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Dwel l - t ime  m e a s u r e m e n t s  a r e  r epor ted  fo r  the core  and pe r iphe ry  of a fluidized bed. 

An over - f lu id ized  bed is  used  in heat  t r ea tmen t  of powders ;  the pa r t i c l e s  a r e  heated in an osc i l l a to ry  
fashion. The heat  t r a n s f e r  between phases  at  the core  of the b e d  is accompanied  by en t ra inment  in the gas je t ,  
and par t i c les  at  the core  a re  heated to a t e m p e r a t u r e  above the mean  t e m p e r a t u r e  of the bed. These  pa r t i c l e s  
then give up their  excess  heat  to cold pa r t i c les  en ter ing  the bed at  the pe r iphe ry .  T h e r e f o r e ,  it is n e c e s s a r y  
to know the t imes  AT spent  by the solid in each of the zones sepa ra t e ly  in h e a t - t r a n s f e r  calculat ions.  

Some information is avai lable  [1-3] on dwell t imes  for  the p e r i p h e r y ,  which is der ived  f r o m  visua l  ob-  
se rva t ions  on pa r t i c l e s ;  this  evidence is r a t he r  quali tat ive because  the speeds  of pa r t i c l e s  a t  the wall  d i f fer  
f r o m  the mean  speed within the ma in  body of pa r t i c l e s  even in a given sect ion of the pe r iphe ry .  N e v e r t h e l e s s ,  
the resu l t s  do indicate the general  o rde r  of ~Tp and the re levan t  f ac to r s .  Nothing appea r s  to have been pub-  
l ished on the de te rmina t ion  of ZXTC, which is evidently due to the difficulty of d i rec t  m e a s u r e m e n t .  Some e v i -  
dence has been given on AT c [4-6], which was der ived  f r o m  m e a s u r e m e n t s  on individual pa r t i c l e s  in the core 
by means  of p iezoe lec t r i c  t r ansduce r s  [4, 5]; radioact ive  pa r t i c l e s  have a lso  been used [6]. However ,  the 
p a r a m e t e r s  we re  va r i ed  ove r  a compara t ive ly  na r row range ,  pa r t i cu l a r ly  those that  affect  ~Tc ,  and not al l  
f ea tu res  of the phenomena were  identified. 

A method has  been desc r ibed  [7] fo r  de te rmin ing  the complete  cycle t ime in a bed by means  of a pa r t i c le  
bear ing  a pe rmanen t  magnet .  When this pa r t i c le  p a s s e s  through the plane of a coil in the upper  p a r t  of the 
co re ,  the resu l t ing  e m f  is r ecorded  on an osc i l loscope.  The c i rcula t ion t ime is de te rmined  f r o m  the in tervals  
between the pulses .  In these expe r imen t s ,  all  the pa r t i c l e s  p e r f o r m e d  only complete c i rculat ion loops.  On 
the other  hand, the individual cycle t imes  va r i ed  widely,  which indicates that the p r o c e s s  is s tochas t ic .  

A deficiency of the method of [7] is  that  generat ion of a re l iab le  signal  r equ i r e s  e i ther  that  the pa r t i c l e  
move with a high speed or  that the magnet  be s t rong ,  which i n c r e a s e s  the s ize  of the par t i c le .  Also ,  the coil 
is l a rge ,  which may  influence the s t ruc tu re  of the bed. This  natural ly  r e s t r i c t s  the scope fo r  us ing this m e t h -  
od, in p a r t i c u l a r ; f o r  s epa ra t e  de te rmina t ion  of A~'C and ~ r p .  

Here  we desc r ibe  a method of de te rmin ing  these  t imes  and p resen t  r e su l t s  fo r  va r ious  appara tus  d i m e n -  
sions and working p a r a m e t e r s .  

The s y s t e m  was  a combinat ion of cyl inder  and cone of d i a m e t e r  210 ram,  in which the cone angle could 
be va r i ed  (8 = 60 and 90 ~ and d o = 30, 5"0 and 70 ram); the m a t e r i a l s  we re  nar row f rac t ions  of a luminos i l ica te  
ca ta lys t s  (5 = 2.5 and 3.5 m m ,  Ps = 1200 kg/m3),  an explosive (5 = 7.3 m m  and Ps = 1400 kg/m3), and glass  
sphe re s  (5 = 2.7 m m  and Ps = 2600 kg/m3); a i r  was  the fluidization medium.  

