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ABSTRACT

A s t u d y  o f  b u b b l e  g r o w th  b y  c o a l e s c e n c e  i n  g a s  

f l u i d l z e d  b e d s  h a s  b e e n  t h e  o b j e c t  o f  t h i s  r e s e a r c h .

B u b b le  s i z e  a n d  d i s t r i b u t i o n  o f  b u b b l e  s i z e s  w e re  

s t u d i e d  i n  a n  a i r  f l u i d i z e d  b e d  11^ i n c h e s  i n  d i a m e t e r  a n d  

3 f e e t  h i g h .  M o t io n  p i c t u r e s  w e re  t a k e n  o f  t h e  b u b b l e s  

b r e a k i n g  t h e  t o p  s u r f a c e  o f  t h e  b e d  an d  t h e  s i z e  o f  t h e  b u b ­

b l e s  d e t e r m i n e d  f ro m  t h e  f i l m .  The d i s t r i b u t i o n  o f  b u b b l e  

v o lu m e s  a t  a  g i v e n  b e d  h e i g h t  w as e x p r e s s e d  a s  a  gamma d i s ­

t r i b u t i o n  w i t h  p a r a m e t e r s  o b t a i n e d  fro m  t h e  o b s e r v a t i o n s .

A s t a t i s t i c a l  m e c h a n i c a l  m eth od  p r o p o s e d  b y  H u l b u r t  a n d  

K a tz  ( 1 )  f o r  s t u d i e s  i n  a g g l o m e r a t i o n  o f  p a r t i c l e s  w as u s e d  

i n  t h e  m a t h e m a t i c a l  f o r m u l a t i o n  o f  t h e  p r o b le m .

A m ec h an ism  d e f i n i n g  t h e  r a t e  o f  b u b b l e  c o a l e s c e n c e  w as  

e s t a b l i s h e d . -  A c c o r d in g  t o  t h i s  m echan ism  c o l l i s i o n s  a r e  

b i n a r y  a n d  t h e  r a t e  o f  c o l l i s i o n s  o f  tw o  s p e c i e s  i s  p r o p o r ­

t i o n a l  t o  t h e  p r o d u c t  o f  t h e  num ber d e n s i t i e s  o f  t h e  c o l l i d ­

i n g  s p e c i e s  a n d  t h e i r  a v e r a g e  p r o j e c t e d  a r e a .

A o ne  p a r a m e t e r  m odel b a s e d  on t h i s  m ech an ism  y i e l d e d  

a n  e q u a t i o n  d e s c r i b i n g  t h e  e v o l u t i o n  o f  t h e  d i s t r i b u t i o n  

w i t h  b e d  h e i g h t .  The p a r a m e t e r  w as d e t e r m i n e d  by  c o m p a r i s o n  

w i t h  t h e  e x p e r i m e n t a l l y  o b t a i n e d  d i s t r i b u t i o n .



INTRODUCTION

I n  g a s  f l u i d i z e d  b e d s  t h e  g a s  i n  e x c e s s  o f  t h a t  r e q u i r e d  

, f o r  i n c i p i e n t  f l u i d i z a t i o n  p a s s e s  t h r o u g h  t h e  b e d  a s  b u b b l e s .  

T h e s e  b u b b l e s  a r e  g a s  p o c k e t s  v i r t u a l l y  v o i d  o f  p a r t i c l e s .  

T h ey  g row  i n  s i z e  a s  t h e y  t r a v e l  u p  t h e  b e d  p r i m a r i l y  b e c a u s e  

o f  c o l l i s i o n s  w i t h  o t h e r  b u b b l e s .

I n  m o s t  o f  t h e  c o m m e rc ia l  a p p l i c a t i o n s  o f  g a s  f l u i d i z e d  

b e d s ,  i n t i m a t e  c o n t a c t  b e tw e e n  t h e  g a s  a n d  t h e  f l u i d i z e d  

s o l i d s  i s  I m p o r t a n t  i n  t h e  s u c c e s s f u l  o p e r a t i o n  o f  t h e  u n i t .  

T h e s e  a p p l i c a t i o n s  i n c l u d e  h e a t  t r a n s f e r ,  m ass  t r a n s f e r  o r  

c h e m i c a l  r e a c t i o n s  b e tw e e n  g a s  a n d  s o l i d s  a n d  g a s e o u s  r e a c ­

t i o n s  c a t a l y z e d  by  t h e  s o l i d s .  P r e s e n c e  o f  b u b b l e s  p e r m i t s  

some o f  t h e  g a s  t o  move t h r o u g h  t h e  b e d  w i t h o u t  c o n t a c t i n g  

t h e  s o l i d s ,  t h u s  r e d u c i n g  t h e  y i e l d  o f  t h e  p r o c e s s .

I n f o r m a t i o n ,  t h e r e f o r e ,  on a v e r a g e  b u b b l e  s i z e  a n d  d i s ­

t r i b u t i o n  o f  s i z e s  o f  b u b b l e s ,  among o t h e r  t h i n g s ,  i s  n e e d e d  

i n  t h e  p r o p e r  d e s i g n  o f  g a s  f l u i d i z e d  b e d s  f o r  t h e s e  a p p l i ­

c a t i o n s  ( 2 , 3 ) .

B u b b le  g ro w th  h a s  b e e n  I n v e s t i g a t e d  b y  v a r i o u s  r e ­

s e a r c h e r s .  E x p e r i m e n t in g  w i t h  t r a n s p a r e n t  w a l l  b e d s ,  Ohmae 

a n d  P u ru k a w a  (4 )  an d  M a th is  and  W a tso n  ( 5 )  o b s e r v e d  t h a t  

b u b b l e s  a d j a c e n t  t o  t h e  w a l l  g row  i n  s i z e  a s  t h e y  t r a v e l  u p  

t h e  b e d ,  d u e  t o  c o a l e s c e n c e .  M orse  a n d  B a l l o u  ( 6 ) ,  Y a s u i  

a n d  J o h a n s o n  ( 7 ) »  L a n n e a u  ( 8 )  a n d  P o r t e r  ( 9 )  s t u d i e d



- 2 -
c h a r a c t e r i s t i c s  o f  b u b b l e s  u s i n g  p r o b e s  su b m e rg ed  i n t o  t h e  

b e d .  G ro h s e  (1 0 )  a n d  B a u m g a r te n  a n d  P i g f o r d  ( 1 1 )  u s e d  r a d i ­

a t i o n  a b s o r p t i o n  t e c h n i q u e s  t o  m e a s u r e  d e n s i t y  f l u c t u a t i o n s  

i n  t h e  p a t h  o f  a  beam  t h r o u g h  f l u i d i z e d  b e d s .  Rom ero a n d  

S m i th  ( 1 2 )  u s e d  a  f l a s h  x - r a y  t e c h n i q u e  t o  s t u d y  i n t e r n a l  

s t r u c t u r e  o f  f l u i d i z e d  b e d s  t h r e e  i n c h e s  s q u a r e .  T hey  o b ­

t a i n e d  i n s t a n t a n e o u s  p i c t u r e s  o f  a  p a r t  o f  t h e  bed  11 i n c h e s  

h i g h .

T h e r e  i s  some d i f f i c u l t y  i n  i n t e r p r e t i n g  r e s u l t s  o b ­

t a i n e d  b y  t h e s e  m e t h o d s .  I n  t h e  su b m e rg ed  p r o b e  m ethod  

t h e r e  i s  d i s t u r b a n c e  o f  t h e  b u b b l e s  b y  t h e  p r o b e s  a n d  a l s o  

t h e r e  i s  n o  way o f  k n o w in g  w h e t h e r  a  b u b b l e  p a s s e d  t h r o u g h  

t h e  p r o b e s  s y m m e t r i c a l l y  w hen a  d i a m e t e r  i s  r e c o r d e d  o r  o f f -  

c e n t e r  w hen  a  c o r d  i s  r e c o r d e d .  I n  t h e  r a d i a t i o n  a b s o r p t i o n  

a n d  f l a s h  x - r a y  t e c h n i q u e s  t h e r e  i s  no  d i s t u r b a n c e  o f  t h e  

b u b b l e s ,  b u t  t h e s e  m e th o d s  c a n n o t  d i s t i n g u i s h  tw o b u b b l e s  

on e  b e h i n d  t h e  o t h e r  i n  t h e  p a t h  o f  t h e  r a y s .  I n  s p i t e  o f  

t h e s e  d i f f i c u l t i e s ,  u s e f u l  i n f o r m a t i o n  a b o u t  b u b b l i n g  f l u i d ­

i z e d  b e d s  w as  o b t a i n e d  i n  t h e s e  i n v e s t i g a t i o n s ,  a n d  t h e  

r e s u l t s  may b e  su m m a riz e d  a s  f o l l o w s :

1 .  B u b b le s  grow  i n  s i z e  a s  t h e y  t r a v e l  u p  t h e  b e d ,  w h i l e  

b u b b l i n g  f r e q u e n c y  d e c r e a s e s .

2 .  A t  a  g i v e n  b e d  h e i g h t ,  b u b b l e s  a r e  l a r g e r  a t  h i g h e r  f l o w  

r a t e s .

3 .  L a r g e r  b u b b l e s  t r a v e l  u p  t h e  b e d  f a s t e r  t h a n  s m a l l e r  

o n e s .
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H a r r i s o n  a n d  L e u n g  ( 1 3 )  i n v e s t i g a t e d  t h e  c o a l e s c e n c e  o f  

b u b b l e s  i n j e c t e d  o n e  b e h i n d  t h e  o t h e r  i n t o  a n  l n c i p i e n t l y  

f l u i d i z e d  b e d .  T h ey  fo u n d  t h a t  t h e  t i m e ,  t c , r e q u i r e d  f o r  

t h e  se c o n d  b u b b l e  t o  c a t c h  u p  w i t h  t h e  f i r s t  i n c r e a s e s  by  

i n c r e a s i n g  t h e  i n i t i a l  d i s t a n c e  o f  s e p a r a t i o n , A I » ,  o f  t h e  tw o  

b u b b l e s .  They a l s o  f o u n d  t h a t  w i t h  t h e  same Z\L, t 0 i s  

s m a l l e r  f o r  l a r g e r  b u b b l e s .

I n  t h e  p r e s e n t  w o rk  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  b u b ­

b l e  s i z e s  i n  g a s  f l u i d i z e d  b e d s  w as a t t e m p t e d  b y  t a k i n g  

m o t io n  p i c t u r e s  o f  t h e  t o p  s u r f a c e  o f  t h e  b e d .  Number o f  

b u b b l e s  p e r  u n i t  b e d  h e i g h t ,  a v e r a g e  b u b b l e  v o lu m e  a n d  v a r i ­

a n c e  o f  b u b b le  v o lu m e s  w e r e  o b t a i n e d  a s  a  f u n c t i o n  o f  b e d  

h e i g h t .  T h e s e  e x p e r i m e n t a l  r e s u l t s  w e re  c o m p a red  t o  t h e  

v a l u e s  p r e d i c t e d  b y  a  one  p a r a m e t e r  m o d e l  b a s e d  on  a  p r o ­

p o se d  m ech an ism  o f  b u b b l e  c o a l e s c e n c e ,  y i e l d i n g  t h e  

p a r a m e t e r  o f  t h e  m o d e l .

I n  t h e  c o m p a r i s o n  o f  t h e  e x p e r i m e n t a l  r e s u l t s  w i t h  t h e  

m o d e l ,  i t  w as a s su m e d  t h a t  t h e  b u b b l e  p o p u l a t i o n  a t  a  g i v e n  

e l e v a t i o n  i n  t h e  a p p a r a t u s  i s  i d e n t i c a l  ( i n  n u m b e r ,  a v e r a g e  

s i z e  and  d i s t r i b u t i o n  o f  s i z e s )  w h e t h e r  o r  n o t  a d d i t i o n a l  

b ed  o f  a n y  h e i g h t  e x i s t e d  a b o v e  t h i s  e l e v a t i o n .
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MATHEMATICAL MODEL

SiiTnmar»Y o f  A s s u m p t io n s

I n  e s t a b l i s h i n g  a n d  s o l v i n g  t h e  d i f f e r e n t i a l  e q u a t i o n s  

o f  t h e  m o d e l  o f  b u b b l e  c o a l e s c e n c e  i n  g a s  f l u i d i z e d  b e d s ,  

t h e  f o l l o w i n g  a s s u m p t i o n s  w e re  made e x p l i c i t l y  o r  i m p l i c i t l y :

1 .  B u b b le s  a r e  g e o m e t r i c a l l y  s i m i l a r .

2 .  B u b b le  v o lu m e  i s  c o n s e r v e d .

3 .  R i s e  v e l o c i t y  o f  b u b b l e s  i s  p r o p o r t i o n a l  t o  t h e  one s i x t h  

p o w er  o f  b u b b l e  v o lu m e .

The d i s t r i b u t i o n  o f  b u b b l e  v o lu m e s  i s  d e s c r i b e d  by  a  

gamma d i s t r i b u t i o n .

5 .  S t e a d y  s t a t e  p r e v a i l s .

6 .  The d e r i v e d  e q u a t i o n s  a r e  s o l v e d  n u m e r i c a l l y  w i t h  i n i ­

t i a l  c o n d i t i o n s  t h e  e x p e r i m e n t a l l y  o b t a i n e d  v a l u e s  o f  

t h e  v a r i a b l e s  a t  t h e  l o w e s t  bed  h e i g h t .

The M odel

The m a t h e m a t i c a l  d e v e lo p m e n t  f o l l o w s  c l o s e l y  t h e  a r t i ­

c l e  "Some P r o b le m s  i n  P a v t i c l e  T e c h n o lo g y "  b y  H u l b u r t  a n d  

K a tz  ( 1 ) .  Two s e t s  o f  c o o r d i n a t e s  d e s c r i b e  t h e  b u b b l e ,  a n  

e x t e r n a l  one s p e c i f y i n g  t h e  l o c a t i o n  o f  t h e  b u b b l e  a n d  w h ic h  

i n  t h i s  c a s e  i s  t h e  v e r t i c a l  d i s t a n c e ,  z ,  f ro m  t h e  o r i g i n ,  

an d  a n  i n t e r n a l  o n e  s p e c i f y i n g  t h e  d i m e n s i o n s  o f  t h e  b u b b l e  

w h ic h  i s  t a k e n  h e r e  t o  r e p r e s e n t  t h e  b u b b l e  v o lu m e ,  m. T he 

num ber d e n s i t y  o f  t h e  b u b b l e s ,  f ( z , m , t ) ,  i s  d e f i n e d  so  t h a t
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f ( z , m , t )  dzdm  i s  t h e  num ber  o f  b u b b l e s  a t  t i m e  t  i n  a  s l i c e  

o f  b e d  f ro m  z -  t o  z  + ~  h a v i n g  v o lu m e s  f ro m  m -
rim

t o  m + . A f u n c t i o n ,  h ( z , m , t ) ,  r e p r e s e n t i n g  t h e  n e t

r a t e  o f  i n t r o d u c t i o n  o f  b u b b l e s  i n t o  t h e  s y s t e m  i s  a l s o  d e ­

f i n e d  so  t h a t  h ( z , m , t )  dzdm i s  t h e  n e t  n um b er  o f  b u b b l e s

h a v i n g  v o lu m e s  f ro m  m -  ^  t o  m + i n t r o d u c e d  p e r  u n i t
d z  dzt i m e ,  a t  t i m e  t ,  i n t o  a  s l i c e  o f  b e d  f ro m  z -  =~  t o  z + j  

by m eans o t h e r  t h a n  f l o w .

The c o n s e r v a t i o n  o f  b u b b l e  v o lu m e  y i e l d s

(Ml) - I t  + ■ K -(y£l - = hd t  £  z

w h e re  v  i s  t h e  b u b b l e  v e l o c i t y .

C o l l i s i o n s  b e tw e e n  b u b b l e s  o f  v o lu m e s  m^ a n d  m^ a r e  

a ssu m ed  t o  b e  p r o p o r t i o n a l  t o  t h e  p r o d u c t  o f  t h e  num ber d e n ­

s i t i e s  o f  t h e  tw o  s p e c i e s  and  t h e  mean p r o j e c t e d  a r e a  o f  t h e  

two b u b b l e s .  T h e n ,  t h e  r a t e  o f  f o r m a t i o n  o f  b u b b l e s  o f  

v o lu m e  m b y  c o a l e s c e n c e  i s ;

T f  = ^  'bJ f  ( z , m '  , t ) f  ( z .m - m 1 , t ) | m 1' ^  + (m-m1 ) ^ ^

and t h e  r a t e  o f  l o s s  o f  b u b b l e s  o f  v o lu m e  m b e c a u s e  o f  

c o l l i s i o n s  w i t h  o t h e r  b u b b l e s  i s ;

2

-,2
dm*

r e = Bf f  ( z , m ‘ , t )  ( m * ^  + m1^ ^ )  dm1

w h e re  B i s  a  p r o p o r t i o n a l i t y  c o n s t a n t .  The i n t e g r a t i o n  i s  

t a k e n  o v e r  a l l  p o s s i b l e  v a l u e s  o f  m' i n  e a c h  c a s e .
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C o m b in in g  t h e s e  tw o  r a t e s  g i v e s :  . _

(M2) h ( z , m , t )

= ( z , m f , t )  f  ( z fm-mf , t )  mf * / 3 + (m -m 1)*^*^] dm 1

-  f ( z , m , t ) ^ f  (z,m* , t )  + m1* ^ )  dm’ J
S u b s t i t u t i n g  (M2) i n t o  (Ml)  y i e l d s

(M3) - i f  +  M j L I
a t  (9 z

= B { | / f ( z . m f , t ) f ( z , m . m . , t ) [ m, V 3  + (m -m 1 ) ly/^ J  dm 1

-  f  ( z , m , t ) y / r f ( z , m l , t )  ( m * ^  + m1^ ^ )

The v e l o c i t y  may b e  e x p r e s s e d  a s  a  f u n c t i o n  o f  b u b b l e  

vo lu m e  m ( 9 ,  1 2 ,  1 ^ ,  1 5 * 1 6 ) .

(M4) v = Am1^

w h e re  A i s  a  c o n s t a n t .

S u b s t i t u t i n g  t h i s  i n  (M3) an d  c o n s i d e r i n g  s t e a d y  s t a t e ,  

we o b t a i n

(M5) m1//6 = b | y rf ( z , m»  ) f  (z ,m-m» jj^m’ 1/ 3

+ (m -m 1 ) * ' ^  dm1 -  f  ( z , w ) J f  ( z , r a ’ ) ( m ^ ^  + m1* ^3 ) d m ' ^

w h e re  b = B/A i s  a  new c o n s t a n t .

E q u a t i o n  (M5) d e s c r i b e s  t h e  s t e a d y  s t a t e  e v o l u t i o n  o f  

t h e  n u m b er  d e n s i t y  w i t h  bed  h e i g h t .  I t  m a y - b o - s i m p l i f i e d  by



- 7 -
a p p l y i n g  moment m e th o d s  on i t ,  t h u s  y i e l d i n g  a  s e t  o f  d i f ­

f e r e n t i a l  e q u a t i o n s  f o r  t h e  m om ents o f  m .

T he  m om ents o f  m a r e  d e f i n e d  a s
CO

(M6) jJL 2 = J ' f  ( z ,m)dm ; j  -  0 ,

(jJQ i s  t h e r e f o r e  t h e  t o t a l  nu m b er  o f  b u b b l e s  p e r  u n i t  b e d

h e i g h t t h e i r  t o t a l  v o lu m e ,  e t c . )

U s in g  m om ents  on  (M5) t h e r e  r e s u l t s :

n

(M7) ^ d x 1/6 = 2 ^ ( r j ^ n - r + 2/3/^r + 2/n-r+l/3/^r+l/ 3
r = o

+fXn -r /^ r + 2/ 3  ̂ “ ty^ofn+2/3 + 2t l / 3 ^ n + 2 /3  +/^ 2/ 3/^n^

n  = 0 ,  1 ,  2 ,  . . .  * ( p j =  ( n - r )!  r !

H e re  t h e  t r a n s f o r m a t i o n  x = bz  w as u s e d .

T h e  f i r s t  t h r e e  e q u a t i o n s  o b t a i n e d  f ro m  (M7) f o r  n  = 0 ,  

1 a n d  2 r e s p e c t i v e l y  a r e :

(HSa) = - <pop 2/3

(M8b) d^ ? /A  = 0
dx

(m8o) % 6  .  ZW s / 3 ^  )



T h e se  e q u a t i o n s  c o n t a i n  t o o  many unknow ns a n d  t h e y  d o  . 

n o t  c l o s e  f o r  a n y  n .  A p p r o x im a te  s o l u t i o n s ,  h o w e v e r ,  may be  

s o u g h t  b y  e x p a n d in g  f ( x , m )  i n t o  a  L a g u e r r e  s e r i e s :

„  ................. ........ “  ( / I ) , * .
(M9) "  ' '  "f ( B ) =

w h e re

(M10) p G ) ( z )  =  z  1 e ' Z

i s  t h e  gamma d i s t r i b u t i o n  a n d
i

( M i l )  ( z )  j !  ( i - j )  I ( i + ^ - l - J ) !  2 ;

J=o

1 = 0 ,  1 ,  2,  . • .

a r e  t h e  a s s o c i a t e d  L a g u e r r e  p o l y n o m i a l s .

T h is  s e r i e s  i s  d e v e l o p e d  s o  t h a t  t h e  f i r s t  t e r m  c o n ­

t a i n s  t h r e e  p a r a m e t e r s ,  k Q, a  a n d  and  t h e  s e c o n d  a n d  

t h i r d  t e r m s  d r o p  o u t .

The t h r e e  p a r a m e t e r s  a r e :

(Ml 2 a )  k Q = ^ o

/ i(Ml 2b) a  = Yi
I o a

<«*») = / v f t  - 7
h e n c e  k Q i s  t h e  t o t a l  nu m b er  o f  b u b b l e s  p e r  u n i t  bed  h e i g h t ,

p
a  i s  t h e  mean b u b b l e  v o lu m e  and a  /^J t h e  v a r i a n c e  o f  b u b b le

v o lu m e s .
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I n  t h i s  w o rk  o n ly  t h e  f i r s t  t e r m  o f  t h e  s e r i e s  was 

u s e d ,  i . e .

T h e  e x t e n t  o f  t h i s  a p p r o x i m a t i o n  i s  shown i n  F i g u r e s  1 

a n d  2 .  I n  t h e s e  f i g u r e s  t h e  c i r c l e s  r e p r e s e n t  e x p e r i m e n t a l  

v a l u e s  o f  t h e  n o r m a l i z e d  c u m u l a t i v e  n u m b er  o f  b u b b l e s  

p l o t t e d  a g a i n s t  b u b b l e  v o lu m e .  T he s o l i d  l i n e  i s  t h e  n o r ­

m a l i z e d  i n c o m p l e t e  gamma f u n c t i o n :

w i t h  p a r a m e t e r s  k Q, a ,  ^  c a l c u l a t e d  f r o m  t h e  d a t a .  The n o r ­

m a l i z e d  gamma d i s t r i b u t i o n  f ( m ) / k Q i s  a l s o  show n i n  t h e  

f i g u r e s .

U s in g  m om ents (M13) y i e l d s

W ith  t h e  a i d  o f  (M15) m om ents a r e  e x p r e s s e d  i n  t e r m s  o f  

t h e  t h r e e  p a r a m e t e r s  o f  t h e  d i s t r i b u t i o n  k 0 , a ,  .

E q u a t i o n s  (M8) a r e  t r a n s f o r m e d  now i n t o  a  s e t  o f  e q u a ­

t i o n s  i n  k Q, a , ^ j  :

(M l6 a )
d k g  _ k Qa  
d x  “  "  36

2 1 /f  
oa
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, 3 / 2  r

(M l6b )  | |  = [ 3 6 R  Q )
2

1*671

w h e re

r t a *  2 / d  + r z a +  1/ 3 )
(M i? a )  r ( ^ )  = ^ . ^ p (;)-+ 1 / 6 )  - p Q ) r w + 1 / 6 )  

(Ml ?b)  P ( / | )  +

r2a* 1/3) „ na-t- 2/3)
r w r o -  V 6 >  ' 7 r < A + 1/ 6 )

+ 36 R Q )(M1 7 0 ) q (7\) = - 5 7 5

H ere  |~” ( y )  = ( y - 1 ) !  I s  t h e  gamma f u n c t i o n  a n d  i j j ( y )  =

d l n ..C iiK) i s  t h e  dlgam m a f u n c t i o n ,  b o t h  t a b u l a t e d  ( 1 7 ) .  
dy

E q u a t i o n s  ( Ml 6)  c o n s t i t u t e  a  s e t  o f  c o u p l e d  o r d i n a r y  

d i f f e r e n t i a l  e q u a t i o n s  t h a t ,  w i t h  p r o p e r  i n i t i a l  c o n d i t i o n s ,  

c a n  be  s o l v e d  t o  y i e l d  t h e  p r o f i l e s  k 0 , a , ^ / ^ i n  x .

I n i t i a l  C o n d i t i o n s

B u b b le  f o r m a t i o n  i n  g a s  f l u i d i z e d  b e d s  i s  n o t  w e l l  u n ­

d e r s t o o d  a s  y e t .  J a c k s o n  ( 1 8 ) ,  P i g f o r d  a n d  B a r o n , ( 1 9 )  and  

P o r t e r  ( 9 )  c o n s i d e r  b u b b l e s  a s  t h e  o u t g r o w t h  o f  s m a l l  l o c a l  

d i s t u r b a n c e s  i n  t h e  d i s t r i b u t i o n  o f  p a r t i c l e s  a n d  v o i d s  o f  a  

u n i f o r m l y  f l u i d i z e d  b e d .  E m p lo y in g  a  l i n e a r i z e d  s t a b i l i t y  

a n a l y s i s ,  t h e y  f o u n d  t h a t  s m a l l  l o c a l  d i s t u r b a n c e s  i n  t h e  

num ber o f  p a r t i c l e s  p e r  u n i t  b e d  vo lu m e  p r o p a g a t e  b o t h  u p ­

w ard  and  downw ard i n  t h e  b e d  f ro m  t h e i r  p o i n t  o f  o r i g i n .

