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Fig. 3. Dimens ion less  h e a t - t r a n s f e r  coeff icient  as a function of R}~*. Points ,  exper iment :  1) 
P01W01 = 26.9 g / c m  2. sec;  2) P01W01 = 30.25 g / c m  ~. sec;  l ines,  calculat ion based on the equa-  
tion St = 0.0128/Rl~*~ ~ 

Fig. 4. Influence of d T ~ / d t  ( d e g / s e c )  on the re la t ive  h e a t - t r a n s f e r  coefficient.  

NOTATION 

Bi, Blot number; D, diameter; Pr, Prandtl number; R}~*, characteristic Reynolds number of the thermal 
boundary layer; St, Stanton number; T{, stagnation temperature of the main gas flow; Tw, wall temperature; t, 
time; x, longitudinal coordinate; Aw, thickness of wall material; dh, enthalpy factor; @h, parameter representing 
deviation from isothermal conditions; @Zh, relative heat-transfer coefficient, allowing for the effect of thermal 
transience due to the changes in the temperature of the main gas flow; @E, relative change in the Stanton num- 
ber for R}~* = idem. 

1. 

2. 

LITERATURE CITED 

A. V. Fafurin and K. R. Shangareev, in: Transactions of the Kazan' Aviation Institute [in Russian], No. 
178, Kazan' 0-974), p. 7. 
A. I. Leont'ev and A. V. Fafurin, Inzh.-Fiz. Zh., 2_55, No. 3 (1973). 

MECHANICS OF JET FLOWS IN GRANULAR LAYERS. 

EVOLUTION OF SINGLE JETS AND THE NUCLEATION 

Yu. A. ]3uevich and G. A. Minaev 

MECHANISM 

LrDC 532. 546 

A physica l  analys is  of the dynamics  of jet  development  and the format ion  of a gas bubble in a 
high fluidized bed is presented .  

Fluid[zeal or fixed g ranu la r  layers  with jet  de l ivery  of excess  l iquefier a r e  so widespread that thei r  
applied value needs no recommendat ions .  Let us note just  two main types of jet  flows which di f fer  in principle.  
F i r s t ,  the whole gas can be supplied as a jet  in an initially fixed layer  with the possible  build-up of a fluidized 
s ta te ,  s ta r t ing  f rom some level above the g a s - d i s t r i b u t o r  grating.  Secondly, je ts  can be introduced into an 
a l ready fluid[zeal or a lmos t  fluid[zeal layer  to improve the quality of the fluidization or to intensify the exchange 
p r o c e s s e s .  In both c a s e s ,  both the c h a r a c t e r i s t i c s  of the individual je ts  and their  interact ion,  which mainly 
govern  the layer  s t ruc tu re  observed,  a re  of p r i m a r y  value. 

The physical  p ic ture  of jet  development  in a fluidized bed was descr ibed  phenomenologicaliy in [1-3], for  
instance. In particular, stationary and self-oscillating escape modes and an intermediate mode of local spouting 
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Fig. 1. Success ive  phases  of jet  
development  with nucleation. The 
a r rows  (d) show the di rect ion of 
par t ic le  motion in the cavern  and 
in the dense phase of the fiuidized 
bed. 

were  ext rac ted  [2, 4]. However ,  the theory of jet  flows which would p e r m i t  fo resee ing  the effect  of initial  
e scape  conditions and bed p a r a m e t e r s  on the bed s t ruc tu re  in advance,  perce iv ing  their  applicat ion in the 
organizat ion of di f ferent  technological  p r o c e s s e s ,  is substantial ly nonexistent  (the exception is just  a quant i -  
tat ive investigation of the l imit  s ta t ionary  mode of the escape  of jets  p ierc ing the bed in [4]). A represen ta t ive  
model  of per iodic  nucleation during the col lapse  of gas f l a res  is also miss ing:  there a r e  jus t  single e x p e r i -  
menta l  [5] or  s e m i e m p i r i c a l  [6, 7] invest igat ions based mainly on the appl icat ion of resu l t s  obtained for  the 
escape  of a gas into an inviscid fluid [8, 9]. 

