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We propose  a new expe r imen ta l  method of s tudying the k ine t ics  of convection dry ing  in con- 
nection with so l id  m a t e r i a l s  in a va r i ab l e  t e m p e r a t u r e  r eg ime .  A theo re t i ca l  ba s i s  is p ro -  
vided for the p roposed  method. 

Use of the widely  known approx imat ion  methods involved in an ana ly t ica l  de te rmina t ion  of the dura t ion 
of d ry ing  [1, 2] p r e s u p p o s e s  the ava i l ab i l i t y  of e xpe r i m e n t a l  data to p e r m i t  ca lcula t ion  of the kinet ic  coeff i -  
c ients .  Such e x p e r i m e n t a l  coeff ic ients  for a spec i f ic  m a t e r i a l  a r e  usual ly  obtained in l a b o r a t o r y  ins ta l l a t ions  
in which a mo i s t  m a t e r i a l  is d r i ed  and the p a r a m e t e r s  of the d ry ing  agent a re  constant  throughout the en t i r e  
p rocedure .  

However,  in indus t r i a l  convection d r y e r s  the p r o c e s s  of d ry ing  a mois t  m a t e r i a l  p roceeds  p r i m a r i l y  
under va r i ab le  condit ions ( t empera tu re ,  the m o i s t u r e  content  of the d ry ing  agents) .  This leads  to a need to 
e x p e r i m e n t  on an indus t r i a l  sca le  with expe r i m e n t a l  d ry ing  ins ta l l a t ions ,  or  with models  that  a r e  in indus-  
t r i a l  use. Consequently,  the development  of effect ive d ry ing  ins t a l l a t ions  i s m a d e  more  compl ica ted  and 
more  expensive .  

Because  of this  lack of r e l i ab l e  kinetic  data,  i ndus t r i a l  d ry ing  ins ta l l a t ions ,  in a number  of c a se s ,  do 
not opera te  in an opt imum reg ime ,  and the i r  output is  at  a low level .  

P r o g r e s s  in dry ing  techniques depends to a cons ide rab le  extent  on improvemen t s  in the e xpe r imen t a l  
r e s e a r c h  r e l a t ed  to the k ine t ics  of drying.  

A l a b o r a t o r y  p rocedure  which would enable us to model  the dry ing  condit ions in indus t r i a l  dry ing  
ins ta l l a t ions  would be e x t r e m e l y  useful,  p a r t i c u l a r l y  if it  would enable us to der ive  more  r e l i ab l e  r e s u l t s  
with r e s p e c t  to the k ine t ics  of drying,  data that a r e  needed in the des ign of d ry ing  ins ta l l a t ions  and in 
achieving opt imum opera t ing  r e g i m e s  for those ins ta l l a t ions  that  a re  on line. 

A new method of s tudying the k ine t ics  of convection d ry ing  has r ecen t ly  come into use; it involves a 
change in the dry ing  potent ia l  that  is  uniform with r e s p e c t  to t ime [3, 4]. The drawback of this  method is 
the a r b i t r a r y  manner  in which the r a t e  of change in the d ry ing  potent ia l  is se lec ted .  

We have made an a t t empt  to develop an e x p e r i m e n t a l  method for  l a b o r a t o r y  s tudies  of the k inet ics  of 
convect ion d ry ing  in the case  of va r i ab l e  d ry ing -agen t  p a r a m e t e r s ,  and this method should make it poss ib le  
to s imula te  the t e m p e r a t u r e  condit ions of i ndus t r i a l  d ry ing  ins ta l l a t ions .  

The deve lopment  of such a p rocedure  r e q u i r e d  the solut ion of two p r i m a r y  p r o b l e m s :  1) the deve lop-  
ment  of a d ry ing  chamber  exhibi t ing ve ry  low t h e r m a l  ine r t i a  for  the change in the t e m p e r a t u r e  of the dry ing  
agent at  the r equ i r ed  speed;  2) the development  of a device to cont ro l  the t e m p e r a t u r e  of the dry ing  agent and 
of i ts  r e l a t i ve  humidity,, in re la t ion  to the average  mo i s tu re  content of the m a t e r i a l  being dr ied .  

