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Resul ts  are  given f rom experimental  measurements  on the heat t r ans fe r red  during the falling 
period in the rate of convective drying of thin wooden sheets for ~/c~ n = (U/Ucr) n. 

There  are  severa l  papers  [1-3] on heat t ransfer  during the period of falling rate of convective drying 
for  var ious  moist  mate r ia l s ;  these give the var ia t ion in the hea t - t r ans fe r  coefficient incorporat ing the 
pa rame te r  c~ = 0. However, the s t ruc ture  of this pa rame te r  is not very  good, because it gives the trivial  
resul t  c~ = 0 when u = 0; moreover ,  most  papers  deal with experiments  on heat t ransfer  during convective 
drying charac te r i zed  by (Re < 4 �9 104), whereas it is common industrial  pract ice  to intensify convective 
drying and improve the quality (high uniformity in the final water content) by using fast  a i r  cur ren ts .  Sheet 
mate r ia l s  containing water are  often dried as continuous films or s t r ips ,  when the important  pa r ame te r s  
are  the effective size of the mater ia l ,  the air  speed, and the Reynolds number.  We examined the heat-  
t r ans fe r  coefficient during convective drying of thin sheets of wood (plywood) for Re = (0.16-4.0) �9 105 in a 
special  drying oven. 

We recorded  drying and tempera ture  curves  for var ious  kinds of wood, and f rom these we drew up 
the drying rate  and hea t - t r ans fe r  coefficient as functions of water content. The hea t - t r ans fe r  coefficient 
is defined by 

= tm-  ts (1) 

The drying rate  du/dT, the heating rate  d t /d ' r  and the tempera ture  of the surface of the mater ia l  t s 
were  deduced f rom the experimental  drying curves  and the tempera ture  curve for fixed values of the cur -  
rent  water content of the wood. The specific heat of vaporizat ion r was deduced f rom s team tables at a 
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Fig. 1. Dependence of the heat-exchange coefficient 
on water  content in the convective drying of plywood. 
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T h e  d e p e n d e n c e s :  a) (~/o~ s = f ( U / U c r ) ;  b)  (c~-  (ym) / (o~  s 

- C~m) = f [ ( u - u e ) / ( U c r U e ) ] .  

sa tu ra t ion  t e m p e r a t u r e  co r respond ing  to the sur face  t e m p e r a t u r e  of the wood. The the rma l  capac i ty  of the 
wood was taken f rom tables  [4] for  the mean cu r r en t  wate r  content and the su r face  t e m p e r a t u r e  of the m a -  

t e r i a l  during the dry ing .  

It is  evident f rom Fig.  1 that during the heat ing pe r iod  (part  A]3) the hea t -exchange  coeff ic ient  in-  
c r e a s e s  continuously;  during the pe r iod  of constant  dry ing  r a t e  (par t  BK 1) i t  r e m a i n s  constant ;  and dur ing 
the pe r iod  of fal l ing r a t e  (part  K1C) it fa l l s  as the wa te r  content d e c r e a s e s  and, at the equ i l ib r ium water  
content,  i t  t akes  va lues  cor respond ing  to those uncompl ica ted  by m a s s  t r a n s f e r  (broken l ines) .  

To de t e rmine  the h e a t - t r a n s f e r  coeff ic ient  as uncompl ica ted  by m a s s  t r a n s f e r  we used the equations 

[6]: 
Num)~ m = 0.66 l~e ~ )~m i2) 

for R e <  10 5 am= l l - '  

0.032 Re ~ ~m (3) for R e >  10 5 a m . . . .  . 
l 

It i s  a l so  seen  in Fig .  1 that the a = f(u) cu rves  a r e  convex with r e s p e c t  to the hor izon ta l  axis  during 
the pe r iod  of fal l ing ra t e ;  this  is  due to de ta i l s  of the drying mechan i sm for a thin m a t e r i a l  with a con- 

s i d e r a b l e  speci f ic  evapora t ion  su r f ace .  