So unsa t i s fac tory  a si tuation is due p r i m a r i l y  to the mui t i formi ty  of the physica l  f ac to r s  which are  e s -  
sent ia l  to the development  of a d i spe r se  jet ,  as well  as to the absence of a c l ea r  understanding and the diff i-  
cul t ies  of modeling each of them in p rac t i ce .  Under such conditions a formulat ion of a quali tat ive physical  
model  of the p roc e s s  which would resu l t  in c lar i f ica t ion  of the main reasons  responsib le  for  the real izat ion of 
the phenomena observed and would p e r m i t  c lar i f ica t ion of the des i rab le  d i rec t ions  for  fu r the r  study is c o m -  
pieteLy neces sa ry  in o rde r  to cons t ruc t  a quanti tat ive theory of engineer ing design methods.  To this end, known 
tes t  facts  were  analyzed careful ly ,  and a complex of additional exper imenta l  invest igat ions of the escape  of 
plane,  a x i s y m m e t r i c ,  and semi l imi ted  jets  in fixed arid fluidized beds was a lso  ca r r i ed  out in a broad range of 
var ia t ion  of the bed p a r a m e t e r s  and escape  conditions. Granu la r  m a t e r i a l s  of different  density in d i spers ion  
were  used; plane holes and nozzles of different  size and shape with an independent gas de l ivery ,  as well  as gas 
d i s t r ibu to r  gra t ings  of different  kinds and g e o m e t r i e s ,  were  used as the sources  of the jets  or col lect ions of 
je ts .  The tes t s  w e r e  conducted on appara tuses  with bulk and flat  beds which are  a ce r ta in  development  of the 
appara tus  descr ibed  in [10]. These  appa ra tu se s  were  equipped with a s tandard con t ro l -measu r ing  device;  
m o r e o v e r ,  moving p ic tu res  were  taken, whose r a t e s  were  selected individually in each case .  

The volume of expe r imen ta l  m a t e r i a l  obtained turned out to be quite huge and d iverse .  Only resu l t s  r e -  
f e r r i ng  to the dynamics  of single jet  development  and to nucleation in a p re l imina r i ly  fiuidized bed, as well  as 
quanti tat ive deductions on their  analysis  which are  essen t i a l  to the comprehens ion  of the p r o c e s s e s  originating,  
a re  p resen ted  in this pape r  in very c o m p r e s s e d  form.  

