
In those pa r t s  of curves  4 in Figs .  1A and 2A in which Rb < Rb* it would appear  that  there  is a t rans ien t  
dis t r ibut ion of t and u with r e spec t  to the coordinates ;  this exe r t s  a m a j o r  influence on the values of the co-  
eff icients  Kq and K m.  

Thus the local  Rb num ber  may  be r ega rded  as a quantity cha rac t e r i z ing  the kinetic c h a r a c t e r i s t i c s  of 
the local  drying of an e lementa ry  l aye r  in the solid m a t e r i a l  and also the t r a n s f e r  p rope r t i e s  of the la t t e r .  

N O T A T I O N  

Rb, Rb*, in tegra l  and local  Rebinder  nu mber s ,  respec t ive ly ;  u, u, local  and v o l u m e - a v e r a g e  moi s tu re  
contents;  t ,  t ,  local  and v o l u m e - a v e r a g e  t e m p e r a t u r e s ;  t am , ambient  (air) t e m p e r a t u r e ;  Jm (r), j~n(r), in te-  
g ra ted  and local mo i s tu re  flow densi t ies ;  jq(T) , jq(T), in tegra ted  and local  hea t  flow densi t ies;  r ,  spe -  
cific heat  of vapor iza t ion;  e,  phase  t r ans fo rma t ion  number ;  aq,  a m ,  heat and mo i s tu re  diffusion coeff ic ients ;  
Cq, specif ic  heat of mo i s t  ma te r i a l ;  70, densi ty of dry  ma te r i a l ;  ~q ,  a m ,  h e a t - a n d m a s s - t r a n s f e r e o e f f i e i e n t s ;  
6 ~ t h e r m a l - g r a d i e n t  m a s s - t r a n s f e r  coefficient;  Ueq, equi l ibr ium mo i s tu r e  content of the ma te r i a l ;  Pn, Posnov 
number ;  ~tq, Xm, t h e r m a l  and m a s s  conductivi t ies of the ma te r i a l ;  x,  coordinate  reckoned f r o m  the cen te r  of 
the plate;  r ,  t ime  f r o m  the onset  of drying.  Indices:  s ,  su r face  of the solid m a t e r i a l  as a whole o r  that  of the 
e l emen ta ry  volume;  cen,  cen te r  of the solid.  
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Fig .  2 
F ig .  1. Re la t ive  i n c r e a s e  Ospe/Ost d (~) in s t reng th  as a function of 
t ime:  1) s teady magnet ic  f ield H = 226,900 A / m ;  2) f ield at 50 Hz, 7960 
A / m ;  3) f ie ld at  30 Hz, 796 A/ re .  

Fig .  2. I so the rms  for  uptake of water  vapor  U (kg/kg) for  gypsum as a 
function of P / P s :  1) s t andard  hardening;  2, 3) spec i a l  t r ea tmen t ;  4) 
p r o c e s s e d  in a magnet ic  f ie ld with opt imum p a r a m e t e r s ;  5) t r e a t e d  in 
a magnet ic  f ie ld .  

This ins t i tu te  has p rev ious ly  c a r r i e d  out r e s e a r c h e s  on the d i sso lu t ion ,  nucleat ion,  and c r y s t a l  growth 
of gypsum [1,2], which has shown that a magnet ic  f ie ld has an apprec iab le  effect on the kinet ics  of such p ro -  
c e s s e s ,  e spec i a l l y  nucleat ion in the format ion  of gypsum f rom s u p e r s a t u r a t e d  aqueous so lu t ions ,  s ince  it in-  
c r e a s e s  the number  of such nuclei  p e r  unit volume ve ry  cons ide rab ly ,  while reducing the l i nea r  d imens ions .  

We have examined the phys icomechan ica l ,  s t r u c t u r a l ,  and m a s s - t r a n s f e r  c h a r a c t e r i s t i c s  of cas t  p l a s t e r  
of p a r i s  made in the p r e s e n c e  of magnet ic  f ields and in r e sponse  to var ious  ex te rna l  f ac to r s .  

