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A re la t ion  is  es tabl ished between the Rebinder  number  and the Nussel t  number  for  the s low- 
ing-down s tage  of the desiccat ion p r o c e s s ,  a lso between the Nussel t  number  and the d imen-  
s ionless  des iccat ion r a t e  during the f i r s t  and the second s tage  of the p r o c e s s .  

As is  well known, the des iccat ion r a t e  of mois t  m a t e r i a l s  depends on both the in ternal  and the ex t e r -  
nal heat  and m a s s  t r a n s f e r .  The heat  and the m a s s  t r a n s f e r  a r e  in t e r re l a t ed  p r o c e s s e s .  In view of this ,  
in any analysis  they mus t  be cons idered  toge ther .  

In o rde r  to desc r ibe  the kinet ics  of desiccat ion,  one mus t  know the t rend  of the mean- in t eg ra l  cha r -  
ac t e r i s t i c s  of the mois t  m a t e r i a l  (~, t-m). It would appear  that  the laws of ex terna l  heat  and m a s s  t r a n s f e r  
could be used  he re ,  j and q for the slowing-down s tage  of des icca t ion  cannot be calculated by Dal ton 's  equa-  
t ion and by Newton's  equation, however ,  because  the coefficients  of heat  and m a s s  t r a n s f e r  va ry  with t ime .  
Desiccat ion is  a t r ans ien t  p r o c e s s .  

In o rder  to use  the Newton formula ,  var ious  authors have introduced cor rec t ions  to it. I. M. Fedorov 
[1] and P. D. Lebedev [2] have es tabl ished exper imenta l ly  that the heat  t r a n s f e r  coefficient  is  constant  
only during the cons t an t - r a t e  s tage  of desiccat ion,  while i t  d e c r e a s e s  with dec reas ing  m o i s t u r e  content 
during the slowing-down s tage  of des icca t ion  and gradual ly  approaches  the heat  t r a n s f e r  coefficient  for  the 
absolutely  d ry  m a t e r i a l .  

P. D. Lebedev proposed  a co r rec t ion  to Newton's  fo rmula  and a s sumed  that  the heat  t r a n s f e r  coef-  
ficient during the slowing-down s tage of des icca t ion  va r i e s  as a function of the m o i s t u r e  W according to the 
empi r i ca l  equation 

= �9 ( 1 )  

~er 

An evaluation of t es t  data on the des icca t ion  of var ious  m a t e r i a l s  has  yielded the following fo rmula  for  the 
Nussel t  number  of heat  t r a n s f e r  [2]: 

~ m  m (�88 
Subsequent studies have shown that the exponent of the t e m p e r a t u r e  fac tor  in Eq~ (2) for  convect ive 

des icca t ion  is  m = 2 and does not depend on the Mnd of the dr ied m a t e r i a l .  

F rom the values of the coefficients in Eq. (2) compiled in the technical  l i t e ra t t i re  [3,41 for  s eve ra l  
m a t e r i a l s  we have es tabl i shed the following cor re la t ion  between the fundamental  equation of desiccat ion 
kinet ics  

du (1 + Rb) (3) qs (~)=PoRv r 

and the empi r i ca l  Nussel t  equation (2) of heat  t r a n s f e r .  

�9 ,r 
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Fig. 1. Nusselt  number  as a function of the Reynolds number,  during 
the f i r s t  stage of desiccation,  for:  felt (1), asbestos (2), peat slab (3), 
c a r ro t s  (4), food antibiotic (Actinomices griseus)  (5). 

Fig. 2. Ratio a/C~cr as a function of the ra t io  W/Wcr  for: felt (1), as -  
bestos (2), peat slab (3), c a r r o t s  (4), food antibiotic (Actinomices gr iseus)  
(5). 

The des iccat ion ra te  during the  f i r s t  stage can be de termined from the known the rmal  flux density 
according to the formula  

N =  qfs 
rpoR v (4) 

The the rma l  flux density or  the heat t r a n s f e r  ra te  during the f i r s t  stage can be de te rmined  with the aid of 
Newton's equation, and (4) will then become 

N=  qfs =or (Tm--rw) (5) 
rpoRv rpoRV 

During the second stage the desiccat ion ra te  is approximately 

d-5 = - -  • (u--  ue). (6) 
dT 

The re la t ive  desiccat ion factor ,  which depends on the p roper t i es  of the mate r i a l  and on the initial mois tu re  
content, is equal to 

1 
= - �9 ( 7 )  

U rC ~U:~ 

The the rmal  flux density during the slowing-down stage of desiccat ion is ,  according to Newton's equation 
of convective heat t r ans fe r ,  

qs = ~(Tm--Tsur). (8) 

Inser t ing (6) and (7) into Eq. (3) yields 

�9 a (Vm--Tsur) =PoRvr• (u--u e) (1 q-Rb). 

