
STUDY CONCERNING THE HEAT TRANSFER BETWEEN 

A DISI~ERSE MATERIAL AND A SOLID HEAT CARRIER 

Z. R. Gorbis and V. V. Kuklinskii UDC 536.241 

Results  a re  shown of an exper imental  study concerning the heat t r an s f e r  between two d isperse  
media in a compact bed mixed in a revolving drum.  

The advantages of heat exchangers with an in te rmedia te  solid heat c a r r i e r  become most  obvious dur-  
ing h igh- tempera tu re  t r ea tment  of f ine -d i sperse  mate r ia l .  The use  of a solid heat c a r r i e r  makes it  s imple 
to design a thermal ly  stable heat t r a n s f e r  sur face  and to el iminate the erosion of d i sperse  mater ia l  by hot 
gases .  

The energy lost  on t ranspor t ing  a solid heat c a r r i e r  is minimum and the concentrat ion of a d i sperse  
ma te r i a l  in the heat  exchanger  is maximum with the heat t r ea t ed  mate r ia l  in a compact  bed. 

The problem of heat  t r an s f e r  in a s ta t ionary bed of d i spe r se  ma te r i a l  and with uniformly dis tr ibuted 
heat sources  was cons idered  in [1]. 

Fig. 1. Schematic diagram of the apparatus for  studying 
the heat  t r ans fe r  in a mixture  of d i sperse  mate r ia l s :  1) 
drum, 2) shut ter  grid,  3) drum drive,  4) d i s p e r s e - m a -  
te r ia l  col lector ,  5), 6) hot and cold thermocoup!e  junctions, 
7) potent iometer ,  8) slip r ings,  9) sliding contacts,  10) 
e lec t r ic  hea te r  for  the end surface ,  11) hatch door for  
removing the d i sperse  mater ia l ,  I) position of mate r ia l  
in the drum during mixing, II) position of mate r ia l  in the 
drum during separat ing.  
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Fig.  2. 

t ion (~2/e = 1.046) hea ted  with po rce l a in  bal ls  (R1 = 10 m m ) :  d r u m  speed  10 r p m  (1), 15 
r p m  (2), 20 rpm  (3), 25 r p m  (4), a c c o r d i n g  to f o r m u l a  (1) (I). 

Fig. 3. T e m p e r a t u r e  va r i a t ion  with t i m e  b- sec) in f i n e - d i s p e r s e  kaol in (fi2/e = 1.169) 
hea ted  with p o r c e l a i n  bal ls  (R l = 10 m m ) :  d r u m  speed  15 r p m  (1), 20 r p m  (2), 25 r p m  (3), 
a c c o r d i n g  to f o r m u l a  (1) (I). 

T e m p e r a t u r e  va r i a t ion  with t ime  iT sec) in the f i n e - d i s p e r s e  90-114 p m  sand f r a c -  

Account ing  fo r  the  d i s t r ibu t ion  c h a r a c t e r i s t i c s  of sol id  componen ts  in a m i x t u r e  with d l / d  2 > 25 has  
m a d e  it pos s ib l e  to r e d u c e  the  solut ion in [1] to  the  fol lowing f o r m :  

0-= [ l -  ~I/3 - ~ 3  + ~1 ~ 

x e x p  R~[l+X,t~.2([3_f/s !)] - ~  + WI + W2 

for ~2 2> e; 

_ 2~(~,21~, ~ + ~ l a  1) 

for ~2<  e. 

If  the t e m p e r a t u r e  d i f f e rence  b between the  sol id  componen t s  of the  p r o c e s s  is given,  then the  t ime  
n e c e s s a r y  fo r  such  a t e m p e r a t u r e  change  to o c c u r  can be d e t e r m i n e d  a c c o r d i n g  to the fo rmu la :  

"35 15 25 

Fig. 4, T e m p e r a t u r e  v a r i a t i o n  with t ime  
(T sec) in the f i n e - d i s p e r s e  114-315 p m  
f rac t ion  of sand hea ted  with po rce l a in  bal ls  
(R 1 = 10 ram) at a d r u m  speed  n = 20 rpm;  
r e l a t i ve  vo lume concen t ra t ion  of the d i s -  
p e r s e  m a t e r i a l  fi2/e = 0.678 (1), 0.891 (2), 
1.095 (3), 1o180 (4), a c c o r d i n g  to f o r m u -  
las  (1) and (2) (I-IV). 

and 

(1) 

(2) 

�9 b = - - ] n b "  R~[1 + ~dx~(~V ~/3-  1)1 (3) 
8a~(~ + uzl/u%) 

for [~u ~ 8 

% = - -  In b- R~ e (~/)h -~- ~-,/3 _ l) (4) 

8a2(1- -~) (  1 + W--~---) 

for ~ < e .  

