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On the basis of experiments.~ it appears feasible to attain "low" temperatures (below 800~ 
in the operating chamber  of a fluidization bed by interchange of par t ic les  between this and 
the adjacent "high-temperature" chamber. 

Certain p roces se s  in a fluidization bed (for example, heat t reatment  of meta ls :  steel tempering,  
wire patenting, etc.) require  that the t empera tu re  be maintained within the 100-800~ range. At such low 
t empera tu re s  it will be impossible for the hot gas to immediately burn in the fluidization bed. 

One method of attaining such temperatures is by means of a bicameral apparatus with adjacent fluid- 
ization beds. In order to use hot gas as the heat source in one chamber, the temperature there is main- 
tained at 850-I000~ or above so that complete combustion of the gas will occur. The necessary tempera- 
ture in the adjacent processing chamber is attained by an interchange of fine-grain material between both 
chambers. This is achieved by reverse-flow devices. 

Earlier studies [2, 3] at temperatures up to 100~ have shown that the temperature in one chamber 
can be varied over a wide range by regulating the stir rate of particles which pass through a gap in the 
partition between both chambers, while the temperature in the other chamber is maintained constant. Pos- 
sible applications of this method have been proved out in a high-temperature test apparatus. The latter 
consisted of an oven with a movable steel (grade IKhI8NgT) partition (i0 mm thiek) dividing it into two 
chambers: a "hot" one (plan dimensions 265 x 230 ram) and a "cold" one (295 x 230 ram). Lifting of the 
partition created a gap between its lower edge and the over bottom, through which fine-grain material 
flowed from one chamber to the other during fluidization. A capped grain with separate feeds of fluidizing 
agent for each chamber served as the gas distributor. Natural gas was burned immediately in the fluidiza- 
tion bed in the "hot" chamber, while the bed material in the "cold" chamber was fluidized with air at a 30~ 
temperature. The dense layer in both chambers was 340 mm high. A coil tube with cooling water was 
mounted in the "cold" chamber, for the purpose of simulating the heat removal through heat treated metal- 
lic articles. The flow rates of gas and air were measured by means of double and plain diaphragms with 
U-manometers. The temperatures in the chambers were measured throughout the length and the height of 
each by means of Chromel-Alumel thermocouples with bare junctions. Tests were performed at equal 
and at different fluidization rates in each chamber. 

The tests have shown that, by varying the gap height and the fluidization rate, one can quite reli- 
ably regulate and maintain a constant temperature in the "cold" chamber. In our tests we attained 300-600~ 
temperatures under steady-state conditions. In this way, the practical feasibility of attaining low tempera- 
tures by this method has been proved to satisfaction. The temperatures remained constant along the ap- 
paratus height. The temperature variation across each chamber was insignificant and did not exceed the 
measurement error (5-7~ (Fig. I). 

On structural grounds, the partition between chambers in an industrial oven must be made thick. 
It is then necessary to use reverse-flow devices for transferring particles from one chamber to another. 
One of the methods proved out earlier, namely fluidizing the fine-grain material in the gap between cham- 
bers, has been mentioned in [4], Another method is to effect an artificial flow reversal as, for example, a 
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Fig. 2 

Fig. !. Temperature distribution over the length of the chambers I in the apparatus: I) gap size regulation 
(dimension o[ corundum particles d = 320 l,m); 2, 3) regulation of the change in air flow rate to the ejec- 
tors (d = 320 tim); a) contour of gap forming partition; b) contour of partition with built in ejector. Tem- 
perature t n (~ length I (mm). 

Fig. 2. Schematic diagram of test apparatus with ejectors: I) gas distributor caps; 2) wall lining; 3) ejec- 
tor; 4) metallic partition; 5) fireclay partition; 6) reverse-flow channel (air to ejector a, water to cooler 
b, points of temperature measurement c). 

t r a n s f e r  of p a r t i c l e s  f r o m  one cham be r  to another  through a nozzle located inside the par t i t ion .  This 
method was proved  out on an appara tus  shown schema t i ca l l y  in Fig.  2. The e a r ] i e r  desc r ibed  appara tus  
was modif ied somewhat .  The par t i t ion  now consis ted  of two p a r t s :  a hollow s teel  box 35 m m  thick with 
t h r e e  e jec to r  nozzles  mounted inside and an insulating f i r ec l ay  b r ick  lining 65 m m  thick. Air  was supplied 
to  the nozzles  sepa ra te ly .  F u r t h e r m o r e ,  t h ree  s lanted channels  25 m m  in d i a m e t e r  were  provided through 
the par t i t ion  for  r e v e r s e  dra in  of corundum. These  channels ensured  approx ima te ly  equal bed levels  in 
both  c h a m b e r s  during ali  e j e c t o r  t e s t s .  The water  coo le r  was he re  made up of tubes spaced 60 m m  apa r t  
p a r a l l e l  to the par t i t ion  (only th ree  tubes) .  