Substituting express ion  (5) for  N, we have 

c~ (Tm--rsur)=:• (U--Ue) acr (rm--Tw) (1 if- Rb) 

or 

but, according to relation (1), 

a(Tm-- Tsur) 
acr(Tm_Tw). = • (u---up)(1 § Rb), 

Nu g g 
NUcr act Ucr ' 

(9) 

(I0) 

( I I )  
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Fig .  3 .  R a t i o  N u c r / N u  as  a f u n c t i o n  of N* ,  
fo r :  wood (pine) at  T m  = 120~ wi th  ~ = 10 
m / s e e  and  6 = 10 m m  (1), 20 m m  (2), fo r  

fe l t  a t  T m = 120~ wi th  q = 5% an d  5 = 8 m m ,  
0 = 3 m / s e c  (3), 5 m / s e c  (4), 10 m / s e e  (5), 
15 m / s e e  (6), T m = 150~ an d  4 = 5 m / s e e  
(7), for  asbes tos  at T m = 120~ with 9 = 5% 
and 6 = 6 ram, ~ = 3 m / s e e  (8), 5 m / s e e  (9), 
10 m / s e e  (10), 15 m / s e e  (11), Tm = 90~ 
with ~ = 5 m / s e e  (12), for  c e r a m i c s  at Tm 
= 120~ with r = 5% and 6 = 5 m m ,  ~. = 3 m 
/ s e c  (13), 5 m / ~ e c  (14), 10 m / s e c  (15), for  
c a r r o t s  at Tm = 80~ with ~ = 5% and ,~ = 3 
m / s e c  (16), 5 m / s e c  (17), 10 m / s e c  (i8), 
for  clay at T m = 120~ with ~p = 5% and ~ = 5 
m / s r  6 = 10 m m  (19), 20 m m  (20), 50 m m  
(21). 

and then 

( 1 +  Rb)• ( Tm-TSUrTm_Tw ) (~c r  ) "  

o r  

(12) 

\ u--ue /~ Tm--Tw ~ �9 (13) 

If the Rebinder  number  has been based on the speci f ic  
heat  of the mois t  m a t e r i a l ,  while it  should be calculated 
with only the spec i f ic  heat  of the dry  m a t e r i a l ,  then 
both values a r e  re la ted  as follows: 

Rb--Rb o ( 1 +  co / (14) 

and then 

l+Rb=Rb  o 
co ] k u--ue )~ Tm-T w ]\~er,/ " 

Replacing (U/Ucr) n by Nu/Nucr ,  the re fore ,  will yield 
a re la t ion  between the Rebinder  number  and the Nusse l t  
number  for  the slowing-down second s tage  of de s i cca -  
tion: 

and, with the use  of the re la t ion  

N u =  Z - - ~ "  (17)  

we will have 

du 
Nu ~'A : ( r m - r s u r ) =  PoRvr ~ (I+Rb) (18) 

i : 

N u = P o R v r  l d-u . l+Rb 
�9 dr ZA ( T m - - T s u r )  

(19) 

o r  

Since so fa r  t he re  a r e  no re l i ab le  fo rmulas  avai lable  for  calculat ing the t ime  that pa r t i c les  of a ma t e r i a l  
r ema in  on the su r face  of the m a t e r i a l  in sp ray  des icca to r s  or  in gaseous  suspension devices ,  hence one 
often uses  the concept of a heat  t r a n s f e r  coefficient  r e f e r r e d  to a unit volume of the appara tus :  

Fn 6a i~" (20) 
a v---- a V---d-= d--~- 

The re la t ion  between the volume Nussel t  number  Nu v and the Rebinder  number  is of the s a m e  type 
(see express ion  (19)). 

Our exper iments  have yielded a re la t ion  of the type (2) for  felt, a sbes tos ,  peat  s lab,  c a r ro t s ,  and 
food antibiotic (Actinomices gr i seus)  (Figs.  1 and 2). In Table  1 a r e  given the values  of the coefficients  
in Eq. (2) as well as of the Nussel t  number  according to (2) and (16). 

According to the t a b l e ,  the values  of the Nussel t  number  calculated by fo rmulas  (2) and (16) ag ree  
r a t h e r  c losely .  The Nussel t  number  for  c a r r o t s  was calculated by fo rmulas  (2) and (19). 

An analysis  of t es t  data indicates  the feasibi l i ty  of establishing,  through the desiccat ion ra te ,  a r e -  
lat ion between the constant  Nussel t  number  for  the f i r s t  s tage of desiccat ion and the va r i ab le  Nussel t  num-  
ber  for  the second s tage  of the p r o c e s s .  
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TABLE i 

A n L(IN~) Material Nu 
, 06) 

Fek 
Asbestos 
Peat slab 
Carrots 
Food antibiotic (Actinomices grisem) 

0,435 
0,75 
1,1 
4,0 
5,5 

k p 

2 0,5 
2 0,5 

0,5 
0,2 

2 0,031 

0,5 
0,5 
0,65 
0,65 
0,4 

28 
83 

143 
552 
142 

30 
77 

154 
560 (19) 
151 

I n t r o d u c i n g  the  p a r a m e t e r s  

AT *~  Tm-Tsur �9 N*-- d ~ d ~  (21) 
Tm-T  w ' N 

and i n s e r t i n g  t h e m  into  e x p r e s s i o n  (10) wi l l  y i e l d  