The downward c o m p o n e n ts  a r e  dam ped o u t  r a p i d l y ,  w h i l e  t h e



-  13 -

upw ard  c o m p o n e n ts  i n c r e a s e  i n  a m p l i t u d e  e x p o n e n t i a l l y  a s  

t h e y  p r o p a g a t e ,  g i v i n g  r i s e  t o  i n s t a b i l i t y .  T h e s e  t h e o r i e s ,  

h o w e v e r ,  a p p l y  o n l y  t o  d i s t u r b a n c e s  o f  i n f i n i t e s i m a l  s i z e  

a n d  may d e s c r i b e  t h e  i n i t i a l  r a t e  o f  g r o w th  o f  s m a l l  d i s ­

t u r b a n c e s .  Once t h e  d i s t u r b a n c e s  h a v e  g ro w n  t o  f i n i t e  s i z e  

t h e  n o n - l i n e a r i t i e s  o f  t h e  o r i g i n a l  e q u a t i o n s ,  t h a t  w e re  

i g n o r e d  i n  t h e  a n a l y s i s ,  may becom e i m p o r t a n t  a n d  c o n c l u ­

s i o n s  may n o t  b e  d ra w n  on f i n i t e  s i z e  d i s t u r b a n c e s  o r  

" b u b b l e s " .  D a v id s o n  a n d  H a r r i s o n  ( 2 0 )  s u g g e s t  t h a t  v o i d s  o f  

s i z e  e q u a l  t o  t h a t  o f  t h e  p a r t i c l e s  c h a r a c t e r i z e  a  b e d  a t  

i n c i p i e n t  f l u i d i z a t i o n .  V o id s  o f  s i z e  t e n  t i m e s  t h e  p a r t i c l e  

s i z e  a r e  c o n s i d e r e d  b u b b l e s .  V o id s  o f  s i z e s  b e tw e e n  one  a n d  

t e n  d e f i n e  a  t r a n s i t i o n  f ro m  p a r t i c u l a t e  t o  a g g r e g a t i v e  

f l u i d i z a t i o n .  E v en  t h i s  s i m p le  d e m a r c a t i o n  d o e s  n o t  g i v e  a  

c o m p le t e  s e t  o f  i n i t i a l  c o n d i t i o n s  t o  b e  u s e d  w i t h  e q u a t i o n s  

(M16).

D e r i v a t i o n  o f  i n i t i a l  c o n d i t i o n s  on  f i r s t  p r i n c i p l e s  

w i l l  h a v e  t o  a w a i t  u n t i l  f u r t h e r  d e v e l o p m e n t s  i n  t h i s  a r e a  

r e n d e r  i t  p o s s i b l e .  F o r  t h i s  s t u d y  t h e  e q u a t i o n s  w e re  

s o l v e d  u s i n g  a s  i n i t i a l  c o n d i t i o n s  t h e  e x p e r i m e n t a l l y  o b ­

t a i n e d  v a l u e s  o f  k ,  a  an d  1 / ^  a t  t h e  l o w e s t  b e d  h e i g h t .

The P a r a m e t e r  o f  t h e  Model

T he m ec h an ism  o f  b u b b l e  c o a l e s c e n c e  i n  g a s  f l u i d i z e d  

b e d s  p r o p o s e d  i n  t h i s  i n v e s t i g a t i o n  i s  a n  e m p i r i c a l  o n e ,  i n  

s p i t e  o f  i t s  s i m i l a r i t y  t o  t h e  m ech an ism  o f  m o l e c u l a r  c o l l i -
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s l o n s  e m p lo y ed  i n  t h e  k i n e t i c  t h e o r y  o f  g a s e s .  As a  r e s u l t ,  

t h e  p r o p o r t i o n a l i t y  c o n s t a n t  o f  t h e  m e c h a n ism , B , i s  a n  em­

p i r i c a l  c o n s t a n t  a n d  n o  a t t e m p t  i s  made t o  I n t e r p r e t  i t s  

m e a n in g  by  a t t a c h i n g  p h y s i c a l  s i g n i f i c a n c e  t o  i t .  The o n ly  

r e q u i r e m e n t  f o r  B i s  t h a t  i t  i s  i n d e p e n d e n t  o f  m a n d  z .

The f o l l o w i n g  i n t e r p r e t a t i o n  o f  t h e  m e a n in g  o f  B w as 

g i v e n  b y  S h l n n a r  (2^- ) .

B c a n  b e  i n t e r p r e t e d  a s  t h e  r e l a t i v e  v e l o c i t y  b e tw e e n  

tw o  b u b b l e s .  I f  a l l  t h e  b u b b l e s  move s t r a i g h t  u p  w i t h  no  

m o t i o n  im p o sed  on  th em  d u e  t o  t h e  c o n v e c t i v e  m ix in g  p r o ­

c e s s e s  i n  t h e  f l u i d i z e d  b e d ,  t h e n  B i s  g i v e n  b y  t h e  d i f f e r ­

e n c e  i n  r i s e  v e l o c i t y  b e tw e e n  b u b b l e s  m a n d  m’ .

B = K A (m1/ 6 -  m,1 / / 6 )^ (m )

H e re  A (m ^ /^  -  m ' ^ ^ )  i s  t h e  r e l a t i v e  r i s e  v e lo c i ty ,V [ ( m )  i s  

t h e  p r o b a b i l i t y  o f  tw o  b u b b l e s  c o a l e s c i n g  on c o l l i s i o n  and  

K a  d i m e n s i o n a l  c o n s t a n t .  F o r  b u b b l e s  i n  f l u i d i z e d  b e d s  i t  

i s  q u i t e  r e a s o n a b l e  t o  a ssu m e  th a tv t fm )  i s  c l o s e  t o  u n i t y .  

When t h e  t u r b u l e n c e  i n  t h e  b e d  i s  h i g h ,  t h e n  c o l l i s i o n  i s  

m a i n l y  c a u s e d  b y  c o n v e c t i v e  m ix in g  a n d  B w i l l  b e  some u n ­

known f u n c t i o n  o f  m. T he a s s u m p t i o n  t h a t  B i s  c o n s t a n t  i s  a  

f i r s t  o r d e r  a p p r o x i m a t i o n  o n l y ,  b u t  s h o u l d  c a s t  some l i g h t  

r e g a r d i n g  t h e  n a t u r e  o f  t h e  c o l l i s i o n  p r o c e s s .
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E q u ip m e n t

A d i a g r a m  o f  t h e  e q u ip m e n t  I s  shown i n  F i g u r e  3» The 

e x p e r i m e n t a l  s e t u p  c o n s i s t e d  o f  t h e  f l u i d i z a t i o n  u n i t ,  d e ­

v i c e s  f o r  m e a s u r i n g  f l o w ,  p r e s s u r e  a n d  t e m p e r a t u r e ,  a n d  t h e  

p h o t o g r a p h i c  e q u ip m e n t .

T he f l u i d i z a t i o n  u n i t  i s  show n i n  F i g u r e  4 .  A t r a n s ­

p a r e n t  w a l l ,  m e th y l  m e t h a c r y l a t e  c o lu m n , 1 1 . 5  i n c h e s  I n s i d e  

d i a m e t e r ,  0 .2 5  i n c h e s  w a l l  t h i c k n e s s ,  c o n t a i n e d  t h e  p a r t i ­

c l e s .  T a p s  a l o n g  t h e  w a l l  p r o v i d e d  f o r  p r e s s u r e  d r o p  

m e a s u r e m e n t s .  A t t h e  l o w e r  e n d ,  t h e  c o lu m n  w as f l a n g e d  t o  

a  0 .2 5  i n c h e s  t h i c k ,  s t a i n l e s s  s t e e l ,  p o r o u s  s u p p o r t  p l a t e .  

The m ean p o r e  o p e n in g  o f  t h e  p l a t e  w as 65 m i c r o n s .  P r e s s u r e  

d r o p  a s  a  f u n c t i o n  o f  f l o w  r a t e  t h r o u g h  t h e  p l a t e  i s  shown 

i n  F i g u r e  6 .

U n d e r n e a t h ,  t h e  p l a t e  w as f l a n g e d  t o  a  1 4  i n c h e s  l o n g ,  

c y l i n d r i c a l  e n t r a n c e  s e c t i o n .

A i r  f l o w  r a t e ,  p r e s s u r e  a n d  t e m p e r a t u r e  w e r e  m e a s u re d  

by  m ean s  o f  r o t a m e t e r s ,  p r e s s u r e  g a u g e s  a n d  c o p p e r - c o n s t a n t a n  

t h e r m o c o u p l e s ,  r e s p e c t i v e l y .  P r e s s u r e  d r o p  t h r o u g h  t h e  b e d  

w as i n d i c a t e d  by  w a t e r  m a n o m e te r s .  F i g u r e  5 i s  a  p h o t o g r a p h  

o f  t h e  a i r  c o n t r o l  p a n e l .
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FIGURE 4

F l u i d i z a t i o n  column.



FIGURE 5 

A i r  c o n t r o l  p a n e l .
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A B e l l  a n d  H o w e ll  "200  EE" 18-mm. m o v ie  c a m e ra  w as  u s e d  

I n  some o f  t h e  e x p e r i m e n t s .  The "20 0  EE" c a m e ra  i s  m a g a z in e  

l o a d e d  a n d  o p e r a t e s  a t  v a r i o u s  s p e e d s .  T he  s h u t t e r  o p e n  

s e g m e n t  o f  t h i s  c a m e ra  i s  0 . 3 7 2 .  Kodak " T r i - X "  18-mm. b l a c k  

a n d  w h i t e  m o v ie  r e v e r s a l  f i l m  was u s e d  w i t h  t h i s  c a m e r a .

A B e l l  a n d  H o w e ll  "Eyemo" 3 5 “ nu&« m o v ie  c a m e ra  w as u s e d  

i n  t h e  r e m a i n d e r  o f  t h e  e x p e r i m e n t s .  The "Eyemo" c a m e ra  

t a k e s  1 0 0 - f t . . r o l l s  a n d  o p e r a t e s  a t  v a r y i n g  s p e e d s .  The 

s h u t t e r  o p e n  s e g m e n t  o f  t h i s  c a m e ra  i s  1 6 0 ° .  K odak  " D o u b le  

X" 35-mm. b l a c k  a n d  w h i t e  n e g a t i v e  f i l m  w as  u s e d  w i t h  t h i s  

c a m e r a .  P o u r  f l o o d  l a m p s ,  300 w a t t s  e a c h ,  w e re  u s e d  f o r  

i l l u m i n a t i o n .  T hey  w e r e  p l a c e d  o u t s i d e  t h e  c o lu m n ,  a t  t h e  

l e v e l  o f  t h e  t o p  s u r f a c e  o f  t h e  f l u i d i z e d  b e d ,  tw o  on e i t h e r  

s i d e .  L i g h t  w as m e a s u re d  b y  a  W esto n  l i g h t  m e t e r .

P r o c e d u r e

A t a n y  p a r t i c u l a r  r u n  t h e  h e i g h t  o f  t h e  b e d  a t  r e s t  w as  

m e a s u r e d ,  t h e  b e d  w as f l u i d i z e d  a t  a  h i g h  a i r  f l o w  r a t e ,  t h e  

f l o w  w as m a i n t a i n e d  a t  t h i s  l e v e l  f o r  s e v e r a l  m i n u t e s  an d  

t h e n  w as r e d u c e d  t o  t h e  d e s i r e d  l e v e l .  A i r  f l o w  r a t e ,  tem ­

p e r a t u r e  a n d  p r e s s u r e  w e re  r e c o r d e d  a l o n g  w i t h  p r e s s u r e  d r o p  

a c r o s s  t h e  b e d .  The f l o o d l i g h t s  w e re  t u r n e d  o n ,  t h e  c a m e ra  

w a s  a d j u s t e d  f o r  t h e  r i g h t  d i s t a n c e  a n d  l e n s  o p e n i n g  a n d  t h e  

m o t i o n  p i c t u r e s  w e re  t a k e n  f o r  a  p r e s c r i b e d  t im e  i n t e r v a l .  

A i r  f l o w  c o n d i t i o n s  a n d  p r e s s u r e  d r o p  a l o n g  t h e  b e d  w e re  

c h e c k e d  a g a i n  a n d  t h e  r u n  w as  c o m p l e t e d .  The f r a m e s  o f  t h e
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d e v e l o p e d  f i l m  w e r e  n u m b ere d  c o n s e c u t i v e l y  s t a r t i n g  w i t h  1 

f o r  e a c h  r u n ,  a n d  t h e s e  n u m b e rs  s e r v e d  a s  t h e  t im e  c a l i b r a ­

t i o n  o f  t h e  r u n s .  The e x p e r i m e n t a l  c o n d i t i o n s ,  l i s t e d  by  

r u n  n u m b e r ,  a r e  p r e s e n t e d  i n  T a b l e s  1 t o  5> I n  t h e  r e m a i n ­

d e r  o f  t h i s  t h e s i s  e x p e r i m e n t s  w i l l  b e  m e n t io n e d  b y  r u n  

n u m b e r ,  a n d  r e f e r e n c e  s h o u l d  b e  made t o  t h e s e  t a b l e s  f o r  

t h e  p a r t i c u l a r s  o f  e a c h  r u n .

The n u m b e re d  f i l m  w as p r o j e c t e d  on c o o r d i n a t e  p a p e r  a n d  

f r a m e  n u m b e r ,  c o o r d i n a t e s  o f  t h e  c e n t e r  an d  d i a m e t e r  w e r e  

r e c o r d e d  f o r  e a c h  b u b b l e  J u s t  b e f o r e  b u r s t i n g .  F o r  b u b b l e s  

t h a t  w e r e  n o t  r o u n d  t h e  g e o m e t r i c  m ean o f  t h e  maximum, d-m ax , 

an d  m inim um , dmj n , m e a s u r e d  d i m e n s i o n s  w as r e c o r d e d  a s  t h e  

d i a m e t e r ,  d ^ .

di = V ^max ^min

The i n s i d e  d i a m e t e r  o f  t h e  t u b e  w as u s e d  a s  a  r e f e r e n c e  

f o r  c a l i b r a t i n g  l e n g t h s .

C o l l e c t e d  d a t a ,  o r d e r e d  b y  r u n  n u m b e r ,  a r e  p r e s e n t e d  a s  

P a r t s  A a n d  B i n  A p p e n d ix  A.

P a r t  A l i s t s  t h e  e x p e r i m e n t a l  c o n d i t i o n s  o f  e a c h  r u n .

The c h a r a c t e r i s t i c s  o f  i n d i v i d u a l  b u b b l e s  a r e  p r e s e n t e d  i n  

P a r t  B . H e re  b u b b l e s  a r e  n u m b ered  c o n s e c u t i v e l y  i n  Column 1 .  

Column 2 l i s t s  t h e  num b er  o f  t h e  f r a m e  w h e re  t h e  b u b b l e  w as 

o b s e r v e d  b r e a k i n g  t h e  t o p  s u r f a c e  o f  t h e  b e d .  C olum ns 2  a*1*! 

p r e s e n t  t h e  c o o r d i n a t e s  o f  t h e  c e n t e r  o f  t h e  b u b b l e  i n  t h e



Run
No.

1

2

3

4

5

6

7

8

9

10

11

12

13

T a b l e  1 .  EXPERIMENTAL CONDITIONS

P a r t i c l e s : G l a s s b e a d s ,  Dpi 200  m i c r o n s ,  UQ: 0 .1 4 9  f t . / s e c •

u
. / s e c

H
i n .

. Ho
i n .

C am era
S p eed

f r . / s e c .

No. o f  
F ra m es  

E x am ined

D u r a t i o n  
o f  Run 

s e c .

F l u i d i z e d  
B e d A p  
cm. H2O

A i r  Tem­
p e r a t u r e  

°F

.2 0 9 1 .1 1 64 2 0 .0 2 1 4 3 . 5 82

It 2 . 2 2 64 7 0 .0 9 9 6 4 . 5 82

It 4 . 4 4 48 13 0 .2 5 8 1 5 .1 82

It 1 3 . 0 12 tt 192 3 .9 9 4 4 . 3 81

It 2 0 . 4 19 tt 220 4 . 5 8 7 1 .1 77

tl 2 5 . 8 24 it 203 4 .2 3 8 9 .8 77

.3  46 1 . 3 1 64 3 0 .0 3 7 5 . 5 82

tt 2 .5 2 64 11 0 .1 6 2 9 . 5 82

tt 4 . 8 4 48 17 0 .3 4 1 1 6 . 8 82

u 9 . 4 8 it 46 0 .9 4 5 3 1 . 6 82

tt 13*9 12 it 194 4 .0 3 4 5 . 4 81

tt 2 1 .7 19 tt 150 3 . H 7 2 . 3 77

tt 2 7 . 2 24 it 200 4 . 1 5 9 0 .3 77
roto
I



T a b l e  2 .  EXPERIMENTAL CONDITIONS
i

P a r t i c l e s : G l a s s b e a d s ,  Dp : 85 m ic r o n s , U0 : 0 . 0 2 6 3  f t . / s e c .

Run
No.

U
f t . / s e c .

H
i n .

H0
i n .

C am era
S p eed

f r . / s e c .

No. o f  
F ra m e s  

E xam ined

D u r a t i o n  
o f  Run 

s e c .

F l u i d i z e d  
Bed Ap
cm. HoO

A i r  Tem­
p e r a t u r e

Op

14 0 .0 4 4 0 4 . 2 4 48 10 0 .1 9 7 1 4 .2 91

15 II 8 .3 8 it 41 0 .8 4 3 2 8 .0 93

16 II 1 2 .5 12 it 65 1 . 3 4 4 3 .1 87

17 II 2 5 . 0 24 it 77 1 . 5 8 8 5 . 6 90

18 II 3 7 - 5 36 tt 118 2 .4 6 1 3 0 .5 91

19 0 .0 5 8 7 1 . 1 1 ii 1 0 .0 0 3 5 4 3 . 3 94

20 I! 4 . 4 4 it 17 0 .3 5 ^ 1 4 . 6 91

21 1! 8 . 6 8 tt 49 1 . 0 2 2 8 . 4 93

22 tl 1 2 . 8 12 it 202 4 .2 1 4 3 . 7 87

23 It 2 5 . 4 24 it 77 1 . 6 0 8 6 . 5 91

24 II 3 8 . 0 36 ii 145 3 . 0 2 1 3 1 . 0 91
i
rovo
i



Him
No.

25

26

27

28

29

30

31

32

33

3 4

35

36

37

38

I

T a b l e  3 .  EXPERIMENTAL CONDITIONS 

P a r t i c l e s :  G l a s s  b e a d s ,  Dp: 85 m i c r o n s ,  UQ: 0 .0 2 6 3  f t . / s e c .

U
f t . / s e c .

H
I n .

Ho
i n .

Cam era
S p eed

f r . / s e o .

No. o f  
F ra m e s  

E xam ined

D u r a t i o n  
o f  Run 

s e c .

F l u i d i z e d  
Bed A p  
cm. HoO

A i r  Tem­
p e r a t u r e  

op

0 .0 8 8 0 . 6 0 . 5 k8 1 0 .0 0 2 2 1 1 . 6 94

If 1 . 2 1 ti 1 0 . 0 0 5 6 5 3 . 4 94

II 4 . 5 4 it 10 0 .1 9 7 1 4 .3 91I
II 1 3 .1 12 it 52 1 .0 8 4 4 . 2 87

II 2 6 .0 24 ii 64 1 .3 3 8 6 .5 91

II 3 8 . 8 36 ii 119 2 .4 8 1 2 9 .8 91

0 . 1 1 7 8 . 6 8 ii kk 0 .9 1 7 2 7 .9 93

II 1 2 . 9 12 it 62 1 .2 9 4 3 . 6 88

II 2 4 .  8 2k ii 119 2 .4 8 8 6 .6 91

rr 3 8 .7 36 ii 160 3 .3 3 1 2 8 .3 91

0 .1 4 7 8 .7 8 ti 39 0 .8 1 2 8 .0 93

it 1 3 .1 12 it 87 1 .8 1 4 3 . 2 88

it 2 6 . 2 24 ti 74 1 .5 4 8 6 . 4 91

n 3 9 . 2 36 ti 96 2 .0 0 1 2 9 .1 91



T a b l e  4 .  EXPERIMENTAL CONDITIONS 

P a r t i c l e s :  G l a s s  b e a d s ,  Dp : 470  m i c r o n s ,  UQ: 0 .5 1  f t , / s e c .

Run
No. •0Q)CO••P H

i n .
Ho

i n .

C am era
S p eed

f r . / s e c .

No. o f  
F ra m e s  

E xam ined

D u r a t i o n  
o f  Run 

s e c .

F l u i d i z e d  
Bed A p 
cm. H^O

A i r  Tem­
p e r a t u r e

Op

41 0 .6 3 8 1 . 2 1 64 4 0 .0 6 2 5 4 . 0 82

42 II 2 . 4 2 11 31 0 .4 8 4 7 . 7 86

43 II 4 . 6 4 it 58 0 .9 0 6 1 5 .5 88

4 4 ti 9 .1 8 11 160 2 . 5 0 3 0 .7 88

^5 II 1 3 .5 12 48 237 4 . 9 4 4 6 . 0 89

46 It 2 6 . 7 24 it 179 3 .7 1 9 2 . 2 91

4  7 It 3 9 . 8 36 ti 168 3 . 5 0 1 3 8 .4 86

48 0 .7 6 5 1 .3 1 64 3 0 .0 3 7 1 4 . 2 82

49 II 2 . 6 2 11 19 0 .2 9 7 8 . 0 86

50 II 5 . 0 4 n 64 1 .0 0 1 5 . 6 88

51 II 9 . 7 8 it 125 1 .9 5 3 0 . 9 88

52 It 1 4 . 4 12 48 301 6 .2 5 4 6 . 2 90

53 II 2 8 .1 24 it 191 3 . 9 8 9 2 . 5 91

54 It 4 1 . 6 36 tt 350 7 . 2 9 1 3 8 .5 87



T a b l e  5 .  EXPERIMENTAL CONDITIONS 

P a r t i c l e s :  C r a c k i n g  c a t a l y s t ,  Dp : 59  m i c r o n s ,  UQ: 0 .0 3 5  f t . / s e c

Run
No.

56

57

58

59

C am era  No. o f  D u r a t i o n  F l u i d i z e d  A i r  Tem- 
U H Ho S p e e d  F ra m e s  o f  Run Bed Ap p e r a t u r e

f t . / s e c .  i n .  i n .  f r . / s e o .  E x am ined  s e c .  cm. H^O °F

0 . 0 0 7 2  5 . 0  4 . 7 5  64 51 0 .7 9 7  4 . 5  87

" 1 0 . 5  9 . 7 5  " 101  1 . 5 7 8  1 0 . 0  86

" 2 1 . 2  20  " 190  2 .9 6 9  2 0 .9  90

» 3 1 . 5  30  " 203 3 .1 2 5  3 1 . 4  89

1
ro
On

I
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t o p  s u r f a c e  o f  t h e  b e d  w i t h  r e f e r e n c e  t o  a  c a r t e s i a n  s y s te m  

o f  c o o r d i n a t e s  t a n g e n t i a l  t o  t h e  c i r c l e  b o u n d i n g  t h e  bed  

s u r f a c e ,  F i g u r e  7«

F i g u r e  7

R e f e r e n c e  C o o r d i n a t e s  U sed  i n  R e c o r d i n g  

L o c a t i o n  o f  B u b b le  C e n t e r s

I n s i d e  p e r i m e t e r  
o f  co lum n

i n .

B u b b le  c e n t e r
Y - - - - T

0 X

Colum n 5 l i s t s  t h e  f r o n t a l  d i a m e t e r  o f  t h e  b u b b l e ,  i . e .  

t h e  d i a m e t e r  r e c o r d e d  a s  t h e  b u b b l e  b u r s t s  t h r o u g h  t h e  t o p  

s u r f a c e .

P h o t o g r a p h s  o f  t h e  t o p  s u r f a c e  o f  t h e  b e d  a r e  shown i n  

F i g u r e s  8 t o  1 9 .  T h e s e  p h o t o g r a p h s  w e re  t a k e n  w i t h  a  35-nun. 

s t i l l  c a m e ra  a t  a p p ro x im ?  l y  t h e  same s h u t t e r  s p e e d  a s  t h a t  

u s e d  i n  t a k i n g  m o t io n  p i c t u r e s .
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Glass beads,  D =470 y--, U =0*51 ft./sec.p r °

Figure 8- Figure 9

H0 =1 in. H0 =2 in,

Figure 10. Figure 11.
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Glass beads,  D =470 /*., U =0-51 ft./sec.p r °

Figure 12. Figure 13.

Figure 14.
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Figure 15.
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G lass  b e a d s ,  D = 4 7 0  /*■,
P

U = 0*51 f t . / s e c .O

Figure 16

u / 1 -5 0

Figure 17

H0 =12 in. H0 = 2 4  in

Figure 18. Figure 19.
- 3 0  -
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M a t e r i a l s

G l a s s  b e a d s  o f  n a r r o w  s i z e  d i s t r i b u t i o n  a n d  c r a c k i n g  

c a t a l y s t  o f  w id e  s i z e  d i s t r i b u t i o n  w e r e  f l u i d i z e d  w i t h  a i r .  

The p r o p e r t i e s  o f  t h e  g l a s s  b e a d s  u s e d  a r e  g i v e n  i n  T a b l e  6 . 

The c a t a l y s t ,  a  t y p i c a l  f l u i d ,  h i g h - a l u m i n a ,  c r a c k i n g  c a t a ­

l y s t ,  w as d o n a t e d  b y  W. R .  G ra c e  a n d  Com pany. I t s  p r o p e r ­

t i e s  a r e  l i s t e d  i n  T a b l e  7 .