The purpose  of the study was to p rove  out the feas ib i l i ty  of at taining a wide t e m p e r a t u r e  range  in 
the "cold" chamber ,  to de t e rmine  the t e m p e r a t u r e  field in the chamber ,  and to evaluate  the m a s s  t r a n s -  
f e r  through the nozzle sys t em.  The t e s t s  have shown that ,  by va ry ing  the flow r a t e  of the fluidLzing agent  
and by regula t ing the r a t e  of pa r t i c l e  t r a n s f e r  by means  of ad jus tments  of the a i r  ve loci ty  in the nozzles ,  
it was poss ib le ,  during s table  combust ion in the "hot" chamber ,  to a t ta in in the adjacent  chamber  t e m p e r -  
a t u r e s  f rom 300 to 800~ The t e m p e r a t u r e  in the "hot" chamber  was at that  t ime  held within the 720- 
1000~ range.  As in the e a r l i e r  expe r imen t  with r e v e r s e  flow through a gap, the t e m p e r a t u r e s  in the 
c h a m b e r  (Fig. 1) r em a i ned  a l m os t  un i form throughout the bed volume.  Only within a n a r r o w  zone near  the 
par t i t ion  did the t e m p e r a t u r e  v a r y  by 5-7~ Such a t e m p e r a t u r e  un i formi ty  over  the bed volume preva i l ed  
while heat  was c a r r i e d  away f r o m  the p r o c e s s i n g  chamber  by water  c i rcula t ing through the cooler  coils .  
The water  flow r a t e s  were  se lec ted  so as to make  the heat  thus c a r r i e d  away equivalent  to the heat  which 
t h r e e  wi re s  of carbon s tee l  3 m m  in d i a m e t e r  would c a r r y  away ff they were  moved at a ve loc i ty  of 12 
m / m i n .  
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Fig. 3. Mater ia l  flow ra te  G M (kg/sec) as 
a function of a i r  flow rate  to nozzles (Nm ~ 
/h}: d = 400 ~m with W h = 0.92 m / s e c  and 
W c = 0.84 m / s e c  (1), d = 400 pm with W h 
= 1.3 m / s e c  and W c = 1.02 m / s e c  (2), d 
= 320 pm with W h = 0.75 m / s e c  and W c 
= 0.68 m / s e c ( 3 ) .  

F r o m  the equation of s teady-s ta te  heat balance in the "cold" chamber  

Qn+Q p o 

(or f rom an analogous equation for  the "hot" chamber) one can determine the quality of heat t r ans fe r r ed  
by the bed mater ia l ,  while the flow ra te  of mater ia l  through the nozzles can be determined f rom 

Q 
G~-- 

c ( t l - -  to) 

Here Qn is the heat brought in by the a i r  f rom the nozzles,  % is the heat t r an s f e r r ed  through the parti t ion,  
Q'a and Q~ a re  the heat brought in and taken out respec t ive ly  by the fluidizing a i r  in the "cold" chamber ,  Q~ 
is the heat ca r r i ed  away by the cooling water,  Q~I is the heat loss in the "cold" chamber,  ti and t 2 are  the 
t empera tu re  in the "hot" and in the "cold" chamber  respect ively .  The values of Q/II and Qp were de te r -  
mined exper imental ly  by the method descr ibed in [3]; Qn was calculated with the air  in the nozzle assumed 
to heat up to the t empera tu re  of the fluidization bed in the "hot" chamber.  Since Qn calculated in this way 
was much s ma l l e r  than Q in all the tes ts ,  it did not affect the ealculated values of Q and G M. The value of 
Qe was calculated f rom the flow ra te  of cooling water in the apparatus and f rom the inlet as well as the 
outlet t empera tu re s .  

The tes t s  for determining G M were pe r fo rmed  with the veloci ty of the fluidizing agent varied over the 
range W h = 0.75-1.13 m / s e c  in the "hot" chamber ,  over the range W c = 0.67-102 m / s e c  in the "cold" cham-  
ber ,  and with the flow ra te  of a ir  to the nozzles G n = 6~ Nm3/h. The bed was made up of corundum 
par t ic les  d = 320 pm and d = 400 pm in d iameter .  The dense bed was 340 mm high. 

The tes t  resu l t s  are  shown in Fig. 3. According to the diagram,  GM increases  l inear ly  with the rate  
of air flow through the nozzles. This applies to our particular test conditions, and the plotted G M = f(Gn) 
curve can, evidently, not be extrapolated to G M = 0. The tests have also shown that G M increases with in- 
creasing air velocities in the nozzles. According to the studies made, it is theoretically possible to ap- 
ply both methods of regulating the temperatures in the chambers: by a gap and by ejector nozzles. The lat- 
ter method is more flexible, the required temperatures are set here by adjustment of the ejection capacity 
of the nozzles (the flow rate of ejecting air). Characteristically, moderate temperature levels can be en- 
sured with the nozzle system, if it operates in a stream of particles transported from the "cold" chamber. 
For particles from the adjacent chamber will flow freely into the "cold" chamber through the inclined chan- 
nel. 

Q 

Qn 
% 

Qa 
Qc 
QII 

t2 
GM 

NOTATION 

is the heat transferred by particles; 
is the heat brought in by air from the nozzles; 
is the heat transferred through the partition; 

are the heat brought in and taken out respectively by fluidizing air in the "cold" chamber; 
is the heat carried away by water in the cooler; 

is the heat lost in the "cold" chamber; 
is the temperature in the "hot" chamber; 
is the temperature in the "cold" chamber; 
is the material flow rate through the ejectors; 
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c is the specific heat, referred to mass; 
d is the particle diameter; 
W h is the velocity of fluidizing agent in the "hot" chamber; 
W c is the velocity of fluidizing agent in the "cold" chamber. 
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3. 
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