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A method is proposed for the approximate calculation of the drying t ime for different mate-  
r ia l s  when drying in a medium of superheated s team with constant pa r ame te r s  at a tmospher ic  
p r e s s u r e .  

One method of intensification of the drying p rocess  is the use of superheated s team as the drying 
agent.  Its use is most  p romis ing  for those mater ia l s  on which cer ta in  quality requi rements  a re  imposed 
af ter  the drying.  For  example,  the efficiency and economy of the p rocess  of drying in superheated s team 
has been demonst ra ted  [6] for valuable types of wood. The var ie ty  of mater ia l s  obtained in the chemical  
industry requi re  sea rches  for new means and methods of drying: The use of superheated s team in these 
cases  can prove to be the mos t  efficient and somet imes  the only possible method. However, the use of 
superheated s team as the drying agent in industry is held back by the complexity of the experimental  
studies,  the imperfect ion of the existing instal lat ions [4], and the absence of general  methods of calcula-  
tion. There  a re  data in the l i te ra ture  on methods of calculating the drying in superheated s team only for 

cer ta in  mate r ia l s  [4, 5]. 

In cer ta in  cases the size of the experiment  can be reduced if, for example, in studying the kinetics 
of drying one uses  the method of genera l iza t ion of the drying curves  [1, 2]. F r o m  the resul ts  of individual 
tests  of the drying of a specif ic  mater ia l  one can obtain data through such a general izat ion for the calcula-  
tion of its drying t ime under any conditions. 

The resul t s  of the genera l iza t ion of experimental  data for different drying methods a re  presented in 
[2, 3]. The possibi l i ty of applying the method of general izat ion of drying curves to resul ts  obtained during 
drying in superheated s team are  examined in more  detail in the  present  repor t ,  since in this case the 
drying mechanism has its own specif ic  p roper t i es .  

To study the kinetics of drying we have developed an installation which permi t s  one to conduct an 
experiment  over a wide range of t empera tu res  and velobities of the superheated s team with continuous r e -  
cording of the t empera tu re  and mass  loss of the specimen.  A d iagram of the installation is presented in 
Fig.  1. It consists  of a working chamber  1, which is a ver t ical  rec tangular  metal  channel of dimensions 
210 • 210 x 1200 mm, an air t ight  housing 2, which is 400 mm in d iameter ,  a central  venti lator 3, an e lec-  
t r ic  a i r  hea te r  4, and a s team genera tor  5. The central  venti lator,  which is located in the upper par t  of 
the working chamber ,  provides c i rculat ion of the drying agent through the circui t :  the annular channel 
between the chamber  and the jacket and between the a i r  hea ter  and the working chamber.  The constant 
t empera tu re  of the drying agent in the chamber  is maintained (with deviations of no more  than §176 by an 
automatic  sys t em consist ing of a thermocouple  6, a potent iometer  7, and a regula tor  8, which var ies  the 
voltage in the windings of the a i rhea te r  in accordance  with the assigned t empera tu re .  The heat of the air  
hea te r  is expended on the drying and on compensat ion for heat losses .  The velocity of the drying agent is 
measured  by a t he rmoanemomete r  9 and is recorded  by a potent iometer  10. The drying is per formed by 
s team f rom the s team genera tor .  The absence of a i r  f rom the superheated s team is monitored continuously 
by a "wet" thermocouple  11 and is r ecorded  by a potent iometer  12. The installat ion makes it possible to 
conduct studies over  a range of velocit ies of the superheated s team of f rom 0.5 to 7 m / s e c  and at t empera -  

tures  of up to 500~ 
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Fig. 1 .  Diagram of r ec i r cu l a -  
t ion d r i e r  for the study of the 
p rocess  of drying with super -  
heated s team at a tmospher ic  
p r e s s u r e .  

in the working chamber  a re  placed two identical specimens .  One specimen 13 is intended for re -  
cording the t empera tu re  of the mater ia l  using thermoeouples (electrodes 0.1 mm in diameter)  and the 
multipoint potent iometer  15. The other specimen 14 was fastened to the sensor  of an e lectr ic  balance. 
The sys tem for recording  the mass  loss consists  of a moving shaft 16, a t r an s fo rmer  pickup 17, a flat 
spring 18, a float 19, and an electronic bridge 20 which continuously records  the mass  loss of the speci -  
men. The lifting force of the float was selected with allowance for the mass  of the shaft, the pickup loop, 
and the dry  mass  of the specimen, which increased  the accuracy  in the measuremen t  of the mass  loss.  
The specimens and the e lec t r ic  balance a re  mounted on a moveable ca r r i age  21 permit t ing the rapid 
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Fig. 2. Drying of fi l ter  paper  specimens in super -  
heated s team (W i = 145%, T = 473~ v = t .8  m / s e c ) :  
1) curve of mass  loss of specimen during drying p ro -  
cess ;  2-6) curves of t empera tu re  var ia t ion of speci-  
men at different distances f rom the surface;  2) 0.15 
mm from surface;  3} 1; 4) 2; 5) 3; 6) 4 m m .  
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3. Gene ra l i z ed  dry ing  c u r ve s .  Dependence of W (%) on Nr  
1) f i l t e r  paper ;  2) pas t e  cons is t ing  of a mix tu re  of ca lc ium 