In the gene ra l  c a s e  of  mix ing  as in a d r u m ,  for  example ,  
the  sol id  componen t s  of the  m i x t u r e  a r e  d i s t r ibu ted  non-  
u n i f o r m l y .  The mot ion  of a m i x t u r e  m a y  a lso ,  unde r  
va r i ous  condi t ions ,  cause  the t e m p e r a t u r e  g rad ien t s  to 
d e c r e a s e  and the bed p o r o s i t y  to  i n c r e a s e .  

In o r d e r  to s tudy the heat  t r a n s f e r  between a mov ing  
m i x t u r e  of a d i s p e r s e  m a t e r i a l  and a g r a n u l a r  hea t  c a r -  
r i e r ,  the  au thors  p e r f o r m e d  e x p e r i m e n t s  on an appara tus  
shown s c h e m a t i c a l l y  in Fig.  1. This appa ra tus  cons i s t ed  
of  a can t i l eve r  mounted  d r u m  750 m m  in d i a m e t e r  with a 
cy l indr ica l  g r id  of shu t t e r s  600 m m  in d i a m e t e r  ins ide  it.  
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Into the inner  cavity of the drum was poured  a granular  heat  c a r r i e r  and the d i s p e r s e  m a t e r i a l .  During 
counterc lockwise  rotat ion the shut te rs  c losed into a b a r r i e r  inside which both components  mixed.  The 
components  could be sepa ra t ed  by r e v e r s i n g  the drum rota t ion and thus opening the shut te rs  into a cyl in-  
dr ica l  s ieve .  Such a d rum design e l iminated losses  of t ime  on var ious  auxi l iary  operat ions  during c h a n g e -  
over  f rom mixing to separa t ing ,  it also yielded a m o r e  accura t e  de terminat ion  of the t rue  contact t ime  ~ 
with the heat  c a r r i e r .  

In each s e r i e s  of t e s t s  we m e a s u r e d  the t e m p e r a t u r e  of the d i spe r s e  m a t e r i a l  a f te r  heat ing by the 
c a r r i e r  for  var ious  lengths of mixing t ime .  The solid hea t e r  m a t e r i a l  had been heated before  that to 230- 
350~ in an e lec t r i c  oven. 

The drum was equipped with a t h e r m a l  compensat ion s y s t e m  at the end su r faces  and with a r egu l a to r -  
dr ive .  As the g ranu la r  heat  c a r r i e r  we used  porce la in  bal ls  with a radius  R 1 = 10 m m  and grade  G-70 
f i rec lay  balls  with a radius  R 1 = 3 ram.  

The loose  d i s pe r s e  m a t e r i a l  were  90-114#m,  114-315pm,  315-500~m, 500-700~m, and 700-1000~m 
frac t ions  of quar tz  sand, the cohes ive  d i s pe r s e  m a t e r i a l  was d r e s s e s  kaolin f rom the P r o s y a n s k  deposi ts .  
The d rum speed was va r i ed  within the 10-25 r p m  range; the d rum was 25-30% full, with the re la t ive  vol -  
ume  concentrat ion of the  d i s p e r s e  med ium vary ing  within fl2/e = 0.678-1.18. 

In the evaluation of tes  t data,  p r o p e r  considera t ion was given to  the heat ing of the d i spe r s e  m a t e r i a l  
by the drum walls .  The tes t  r e su l t s  a r e  compa red  h e r e  with calculat ions accord ing  to formulas  (1) and 
(2). 

The the rmophys ica l  p r o p e r t i e s  of quar tz  sand had been de te rmined  exper imenta l ly ,  those  of kaolin, 
porce la in ,  and G-70 f i rec lay  had been taken f rom the published l i t e r a tu r e .  

The t e s t s  have  r evea led  no effect  of the  d rum speed on the heat  t r a n s f e r  between the d i spe r s e  m a t e -  
r ia l  and the solid heat  c a r r i e r .  An explanation for  this is that  pa r t i c l e s  of loose  m a t e r i a l  c i rcu la te  mainly  
along c losed t r a j e c t o r i e s  inside the d rum and that the veloci ty  of the i r  pr inc ipa l  mot ion is  ve ry  low. 