The f i r s t  p rob lem was solved in the following manner .  Thin me ta l l i c  foil is  used to cons t ruc t  the d r y -  
ing chamber ,  and a s y s t e m  of s c r e e n s  - a lso  made of this  foil - s e r v e s  as the t he r m a l  insulat ion of the 
chamber .  
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Fig. 1. D iag ram of the instal lat ion for the s imulat ion of 
the t e m p e r a t u r e  r eg ime  in the convection drying p roces s :  
1) fan; 2) drying chamber ;  3) a i r  heater ;  4) s c r eens ;  5) 
spec imen  of m a t e r i a l  being dried;  6) weight sensor ;  7) 
eIas t ic  e lement ;  8) potent iometer ;  9) pulley; 10) potentio-  
me te r ;  11) thermocouple ;  12) potent iometer ;  13) t he r -  
mocouple;  14) regula t ing valve;  15) se rvo  mechan ism;  
16) vapor  tube; 17) flow me te r ;  18) d iaphragm;  19) in- 
d ica to r  light panel; 20) re lay;  21) fuse block; 22) t ime r e -  
lay with motor .  

The second p rob l em  is solved by means  of conventional e lec t ron ic  po ten t iometers .  Two e lec t ronic  
po ten t iomete r s  a re  used to control  the t e m p e r a t u r e  of the drying agent. The f i r s t  po ten t iometer  m e a s u r e s  
and r eco rds  the loss  in spec imen  weight, and on the bas i s  of a specif ied ma themat i ca l  re la t ionship  a l t e r s  
the posit ion of the t e m p e r a t u r e  control  of the second poten t iometer ,  which m e a s u r e s  and regula tes  the t e m -  
pe r a tu r e  of the drying agent  in front of the spec imen  being dried,  in accordance  with a specif ied ma the -  
mat ica l  re la t ionship.  The change in the re la t ive  mo i s tu re  content of the drying agent is achieved by means  
of a follow-up s y s t e m  consis t ing of an e lec t ron ic  po ten t iometer ,  a wet  bulb thermocouple ,  and a valve to 
regula te  the flow of the wa te r  vapor  to the drying chamber .  

The equation for  the ma thema t i ca l  re la t ionship  between the ave rage  t e m p e r a t u r e  of the drying agent 
and the ave rage  mo i s tu re  content of the m a t e r i a l  being dr ied can be der ived  f rom the fami l i a r  hea t -ba lance  
equation for  convection drying,  i .e. ,  

h 
J = J t + ~ T .  (1) 

In mos t  cases ,  in studying the kinet ics  of drying,  we find that the design of some for thcoming drying 
instal lat ion,  its d imens ions ,  the fo rm of the t r a n s p o r t  devices ,  and the opt imum reg ime  p a r a m e t e r s  for  
the dry ing  agent  a re  not known and the de te rmina t ion  of the heat loss  on the heating of the t r a n s p o r t  devices ,  
on the heating of the m a t e r i a l  to be dried,  and the heat  loss  to the ambient  medium presen t s  cons iderable  
difficulty. It is t he re fo re  ra t ional  to a s s u m e  that the drying p r o c e s s  takes place under conditions that a re  
c lose  to the adiabatic ,  i .e. ,  when A = 0. 

Expanding Eq. (1) for  ~ = 0 and solving it for  the t e m p e r a t u r e  of the dry ing  agent, we find 

T = (cdg+ XiCv) T i  - -  ro (x xi) (2) 
Cdg+ XCv 

Relat ing (2) to the solution for the m a t e r i a l  balance of the drying chamber ,  we find 

T i - - T  B(1 +CvB) O 
T i - T f  B( l+Cv@ ) ' (3) 

where  B is a coeff icient  which c h a r a c t e r i z e s  the drying r eg ime  and is de te rmined  f rom the formula .  
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F ig .  2. R e l a t i v e  change  K in the t e m -  
p e r a t u r e  of the d r y i n g  agen t  a s  a func-  
t ion  of the r e l a t i v e  change  @ in the 
m o i s t u r e  con ten t  of the  m a t e r i a l :  1) 
a c c o r d i n g  to f o r m u l a  (7), x f - x  i = 0.1 
k g / k g ;  2) a c c o r d i n g  to f o r m u l a  (8). 

B - x f - - x  i . 
Ccr @ XiC~ 

| i s  the r e l a t i v e  l o s s  in the  m o i s t u r e  con ten t  of the  m a t e r i a l  
be ing  d r i e d ,  and th i s  i s  d e t e r m i n e d  f r o m  the fo l lowing  f o r -  
m u i a s  : 

fo r  d i r e c t  flow 

for  c o u n t e r f l o w  

Hi ---/~ 0 - - ,  

u i - -  uf 

- -  Uf 
U i - -Uf  

F o r m u l a  (3) e s t a b l i s h e s  the  r e l a t i o n s h i p  be tw e e n  the 
a v e r a g e  t e m p e r a t u r e  of the d r y i n g  agen t  and the a v e r a g e  m o i s -  
t u r e  con ten t  of the m a t e r i a l  be ing  d r i e d ,  for  s o m e  a r b i t r a r y  
c r o s s  s e c t i o n  of the  d r y i n g  unit.  