The v e r y  f i n e  p a r t i c l e s  o f  t h e  c r a c k i n g  c a t a l y s t  fo rm e d  

a  c lo u d  o f  d u s t  w hen t h e  c a t a l y s t  w as f l u i d i z e d .  T he c lo u d  

f i l l e d  t h e  c o n t a i n i n g  co lum n  a b o v e  t h e  s u r f a c e  o f  t h e  f l u i d ­

i z e d  b e d ,  c r e a t i n g  p o o r  v i s i b i l i t y  c o n d i t i o n s ,  u n s u i t a b l e  

f o r  t a k i n g  m o t io n  p i c t u r e s .  T h i s  w as o v e rc o m e  b y  f l u i d i z i n g  

t h e  c a t a l y s t  f o r  one  h o u r  a t  0 . 5 4  f t . / s e c .  a i r  v e l o c i t y  and  

a l l o w i n g  t h e  d u s t  t o  b e  c a r r i e d  aw ay . A t t h e  en d  o f  t h e  

h o u r  t h e  c a t a l y s t  h a d  l o s t  5% o f  i t s  o r i g i n a l  v o lu m e .  The 

s i z e  d i s t r i b u t i o n  o f  t h e  c a t a l y s t  u s e d  i n  t h e  e x p e r i m e n t s ,  

t h e r e f o r e ,  w as  so m ew hat d i f f e r e n t  f ro m  t h e  o ne  g i v e n  i n  

T a b l e  7 ,  w i t h  m o s t  o f  t h e  0 - 2 0  m ic r o n s  a n d  some o f  t h e  

20 -  40  m ic r o n s  f r a c t i o n s  m i s s i n g .  No s i z e  d i s t r i b u t i o n  

d e t e r m i n a t i o n  o f  t h e  t r e a t e d  m a t e r i a l  w as  m ade .

A i r  w as t a k e n  f ro m  t h e  p r e s s u r i z e d  l a b o r a t o r y  s u p p l y  

l i n e .  A p r e s s u r e  r e g u l a t o r  w as u s e d  t o  r e d u c e  i t  f ro m  t h e  

s u p p l i e d  p r e s s u r e  o f  50  -  60 p s l g  t o  t h e  d e s i r e d  l e v e l .
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T a b l e  6

PROPERTIES OP FLUIDIZED SOLIDS

M a t e r i a l :  G l a s s D e n s i t y :  1 5 6  l b s . / o u . f t .

A v e ra g e
D i a m e t e r ,

m ic r o n s
S i z e  D i s t r i b u t i o n ,  

P e r c e n t  R e t a i n e d  U .S .  S i e v e s

B u lk
D e n s i t y ,

l b s . / c u . f t .

47 0 U .S .  S i e v e  No. 20 40 50 60 9 3 .7
% R e t a i n e d 0 70 25 5

200 U .S .  S i e v e  No. 60 70 80 100 9 4 .2
% R e t a i n e d 10 40 40 10

85 U .S .  S i e v e  No. 170 200 230 270 9 3 .6
% R e t a i n e d 15 65 15 5

T a b l e  7

PROPERTIES OP FLUIDIZED SOLIDS

M a t e r i a l : C r a c k i n g  c a t a l y s t

D e n s i t y :  153 l b s . / c u . f t .

B u lk  D e n s i t y :  3 2 .5  l b s . / c u . f t .  ( l o o s e l y  p a c k e d )

P a r t i c l e  D e n s i t y :  55  l b s . / c u . f t .

 S i z e  D i s t r i b u t i o n .  M ic ro m esh  A n a l y s i s _______

S i z e ,
m ic r o n s  0 -  20 0 - 4 0  0 -  80 0 -  105 0 -  149

W e ig h t ,  % 2 21 77 92  99
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I n t e r p r e t a t i o n  o f  D a t a

F o r  a n y  r u n  t h e  f o l l o w i n g  i n f o r m a t i o n  w as a v a i l a b l e  by  

d i r e c t  m e a s u r e m e n t :

I  : The t o t a l  n u m b er  o f  d i f f e r e n t  s i z e s  o f  b u b b l e s

d ^  : D ia m e te r  o f  b u b b l e s  o f  t h e  1 t h  s i z e  b r e a k i n g  t h e  t o p

s u r f a c e

n^  : Number o f  b u b b l e s  h a v i n g  d i a m e t e r  d ^

T : D u r a t i o n  o f  o b s e r v a t i o n

F : Gas f l o w  r a t e

F 0 : Gas f l o w  r a t e  a t  i n c i p i e n t  f l u i d i z a t i o n .

From t h i s ,  a  s h a p e  f a c t o r ,  C 1 , w as  c a l c u l a t e d :

The s h a p e  f a c t o r s  a t  a l l  b e d  h e i g h t s  a n d  f l o w  r a t e s  

u s e d ,  f o r  t h e  same m a t e r i a l ,  w e re  a v e r a g e d  t o  g i v e  a  sh a p e  

f a c t o r ,  C, f o r  t h e  m a t e r i a l .  T h i s  s h a p e  f a c t o r  w as  u s e d  i n  

c a l c u l a t i n g  b u b b l e s  v o lu m e s .

The i m p l i c i t  a s s u m p t i o n  h e r e  i s  t h a t  b u b b l e s  b r e a k i n g  

t h e  t o p  s u r f a c e  o f  t h e  f l u i d i z e d  b e d  a r e  g e o m e t r i c a l l y  s i m i ­

l a r  f o r  a  g i v e n  m a t e r i a l .  T h i s  w as  v e r i f i e d  b y  H a r r i s o n  a n d  

L eu n g  (1 4 )  i n  e x p e r i m e n t s  w i t h  b u b b l e s  i n j e c t e d  i n t o  a  bed

(E 2) c i = (F  ~ F 0 ) T

1=1

(E 3)



a t  I n c i p i e n t  f l u i d i z a t i o n .  T h ey  f o u n d  r e l a t i o n  (E 3) t o  h o l d  

f o r  b u b b l e  d i a m e t e r s  u p  t o  t h r e e - f o u r t h s  t h e  d i a m e t e r  o f  t h e  

c o lu m n .

B u b b le  v e l o c i t y  w as c a l c u l a t e d  by

1/6
( Elf) Vj  ̂ = Am^ i n . / s e c .

w h e re  A i s  a  p r o p o r t i o n a l i t y  c o n s t a n t .

T h i s  r e l a t i o n  w as  p r o p o s e d  b y  D a v id s o n  e t  a l .  ( 1 5 )  a n d  

w as v e r i f i e d  b y  D a v id s o n  e t  a l .  (1 5 )»  H a r r i s o n  a n d  L e u n g  ( 1 4 )  

sind Rowe a n d  P a r t r i d g e  (1 6 )  i n  e x p e r i m e n t s  w i t h  i n j e c t e d  

b u b b l e s  a n d  b y  R om ero  a n d  S m ith  (1 2 )  i n  n a t u r a l l y  b u b b l i n g  

b e d s .  Rowe sind P a r t r i d g e  (1 6 )  fo u n d  t h e  c o n s t a n t  t o  d e p e n d  

on  p a r t i c l e  s i z e  a n d  s h a p e .  The v a l u e  o f  t h e  c o n s t a n t  c a l ­

c u l a t e d  w as  som ew hat d i f f e r e n t  i n  e a c h  o f  t h e  a b o v e  i n v e s t i ­

g a t i o n s .  The v a l u e s  g i v e n  by  Rowe an d  P a r t r i d g e  w e re  u s e d  

h e r e .  F o r  t h e  p a r t i c l e s  u s e d  i n  t h i s  w o rk  t h e  t o t a l  v a r i a ­

t i o n  i n  t h e  v a l u e  o f  t h e  c o n s t a n t  a s  d e t e r m i n e d  by  t h e s e

i n v e s t i g a t o r s  w o u ld  b e  a b o u t  1 0 $ ,  a n d  t h e  a v e r a g e  v a l u e

(E 5) A = 1 4  i n . 1/ 2 / s e c .

w as u s e d  t h r o u g h o u t .

N e x t ,  k Q, a  an d  1 / 2  w e re  c a l c u l a t e d ,
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(E ? ) a Z
i = l

I

I
2

(E 8) i / ^ =  — 1
k  a  o

2

w h e re

(E 9)

i s  t h e  num ber o f  b u b b l e s  o f  t h e  i  t h  s i z e  p e r  u n i t  bed  

h e i g h t .

A s e t  o f  r u n s  c o n s i s t e d  o f  t h e  v a l u e s  o f  k 0 , a  a n d  l / j \  

f o r  t h e  same m a t e r i a l  a n d  t h e  same f l o w  r a t e ,  a t  v a r i o u s  

b e d  h e i g h t s .

T he v a l u e s  o f  t h e s e  q u a n t i t i e s  a t  t h e  l o w e s t  b ed  h e i g h t  

w e re  u s e d  a s  i n i t i a l  c o n d i t i o n s  w i t h  e q u a t i o n s  ( Ml6 ) .  The 

e q u a t i o n s  w e re  s o l v e d  n u m e r i c a l l y ,  u s i n g  t h e  f o u r t h  o r d e r  

R u n g e - K u t t a  m e th o d ,  on a n  IBM 7 0 ^ 0  d i g i t a l  c o m p u te r .

The p r o f i l e s  o b t a i n e d  by  s o l v i n g  t h e  e q u a t i o n s  w e re  

c o m p a red  t o  t h e  s e t  o f  v a l u e s  o b t a i n e d  f ro m  t h e  e x p e r i m e n t a l  

d a t a  u s i n g  r e l a t i o n s  (E 6 )  t o  ( E 8 ) .  The c o m p a r i s o n  y i e l d e d  a  

v a l u e  o f  t h e  p a r a m e t e r  f o r  e a c h  s e t  o f  r u n s .
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RESULTS

The s h a p e  f a c t o r s  o b t a i n e d  f ro m  t h e  e x p e r i m e n t a l  d a t a  

w i t h  t h e  a i d  o f  r e l a t i o n s  (E 2 )  a r e  p r e s e n t e d  i n  T a b l e s  10 t o

S h a p e  f a c t o r s  a v e r a g e d  f o r  r u n s  a t  t h e  same p a r t i c l e  

s i z e  a r e  l i s t e d  i n  T a b l e  8 .  The v a l u e  o b t a i n e d  by  H a r r i s o n  

a n d  L e u n g  i s  l i s t e d  i n  t h e  same t a b l e .

T a b l e  8

SHAPE FACTORS OF BUBBLES BREAKING 

THE SURFACE FOR VARIOUS MATERIALS

C r a c k i n g  
C a t a l y s t

59 

.1 2 5  

.0 1 2 8

M a t e r i a l

A v e ra g e  p a r t i c l e  s i z e ,  
m ic r o n s

A v e r a g e  s h a p e  f a c t o r

S t a n d a r d  d e v i a t i o n  o f  
s h a p e  f a c t o r s

G l a s s  B e a d s  S an d

4 7 0  200 85 1 6 0 *

.2 4 0  .1 5 3  .0 8 4 7  .1 4 1 *

.0 8 2  .0 1 7  .0 2 9 9

* V a lu e s  c a l c u l a t e d  f ro m  t h e  d a t a  o f  H a r r i s o n  a n d  L eu n g  ( 1 3 )

I t  i s  s e e n  f ro m  t h e  t a b u l a t e d  v a l u e s  t h a t  t h e  s h a p e  

f a c t o r  d o e s  n o t  v a r y  w i t h  b e d  h e i g h t  o r  f l o w  r a t e  b u t  i t  i s  

a n  i n c r e a s i n g  f u n c t i o n  o f  p a r t i c l e  s i z e .

H o w ever ,  t h e  s h a p e  f a c t o r  f o r  t h e  c r a c k i n g  c a t a l y s t  i s  

n o t  w h a t  i t  s h o u l d  b e ,  J u d g i n g  on s i z e  a l o n e .
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The c r a c k i n g  c a t a l y s t  i s  o f  w id e  s i z e  d i s t r i b u t i o n  a s  

o p p o se d  t o  t h e  n a r r o w  s i z e  d i s t r i b u t i o n  o f  t h e  o t h e r  m a t e r i ­

a l s  l i s t e d  on  T a b l e  8 a n d  a l s o ,  d u e  t o  h i g h  p o r o s i t y ,  i t s  

p a r t i c l e  d e n s i t y *  i s  o n e - t h i r d ‘t h e  d e n s i t y  o f  g l a s s  o r  s a n d .  

I t  i s  p o s s i b l e  t h a t  d i f f e r e n t  b e h a v i o r  w i t h  r e g a r d  t o  t h e  

s h a p e  f a c t o r  w as  c a u s e d  b y  t h e  d i f f e r e n t  p r o p e r t i e s  o f  t h e  

c r a c k i n g  c a t a l y s t .

E x p e r i m e n t a l  v a l u e s  o f  t h e  d i s t r i b u t i o n  o f  b u b b l e  v o l ­

umes p e r  u n i t  b e d  h e i g h t ,  e x p r e s s e d  i n  t h e  fo rm  o f  

p a r a m e t e r s  o f  t h e  d i s t r i b u t i o n ,  a r e  l i s t e d  i n  t h e  t h r e e  l a s t  

c o lu m n s  o f  T a b l e s  10  -  I k .  H e re  k 0 r e p r e s e n t s  t h e  t o t a l  

num b er  o f  b u b b l e s  p e r  u n i t  bed  h e i g h t ,  a  t h e  m ean  b u b b l e  

v o lu m e  an d  1 / 2  t h e  v a r i a n c e  o f  b u b b l e  v o lu m e s  d i v i d e d  by  t h e  

s q u a r e  m ea n . T h e s e  v a l u e s  w e re  c a l c u l a t e d  f ro m  t h e  e x p e r i ­

m e n t a l  d a t a  ( l i s t e d  i n  t h e  a p p e n d i x )  u s i n g  r e l a t i o n s  (E 6) t o  

( E 9 ) .  The sam e q u a n t i t i e s  k 0 , a ,  1 / 2  a r e  p l o t t e d  a s  f u n c ­

t i o n s  o f  b e d  h e i g h t  i n  F i g u r e s  20  -  29* I n  t h e s e  p l o t s  k 0 

i s  r e p r e s e n t e d  by  t h e  c i r c l e s ,  a  by  t h e  s q u a r e s  a n d  1 / 2  by  

t h e  t r i a n g l e s .

The e f f e c t  o f  b e d  h e i g h t  a n d  f l u i d i z l n g  v e l o c i t y  on 

b u b b l e  v o lu m e  i s  c l e a r l y  s e e n .  The t o t a l  n u m b er  o f  b u b b l e s

♦ P a r t i c l e  d e n s i t y  i s  t a k e n  h e r e  a s  t h e  a p p a r e n t  d e n s i t y  t h a t  
w o u ld  r e s u l t  i n  d i v i d i n g  t h e  w e i g h t  o f  a  g r a i n  o f  t h e  m a te ­
r i a l  b y  i t s  v o lu m e  a f t e r  t h e  p o r e s  o f  t h e  g r a i n  w e r e  f i l l e d  
i n .
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p e r  u n i t  b e d  h e i g h t  i s  d e c r e a s i n g  v e r y  r a p i d l y  w i t h  i n c r e a s ­

i n g  b e d  h e i g h t s ,  w h i l e  t h e  m ean b u b b l e  v o lu m e  i s  i n c r e a s i n g  

e q u a l l y  f a s t .  T he  v a r i a n c e  o f  t h e  d i s t r i b u t i o n  m e a s u r e d  i n  

u n i t s  o f  s q u a r e d  m ean i n c r e a s e s  w i t h  b e d  h e i g h t  u n t i l  i t  

r e a c h e s  a  l i m i t i n g  v a l u e .  The e f f e c t  o f  v e l o c i t y  on  k 0 a n d  

a  i s  s i m i l a r  t o  t h a t  o f  b e d  h e i g h t .  A t  h i g h e r  v e l o c i t i e s  

t h e r e  a r e  f e w e r  l a r g e r  b u b b l e s  p e r  u n i t  b e d  h e i g h t .  V e l o c ­

i t y  h a s  n o  a p p a r e n t  e f f e c t  on  t h e  r e d u c e d  v a r i a n c e .

V a l u e s  o f  k Q, a  a n d  1/P[ v e r s u s  x  r e s u l t i n g  f ro m  t h e  

e q u a t i o n s  a r e  show n a s  s o l i d  l i n e s  i n  F i g u r e s  20 t o  29* I n  

t h e  same f i g u r e s ,  c i r c l e s ,  s q u a r e s  a n d  t r i a n g l e s  r e p r e s e n t  

t h e  e x p e r i m e n t a l l y  o b t a i n e d  v a l u e s  o f  k 0 , a  a n d  l / / \ .  The 

p a r a m e t e r  i n  e a c h  c a s e  w as o b t a i n e d  b y  m i n i m i z i n g  t h e  s q u a r e d  

p e r c e n t a g e  e r r o r  i n  k 0 an d  a .  I n  F i g u r e s  2 2 ,  23 a n d  26 t h e  

l a s t  p o i n t  w as  n o t  i n c l u d e d  i n  t h e  l e a s t - s q u a r e s  f i t .

The p o i n t s  i n  F i g u r e s  27 a n d  28 w e re  t o o  s c a t t e r e d  a n d  

n o  l e a s t - s q u a r e s  f i t  w as a t t e m p t e d .  An a v e r a g e  v a l u e  o f  t h e  

p a r a m e t e r  w as u s e d  I n s t e a d .

V a l u e s  o f  t h e  p a r a m e t e r  b  o b t a i n e d  b y  t h e  l e a s t - s q u a r e s  

f o r  e a c h  t y p e  o f  m a t e r i a l  a n d  f l o w  r a t e  u s e d  a r e  l i s t e d  i n  

T a b l e  9 .

No t r e n d  w as o b s e r v e d  i n  t h e  v a r i a t i o n  o f  t h e  v a l u e s  o f  

b  w i t h  f l o w  r a t e  o r  p a r t i c l e  s i z e .
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T a b l e  9

VALUES OP THE PARAMETER OP THE MODEL

M a t e r i a l
d p

m ic r o n s
Uo 

f t . / s e c . u / u c

b
. - 3 / 2  i n .

G l a s s  b e a d s

470 0 .5 1 0
1 . 2 5

1 . 5 0

0 .0 2 0 0

0 .0 1 9 5

200 0 .1 4 9
1 . 4 0

2 . 3 2

0 .0 1 5 0

0 . 0 1 9 0

85 • 0 .0 2 6 3

1 . 6 7

2 . 2 3

3 . 3 4

4 . 4 6

5 . 5 7

0 .0 1 8 0

0 .0 1 6 5

0 .0 1 4 0

0 .0 1 7 5

0 .0 1 7 5

C r a c k in g
C a t a l y s t 59 0 .0 0 3 5 2 . 0 6 0 .0 2 6 0
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A c c o r d i n g  t o  t h e  i n t e r p r e t a t i o n  o f  t h e  p r o p o r t i o n a l i t y  

c o n s t a n t  B o f  t h e  c o l l i s i o n  m ech an ism  g i v e n  by  S h i n n a r  (2 * 0 ,  

o u t l i n e d  on  p a g e  b  i s  a n  e s t i m a t e  o f  t h e  a v e r a g e  v a l u e  

m1/ ^  -  m’ 1^  m u l t i p l i e d  b y  t h e  c o l l i s i o n  e f f i c i e n c y  . T h i s  

p o i n t ,  h o w e v e r ,  n e e d s  f u r t h e r  i n v e s t i g a t i o n  a n d  e x p e r i m e n t a l  

s u p p o r t .

The e x p e r i m e n t a l l y  o b t a i n e d  v a l u e s  o f  k Q, a  a n d  1 / 2  a r e  

p r e s e n t e d  i n  T a b l e s  10 t o  I k ,

A g re e m e n t  b e tw e e n  e x p e r i m e n t a l  a n d  p r e d i c t e d  v a l u e s  o f  

k Q and  a  w as  g o o d .  The m o d e l  p r e d i c t e d  h i g h e r  v a l u e s  o f  1 / 2  

a t  l o w e r  b e d  h e i g h t s  a n d  a  l i m i t i n g  v a l u e  1 / 2  = 3 . 1  a t  

h i g h e r  b e d s .  T h e s e  l i m i t i n g  v a l u e  a g r e e d  w i t h  t h e  e x p e r im e n ­

t a l l y  o b t a i n e d  v a l u e  o f  1 / 2  f o r  h i g h e r  b e d s .  The m o d e l 

a p p e a r e d  t o  b r e a k  down a t  h i g h  b e d s  a t  t h e  h i g h e r  f l o w  r a t e s .  

T h e s e  c o n d i t i o n s  f a v o r  l a r g e  b u b b l e s  w h e re  p e r h a p s  w a l l  

e f f e c t s  becom e i m p o r t a n t .  T h i s  w as  t h e  r e a s o n  t h a t  i n  

F i g u r e s  2 2 ,  23 a n d  26 t h e  p o i n t s  c o r r e s p o n d i n g  t o  t h e  h i g h ­

e s t  b e d  w e re  n o t  i n c l u d e d  i n  t h e  l e a s t - s q u a r e s  f i t .  I t  was 

o b s e r v e d  t h a t  i n  t h e  e x p e r i m e n t s  w i t h  l a r g e r  p a r t i c l e s  (200  

a n d  *1-70 m i c r o n s  a v e r a g e  p a r t i c l e  d i a m e t e r )  b u b b l e s  w e r e  a p ­

p e a r i n g  i n  r a n d o m ly  d i s t r i b u t e d  l o c a t i o n s  a t  t h e  t o p  b e d  

s u r f a c e .  T he  a p p e a r a n c e  o f  a  b u b b l e  i n  a  c e r t a i n  l o c a t i o n  

w as n o t  a f f e c t e d  b y  t h e  l o c a t i o n  o f  t h e  o t h e r  b u b b l e s .  How­

e v e r ,  t h i s  w a s  n o t  t h e  c a s e  w i t h  t h e  s m a l l e r  s i z e  p a r t i c l e s  

(8 5  m ic r o n s  a v e r a g e  p a r t i c l e  d i a m e t e r  g l a s s  b e a d s  an d  59



Table 10. EXPERIMENTAL RESULTS
P a r t i c l e s : G l a s s  b e a d s , Dp : 200 m i c r o n s ,  UQ: 0 .1 4 9  f t . / s e c .

Run U H Ho S h a p e k o a
1 / 2No. f t . / s e c . i n . i n . F a c t o r i n -1 c u . i n .

1 0 .2 0 9 1 . 1 1 0 .1 7 1 1 , 2 3 2 0 .0 0 8 3 0 .5 4 9

2 tt 2 . 2 2 0 .1 6 5 2 4 5 .2 0 .0 3 4 0 .6 8 3

3 11 4 . 4 4 0 . 1 7 0 3 8 . 8 0 . 1 5 8 0 .9 7 8

4 11 1 3 . 0 12 0 .1 5 5 5 .9 3 0 .8 2 2 1 .6 9

5 It 2 0 . 4 19 0 . 1 3 2 2 .6 9 1 .7 7 3 .2 8

6 11 2 5 . 8 24 0 .1 3 3 2 . 0 6 2 .1 8 3 .3 2

7 0 . 3^6 1 . 3 1 0 .1 4 2 2 6 8 . 6 0 .0 9 8 1 0 . 6 9 8

8 It 2 .5 2 0 . 1 7 8 3 2 . 2 0 . 5 0 0 0 . 6 9 8

9 It 4 . 8 4 0 .1 4 6 6 .3 0 2 . 3 8 0 .8 0 7

10 II 9 . 4 8 0 .1 2 4 3 . 1 4 4 . 7 0 1 .8 0

11 II 1 3 .9 12 0 .1 6 5 1 .3 6 7 .4 9 2 .0 3

12 11 2 1 . 7 19 0 .1 6 3 0 .4 9 9 1 7 . 0 3 . 1 6

13 11 2 7 . 2 24 0 . 1 6 8 0 .3 8 5 2 0 . 8 3 .1 9

(-»■

i



Run
No.

14

15

16

17

18

19

20

21

22

23

24

T a b l e  1 1 .  EXPERIMENTAL RESULTS 

P a r t i c l e s :  G l a s s  b e a d s ,  Dp: 85 m i c r o n s ,  UQ: 0 .0 2 6 3  f t . / s e c .

u
f t . / s e c .

H
i n .

Ho
I n .

S h ap e
F a c t o r

k o
i n -1

a
c u . i n . i / a

0 . 0 4 4 0 4 . 2 4 0 . 1 1 5 0 6 9 . 5 0 . 0 2 8 2 1 . 1 9

ii 8 . 3 8 0 . 1 1 2 4 1 2 . 5 0 . 1 2 3 1 . 2 3

it 1 2 . 5 12 0 . 0 7 7 3 7 . 4 9 0 . 2 5 6 1 . 7 9

it 2 5 .0 24 0 . 0 6 3 9 3 . 6 5 0 . 5 5 4 2 . 4 1

it 3 7 . 5 36 0 . 0 5 7 2 1 . 5 8 1 . 1 9 3 . 1 4

0 .0 5 8 7 1 . 1 1 0 . 0 7 3 7 5 , 8 2 3 0 . 0 0 1 5 3 1 . 2 9

ii 4 . 4 4 0 . 1 1 7 4 3 3 . 3 0 . 0 8 6 1 . 1 2

11 8 . 6 8 0 . 0 6 3 4 1 1 . 2 0 . 3 4 9 2 . 6 8

ti 1 2 . 8 12 0 .0 7 5 1 8 . 4 9 0 . 3 9 3 1 . 9 5
11 2 5 . 4 24 0 .0 7 5 1 2 . 7 2 1 . 0 3 2 . 1 7

it 3 8 . 0 36 0 . 0 7 1 9 O.8 7 9 2 . 8 5 1 . 7 2

ro

i



T a b l e  1 2 .  EXPERIMENTAL RESULTS 

P a r t i c l e s :  G l a s s  b e a d s ,  Dp : 85 m i c r o n s ,  UQ: 0 . 2 6 3  f t . / s e c .

Run
No.

U
f t . / s e c .

H
i n .

Ho
i n .

S h ap e
F a c t o r i n ” 1

a
c u . i n . m

25 0 . 0 8 8 0 . 6 0 . 5 0.134-6 1 0 , 0 2 1 0 . 0 0 1 0 0 1 . 2 8

26 11 1 . 2 1 0.074-6 4 , 4 4 8 0 . 0 0 3 1 6 2 . 3 8

27 it ^ . 5 4 0 . 1 5 8 1 50 0 . 0 8 1 1 1 . 5 1

28 11 1 3 . 1 12 0.124-3 4 . 3 4 0 . 8 0 7 1 . 8 3

29 it 2 6 . 0 24 0 . 0 6 8 1 2 . 9 9 1 . 8 5 1 . 4 2

30 11 3 8 . 8 36 0 . 0 4 8 9 O.2 7 2 0 . 7 0 . 3 4

31 0 . 1 1 7 8 . 6 8 0 .1 0 1 1 8 . 2 7 0 . 7 6 9 1 . 6 3

32 it 1 2 . 9 12 0 .1 0 5 7 7 . 6 0 0 . 7 9 8 1 . 8 4

33 11 24-. 8 24 0 . 0 8 4 3 2 . 1 5 2 . 8 2 1 . 6 6

34 11 3 8 . 7 36 0 . 0 9 3 7 0 . 2 2 4 1 8 . 4 0 . 9 7 3

35 0.14-7 8 . 7 8 0 . 1 5 1 6 8 . 8 0 0 . 6 3 4 2X1
36 11 1 3 . 1 12 0 . 1 0 4 8 2 . 3 9 2 .7 6 1 . 4 8

37 n 2 6 . 2 24 0 . 0 7 1 6 2 . 1 8 3 . 9 5 3 . 0 4

38 ti 3 9 . 2 36 0 . 0 6 4 5 0 . 6 5 9 1 2 . 0 2 . 4 1



Table 13. EXPERIMENTAL RESULTS
P a r t i c l e s : G l a s s  b e a d s , Dp: 470  m i c r o n s ,  UQ: 0 .5 1  f t . / s e c .

