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The effect of sectioning of a fluidized bed, which is being moistened with the re lease  of heat 
of hydration, on the tempera ture  of the mater ia l  at  the outlet f rom the apparatus  is studied 
using a mathematical  model. 

Heat exchange and mass  exchange in sectioned fluidized beds were studied in [1]. However, a flu- 
idized bed being moistened with the re lease  of heat of hydrat ion has cer ta in  special features  which a re  
manifested,  in par t icular ,  when it is sectioned. The authors  [2] have obtained a system of equations relat ing 
the output pa r ame te r s  of a moistened fluidized bed, both with respec t  to the gas and to the solid mater ia l ,  
with the input pa rame te r s .  It was also shown that this mathematical  model ref lects  the integral  resul ts  of 
the complex heat-  and mass -exchange  p rocesses  occur r ing  in a fluidized bed which is being moistened. A 
s tudy  of a sectioned fluidized bed which is being moistened is ca r r i ed  out in the present  repor t  using a 
mathemat ica l  model of the process .  Three schemes  have been considered:  sectioning of the fluidized bed 
into two par t s  by height with opposite movement  of the gas  and the mater ia l ,  a rb i t r a r i l y  called "counter-  
cur ren t , "  and with movement of the gas and the mater ia l  in the same direct ion,  henceforth called "concur-  
rent ,"  as well as  sectioning of the fluidized bed along the length of the apparatus - " c ros scu r r en t . "  

A detailed explanation of the notation adopted for  the p a r a m e t e r s  of the process  is given in the "Nota- 
tion" section.  The calculat ions were  conducted in application to the p rocess  of moistening of sodium sulfate 
before briquetting in fluidized bed apparatus  constructed at the Ural Scient i f ic-Research Chemical Institute 
[3]. However,  the resul ts  of the calculat ions a re  of interest  p r imar i ly  in the analysis  of p rocesses  taking 

p lace  in a fluidized bed being moistened with the re lease  of react ion heat. 

P a r a m e t e r s  of the apparatus  above which are  close to those for summer  operating conditions a re  
adopted in the calculat ions,  namely: a i r  t empera tu re  at  inlet to apparatus 00 = 25~ moisture  content of a ir  
at inlet Z 0 = 8 g/kg, t empera ture  of mater ia l  at inlet T O = 20~ the specific outputK,  kg/kg, expressed in 
the form of the ratio of the mater ia l  output of the apparatus  to the amount of a i r  supplied to the apparatus,  
is taken as  0.8 kg/kg. The mater ia l  was moistened to 9% in the apparatus  and in the p rocess  75 kcal of 
heat was re leased per ki logram of water  going into the moistening.  

The total height H of the fluidized bed in both sections for the "concurrent"  cases  was taken as con- 
stant and equal to 0.47 m. 

The relative height h 1 of the fluidized bed in the f i rs t  sect ion along the path of the gas and the degree 
of moistening of the mater ia l  over  the c ross  sections were varied in the calculat ions.  

The resul ts  of these calculat ions for the "countercur ren t"  scheme are  presented in Fig. 1. 

As is seen, with an increase  in the moistening of the mater ia l  in the second section the tempera ture  
of the mater ia l  at the outlet f rom the apparatus  is reduced when h i is constant.  The lowest tempera ture  is 
observed with complete (to 9,,'8) moistening of the mater ia l  in the second section. That amount of mois ture  
which can be completely evaporated f rom the surface of the mater ia l  without increasing its mois ture  is 
supplied to the f i r s t  section in this case ;  thus,  the f i rs t  section operates  as a r e f r ige ra to r  in this case .  

It also follows f rom Fig.  1 that to obtain the lowest t empera tu re  of the mater ia l  at the outlet from 
the apparatus the relative bed height h 1 of the f i rs t  section should lie in the range of 0.4-0.6. 
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Fig. 1. Dependence of tempera ture  of mater ia l  at outlet 
(Tou t) f rom a two-stage apparatus operating on the 
"countercurrent"  scheme with var ia t ion in the relative 
height h~ of the fluidized bed in the f i rs t  section and in 
the degree of moistening of the mater ia l  in the second 
section: 1) mater ia l  not moistened; 2) moistening by 30%; 
3) by 60%; 4) by 900; 5 )comple te  moistening of mater ia l  
(by 100%). Tou t, ~ 

Fig. 2. Dependence of lowest t empera ture  (~ of ma -  
ter ia l  d ischarging from a two-sect ion countercur ren t  
apparatus  on the specific load K, kg/kg. The numbers  
of the curves  correspond to the numbers  of the curves  in 
Fig. 1; point A is the tempera ture  of the mater ia l  d i s -  
charging f rom a one-sect ion apparatus;  point C is the 
tempera ture  of the mater ia l  at the outlet f rom a t w o - s e c -  
tion cou nte rcu rrent  apparatus.  

