 850 j004 10034 ~ 0 I ~ I ~  ~ 
0.3351 650 415 532 10.03910.105 0.45010.28310 IO Io Io 
0.425] 415 260 338 10.03410.28 0.46910.37510.21510 ]0 I0 
0.4771 260 170 215 10.03!10,68 0.4810.42 10.32 10,1810 I0 
0,500J 170 130 150 10.029]1,41 0.491~0,44910.379~0,2810.1510 
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At the instant  T i, when the very sma l l e s t  par t ic le  
(the f i r s t  f ract ion)  has not yet  dr ied out, we can wri te  
for each of the f rac t ions  of the ma te r i a l  

MIA%R = azFiht~t, (1) 

Having subst i tu ted the values of Fi and oz i into Eq. 
(1), after s imple  t r ans fo rma t ions ,  we obtain 

xt = RpD~A% (2) 
12~At 

We wri te  Eq. (1) for the f i r s t  and any other f rac t ion 
of the m a t e r i a l  at the ins tant  of t ime  T i, and we com-  
pare the values of A~: 

h qDi = h (Pl 2 " ( 3 )  
Di 

The fract ion A~vav of the mois tu re  removed from 
all  of the m a t e r i a l  during T i will be equal to 

n 

h CGv = E M~ h %. (4) 

At the instant  at which the k - th  f rac t ion  is com-  
pletely dried,  the fract ion of the mois tu re  removed  
f rom the m a t e r i a l  will be 

n 

A Cpak v = q~o Mi + D~ ~.~ ~/2j" (5) 
i =  1 i=k-}-I  

The process  of drying a polyfract ional  m a t e r i a l  is 
t rea ted  in sequence,  as each of the f rac t ions  dr ies  out. 
We rewr i te  Eq. (2) in the following form for the i - th  
f ract ion:  

Axl--  RPD~% (6) 
12 ~,ih ti 

Here ATi is the t ime  requ i red  for the complete d r y -  
ing of the i - th  f ract ion,  after  the ( i -1 ) - th  f rac t ion has 
dr ied out. 

The mois tu re  content ~0 i for this ins tant  is eas i ly  
de te rmined  f rom (3), s ince we know that the ini t ia l  
mois tu re  content of the m a t e r i a l  is equal to (@: 

( D~_, ~ , 
~ i = %  l - -  D~ ]" (7) 

Let us subst i tute  the value of ~i  into Eq. (6): 

% R p (D~ 2 - -  D i - I )  (8 )  
h ~i = 12 XiA h 

We will subject  each of the m a t e r i a l  f ract ions  to s i m i -  
l a r  cons idera t ions .  The total  t ime requi red  for the 
drying of the n - th  f rac t ion is 

n 2 2 
R p~0 E D,- - -  Di-~ 

xn= 12 i=, ~-~d~ " (9) 

The values of k i are taken for the average t e m -  
pe ra tu re  of the vapor-gas  f i lm.  The values of the in i -  
t ia l  (t i) and final (ti+ 1) t empera tu re  for the gas medium 
for each t ime  in te rva l  are de te rmined  f rom the heat -  
balance equation of the sys t em from the formula  

R'Mm h t~+l= t i -  - %v" (10) 
cMg 

Here c is the g r a v i me t r i c  specif ic  heat of the gas ; Mg 
and M m denote the mass  of the gases and of the m a t e -  
r i a l ;  R' is the specific heat of vapor format ion with 
cons idera t ion  given to the loss  of heat to the ambient  
medium,  to the heat expended on the heating of the 
m a t e r i a l  and on the water  vapor,  r e f e r r e d  to 1 kg of 
evaporated mois ture .  

In de te rmin ing  the average gas t empera tu re  for 
each t ime in te rva l  for a la rge  number  of in te rva ls ,  we 
can use the mean  a r i thmet ic  law of t empera tu re  a v e r -  
aging. 