Observat ions  of jet  evolution in a high layer  conf i rm the phenomenoiogical  picture descr ibed  in [2  3] and 
can be summar ized  br ief ly  as follows. An elongated cavern ,  which i nc rea se s  in size until achieving a height 
c lose  to the max im um  height of the f la re  x in a t ime approximate ly  equal to or somewhat  exceeding half the 
total  t ime of nucleation (Fig. 1), is formed f rom the beginning of the escape  f rom the nozzle or hole. Up to this 
t ime the cave rn  shape is quite r egu la r  and initially a lmos t  conical in the lower par t  and el l ipsoidal  in the upper 
pa r t  of the f la re  (Fig. la) .  Later ,  broadening of the head pa r t  of the growing f la re  s ta r t s  and , 'necks" s e p a r a t -  
ing this pa r t  f rom the lower conelike par t  of the cavern  develop (Fig. lb).  As the f lare  grows,  the neck is 
shifted upward and, finally,  when the f lare  reaches  a height c lose to x, turns out to be at a dis tance above the 
nozzle exit  equal approximate ly  to (0.55-0.60)x. The p roces s  of latera[  expansion of the upper  par t  of the f lare  
does not t e rmina te  he re ,  but continues until the hor izonta[  d imension of the upper  par t  1 approximate ly  ag rees  
with the ve r t i ca l  d imension h ~ (0.40-0.45)x so that the shape of this pa r t  becomes  a lmos t  spher ica l .  A f t e r -  
wa rds ,  a rapid "col lapse"  of the neck occurs  with the fo rma t ion  of a bubble which s t a r t s  to r i se  independently 
in the bed. During the col lapse ,  the par t  of the g a s b e i n g  contained in the lower pa r t  of the cave rn  rapidly 
pene t ra tes  into the bubble, and the f la re  above the hole is reduced strongly in s ize ,  where  its shape at this 
t ime turns out to be random to a s ignif icant  extent.  The remain ing  f la re  is Later developed according to the 
previous  scheme with a new bubble forming,  e tc . ,  i .e . ,  a unique, se l f -osc i l la t ing  p roces s  occurs  which is 
espec ia l ly  r egu la r  in the case when the volume of the remain ing  f lare  and the jet  escape  velocity a re  not too 
high. The regula r i ty  is spoiled somewhat  at  high escape  veloci t ies  because  of the poss ib le  penetra t ion of the 
gas  f rom the new developing f la re  into the bubble being formed in the preceding  cycle ,  i .e . ,  because  of par t i a l  
, 'make-up ' ,  of this bubble by the gas f rom the new ~et. Consequently,  some chaotic spreading  of the volumes 
of succes s ive ly  forming bubbles re la t ive  to the mean  va lue  is obse rved  in this case .  
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Fig. 2. Dependence of the ra t io  x / D  on different  p a r a m e t e r s  for  
semi l imi ted  je t s  with a = 4 ram.  The exper imen ta l  points  in (d) 
co r respond  (in o rder  of increas ing  density) to po lys ty rene ,  a[u-  
minos i l ica te  ca ta lys t ,  granulated n i t r o g e n - p h o s p h o r u s - p o t a s s i u m  
f e r t i l i z e r ,  and g lass  bal ls ;  al l  the r e s t  cor respond  to the a lumino-  
s i l ica te  ca ta lys t ;  U = 98 m / s e c  (except a); W = 1 (except b); d -- 
2 . 2 4 m m  (except c); v, m / s e c ;  d, mm;  p , g / c m  3. 

It is c l ea r  that penet ra t ion  of the developing f la re  into the bubble is poss ible  if the initial  ra te  of bubble 
ascent  (which can be es t imated  on the bas is  of the resu l t s  in [11, 12]) is commensura t e  with or less than the 
ra te  of advance of the upper  cavern  boundary in the f i r s t  phase of the se l f -osc i l l a t ion  cycle.  Then the layer  
between the bubble and the cavern  is th.in and its hydraul ic  d rag  to the f i l ter ing gas s t r e a m  is low, i .e. ,  con-  
ditions a re  produced for  the p re fe rab le  upward eruption of the gas.  In pa r t i cu la r ,  for  a constant  gas d ischarge  
into the jet G = US, i .e . ,  for  constant  volume and velocity of the bubbled being fo rmed ,  the make-up  of the 
bubbles should be faci l i tated with diminution in the a rea  S of the hole, i .e. ,  as  the initial  jet  velocity U in-  
c r e a s e s ,  as is actually observed.  