Run
No.

U
f t . / s e c .

H
i n .

Ho
i n .

S h a p e
F a c t o r

k 0
i n " 1

a
c u . i n . 1 / 2

41 0 .6 3 8 1 . 2 1 0 .4 7 4 9 1 .7 0 .0 9 3 ^ 0 .4 6 9

42 ii 2 . 4 2 0 .3 4 5 2 2 .2 0 .4 0 1 0 .8 9 6

43 ti 4 . 6 4 0 .2 6 5 8 . 7 0  ' 1 .1 3 0 .8 4 1

44 » ! 9 .1 8 0 .2 1 6 2 .4 9 3 .8 7 1 .1 0

45 II 1 3 .5 12 0 .2 0 4 1 .5 1 6 .0 5 1 . 8 4

46 It 2 6 .7 24 0 .1 9 2 0 .4 6 7 1 6 .5 3 .4 9

4  7 II 3 9 . 8 36 0 .2 4 3 0 .1 3 1 4 3 . 2 1 .2 0

48 0 .7 6 5 1 . 3 1 0 .2 4 3 143 0 .1 9 5 0 .6 8 7

49 It 2 . 6 2 0 .3 7 2 2 9 .7 0 .5 1 9 0 .7 7 1

50 It 5 . 0 4 0 .2 3 1 7 .9 8 2 .3 1 1 .8 5

51 II 9 . 7 8 0 .1 8 5 2 . 3 2 7 . 7 8 2 .3 1

52 It 1 4 . 4 12 0 .2 1 6 O .7 8 I 1 7 . 6 1 .9 1

53 It 2 8 .1 24 0 .2 1 0 0 . 3 0 7 3 9 . 2 2 .4 8

54 It 4 1 . 6 36 0 . 2 7 2 0 .0 5 8 1 4 0 .8 0 .7 5 1



T a b l e  1 4 .  EXPERIMENTAL RESULTS 

P a r t i c l e s :  C r a c k i n g  c a t a l y s t ,  Dp : 59  m i c r o n s ,  UQ: 0 .0 0 3 5  f t . / s e c .

Run U H Ho S h a p e  k °  a
No. f t . / s e c .  i n .  i n .  F a c t o r  i n " 1 c u . i n .  V  A

5 6  0 . 0 0 7 2  5 . 0  4 . 7 5  0 . 1 3 8 0  1 2 . 9  0 .0 3 6 9  1 . 0 2

57  " 1 0 . 5  9 .7 5  0 .1 2 1 5  6 . 0  0 .0 8 1 2  0 .6 3 3

5 8  » 2 1 . 2  2 0 . 0  0 .1 3 5 5  3 . 8 4  0 . 0 9 8 2  3 .0 5

59  » 3 1 . 5  3 0 . 0  0 . 1 0 6 0  2 . 4 4  0 .1 8 4 3  1 .8 3
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m ic r o n s  a v e r a g e  p a r t i c l e  d i a m e t e r  c r a c k i n g  c a t a l y s t ) .  W ith  

t h e s e  tw o  m a t e r i a l s  b u b b l e s  w e r e  a p p e a r i n g  p r e f e r e n t i a l l y  i n  

some l o c a t i o n s  a n d  n o t  i n  o t h e r s .  T h i s  w as  e x t r e m e l y  p r o ­

n o u n c e d  i n  t h e  c a s e  o f  t h e  c r a c k i n g  c a t a l y s t .  H e re  t h e  

b u b b l e s  w e r e  a p p e a r i n g  i n  a  few  l o c a t i o n s ,  a lw a y s  t h e  sa m e , 

d u r i n g  a n y  on e  r u n .

L o c a t i o n  o f  b u b b l e s  b r e a k i n g  t h e  t o p  s u r f a c e  o f  t h e  b e d  

d u r i n g  t h e  r u n  i s  shown i n  F i g u r e s  30  t o  3 3 •  I n  t h e s e  f i g ­

u r e s  t h e  l a r g e  c i r c l e  r e p r e s e n t s  t h e  i n s i d e  w a l l  o f  t h e  

co lu m n  a n d  t h e  s m a l l  c i r c l e s  i n s i d e  i t  t h e  l o c a t i o n s  o f  t h e  

b u b b l e  c e n t e r s .  A l l  b u b b l e s  c o u n te d  i n  e a c h  r u n  w e r e  i n ­

c l u d e d  i n  t h e  c o r r e s p o n d i n g  f i g u r e .  M ore t h a n  one  b u b b l e s  

a p p e a r i n g  i n  t h e  same l o c a t i o n  a r e  r e p r e s e n t e d  by  o n e  p o i n t  

i n  t h e  p l o t .

R an d o m n ess  o f  b u b b le  p o s i t i o n  a t  t h e  t o p  b e d  s u r f a c e  

w as f o r m a l l y  t e s t e d  b y  a p p l y i n g  t h e  s h o r t e s t  d i s t a n c e  t e s t  

d e v e l o p e d  b y  S h i n n a r  and  N ao r  ( 2 1 ) .  T he r e s u l t s  o f  t h e  t e s t  

a r e  p r e s e n t e d  i n  T a b l e s  15 t o  1 8 .  I t  i s  s e e n  t h a t  w h i l e  i n  

a l l  r u n s  w i t h  p a r t i c l e  s i z e  ^70  a n d  200  m ic r o n s  t h e  d i s t r i ­

b u t i o n  o f  b u b b l e s  i s  ran d o m , i n  m o s t  o f  t h e  r u n s  w i t h  t h e  

85 m i c r o n s  p a r t i c l e s  and  i n  t h e  r u n s  w i t h  c r a c k i n g  c a t a l y s t  

t h e  d i s t r i b u t i o n  o f  b u b b l e s  i s  n o t  r a n d o m .

A t e s t  o f  r a n d o m n e s s  a p p l i e d  t o  t h e  l a r g e r  t h i r d  a s  

w e l l  a s  t o  t h e  s m a l l e r  t h i r d  o f  t h e  b u b b l e s  o f  a  r i m  i s  

show n i n  T a b l e  1 9 .  No p r e f e r e n c e  i n  l o c a t i o n  w as o b s e r v e d
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Figure 30

Run 4. Plot of Bubble Centers
in the Plane of the Top Bed Surface
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Figure 31

Run 22. Plot of Bubble Centers
in the Plane of the Top Bed Surface
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Figure 32

Run 5 2 . Plot of Bubble Centers
in the Plane of the Top Bed Surface
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Figure 33

Run 57* Plot of Bubble Centers
in the Plane of the Top Bed Surface
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T a b le  15
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SHORTEST DISTANCE TEST OP RANDOMNESS

P a r t i c l e  S i z e :

Run No. P P

1 160 292

2 186  443

3 96  240

4  281 561

5 162 287

6 114  119

7 90 232

8 62 182

9 33 66

10 4 8  105

11 96  188

12 29 66

13 31 66

200 m i c r o n s  

z
X 0 . 0 5 . 2 p  D i s t r i b u t i o n

280  Random

37 6

162  »

5 00  "

285 "

195 N o t ran d o m

150 Random

100  Random

47 "

75

162  "

4 0  "

43 "
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T a b le  16

SHORTEST DISTANCE TEST OP RANDOMNESS

P a r t i c l e  S i z e ;  85 m i c r o n s

Run No. P r V
Ao.os,2P D i s t r i b u t i o n

14 96 116 162 N o t ran d o m
15 93 192 157 Random
16 98 172 165 ti
17 65 64 105 N ot ran d o m
18 44 74 67 Random

19 90 100 152 N ot ran d o m
20 100 175 170 Random
21 114 117 196 N ot ran d o m
22 37 4 611 650 it tt
23 53 72 85 11 11
24 37 57 47 Random

25 90 100 152 N ot ran d o m
26 116 360 198 Random
27 82 120 137 N ot ran d o m
28 58 70 93 it it
29 55 80 88 n 11
30 15 9 .4 3 20 11 ti

31 91 142 153 N o t ran d o m
32 120 223 205 Random
33 76 140 125 11
34 15 24 20 it

35 78 157 130 Random
36 65 102 105 n
37 51 101 80 n
38 24 50 30 11



T a b le  17
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R u n N o .

SHORTEST DISTANCE TEST OP RANDOMNESS 

P a r t i c l e  S i z e :  470  m i c r o n s

Ko.05.2 & 2 ?

41 52 103 82

42 120 264 205

4  3 106 180 182

44 99 157 167

45 124 203 213

46 32 54 45

47 11 19 10

48 54 158 85

49 105 264 180

50 116 212 198

51 75 172 123

52 94 162 159

53 27 68 37

54 12 13 10

D i s t r i b u t i o n

Random

Random
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' ~ T a b l e  18

SHORTEST DISTANCE TEST OP RANDOMNESS

P a r t i c l e  S i z e :  59 m ic r o n s

Run No. P P Xo-PS;2P  D i s t r i b u t i o n

56  76  76  125  N ot ra n d o m

57 82 4 8  137 " "

58  93 43  155 " "

59 71 79 116  " "

f o r  t h e  l a r g e r  o r  t h e  s m a l l e r  b u b b l e s  a s  c o m p a red  t o  a l l  t h e  

b u b b l e s  o f  t h e  r u n .

T a b l e  20 s u m m a r iz e s  t h e  f l o w  r a t e s  e m p lo y ed  i n  t h e  e x ­

p e r i m e n t s  i n  o r d e r  o f  i n c r e a s i n g  f l u i d i z i n g  v e l o c i t y .  I t  i s  

c l e a r  t h a t  r a n d o m n e s s  o f  l o c a t i o n  i s  m o re  p r o n o u n c e d  a t  

h i g h e r  f l u i d i z i n g  v e l o c i t i e s .  P e r h a p s  t h e  p r e s s u r e  d r o p  

t h r o u g h  t h e  s u p p o r t  o r  t h e  r a t i o  o f  t h i s  p r e s s u r e  d r o p  t o  

t h e  t h e  t o t a l  p r e s s u r e  d r o p  t h r o u g h  t h e  b e d  i s  r e l a t e d  t o  

r a n d o m n e s s  o f  b u b b l e  l o c a t i o n s .  H o w ev e r ,  t h e  d a t a  o f  t h e  

p r e s e n t  r e s e a r c h  d o  n o t  a l l o w  f i r m  c o n c l u s i o n s  w i t h  r e g a r d  

t o  c a u s e  o f  r a n d o m n e s s —n o n - r a n d o m n e s s ,  a n d  t h i s  c o u ld  b e  a  

w o r t h w h i l e  a r e a  f o r  f u t u r e  w o rk .

The f i f t h  c o lu m n  o f  T a b l e  20 l i s t s  t h e  r a t i o  o f  f l o w  

r a t e  p a s s i n g  t h r o u g h  t h e  b e d  i n  t h e  fo rm  o f  b u b b l e s  t o  t h e
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T a b le  19

SHORTEST DISTANCE TEST OF RANDOMNESS 

ON LARGEST AND SMALLEST BUBBLES 

Dp = 200 m ic r o n s

Run
No.

F r a c t i o n
E x am in ed jp _ Xo.P5~.2P D i s t r i b u t i o n

4 A l l  b u b b l e s 281 561 500 Random
1 /3  l a r g e s t 93 170 155 tt
1 /3  s m a l l e s t 34 208 139 it

11 A l l  b u b b l e s 96 188 162 Random
1 /3  l a r g e s t 28 28 40 N o t ran d o m
1 /3  s m a l l e s t 28 57 40 Random

T a b l e  20

DEPENDANCE OF LOCATION ON PARTICLE SIZE AND FLOW RATE

P a r t i c l e F low R a t e Number o f  R uns
S i z e c u . r t . / s e c .

F b /F
Random N o n -rand om

m ic r o n s Fo F D i s t r i b . D i s t r i b u t i o n

59 0 .0 0 2 5 0 .0 0 5 2 0 .5 1 0 4

85 0 .0 1 9 0 .0 3 1 8 0 .4 1 3 2
0 .0 4 2 5 0 .5 6 2 4
0 .0 6 3 5 0 .7 1 1 5
0 .0 8 6 5 O. 7 8 3 1
0 .1 0 8 0 .8 3 4 0

200 0 . 1 0 7 0 .1 5 1 0 .2 8 7 5 1
0 . 2 5 0 0 .5 7 0 7 0

4  00 0 .3 6 8 0 .4 6 0 0 .2 0 7 0
0 .5 5 2 0 .3 3 7 0
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t o t a l  f lo w  r a t e .  I t  i s  s e e n  t h a t  r a n d o m n e s s  i s  i n d e p e n d e n t  

o f  t h i s  r a t i o ,  i . e .  r a n d o m n e s s  i n  t h e  d i s t r i b u t i o n s  o f  b u b ­

b l e s  i n  t h e  t o p  s u r f a c e  o f  t h e  b e d  o c c u r s  a t  h i g h  a s  w e l l  a s  

a t  lo w  v a l u e s  o f  t h i s  r a t i o .  T h i s  i n  t u r n  i n d i c a t e s  t h a t  

m a l d i s t r i b u t i o n  o f  p o r e  s i z e s  o f  t h e  s u p p o r t  p l a t e  a l o n e  

c o u ld  n o t  e x p l a i n  t h e  o b s e r v e d  c a s e s  o f  r a n d o m n e s s  a n d  n o n ­

ra n d o m n e s s .

B u b b l in g  f r e q u e n c y  w as f o u n d  t o  d e c r e a s e  a t  h i g h e r  f lo w  

r a t e s  an d  a t  h i g h e r  b e d s .  T h i s  was n o t i c e d  by  o b s e r v i n g  t h e  

f l u i d i z e d  b e d .  I t  may a l s o  b e  s e e n  b y  s t u d y i n g  t h e  d a t a  

p r e s e n t e d  a s  P a r t  B i n  A p p e n d ix  A. F o r  c o m p a r a b l e  t i m e  i n ­

t e r v a l s  t h e  num ber o f  b u b b l e s  c o u n te d  a t  h i g h e r  b e d s  a n d  a t  

h i g h e r  f l o w  r a t e s  i s  much s m a l l e r  t h a n  t h e  c o r r e s p o n d i n g  

nu m b ers  a t  l o w e r  b e d s  a t  l o w e r  f lo w  r a t e s .

B u b b l in g  f r e q u e n c y  h a s  a  s t r o n g  e f f e c t  on t h e  f l o w  r a t e  

o f  t h e  g a s  e x i t i n g  t h e  f l u i d i z e d  b ed  a n d  on t h e  r a t i o  o f  

f lo w  r a t e  d u e  t o  b u b b l e s  t o  t h a t  d u e  t o  p a r t i c u l a t e  f l u i d i -  

z a t i o n .  The r e l a t i v e  e f f e c t s  may be  s e e n  by  e x a m in in g  b e d s  

o f  v a r i o u s  h e i g h t s .

F i g u r e s  34  t o  39 a r e  p l o t s  o f  a i r  f l o w  r a t e  e x i t i n g  t h e  

bed  i n  fo rm  o f  b u b b l e s ,  a s  a  f u n c t i o n  o f  t im e  i n  f l u i d i z e d  

b e d s  o f  4 ,  1 2 ,  a n d  36  i n c h e s  s e t t l e d  b e d  h e i g h t ,  a t  tw o  

f l u l d i z a t i o n  v e l o c i t i e s .  F l u i d i z e d  p a r t i c l e s  w e re  t h e  same 

i n  a l l  c a s e s .  I t  i s  s e e n  t h a t  a s  t h e  b e d  h e i g h t  i s  i n c r e a s ­

i n g  t h e  f l u c t u a t i o n s  o f  b u b b l e  f l o w  r a t e  a b o u t  t h e  m ean
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becom e s t r o n g e r  a n d  l e s s  f r e q u e n t  an d  a t  t h e  h i g h e r  b e d s  t h e  

b u b b l e  f l o w  r a t e  i s  i n t e r m i t t e n t .

I n  F i g u r e s  3 ^  t o  39  t h e  i n s t a n t a n e o u s  v a l u e  o f  t h e  e x ­

i t i n g  g a s  flox<r r a t e  c o n t r i b u t e d  by  b u b b l e s  w as  c a l c u l a t e d  b y  

a s s u m in g  t h e  b u b b l e s  t o  b e  c y l i n d e r s  o f  v o lu m e  e q u a l  t o  t h e  

b u b b l e  v o lu m e  V w i t h  t h e i r  a x i s  o f  sym m etry  i n  t h e  v e r t i c a l  

d i r e c t i o n .  The d i a m e t e r  o f  t h e  c y l i n d e r  w as t a k e n  e q u a l  t o  

t h e  d i a m e t e r  o f  a  s p h e r e  o f  v o lum e  V.

T h i s  a s s u m p t i o n  w as  m ade b e c a u s e  t h e  e x a c t  s h a p e  o f  

b u b b l e s  e x i t i n g  t h e  b e d  i s  n o t  know n. The r e s u l t s  o f  T a b l e  

6 i n d i c a t e  t h a t  a  b u b b l e  e x i t i n g  t h e  b e d  i s  f l a t t e n e d  i n  

c o m p a r i s o n  t o  t h e  same b u b b l e  w i t h i n  t h e  b e d .  T h a t  w o u ld  

p u t  t h e  a b o v e  c a l c u l a t i o n s  on  t h e  c o n s e r v a t i v e  s i d e  a n d  m o s t  

l i k e l y  t h e  a c t u a l  f l o w  r a t e  f l u c t u a t e s  s t r o n g e r  a b o u t  t h e  

m ean t h a n  w h a t  i s  show n i n  t h e  p l o t s  o f  F i g u r e s  3 ^  t o  39 •
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CONCLUSIONS

The m e th o d  o f  d e t e r m i n i n g  b u b b l e  v o lum e  b y  t a k i n g  

m o t io n  p i c t u r e s  o f  t h e  t o p  s u r f a c e  o f  t h e  b e d  a n d  m e a s u r i n g  

t h e  d i a m e t e r  o f  t h e  b u b b l e  b r e a k i n g  t h e  s u r f a c e  i s  a  c o n v e n ­

i e n t  way o f  s t u d y i n g  b u b b l e  g r o w th  i n  g a s  f l u i d i z e d  b e d s .  

H o w ever ,  d e t e r m i n a t i o n  o f  a  s h a p e  f a c t o r  f o r  t h e  m a t e r i a l  

u s e d ,  r e l a t i n g  t h e  d i a m e t e r  o f  t h e  b u b b l e s  b r e a k i n g  s u r f a c e  

t o  t h e  b u b b l e  v o lu m e ,  i s  n e c e s s a r y .

E x p e r i m e n t s  c o n d u c t e d  u n d e r  v a r y i n g  c o n d i t i o n s  o f  bed  

h e i g h t ,  f l u i d i z i n g  v e l o c i t y  a n d  p a r t i c l e  s i z e  y i e l d e d  v a l u ­

a b l e  i n f o r m a t i o n  on  b u b b l e  s i z e  a n d  t h e  d i s t r i b u t i o n  o f  

s i z e s  o f  b u b b l e s .  I t  w as  o b s e r v e d  t h a t  t h e  t o t a l  num ber o f  

b u b b l e s  p e r  u n i t  b e d  h e i g h t  w as  r a p i d l y  d e c r e a s i n g  a t  i n ­

c r e a s i n g  b e d  h e i g h t s ,  w h i l e  t h e  m ean b u b b l e  vo lu m e  w as 

i n c r e a s i n g  a t  a  c o r r e s p o n d i n g l y  f a s t  p a c e .

The e x p e r i m e n t a l l y  o b t a i n e d  d i s t r i b u t i o n s  o f  b u b b l e  

v o lu m e s  a t  a n y  g i v e n  s e t  o f  c o n d i t i o n s  w e re  e x p r e s s e d  i n  t h e  

fo rm  o f  a  gamma d i s t r i b u t i o n .  T h i s  w as  p r o v e d  t o  b e  a  s u i t ­

a b l e  way o f  r e p r e s e n t i n g  t h e  e x p e r i m e n t a l  d i s t r i b u t i o n s .

The t h r e e  p a r a m e t e r s  o f  t h e  d i s t r i b u t i o n  r e p r e s e n t  t h e  t o t a l  

num ber o f  b u b b l e s  p e r  u n i t  b e d  h e i g h t ,  t h e  mean b u b b l e  v o l ­

ume a n d  t h e  v a r i a n c e  o f  b u b b l e  v o lu m e s  d i v i d e d  b y  t h e  

s q u a r e d  m ea n . E x p e r i m e n t a l l y  t h e  e f f e c t  o f  b e d  h e i g h t  on
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t h e  d i s t r i b u t i o n  w as e x a m in e d  by  o b s e r v i n g  t h e  p r o f i l e s  o f  

t h e  t h r e e  p a r a m e t e r s  a s  t h e y  e v o l v e d  w i t h  bed  h e i g h t .

D i s t r i b u t i o n  o f  l o c a t i o n  o f  b u b b l e s  a p p e a r i n g  a t  t h e  

t o p  bed  s u r f a c e  w as d i f f e r e n t  f o r  t h e  l a r g e r  a n d  s m a l l e r  

p a r t i c l e s .  No s a t i s f a c t o r y  e x p l a n a t i o n  w as  f o u n d .  The a r ­

gu m en t t h a t  e i t h e r  n o n - u n i f o r m  d i s t r i b u t i o n  o f  s i z e s  o f  

p o r e s  i n  t h e  s u p p o r t  p l a t e  o r  lo w  p r e s s u r e  d r o p s  t h r o u g h  t h e  

s u p p o r t  p l a t e  c a u s e s  t h i s  b e h a v i o r  w as r e j e c t e d .  J a c k s o n ’ s 

( 1 8 )  s t a b i l i t y  a n a l y s i s  o f  t h e  s t a t e  o f  u n i f o r m  f l u i d i z a t i o n  

a g r e e s  w i t h  t h e  o b s e r v a t i o n s  a t  l e a s t  q u a l i t a t i v e l y .

The m ec h an ism  o f  m o l e c u l a r  c o l l i s i o n s  em p lo y ed  i n  t h e  

k i n e t i c  t h e o r y  o f  g a s e s  ( 2 2 )  w as  u s e d  t o  e s t a b l i s h  a  m o d e l  

o f  b u b b le  g ro w th  by  c o a l e s c e n c e  i n  g a s  f l u i d i z e d  b e d s .  W ith  

t h e  a s s u m p t io n  t h a t  t h e  p a r a m e t e r s  w h ic h  d e s c r i b e  t h e  b u b b l e  

p o p u l a t i o n  a t  a  g i v e n  e l e v a t i o n  i n  t h e  a p p a r a t u s  a r e  i n d e ­

p e n d e n t  o f  t h e  f a c t  w h e t h e r  o r  n o t  a  b e d  e x i s t s  a b o v e  t h i s  . 

e l e v a t i o n ,  t h e  m od e l s u c c e s s f u l l y  p r e d i c t e d  t h e  a v e r a g e  b u b ­

b l e  s i z e  a n d  t h e  num ber o f  b u b b l e s  p e r  u n i t  b e d  h e i g h t  f o r  

s m a l l  t o  m o d e r a te  b u b b l e  s i z e s .  T he m o d e l  d i d  n o t  h o l d  f o r  

l a r g e  b u b b l e s  w h e re  t h e  b u b b l e  d i a m e t e r  w as  a p p r o a c h i n g  t h a t  

o f  t h e  c o lu m n .

The m odel p r e d i c t e d  t h a t  1 / / )  a p p r o a c h e s  a  l i m i t i n g  

v a l u e  v e r y  f a s t ,  i . e .  a f t e r  a  s h o r t  d i s t a n c e  f ro m  t h e  s u p p o r t  

p l a t e  t h e  d i s t r i b u t i o n  o f  b u b b l e  s i z e s  s h o u l d  r e m a i n  c o n ­

s t a n t .  The e x p e r i m e n t s ,  h o w e v e r ,  I n d i c a t e d  t h a t  e v e n  t h o u g h
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1 /2  t e n d s  t o  t h e  l i m i t i n g  v a l u e  p r e d i c t e d  b y  t h e  m o d e l ,  t h e  

a p p r o a c h  i s  m ore  g r a d u a l .  T h i s  may b e  a t t r i b u t e d  t o  t h e  

d i f f e r e n c e  b e tw e e n  c o l l i s i o n s  i n  t h e  s e n s e  o f  t h e  k i n e t i c  

t h e o r y  o f  g a s e s  on t h e  one  h a n d ,  a n d  t h e  m o re  c o m p le x  a n d  

n o t  y e t  w e l l  u n d e r s t o o d  p r o c e s s  o f  b u b b l e  c o a l e s c e n c e .

I n  t h e  c a s e s  s t u d i e d ,  t h e  p r o p o r t i o n a l i t y  c o n s t a n t  B o f  

t h e  b u b b l e  c o a l e s c e n c e  m ech an ism  a p p e a r s  t o  b e  i n d e p e n d e n t  

o f  g a s  f l o w  r a t e ,  o f  p a r t i c l e  s i z e  a n d  o f  b u b b l e  s i z e .  T h i s  

i s  a  s t r i k i n g  r e s u l t ,  f o r  one  m ig h t  h a v e  r e a s o n a b l y  e x p e c t e d  

t h e  11 i n f l u e n c e "  o f  a  b u b b l e  u p o n  i t s  n e i g h b o r s  t o  e x t e n d  f o r  

a  d i s t a n c e  w h ic h  d e p e n d s  u p o n  one o r  m ore  o f  t h e s e  f a c t o r s .  