It is interesting to note that in all the modes under considerat ion one can attain a t empera ture  of the 
mater ia l  discharging from the apparatus which is considerably lower than the tempera ture  e 0 = 25~ of the 
air  supplied to the apparatus.  

When the relative height of the fluidized bed in the f i rs t  section equals unity the two-sect ion apparatus 
degenera tes  into a one-sect ion apparatus.  

The point A cha rac t e r i ze s  the tempera ture  of the mater ia l  at the outlet f rom a one-sect ion apparatus.  
Ea r l i e r  [2] we determined the tempera ture  of the mater ia l  at  the outlet f rom a one-sec t ion  apparatus with 
the same pa rame te r s  of the p rocess .  This t empera ture  coincides with the tempera ture  of point A. 

The considerable  reduction in the tempera ture  of the mater ia l  a t  the outlet f rom the apparatus when 
it is sectioned by the "countercurrent"  scheme can be explained by the fact that with an increased specific 
supply of water  to the second section the t empera tu re  of the mater ia l  in it is considerably increased.  The 
tempera ture  difference between the mater ia l  and the gas increases  in this section and the amount of r e -  
movable heat increases .  With an increase  in the t empera tu re  level in the second section the a i r  t empera -  
ture at the outlet f rom the apparatus also increases ,  the amount of mois ture  evaporated in the second sec-  
tion increases  accordingly,  and the amount of heat removed from the mater ia l  through the evaporation of 
par t  of the mois ture  supplied to the apparatus increases .  
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Fig. 3. Dependence of the tempera ture  of the mater ia l  dis-  
charging f rom a two-sect ion countercur ren t  apparatus on 
the total bed height in the two sections (H). The point A 
cor responds  to the t empera tu re  of mater ia l  d ischarging 
f rom a one-sec t ion  apparatus  at a bed height H = 0.47 m; 
point D co r responds  to the tempera ture  under the condi- 
tions of plotting of curve 5 in Fig. 1 and to point C lying on 
this curve.  Tout, ~ H, m. 

Fig. 4. Greates t  reduction in tempera ture  (~ of mater ia l  
at the outlet f rom a two-stage eountereurrent  apparatus as 
a function of the specific heat of hydration ~, kcal/kg. 

During this t ime the f i rs t  section opera tes  as a r e f r ige ra to r ,  producing a fur ther  reduction in the 
t empera tu re  of the mater ia l  before its d ischarge  from the apparatus .  When all the moisture  is supplied to 
the second section, with the relative height of the bed in this section equal to unity, the tempera ture  of the 
mater ia l  discharging from the apparatus  is determined by point B on curve 5 (Fig. 1). In this case the 
second section becomes a one-sec t ion  apparatus.  Naturally,  the t empera tu res  of the mater ia l  at  points A 
and B are the same.  The left branches of the curves  (starting with the fourth) are  ra ised considerably 
above the point B. In this case  there  is a large amount of water  supplied to the f i r s t  section of the appara-  
tus with a small  bed height in it, which leads to considerable re lease  of heat in this section and an increase 
in the tempera ture  of the mater ia l  discharging f rom the apparatus.  At the same time, because of the small 
bed height of the f i r s t  section the amount of heat removed with the gas is slight. 

Curve 1 is somewhat different in nature.  This curve does not give a reduction below point A in the 
tempera ture  of the mater ia l  d ischarging f rom the apparatus when the bed is sectioned by height. This is 
easi ly explained. Actually, curve 1 is plotted for  the case  of the absence of moistening of the mater ia l  in 
the second section. This means  that all the moistening of the mater ia l  occurs  in the f i rs t  section, the bed 
height in which gradual ly  dec reases  with a dec rease  in hi, which causes  an increase in the tempera ture  
of the mater ia l  in this section and thus an increase  in the t empera tu re  of the mater ia l  at the outlet from the 
apparatus.  The fact that the mater ia l  which is in the second section is heated up because of the increased 
tempera ture  of the gas coming f rom the f i rs t  section also has an effect. 