We used p l a s t e r  of p a r i s  as employed in building,  which had the following p a r a m e t e r s :  n o r m a l  cons is tency 
Knc = 0.6, onset  of se t t ing 7 '20",  end of se t t ing 14 '8" ,  and s t rength  in c o m p r e s s i o n  Oco = 65 kgf / cm 2. 

The s t reng th  was examined by pouring a spec imen  2 rain a f te r  mixing into PTFE molds;  a f t e r  1.5 h, the 
spec imen  was r e l e a s e d  f rom the mold and p laced  in a dry ing  cabinet  for  drying at 55~ to constant  weight,  
a f t e r  which the s t reng th  was t es ted .  

The product ion of a s t r u c t u r e  in gypsum may nominal ly  be divided into th ree  ma jo r  pe r iods :  the f i r s t  is  
c h a r a c t e r i z e d  by a th ixotropic  s t r u c t u r e  (from mixing to the s t a r t  of se t t ing) ,  the second in the main by the 
format ion  of a p r i m a r y  c ry s t a l l i z a t i on  s t r u c t u r e  (from the s t a r t  to end of se t t ing) ,  and the th i rd  by s t r eng then-  
ing in the s t r u c t u r e  (from the end of se t t ing to complet ion of c r y s t a l l i z a t i o n ,  as r eco rded  f rom the maximum 
heat r e l e a s e ) .  

F o r  each of these pe r iods  we examined the s t reng th  in re la t ion  to the p a r a m e t e r s  of the magnet ic  f ields 
(a l ternat ing and constant) .  The s t reng th  of the s teady f ield was in the range  f rom 1. l0  B to 4.4" 105 A / m ,  while 
the f requency of the a l t e rna t ing  f ield was in the range 30-380 ttz with a s t rength  of 7960 A / m .  These  values 
were  used  in de te rmin ing  the opt imum t imes  for  applying the f ie lds  and the opt imum dura t ions  of act ion.  The 
magnet ic  field is  bes t  appl ied as soon as poss ib l e  a f t e r  mix ing ,  and even d i r e c t l y  during the mixing.  The op- 
t imum durat ion of action is  Tdu = (0.25-0.5) T1, where ~'l is  the length of the f i r s t  pe r iod  above (Fig. 1). E i ther  
type of f ie ld appl ied in the f i r s t  s tage  always i n c r e a s e s  the u l t imate  s t rength  by compar i son  with s t anda rd  
spec imens ,  and a magnet ic  f ield having the opt imum p a r a m e t e r s  i n c r e a s e s  Crco by 25-35~.  

A magnet ic  f ield appl ied during the second pe r iod  r educes  the final s t rength ,  while one during the th i rd  
pe r iod  has no effect�9 

The subsequent  expe r imen t s  were  des igned to produce  s t rong bui lding m a t e r i a l s  by the combined act ion 
of s e v e r a l  f ac to r s  [3], the intention being to produce p l a s t e r  spec imens  of s t reng th  in compres s ion  up to 1000 
kgf/cm 2 . 
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Fig. 3. Dependence of water  content U (kg/kg) for:  a) chemi-  
cal  potential # ( J /mole) ;  b ) i s o t h e r m a l  mass  capaci tyC m 
(mole /J )  fo r  gypsum plaster .  1) standard hardening; 2,3) 
special  t rea tment ;  4) p rocessed  in a magnetic  field with op- 
t imum pa rame te r s ;  5) t rea ted  in a magnetic  field. 

We examined the poros i ty  and thermodynamic pa rame te r s  (mass transport)  in o rde r  to elucidate the 
mode of action of external  fac tors ;  the porosi ty determines major  physicomechanical  proper t ies  such as 
s t rength,  long- te rm res is tance ,  permeabi l i ty  to water  and gases ,  thermal  conductivity, and res is tance  to 
freezing.  The size and s t ruc ture  of the pores  control  hydration, water binding, and the capacity for  migra-  
tion o r  infiltration of w a t e r .  