Le t  us e x a m i n e  c e r t a i n  p o s s i b l e  v a r i a n t s  of the  d r y i n g  
p r o c e s s .  

1. B = 0, i . e . ,  xf = x i ( a c c o r d i n g  to f o r m u l a  (4)) the d r y -  
ing is  p e r f o r m e d  a t  c o n s t a n t  p a r a m e t e r s  fo r  the d r y i n g  agen t ,  
and the a i r  flow r a t e  p e r  1 kg of e v a p o r a t e d  m o i s t u r e  is  in f in i te .  

This  It follows from formula (3) that T = T i and it is independent of the moisture content of the material. 
drying regime is found in laboratory installations at constant parameters for the drying agent. 

2. B # 0. It is convenient in this case to put formula (3) into the form 

T =  ( l + c v B )  O 
1 + CvBO 

Calculations on the basis of (7) for various drying regimes have demonstrated that with a deviation of 
up to 10% the formula can be simplified: 

T i - - T  
- -  - K = O .  
T i - -  T f  

If the  i n c r e a s e  in the m o i s t u r e  con ten t  of the d r y i n g  agen t  does  not  e x c e e d  0.08 kg of m o i s t u r e  p e r  kg 
of d r y  gas ,  in the p r a c t i c e  of d r y i n g  t e c h n i q u e s  we m o s t  f r e q u e n t l y  f ind tha t  the a c c u r a c y  of (8) is  r a i s e d .  

We use f o r m u l a  (8) to s i m u l a t e  the  t e m p e r a t u r e  r e g i m e  of the  d r y i n g  p r o c e d u r e  in a l a b o r a t o r y  i n s t a l -  
l a t i on ,  a d i a g r a m  of which i s  shown in F ig .  1. 

