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It is shown that, compared to free conditions, in a fluidized bed the convective component plays 
a l a rger  role in the hea t - t r ans fe r  mechanism during surface boiling. 

The following are  the most  significant features charac te r i s t i c  of surface boiling in a liquid fluidized bed. 

1. The heat-emit t ing surface is in contact with moving solid par t ic les  and with turbulent eddies in the i r  
wake. 

2. Given a certain relationship between part icle  d iameter  and bed porosity,  the pore channels between the 
solid par t ic les  may be smal le r  than the separat ion d iameter  of the vapor  bubbles. 

When solid par t ic les  penetrate into the superheated boundary layer  of the liquid, they may initiate the 
formation of vapor  bubbles. At the same time, the turbulent eddies may act  to extinguish these vapor  nuclei. 
The crowdedness of the conditions may also affect local charac ter i s t ics  of the boiling process .  

Several works []-4] have dealt with the s t ruc ture  of a liquid fluidized bed near  a body immersed  in it. 
These studies have noted the existence of a special  zone in which the mean (over time) s t ruc tura l  and hydro-  
dynamic pa ramete r s  differ f rom those in the remaining volume of the bed. In par t icular ,  it was established in 
[3~ 4] that porosi ty  dec reases  in the radial  direct ion to a value charac te r i s t i c  of the core of the bed within a 
zone 3.0-8.8 part icle d iameters  in size. Stable circulation of par t ic les  over  both sides of a horizontal  cylinder 
was observed in [1, 2]. However, the available data does not give a complete picture of the conditions under 
which boiling of the fluidizing medium might occur. Fur the r  study ofthe s t ructure  of a bed of granular  mater ia l  
fluidized by drops of a liquid and of features of the boiling p rocess  in such a bed should help in the construct ion 
of a physical ly substantiated model of heat t r ans fe r  under these conditions. 

Boiling in a fluidized bed was filmed and photographed on a specially built unit. The bed of granular  solid 
mater ia l  was fluidized in a ver t ica l  p lane-para l le l  channel 8x 50 mm in cross  section and 250 mm high. The 
photographs and film record  were obtained through opt ical -glass  windows, 30 • 80ram inside diameter ,  installed in 
the side walls of the channel body 150 mm f rom the bear ing-dis t r ibut ing grate.  A heating element in the fo rm 
of a ver t ica l  plate 60 mm long made of glass- textol i te  covered with copper foil was installed along one of the 
narrow side walls opposite the window. The heater  was supplied with low-voltage alternating current  f rom a 
step-down t rans former .  The high-speed filming and photogl~aphing were done in t ransmi t ted  light with an optical 
sys tem patterned after  the Topler  scheme, with two objectives. The light source was a continuous-action LG-75 
optical quantum generator ,  along with a DRSh-100-3 h igh-pressure  m e r c u r y - v a p o r  lamp with a f luorescent  
body 0.3 mm in size. An intermediate  image of the light source was created with a cylindrical  lens, providing 
a uniformly illuminated l inear image of the source.  A sl i t - type forming diaphragm located in the focal plane of 
the cylindrical  lens and simultaneously in the forward focal plane of the col l imator  made it possible to change 
the sensitivity of the sys t em within certain limits. 

The photographing was done on Mikrat-300 film with a 3 5 - m m  ,,Praktika" camera.  The camera  has an 
extension tube 130 mm long and a 50/1.8 objective. Shutter speed ranges f rom 1/1000 to 1/125 sec. The filming 
was done with an SKS-1M camera  with a 90-mm-long extension ring and an 85/1.5 objective. The fi lm was made 
on A-2 negative f i lm with a sensit ivity of 600-700 under GOST and a speed of 1500 to 4000 f r ames / s ee .  

To ensure the requisi te  optical t r ansparency  of the bed during photographing and filming in t ransmit ted  
light, the experiments  were conducted at high values of bed porosity.  Attention was focused in the study on the 
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Fig. 1. Structure of boundary reg ionof  
fluidized bed. 

Fig. 2. Pat tern  of movement of granu-  
lar  material .  

Fig. 3. Surface boiling under free conditions (a) and in 
the fltlidized bed (b). 

narrow boundary zone - of the o rde r  of ten par t ic le  d iameters  in size. The field of viev of the camera  included 
the working section and one of the 0 .24 -m m-d iame te r  copper-wire  leads. The lead served as a reference  for 
purposes  of focusing and scaling. The pic tures  were obtained with different aper ture  openings and camera  
posit ions in o rde r  to record  both weak and s t rong optical discontinuities.  In obtaining pictures of phenomena 
occur r ing  in the boundary layer,  the curvature  of the light rays  pass ing through a medium with a r e f rac t ive -  
index gradient  might have caused some of the details of the object to be distorted or  fall outside the field of 
view. These losses  were compensated for by placing the optical axis of the cameras  at a cer ta in  smal l  angle 
to the plane of the heat-emit t ing surface.  