3) pas te  of inorgan ic  p igment .  
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i n s e r t i o n  of the s p e c i m e n s  into the c h a m b e r .  The shaft  is  warmed  by the e l e c t r i c  hea t e r  22 to p reven t  
the condensat ion  of wa te r  vapor  on i t .  A s l ight  excess  p r e s s u r e  of the superhea ted  s t e a m  was c r e a t e d  in 
the d r y e r  dur ing a t e s t  to  p reven t  the en t ry  of a i r  into the chamber .  The housing of the h e a t e r  was in-  
su la ted  with a l a y e r  of a s b e s t o s  to r educe  heat  l o s s e s .  

Col lo ida l  c a p i l l a r y - p o r o u s  so l ids  having a l l  types  of bonding of the m o i s t u r e  with the m a t e r i a l  and 
having d i f fe ren t  t h e r m o p h y s i c a l  p r o p e r t i e s  were  used  as  the sub jec t s  of the s tudy:  f i l t e r  pape r ,  W i = 145%; 
a p a s t e  cons is t ing  of a m i x t u r e  of ca lc ium and nickel  phospha tes ,  W i = 420%; a pas te  of inorgan ic  pigment ,  
W i = 117%. The s tud ies  we re  conducted on spec imens  80 • 1 0 0 m m  in s i ze  and 8 mm thick.  The s p e c i -  
mens  were  p l aced  v e r t i c a l l y  in the chambe r  in spec i a l  f r a m e s  and d r i e d  on both s i de s .  A f r a m e  cons i s t s  
of two 110 • 130-mm p la tes  each 4 mm thick.  There  is  a cutout of 80 • 100 mm ins ide  for  the spec imen .  
The p la tes  a r e  fas tened to  each o ther .  A f i l ament  0 .15,mm in d i a m e t e r  was s t r e t ched  along the outside of 
the p l a t e s  at  3 mm i n t e r v a l s  to  hold the spec imens  in the f r a m e .  The f i l ament  was s t r e t ched  along the 
sho r t  wide of the f r a m e  p a r a l l e l  to the s t e a m  flowing over  the s p e c i m e n s .  

The p a s t e - l i k e  m a t e r i a l s  were  cemented  into the f r a m e  before  the t e s t  s t a r t e d .  The spec imens  of 
f i l t e r  p a p e r  were  p r e p a r e d  by the following method.  F la t  spec imens  of the r equ i r ed  th ickness  were  buil t  
up f rom mois t ened  shee ts  0.15-0.16 mm thick.  

F o r  un i form d i s t r i bu t i on  of the m o i s t u r e  in the s p e c i m e n  it  was kept under  a sma l l  weight for 2 to 3 
days at  $ = 100~0. The nonuniformity  of the m o i s t u r e  d i s t r i bu t ion  in the shee ts  of the spec imen  before  the 
t e s t  did not exceed § 

The study of the k ine t ics  of the dry ing  of the s e l ec t ed  m a t e r i a l s  was conducted in the following ranges  
of ve loc i ty  and t e m p e r a t u r e  of the dry ing  agent :  f i l t e r  p a p e r  v = 0.5-6.2 m / s e c ,  T = 393-673~ pas te  con- 
s i s t ing  of mix tu re  of ca l c ium and nickel  phosphates  v = 2.2-4 m / s e c ,  T = 473-723~ pas t e  of inorganic  
p igment  v = 1.2-2.5 m / s e c ,  T = 393-523~ 

TABLE 1. Constants  for  Calcula t ing Drying T i m e s  for  Different  
Ma te r i a l s  