As in the case  of s ta t ionary  jets  in a low fluidized bed [4], the lower par t  of the jet under considera t ion 
exe r t s  a draining ef fec t  on the adjacent  bed volumes and there is cons iderable  gas injection into this par t  of 
the jet. Injection ceases  near  the contract ion of the f la re ,  and the sign of the effect  under considera t ion  is r e -  
ve r sed ;  gas eject ion f rom the jet  into the dense phase of the bed occurs  in the region above the contract ion.  
Simple reason ing  analogous to that in [4] shows that the dis tr ibut ion of the injected gas s t r e a m  over  the height 
of the lower par t  of the jet  can be es t imated  approximate ly  by using re la t ionships  of the same  kind as in [4] 
if the height of the location of the f la re  contract ion over  the gra t ing  is taken as the effect ive height of the low 
layer  in these lat ter .  Indeed, the gas  s t r e a m  distr ibut ion in the dense phase of the bed around the cavern  is 
descr ibed  in a f i r s t  approximat ion f rom the solution of the same f i l t ra t ion p rob lem as in [4], under the con-  
dit ions of constant  gas p r e s s u r e  in the cavern  and s t r e a m  continuity on its moving boundary. Such a p rob lem 
p o s s e s s e s  a high degree  of s e l f - s i m i l a r i t y  and is actually cha rac te r i zed  by a single f ree  p a r a m e t e r  - the 
p r e s s u r e  in the cavern ,  which evidently ag rees  with the gas p r e s s u r e  in the dense phase fa r  f rom the cave rn  
at the level of the contract ion location, The s e l f - s im i l a r i t y  of the p rob lem immedia te ly  resu l t s  in a deduction 
about the s imi la r i ty  of the cave rn  shapes being formed under di f ferent  conditions and, in pa r t i cu la r ,  about the 
independence of the ra t io  x / h  ~ x / D  f rom the jet  escape  velocity U ('Fig. 2a). The dependence of this r a t io  on 
the fluidization number  W, for  instance (see Fig. 2b), a lso  becomes  Conceivable, s ince an inc rease  in the 
poros i ty  of the dense phase contr ibutes  to e a s i e r  gas penetra t ion f rom the jet into this phase and, as a resu l t ,  
to an appropr ia te  reduct ion in the level of the contract ion above the grat ing.  

Pa r t i c l e  injection into its lower par t  is a lso  observed during jet  development ,  where  the density of the 
par t i c le  s t r e a m  reaches  a quite definite m ax imum di rec t ly  at the plane of the hole or at the nozzle exit. Qual -  
i ta t ively,  this is in complete  ag reemen t  with the model  in [4]. However ,  in quanti tat ive r e s p e c t s ,  the p r e -  
l iminary  e s t ima te s  f rom [4], obtained on the bas i s  of examining the dense phase of the bed nea r  the cavern  
in an ideal fluid approximat ion ,  turn out to be exaggera ted  substant ia l ly ,  at least  in cases  when the fiuidization 
number  does not grea t ly  exceed one.* 

*This is apparent ly  re la ted to the inapplicabil i ty of the ideal fluid model to sect ions  of the dense phase depleted 
of gas because  of its outflow into the jet. If  the fluidization number  is not too large,  then such injection is 
comple te ly  adequate for  the local gas  velocity in the sect ions mentioned to become less than the init ial  f luid-  
ization velocity.  Consequently,  the motion of the d i spersed  phase nea r  the cavern  will be more  remin i scen t  
of the slipping of layers  of f r iable  m a t e r i a l  over  sur face  s governed by the effect ive local values  of the angle of 
repose  than the motion of a truly fluidized sys t em,  so that neglecting the tangential  s t r e s s e s  (the effect ive 
"viscosi ty ' ,  of the d i spe r se  phase)  becomes  i l legi t imate.  Such sl ipping of the l ayers  is t raced espec ia l ly  c lear ly  
in examining moving p ic tu res  of jet  flows. The authors  a re  gra te fu l  to Yu. I. Makarov for  d iscuss ing  this v iew-  
point, which is comple te ly  conf i rmed by the tes t  facts.  
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The incoming par t i c les  a re  caught up by the gas s t r eam and ca r r i ed  to the upper par t  of the cavern.  
The ascending par t ic le  motion is hence i r rota t iona[  and their  distr ibution over the jet  sec t ion  depends mainly 
on the par t ic le  inert ia  and the section area.  Thus,  fine par t ic les  coming into a comparat ively  broad jet  a re  
ca r r i ed  upward p r imar i ly  in the layer  adjoining the cavern  wails.  It is c l ea r  that a diminution in the par t ic le  
d i ame te r  will  resu l t  in attenuation of the gas eject ion into the dense phase f rom the jet  f lare and, the re fore ,  
a lso in a resul tant  r ise  in the level of the contract ion.  This  is confirmed by the exper imenta l  resu l t s  (Fig. 2c). 