Curves  charac te r i z ing  the variat ion in the lowest tempera ture  of the discharging mater ia l  in a two- 
sect ion counte rcur ren t  apparatus  (point C) as a function of the specific load of the apparatus  are  presented 
in Fig.  2. As would be expected, with an increase  in the specific load the tempera ture  of the mater ia l  d is -  
charging f rom the apparatus  inc reases ,  other condition, s being equal. In Fig. 2 one can t race  the increase  
in the specific output of the apparatus  with its two-stage operation by the "countercurrent"  scheme in com-  
par i son  with a one-sect ion apparatus.  The tempera ture  of the mater ia l  discharging f rom a one-sect ion 
apparatus (point A) equals 21.25~ with a specific load K = 0.8 kg/kg for the pa r ame te r s  which we adopted 
for  the p rocess .  The same tempera ture  of the discharging mater ia l  can be Obtained with an increase  in the 
specific output K to 1.86 kg/kg with full moistening of the mater ia l  in the second section of the apparatus 
during its two-s tage operation by the "eountercurrent"  scheme (curve 5), 
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Thus, the sectioning of the apparatus by height in the case of complex heat- and mass-exchange pro- 
cesses should lead to an increase in its output at a given temperature of the material at the outlet from the 
apparatus. In particular, for the specific case of the moistening of sodium sulfate the output of the appara- 
tus increases by 2.34 times upon the transition to a two-stage scheme, with other conditions being equal, 
since the ratio of the specific outputs of the two-stage countercurrent apparatus and the one-stage appara- 
tus equals 1.86:0.8 = 2.34. 

The dependence of the lowest temperature of the material discharging from a two-stage counter- 
current apparatus on the total height H of the fluidized bed in the two sections is presented in Fig. 3. This 
dependence is plotted for the most favorable conditions: The material is fully moistened in the second sec- 
tion of the apparatus and the bed heights in the sections are equal, i.e., the conditions of operation of the 
two-stage apparatus correspond to point C of curve 5 in Fig. 1. Point D in Fig. 3 (the total height of the 
f lu idized bed in the two sec t ions  is  H = 0.47 m) c o r r e s p o n d s  to point C in Fig .  1. With a d e c r e a s e  in the 
total  height  of the bed (with the opt imum ra t io  of heights  hl/h 2 re ta ined)  the t e m p e r a t u r e  of the m a t e r i a l  
d i s cha rg ing  f rom the appa ra tus  p r o g r e s s i v e l y  i n c r e a s e s .  When the t e m p e r a t u r e  of the d i scharg ing  m a -  
t e r i a l  r e a c h e s  21.25~ i .e . ,  the t e m p e r a t u r e  leve l  of the m a t e r i a l  d i scharg ing  f rom a one - s t age  appa ra tus ,  
the total  height of the bed in the two sec t ions  is  only 0.09 m, i .e . ,  5.2 t imes  l e s s  than the bed height  in the 
one - sec t i on  appa ra tus .  Such a marked  d e c r e a s e  in the bed height g ives  a s ign i f ican t  reduc t ion  in the energy  
expended on blowing, which is  v e r y  cons ide rab l e  for  f lu id ized-bed  appa ra tus .  As seen  f rom F ig .  3, a two- 
fold d e c r e a s e  in the to ta l  bed height in a two- sec t i on  appa ra tu s  leads  to an i nc rea se  of only 0.6~ in the 
t e m p e r a t u r e  of the d i scha rg ing  m a t e r i a l .  

We analyzed the reduct ion  in the t e m p e r a t u r e  of the m a t e r i a l  d i s cha rg ing  f rom the appa ra tus  when 
the amount  of heat  of hydra t ion  is cons tant  (we took t~ = 75 kcal/kg of wate r  going into the mois tening) .  

The dependence of the effect  of reduc t ion  in the t e m p e r a t u r e  of the m a t e r i a l  d i s cha rg ing  f rom a two- 
s tage c o u n t e r c u r r e n t  appa ra tus  on the value of the spec i f ic  hea t  of hydra t ion  i s  p re sen ted  in F ig .  4. As is  
seen,  with the c o u n t e r c u r r e n t  sec t ioning  of the f lu id ized bed the t e m p e r a t u r e - r e d u c t i o n  effect  i n c r e a s e s  
with an i n c r e a s e  in t~. When t~ = 0 (the absence  of heat  r e l ease )  the effect  is  s m a l l  and it can be both pos i t ive  
and negat ive .  In this  case  the magni tude of the effect  and its sign depend on the t e m p e r a t u r e  Tou t of the 
d i scha rg ing  m a t e r i a l ,  the t e m p e r a t u r e  60 of the a i r  suppl ied to the appa ra tu s ,  the t e m p e r a t u r e  T 0, and the 
amount of the wa te r  suppl ied  for  mois tening .  