Material C Wcr I Wcr 2 xl ~= 

Filter paper 
Paste of phosphate mixture 
Paste oI pigment 

31 
58 
20 

105 
200 
70 

29 
54 
33 

0,00444 
0,00223 
0,00706 

0,0097 
0,00433 
0,0185 
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The r e su l t s  of one tes t  for  the f i l te r  paper  spec imens  a r e  p resen ted  in Fig. 1. The drying curve  
of spec imen  I has th ree  pe r iods .  The warmup  per iod (section AB, curv.e 1) occurs  with an i nc rea se  in 
the mo i s tu re  of the s pec i m en  (this pecul ia r i ty  of drying in a medium of superhea ted  s t e a m  has been noted 
by a number  of authors  [4]). The t e m p e r a t u r e  of the spec imen  reaches  approx imate ly  100~ (curves 2-6), 
which co r r e sponds  to the boiling t e m p e r a t u r e  at a tmosphe r i c  p r e s s u r e  and conf i rms  the absence  of a i r  in 
the drying chambe r .  The t e m p e r a t u r e  r e m a i n s  at about 100~ throughout the volume of the spec imen  
during the f i r s t  per iod of drying.  The second per iod is cha rac t e r i zed  by a c lear ly  e x p r e s s e d  deepening 
of the evapora t ion  zone (curves 2-6 in Fig. 2) and the gradual  heating of the spec imen  to the drying t e m -  
p e r a t u r e .  

The expe r imen ta l  r e su l t s  obtained for  the se lec ted  m a t e r i a l s  were  analyzed by Krasn tkov ' s  method 
[2, 3]. The following assumpt ions  were  made in the ana lys i s .  

1. The t ime  it takes  to r each  the initial mo i s tu re  content Wi of the spec imen  f rom the s t a r t  of the 
t e s t  (section AB on curve  1 of Fig. 2) was taken as the warmup per iod .  

2. An ana lys i s  of the effect  of the drying conditions on the c r i t i ca l  mo i s tu re  contents Wcr  I and Wet  2 
for  the m a t e r i a l s  studied es tab l i shed  that Wcr  2 is a lmos t  independent of the drying conditions, while Wcr  1 
va r i e s  with the drying t e m p e r a t u r e  within cer ta in  l imi ts .  The g r e a t e s t  va r ia t ion  in Wcrl  was observed  
for  f i l te r  paper ,  which in the t e m p e r a t u r e  range  of T = 393-673~ is desc r ibed  by the equation 

Wcr~ = 64.5 § 0.075 T. (1) 

Since Wcr I va r i e s  by no m o r e  than 25~ in the t e m p e r a t u r e  range  studied, the constant value Wcr 1 = 105% 
was adopted to d e s c r i be  the drying" kinet ics .  For  the pas te  consist ing of ca lc ium and nickel phosphates  
the deviat ions f rom Wcr  1 = 200% did not exceed e10%, while there  was a constant value of Wcr  1 = 70% for 
the pas te  of inorganic  p igment .  

The r e su l t s  of the genera l i zed  drying curves ,  obtained with al lowance for  the assumpt ions  made 
above,  a r e  p resen ted  in Fig. 3. The warmup t ime  for the spec imens  was allowed for  in the plotting but 
the warmup  curves  were  not plotted, s ince only the value N rwa proved to be constant for  a given mate r i a l ,  
while the mo i s tu r e  i nc rea se  of the spec imen  during this per iod depended on the drying conditions. The 
m a x i m u m  deviat ions of the exper imen ta l  points of the drying curves  f rom the mean  values did not exceed 
a=20% in all  cases ,  which indicates the poss ib i l i ty  of using the method of genera l iza t ion  of drying curves  
for  data obtained during the drying of mois t  m a t e r i a l s  in a medium of superhea ted  s t eam.  

Using a genera l ized  curve  one can calculate  the drying t ime for  any conditions f rom the equation 

1 ( C §  § 1 lg'Wcrl a_ I lg___Wc.r' 1 
T =  N , ~1 Wcr 2 ' % - - ~ - W f  ] "  (2) 

The drying ra t e  in the f i r s t  per iod can be calculated by equations f rom [4]. The values of the quantit ies 
enter ing into Eq. (2), obtained f rom the genera l ized  drying curves ,  a r e  p resen ted  in Table  1. 

Thus,  the r e su l t s  of the exper imenta l  studies of the kinet ics  of drying in a medium of supe rhea t ed  
s t e a m  at a t m o s p h e r i c  p r e s s u r e  can be genera l ized ,  which allows one to calculate  the drying t ime  for  any 
conditions r a t h e r  s imply  f rom the resu l t s  of individual t e s t s  with the condition that the warmup t ime for  
the spec imen  is allowed for in the calculat ing equation. 
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XI, X2 

NOTATION 

is the m o i s t u r e  content, %; 
is the drying t ime,  see;  
is the drying ra t e  in f i r s t  per iod,  %/sec;  
is the t empera tm)e  of drying agent, ~ 
is the re la t ive  humidity of a i r ,  %; 
is the l inear  veloci ty  of drying agent, m / s e c ;  
is the constant  which allows for  warmup per iod of spec imen,  %; 
a r e  the re la t ive  drying coefficients  in f i r s t  and second pa r t s  of second per iod.  

S u b s c r i p t s  

i init ial;  
f final; 
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cr l  first  critical; 
cr2 second critical; 
wa warmup. 
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