A p p a r e n t l y ,  h o w e v e r ,  t h e  r a t e  o f  c o a l e s c e n c e  o f  tw o b u b b l e s  

d e p e n d s  o n l y  u p o n  g e o m e t r i c  f a c t o r s .

The o s c i l l a t i n g  n a t u r e  o f  t h e  b u b b l e  f l o w  r a t e  e x i t i n g  

t h e  b e d  s h o u l d  b e  t a k e n  i n t o  a c c o u n t  i n  e x p e r i m e n t a l  s t u d i e s  

o f  m ix in g  i n  f l u i d i z e d  b e d s .  " F r e q u e n c y  r e s p o n s e "  a n d  " r e s i ­

d e n c e  t i m e  d i s t r i b u t i o n "  t e c h n i q u e s  s h o u l d  b e  u s e d  w i t h  

c a u t i o n  a n d  w i t h  u n d e r s t a n d i n g  o f  t h e  e f f e c t  t h a t  f l u c t u a ­

t i o n s  i n  b u b b l e  f l o w  r a t e  m ig h t  h a v e  on t h e  o u tco m e  o f  t h e  

e x p e r i m e n t s .

A s t r i k i n g  f e a t u r e  o f  a  b u b b l i n g ,  g a s - f l u i d i z e d  b e d  o b ­

s e r v e d  i n  t h i s  i n v e s t i g a t i o n  w as t h e  f a s t  r a t e  o f  b u b b l e  

g r o w t h .  T he n u m b er  o f  b u b b l e s  p e r  u n i t  b e d  h e i g h t  w as f o u n d  

t o  d e c r e a s e  b y  t h r e e  o r  m ore o r d e r s  o f  m a g n i tu d e  o v e r  t h r e e
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f e e t  o f  b e d  h e i g h t ,  w h i l e  t h e  a v e r a g e  b u b b l e  v o lum e  i n c r e a s e d  

by  a n  e q u i v a l e n t  a m o u n t .

G ro w th  by  c o a l e s c e n c e  t h e r e f o r e  i s  a n  i m p o r t a n t  p r o c e s s  

i n  t h e  " l i f e "  o f  a  b u b b l e  a s  i t  m oves u p  t h e  b e d .  T h i s  

s h o u l d  b e  k e p t  i n  m ind  i n  s e t t i n g  u p  m o d e ls  o f  b u b b l i n g  g a s  

f l u i d i z e d  b e d s  f o r  p u r p o s e s  o f  m ass  o r  h e a t  t r a n s f e r ,  o r  

c h e m i c a l  r e a c t i o n  b e tw e e n  g a s  a n d  f l u i d i z e d  p a r t i c l e s ,  i n ­

s t e a d  o f  t h e  p r e s e n t  t r e n d  o f  c o n s i d e r i n g  t h e  b u b b l e s  a l l  o f  

t h e  sam e s i z e ,  u n i f o r m l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  b e d .
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I n  o r d e r  t o  d e v e l o p  a  m ore  s o p h i s t i c a t e d  m e c h a n ism  o f  

b u b b l e  g ro w th  b y  c o a l e s c e n c e ,  m ore i n f o r m a t i o n  i s  n e e d e d  on 

t h e  n a t u r e  o f  b u b b l e  co a les* . ^ n c e ,  a l o n g  t h e  l i n e s  f o l l o w e d  

by  H a r r i s o n  a n d  L e u n g  (1 3 )  a n d  B o t t e r i l l  a n d  G e o rg e  ( 2 2 ) .  

W ith  t h i s  a t  h a n d  a  m e c h a n ism  o f  c o a l e s c e n c e  c o u l d  b e  s e t  u p  

on f i r s t  p r i n c i p l e s  w h ic h  i n  t u r n  w o u ld  c a s t  l i g h t  on t h e  

p h y s i c a l  s i g n i f i c a n c e  o f  t h e  p r o p o r t i o n a l i t y  c o n s t a n t ,  B.

A t h e o r y  on b u b b l e  f o r m a t i o n  e x t e n d i n g  b e y o n d  t h e  i n ­

f i n i t e s i m a l  d i s t u r b a n c e  s t a g e  i s  n e e d e d  i n  s e t t i n g  u p  

i n i t i a l  c o n d i t i o n s  t o  b e  u s e d  w i t h  t h e  m o d e l e q u a t i o n s .

T h i s  w ork  s h o u l d  b e  e x t e n d e d  t o  c o v e r  a  r a n g e  o f  p a r t i ­

c l e  p r o p e r t i e s ,  e s p e c i a l l y  d e n s i t y ,  an d  g a s  p r o p e r t i e s  s u c h  

a s  d e n s i t y  a n d  v i s c o s i t y .

The i n f l u e n c e  o f  t h e  s u p p o r t  p l a t e  on r a n d o m n e s s  o f  

b u b b l e  l o c a t i o n s  a n d  i n  g e n e r a l  t h e  c a u s e s  o f  n o n - r a n d o m n e s s  

s h o u l d  b e  i n v e s t i g a t e d  b y  a p p r o p r i a t e  e x p e r i m e n t a t i o n .
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a : Mean bubble volume, cu.in.
A : Constant in the velocity expression ( E 4 ) ,  in.^^/sec.
B : Proportionality constant in the collision mechanism,

- 1  -1in. sec.
- 3 / 2b : Parameter of the model, in.

C1 : Shape factor relating bubble volume to the diameter
of the bubble breaking surface 

C : Shape factor averaged for the material
d : Diameter of bubble breaking the top surface of the

bed, in.
Dp : Average particle diameter, microns
f : Number density of bubbles, in."**'
P : Gas flow rate, cu.in./sec.
Fq : Gas flow rate at incipient fluidization, cu.in./sec.
G : Incomplete gamma function

A —1h : Source function, in. sec.
H : Bed height, in.
H0 s Settled bed height, in.
I s Total number of different bubble sizes in a run
k0 : Number of bubbles per unit bed height, in.
L : Associate Laguerre polynomials
m : Bubble volume, cu.in.

: Number of bubbles of diameter dĵ
N^ : Number of bubbles of diameter d^ per unit bed height,i n . ” 1

P : T o ta l  number o f  bub b les  counted in  a run
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p : Gamma distribution

_k _irf : Rate of bubble formation by coalescence, in. sec.
r0 : Rate of disappearance of bubbles because of colli­

sions, in."^sec.”  ̂
t : Time coordinate, sec.
T : Time interval of a run, sec.
U : Superficial air velocity, ft./sec.
UQ : Superficial air velocity at incipient fluidization,

ft./sec.
V : Bubble velocity, in./sec.
x : Transformed space coordinate ( =bz), in.“^/^
z : Space coordinate, in.
r^ : Center-to-center distance of the i th bubble to its

nearest neighbor, in.

Greek Letters 
J“ : Gamma function
^ : Dependent variable, related to the variance of bubble

volumes, defined by equation (M12c) 
jUj, : J th moment of m, defined by equation (M6)

f  „  2P !
i=0

J  s
pValue of the ̂  distribution with n degrees of free­

dom, exceeded with probability o( .

Digamma function



APPENDIX A 

EXPERIMENTAL DATA



RUN 1 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 200 MICRONS

INCIPIENT FLUIDIZATION VELOCITY,
SUPERFICIAL 0 . 1 4 9  F T . / S E C .

FLUIDIZATION VELOCITY, SUPERFIC IAL 0 . 2 0 9  F T . / S E C .

BED HEIGHT 1 . 1  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

CAMERA

CAMERA SPEED 

DURATION OF RUN

1 . 0  IN.

3 . 5  CM. OF WATER 

82 DEGREES F .

200 EE

64 FRAMES/SEC.

0 . 0 2 1  SEC.
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RUN 1 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

1 1 8 . 7 8 . 4 0 . 2 6
2 1 8 . 7 7 . 9 0 . 2 6
3 1 9 . 6 7 . 1 0 . 1 9
4 1 9 . 7 7 . 4 0 . 1 9
5 1 9 . 5 7 . 3 0 . 1 9
6 1 8 . 6 8 . 4 0 . 2 6
7 1 8 . 6 8 . 1 0 . 2 6
8 1 8 . 3 8 . 3 0 . 2 6
9 1 8 . 3 7 . 8 0 . 2 6

10 1 1 0 . 2 6 . 4 0 . 2 6
11 1 1 0 . 4 5 . 8 0 . 3 8
12 1 1 0 . 0 5 . 9 0 . 4 4
13 1 9 . 7 6 . 3 0 . 3 1
14 1 9 . 8 5 . 6 0 . 3 8
15 1 1 0 . 7 5 . 4 0 . 3 8
16 1 1 0 . 0 5 . 2 0 . 3 8
17 1 9 . 5 5 . 3 0 . 3 8
18 1 1 0 . 4 5 . 0 0 . 3 8
19 1 8 . 0 6 . 2 0 . 3 8
20 1 8 . 3 5 . 5 0 . 2 6
21 1 8 . 1 5 . 8 0 . 3 1
22 1 7 . 9 5 . 5 0 . 3 1
23 1 8 . 1 4 . 9 0 . 4 5
24 1 9 . 7 2 . 8 0 . 5 1
25 1 8 . 0 2 . 6 0 . 4 1
26 1 8 . 6 2 . 1 0 . 3 8
27 1 8 . 7 1 . 7 0 . 3 8
28 1 9 . 1 1 . 3 0 . 3 8
29 1 7 . 7 1 . 1 0 . 3 8
30 1 6 . 1 9 . 1 0 . 4 5
31 1 6 . 5 8 . 1 0 . 3 5
32 1 6 . 3 7 . 5 0 . 4 5
33 1 7 . 7 5 . 2 0 . 3 1
34 1 7 . 5 4 . 3 0 . 3 2
35 1 6 . 4 4 . 2 0 . 3 2
36 1 7 . 3 2 . 4 0 . 3 8
37 1 5 . 9 3 . 7 0 . 5 1
38 1 5 . 5 3 . 5 0 . 5 1
39 1 5 . 3 3 . 2 0 . 4 4
40 1 6 . 3 2 . 4 0 . 5 1
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RUN 1 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 1 5 . 8 3 . 6 0 . 5 8
42 1 7 . 7 2 . 2 0 . 3 1
43 1 7 . 2 2 . 0 0 . 3 8
44 1 6 . 4 1 . 7 0 . 2 6
45 1 6 . 0 1 . 8 0 . 4 8
46 1 6 . 6 0 . 5 0 . 2 6
47 1 5 . 2 1 . 3 0 . 3 8
48 1 5 . 6 1 . 0 0 . 3 8
49 1 5 . 4 0 . 4 0 . 3 8
50 1 3 . 7 3 . 9 0 . 3 1
51 1 4 . 9 3 . 9 0 . 2 9
52 1 4 . 3 3 . 5 0 . 3 1
53 1 4 . 5 3 . 1 0 . 4 5
54 1 4 . 9 2 . 7 0 . 3 8
55 1 3 . 2 3 . 2 0 . 2 6
56 1 3 . 2 2 . 7 0 . 2 9
57 1 2 . 6 1 . 4 0 . 3 2
58 1 0 . 8 6 . 6 0 . 3 2
59 1 0 . 6 6 . 1 0 . 2 6
60 1 0 . 3 6 . 2 0 . 3 8
61 1 . 7 7 . 2 0 . 2 6
62 1 0 . 6 4 . 9 0 . 3 2
63 1 0 . 9 7 . 4 0 . 5 1
64 1 1 . 3 6 . 4 0 . 5 1
65 1 1 . 8 6 . 0 0 . 4 5
66 1 • 2 . 2 5 . 7 0 . 3 8
67 1 0 . 3 5 . 2 0 . 3 6
68 1 2 . 4 4 . 4 0 . 4 5
69 1 1 . 8 3 . 7 0 . 2 6
70 1 1 . 8 3 . 3 0 . 2 6
71 1 0 . 8 4 . 4 0 . 3 8
72 1 0 . 8 3 . 1 0 . 2 6
73 1 1 . 8 2 . 7 0 . 3 2
74 1 1 . 3 2 . 9 0 . 3 2
75 2 9 . 9 4 . 8 0 . 3 8
76 2 1 1 . 3 6 . 1 0 . 4 4
77 2 9 . 3 6 . 8 0 . 4 5
78 2 1 1 . 2 5 . 2 0 . 3 8
79 2 9 . 3 6 . 3 0 . 3 8
80 2 9 . 5 4 . 9 0 . 2 6



8 5 -

r u n  1 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X ' Y INCHES

81 2 8 . 9 4 . 7 0 . 3 8
82 2 8 . 1 3 . 6 0 . 3 2
83 2 8 . 5 3 . 5 0 . 3 8
84 2 9 . 1 2 . 7 0 . 3 6
85 2 8 . 7 2 . 7 0 . 4 0
86 2 8 . 9 1 . 3 0 . 3 1
87 2 7 . 9 3 . 4 0 . 3 8
88 2 8 . 9 1 . 7 0 . 2 6
89 2 8 . 2 1 . 7 0 . 4 4
90 2 8 . 2 1 . 0 0 . 3 8
91 2 6 . 8 2 . 4 0 . 3 8
92 2 6 . 6 9 . 1 0 . 4 5
93 2 7 . 2 7 . 7 0 . 3 1
94 2 6 . 9 7 . 7 0 . 2 6
95 2 6 . 5 7 . 0 0 .  38
96 2 6 . 7 5 . 9 0 . 2 6
97 2 6 . 8 5 . 4 0 . 2 6
98 2 6 . 9 5 . 6 0 . 3 6
99 2 6 . 8 4 . 8 0 . 3 8

100 2 7 . 2 5 . 1 0 . 2 6
101 2 6 . 0 6 . 4 0 . 6 3
102 2 6 . 1 7 . 1 0 . 3 8
103 2 5 . 3 6 . 2 0 . 4 9
104 2 5 . 3 5 . 8 0 . 4 4
105 2 5 . 4 5 . 4 0 . 5 1
106 2 5 . 4 4 . 9 0 . 3 6
107 2 5 . 8 4 . 2 0 . 3 2
108 2 5 . 6 4 . 3 0 . 3 8
109 2 5 . 2 3 . 9 0 .  38
110 2 6 . 4 3 . 6 0 . 4 1
111 2 7 . 2 3 . 2 0 . 4 4
112 2 5 . 9 1 . 4 0 . 5 1
113 2 6 . 3 1 . 3 0 . 5 1
114 2 5 . 5 2 . 2 0 . 4 4
115 2 4 . 5 9 . 4 0 . 3 1
116 2 4 . 7 9 . 1 0 . 4 5
117 2 3 . 0 7 . 7 0 . 4 1
118 2 2 . 9 7 . 3 0 . 4 5
119 2 3 . 3 6 . 5 0 . 3 8
120 2 3 . 1 -  6 . 6 0 . 5 1
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RUN 1 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

121 2 4 . 2 6 . 4 0 . 5 1
122 2 3 . 0 5 . 3 0 . 3 8
123 2 3 . 1 5 . 6 0 . 4 4
124 2 3 . 7 5 . 4 0 . 2 6
125 2 4 . 7 5 . 1 0 . 2 7
126 2 4 . 0 4 . 2 0 . 3 1
127 2 3 . 1 5 . 6 0 . 3 8
128 2 3 . 1 5 . 9 0 . 3 8
129 2 3 . 3 5 . 0 0 . 3 2
130 2 2 . 9 5 . 1 0 . 5 1
131 2 3 . 6 6 . 1 0 . 6 4
132 2 2 . 7 4 . 4 0 . 3 8
133 2 2 . 7 3 . 8 0 . 3 8
134 2 2 . 7 3 . 3 0 . 3 1
135 2 5 . 1 2 . 1 0 . 3 5
136 2 3 . 3 1 . 2 0 . 2 6
137 2 2 . 9 1 . 2 0 . 3 2
138 2 3 . 6 1 . 9 0 . 2 6
139 2 2 . 9 1 . 5 0 . 2 6
140 2 2 . 8 2 . 2 0 . 2 6
141 2 2 . 7 2 . 6 0 . 3 1
142 2 3 . 2 3 . 6 0 . 2 6
143 2 3 . 8 3 . 1 0 . 3 1
144 2 4 . 2 3 . 2 0 . 2 6
145 2 4 . 3 2 . 9 0 . 3 1
146 2 1 . 5 8 . 1 0 . 3 2
147 2 1 . 1 8 . 5 0 . 3 8
148 2 1 . 1 7 . 9 0 . 4 5
149 2 2 . 4 7 . 5 0 . 4 5
150 2 1 . 5 7 . 6 0 . 4 5
151 2 1 . 9 4 . 5 0 . 3 1
152 2 1 . 5 4 . 5 0 . 3 2
153 2 2 . 2 1 . 5 0 . 3 8
154 2 1 . 8 9 . 1 0 . 3 8
155 2 1 . 4 8 . 7 0 . 5 1
156 2 0 . 4 6 . 6 0 . 4 5
157 2 2 . 3 6 . 9 0 . 5 1
158 2 1 . 7 6 . 8 0 . 4 4
159 2 2 . 2 6 . 3 0 . 4 9
160 2 2 . 1 4 . 9 0 . 3 8
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r u n  2 PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 200

INCIPIENT FLU I DIZATION VELOCITY, 
SUPERFICIAL 0 . 1 4 9

FLUIDIZATI ON VELOCITY,SUPERFICIAL 0 . 2 0 9  

BED HEIGHT 2 . 2

SETTLED BED HEIGHT 2 . 0

PRESSURE DROP THROUGH BED 4 . 5

AIR TEMPERATURE 82

CAMERA 200 E

CAMERA SPEED 64

DURATION OF RUN 0 . 1 0 0

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

IN.

CM. OF WATER 

DEGREES F .

FRAMES/SEC.

SEC.
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RUN PART B

TALLY FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

I 2 7 . 9 1 0 . 4 0 . 7 0
2 2 1 0 . 5 6 . 6 0 . 4 4
3 2 9 . 3 6 . 1 0 . 6 4
4 2 9 . 7 3 . 8 0 . 5 7
5 2 5 . 5 1 0 . 4 0 . 5 1
6 2 5 . 2 8 . 9 0 . 6 6
7 2 5 . 9 3 . 1 0 . 5 1
8 2 6 . 9 7 . 8 0 . 7 6
9 2 4 . 5 9 . 1 0 . 6 4

10 2 3 . 8 8 . 7 0 . 5 4
11 2 4 . 0 9 . 3 0 . 4 9
12 2 2 . 9 8 . 2 0 . 7 0
13 2 4 . 5 6 . 3 0 . 6 4
14 2 4 . 0 6 . 4 0 . 3 8
15 2 5 . 0 2 . 4 0 . 5 1
16 2 4 . 5 1 . 7 0 . 8 9
17 2 0 . 8 6 . 8 0 . 4 4
18 2 1 . 8 5 . 8 0 . 5 1
19 2 0 . 4 6 . 0 0 . 7 0
20 2 0 . 9 5 . 8 0 . 6 4
21 2 1 . 5 8 . 7 0 . 6 4
22 3 8 . 7 1 0 . 5 0 . 5 1
23 3 9 . 1 9 . 5 0 . 3 8
24 3 8 . 8 9 . 8 0 . 4 5
25 3 8 . 3 8 . 6 0 . 5 1
26 3 9 . 3 7 . 8 0 . 3 8
27 3 8 . 6 6 . 4 0 . 4 9
28 3 7 . 9 6 . 4 0 . 3 8
29 3 1 0 . 7 4 . 3 0 . 3 8
30 3 1 0 . 5 3 . 6 0 . 5 1
31 3 9 . 6 2 . 9 0 . 7 6
32 3 8 . 1 3 . 8 0 . 3 8
33 3 7 . 8 2 . 7 0 . 7 0
34 3 9 . 7 2 . 2 0 . 8 9
35 3 8 . 6 1 . 5 0 . 7 0
36 3 8 . 3 0 . 9 0 . 7 0
37 3 6 . 0 9 . 8 0 . 7 7
38 3 6 . 5 1 0 . 1 0 . 2 6
39 3 7 . 0 9 . 6 0 . 5 1
40 3 7 . 2 8 . 8 0 . 5 1
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RUN 2 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

41 3 6 . 1 8 . 7 0 . 3 8
42 3 5 . 2 9 . 6 0 . 5 1
43 3 5 . 6 8 . 2 0 . 2 6
44 3 7 . 2 7 . 0 0 . 5 1
45 3 7 . 5 6 . 4 0 . 5 1
46 3 6 . 0 6 . 3 0 . 4 5
47 3 7 . 0 5 . 1 0 . 5 8
48 3 2 . 8 9 . 6 0 . 5 1
49 3 5 . 0 1 . 2 0 . 6 4
50 3 4 . 2 1 0 . 2 0 . 8 3
51 3 2 . 8 2 . 9 0 . 6 4
52 3 3 . 6 1 . 8 0 . 5 1
53 3 1 . 2 7 . 9 0 . 4 9
54 3 2 . 3 2 . 4 0 . 3 8
55 3 2 . 0 3 . 1 0 . 5 1
56 3 0 . 5 4 . 9 0 . 5 1
57 3 0 . 9 3 . 2 0 . 5 7
58 3 1 . 3 7 . 7 0 . 5 1
59 4 9 . 1 8 . 9 0 . 8 9
60 4 7 . 9 9 . 5 0 . 3 8
61 4 8 . 9 7 . 9 0 . 5 1
62 4 9 . 3 6 . 1 0 . 2 6
63 4 9 . 7 4 . 0 0 . 3 8
64 4 5 . 5 6 . 5 0 . 5 7
65 4 6 . 3 6 . 8 0 . 5 1
66 • 4 7 . 0 1 0 . 5 0 . 4 4
67 4 6 . 9 5 . 6 0 . 5 1
68 4 6 . 6 6 . 4 0 . 3 8
69 4 7 . 4 4 . 7 0 . 5 1
70 4 5 . 5 4 . 2 0 . 5 7
71 4 5 . 8 3 . 2 0 . 7 7
72 4 6 . 8 2 . 9 0 . 5 1
73 4 6 . 3 1 . 3 0 . 8 9
74 4 2 . 9 1 . 9 0 . 7 0
75 4 2 . 9 8 . 2 0 . 5 8
76 4 2 . 7 6 . 1 0 . 5 1
77 4 3 . 7 5 . 5 0 . 7 6
78 4 2 . 9 5 . 6 0 . 5 9
79 4 4 . 7 5 . 4 0 . 5 1
80 4 1 . 3 3 . 8 0 . 8 9
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RUN 2 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 4 2 . 4 8 . 7 0 . 3 8
82 4 0 . 8 4 . 1 0 . 8 3
83 5 1 0 . 5 8 . 7 0 . 6 3
84 5 8 . 0 8 . 4 0 . 3 1
85 5 9 . 3 7 . 8 0 . 3 8
86 5 1 1 . 1 6 . 4 0 . 4 4
87 5 8 . 9 6 . 1 0 . 5 1
88 5 9 . 2 5 . 6 0 . 5 7
89 5 1 1 . 0 4 . 9 0 . 4 4
90 5 8 . 7 4 . 2 0 . 4 5
91 5 8 . 6 3 . 1 0 . 6 4
92 5 8 . 1 3 . 7 0 . 7 6
93 5 9 . 2 2 . 4 0 . 5 1
94 5 1 0 . 4 8 . 3 0 . 7 6
95 5 9 . 7 8 . 6 0 . 4 4
96 5 5 . 4 5 . 2 0 . 5 1
97 5 7 . 7 1 0 . 7 0 . 7 7
98 5 6 . 6 1 0 . 0 0 . 5 1
99 5 5 . 4 7 . 3 0 . 5 1

100 5 6 . 8 6 . 4 0 . 7 0
101 5 7 . 5 1 . 8 0 . 6 8
102 5 6 . 5 0 . 8 0 . 7 0
103 5 7 . 0 0 . 9 0 . 5 7
104 5 4 . 1 7 . 5 0 . 7 7
105 5 3 . 5 6 . 6 0 . 5 1
106 5 2 . 8 4 . 9 0 . 5 1
107 5 5 . 0 2 . 4 0 . 8 3
108 5 4 . 2 4 . 5 0 . 9 6
109 5 4 . 5 1 0 . 0 0 . 5 1
110 5 2 . 6 6 . 8 0 . 8 3
111 5 1 . 0 4 . 6 0 . 5 1
112 5 2 . 0 4 . 1 0 . 7 7
113 5 1 . 7 5 . 8 0 . 6 4
114 6 7 . 9 9 . 8 0 . 3 8
115 6 8 . 7 6 . 9 0 . 5 7
116 6 1 0 . 1 8 . 9 0 . 4 5
117 6 1 0 . 9 7 . 8 0 . 3 8
118 6 8 . 3 6 . 1 0 . 4 4
119 6 7 . 7 7 . 0 0 . 5 8
120 6 1 0 . 5 3 . 6 0 . 7 7
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r u n  2 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

121 6 9 . 6 8 . 8 0 . 3 8
122 6 6 . 3 5 . 8 0 . 5 1
123 6 6 . 8 4 . 7 0 . 5 1
124 6 6 . 3 3 . 8 0 . 5 1
125 6 6 . 6 3 . 1 0 . 7 0
126 6 6 . 3 2 . 4 0 . 6 3
127 6 6 . 3 1 . 3 0 . 5 8
128 6 5 . 8 0 . 6 0 . 8 9
129 6 5 . 9 7 . 3 0 . 5 1
130 6 4 . 7 8 . 9 0 . 6 4
131 6 4 . 7 3 . 5 0 . 6 3
132 6 4 . 0 2 . 4 0 . 5 1
133 6 4 . 7 1 1 . 1 0 . 3 8
134 6 5 . 0 1 0 . 5 0 . 7 0
135 6 3 . 5 7 . 3 0 . 6 4
136 6 3 . 8 2 . 9 0 . 6 4
137 6 1 . 7 7 . 0 0 . 5 7
138 6 1 . 9 9 . 6 0 . 5 1
139 6 1 . 5 9 . 2 0 . 6 4
140 6 0 . 5 7 . 2 0 . 3 8
141 6 0 . 4 6 . 6 0 . 5 1
142 6 2 . 6 1 . 3 0 . 5 1
143 7 1 0 . 1 6 . 6 0 . 4 5
144 7 8 . 8 8 . 9 0 . 6 4
145 7 9 . 1 8 . 2 0 . 3 8
146 7 8 . 3 7 . 4 0 . 6 4
147 7 9 . 1 2 . 6 0 . 5 1
148 7 8 . 6 5 . 4 0 . 5 1
149 7 7 . 9 5 . 5 0 . 6 4
150 7 9 . 2 1 . 4 0 . 5 1
151 7 1 1 . 2 5 . 6 0 . 4 5
152 7 5 . 4 2 . 7 0 . 6 3
153 7 6 . 1 8 . 1 0 . 5 1
154 7 6 . 4 7 . 5 0 . 5 8
155 7 5 . 6 1 1 . 0 0 . 7 0
156 7 6 . 0 6 . 5 0 . 5 7
157 7 3 . 2 9 . 1 0 . 7 7
158 7 4 . 7 6 . 5 0 . 8 3
159 7 2 . 7 1 . 9 0 . 5 7
160 7 4 . 9 8 . 1 0 . 7 7
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RUN PART B (CONCLUDED)

ALLY FRAME
NUMBER

BUBBLE COORDINATES
INCHES

BURSTING 
DIAMETER 
OF BUBBLE

X Y INCHES

161 7 4 . 2 1 . 9 0 . 6 4
162 7 3 . 8 0 . 9 0 . 6 4
163 7 4 . 3 1 0 . 9 0 . 5 1
164 7 4 . 7 1 . 0 0 . 5 1
165 7 5 . 1 1 . 3 0 . 8 9
166 7 2 . 4 4 . 9 0 . 7 7
167 7 1 . 2 8 . 3 0 . 7 6
168 7 1 . 3 6 . 4 0 . 8 3
169 8 9 . 8 2 . 3 0 . 7 7
170 8 1 0 . 1 7 . 4 0 . 6 4
171 8 8 . 9 5 . 1 0 . 5 7
172 8 8 . 7 4 . 3 0 . 7 7  „
173 8 7 . 0 1 0 . 1 0 . 5 8
174 8 7 . 5 8 . 4 0 . 5 1
175 8 6 . 6 4 . 0 0 . 5 7
176 8 5 . 4 3 . 5 0 . 6 4
177 8 3 . 6 1 0 . 6 0 . 7 0
178 8 3 . 6 1C. 0 0 . 6 4
179 8 4 . 7 5 . 5 1 . 0 1
180 8 4 . 2 4 . 5 0 . 9 9
181 8 3 . 8 5 . 6 1 . 0 1
182 8 1 . 3 3 . 6 0 . 8 3
183 8 1 . 9 6 . 1 0 . 7 0
184 8 1 . 2 4 . 9 0 . 5 1
185 8 0 . 4 5 . 1 0 . 5 1
186 8 2 . 4 2 . 7 0 . 4 9
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RUN 3 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER

INCIPIENT FLU IDIZATION VELOCITY, 
SUPERFICIAL

200 Mi CRONS

0 . 1 4 9  F T . / S E C ,

FLUIDIZATI ON VELOCITY, SUPERFICIAL 0 . 2 0 9  F T . / S E C .