The i n s t a l l a t i o n  c o n s i s t s  of fan 1, d r y i n g  c h a m b e r  2 wi th  a c r o s s  s e c t i o n  of 150 • 150 ram,  m a d e  of 
s t e e l  foi l  0.1 m m  in t h i c k n e s s ,  e l e c t r i c  a i r  h e a t e r  3, and v a r i o u s  m e t e r i n g  and r e g u l a t i n g  d e v i c e s .  The 
s y s t e m  of s c r e e n s  4, a l s o  m a d e  of s t e e l  foil  0.1 m m  in t h i c k n e s s ,  and s e p a r a t e d  f r o m  each  o t h e r  by  15 ram,  
p r o v i d e s  fo r  a r e d u c t i o n  in the t e m p e r a t u r e  of the d r y i n g  agen t  a t  a r a t e  of 8 0 - 1 0 0 ~  The s p e c i m e n  5 
of the m a t e r i a l  be ing  d r i e d  is  s u s p e n d e d  f r o m  an e l e c t r i c - b a l a n c e  s e n s o r  which  c o n s i s t s  of an induc t ion  
p ickup  6, an e l a s t i c  e l e m e n t  7, and an e l e c t r o n i c  p o t e n t i o m e t e r  8, which  c o n t i n u o u s l y  r e c o r d s  the l o s s  of 
we igh t  in the  s p e c i m e n  b e i n g  d r i e d .  The shaf t  of the  p o t e n t i o m e t e r  r h e o s t a t  8 is  k i n e m a t i c a l l y  c o n n e c t e d  
to the t e m p e r a t u r e  r e g u l a t o r  of the  e l e c t r o n i c  p o t e n t i o m e t e r  t0 ,  d e s i g n e d  to r e c o r d  and r e g u l a t e  the t e m -  
p e r a t u r e  of the d r y i n g  agent .  The k i n e m a t i c  coup l ing  i s  a c h i e v e d  by m e a n s  of two p u l l e y s  9 of i d e n t i c a l  
d i a m e t e r  and an i n e l a s t i c  t h r e a d  which  ho lds  t h e m  t o g e t h e r .  One of the  p u l l e y s  is  s e a t e d  on the sha f t  of the 
r h e o c h o r d  of the  p o t e n t i o m e t e r  u sed  to r e c o r d  the l o s s  of we igh t  in the s p e c i m e n  be ing  d r i e d ,  whi le  the  o t h e r  
p u l l e y  is  s e a t e d  on the sha f t  of the d e v i c e  used  to c o n t r o l  the  t e m p e r a t u r e  of the  d r y i n g  agent .  The  p ickup  
of p o t e n t i o m e t e r  10 i s  a C h r o m e l -  Cope l  t h e r m o c o u p l e  11, s i t u a t e d  wi th in  the d r y i n g  c h a m b e r  a h e a d  of the 
s p e c i m e n  b e i n g  d r i e d .  P o t e n t i o m e t e r s  8 and 10 f o r m  a fo l low-up  s y s t e m  which  r e p r o d u c e s  the m a t h e m a t i c a l  
r e l a t i o n s h i p  be tween  the a v e r a g e  t e m p e r a t u r e  of the  m e d i u m  and the a v e r a g e  m o i s t u r e  con ten t  of the  m a -  
t e r i a l  in a c c o r d a n c e  with f o r m u l a  (8). The t e m p e r a t u r e  i s  r e g u l a t e d  by  c o n n e c t i n g  o r  d i s c o n n e c t i n g  the c o i l s  
of the a i r  h e a t e r .  The e f f i c i e n c y  of o p e r a t i o n  fo r  the  f o l l o w - u p  s y s t e m  is  shown in Fig .  2, w h e r e  the s t r a i g h t  
l ine  p lo t t ed  in a c c o r d a n c e  with  (8) shows  the po in t s  d e r i v e d  f r o m  d i r e c t  and coun te r f l ow  d r y i n g  r e g i m e s .  
The  d e v i a t i o n  of the  e x p e r i m e n t a l  da ta  f r o m  the t h e o r e t i c a l  does  not  e x c e e d  :~3~ 
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Fig, 3. Curves showing the drying of asbestos 
in variable reg imes  (the solid lines denote ex- 
periment ,  and the points denote theory) for the 
following pa ramete r s  of the drying agent: 1) T i 
= 460~ Tf = 370~ Twb = 321~ v = 1.5 m 
/sec;  2) T[ = 505~ Tf = 366~ Twb = 325~ 
v = 1.5 m/sec ;  3) T i = 471~ Tf = 381~ Twb 
= 321~ v = 1.5 m / s e c ;  4) T i = 523~ Tf 
=393~ Twb=325~ v = l . 5  m/see ;  5) T i 
= 563~ Tf = 398~ Twb = 323~ v = 1.5 m 
/sec;  1 and 2) counterflow; 3, 4, and 5) direct  
flow. 

The change in the relat ive mois ture  content of the drying agent is achieved by another follow-up sys -  
tem consist ing of potent iometer  12, wet-bulb thermocouple 13, and regulating valve 14, with the se rvo-  
mechanism 15, installed in the wa te r -vapor  feed line 16. In ca r ry ing  out the drying process  we find that 
the tempera ture  of the wet-bulb t he rm om e te r  remains  vir tually constant along the constant heat-content  
line. The required change in the relat ive mois ture  content in the drying chamber  therefore  reduces to the 
maintenance of a constant value for the readings of the wet-bulb thermocouple in the chosen drying regime. 
The regulation sys tem provides for the maintenance of the tempera ture  of the wet-bulb thermocouple to an 
accuracy  of =~l.5~ 

The weight flow rate for the dry  a i r  in the c ross  section of the drying chamber  is measured  by means 
of flow mete r  17 and diaphragm 18, installed ahead of the air  heater .  Throughout the entire drying pro-  
cess ,  the weight flow rate for the a i r  is kept constant. 

The installation makes it possible to reproduce the variable regime of direct-f low and counterflow 
single-zone drying units. With a slight s t ruc tura l  change in the regula tor  sys tem,  the installation can be 
used to model the variable regime of multizone drying units in which the pa ramete r s  of the drying agent 
may va ry  a rb i t r a r i ly  in each zone. It is also possible to use such a unit for r eve r se  drying regimes .  

To verify the accuracy  of this newly developed method, we studied the kinetics of the drying of asbes-  
tos sheet 1.5 mm in thickness at constant and at variable pa ramete r s  for the drying agent. The choice of 
this mater ia l  is based on the effort  to eliminate the effect of shrinkage, as well as to enable us to use a 
given specimen over  again, for drying in other  reg imes .  Paral le l  tests  showed that the repeated drying of 
a given specimen has no effect on the kinetics of the process .  Moreover ,  in a thin mater ia l  the gradient 
for t empera ture  and mois ture  content are at a minimum through the thickness and the pa ramete r s  of the 
drying agent will exer t  decisive influence on the duration of the drying procedure.  