The s t ruc tura l  charac te r i s t i c s  and the thermodynamic pa ramete r s  were measured  on the same speci-  
mens ,  which also provided information on the tendency to take up water and the effects f rom contact with other  
mater ia l s .  

The porous s t ruc ture  may be determined fo r  pores  of radius 0.0015-0.05 pm along with measurement  of 
the thermodynamic pa ramete r s  for  the mass  t ranspor t  by reference  to water -vapor  sorption isotherms with 
the equipment of [4]. 

We used standard specimens made in the standard way in accordance with GOST (All-Union State Stan- 
dard) 125-70, which had a s trength of 65 kgf /cm 2 in compress ion  (No. 1); in addition, there were specimens 
in se r ies  Nos. 2 and 3, which were given special  t reatment  (various combinations of severa l  external  factors  
[3]), which had %o,  respect ively ,  of 900-1000 and 700-800 kgf/cm2; fur ther ,  there were specimens in se r ies  
Nos. 4 and 5 which were treated with magnetic fields, with specimens of ser ies  No. 4 having %o = 82 kgf /cm 2 
being t reated in a steady magnetic field having optimum paramete r s .  

Before the experiments  were begun, the gypsum was ground to a grain size of 0.25 mm and dried at 10 -2 
mm Hg for 336 h. 

The sorption isotherms were determined at 303~ at relat ive p r e s su re s  of 0.1-1 for 16 h; Fig. 2 shows 
that the maximum hygroscopic water content was higher for specimen No. 1 by a factor  of 4 than that for spe- 
cimen No. 2 and by a factor  of 2 for  specimens Nos. 3 and 4. 

The sorption isotherms were used to determine the binding energy (in the hygroscopic range,  this is 
equal in magnitude to the chemical  potential # = RT In ~p for  mass  transport)  together with the i so thermal  
specific mass  capacity Cm = (SU/aP)T (Fig. 3), and the distribution of the pores by radius.  

Figure 3 indicates that there  are  various forms of bond between the ma te r i a l  and water ,  and it defines 
the transi t ion f rom the adsorbed form to the capil lary form.  The binding energy falls considerably,  while 
the i sothermal  specific mass  capacity inc reases ,  at a water content of 0.45% for specimen No. 1, as against 
1.1 and 1.2% for  specimens Nos. 2 and 3, and 0.64 and 0.7% for specimens No.4 and 5. These ranges c o r r e -  
spond to the transit ion f rom adsorption to capi l lary binding for  these specimens.  

It is c lear  that p las ter  made in the s tandard way has much of the water bound by capi l lary forces ,  
whereas the special  t reatment  causes  much of the water to be in adsorbed form.  The mean isothermal  spe- 
cific mass  capacity (Fig. 3) is highest for  the normal  specimens and lowest for  the specially t reated ones. 

The sorption resul ts  gave the po re - s i ze  distribution via the co r rec ted  model - f ree  method [5]. 

The porous s t ruc ture  of gypsum (pore size range 0.01-22 ~m) has been examined [6] by forcing in m e r -  
cury  at high and low p re s su re s ;  the resul t  is an integral  curve ,  i . e . ,  the pore volume as a function of equiva- 
lent radius (Fig.4a).  
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F i g .  4. I n t e g r a l  p o r e  d i s t r i b u t i o n s  (w in 
cm3/g)  (a) and d i f f e r e n t i a l  d i s t r i b u t i o n  
in r a d i u s  a w / a r  ( c m 3 / g ' # m )  (b) in  r e l a -  
t ion  to  log  r (r in ~m):  1) s t a n d a r d  
h a r d e n i n g ;  2, 3) s p e c i a l  t r e a t m e n t ;  4) 
p r o c e s s e d  in a m a g n e t i c  f i e ld  wi th  o p t i -  
m u m  p a r a m e t e r s ;  5) t r e a t e d  in a m a g -  
ne t ic  f i e ld .  