The values  of AT c and AVp w e r e  de te rmined  by detect ing t a g g e d p a r t i c l e s  pass ing  through cer ta in  pa r t s  
of the co re ,  which contained coils connected in an ac bridge (Fig. 1). The tagged pa r t i c l e s  we re  made f r o m  a 
mixture  containing f e r r i t e  powder and an appropr ia te  f i l l e r ,  and they did not differ  in s ize  and densi ty f rom the 
main  ma te r i a l .  A tagged par t i c le  pass ing  through the coil a l t e r s  the inductance,  so  a signal is produced in the 
bridge diagonal ,  which is ampli f ied and detected fo r  record ing .  T h e r e  were  two coils in the c o r e ,  one at  a 
height H 0 and the other  at a dis tance h = 30 m m  f r o m  the plane of the inlet. Coils of in ternal  d i a m e t e r  60 m m  
were  used.  It  has  been found that  all  the pa r t i c l e s  moving in the core  then pass  through the plane of the coil.  

The t ime  spent  in the core  was  deduced f r o m  the d i f ference  in t ime  between the pulses  in the lower  t r ace  
(passage through the lower  coil) and the next .following pulse in the upper  t r ace  (passage through the upper  
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Fig. 1. The appara tus :  1) fluidized bed; 2) 
coil; 3) ac ampl i f i e r ;  4) ac  br idge;  5) de tec tor ;  
6) loop osc i l loscope ;  7) audio osc i l l a to r ;  8) 
o sc i l l og ram.  

Fig.  2. 
e ry  (b): 
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Histograms for dwell times in core (a) and at periph- 
i) Gg = 236 kg/h; 2-)- 188; 3) 157. ~(~p), %; ~rp, 

coil), while the t ime spent  in the pe r iphe ry  was the t ime  between a pulse in the lower  t r ace  and the c loses t  
p reced ing  pulse in the upper  one. 

It  was  found that the f requency of pas sage  through the upper  coil was g r ea t e r  than that  for  the lower one, 
which indicates  that the pa r t i c l e s  e n t e r  the core  throughout the height. 

The t ime spent  in the core was l e s s  than that at the pe r iphe ry  by about 2 o r d e r s  of magnitude;  it is t h e r e -  
fore  des i r ab le  to de te rmine  r, Tc and ATp sepa ra t e ly  and for  di f ferent  record ing  speeds .  Also ,  s e v e r a l  (3-5) 
tagged pa r t i c l e s  w e r e  p r e s e n t  in de te rmin ing  Ar c. The core  contains only a smal l  f rac t ion  of the total  number  
of p a r t i c l e s ,  and the t ime spent  in the core is only a f rac t ion  of a second,  so it is unlikely that  two or  m o r e  
tagged pa r t i c l e s  will  be p r e s en t  in the core together .  The re  was always only one tagged par t ic le  in the bed 
when ATp was  de termined.  

The mean  dwell t imes  for  each of the zones were  der ived  f r o m  150-300 individual m e a s u r e m e n t s ,  the 
exact  value being dependent on the working conditions; this ensured  that the mean  dwell t ime ,  which is defined 
as EAr /m,  where  m is the number  of m e a s u r e m e n t s ,  would differ  f rom the population mean by not more  than 
+10% with a probabi l i ty  of 0.95. 
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Fig.  3. W dependence of HoAr~ : 1-5 ,  7- 
9) ~ = 90~ 6) 60~ 1 - 3 ,  5 -9 )  d o = 50 m m ;  4) 30; 1 - 4 ,  
6) 5 = 3.55 mxn; Ps = 1200 kg/m3;  5) 2.7 and 2600; 
7, 8) 7.3 and 1400; 9) 2.5 and 1200; 1, 7, 9; 3 - 5 ,  8; 
6; 2) H o r e spec t ive ly  120, 180, 215 and 240 m m ;  
10-13)  D = 94 ram;  d o = 15 ram;  ~ = 45 ~ [5]; 10) 5 = 
4 ram,  Ps = 1400 kg/m 3, H o = 100 ram;  11) 3-5 r am,  
1040 and 115 ram;  12) 3.6,  1420 and 100; t 3 ) 1 . 5 - 2 ,  
1040-1200 and 250. W, m/sec .  