BED HEIGHT 4 . 4  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

4 . 0  IN.

1 5 . I CM. OF WATER

82 DEGREES F .

CAMERA

CAMERA SPEED 

DURATION OF RUN

200 EE 

48

0 . 2 5 8

FRAMES/SEC.

SEC.
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RUN 3 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 78 9 . 3 6 . 3 0 . 8 9
2 78 2 . 2 5 . 5 0 . 9 4
3 78 1 . 7 6 . 5 0 . 8 9
4 79 1 1 . 1 4 . 1 1 .  70
5 79 1 1 . 0 7 . 0 1 . 3 4
6 79 7 . 0 0 . 8 0 . 7 7
7 79 6 . 0 0 . 6 0 . 8 3
8 79 6 . 4 1 0 . 5 0 . 6 4
9 79 3 . 6 1 0 . 5 0 . 8 9

10 79 3 . 2 1 0 . 2 0 . 4 4
11 79 4 . 6 5 . 2 0 . 5 1
12 79 4 . 9 4 . 5 0 . 8 9
13 79 2 . 9 6 . 8 1 . 1 2
14 79 1 . 5 8 . 8 1 . 4 0
15 80 7 . 7 2 . 9 0 . 7 7
16 80 8 . 8 4 . 7 0 . 7 6
17 80 6 . 8 2 . 3 1 . 4 0
18 80 5 . 5 6 . 4 0 . 7 7
19 80 7 . 2 6 . 1 0 . 6 4
20 80 6 . 3 5 . 5 0 . 8 9
21 80 4 . 9 8 . 3 1 . 1 4
22 80 3 . 6 5 . 1 1 . 0 7
23 81 1 0 . 0 8 . 1 1 . 5 6
24 81 1 0 .  1 3 . 1 0 . 5 1
25 81 7 . 4 5 . 0 0 . 8 3
26 . 81 6 . 8 1 . 5 0 . 9 6
27 81 5 . 4 3 . 8 1 . 2 1
28 81 5 . 9 2 . 6 1 . 0 3
29 81 5 . 0 1 . 3 1 . 2 8
30 81 4 . 1 2 . 9 1 . 0 4
31 81 1 . 2 4 . 7 0 . 5 1
32 81 2 . 3 3 . 8 1 . 0 2
33 82 5 . 2 1 0 . 2 1 . 2 7
34 82 4 . 9 5 . 4 0 . 9 6
35 82 3 . 8 1 0 . 6 1 . 0 9
36 83 6 . 9 1 0 . 0 1 . 0 1
37 83 7 . 2 4 . 0 0 . 6 4
38 83 6 . 1 7 . 8 1 . 0 8
39 83 5 . 0 8 . 3 0 . 9 9
40 83 2 . 4 8 . 4 1 . 2 0
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RUN 3 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

A 1 83 2 . 4 2 . 4 1 . 0 2
42 83 1 . 3 2 . 9 1 . 1 5
43 84 9 . 8 8 . 1 1 . 0 2
44 84 5 . 9 7 . 5 0 . 8 3
45 84 5 . 2 5 . 5 0 . 8 9
46 85 8 . 6 3 . 7 0 . 6 3
47 85 7 . 0 4 . 2 0 . 8 3
48 85 6 . 3 4 . 2 0 . 8 9
49 85 5 . 5 1 . 9 0 . 4 4
50 85 4 . 7 9 . 6 0 . 4 9
51 85 4 . 1 7 . 2 0 . 7 7
52 85 2 . 9 8 . 9 1 . 8 4
53 85 2 . 0 9 . 5 0 . 6 8
54 85 0 . 9 6 . 8 0 . 9 6
55 86 7 . 9 1 0 . 1 0 . 9 9
56 86 9 . 7 5 . 0 0 . 2 6
57 86 7 . 5 9 . 5 0 . 8 9
58 86 7 . 0 4 . 3 0 . 2 6
59 86 5 . 6 7 . 0 0 . 7 7
60 86 2 . 8 5 . 2 0 . 7 7
61 86 5 . 1 3 . 8 1 . 4 0
62 86 5 . 0 0 . 6 0 . 8 1
63 87 9 . 2 2 . 8 1 .  14
64 87 8 . 2 7 . 2 1 . 1 2
65 87 8 . 6 3 . 5 0 . 8 3
66 87 8 . 9 1 . 8 0 . 8 3
67 87 7 . 4 6 . 9 1 . 0 7
68 87 6 . 8 9 . 3 1 . 1 5
69 87 6 . 3 6 . 9 1 . 0 2
70 87 7 . 2 0 . 5 1 . 2 8
71 87 6 . 1 2 . 2 0 . 6 8
72 87 5 . 0 9 . 3 0 . 8 9
73 87 4 . 6 2 . 2 1 . 0 7
74 87 3 . 7 9 . 6 1 . 5 3
75 87 3 . 7 2 . 0 1 . 1 5
76 87 1 . 0 5 . 5 1 . 1 2
77 87 1 . 5 5 . 4 1 . 5 3
78 88 1 0 . 5 7 . 7 0 . 7 6
79 88 1 0 . 0 6 . 8 1 . 2 1
80 88 8 . 8 6 . 0 1 . 1 5
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RUN 3 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

88
88
88
88
88
88
88
88
88
88
89
89
89
89
89
90

8 . 3
5 . 8
6 . 5
5 . 2
5 . 9
3 . 3
4 . 7
2 . 3
1 . 8  
0.6
9 . 5
8 . 9
7 . 3
6 . 4
4 . 9  
3 . 3

1 . 0
9 . 3

1 1 . 0
1 0 . 9

2 . 0
6 . 6
4 . 2  
7 . 0
3 . 2
4
8
2
3

5
9
8
8

3 . 5
1 . 0
7 . 9

0 . 8 3
0 . 8 3
0 . 5 1
0 . 8 3
0 . 9 6
1 . 2 8
1 . 2 0
0 . 7 7
1 . 1 5
0 . 7 7
0 . 6 3
1 . 5 9
0 ,

1 ,
0 ,

1,

83
53
89
46



RUN 4 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 200

INCIPIENT FLU IDIZATION VELOCITY, 
SUPERFICIAL 0 . 1 4 9

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . 2 0 9  

BED HEIGHT 1 3 . 0

MICRONS 

F T . / S E C .

FT. / SEC.  

IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

1 2 . 0  IN.

4 4 . 3  CM. OF WATER

81 DEGREES F.

CAMERA 200  EE

CAMERA SPEED 48 FRAMES/SEC.

DURATION OF RUN 3 . 9 9 0  SEC.
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r u n  4 PART

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 1 0 . 5 7 . 0 0 . 3 4
2 1 5 . 4 9 . 9 1 . 0 3
3 1 1 . 4 9 . 1 1 . 1 5
4 2 9 . 5 2 . 4 1 . 0 3
5 3 3 . 6 2 . 9 1 . 7 2
6 3 1 . 7 7 . 2 2 . 3 0
7 4 2 . 5 9 . 0 1 . 9 5
8 5 4 . 5 9 . 0 0 . 5 7
9 9 3 . 8 6 . 6 1 . 9 5

10 9 4 . 3 9 . 1 0 . 6 9
I I 11 1 1 . 0 4 . 0 1 . 0 3
12 11 4 . 9 7 . 0 2 . 1 8
13 11 4 . 3 7 . 4 1 . 4 9
14 13 2 . 0 7 . 0 1 . 4 9
15 13 6 . 6 3 . 2 1 . 4 9
16 13 6 . 6 4 . 6 2 . 5 3
17 15 5 . 4 5 . 7 2 . 5 3
18 15 4 . 6 4 . 9 1 . 0 3
19 15 9 . 5 3 . 0 1 . 1 5
20 15 9 . 3 3 . 4 0 . 3 4
21 15 9 . 3 4 . 3 0 . 4 6
22 15 3 . 4 2 . 2 0 . 9 2
23 16 1 . 7 3 . 2 2 . 6 4
24 17 0 . 5 4 . 0 1 . 2 6
25 17 2 . 0 4 . 3 1 . 1 5
26 17 3 . 7 3 . 9 1 . 9 5
27 17 8 . 4 6 . 9 0 . 8 0
28 17 8 . 0 8 . 0 1.  15
29 17 6 . 7 9 . 5 1 . 6 1
30 18 8 . 5 3 . 6 2 . 5 3
31 18 1 0 . 5 5 . 3 2 . 4 1
32 19 2 . 3 7 . 0 2 . 5 3
33 19 3 . 0 6 . 7 0 . 4 6
34 19 2 . 0 5 . 7 0 . 5 7
35 20 5 . 2 1 0 . 6 2 .  18
36 20 4 . 5 9 . 8 1 . 1 5
37 20 4 . 5 8 . 9 1 . 0 3
38 20 3 . 4 9 . 4 1 . 3 8
39 21 2 . 0 3 . 7 1 . 1 5
40 21 8 . 5 3 . 8 1 . 7 2



- 9 9 -

r u n  4 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 22 6 . 1 8 . 7 1 . 6 1
42 22 7 . 0 8 . 0 0 . 8 0
43 23 4 . 0 4 . 5 1 . 0 3
44 24 6 . 8 1 . 0 1 . 9 5
45 25 4 . 8 5 . 2 1 . 9 5
46 26 0 . 3 4 . 4 1 . 9 5
47 27 1 0 . 9 5 . 7 0 . 9 2
48 27 1 0 . 7 4 . 3 1 . 0 3
49 28 7 . 6 9 . 1 0 . 9 2
50 28 7 . 0 8 . 2 0 . 8 0
51 28 6 . 3 7 . 2 0 . 5 7
52 29 5 . 1 8 . 5 1 . 0 3
53 29 5 . 7 9 . 3 1 . 0 3
54 29 4 . 5 9 . 0 1 . 4 9
55 30 8 . 2 0 . 7 0 . 8 0
56 32 1 0 . 2 7 . 1 0 . 5 7
57 32 9 . 5 6 . 4 0 . 6 9
58 32 9 . 3 8 . 0 1 . 0 3
59 32 8 . 5 7 . 5 2 . 3 0
60 32 5 . 6 2 . 5 1 . 9 5
61 32 5 . 1 0 . 9 1 . 1 5
62 33 4 . 3 2 . 4 1 . 4 9
63 34 9 . 3 1 . 6 2 . 3 0
64 35 0 . 3 6 . 6 2 . 1 8
65 36 1 . 6 3 . 7 1 . 4 9
66 36 2 . 5 6 . 6 3 .  10
67 38 4 . 7 9 . 5 0 . 4 6
68 38 4 . 8 4 . 3 2 . 9 9
69 39 1 . 5 3 . 9 1 . 4 9
70 39 1 0 .  1 6 . 6 2 . 0 7
71 39 3 . 9 4 . 6 1 . 4 9
72 40 3 . 4 1 . 1 1 . 6 1
73 43 6 . 8 7 . 0 1 . 0 3
74 43 9 . 8 6 . 7 1 . 9 5
75 44 5 . 3 6 . 7 1 . 0 3
76 44 4 . 0 6 . 4 1 . 6 1
77 45 2 . 5 4 . 0 1 . 8 4
78 45 3 . 1 4 . 4 0 . 9 2
79 45 1 . 5 7 . 8 1 . 0 3
80 46 6 . 7 1 . 3 2 . 8 7



- 1 0 0 -

RUN 4 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

81 48 8 . 2 8 . 3 2 . 6 4
82 48 0 . 3 4 . 8 1 . 4 9
83 49 7 . 2 3 . 4 0 . 9 2
84 49 4 . 4 3 . 2 2 . 8 7
85 49 8 . 9 9 . 3 2 . 8 7
86 51 4 . 8 7 . 2 0 . 6 9
87 51 1 0 . 7 3 . 0 1 . 7 2
88 52 8 . 4 8 . 4 2 . 0 7
89 52 7 . 8 7 . 0 1 . 8 4
90 52 6 . 8 7 . 7 - 1 . 3 8
91 53 2 . 2 7 . 1 0 . 8 0
92 53 1 0 . 7 5 . 4 1 . 9 5
93 54 1 0 . 1 2 . 2 1 . 4 9
94 54 2 . 9 1 0 . 3 0 . 8 0
95 54 9 . 0 3 . 9 1 . 6 1
96 55 6 . 7 1 . 7 1 . 0 3
97 55 1 0 . 0 6 . 1 0 . 3 4
98 55 9 . 9 5 . 5 0 . 4 6
99 55 9 . 0 6 . 1 1 . 2 6

100 55 9 . 8 4 . 6 1 . 1 5
101 55 1 . 5 2 . 3 1 . 9 5
102 55 1 . 4 4 . 4 1 . 9 5
103 55 5 . 4 8 . 6 0 . 3 4
104 56 4 . 8 2 . 8 2 . 0 7
105 56 8 . 3 0 . 8 1 . 4 9
106 59 9 . 1 8 . 6 0 .  80
107 59 1 . 7 6 . 1 3 . 1 0
108 60 3 . 8 3 . 8 0 . 9 2
109 60 4 . 0 8 . 6 2 . 4 1
110 61 9 . 8 5 . 5 0 . 6 9
111 61 8 . 2 3 . 0 1 . 9 5
112 62 9 . 0 5 . 5 0 . 3 4
113 63 3 . 9 4 . 4 0 . 8 0
114 64 4 . 7 3 . 8 1 . 1 5
115 64 4 . 4 2 . 4 0 . 9 2
116 65 3 . 3 2 . 9 1 . 9 5
117 65 9 . 9 2 . 4 2 . 0 7
118 67 1 1 . 5 5 . 7 2 . 0 7
119 67 5 . 7 1 0 . 1 2 . 8 7
120 70 1 . 5 8 . 4 1 . 9 5



1 0 1 -

RUN 4 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

121 71 1 . 5 2 . 6 0 . 4 6
122 72 7 . 2 5 . 5 2 . 4 1
123 72 6 . 0 4 . 1 1 . 6 1
124 72 5 . 3 5 . 5 1 . 1 5
125 72 3 . 6 4 . 8 1 . 1 5
126 72 3 . 7 6 . 2 1 . 9 5
127 72 2 . 4 6 . 9 1 . 3 8
128 72 2 . 4 5 . 6 1 . 0 3
129 73 9 . 4 8 . 4 0 . 9 2
130 73 8 . 4 6 . 9 0 . 9 2
131 73 8 . 4 8 . 4 1 . 4 9
132 73 6 . 2 1 1 . 3 1 . 4 9
133 75 9 . 5 4 . 8 2 . 4 1
134 75 5 . 3 1 . 5 3 . 3 3
135 75 4 . 6 1 1 . 2 0 . 4 6
136 75 4 . 4 1 0 . 1 1 . 2 6
137 76 0 . 3 4 . 6 1 . 1 5
138 77 9 . 5 6 . 8 1 . 0 3
139 77 0 . 3 6 . 1 1 . 6 1
140 78 4 . 4 2 . 9 0 . 6 9
141 79 2 . 6 3 . 3 2 . 0 7
142 79 1 . 1 4 . 4 1 . 4 9
143 81 0 . 9 9 . 0 0 . 5 7
144 82 8 . 9 0 . 9 1 . 4 9
145 82 4 . 0 2 . 1 1 . 4 9
146 85 6 . 6 4 . 8 2 . 4 1
147 85 4 . 4 3 . 8 1 . 9 5
148 86 0 . 9 8 . 4 1 . 9 5
149 88 8 . 6 5 . 5 0 . 9 2
150 90 0 . 3 5 . 4 1 . 9 5
151 92 6 . 7 3 . 4 1 . 4 9
152 92 8 . 6 8 . 2 1 . 9 5
153 92 6 . 7 8 . 6 1 . 4 9
154 92 4 . 8 2 . 0 2 . 8 7
155 94 7 . 2 7 . 2 2 . 8 7
156 94 1 0 . 1 3 . 1 1 . 4 9
157 95 8 . 4 2 . 9 2 . 8 7
158 95 5 . 9 1 0 . 2 1 . 9 5
159 96 9 . 5 9 . 0 1 . 0 3
160 98 3 . 8 4 . 4 1 . 7 2



- 10 2 -

r u n  4 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

161 98 3 . 6 1 0 . 1 2 . 3 0
162 98 1 . 4 8 . 7 0 . 4 6
163 102 9 . 2 1 . 5 1 . 4 9
164 103 9 . 2 8 . 2 1 . 9 5
165 104 1 0 . 7 3 . 0 1 . 1 5
166 104 7 . 1 1 . 5 1 . 9 5
167 104 4 . 9 1 . 1 1 . 2 6
168 104 3 . 0 2 . 3 2 . 0 7
169 104 1 . 5 9 . 3 0 . 5 7
170 104 0 . 7 8 . 2 1 . 4 9
171 105 7 . 7 7 . 7 1 . 4 9
172 106 6 . 2 7 . 8 1 . 9 5
173 106 3 . 2 8 . 5 2 . 4 1
174 110 1 . 5 6 . 7 1 . 9 5
175 110 3 . 1 5 . 9 1 . 4 9
176 110 1 . 7 4 . 8 2 . 4 1
177 111 1 0 . 1 2 . 2 1 . 9 5
178 113 3 . 4 8 . 4 1 . 4 9
179 113 4 . 0 3 . 3 1 . 9 5
180 114 7 . 2 2 . 4 2 . 4 1
181 115 7 . 7 5 . 1 2 . 4 1
182 115 5 . 7 9 . 5 1 . 9 5
183 116 3 . 3 1 . 5 2 . 8 7
184 116 2 . 1 9 . 5 0 . 9 2
185 118 0 . 3 6 . 7 1 . 4 9
186 119 1 . 5 4 . 4 1 . 4 9
187 120 4 . 0 2 . 0 2 . 0 7
188 120 9 . 5 4 . 8 1 . 4 9
189 121 4 . 9 1 0 . 1 0 . 5 7
190 121 7 . 7 1 . 5 1 . 9 5
191 121 7 . 7 8 . 9 2 . 6 4
192 122 8 . 9 5 . 3 2 . 5 3
193 122 1 0 .  1 2 . 1 1 . 4 9
194 122 1 1 . 5 6 . 1 1 . 4 9
195 123 1 . 8 5 . 4 2 . 8 7
196 124 5 . 3 6 . 1 1 . 4 9
197 126 0 . 5 4 . 0 1 . 9 5
198 126 7 . 8 9 . 5 2 . 0 7
199 127 7 . 6 3 . 4 2 . 8 7
200 129 6 . 2 1 . 4 1 . 9 5



103

RUN 4 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUB&LE 
X Y INCHES

201 130 8 . 6 7 . 1 2 . Q 7
202 130 5 . 6 7 . 2 2 . 4 1
203 130 3 . 1 9 . 2 1 . 4 9
204 132 1 . 6 6 . 2 2 . 8 7
205 133 2 . 0 2 . 9 1 . 9 5
206 134 9 . 1 5 . 1 1 . 1 5
207 136 9 . 8 2 . 4 1 . 9 5
208 137 0 . 8 3 . 6 1 . 4 9
209 137 6 . 0 3 . 1 1 . 0 3
210 137 7 . 2 2 . 9 1 . 9 5
211 137 4 . 3 4 . 3 1 . 2 6
212 139 0 . 8 8 . 2 0 . 9 2
213 139 2 . 5 9 . 8 1 . 4 9
214 140 1 . 8 6 . 8 0 . 6 9
215 141 3 . 8 7 . 2 3 . 3 3
216 142 7 . 0 9 . 8 2 . 1 8
217 142 4 . 8 1 . 5 2 . 0 7
218 143 6 . 7 4 . 5 0 . 9 2
219 143 2 . 4 3 . 7 2 . 4 1
220 144 7 . 7 1 . 5 1 . 9 5
221 145 0 . 5 6 . 2 1 . 9 5
222 148 9 . 1 5 . 3 2 . 1 8
223 149 8 . 0 8 . 2 2 . 7 6
224 150 2 . 0 8 . 6 2 . 0 7
225 153 0 . 8 4 . 1 1 . 4 9
226 154 9 . 1 3 . 8 1 . 9 5
227 155 7 . 8 4 . 9 1 . 6 1
228 155 7 . 9 2 . 0 1 . 9 5
229 155 5 . 3 1 . 5 2 . 4 1
230 155 3 . 3 1 . 7 1 . 9 5
231 155 4 . 8 9 . 2 1 . 9 5
232 155 2 . 4 7 . 8 1 . 0 3
233 156 2 . 0 4 . 0 1 . 9 5
234 158 1 0 . 3 8 . 3 1 . 6 1
235 158 1 0 . 6 6 . 1 1 . 9 5
236 158 7 . 2 6 . 7 2 . 6 4
237 159 6 . 0 7 . 4 1 . 4 9
238 159 4 . 4 5 . 7 3 . 5 6
239 161 1 . 3 9 . 0 0 . 9 2
240 162 4 . 4 8 . 5 2 . 0 7



1 0 4 -

r u n  4 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

241 163 4 . 1 2 . 9 2 . 0 7
2.42 163 5 . 7 1 0 . 3 1 . 4 9
243 163 7 . 7 2 . 0 1 . 8 4
244 165 1 0 . 6 2 . 6 2 . 4 1
245 166 2 . 0 9 . 0 1 . 9 5
246 168 0 . 7 4 . 9 3 . 2 2
247 168 7 . 2 5 . 7 0 . 6 9
248 170 3 . 2 2 . 8 0 . 6 9
249 171 9 . 3 4 . 5 0 . 8 0
250 171 8 . 4 5 . 3 0 . 9 2
251 171 9 . 0 3 . 7 1 . 4 9
252 171 8 . 0 4 . 4 0 . 9 2
253 171 7 . 2 6 . 4 1 . 4 9
254 172 3 . 8 5 . 3 2 . 0 7
255 173 4 . 8 2 . 3 2 . 4 1
256 176 7 . 2 0 . 9 2 . 4 1
257 176 7 . 9 8 . 6 2 . 8 7
258 176 3 . 6 9 . 5 2 . 4 1
259 176 5 . 6 9 . 0 1 . 4 9
260 177 5 . 3 1 0 . 7 1 . 6 1
261 179 0 . 8 3 . 3 1 . 9 5
262 179 2 . 2 4 . 9 1 . 8 4
263 180 4 . 0 3 . 3 0 . 9 2
264 180 2 . 0 7 . 7 3 . 1 0
265 182 3 . 9 2 . 1 0 . 9 2
266 182 8 . 3 9 . 8 0 . 6 9
267 182 5 . 7 9 . 2 0 . 4 6
268 182 5 . 9 8 . 3 0 . 4 6
269 183 7 . 4 1 0 . 3 1 . 0 3
270 183 8 . 9 3 . 8 3 . 1 0
2 71 184 7 . 5 9 . 1 0 . 5 7
272 184 6 . 8 8 . 9 1 . 6 1
273 184 4 . 8 8 . 2 2 . 5 3
274 185 4 . 1 2 . 0 2 . 8 7
275 185 1 0 . 1 2 . 4 2 . 8 7
276 186 7 . 0 4 . 1 0 . 8 0
277 188 6 . 6 9 . 8 0 . 9 2
278 189 7 . 6 4 . 0 1 . 0 3
279 190 0 . 9 3 . 8 0 . 9 2
280 191 2 . 9 4 . 8 2 . 3 0



1 0 5 -

ta l l y

281

RUN 4 PART B (CONCLUDED)

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

191 4 . 4  6 . 2  2 . 1 8



1 0 6 -

r u n  5 PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 200

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 1 4 9

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . 2 0 9  

BED HEIGHT ~  2 0 . 4

SETTLED BED HEIGHT 1 9 . 0

PRESSURE DROP THROUGH BED 7 1 . 1

AIR TEMPERATURE 77

CAMERA 200  E

CAMERA SPEED 48

DURATION OF RUN 4 . 5 8 0

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

I N.