The  t o t a l  v o l u m e  of the  p o r e s  of r a d i i  f r o m  22 to 0.01 ~m fo r  the  s t a n d a r d  s p e c i m e n  e x c e e d s  by a f a c t o r  
of 5 the  s a m e  f o r  s p e c i m e n s  N o s . 2  and 3, and by a f a c t o r  of  1.4 tha t  fo r  the  s p e c i m e n  t r e a t e d  in m a g n e t i c  f i e l d s .  
The  i n t e g r a l  c u r v e s  m a y  be d i f f e r e n t i a t e d  g r a p h i c a l l y  { fou r th -d i f f e r e nc e  method)  to  p lo t  A w / A r  as  a funct ion of 
log  r .  

F i g u r e  4b shows  d i f f e r e n t i a l  d i s t r i b u t i o n s  fo r  a l l  the  s p e c i m e n s  be tween  0.0015 and 22 p m  as  d e r i v e d  
f r o m  the s o r p t i o n  da t a  and m e r c u r y  m e a s u r e m e n t s .  The  l a t t e r  a g r e e  we l l  wi th  the  f o r m e r .  

S p e c i m e n  No .2  had a s h a r p  p e a k  a t  r of  about  0 .0018 /zm,  and a l s o  a m i n o r  p e a k  a r o u n d  0.007 p m .  

S p e c i m e n  No. 3 had two p e a k s  at  about  0.0018 and 0.0023 pro;  the  l a t t e r  i s  l e s s  s h a r p  and ex tends  up to  
0.01 pro.  T h e r e f o r e ,  s p e c i m e n  No. 3 has  m a i n l y  p o r e s  of r a d i i  be tween  0.0018 and 0 .01#m,  w i t h m o s t  of  the  
p o r e s  in the  r a n g e  0 .0018-0 .0025 ~ m .  

The  s t a n d a r d  s p e c i m e n  had two p e a k s  in the  r a n g e s  0 .005-0 .01 and 0 .02-0 .6  pro;  s m a l l  p o r e s  (r < 0.0025 
pro) w e r e  a b s e n t  in th i s  s p e c i m e n .  

S p e c i m e n  N o . 4  ( t r e a t e d  in an o p t i m a l  m a g n e t i c  f ie ld)  had two p e a k s  in the  r ange  0 .0025-0.01 pro;  s p e c i -  
men  No. 5 had  a low b r o a d  p e a k  in the  r e g i o n  0 .0023-0 .02  pro,  and p o r e s  of r a d i u s  0 .0025-0 .02  p m  p r e d o m i n a t e  
in t h e s e  s p e c i m e n s .  

The  t o t a l  vo lume  of  a l l  p o r e s  up to 20 p m  i n c l u s i v e  was 0.62 c m 3 / g  fo r  the s t a n d a r d  s p e c i m e n ,  as  a g a i n s t  
0.144 fo r  s p e c i m e n  No. 3 and 0.426 fo r  s p e c i m e n  No. 5 ( t r ea t ed  in a m a g n e t i c  f ie ld) .  

S p e c i m e n s  Nos .  2 and 3 had not  only  l o w e r  p o r e  v o l u m e s ,  but  a l so  m a i n l y  s m a l l  p o r e s  ( rad i i  0 .0018-  
0.0023 pro) .  The  s t a n d a r d  s p e c i m e n  had  a t o t a l  p o r e  vo lume  f ive t i m e s  tha t  found in s p e c i m e n  No. 2 and 4.4 
t i m e s  tha t  in s p e c i m e n  No. 3, whi le  p o r e s  of r a d i u s  l e s s  than 0.0025 p m  w e r e  c o m p l e t e l y  a b s e n t .  