AT*= N* (1 + Rb) ~cr (22) 

or 

Nucr 
AT*=N*(lq-Rb)  Na " (23) 

The  R e b i n d e r  n u m b e r  fo r  m a t e r i a l s  such  a c lo th  v a r i e s  f r o m  0.064 to 0.04 o v e r  the  u = 0 .22-0 .30  kg 
/ k g  r a n g e  of m o i s t u r e  con ten t ,  f o r  c e r a m i c  t i l e s  5 = 6.5 m m  t h i c k  i t  v a r i e s  f r o m  0.03 to  0.30 o v e r  the  u 
= 0 .1 -0 .03  k g / k g  r a n g e  of  m o i s t u r e  con ten t ,  and for  a s b e s t o s  i t  v a r i e s  f r o m  0.30 to  0.02 o v e r  the  ~ = 0 .02-  
0.18 k g / k g  r a n g e  of m o i s t u r e  con ten t .  Thus ,  d i s r e g a r d i n g  the  s m a l l  R e y n o l d s  n u m b e r  h e r e ,  one can w r i t e  

AT*=N* Nucr (24) 
Nu 

Since 

Nucr _. f(N,), 
Nu 

h e n c e  we can  p lo t  t he  v a l u e s  of N u c r / N u  a long  the  o r d i n a t e s  a g a i n s t  t he  v a l u e s  of  N* a long  the  a b s c i s s a s .  
A c c o r d i n g  to  F ig .  3, a l l  t e s t  po in t s  wi th in  t he  d e s i c c a t i o n  r a n g e  for  such  m a t e r i a l s  as  wood,  fe l t ,  a s b e s -  
t o s ,  c e r a m i c s ,  and c l a y  f i t  on a s i n g l e  c u r v e  without  d e v i a t i n g  m o r e  than  10-15%. The  l o g N u c r / N u  v e r s u s  
l og  N* c u r v e  y i e l d s  

Nucr N,-O,57 (25) 
Nu 

o r  

N u =  Nucr N *~ (26) 

Thus ,  f o r m u l a  (26) i s  a u n i v e r s a l  one fo r  c a p i l l a r y - p o r o u s  c o l l o i d a l  m a t e r i a l s  and  y i e l d s  t h e  N u s s e l t  
n u m b e r  fo r  t he  s e c o n d  s t a g e  of d e s i c c a t i o n  with an e r r o r  not  l a r g e r  than  10-15% when the  Blot  n u m b e r  
Biq  <- 1. 

With  t he  R e b i n d e r  n u m b e r  t a k e n  in to  accoun t ,  f o r m u l a  (25) b e c o m e s  

( l+Rb)  Nuer = N  *-~ 
Nu 

I n s e r t i n g  (27) in to  (23) y i e l d s  

AT*= N *0"43 

and 

(27) 

T T N * ~  i T  T " s u r :  m-- ~ m--'w)- (28) 

Equa t ion  (29) m a k e s  i t  p o s s i b l e ,  w-ith the  d e s i c c a t i o n  r a t e  known, to  d e t e r m i n e  the  t e m p e r a t u r e  at  
the  m a t e r i a l  s u r f a c e  d u r i n g  the  s e c o n d  s t a g e  of the  p r o c e s s .  
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NOTATION 

is the heat transfer coefficient during the constant-rate stage of desiccation; 
is the critical moisture content in the material; 
is the power exponent, dependent on the properties of the dried material; 
is the heat transfer coefficient during the slowing-down stage of desiccation; 
is the modified Gukhman number, accounting for the assimilability of the dried material; 
is the ratio of mean moisture content in the material at any instant of time to the mean 
critical moisture content; 
is the ratio of radiator temperature T r to temperature of the medium inside the desiccator 

Tin; 
is the density of dry material; 
is the ratio of material volume to material surface; 
is the specific heat of evaporation; 
is the Rebinder number; 
is the desiccation rate during the first stage; 
is the temperature of the medium; 
is the wet-bulb temperature; 
is the relative desiccation factor; 
is the referred critical moisture content; 
is the equilibrium moisture content; 
is the surface temperature of the material; 
Is the Nusselt number during the slowing-down stage of desiccation; 
is the Nusselt number during the constant-rate stage of desiccation; 
is the characteristic dimension; 
is the thermal conductivity of air; 
are the specific heat of moist and of dry material, respectively; 
is the volume coefficient of heat transfer; 
is the volume of desiccator chamber; 
is the surface area of particles in suspension in the desiccator chamber; 
is the dimensionless desiccation rate. 

1. 
2.  

3. 
4. 

L I T E R A T U R E  C I T E D  

I. M. Fedorov, Izv. Vsesoyuz. Tekh. Inst., No. 7 (1950). 
P. D. Lebedev, Desiccation with Infrared Rays [in Russian], Gos~nergoizdat (1955). 
A. V. Lykov, Theory of Desiccation [in Russian], Izd. ~nergiya (1968). 
P. D. Lebedev, Calculation and Design of Desiccators [in Russian], Gos6nergoizdat (1963). 

1086 