F r o m  what has  been p re sen ted  it is c l e a r  that  in a whole s e r i e s  of c a s e s  the sec t ioning of a f luidized 
bed by height  is  advantageous when complex  hea t -  and m a s s - e x c h a n g e  p r o c e s s e s  a r e  used in indus t r i a l  
appa ra tu s ,  e s p e c i a l l y  when there  is a cons id e r a b l e  r e l e a s e  of r eac t i on  heat .  It is  known, however ,  that  the 
r e tu rn - f l ow  dev ices  which a r e  requ i red  in th is  case  c r e a t e  an addi t ional  compl ica t ion  in the cons t ruc t ion  
of the appa ra tus  and i ts  opera t ion ,  e s p e c i a l l y  in the case  of the p r o c e s s i n g  of a m o i s t  m a t e r i a l .  

The lengthwise  sec t ioning of the appa ra tus  is c ons i de r a b l y  m o r e  p romis ing  f rom the point of v iew of 
the s t r u c t u r a l  des ign .  In th is  case  the sect ioning can be accompl i shed  v e r y  s imply  through the mounting 
of a t r a n s v e r s e  par t i t ion  in the appa ra tus .  

Let  us examine the effect  of such sect ioning of a f lu id ized bed. The p a r a m e t e r s  adopted in the c a l -  
cula t ions  a r e  the s ame  as  in the " coun te r cu r r en t "  case .  The height  of the f luidized bed in the two sec t ions  
is taken as  the same  and equal to H = 0.47 m. The main r e l a t i onsh ip s  of the behav ior  of the c u r v e s  noted in 
the ana lys i s  of the "coun te rcu r ren t "  scheme a re  re ta ined  in th is  c a s e .  

With an i n c r e a s e  in the mois ten ing  of the m a t e r i a l  in the f i r s t  sec t ion  along the path of the m a t e r i a l  
the t e m p e r a t u r e  of the product  d i s cha rg ing  f rom the appa ra tus  is reduced.  The g r e a t e s t  t e m p e r a t u r e  r educ -  
tion is obse rved  with full mois ten ing  of the m a t e r i a l  in the f i r s t  sec t ion .  In th is  case  the second sec t ion  is 
suppl ied with the amount  of mo i s tu re  which can be ful ly evapora t ed  in i t .  Thus,  the second sec t ion  ope ra t e s  
as  a r e f r i g e r a t o r  in this  case .  

When the r e l a t ive  a r e a  of the f i r s t  sec t ion  is n i = 1 the t w o - s e c t i o n  appa ra tus  becomes  a one - sec t ion  
appa ra tu s .  Since all  the p a r a m e t e r s  of the p r o c e s s  a r e  analogous to those adopted e a r l i e r  for  the "counte r -  
c u r r e n t "  case ,  the t e m p e r a t u r e  of the m a t e r i a l  at  the outlet  f rom the one - sec t ion  a p p a r a t u s  is  a l so  equal  to 
21.25~ The s ame  t e m p e r a t u r e  of the m a t e r i a l  at the out le t  o c c u r s  when n 1 = 0. The maximum reduct ion 
in the t e m p e r a t u r e  of the m a t e r i a l  d i s cha rg ing  f rom the appa ra tus  c o r r e s p o n d s  to n i = 0.5. The lowest  
t e m p e r a t u r e  of the m a t e r i a l  in th is  case  is  19.4~ We note that  the lowest  t e m p e r a t u r e  of the m a t e r i a l  
d i s cha rg ing  f rom an appa ra tus  ope ra t ing  by the " coun te r cu r r en t "  scheme was 17.9~ i .e . ,  c ons i de r ab ly  
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lower.  However ,  in the case  of a t r a n s v e r s e  cu r ren t  the t e m p e r a t u r e  of the ma t e r i a l  d i scharg ing  f rom the 
appara tus  is lower than the t e m p e r a t u r e  of the a i r  supplied to the appara tus  (00 = 25~ in a cons iderable  
number  of the modes .  