On the other  hand, sufficiently coarse  par t ic les  penetrate  into the cent ra l  region of the jet  (certainly if 
the la t ter  is not too broad) and fo rm a "bra id ,  localized along the jet  axis or plane of symmet ry .  Clear ly ,  the 
je t  momentum losses  will lie higher ,  but the p r e s su re  in the cavern  will be lower, the heavier  the par t ic les  
of the braid being acce le ra ted ,  i .e . ,  the level of f la re  contract ion r i ses  with the increase  in density of the 
par t i c le  mate r ia l ,  and the p a r a m e t e r  x / D  grows correspondingly (see Fig. 2d). As in [4], approximate con-  
servat ion of the shape of the lower par t  of the cavern  during jet  development indicates that a dynamic balance 
occurs  between the number  of par t ic les  approaching its surface because of slipping of the dense phase layers  
and the number  of par t ic les  caught up by the jets.  

The par t ic les  ca r r i ed  off by the gas into the domain above the contract ion continue thei r  ascending motion 
until they emerge  on the cavern  boundary. Despite some horizontal  sca t te r ing  of the c lus te r  of par t ic les ,  thei r  
main mass  is incident, namely,  in the upper par t  of the dome-shaped cavern  surface and retained there  pa r -  
tially. The remaining par t ic les  are  d iscarded to the side af te r  colliding with the surface and slip downward 
along the surface  under the effect  of gravity,  ffhe hydraulic force  acting on the par t ic le  influences such slip 
quite weakly. Indeed, there  is just  a normal  component of this force which squeezes the par t ic le  to the s u r -  
face and prevents  it f rom standing off. The tangential component of the force is a lmos t  ze ro ,  since the gas 
s t r eam being ejected through this surface is d i rected pract ica l ly  normally to it.) Near  the contract ion,  the 
slipping par t ic les  a re  d iscarded by iner t ia  into the core  of the ascending gas jet  and a re  again entrained to-  
wards  the dome,  where  they can e i ther  be captured by the dense phase or  again involved in a slipping descent.  
T he re f o r e ,  intensive par t ic le  circulat ion* originates in the domain above the contract ion,  with a descending 
motion in a comparat ively  narrow zone near  the surface and with an ascending motion in the jet  core .  The 
di rec t ion of par t ic le  motion in the cavern  and in the dense phase is provisionally shown by a r rows  in Fig. 1. 

The hydraul ic  forces  acting on par t i c les  at the waits of the upper par t  of the cavern  f rom the ejected gas 
s t r eam contribute to driving the d ispersed  phase back f rom the cen te r  of the jet  and to a corresponding b road-  
ening of this par t  of the cavern.  Hence, in contras t  to the situation in the lower par t  where  there are  condi- 
tions needed for  the buildup of a dynamic balance of the par t i c les  coming into the jet and supplied to its s u r -  
face because  of the motion in the dense phase,  such a balance can hold in the domain above the contract ion 
only near  the upper par t  of the dome to which the par t ic les  f rom the jet  come in without hindrance.  Pa r t i c l e s  
f rom the jet  a re  not del ivered to the side wails of the dome in pract ice  so that the balance of par t ic les  is 
spoi led here  and the la tera l  expansion of the upper par t  of the f lare  which is observed has a natural  explanation. 

The gas velocity at the dome apex is evidently equal  to Q / h  2 in o rder  of magnitude, where Q is some un- 
known effective value of the gas s t r eam in the jet  with its injection and eject ion taken into account and which 
should be close to the par t ic le  soaring velocity V. If this velocity were  to be tess than V, then sprinkling of the 
par t i c les  would have been observed with a downward displacement  of the visible dome boundary; if it were  
considerably g r e a t e r  than V, then a fu r the r  dome development would have occur red ,  i .e . ,  upward d isp lace-  
ment of its front  boundary. The re fo r e ,  the order ing equality 

h ~ (Q/V)  '/2 (1) 

is the necessa ry  condition for  stable location of the cavern  upper boundary. Since the soaring velocity grows 
with the increase  in the par t ic le  size and densi ty,  but the s t r eam Q should depend quite weakly on them, then 
the dependences on the pa r ame te r s  mentioned (Fig. 3c and d) observed for  the d i ame te r  of the bubbles being 
formed become conceivable f rom (1), i .e . ,  actually the quantity h. 

