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Expe r imen ta l  r e s u l t s  a r e  p r e sen t ed  on the de t e rmina t ion  of the range of a j e t  and the bounda- 
r i e s  of t e m p e r a t u r e  va r i a t i on  of a f luidized bed in i ts  v ic in i ty .  

Stable t e m p e r a t u r e s  in a l a y e r  below 800~ a re  obtained in an e xpe r i m e n t a l  furnace as a r esu t t  of 
the introduct ion into the upper zone of a f luidized bed of combust ion produc ts  of na tu ra l  gas  consumed in an 
i m m e r s i o n  burne r  [1]. With a constant  output bu rne r  the t e m p e r a t u r e  was a l m o s t  cons tant  over  the en t i r e  
vo lume of the f lu id ized bed except  for  a s m a l l  zone nea r  the gas  en t r ance  [2]. 

In [3] it is  indicated that  the hea t ing  of the bed is  accompl i shed  through intensive heat  t r a n s f e r  by 
p a r t i c l e s  f rom the zone of the s p r a y ,  thanks to which one can, in dev ices  with an i m m e r s i o n  burner ,  c r ea t e  
a cont ro l led  a tmosphe re  in the working volume of the f luidized bed, supplying it f rom below as  the f luidizing 
medium.  Data on the ve loc i ty  and t e m p e r a t u r e  f ie lds  n e a r  the b u r n e r  o r i f i ce ,  which a r e  p r e s e n t l y  absen t  
f rom the l i t e r a t u r e ,  a r e  needed to eva lua te  the adv i sab i l i t y  of using this  s y s t e m  for  heating a f luidizied bed 
and to de t e rmine  the boundar ies  of the working zone. 

Visual  obse rva t ions  and the data of [4] indicate that  a f t e r  emergence  f rom an or i f ice  into a f luidized 
bed a je t  d i r ec t ed  v e r t i c a l l y  downward forms  a gas  s p r a y  with sha rp ly  defined boundar ies .  The p r e s e n c e  of 
a gas  s p r a y  is a l so  obse rved  upon the d i s c h a r g e  into a f luidized bed of both hor izonta l  je t s  and je ts  d i r ec t ed  
v e r t i c a l l y  upward [5, 6]. Within the s p r a y  p a r t i c l e s  a r e  a l m o s t  absent .  The deve lopment  of a gas  je t  in a 
boil ing l iquid occur s  in a s i m i l a r  way [7], which is to be expected in l ight of the analogy between a boil ing 
l i q u i d a n d a f l u i d i z e d b e d  [8]. Using this analogy,  le t  us a s sume  that  an a i r  je t  with a dens i ty  pg is diffusing 
in a fluid with a dens i ty  of. b of the f lu id ized bed. These  as sumpt ions  and obse rva t ions  of the behavior  of 
p a r t i c l e s  at  the boundary of the s p r a y  make i t  poss ib le  to sugges t  a s impl i f i ed  p ic ture  of the movement  of 
a gas  jet .  The deve lopment  of a gas j e t  d i r e c t e d  v e r t i c a l l y  downward is c h a r a c t e r i z e d  by the fact  that  the 
kinet ic  ene rgy  of the s t r e a m  is g r a d u a l l y  reduced to ze ro  and i t  changes its d i r ec t ion  toward the su r face  of 
the f luidized bed. The downward d i r e c t e d  ("di rec t")  s t r e a m  extends f rom the b u r n e r  o r i f i ce  to the point of 
r e t a r d a t i o n  of the jet  at the end of the sp ray .  The re tu rn  s t r e a m  flows in an annu la r  channel formed on the 
inside by the "d i r ec t "  s t r e a m  and on the outs ide by the sur face  of the f luidized bed. 

The e x p e r i m e n t s  on the study of the in te rac t ion  of a j e t  with a f luidized bed were  pe r fo rmed  on an 
appa ra tus  with d imens ions  of 290 x 290 mm in plan and with f i l t r a t ion  ve l oc i t i e s  c lose  to the ve loc i t i e s  of 
the s t a r t  of f lu idizat ion.  P r e l i m i n a r y  e x p e r i m e n t s  showed that  an i nc rea se  in the f lu ld lza t ioa  ve loc i ty  to the 
opt imum value (the ve loc i ty  co r r e spond ing  to the mos t  intense "ex terna l"  hea t  exchange [9] is  unders tood 
as  the opt imum veloci ty)  or  h igher  caused  pulsat ion of the s p r a y  d imens ions ,  although it did not have a 
s igni f icant  effect  on the t ime  a v e r a g e  of i ts  d imens ions .  A i r  ( t empera tu re20-25~  was blown into the bed 
through tubes  with inner  d i a m e t e r s  of 10, 16, 20, and 25 ram. The tubes were  mounted with the bottom cut 
a t  the level  of the upper  boundary of the compac t  bed; the p r a c t i c a l  a dv i s a b i l i t y  of this  was demons t r a t ed  
e a r l i e r  [2]. The bed was made up of p a r t i c l e s  of e l ec t rocorundum with an equivalent  g ra in  s ize  of 120 
and 320/~ and of chamot te  with a g ra in  s ize  of 250 and 320/~. Ai r  with a t e m p e r a t u r e  of 20-25~ s e r v e d  as 
the f tuidizing agent.  The max imum depth of pene t ra t ion  of the je t  (the length of the spray)  was de t e rmined  
a s  fol lows.  A v e r t i c a l  pneumatic  tube (the cut of the opening for  the total  p r e s s u r e  m e a s u r e m e n t ,  equal to 
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Fig. 1. 
of d i s c h a r g e  of g a s  f r o m  a tube with  i n n e r  d i a m e t e r  d 0. 1 , 2 ,  3,  and 4) Bed of 
e l e c t r o c o r u n d u m  with  a p a r t i c l e  s i z e  of 120 p and with  d o of 10, 16, 20, and 25 
r am,  r e s p e c t i v e l y ;  5 and 6) bed of  c h a m o t t e  wi th  a p a r t i c l e  s i z e  of 250 ~,  d o of 
12 and 20 ram;  .7) bed of a l u m i n o s i l i c a t e  c a t a l y z e r  [4] with a p a r t i c l e  s i z e  of  250 