The asbestos  tes t  specimen,  made up of four plates with dimensions of 50 • 75 mm, positioned para l -  
lel to each other and separated by a distance of 30 mm, were suspended f rom a flame connected to the 
balance sensing element.  The plates were s t reaml ined ac ross  the surface over  a length of 50 mm. This 
suspension method reduced the effect of radiative heat exchange with the chamber  walls. The initial mo i s -  
ture content of the specimens was 60-65~c of the dry weight. The automatic balance permit ted weighing 
operat ions co r r ec t  to 0.1 g.  

In the f i rs t  se r i e s  of experiments  the specimen was dried in various constant regimes.  The purpose 
of the tests  was to determine the theoret ical  relat ionships for the drying rate in the f i rs t  and second period. 
The a i r  t empera tu re  in the drying chamber  var ied from 373 to 500~ The l inear  air  speed, r e fe r r ed  to a 
t empera tu re  of 293~ amounted to 1.5 m / s e c .  

The experimental  drying rate in the f i rs t  period, in the constant regimes ,  was compared with the 
theoret ical  drying rate ,  der ived f rom the formula 
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The coeff ic ient  of convect ion heat  t r a n s f e r  was de t e r m i ne d  [5] f rom the c r i t e r i a l  equation 

Nu = 0.8 Re ~ . (10) 

In ca lcu la t ing  the Nusse l t  h e a t - t r a n s f e r  number  and the hydrodynamic  Reynolds number ,  we took the 
spec imen  length in the s t r e a m l i n i n g  d i r ec t ion  as the dec i s ive  d imension ,  and for  the dec i s ive  t e m p e r a t u r e  
we chose the t e m p e r a t u r e  of the oncoming s t r e a m  of the dry ing  agent. The d ry ing  ra te  in the f i r s t  per iod ,  
ca lcu la ted  f rom (9), d i f fe red  f rom the e x p e r i m e n t a l  value by -~8~c. 

To de t e rmine  the dry ing  ra te  in the second per iod ,  we used the r e l a t ionsh ip  f rom [4] for  the r e f e r e n c e  

d ry ing  r a t e  

where  n is  an e x p e r i m e n t a l  coeff ic ient  de t e rmined  f rom the d ry ing  cu rves  (for a sbes tos  sheet  n = 0.85). 

We were  unable to de t e rmine  the effect  of the d ry ing  r eg ime  on the c r i t i e a i  mo i s tu re  content for  the 
en t i r e  s e r i e s  of expe r imen t s .  F o r  thin shee ts  of a sbes to s  the values  of the c r i t i c a l  mo i s tu re  content va r i ed  

f rom 32 to 34gc of the d ry  weight. 

F o r m u l a s  (9) and (10) p e r m i t  us to ca lcu la te  the d ry ing  r a t e  for  any constant  p a r a m e t e r s  of the d r y -  
ing agent,  when the a s b e s t o s  shee t  is  1.5 mm thick. 

In the second s e r i e s  of e x p e r i m e n t s ,  the spec imens  were  d r i ed  in var ious  d i r ec t - f l ow and counterf low 
r e g i m e s .  To de t e rmine  the effect  of t ime va r i a t ions  in the p a r a m e t e r s  of the dry ing  agent  on the dura t ion 
of the d ry ing  p r o c e s s ,  we compared  the expe r i m e n t a l  d ry ing  curves  with the theore t i ca l .  The compar i son  
was c a r r i e d  out in the following manner .  

1. F o r  the points on the e x p e r i m e n t a l  d ry ing  curve (var iable  r eg ime) ,  co r r e spond ing  to a change of 4gc 
in the m o i s t u r e  content of the spec imen,  we used formula  (8) to ca lcu la te  the t e m p e r a t u r e  of the d ry ing  
agent.  

2. F o r  the ca lcu la ted  t e m p e r a t u r e  of the d ry ing  agent  we de t e r m i ne d  the dry ing  r a t e  in the f i r s t  pe-  
r iod f rom (9) and (10). 

3. The d ry ing  ra te  at the t heo re t i c a l  points  was de t e r m i ne d  f rom the formula  

( &v p= ( dw') T i (12) 

where  ( d w / d r ) p  is the dry ing  ra te  at  the t heo re t i c a l  point,  gc/h.  