*It should be mentioned that such a c i rcula t ion great ly  reca l l s  the vor tex motion observed in gas jet  injection 
into a fixed granular  l ayer  with the format ion of a stable cavern.  This  is not astonishing, since the c i rculat ion 
is caused by the very  same physical  reasons  in both eases .  The single dist inction is that the c i rculat ion domain 
(as well  as the cavern  itseff) is bounded external ly  by fixed granular  mate r ia l  during injection in a fixed layer ,  
while it is bounded by downward slipping mater ia l  of the d ispersed phase during blowing in a fiuidized bed, so 
that there is visually a continuous t ransi t ion f rom par t ic les  taking par t  in such c i rculat ions  within the cavern  
to par t ic les  moving in the composit ion of the d ispersed phase for  high ftuidization numbers ,  and the concept of 
a c l ea r  cavern  boundary becomes somewhat provisional .  
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Fig. 3. Dependence of the bubble d iameter  D on different p a r a m -  
e ters .  Conditions for  conducting the tests are the same as in Fig. 
2: a) the solid curve follows f rom (5) for k = 0.37, and the dashes 
are  for  k = 0.53; G / f ,  cm3; p, g / c m  3. 

The gas velocity in the central  par t  of the cavern  above the contract ion is determined by the degree of 
f lare expansion af te r  the contract ion,  i.e., it can be writ ten as Q/12 In the initial broadening phase, when 
l < h, this velocity exceeds V and the par t ic les  in the jet core  actually move upward. However,  for  l ~ h the 
velocity mentioned is comparable  toV and thenbecomes  somewhat less than V. Consequently, the r is ing p a r -  
t icles ,  or par t  of them in any case ,  are decelerated as they rise.  Some of them lose velocity before reaching 
the apex of the dome and drop downward to emerge  in a domain near the contract ion where they are  again 
caught up by the jet. Therefore ,  accumulation should occur near the contract ion of par t ic les  both brought f rom 
the bottom by the jet and dropping from" the top. The latter is equivalent to the known effect of ,flooding," ob- 
servable quite often in dispersed s t r eams ,  and should resul t  in the inevitable filling of the f lare contract ion by 
the par t ic les ,  i.e., the formation of dikes separat ing the upper and lower parts  of the cavern,  and to the begin-  
ning of the existence of the upper part  as an independent formation (bubble). The reasoning presented is in 
good agreement  with observations;  it also becomes understandable why bubble separation occurs  only when the 
horizontal  cavern dimension I reaches  values close to h. Any factor  facilitating gas ejection in the dense phase 
will resul t  in a relative diminution of the gas velocity in the jet and, as a result ,  in the diminution in the d iam-  
e te r  D ~ h ~ l of the bubbles being formed (and conversely).  Shown as an il lustration in Fig. 3b is the depen- 
dence of D on the fluidization number W: the mean porosity and hydraulic drag of the dense phase decrease  
with the growth of W, and the bubble size diminishes correspondingly.  

To est imate  the volume of the bubbles, let us consider  the blowing of a jet into a high fluidized bed (x /  
H << 1). The rate of expansion of the upper par t  of the cavern  (the velocity of the motion of its ver t ical  walls 
in the horizontal  direction) is proport ional  to (gh) ~/2 (see [4]) so that the charac te r i s t i c  time of expansion is 

x N h (gh)-'"'-' = ( h /g )  '/~. (2) 

The volume of gas coming in f rom the jet to this bed during this time is TG, i.e., 

D 3 ~ h 3 ~ G ( h / g )  i/2 (3) 

Hence, there follows 

D ~ h ~ 6 '';~ g-li~, v ~ 66/5 g-3'~. (4) 

Under the assumption that the volume of bubbles being formed per  unit time is proport ional  to the gas 
discharge in the jet [8.9] ,  we can write 

v : kGf f ,  (5) 

where k is a coefficient less than one and takes account of par t ia l  gas ejection into the dense phase of the bed. 
We have the following est imate for the frequency of nucleation f f rom (4) and (5): 