Th i s  a l l  i n d i c a t e s  tha t  the  s t r e n g t h s  of s p e c i m e n s  Nos .  2 and 3 should  be much  in e x c e s s  of the  s t r e n g t h  
of the  s t a n d a r d  s p e c i m e n ;  in f a c t ,  the  s t r e n g t h s  in c o m p r e s s i o n  fo r  t h o s e  two s p e c i m e n s  w e r e  10-15 t i m e s  
Crco fo r  the  s t a n d a r d  one .  

The  p l a s t e r  a f t e r  m a g n e t i c - f i e l d  t r e a t m e n t  had  a t o t a l  p o r e  vo lume  r e d u c e d  by a f a c t o r  of 1.5 r e l a t i v e  
to the  s t a n d a r d  s p e c i m e n ,  and the  p o r e s  w e r e  m a i n l y  in the  s i z e  r a n g e  0 .0023-0.02 #m.  

T h e r e f o r e ,  the  w a t e r - b i n d i n g  f o r m  and the  s p e c i f i c  m a s s  c a p a c i t y  thus  prox4de da t a  in good a g r e e m e n t  
with t h o s e  f r o m  the s t r u c t u r a l  and  s t r e n g t h  c h a r a c t e r i s t i c s .  

T h e s e  r e s u l t s  on the  s t r u c t u r a l  and o t h e r  f e a t u r e s  of h i g h - s t r e n g t h  p l a s t e r  i nd i ca t e  tha t  the  l a t t e r  can  
be  u s e d  in f ac ing  c o m p o n e n t s  i n s t e a d  of c o s t l y  g r a n i t e  o r  m a r b l e .  
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O P T I M A L  H E A T I N G  S U R F A C E  IN A M U L T I S T A G E  

C O U N T E R C U R R E N T  F L U I D I Z E D - B E D  H E A T  E X C H A N G E R  

A .  K.  V i s l o g u z o v  UDC 66.096.5-536.24 

Equations are  derived for  calculating the intermediate  t empera tures  of the heating medium 
such as to give the minimal total surface area  in a multistage countercur ren t  heat exchanger 
having tubes immersed  in a fluidized bed. 

Heat exchangers having surfaces  immersed  in fluidized beds are  increasingly being used in industry,  on 
account of the proper t ies  of fluidized beds such as high hea t - t r ans fe r  coefficient,  i so thermal  conditions in the 
bed, and absence of local  overheating.  

On the other  hand, the i so thermal  condition is a disadvantage, since it r e s t r i c t s  the maximum temper -  
ature of the cooling medium. The heat-balance equation for a one-s tage  exchanger is as follows (here and 
subsequently it is assumed that the heating medium passes  within the tubes,  while the cooler  medium passes  
through the bed): 

w (ti - -  t2) = 01 - -  02, (1) 

which goes with the condition for the tempera ture  difference between the heating fluid and the cooling one: 

t 2 ~ 01, (2) 

which gives an expression for the tempera ture  of the cooler  fluid in a one-s tage equipment; in the limiting case,  
for  t 2 = 01, the maximum tempera ture  in the cooler  medium is 

01m~x-- ~tl + 0, (3) 
l §  

One therefore  usually employs a multistage sys tem in o rde r  to ra ise  the final tempera ture  of the cooler  
medium. 

The gas tempera ture  falls in a single stage of a fluidized-bed heat exchanger,  while the tempera ture  of 
the bed remains  constant,  and therefore  one cannot say one has countercurrent  flow or  direct  flow in a single 
stage; however,  in a multistage sys tem it is possible to distinguish the two types.  

In a d i rec t - f low sys tem,  the two fluids enter the f i rs t  stage and pass in ser ies  through all s tages to 
emerge  f rom stage n. In the countercurrent  case ,  the two fluids enter  at opposite ends of the chain and move 
in opposite direct ions.  
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