Thus the calculat ion of the t ime requi red  for the 
drying of a polyfract ional  ma te r i a l  with a high content 
of the solid phase reduces  to the divis ion of the m a -  
t e r i a l  into f rac t ions .  We then de te rmine  the values of 
the mean  losses  in mois ture  content  by all  of the m a -  
t e r i a l  af ter  each of the f rac t ions  has been dr ied  out. 
For  a given value of Mg/M m, we calculate the mean 
t empera tu re  of the gas for each d ry ing - t ime  interval .  
On the bas i s  of the t empera tu re  for the gas medium, 
we find the values  of h i and At i for the in te rva ls .  The 
total drying t ime of any given f rac t ion is de te rmined  
f rom formula  (9). 

The data of typical  calculat ions ca r r i ed  out for the 
drying of a ce ramic  suspens ion  with specif ied g ranu -  
lome t r i c  composit ion are  given in the table.  It was 
as sumed in the calculat ion that 

M__s = 1.5 kg/kg, c = 0.28 kca l /kg ,  deg, 
Mm 

t~= 70~ p = 1400 kg/m 3, t i = 1000~ 

R' = 730 kcal /kg % = 0.5. 

The total t ime requ i red  for the drying of a poly-  
f rac t ional  sys tem of drops is 1o41 sec. The calculat ion 
of the evaporat ion of a monofract ional  sys tem of drops 
exhibiting d iamete r s  of 300 pro, for the same init ial  
data, yields a r e su l t  of 1.25 see.  The average t e m -  
pe ra tu re  difference between the gas and the ma te r i a l  
for a monofract ional  sys tem was assumed to be a log- 
a r i thmic  mean.  

The inc rease  in the t ime requ i red  for the drying of 
a polyfract ional  ma te r i a l  can be explained by the dif-  
fe r ing  in tens i ty  needed for the drying of drops of v a r -  
ious d iamete r s :  smal l  drops dry out more  rapidly,  
markedly  lowering the gas t empera tu re ,  as a r e su l t  of 
which the conditions for the drying of large drops are  
impaired .  

In applying this method to calculate the drying of a 
m a t e r i a l  in spray  d rye r s ,  we have to de te rmine  the 
average t empera tu re  difference between the gas and 
the ma te r i a l ,  bear ing  in mind the unique features  in -  
volved in the execution of the p rocess .  

Analys is  of the opera t ion  of d rum spray  d rye r s  
shows that the large r ec i r cu la t ion  flows in the drying 
chamber  v i r tua l ly  even outthe gas t empera tu re  through-  
out the ent i re  volume (2). Equation (10) is not sui table  
in this event. For  a uni form gas t empera tu re  tg in a 
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d r u m  d r y e r  we can  w r i t e :  ~-i = const ,  At i -- tg -- t d = 
= con st. 

The determination of the drying duration for the 
material on the basis of formula (9) then coincides 

with the time calculated for the drying of the very 
largest drops. The small fractions have no effect on 
the drying process for the large drops in this case. 

In dryers which operate without recirculation flows, 

we find substantial gas-temperature gradients running 
vertically. Here it is best to use Eq. (I0), which can 
be refined with a correction factor for the distribution 
of the gas velocities through the cross section of the 
dryer. 

NOTATION 

M is the weight fraction; R is the specific heat of 
evaporation; A~ is the loss of moisture; ~ is the heat 

t r a n s f e r  coe f f i c i en t ;  At  is the m e a n  t e m p e r a t u r e  d i f -  
f e r e n c e  be tween  the gas  and the m a t e r i a l  at Ti; F is 
the p a r t i c l e  s u r f a c e ;  T is the d r y i n g  t i m e ;  i is the  o r -  
d inal  f r a c t i o n  n u m b e r ;  p is the  s u s p e n s i o n  dens i ty ;  
k is the t h e r m a l  conduc t iv i ty  of the m e d i u m .  
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