[ ~ k G - I  5 g3:5 (6) 

Formulas  (4)-(6) have the same form for k = 1 as those obtained in [8] in the analysis  of gas escape into 
an ideal fluid, and they are  verified by exper iment  (including [6, 7]) to the same degree as the formulas  f rom 
[8]. However,  in cont ras t  to these latter,  they take account of the possibility of partial  gas efflux from the 
growing cavern  through the dense phase of the bed (the importance of such an efftux was apparently noted f i rs t  
in [9]). It follows from general  physical  considerat ions and from an analysis  of the test data that k depends 
quite weakly on the bed pa rame te r s  and the jet escape mode; however,  a quantitative est imate of k is difficult 
in connection with the absence of a more  complete theory of bubble formation and can only be made on the basis 
of an experimental  investigation. The results  in Fig. 3a which re fer  to different beds and flow modes verify 
the assumption about the constancy of k. According to these results  k ~ 0.37, which is somewhat below the 
value k ~ 0.53 presented in [9]. 
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Fig. 4. Dependences of the nuclea-  
tion frequency f on the velocity of 
jet  escape U (a) and the bed height 
of an aluminosi l icate  cata lys t  I-I (b) 
for  a semibounded je t  in the local 
spouting mode: a = 4 ram; d = 2.24 
m m ; W = l ; a )  H = 1 2 5 m m ; b )  U= 
52.2 m / s e c ;  f,  Hz; v, m / s e c ;  H, 
mm. 

The reasoning above r e f e r s  to spatial (or semibounded) jets;  for  plane jets we obtain completely anal-  
ngously in place of (4) and (6) 

D...G~.Ia g--1/38--2/3 r) ,'~G4/3 g-'2/38 -1!3, 

kG-1:3 g2t38 ,3 
(7) 

Let us note that the bed was assumed high everywhere  above so that the inequality x / H  << 1 was sa t i s -  
fied. The dense phase layer  separat ing the cavern  f rom the space above the layer  becomes  thinner with the 
diminution in bed height, and conditions appear  which are  conducive to p re fe rab le  gas e ject ion through, namely,  
the upper par t  of the cavern  dome (the situation he re  is analogous to that discussed above in analyzing the pos-  
sibil i t ies of the f lare  erupting into a bubble being formed ear l i e r ) .  Clear ly ,  this should resu l t  in an increase  
in the cavern  height x and a drop in p r e s su re  therein  as compared with the analogous cavern  in a high bed. 
Consequently,  as the rat io  x / H  increases  the domain of f lare  contract ion shifts upward, the bubble volume 
d e c r e a s e s ,  and the frequency of the i r  formation grows correspondingly.  P resen ted  in Fig. 4 are  the c h a r -  
ac te r i s t i c  dependences of f o n  the jet  velocity U and the bed height H obtained for  jets  escaping into modes 
s imi la r  to the local spouting mode (x/H ~ 1) and completely confirming the reasoning expressed .  These dependences 
a re  of in teres t  in connection with the definite advantages of fiuidized beds with jets escaping into the 
local spouting mode in the organization of cer ta in  technological exchange p rocesses .  

N O T A T I O N  

a .  hole or nozzle d iameter ;  D, bubble d iameter ;  d, mean par t ic le  d iameter ;  f, nucleation frequency; G, 
total  gas discharge into the jet;  g, acce lera t ion  of gravi ty;  H, working height of the bed; h, height of the upper 
par t  of the jet  cavern;  k, coefficient  in (5); l, maximum d iamete r  of the upper pa r t  of the cavern;  Q, effective 
d ischarge  in (1); S, a rea  of the nozzle or hole section; U, initial jet  velocity;  V, soaring velocity of the pa r -  
t icles;  v, bubble volume; W, fluidization number;  x, maximum cavern height; 6, plane layer  thickness; p, 
density of the filled bed. 
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