This method provided the statistical characteristics of the dwell times (mean, dispersion D, and coef- 
ficient of variation ~-D/~) for particles performing complete circuits. 

Figure 2 shows histograms for the time spent in the core (Fig. 2a) and at the periphery (Fig. 2b) for one 
particular series ~. The histograms for other conditions were similar. The distributions are skewed and are 
nearly log-normal in form. The dispersion at the periphery decreases as the air flow rate increases. For 
example, D = 12.5 sec 2 for W = 0.93 m/sec, whereas the value is 2.84 sec 2 for W = 1.47 m/sec. The coefficient 
of variation also decreases from 0.36 to 0.30. There was no obvious correlation between D and W for the core. 
The core showed more clearly a relationship between D, H 0, and At. The histograms show that Ar c and ATp 
vary fairly widely under given conditions. The main reason is that the particles follow random paths in the 
core and at the periphery. Also, the bed does not have a stable structure, since pulsations occur. On the 
other hand',/the mean time spent in the core is fairly closely related to the major parameters, and the follow- 
ing relationship (Fig. 3) applies: 

ATcW = 0.014 Ar ~ 
/yo (i) 

which is c o r r e c t  for  0.68 �9 106 - A r  -< 19 .6 .10  ~ and 120 -<- H 0 -< 240 ram;  no e f fec t s  on A? c f r o m  the cone angle 
and inlet -held d i a m e t e r  w e r e  detected.  

These  resu l t s  show d i rec t  propor t ional i ty  between A~c and H0, which indicates that  the mean  speed of the 
solid within the core  is v i r tua l ly  independent of the init ial  depth of the bed, so  it is poss ib le  to a s sume  that  the 
pa r t i c l e s  in the c o r e  move uni formly  with a mean  speed Uc = H0/A~c fo r  the purpose  of calculat ions on heat  and 
m a s s  t r ans f e r .  Other  r e su l t s  [5] a r e  in quali tat ive a g r e e m e n t  with ours  as  r e g a r d s  the e f fec ts  of the flow ra te  
and the c h a r a c t e r i s t i c s  of the solid phase  on the mean  speed and core  dwell t ime.  The value of r,~ c given in 
that  p a p e r  as  der ived  f r o m  the longitudinal ve loci ty  d is t r ibut ions  for  pa r t i c l e s  of s i l ica  gel (5 = 4 mm)  and po ly -  
s ty rene  (5 = 3-5 mm)  di f fer  f r o m  those given by (1) by 15-20%. More m a r k e d  d i sc repanc ie s  occur  for  sma l l  
pa r t i c l e s  of po lys tyrene  and s t a r ch  (Fig. 3). 

The re  i s  a c l ea r  co r re la t ion  between the mean  dwell t ime  and the r ec ip roca l  of the gas flow speed (Fig.4) 
for  the p e r i p h e r y  of the bed: 

A~ = AW -I. (2) 

This agrees with other results [1-3]. 
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Fig. 4. W dependence of 
~Vp: 1) observed points 
(d 0 = 5 0 m m , f l  =90 ~ H 0 = 
165 mm, 5 = 3.55 ram, 
Ps = 1200 kg/m3). W, m/ 
s e c ;  AT, s e c .  

The coefficient of proportionality A is dependent not only on Ar but also on the geometry of the appara- 
tus, the mass of the bed, and the reduced height H0/5; A = 8.67 for the conditions of Fig. 4. 

N O T A T I O N  

d o is the diameter  o f  inlet; 
D is the variance; 
Gg is the mass flow rate of gas; 
U is the part icle velocity; 
h is the distance from inlet; 
H 0 is the height of bed; 
W is the gas velocity calculated for  cylindrical cross section; 
fl is the ver tex angle of cone; 
~ r  is the particle dwell time; 
/x~ is the mean particle dwell time; 
5 is the particle diameter;  
Ps is the particle density; 
Ar is the Archimedes number; 
p is the periphery; 
c is the core. 
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