CM. OF WATER 

DEGREES F .

FRAMES/SEC.

S EC .



1 0 7 -

r u n  5 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

108
117
119
121
121
121
130
130
130
130
130
131 
133 
133 
143 
143 
146 
146 
151 
151 
151 
151 
151
151
152 
154 
154 
154 
154 
157 
161 
162 
163 
163 
163 
165 
165 
165
167
168

2 . 2
7 . 1
8 . 3
2 . 5
1 . 1
4 . 4
8 . 5
4 . 8
7 . 2
5 . 1
7 . 3
7 . 5
4 . 8
5 . 7
6 . 7
1 . 6
1 . 1  
8 . 0
8 . 7
5 . 8
7 . 2  
8 . 0

1 0 . 6
1 0 . 1

6 . 9  
8 . 8
3 . 4
8 . 2
7 . 2
3 . 4
6 . 3
9 . 1  
3 . 0
2 . 3
5 . 6
9 . 2
8 . 7  
1 . 6

1 0 . 0
4 . 4

6 . 9  
4 . 4
9 . 0
7 . 7
4 . 1
8 . 3
4 . 3
9 . 9
3 . 1
1 . 3
4 . 3
6 . 4
3 . 8
9 . 5  
3 . 7

1 . 4 2
4 . 9 1
4 . 3 1
1 . 1 3

6,
6 ,

3,
3 . 8
2 . 7  
6 . 6
3 . 7  
4 . 6
3
3.
3,
4,

3
7
5
2

6 . 7
3 . 2  
4 . 9
3 . 0
8 . 4
7 . 4
3 . 2
7 . 4
3 . 8
7 . 8
5 . 1  
7 . 6
6 . 8

0,
1

90
05

1 . 1 9  
0 . 9 0
1 . 1 5
1 . 0 5
1 . 7 6  
2 . 8 1
2 . 1 9  
1 . 6 6  
4 . 5 9
1 . 4 4
2 . 1 5  
3 . 6 4
1 . 4 2  
1 . 5 2  
2 .  14 
0 . 8 6  
0 . 8 6  
2 . 7 1
1 . 0 5
1 . 0 5
1 . 4 4  
3 . 0 7
1 . 7 7  
2 . 7 3  
4 . 8 6
2 . 2 0
1 . 2 5
3 . 2 5  
3 . 8 9  
2 . 5 0  
1 . 1 9
1 . 4 2  
2 . 5 6  
1 . 9 6



- 1 0 8 -

RUN 5 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 170 4 . 3 1 . 1 1 . 9 2
42 172 4 . 8 3 . 0 2 . 6 8
43 174 6 . 6 1 . 8 2 . 6 2
44 175 4 . 4 6 . 8 2 . 3 4
45 178 3 . 4 3 . 1 3 . 4 7
46 179 3 . 7 5 . 2 1 . 8 5
47 181 2 . 0 6 . 8 0 . 4 8
48 181 2 . 8 4 . 4 0 . 4 8
49 181 2 . 5 4 . 3 0 . 9 6
50 181 9 . 9 1 . 6 1 . 6 2
51 181 6 . 8 4 . 7 3 . 1 5
52 188 5 . 8 2 . 8 1 . 2 9
53 189 7 . 2 6 . 6 1 . 4 8
54 189 1 0 . 2 2 . 0 1 . 8 2
55 190 1 0 . 6 6 . 5 2 . 3 0
56 190 1 0 .  1 3 . 3 2 . 9 5
57 190 9 . 0 1 . 8 3 . 2 4
58 191 8 . 0 7 . 2 4 . 4 0
59 191 3 . 5 4 . 2 4 . 2 6
60 202 2 . 3 3 . 0 3 . 4 0
61 202 7 . 7 6 . 3 0 . 6 8
62 202 2 . 7 8 . 0 1 . 1 9
63 202 5 . 3 3 . 2 2 . 8 6
64 202 9 . 5 3 . 8 1 . 3 8
65 203 6 . 5 6 . 5 0 . 9 8
66 203 3 . 8 8 . 1 1 . 0 4
67 204 9 . 0 7 . 1 2 . 3 0
68 205 5 . 0 9 . 5 2 . 4 6
69 210 4 . 9 4 . 0 3 . 7 3
70 214 6 . 7 2 . 1 2 . 1 5
71 219 2 . 1 7 . 0 5 . 4 0
72 225 5 . 3 2 . 9 1 . 1 5
73 227 4 . 2 2 . 9 2 . 0 3
74 227 3 . 9 9 . 1 1 . 7 1
75 230 8 . 0 9 . 3 3 . 7 3
76 230 6 . 9 9 . 4 1 . 6 7
77 234 3 . 9 4 . 8 2 . 5 9
78 234 1 . 9 8 . 2 1 . 0 0
79 234 5 . 0 6 . 9 0 . 8 0
80 234 9 . 1 3 . 6 1 . 4 8



- 1 0 9 -

r u n  5 PART B { CO NT I N U E D)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

81 235 1 . 2 4 . 0 2 . 3 4
82 235 6 . 7 0 . 8 1 . 5 7
83 235 1 . 1 4 . 3 1 . 6 6
84 235 4 . 5 8 . 2 0 . 8 0
85 235 6 . 2 6 . 8 1 . 3 3
86 235 0 . 7 4 . 4 1 . 5 3
87 235 8 . 1 4 . 7 2 . 3 2
88 235 3 . 4 6 . 1 1 . 1 9
89 235 9 . 0 7 . 2 1 . 4 8
90 240 7 . 7 8 . 6 2 . 3 8
91 242 7 . 7 4 . 8 1 . 4 2
92 242 5 . 1 9 . 6 1 . 6 6
93 243 1 . 1 8 . 8 1 . 9 5
94 243 0 . 6 5 . 9 2 . 2 8
95 249 8 . 9 8 . 4 2 . 6 3
96 249 6 . 4 1 . 5 1 . 9 5
97 251 6 . 9 3 . 4 2 . 3 9
98 252 3 . 4 7 . 7 1 . 7 3
99 252 5 . 5 9 . 6 2 . 6 4

100 258 0 . 4 5 . 3 2 . 9 4
101 260 5 . 2 0 . 3 0 . 8 0
102 261 9 . 6 3 . 4 1 . 6 4
103 261 8 . 1 3 . 6 3 . 9 1
104 262 3 . 7 3 . 8 1 . 9 1
105 263 0 . 6 7 . 7 0 . 6 2
106 263 8 . 6 5 . 9 0 . 6 6
107 263 7 . 7 1 . 0 0 . 5 7
108 263 9 . 1 6 . 2 1 . 2 0
109 263 5 . 8 3 . 0 3 . 6 4
110 264 3 . 4 7 . 7 0 . 7 7
111 267 6 . 7 8 . 6 2 . 2 5
112 267 1 . 4 9 . 1 2 . 6 2
113 267 2 . 4 2 . 2 1 . 6 3
114 269 7 . 8 2 . 9 1 . 8 2
115 270 5 . 3 3 . 4 2 . 3 1
116 270 2 . 7 6 . 0 2 . 9 5
117 271 3 . 3 5 . 0 0 . 8 6
118 271 4 . 7 1 . 9 0 . 9 6
119 271 1 . 0 7 . 7 1 . 2 9
120 271 1 . 7 5 . 3 1 . 5 5



“ 1 1 0 -

RUN 5 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

121 275 9 . 1 7 . 0 2 . 3 7
122 276 8 . 1 8 . 7 1 . 3 5
123 277 1 . 4 5 . 2 1 . 5 7
124 277 2 . 9 8 . 4 1 . 8 2
125 278 6 . 4 0 . 7 2 . 9 7
126 278 8 . 8 2 . 5 0 . 7 4
127 278 7 . 7 2 . 0 1 . 3 7
128 279 6 . 2 4 . 5 0 . 9 6
129 280 7 . 7 3 . 6 2 . 1 1
130 282 8 . 4 5 . 0 1 . 3 6
131 282 5 . 7 2 . 4 1 . 0 9
132 285 4 . 8 3 . 6 1 . 8 6
133 286 4 . 3 1 . 7 2 . 7 0
134 288 2 . 8 3 . 0 3 .  19
135 288 6 . 1 7 . 5 4 . 9 3
136 292 7 . 3 3 . 3 0 . 9 6
137 292 2 . 3 6 . 2 1 . 8 2
138 292 9 . 1 2 . 9 1 . 0 5
139 292 6 . 1 6 . 1 1 . 7 2
140 294 8 . 6 7 . 5 1 . 3 7
141 294 9 . 6 5 . 5 1 . 5 9
142 295 4 . 8 8 . 4 1 . 9 5
143 301 4 . 8 9 . 8 2 . 6 3
144 301 9 . 0 4 . 1 1 . 8 2
145 302 7 . 1 9 . 1 2 . 3 4
146 302 7 . 3 2 . 4 3 . 6 2
147 306 8 . 0 2 . 7 3 . 6 8
148 308 9 . 1 5 . 9 3 . 9 3
149 312 7 . 8 2 . 7 1 . 4 7
150 312 9 . 1 6 . 3 2 . 6 1
151 313 2 . 7 5 . 7 1 . 6 5
152 320 2 . 4 5 . 3 0 . 5 7
153 320 1 . 4 3 . 4 0 . 8 6
154 321 5 . 2 1 . 8 2 . 9 9
155 321 7 . 2 7 . 6 2 . 2 4
156 323 3 . 4 3 . 8 3 . 7 2
157 323 4 . 6 2 . 7 3 . 8 5
158 327 6 . 2 4 . 0 1 . 1 5
159 327 8 . 7 5 . 5 1 . 0 5
160 327 6 . 7 0 . 8 1 . 3 8



1 1 1 -

TALLY

161
162

RUN 5 PART B (CONCLUDED)

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

327
327

2 . 4
3 . 7

5 . 7
6 . 9

1 . 7 2
1 . 8 1



- 1 1 2 -

r u n  6 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 200

INCIPIENT FLU IDIZATION VELOCITY, 
SUPERFICIAL 0 . 1 4 9

MICRONS

F T . / S E C

FLU ID IZATI ON VELOCITY, SUPERFICIAL 0 . 2 0 9  F T . / S E C

BED HEIGHT 2 5 . 8  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

2 4 . 0

8 9 . 8

77

IN.

CM. OF 

DEGREES

WATER

F.

CAMERA

CAMERA SPEED

DURATI ON OF RUN

200 EE

48 FRAMES/SEC

4 . 2 3 0  SEC.



1 1 3 -

r u n  6 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

8
12
12
13
19
20 
20 
22
24
25 
25 
25 
25 
25
25
26 
39 
39 
39 
39
39
40
41 
41 
41
47
48 
53 
53 
56 
61 
66  
71
71
72 
72 
76 
82 
82 
83

4 . 1
8 . 5
1 . 7
3 . 1
2 . 9  
6 . 0
8 . 9
3 . 5
2 . 4
4 . 2
5 . 6
3 . 8
6 . 5
4 . 2
1 . 9  
2 . 8
5 . 5
2 . 9  
8 . 0
5 . 7
7 . 3  
2 . 2
1 . 3
2 . 6
5 . 4
7 . 5
6 . 9
3 . 2
6 . 6
6 . 3
3 . 7
7 . 3
3 . 7  
6 . 2  
2 . 2
3 . 6
4 . 4
6 . 9
5 . 7  
7 . 0

5 . 5
5 . 7
7 . 6
6 . 8
2 . 7
3 . 4
7 . 3
5 . 5
7 . 0
4 . 5
5 . 0
2 . 4
7 . 0
4 . 8
4 . 1
3 . 9
6 . 5
7 . 3  
4 . 0
2 . 3
7 . 3
1 . 9
3 . 6
3 . 7
5,
2 ,

3,
7

3 
7
4 
3

4 . 2
3 . 8
5 . 9
2 . 7
5 . 2  
6 . 5
7 . 3
5 . 8
4 . 2
5 . 3  
4 . 7
7 . 4

4 . 5 8  
0 . 7 4  
1 . 1 5
2 . 2 4  
1 . 3 5  
3 . 0 7  
2 . 3 0  
2 . 6 0  
4 . 9 3
1 . 5 9  
0 . 3 5  
0 . 6 2  
0 . 8 8  
1 . 6 6  
0 . 9 7  
2 . 8 3  
0 . 2 7  
0 . 7 1  
0 . 5 6  
0 . 8 8  
2 . 6 4  
1 . 6 3  
1 . 7 6
3 . 6 1  
2 . 9 9  
1 . 0 6  
4 . 8 9  
2 . 2 9
3 . 6 2
3 . 7 9  
1 . 4 7  
1 . 6 1  
4 . 8 6  
4 . 4 6  
1 . 2 6  
2 . 3 9
1 . 8 0  
0 . 5 3  
3 . 0 1
1 . 2 4



1 1 4 -

r u n  6 PART B (CONTINUED. )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

41 83 4 . 0 2 . 1 2 . 1 9
42 86 1 . 9 3 . 7 2 . 2 4
43 87 6 . 7 6 . 7 1 . 3 0
44 87 6 . 9 4 . 2 1 . 6 7
45 88 6 . 7 5 . 3 1 . 2 4
46 89 4 . 4 7 . 2 1 . 5 4
47 94 2 . 7 6 . 6 1 . 8 0
48 95 7 . 6 4 . 9 1 . 1 7
49 95 1 . 8 . 3 . 8 2 . 4 2
50 95 7 . 5 1 . 7 2 . 0 3
51 97 8 . 3 4 . 4 2 . 2 0
52 97 3 . 0 2 . 7 2 . 8 3
53 100 6 . 2 3 . 7 3 . 8 8
54 101 2 . 8 5 . 5 1 . 7 1
55 104 5 . 7 6 . 2 0 . 7 4
56 104 7 . 7 2 . 2 1 . 2 1
57 104 1 . 8 6 . 3 1 . 4 2
58 105 3 . 1 7 . 1 1 . 0 6
59 106 8 . 2 4 . 3 1 . 9 4
60 112 2 . 3 7 . 7 3 . 7 2
61 119 1 . 9 4 . 9 1 . 6 8
62 121 8 . 2 3 . 7 4 . 3 3
63 122 8 . 2 5 . 1 4 . 0 7
64 127 8 . 0 6 . 1 1 . 5 5
65 130 5 . 8 2 . 0 4 . 3 3
66 131 2 . 4 6 . 9 1 . 4 0
67 131 4 . 7 2 . 0 1 . 4 2
68 131 7 . 4 7 . 1 2 . 2 2
69 131 7 . 6 5 . 7 2 . 7 4
70 132 5 . 5 0 . 6 1 . 4 3
71 135 2 . 4 1 . 6 3 . 1 7
72 136 2 . 9 3 . 1 1 . 6 1
73 136 5 . 0 5 . 7 3 . 5 9
74 140 1 . 1 3 . 9 3 . 8 6
75 142 2 . 4 7 . 2 4 . 2 4
76 145 5 . 2 1 . 9 2 . 4 4
77 146 2 . 5 8 . 0 2 . 2 4
78 146 2 . 7 3 . 4 1 . 0 1
79 152 5 . 7 3 . 2 1 . 5 0
80 152 6 . 5 2 . 9 2 . 0 9



1 1 5 -

r u n  6 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 152 5 . 6 5 . 0 4 . 0 7
82 154 1 . 6 2 . 7 2 . 9 5
83 155 4 . 0 5 . 7 1 . 0 3
84 155 7 . 7 2 . 3 0 . 7 8
85 155 3 . 1 4 . 4 0 . 7 1
86 155 3 . 3 2 . 5 1 . 1 5
87 156 7 . 1 3 . 1 2 . 3 9
88 156 4 . 0 5 . 1 1 . 5 9
89 157 5 . 0 5 . 0 3 . 0 8
90 157 1 . 6 7 . 0 2 . 8 5
91 161 5 . 9 6 . 3 1 . 0 6
92 166 3 . 4 2 . 7 4 . 8 6
93 167 6 . 8 4 . 0 2 . 0 4
94 174 3 . 5 4 . 4 5 . 1 1
95 174 4 . 9 2 . 5 1 .  19
96 174 1 . 1 3 . 5 1 . 3 1
97 177 2 . 0 7 . 7 1 . 4 7
98 178 4 . 4 2 . 2 2 . 3 2
99 179 3 . 9 5 . 7 1 . 6 1

100 179 5 . 3 4 . 4 0 . 9 3
101 179 8 . 3 5 . 8 1 . 0 6
102 184 7 . 5 2 . 5 1 . 9 0
103 184 3 . 6 6 . 7 1 . 9 9
104 185 1 . 9 7 . 4 2 . 5 6
105 193 3 . 4 5 . 5 1 . 7 7
106 194 2 . 5 7 . 1 1 . 7 5
107 197 3 . 3 6 . 5 0 . 5 3
108 197 5 . 9 6 . 6 0 . 6 9
109 197 8 . 0 6 . 3 4 . 8 1
110 199 3 . 1 2 . 7 1 . 9 7
111 201 1 . 9 7 . 5 0 . 6 2
112 201 4 . 4 3 . 4 2 . 8 7
113 201 6 . 2 3 . 1 2 . 5 4
114 202 6 . 6 6 . 6 3 . 7 7



RUN 7 PART A

P A R T I C L E S  ~ GLASS BEADS

AVERAGE PARTICLE DIAMETER 200 MICRONS

INCIPIENT"'FLUToIZATION" 'VELOCITY,
SUPERF ICI AL  ..............  ______ ____________ _0 . H 9 ...........  F T . / S E C .

F LU I D I Z AT I ON VE LOCIT Y. SUPERFIC IAL 0 . 3  46 _ _F T .  /  S EC .

BED HEIGHT  ___________________       1 . 3 ......................  IN.

SETUED BED HEIGHT ______  1 . 0  IN.

PRESSURE DROP THROUGH. B E D  5 . 5 .

AI_R_TE M P E R A TU R E________ __________________8 2_

CAMERA ....... .................. ........................  ........ 2 0 0 ...EE

CAMERA SPEED 64

DURATION OF RUN 0 . 0 3 7

CM. OF WATER 

DEGREES F .  .

F R A M E S / S E C .

SEC.



1 1 7 -

.......... .................  ■.......... —--------------- RUN 7 .PART B

TALLY " FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

. OF BUBBL
....................... ........................................... .... ------------------- ___ X Y INCHES

i  ....... . .............. 1..... ......... 1 0 . 5 8 . 4 0 . 7 7
2 1 8 . 7 8 . 2 0 . 7 7
3 1 1 0 . 6 7 . 2 .... q  ̂03
4 1 8 . 7 6 . 1 0 . 9 6

.......... 5 ....... 1 1 0 . 4 4 . 9 1 . 1 4
6 1 9 . 7 4 . 0 0 . 9 6

.................... ........... 7... 1 8 . 4 4 . 7 0 . 8 3
8 1 7 . 5 3 . 8 1 . 0 7
9 1 6 . 8 2 . 3 0 . 3 8

10 1 9 . 5 2 . 6 0 . 6 8
11 ......... ” i 8 . 4 2 . 6 0 . 7 6
12 l 7 . 9 1 . 8 0 . 7 6

.................................... ......-  1 3 .............. ... i ............ ...........7 . 4  "....... 1 . 3 3
14 l 5 . 5 1 0 . 5 1 . 0 2

.............  15 ...... ' i ............. 4 . 0 ' 1 0 . 2 i  .  34
16 l 5 . 6 7 . 9 0 . 7 6
17 ..............1 ......... .........  4 . 5 8 . 6 ......... 1 . 0 8
18 l 5 . 6 6 . 3 0 . 6 8
19 i  “  ' 7 . 5 7 . 0 0 . 8 9
20 l 6 . 6 4 . 7 1 . 2 8
21 .............l  ........ 5 . 4 .....5 . 1  ...... 0 . 7 0
22 6 . 4 4 . 6 1 . 0 1
23 l 6 . 1 2 . 6 1 . 2 8
24 i 1 . 8 8 . 3 1 . 0 2

................................................25 ............. ........1............... ......... 3 . 1 .................. 6 . 1 0 . 7 0
26 l 3 . 8 6 . 5 0 . 8 9

.............................. 27 .......... ........... 1 .............. 1 . 2 6 . 0 0 . 9 6
28 l 3 . 8 4 . 5 0 . 6 4

... ....................................... 29 ' 2 . 3 .................. 3 . 8 0 . 7 0
30 l 2 . 7 3 . 5 0 . 6 3

........... ' .........  ' '...31.............. 2 5 . 4 8 . 6 0 .  70
32 2 5 . 4 4 . 6 0 . 5 1

...........................................33.......... ............ 2............... ..........7 . 9 .................. 1 0 . 2 0 . 8 9
34 2 8 . 4 7 . 2 0 . 7 6

............ ............... .............. ......3 5 .............. .............2......  ... "  8 . 1 ............... .....6 . 6  ..... 0 . 7 0
36 2 1 0 . 2 6 . 4 0 . 5 7

............................................... 37............. ..... ....2............... 8 . 9 2 . 2 0 . 8 9
38 2 8 . 4 1 . 3 1 . 0 1
39 .......... ..........2 ......... 5 . 0 1 0 . 4 0 . 7 0
40 2 7 . 0 1 0 . 5 1 . 0 2



1 1 8 -

r u n  7 PART B ( C O N T I N U E D )

TALLY FRAME _ BUBBLE_COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 2 7 . 0  7 . 7  0 . 9 4
42 2 4 . 9  7 . 8  0 . 7 7
43 2 4 . 3  7 . 3  0 . 7 7
44 2 4 . 7  " ' ''"'6 . r  ' 1 . 2 1
45 2 _ 4 . 3  J j . 7  0_.83
46 2 4 . 0  3 . 3  0 . 5 7
47 2 7 . 0  _ 0 . 9  I . 01
48 2 5 . 5  1 . 7  0 . 8 9
4  9________   2  4 . 1  1 . 5  0 . 8 3
50 2 2 . 6  7 . 9  1 . 1 5
51 2 l .J) • 8 . 3  0 . 6 4
52 2 3 . 5  7 . 0  0 . 9 6
5 ? 2 2 . 6  5 . 2  0 . 9 9
54 2 2 . 3  2 . 7  0 . 7 7
55 2 3 . 1  2 . 0  1 . 2 0
56 2 3 . 5  0 . 9  1 . 0 2
57 3 6 . 9  9 . 1  0 . 4 9
58 3 7 . 3 8 . 6 0 . 6 4
59 3 6 . 6  8 . 7  0 . 6 4
60    ” 3  3 . 2  .......  9 . 6 “ “ 1 . 0 2
61 3_ 10-2  _ T . 5  0 . 8 3
62 ~3   10 . 1  5 . 5 “ ' ........  0 . 9 6
63 3 9 . 3  4 . 9  0 . 6 4
6  4 .....................  3  1 0 . 1  2 . 9 ........................ 0 . 9 6
65 3 6 . 0  9 . 3  1 . 0 1
66  3 5 . 6  8 . 6  . 1 . 0 1
67 _ 3_ 4 ‘ 1 7 ' 9 0 . 6 4
68  3 ' 4 . 2 7 . 2 0  . 8 1
69 3 6_»8 6 . 9  0^89
'70 3 ' 7 . 0  ' 5 .  9 1 . 08
71 3 7 . 4  5 . 4  0 . 3 1
72 3 7 . 0  4 . 9  0 . 3 1
73 3 6 . 6  4 . 7  0 . 8 9
74  3 5 . 4  5 . 0 “ 1 . 0 8
75 3 7 . 4  4 . 0  0 . 8 9
76 3 6 . 9 ' 3 • 3  0 . 4 4
77 3 6 . 3  3 . 3  0 . 5 1
78 3 5 . 4  3 . 1  0 • 8 9
79 3 6 . 8  2 . 3  0 . 9 6
80 3 5 . 0  2 . 3  0 . 8 9



1 1 9 -

r u n  7 ..... P A R.L... B .( CQNCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMEJER

OF BUBBLE
  ......  X.................    Y...................... .INCHES_____

81 3 " “ 0 . 8  " ' 7 . 4  0 . 9 6
82 3 1 . 8  7 . 0  0.5JL
83 3 1 . 3 6 . 6  0 . 5 1
84 3 2 . 2  5 . 1  0 . 8 ?
85 "  3 2 . 6  4 . 5  0 . 6 4
86 3 1 . 0  4 . 7  0 . 9 6
87 3 1 . 5  3 . 6  1 . 0 7
88 3 1_.9 3 . 2  0 . 5 1
89 3 2 . 2  1 . 5  0 . 6 4
90  3 1 . 8  1 . 9  0 . 7 0



RUN 8 PART A

PAR T I C LES GLASS BEADS

AVERAGE PARTICLE DIAMETER 200 MICRONS

INCIPIENT FLUIDIZATION VELOCITY,
SUPERFICIAL 0 . 1 4 9  F T . / S E C .

F L U I D I Z A T i V E L O C I T Y , SUPERfT c IAL “ 0 . 3 4 6 "  F T . / S E C .  

FEDHhTFGHT................. ......  ... 2 .'5 " '   I N .~

STTfLED"' BED" HE-IGHT  """  ‘....... ...” “ 2 . 0  .... IN.  .......................

PRESSURE “FROP THROUGH' ' BED 9 . 5  CM. OF WATER

A IR T E M PER A T U R.E 82 DEGREES F .

CAMERA....

CAMERA SPEED

DURATI ON OF RUN

200 EE

64 FRAMES/SEC.

0 . 1 6 2  SEC.