With a d e c r e a s e  in the degree  of mois tening of the ma te r i a l  in the f i r s t  sect ion the t e m p e r a t u r e  of 
the ma te r i a l  d ischarging f rom the appara tus  is ra i sed .  An espec ia l ly  cons iderable  t e m p e r a t u r e  r i se  is ob- 
se rved  upon a d e c r e a s e  in the re la t ive  a r e a  of the second section.  This  can be explained as follows. The 
re la t ive  a r e a  of the second sect ion d e c r e a s e s  while the pe rcen tage  of mois tening of the m a t e r i a l ,  i .e . ,  the 
amount  of wa t e r  supplied to it, and thus the amount of heat  r e l e a sed  in this section,  i nc reases .  In the l imi t -  
ing case  all the water  mois tening the m a t e r i a l  is  supplied to the second section,  

It was es tabl i shed by the ca lcula t ions  that with the change to sectioning one can i nc rea se  the output 
of an appa ra tus  opera t ing by the " c r o s s c u r r e n t "  scheme by 1.54 t imes ,  providing the s ame  t e m p e r a t u r e  of 
the ma t e r i a l  at the outlet  a s  in the one- sec t ion  appara tus .  

In the case  of the operat ion by the "concur ren t"  scheme with a dec r ea se  in the re la t ive  height of the 
fluidized bed in the second sect ion and var ia t ion  in the deg ree  of mois ten ing  of the m a t e r i a l  ove r  the s e c -  
t ions the behavior  of the cu rves  c h a r a c t e r i z i n g  the t e m p e r a t u r e  of the m a t e r i a l  a t  the outlet  has a ce r ta in  
s i m i l a r i t y  to the s chem es  examined e a r l i e r .  F o r  example ,  the lowest  t e m p e r a t u r e s  of the d ischarging m a -  
t e r i a l  are  obse rved  with full mois ten ing  of the m a t e r i a l  in the f i r s t  sect ion along the path of the gas.  The 
t e m p e r a t u r e  of the m a t e r i a l  in the e x t r e m e  c a s e s ,  when the appara tus  becomes  one-sec t ioned ,  equals 
21.25~ as  in the s c h e m e s  examined e a r l i e r .  The t e m p e r a t u r e  of the d i scharg ing  ma te r i a l  inc reases  
with a d e c r e a s e  in the re la t ive  height of the bed in the second sect ion.  

However ,  there  is a lso  an impor tan t  d i f fe rence  in the t e m p e r a t u r e  dependence of the m a t e r i a l  d i s -  
charging f rom the appara tus .  F i r s t  and f o r e m o s t ,  the t e m p e r a t u r e  of the m a t e r i a l  in all  the modes  of 
opera t ion of the sect ioned appara tus  is h igher  than in a one - sec t ion  appara tus .  Thus,  the "concur ren t"  
s cheme  does  not provide any advantage for  the p r o c e s s  which we a re  cons ider ing ,  

However ,  ce r t a in  p r o p e r t i e s  of the t e m p e r a t u r e  dependence a r e  t r aced  which might poss ib ly  find 
appl icat ion to o the r  p r o c e s s e s .  F o r  example ,  the t e m p e r a t u r e  of the ma t e r i a l  d i scharg ing  f rom the ap-  
pa ra tu s  when it is fully mois tened  in the f i r s t  sect ion is a lmos t  independent of the dis t r ibut ion of bed heights 
between the sect ions .  The t e m p e r a t u r e  of the d i scharg ing  m a t e r i a l  depends ve ry  litt le on the d is t r ibut ion 
of mo i s tu r e  between the sect ions  when h 2 v a r i e s  f rom 1 to 0.7. 

00, Z0 
0out,Zout 
To 
Tout 
W0 
Wout 
H 

ni, n 2 

NOTATION 

are the temperature and moisture content of air at inlet to apparatus,~ g/kg; 
are the temperature and moisture content of air at outlet from apparatus; 
is the temperature of material at inlet to apparatus; 
is the temperature of material at outlet from apparatus; 
is the moisture of material at inlet to apparatus, kg/kg; 
is the m o i s t u r e  of m a t e r i a l  a t  outlet  f rom appara tus ;  
is the total  height of fluidized bed in appara tus ;  for  concur ren t  and coun te rcur ren t  H = h I + h2, 
where  h 1 and h 2 a r e  the heights  of the fluidized bed in f i r s t  and second sect ions ,  respec t ive ly ;  
a r e  the f i r s t  and second sec t ions  as  f rac t ions  of the total grid a r ea  for  c r o s s c u r r e n t ;  
is the specif ic  heat  of hydrat ion in kcal /kg of wa t e r  going into mois tening.  

la 

2. 
3. 
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