It  i s  to be noted that in all cases  the conditions inside the  revolving drum cor responded  to "rol l ing" 
motion.  The r e su t t s  of heating quar tz  sand of the 90-114 ~m frac t ion  and kaolin with porce la in  bal ls  (R l 
= 10 mm) at var ious  d rum speeds  a r e  shown in Figs.  2 and 3 .  

When the concentra t ion of the f i n e - d i s p e r s e  m a t e r i a l  in the mix tu r e  changes,  as long as /3 z < e, one 
notes  some  d e c r e a s e  in the  r a t e  of heat  t r a n s f e r  between the mix tu re  components .  An explanation for  this 
is  that ,  at a lower  than "sa tura t ion"  concentra t ion of the d i s p e r s e  component  (fi2 = e), this  heat  t r e a t ed  
m a t e r i a l  occupies  the in t e r s t i ce s  between the bai ls  of the heat  c a r r i e r  but ve ry  nonuniformly:  m o r e  den- 
se ly  in the bot tom pa r t  of the l aye r ,  where  it has  filled the in t e r s t i ce s  p r i o r  to "sa tura t ion ."  When ~2 < s, 
t he r e fo re ,  the heat  t r a n s f e r  su r face  between both components  becomes  s m a l l e r .  

Dating on heating the 114-315 pm frac t ion  of sand with porce la in  bal ls  at va r ious  concentrat ions /32 
a r e  shown in Fig. 4. 

A compar i son  between tes t  data and calculat ions according  to fo rmulas  (1) and (2) indicates  that  with- 
in the ranges  fl1 > 0.25, d i d  2 > 33, T = O.05czP2d~/~.G t he r e  is  a g r e e m e n t  within a p robab le  e r r o r  of • 

For  d l /d  z < 33 the bed of f i n e - d i s p e r s e  pa r t i c l e s  in the i n t e rg ranu la r  i n t e r s t i ce s  of the heat  c a r r i e r  
has  a h igher  poros i ty  and, t he re fo re ,  the calculated values  of O2 dif fer  f rom the t es t  va lues .  

At t ime  �9 < 0.05c2P2d~kG the bed of f i ne -d i spe r s e  m a t e r i a l  cannot be cons idered  quasihomogeneous 
[2], as has been a s s u m e d  for  the der iva t ion  of Eqs.  (1) and (2). 

kl, k2, kG 

~I,~2 

Vi 
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NOTATION 

a re  the t h e r m a l  conductivity of the solid heat  c a r r i e r  m a t e r i a l ,  of the d i s p e r s e  m a t e r i a l ,  and 
of the gas respec t ive ly ;  
a r e  the volume concentra t ion of the solid heat  c a r r i e r  and of the d i spe r s e  m a t e r i a l ,  r e s p e c -  
t ively:  fll = Vl/(V1 + V2), f12 = 1--~1;  
is the t rue  volume flow r a t e  of the solid heat  c a r r i e r ;  
i s  the effect ive volume flow r a t e  of the d i spe r s e  m a t e r i a l ;  
a r e  the wa te r  equivalent of the solid heat  c a r r i e r  and of the d i spe r s e  m a t e r i a l  r e spec t ive ly ;  
a r e  the t h e r m a l  diffusivity of the solid heat  c a r r i e r  m a t e r i a l  and of the d i spe r s e  m a t e r i a l  r e -  
spect ively;  
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T 

tl, t2 

dl, d2 

c2 

P2 

is the porosity of the bed of solid heat carrier particles; 
is the time, sec; 

is the mean  instantaneous t e m p e r a t u r e  ofl theheated medium;  
a r e  the init ial  t e m p e r a t u r e  of the heating med ium and of the heated medium r e s p e c -  
t ively;  
a r e  the d i a m e t e r  of heat  c a r r i e r  pa r t i c l e s  and of d i spe r s e  m a t e r i a l  pa r t i c l e s  r e -  
spect ively;  
i s  the spec i f ic  heat  of d i s p e r s e  solid ma te r i a l ;  
is  the densi ty  of d i s p e r s e  solid m a t e r i a l .  

1. Z.R. 
2. V.V. 
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