When the spec imen  mo i s tu re  content  w > Wet, it  was a s s um e d  that  r = 1, while for w < Wcr the d r y -  
ing ra te  was ca lcu ia ted  f rom (11). 

4. We plot ted the t heo re t i c a l  curve for the d ry ing  ra te .  

5. The method of g raph ica l  in tegra t ion  was used to de t e rmine  the durat ion of the dry ing  p r o c e s s  f rom 
the in i t ia l  m o i s t u r e  content  to the mo i s tu re  content that  was spec i f ied .  

6. We c o m p a r e d  the e x p e r i m e n t a l  and t heo re t i c a i  d ry ing  curves .  

The r e s u l t s  f rom the ca lcu la t ions  of the d ry ing  curves  and f rom the e xpe r i m e n t  a r e  shown in Fig.  3. 
The max imum deviat ion between the t h e o r e t i c a l  quant i t ies  and the e x p e r i m e n t a l  does not exceed • 12gc. 

The ident i ty  of the r e su I t s  conf i rms  the s a t i s f a c t o r y  functioning of a l i  a u t om a t i c - r e gu l a t i on  s y s t e m s  
and the r e l i a b i l i t y  of the r e s u l t s  obtained for  d ry ing  in a va r i ab i e  r eg ime  in the ins ta l l a t ion  d e s c r i b e d  here .  

The p roposed  method of s tudying the k ine t ics  of d ry ing  enables  us not only to reduce  the number  of 
t e s t s ,  but given a p p r o p r i a t e  d imens ions  for  the d ry ing  chamber ,  we can achieve r e s u i t s  which can s e r v e  as 
the bas i s  for  the des ign of the dry ing  ins ta l la t ion .  
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NOTATION 

are  the specif ic  enthalpies  of the mois t  gas at some a r b i t r a r y  c r o s s  sect ion of the 
drying instal la t ion and at  the inlet, J / k g  of d ry  gas; 
a re  the specif ic  heat  l o s ses  in the drying instal lat ion,  J / k g  of the evapora ted  m o i s -  
ture ;  
is the flow ra te  of dry  gas to achieve the evapora t ion  of 1 kg of wa te r  f rom the m a -  
t e r i a l ,  kg of d ry  gas pe r  kg of evapora ted  mois tu re ;  
a re ,  r e spec t ive ly ,  the initial,  the final, and the instantaneous t e m p e r a t u r e  of the 
drying agent, ~ 
a r e  the specif ic  heat  capac i t ies  of the d ry  gas and the wa te r  vapor ,  J / ( k g - d e g ) ;  
is the heat  of vapor  format ion  for wa te r  at 273~ and a p r e s s u r e  of 760 m m  Hg, 
J / k g ;  
a r e ,  r e spec t ive ly ,  the init ial ,  the final, and the instantaneous mois tu re  content of 
the ma te r i a l ,  kg of m o i s t u r e  per  kg of dry ma te r i a l ;  
is the Nusse l t  number ;  
is the coeff icient  of convection heat  t r ans f e r ,  W / ( m  2 �9 deg); 
is the c h a r a c t e r i s t i c  dimension,  m; 
is the coeff icient  of t h e r m a l  conductivity,  W / ( m .  deg); 
is the Reynolds number ;  
is the veloci ty  of motion for  the drying agent, m / s e c ;  
Is the specif ic  weight of the drying agent, N/m3;  
is the coeff icient  of dynamic v i scos i ty  for  the moi s t  gas,  N �9 s e c / m 2 ;  
is the heat  of vapor  format ion  for  the wate r ,  J / k g ;  
is the t e m p e r a t u r e  of the wet-bulb t h e r m o m e t e r ,  ~ 
is the weight of the spec imen ,  with an evapora t ion  su r face  of 1 m 2, N/m2; 
a r e ,  r e spec t ive ly ,  the init ial ,  the c r i t i ca l ,  and the instantaneous mo i s tu re  content 
of the m a t e r i a l ,  % of dry  weight; 
a re  the dry ing  ra te  in the f i r s t  and second per iods ,  ~c/min; 
is the durat ion of the dry ing  p roce s s ,  rain; 
is the reduced  dry ing  ra te ;  
is the th ickness  of the a sbes tos ,  ram; 
a re ,  r e spec t ive ly ,  the initial,  the final, and the instantaneous moi s tu re  content of 
the dry ing  agent, in kg of mo i s tu r e  pe r  kg of d ry  gas .  
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