p,  d o = 18 m m .  

F i g .  2. D e t e r m i n a t i o n  of  r a n g e  of  j e t :  1, 2, 3, 4) bed  of e l e c t r o c o r u n d u m  with  a 
p a r t i c l e  s i z e  of 120 9 a n d d  0 of 10, 16, 20, and 25 m m ,  r e s p e c t i v e l y ;  5 and 6) bed  
of c h a m o t t e  with a p a r t i c l e  s i z e  of  250 p, d o of  20 and 12 m m ;  7) bed  of a l u m i n o -  
s i l i c a t e  c a t a l y z e r  wi th  a p a r t i c l e  s i z e  of  250 ~, d o = 18 mm;  8,  9 , 1 0 ,  and 11) bed 
of c o r u n d u m  wi th  a p a r t i c l e  s i z e  of 320 p, d o of 10, 16, 20, and 25 m m ,  r e s p e c -  
t ive ly ;  12) bed of c a h m o t t e  wi th  a p a r t i c l e  s i z e  of  320 ~, d o = 20 m m .  The l ine  
c o r r e s p o n d s  to the c a l c u l a t i o n  by Eq.  (2). A = logw~pg /2gd  0 (0 f .b -Pg) .  

5 x 0.5 m m ,  was  p r o t e c t e d  by a s c r e e n  f r o m  the e n t r y  of p a r t i c l e s }  was  mounted at  the ax i s  of  the  b lowing  
tube and was m o v e d  downward  unt i l  the v e l o c i t y  of the j e t  a t  the s t r e a m  a x i s  b e c a m e  equa l  to z e r o .  Th i s  
was  judged  f r o m  an MMN m i c r o m a n o m e t e r ,  whose  r e a d i n g s  upon the  f u r t h e r  downward  m o v e m e n t  of the 
p n e u m a t i c  tube ,  p a s s i n g  th rough  z e r o ,  w e r e  e q u a l  to  the  p r e s s u r e  d i f f e r e n t i a l  in the f lu id ized  l a y e r  be tween  
the open ings  in the p n e u m a t i c  tube f o r  the m e a s u r e m e n t  of the  to ta l  and  s t a t i c  p r e s s u r e s .  The  d i s t a n c e  in 
he ight  be tween  these  open ings  was  5 m m ;  the e r r o r  in d e t e r m i n i n g  the  m a x i m u m  depth  of p e n e t r a t i o n  of the 
j e t  into the  f l u id i zed  bed d id  not  e x c e e d  •  mm.~ 

I t s h o u l d  be noted tha t  the m a x i m u m  leng th  of the  v i s i b l e  s p r a y  c o r r e s p o n d s  to  the  m a x i m u m  depth  of 
p e n e t r a t i o n  of the j e t  into the  f lu id i zed  bed.  Th i s  fac t  was  e s t a b l i s h e d  in e x p e r i m e n t s  on the a p p a r a t u s  
d e s c r i b e d  above  us ing  t u b e s  l oca t ed  n e a r  a t r a n s p a r e n t  wa l l  (made of p l a s t i c ) .  

The mount ing  and m o v e m e n t  of  the  p n e u m a t i c  tube was  a c c o m p l i s h e d  with  a d e v i c e  m a r k e d  off in 
m i l l i m e t e r s .  The  r e s u l t s  of  the  e x p e r i m e n t s  a r e  p r e s e n t e d  in F ig .  1. 