As a resul t  of fair ly extensive visual  observations,  filming, and photographing, it was possible to descr ibe  
features of the s t ruc ture  of the liquid fluidized bed in the boundary zone both in the presence  and absence of 
heat re lease  on the wall, as well as to obtain an idea of the effect of the fluidized bed on the development of 
p roces se s  in the two-phase boundary layer.  

Figure  1 shows a typical  photograph reflecting the s t ruc ture  of the boundary region of the fluidized bed 
near  the submerged body. The plate is located on the left side of the f rame in the photograph. Clearly visible 
in the picture is a l ayer  of par t ic les  of the o rde r  of 2-5 par t ic le  d iameters .  This l ayer  is more porous than the 
core of the bed. The fi lm reco rd  shows that the par t ic le  layer  is fair ly stable, but is somet imes  destroyed by 

161 



par t i c l e s  of the g ranu la r  m a t e r i a l  in contact with the sur face .  Par t i c le  movement  was followed f r o m  the i r  
wakes  (tracks) in photographs taken with re la t ive ly  long exposures .  Complexes  of pa r t i c l e s  s o m e t i m e s  ap-  
p roach  and r e t r e a t  f r o m  the wall. However ,  movement  of m a t e r i a l  pa ra l l e l  to the su r face  is the most  p robable  
event (Fig. 2). The nonuniform length of the par t ic le  wakes is evidence of the p r e s e n c e  of a m a x i m u m  in the 
veloci ty  field of the fluidizing medium close to the sur face .  

On the bas i s  of the above, we may  define the instantaneous s tate  of the fluidized bed close to the sub- 
merged  body as a ce r ta in  rea l iza t ion  of a dilute, inhomogeneous s y s t e m  with spec ia l  hydrodynamic  laws dif-  
fe ren t  f r o m  those which hold in the core of the bed. 

To de te rmine  the effect  of the fluidized bed on the o c c u r r e n c e  of sur face  boiling, we a t tempted  to r eco rd  
the nucleation of vapo r  bubbles  init iated by pa r t i c l e s  of the g ranu la r  mate r ia l .  However,  despi te  the p r e sen ce  
of a superhea ted  boundary l ayer  of liquid of the o rde r  of 0.1 m m  thick and the c l ea rnes s  of this l aye r  in the 
f o r m  of a wavy g ray  band, we were  not able to obse rve  the ini t iat ion of vaporizat ion.  Converse ly ,  sur face  boi l -  
ing may  be supp re s sed  by the liquid fluidized bed. Turbulent  mixing of the fluidizing med ium affects  the densi ty 
of active centers  of vapor iza t ion  so that  the occur rence  of sur face  boiling is delayed, and development  of the 
boiling p r o c e s s  is drawn out. 

It  was shown by subsequent  photographs  (Fig. 3) that  int roduct ion of the fluidized bed into the flow of 
boiling liquid leads to a cessa t ion  of undeveloped sur face  boiling due to an intensive exchange of ene rgy  and 
momen tum between the core  and the bubble-conta ining boundary l aye r  and, thus, to more  intensive condensation 
of the vapor  bubbles.  This  is  accompanied  by equal izat ion of the t e m p e r a t u r e  field in the boundary layer ,  as  
can be seen  f r o m  the photographs  in Fig. 3b - hot je ts  fo rmed  during bubble condensation lose t h e i r  pronounced 
di.rectionality and a re  eroded.  

The level  of turbulence c rea ted  by e lements  of the dilute s y s t e m  in the boundary zone of the liquid bound- 
a r y  l aye r  affects  the fo rmat ion  of the hydrodynamic  and t h e r m a l  boundary l aye r s ,  which u l t imate ly  de t e rmines  
the ra te  of ex te rna l  heat  t r a n s f e r .  Data f r o m  the photographs and f i lming of sur face  boiling in the liquid 
fluidized bed and data on the ra te  and fea tures  of heat  t r a n s f e r  under  such conditions [5-7] lead us to conclude 
that  the role  of the convective component  in the h e a t - t r a n s f e r  m e c h a n i s m  is substantial .  The fluidized bed a f -  
fects  the development  of su r face  boil ing so that the r eg ime  of undeveloped boiling is shifted to the region of 
h igher  heat - f lux values.  With developed boiling, when heat  is t r a n s f e r r e d  mainly as a resu l t  of latent heat  of 
vaporizat ion,  the re  is p rac t i ca l ly  no di f ference  in the ra te  of heat  t r a n s f e r  in the fluidized bed and under  f ree  
conditions with forced convection. 
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