In F ig .  2a c~ = o~ s = f(u/Ucr)  is  plot ted in a logar i thmic  coord ina tes  for  the pe r iod  of fa l l ing ra t e ;  i t  is  
seen  that a s t r a i g h t - l i n e  re la t ionsh ip  appl ies  only for  U/Ucr > 0.4. F o r  U/Ucr < 0.4 there  a r e  sec t ions  with 
d i f ferent  powers  of the p a r a m e t e r  U/Ucr .  T h e r e f o r e  the s t ruc tu r e  of the p a r a m e t r i c  fac tor  U/Ucr is  not 
un ive r sa l  over  a wide range  of wa te r  content;  moreove r ,  at u = O, U/Ucr = 0 means  that a = 0, whereas  in 
F ig .  1 it i s  c l e a r  that at u = 0, o~ takes  the value of the hea t -exchange  coeff ic ient  uncompl ica ted  by m a s s  
t r ans f e r ,  o~ m. This  means  that U/Ucr cannot be used to de t e rmine  (~ during the pe r iod  of fal l ing drying 
r a t e  for  wide ranges  in the cu r r en t  water  content; an awarenes s  of this fact  is  p a r t i c u l a r l y  impor tan t  in 
studying the convect ive dry ing  of thick m a t e r i a l s ,  when the f i r s t  c r i t i c a l  wate r  content may be quite high. 

An ana lys i s  of the expe r imen ta l  data  and of the phys ics  of the hea t -exchange  p r o c e s s  shows that the 
following should be a be t t e r  un ive r sa l  equation for c~ as  a function of c u r r e n t  wate r  content during the pe r iod  

of fal l ing ra te :  

~--~ ( --U--Ue- 1 '~ . (4) 
% - -  %n \ Uer - -  ue / 

In F ig .  2b this dependence is  plot ted in logar i thmic  coord ina tes  for  s e v e r a l  condit ions of convect ive 
dry ing  of plywood; many t e s t s  have shown that the obse rved  points  for  the va r i ous  condit ions of convect ive 
dry ing  and p r o p e r t i e s  of the wood fit c lose ly  to a s ingle  s t r a igh t  l ine of s lope (7 = 0.4 over  a wide range  of 

va lues  of cu r r en t  wate r  content.  

As a r e s u l t  of the expe r imen t s  we obta in the  following equation in d imens ion l e s s  t e r m s  for  the en t i re  

p r o c e s s  of convect ive dry ing  of plywood: 

Nu--Num (u--ue_l~ (5 )  

NUs-- Nu m \Ucr - -  re7 " 
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Equation (5) is free from the deficiencies of ~/~s = (U/Ucr) n, because u = u e for u = Us, while for u 
= Ucr it is equal to NUs, the Nusselt number for the period of constant drying rate. 

Then the following Nusselt number for the period of falling rate of convective drying of plywood is 
defined by: 

+ 
cr e' 

To use (6) we need to know the first critical water content Ucr , which for plywood, as shown by experi- 
ment, is given by a known formula [7] in the theory of drying. 

The equation for this first critical water content contains the diffusion coefficient, which is given by 
the following empirical equation: 

a =4.625.10 -~ 1--~-~-19-,~. (7) 

Tests show that a' is dependent only on the surface temperature during the period of constant drying rate 

Tsm and on the nature p of the wood. 

The critical water content at the surface of plywood is given by the empirical equation 

ucr= 0.324 -- 0.125. i0 -~ (Tsm -- 273). (8) 

These equations and the data of [5] allow one to determine c~ during the period of failing rate of convective 
drying. 
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NOTATION 

are  the coeff ic ients  of convect ive heat  t r a n s f e r  for  the per iod of constant  drying ra t e  and 
uncomplicated by m a s s  t r ans fe r ,  W/m 2 .deg;  
is the drying ra te ,  k g / k g  "sec;  
is the conditional densi ty  of wood, kg /m3;  
is the specif ic  heat  of evaporat ion,  J / k g ;  
a r e  the t e m p e r a t u r e  of medium and of su r face  of ma te r i a l ,  ~ 
a re  the mean  cur ren t ,  equi l ibr ium, and f i r s t  c r i t i ca l  water  content, k g / k g ;  
is  the specif ic  heat,  J / k g . d e g ;  
a r e  the Nussel t  number s  for  per iod of constant  drying and for  pure  heat  t r ans fe r ,  un- 
compl ica ted  by m a s s  t r a n s f e r ;  
is the Reynolds number ;  
is the c h a r a c t e r i s t i c  dimension,  m; 
is the absolute t e m p e r a t u r e  of su r face  of ma t e r i a l  in per iod of constant  drying ra te ,  ~ 
is the volume of medu l l a ry  r ays  pe r  total m a s s  of wood, %; 
is the mo i s tu re  diffusion coeff icients ,  m 2 / s e c .  
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