The depth  of p e n e t r a t i o n  of a j e t  into a f lu id  d e p e n d s  on the  k ine t i c  e n e r g y  of the  j e t .  In  the  s i m p l e s t  
c a s e  th i s  d e p e n d e n c e ,  u s u a l l y  a p p l i e d  to  a f luid [7] wi th  a l l o w a n c e  fo r  the  buoyan t  f o r c e ,  wh ich  i s  c a l c u l a t e d  
fo r  the g a s  c a v i t i e s  in a f lu id i zed  bed in a c c o r d a n c e  wi th  A r c h i m e d e s  l aw  [10], can  be w r i t t e n  a s  

p~w~ (i) h(Pf.b--pg)g----- n 2 " 

F r o m  t h i s ,  by  i n t r o d u c i n g  the  i n n e r  d i a m e t e r  of the tube into Eq.  (1), one can  obta in  two d i m e n s i o n l e s s  
c o m p l e x e s  d e s c r i b i n g  the  p r o c e s s :  

2 
h pgw0 
do . and 2gdo (Pf.b-- Pg) " 
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Boundaries of zone of variat ion in the temperature  of the 
bed in the region of a ver t ica l  jet: 1, 2, and 3) bed of e lec t roco-  
rundum with a part icle size of 320 9, d o = 72 ram, w 0 of 20.4, 15.7, 
and 10.7 m / s e c ,  respect ively ,  tempera ture  of fluidized bed tf. b of 
490, 510, and 520~ and tempera ture  t o of gas at exit from i m m e r -  
sion heater  of 742, 813, and 833~ 4, 5, and 6) bed of e lec t rocorun-  
dum with aq'~.rtiele size of  120 t~, do = 10 mm, w 0 of 20, 15, and 10 
m / s e c ,  respect ively ,  tf. b = 3 9~ and air  t empera tu re  t o of 70, 73, 
and 75~ x and y) width and length of zone of fluidized bed, m e a -  
sured f rom the center  of the burner  orif ice (tube), mm. 

Fig. 4. Determination of the maximum depth of the zone of tem-  
pera ture  var ia t ion of the bed in the region of a ver t ical  jet: 1, 2, 3) 
bed of e lec t rocorundum with a par t ic le  size of 120,200,  and 320 
respect ively ,  d o = 10 mm; 4) bed of e lec t rocorundum with a particle 
size of 320 fz, d02 72 mm (installation with an immers ion  burner  
[2]). B = low W0pg/2gd0(Pf.b-P_g). 

An analysis  of the experimental  data in the form of the dependence between these complexes (Fig. 2) made 
it possible to obtain the following equation for the range of the jet: 

h 1.55[ pgw~ ]o,6s, (2) 
d-~ = 2gdo (P f .b-- Pg) 

and using it one can calculate the length of the spray ,  which is needed for  an es t imate  of the dimensions of 
the idle zone near  the burner  orifice when designing installations with a fluidized bed heated by an i m m e r -  
sion burner.  

It is interesting to note that the maximum diameter  of the spray  in the region of the burner  cut var ies  
little with an increase  in the veloci ty w0, whereas  the length of the visible spray increases  sharply.  

To study (in the same apparatus) the tempera ture  field in the region of the cut of the tube a jet of a i r  
with a tempera ture  of 70-80~ was blown into a fluidized bed having a t empera tu re  of 20-25~ After a 
steady state was reached the t empera tu re  of the fiuidized bed was measured  in the vicinity of the spray.  
The tempera tu re  was measured  with Chromet -Alumel  thermocouples  having tmproteetedhot  junctions. 
The mounting and movement  of the thermocouples  were accomplished with a coordinate mechanism.  

Similar  measuremen t s  of t empera ture  fields were conducted on an installation with an immers ion 
burner ,  descr ibed in [2]. 

As seen from the experimental  resul ts  (Fig. 3), the boundary of the temperature variat ion (the iso-  
thermal  surface at which the tempera ture  differs  by 3-5~ f rom the temperature  of the fluidized bed) de- 
pends on the velocity of discharge of the jet f rom the tube and the inner d iamete r  of the tube. The size 
of the region bounded by this isot~hermal su r face  is g r ea t e r  than the aerodynamic s ize  of the spray.  With 
an increase  in the velocity w 0 the length of the zone of t empera ture  var ia t ion increases  sharply while its 
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width increases  slightly. All this,  as  mentioned ea r l i e r ,  is also cha rac t e r i s t i c  of the size of the visible 
spray.  This makes  it  PoSsible, by using the same method of analysis  of the exper imenta l  data as  in the 
determinat ion of the range of the jet ,  to obtain an express ion  for  the determinat ion of the maximum axial 
s ize h t (th e depth) of the t empera tu re  var ia t ion  nea r  the cut of an immers ion  burner :  

d"-~ 2gdo (Of.b-- Og) .... (3) 

A compar ison  of the values of ht /d 0 calculated f rom (3) (line) and the exper imental  values(points)  is 
presented in Fig. 4. 

pg and Pf.b 
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N O T A T I O N  

are  the densi ty of gas and of fluidized bed; 
�9 is the range of jet (length of spray);  

is the accelera t ion  of gravity;  
is the coefficient  of penetra t ion of je t  in to  bed; 
is the veloci ty  of d ischarge  of jet at exit  f rom tube; 
is the maximum depth of var ia t ion  of t empera tu re s  measured  along axis of tube ( immersion 
burner)  f rom its cut. 
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