-  1 2 1 -

r u n  8 PART B

TALLY fRAME^ BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 1 1 0 . 5  5 . 6  1 . 5 1
2 1 9 . 3  1 1 . 2  0 . 9 7
3 I 6 . 2  9 . 5  1 . 8 2
4 1 0 . 8 8 . 6 1 . 7 8
5 1 2 . 4  4 . 1  1 . 4 6
6 2 7 . 7  3 . 6  1 . 8 2
7 2 5 . 5  7 . 2  1 . 6 8
8 2 3 . 9  7 . 9  1 . 6 8

3 1 1 . 2  _ 3 . 5  1 . 6 0
10 3 6 . 0  1 0 . 8  0 . 8 3
11 _  3_________ 5 . 3 _______ __1J-1__ 1 . 0 ?
12 3 4 . 9  1 1 . 6  1 . 4 9

_ 13 3 _ _ 3 . 5  _ 1 1 . 9  1 . 4 0
14 3 2 . 4  1 0 . 8  1 . 0 3
15 4_ 6 . 3  9 . 3  0 . 8 4
16 4 "  5 . 6  ' "' "5 . 2“ 1 . 5 4
17_ 4 _   3 . 6 _______  _ 2 s ±  L*A3
18 4 2 . 5  2 . 5  1 . 9 6
19 _ 5 1 0 - 2  _ 2 . 2  1 . 5 4
20 6 1 1 . 1  5 . 5  1 /6 5
21 _ 6 9 . 5  _ 9 . 0  2 . 0 9
22 6 6 . 0  . 6 / 3  1 . 4 6
23 6 8 . 0  7 . 2  1 . 6 8
24 6 6 . 5  1 0 . 8  2 . 1 0
25 6 7 . 3  1 2 . 5  0 . 9 8
26 6 6 . 0  6 . 3  1 . 5 4
27 6 1 . 7  7 . 2  1 . 6 8
28 7 9 . 8  5 . 3 1 . 0 5
29 7 7 . 9  1 1 . 2  1 . 3 7
30 7 6 . 3  1 . 7  1 . 4 0
31 7 4 . 9  7 . 0  1 . 4 0
32 7 2 . 8  9 . 5  2 . 6 5
33 7 1 . 1  3 . 8  1 . 1 7
34 7 0 . 6  4 . 8  0 . 9 8
3 5 7 2 . 0  4 . 6  1 . 4 0
36 7 1 . 0  9 . 4  0 . 9 4
37 8 1 0 . 0  5 . 2  0 . 9 7
38 8 8 . 7  4 . 6  0 . 8 3
39 8 1 0 . 8  3 . 4  1 . 6 8
40 . 8 9 . 1  3 . 5  1 . 8 0



- 1 2 2 -

r u n  6 PART B ( CO N C L U D E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 8 6 . 3  1 . 5  1 . 4 6
42 8 3 . 5  1 . 4  1 . 5 4
43 8 0 . 8  5 . 5  0 . 7 0
44 9 1 0 . 4  9 . 8  2 . 1 0
45 9 8 . 0  6 . 6  1 . 9 6
46 9 8 . 4  8 . 6  1 . 4 0
47 9 3 . 6  3 . 8  1 . 1 7
48 9 1 . 7  6 . 0  1 . 0 3
49 9 0 . 6  7 . 0  0 . 7 0
50 _l 9 _ _I_1. 5  6 . 7  1 . 4 0
51 10 1 0 . 8  5 . 9  1 . 1 4
52 10 1 0 . 0  _ 7 . 2  1 . 2 5
53 10 l i . 6  8 . 7  1 . 5 4
54 10 6 . 5  8 . 1  1 . 1 7
55 iO 2 . 8  6 . 6  1 . 3 2
56 11 9 . 1  1 0 . 8_ 1 . 6 0
57 11 1 0 . 5  2 . 1  1 . 8 2
58 11 6 . 9  9 . 4  1 . 8 0
59 11 7 . 2  ' 4 . 2  .........  1 . 5 8
60 11 2 . 7  8 . 3  1 . 0 5
61 11 2 . 7  3 . 8  1 . 5 4
62 11 2 . 4  2 . 5  1 . 4 6



RUN 9 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 200 MICRONS

I NC I P I ENT FLUI D IZAT ION VELOCITY,
SUPERFICIAL 0 . 1 4 9  F T . / S E C .

FLUIPI^ATION . .VELOCITY, SUPERFICIAL 0 . 3 4 6   FT. /SEC. .

BED HEIGHT 4 . 8  IN.

SETTLEDBED HE|GHT 

PRESSURE DROP THROUGH.BED 

AIR TEMPERATURE

CAMERA

CAMERA SPEED

DURATION OF RUN

4 . 0 ......

16 . 8

82 .....

200 EE

48.....

0 . 3 4 1

IN.

CM. OF WATER 

DEGREES F.

FRAMES/SEC, 

SEC.



- 1 2 4 -

r u n  9 .................PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 34 3 . 8  1 . 0  2 . 2 1
2 35 3 . 8  6 . 9  2 . 2 1
3 35 1 . 7  7 . 0  3 . 1 9
4 35 1 0 . 2  4 . 7  2 . 17_
5 35 9 . 2  2 . 8  2 . 4 3
_6 35 _3.8__ __ __6.9 2 . 2 i „
7 35 2 . 6  4 . 3  2 . 7 1
8 _3_7_ 5j. 9 _ _ 1 • 4 2 . 2 1
9 37 2 . 4  2 . 0  1 . 7 9

10 37 5.9^ 3 . 8  2 . J 3
11 39' 1 0 . 1  7 . 4 '  1 . 2 8
12 _ 3 9  9 . 8  _ 5 . 1  2 . 7 3
13 40 3 . 3  9 . 6  3 . 1 3

_ *:P_ 2_. 6 _   2j.2 3 .J .9
15 41 i . 2  4 . 3  1 . 9 7
16 41 0 . 9  7 . 7  1 . 6 1
17 41 2 . 3  7 . 0  1 . 6 1
18 42 8 . 3  8 . 9  2 . 8 1
1 9 4 4  8 . 9  1 . 9 '  ' 1 . 4 6
20 6 . 3  8 . 3  1 . 5 3
21 45 1 0 .1 “ 4 . 3  1 . 9 2
22 45 6 . 9  6 . 9 2 . 2 9
23 45 2 . 7  "  2 . 3  3 . 5 0
24 45 3 . 3  7 . 5  2 . 9 6
25 46 5 . 5 '    2 . 9  "" 2 . 0 4
26 46 1 . 4  6 . 4  2 . 2 9
27 48 5 . 4 1 . 7  3 . 3 9
28 49 6 . 6  7 . 0  1 . 7 9
29 49 1 . 9  2 . 7  2 . 2 1
30 50 7 . 7  8 . 7  1 . 8 4
31 50 8 . 2  6 . 3  2 . 2 1
32 50 5 . 6  1 0 . 1  4 . 1 1
33 50 8 . 9  “ 3 . 2  ' 3 . 5 7



RUN 10 P A R T A

PART I  CLE S . _....................................... GLASS B E AD S ..................

AVERAGE PARTICLE DIAMETER 200 MICRONS

INCIPIENT FLUIDIZATION VELOCITY,
SUPERFICIAL 0 . 1 4 9  F T . / S E C .

FLU IDIZ ATI ON V E L OC IT Y, iSU P E R FIC IA L 0 . 3 4 6  F T . / S E C .

B E D H E I G H T   '   9 .~A............... ...I N .

SETTLED BED HEIGHT " 8 . 0 ' I N.

PRESSURE DROP THROUGH BED 3 1 . 6 CM.  OF WATER

AIR TEMPERATURE "........  82 DEGREES F .

CAMERA

CAMERA SPEED

DURATION OF RUN

200 EE

48 FRAMES/SEC.

0 . 9 4 5  SEC.



- 1 2 6 -

r u n  10 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 3 5 . 2  7 . 3  5 . 0 6
2 A 9 . 6  8 . 2  1 . 5 7
3 5 3 . 7  1 . 0  2 . 6 7
A 6 2 . 7  7 . 1  4 . 5 9
5 7 5 . 7  3 . 1  A . A3
6 9 3 . 1  6 . 8  2 . 9 6
7 10 1 0 . 5  7 . 8  2 . 6 1
8 12 9 . 9  4 . 9  4 . 0 5
9 1A A.A 9 . A 2 . 5 5

10 16 4 . 5  2 . 1  2 . 6 1
11 _ l l  6 - 8  _ 6_.9 2 . 3 1
\ 2  17 9 . 3  2 . 9  i .AO
13 18 7 . 6  0 . 8  2 . 0 7
14 20 1 . 6  2 . 6  3 . A7
15 20 9 . 6  1 . 8  1 . 5 1
16 "21 6 . 3  9 . 9  5 . 0 2
1J ?3  3 . 7 __  3 . 7  5 . 2 3
18 2A 8 . 7  9 . 0  1 . 5 1

_2A_ 9 . A _ 5 . 6  5 . 1 2
20 25 8”.0  " '  1 • 9 3 . 6 2
21 26 2 . 6  1 . 9  3 . 1 A
22 27 5 . 2  9 . 1  A . 35
23 28 A . 3 0 .5 „  1 . 6 5
2 A 30 4 . 5  6 . 8  A . 58
25 31 0 . 8  5 . 1  1 . 6 7
26 32 i . A  6 . 6  1 . 3 3
27 33 3 . 3  A . 5 2 . 9 6
28 34 1 . 7  5 . 5  1 . 7 7
29 35 6 . A 8 . 5  1 . 3 6
30 36 6 . 8  3 . 1  4 . 5 8
31 37 2 . 1  3 . 1  2 . 5 3
32 37 9 . 2  7 . 8  3 . 8 6
33 38 A. 0  2 . 0  1 . 7 7
34 38 8 . 4  1 0 . 8  2 . 3 0
35 39 6 ^ 0  1 . 7  1 . 6 0
36 AO ’ A . 8 1 0 . 9  1 . 5 7
37 AO 6 . 6  1 0 . 7  1 . 8 1
38 42   1 . 5  5 . 1  1 . 3 6
39 A2 2 . 1  7 . 5  A . 38
AO A2 1 0 . 1  8 . A 2 . 0 9



" 1 2 7

RUN 10 P A R T B  (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 43 6 . 5  1 .0  1 .8 1
42 43 4 . 8  2 . 6  2 . 5 6
43 43 1 . 5 "  3 . 4  2 . 6 6
44 _ 44 8j. 2 _  1 .8 7
45 45 8 . 2  4 . 4  2 . 8 6
46 47 9 . 2   2 . 3  2_.84
4 7 47 6 . 1  “  2 . 4  3 . 2 4
48 __ 48 6 . 3  9 . 4  5 .7 3



RUN 11 PART A

P A R T I C L E S  ' GLASS BEADS

AVERAGE PARTICLE DIAMETER 200 MICRONS

I NCI PI  ENT FLUIDIZATION VELOCITY,
SUPERFICIA L.............. ...... ..... ......... ............  ......... 0 . 1 4 9 F T . / SEC.

F LUIDIZ A TION VEL0 ClT Y,S  UPE R FI  ClAL 0 . 3 A 6  F T . / S E C .

BED HEIGHT ________ ____ ____  __1 3 . 9  IN.

SETTLED BED H E I G H T 1 2 . 0 I N.

PRESSURE DROP THROUGH BED  A5 . 4 CM.  OFWATER

AIR TEMPERATURE 81 DEGREES F .

CAMERA................... ............  ............. ..................  ....... 200 EE

CAMERA SPEED 48 FRAMES/SEC.

DURATI ON OF R U N 4 . 0 3 0 SEC.



- 1 2 9 -

r u n  11 PART B

TALLY FRAME BUBBLE COORWNATES " 'BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES_

1 1 1 . 7  3 . 4  2 . 3 0
2 6 8 . 9  4 . 8  4 . 0 7
3 8 4 . 0  4 . 6  6 . 5 5
4 13 8._4 5.. 7 3 . 7 3
5 13 1 0 . 0  7 . 9  2 . 1 0
6 14 8 . 6  9 . 2  1 . 7 2
7 19 9 . 8  4 . 0  2 . 3 0
8 20 9 . 5  1 . 7  3 . 22 _
9 21 6 . 6  4 . 0  3 . 9 9

10 -23 2 . 9  2 .3^  3 . 5 4
11 23 3 . 4  5 . 2  2 . 0 7

i 2_ _ 2 5  _ 2 . 0  5 . 9  2 . 5 9
13 28 2 . 3  "  2 . 0  1 . 8 5
1.4  30 4 . 6  8 . 9  6 . 3 0
15 31 "" 9 . 2     T . O  “ ....  4 . 6 0
16 32 2 . 0  5 . 2  4 . 8 9
17 37 775 1 0 /9  2 . 9 3
1.8 38 4 . 6  4 . 1  2 .  16
19 39 2 . 6  5 ^ 1 '“" “ ........ 2 • 3 0
20 41 8 . 4  5 . 4  6 . 3 2
21 ' 42 ‘ 4 . 5  ...........9 . 2 2 . 3 0
22 50 6 . 3  6 . 3  3 . 4 5
23 52 2 . 5  4 . 6  5 . 3 9
24 54 8 . 0  l . l  1 . 4 9
25 57 6 . 9  2 . 9  4 . 6 0
26 58 9 . 7  7 . 8  4 . 6 0
27 60 6 . 3  1 0 . 6  2 . 3 0
28 61 4 . 6  9 . 2  3 . 7 8
29 62  8 . 0  4 . 0  2 . 7 6
30 67 2 . 3  7 . 1  3 . 4 5
31 69 2 . 9  3 . 4  1 . 7 2
32 77 4 . 6  4 . 6  6 . 4 4
33 78 0 . 9  5 . 9  2 . 3 0
34 80 9 . 8  7 . 1  3 . 6 8
35 82 4 . 6  6 . 9  4 . 8 1
36 82 9 . 2  2 . 9  3 . 4 5
37 87 l . l  3 . 7  2 . 5 2
38 89 8 . 0  2 . 6  1 . 4 6
39 91 9 . 8  3 . 4  2 . 6 2
40 91 3 . 6  6 . 9  6 . 0 9



1 3 0 -

r u n 11 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING _
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 92 1 0 . 1  6 . 7  1 . 9 9
42 94 5 . 2  2 . 3  3 . 9 9
43 102 6 . 9  3 . 4  4 . 0 2
44 103 2 . 6  3 . 4  3 . 4 7
45 105 _7._7_ 9 . 2  2 . 3 0
46  107 6 . 0  9 . 8  1 . 6 2
47 107 6 . 1  3 . 2  2 . 5 8
48 109 1 . 1  4 . 8  3 . 2 7
49 113 _ 3 . 8  6 . 9  6 . 9 0
50 114 8 . 6  4 . 6  6 . 8 0
5_1_ 120 _ _._8.6 _ 2 . 1  3 . 1 0
52 120 1 0 . 1  4 . 1  2 . 8 7
53 123 4 . 0  _ _ 1 . 7  3 . 4 5
54 124 9 / 0  5 . 2  3 . 9 1
55 124 _ 9 • 8_  8 . 0  2 . 5 2
56 130 4 . 6  7 . 5  4 . 8 8
57 138 _2jiO_ 6 . 3  1 . 1 5
58 139 9 . 4  4 . 0  5 . 6 2
5?  139 3 . 4  2 . 4  4 . 5 7
60 140 3 . 2  8 . 5  2 . 6 2
61 140 6 . 9  5 . 7  2 . 6 3
62 141 2 . 3  6 . 0  " 2 . 9 9
63 142 4 . 0  6 . 9  1 . 6 1
64 145 7 . 9  9 . 7  2 . 6 7
65 148 5 . 2  4 . 6  3 . 4 5
66 148 8 . 6  7 . 5  3 . 3 2
67 151 1 . 7  6 . 3  2 . 7 6
68 151 4 . 6  1 0 . 3  2 • 6 0
69 151 7 . 5  5 . 5  4 . 0 2
70 154 7 . 7  6 . 9  2 . 2 7
71 157 7 . 5  5 . 3  1 . 9 ? _
72 158 5 . 7  9 . 2  5 . 7 5
73 159 2 . 9  3 . 4  3 . 4 5
74 160 9 . 8  5 . 7  4 . 4 5
75 160 1 . 4  8 . 7  2 . 5 2
76 160 5 . 7  5 . 1  2 . 6 4
77 161 3 . 7  7 . 5  3 . 7 3
78 161 5 . 7  3 . 2  2 . 5 3
79 163 8 . 0  4 . 7  3 . 7 7
80 164 9 . 4  7 . 8  1 . 8 5



- 1 3 1 -

r u n  11 PART B ( CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAM_ETER

OF BUBBLE 
X Y INCHES

81 165 5 . 7  6 . 1  1 . 4 9
82 165 3 . 2  2 . 3  3 . 4 2
83 167 7 . 5  6 . 3  1 . 4 9
M  170 _ _ _ 5 - 7  3 . 4 5
85 171 6 . 6  7 . 5  1 . 7 2
86 174 1 0 . 7  7 . 2  _ 2 . 6 0
87 175 1 6 . 5  2 . 6  1 . 3  8
86 175 _9.2_ 1_.4 2 . 2 3
89 Y i f i   4 . 5  " 6 .3 " "  6 . 6 7
90 179 „ 2 . J )  4 . 3  4.. 61
91 _ 187 ...... 7 . 7  ' '  1C. C " 3 . 6 3
92 188 7 . 7  5 . 4  6 . 3 2
9 3 189 '  ' 4 . 8  7 . 1  1 . 7 2
94 190 3 . 8  2 . 5  5 . 6 0
95 192 8 . 2 “ C • 9 1 .  41
96 194 1 . 7  7 . 6  4 . 6 6

;



RUN 12  PART A

P A R T I CL E S  GLASS BEADS ...................

AVERAGE PARTICLE DIAMETER 200  MICRONS

INCIPIENT FLU 10 1ZATION VELOCITY,
SUPERFICIAL 0 . 1 4 9  F T . / S E C .

FLUIDIZATION VEL0CITY,SUPERFICIAL 0 . 3 4 6  ~ F T . / S E C .

BED HE IGHT................................  2 1 . 7  IN .

SETTLEC BED HEIGHT..................................  1 9 . 0   ........  IN .

PRESSURE DROP THROUGH BED.................  7 2 . 3  CM. OF WATER

AIR TEMPERATURE "  '.................. ..... ....... . 7 7 ................... DEGREES F .

CAMERA 200 EE

CAMERA SPEED 48 FRAMES/SEC.

DURATION OF RUN 3 . 1 1 0  SEC.



1 3 3 -

r u n  12  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES  ' DIAMETER

OF BUBBLE
X Y INCHES'--”

1 214 2 . 5  9 . 0  4 . 4 2
2 223 3 . 8  2 . 8  4 . 0 6
3 224 7 . 7  6 . 0  7 . 9 8
4 "  237 0 . 6  6 . 6  1 .5 0
5 240 3 . 0  9 . 5  3 . 8 7
6 245 5 . 0  7 . 5  2 . 0 0
7 246 2 . 5  5 . 0  5 . 0 0
8..... ........ ' 259"  9 . 0     5 . 2  7 . 0 7
 9_________ 261 ______ 3j» 8 5 ^ 3 ____ 2 . 7 ?

10 ' 2 6 8  6 . 0  7 . 0  6 . 7 5 "
11   280__ 5 . 3  _ 3 . 2  8 .1 2
12 287 ' '  4 . 7  5 . 0  4 . 9 0

_ _ 287 7 . 5   8 . 3  3 . 6 9
14 " 3 0 1 " "  ' 6 . 8  " 8 . 0  9 . 3 8
15 _ 307 2 . 5  7 . 5  5 . 2 5
16 " " 3 0 9    "  1 .5  2 • 5 1 .  41
17 310   2^8 _  1 . 2  _1_. 90
18 310 7 . 5  8 . 0  1 .5 0
19 311 1 .4  3 . 8  2 . 6 5
20    "314   3 . 0    3 . 8      2 . 5 0
21 315 7 . 8   1 .5  4 . 9 0
2 2 "  316 " 3 . 0  7 . 0 ..................." 3 . 0 0 '
23 321 7 . 1  J . 9  6 . 9 3
24 329 9 . 0  1 .5  2 . 5 0
25 330 10 .0  6 . 2  3 . 0 0
26......................3 3 0 .. " 9 ."5 4 . 0.............   2 . 5 0
27 332 6 . 8  1 .1  2 . 1 0
28 332 7 . 6  4 . 3 1 . 9 9
29 346 4 . 5  5 . 5  9 . 4 9



1 3 4 -

RUN 13 PART A

PART ICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 200 MICRONS

INC I PI ENT FLUID IZATION VELOCITY,
SUPERFICIAL ........ ...... ...........  .................. ............ 0 . 1 4 9  ......... F T . / S E C .

FLU ID I Z ATT 0N._ V EL OC.I T Y.» SUP E RF.I.C.I AL . 0 . 3 4 6   F T . / S E C .

BED HEIGHT _ _______________   A l - l ........................ ............  .IN....

SETTLED BED_HE IGHT _ ..... ......... ........ ........ .... 2 4 , 0   ............ I N .   . _

PRESSURE DROP THROUGH BED     9 0 . 3   CM . OF WATER

AIR TEMPERATURE...................... ................... ..........7 7 ....................DEGREES F ,

CAMERA  ............................. .......... . ............... ........200 E E .............

CAMERA SPEEC..............................................  ........ 4.8.......  _... ....FRAMES/SEC.

DURATION OF RUN .... .......4 . 1 5 0  S E C . ......



1 3 5 -

r u n  13 P A R T B

TALLY FRAME BUBBLECOORDINATES BURSTING
NUMBER INCHES DIAMEJER

OF BUBBLE
........................X.......................  Y   INCHES.

1 241 4 . 6 5 . 2  5 . 8 2
2 243 3 . 4  9 . 2  6 . 0 9
3 266 5 . 7  4 . 6  1 0 . 2 9
4 28 5 . 4  5 . 2  1 0 . 0 6
5 290 7 . 5  4 . 6  4 . 2 6
6 292 5 . 7  1 . 7  4 . 8 8
7 315 5 . 2  ' 5 . 4  2 . 8 0
8 J2_ l 4 . 4  1 0 . 5  2 .  63
9 325 7 . 5  1 0 . 9  i . 6 3 ~

10 _ _326_ ___9._7_ 9 . 5  2._14
11 328 6 . 1  2 . 9  7 . 0 4
12 329 3 . 7  6 . 9  2 . 3 0
13 329 1 0 . 1  6 . 9  2 . 8 7
14 330 8 . 3  9_.4 3 . 3 9
15 " 3 3 0 '  5 . 2  " 9 . 8  3 . 4 5
16 331 8 . 9  8 . 3  1 . 8 4
17 353 2 . 1  1 . 6  2 . 8 2
18 354 7 . 5  8 . 0  5 . 0 8
19........................ 3 5 5 ......... ' 4 .  8   4 . 0  7 . 9 7
20 366 5 . 2  1 . 7  3 . 9 8
21 366 5 . 7  3 . 4  6 . 6 1
22 380 8 . 0  3 . 4  6 . 9 0
23 405 4 . 0  5 . 7  9 . 6 3
24 422 3 . 9  7 . 8  2 . 1 7
25 425 9 . 8 - 9 . 2  1 . 2 3
26 426 2 . 3  1 0 . 2  1 . 7 8
27 4 3 3 9 . 2  4 . 6  2 . 8 7
28 43 3 9 . 0  8 . 6  2 . 8 7
29 434 5 . 7  1 . 7  4 . 3 0
30 434 2 . 9  3 . 4  5 . 4 6
31 434 4 . 6  8 . 6  6 . 3 0



RUN 14 PART A

P A RT I CL E S  GLASS BEADS

AVERAGE PARTICLE DIAMETER 85 MICRONS

INCIPIENT FLUIDIZATION VELOCITY,
SUPERFICIAL 0 . 0 2 6  FT. /SEC,

FLUIDIZATION VELOCITY, SUPERF IC IAL  0 . 0 4 4  FT . /S EC .

BED HEIGHT 4 . 2  IN .

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

4 . 0  IN.

14 .3  CM. OF WATER

91 DEGREES F.

CAMERA

CAMERA SPEED

DURATI ON OF RUN

EYEMO

48 FRAMES/SEC.

0 . 1 9 7  SEC.



1 3 7

RUN 14 PART B

TALLY FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

1
2
3
4
5
6 
7 
B 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

41
41
41
41
41
41
41
42 
42 
42
42
43 
43 
43 
43 
43 
43 
43 
43
43
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44
44
45 
45

8 . 8
1 . 8
0, 
0 
0, 
0, 
3 .

5
4
2
4
9

1 1 . 0
1 0 . 8

7 .2
6 . 7
6 . 8
9 . 8  

1 0 .5
4 . 8
1 .4  
1 .1  
0 . 6  
0 . 4  
2 . 7

1 0 .7
9 . 9
9 . 4  

1 0 .4  
1 0 .9

9 . 9
1 0 . 8

9 . 9
9 . 3  
1 . 6  
1 .0  
1 .1  
1 . 6  
0 . 9
1 .4
2 . 9  
3 . 6  
5 . 0  
7 . 2
8 . 5

9. 
8 , 

7 
7 
6 
4 .

9
0
9
3
6
5

1 . 0
6 . 0
4 . 8

1 0 . 8
1 0 . 5

0 . 2
9 . 7
8

10
2
7
5
4
1

,8
6
5

,0
5
7

,5
3 . 2
2 . 2
1.4
7 . 7
7.1
8 .5
8 . 3
8 . 8
9 . 6
9 . 6
5 .1  
4 . 5
4 . 0
3 . 7
2 . 8
1 .3  
0 . 7
1 . 0  
1 . 0
1.4

0 . 3 7
0 . 6 0
1 . 0 0
0 . 4 5
0 . 6 5
0 .5 1
1 .03  
0 . 9 4
1 .0 3
1 .0 3  
0 . 4 3  
0 . 4 6  
0 . 2 2  
0 . 3 3  
0 . 6 6  
0 . 8 6  
0 . 4 6  
0 . 6 0  
0 . 8 8  
0 . 8 0  
0 . 5 4  
0 . 6 2  
0 . 3 6  
0 . 6 9  
0 . 4 6  
0 . 4 0  
0 . 4 5  
0 . 5 7  
0 .5 1  
0 . 2 6  
0 . 3 7  
0 . 3 0  
0 . 4 9  
0 . 7 4  
0 . 7 7  
0 . 4 8  
0 . 8 6  
0 . 8 3  
0 . 6 5  
0 . 9 6



1 3 8 -

r u n  14 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
J NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 45 8 .7 2 . 2 1 .0 3
42 45 1 0 .9 7 . A 0 . 2 3
43 45 10 .6 7 . 4 0 .  17
44 45 9 . 2 9 . 3 0 . 4 0
45 45 1.6 8 .9 0 . 6 9
46 45 0 . 5 7 .0 0 . 5 7
47 45 2 . 8 1 .0 0 . 9 2
48 46 10 . 4 7 .9 0 . 9 2
49 46 9 . 8 8 . 7 0 . 4 6
50 46 10 .8 4 . 5 1 .0 0
51 46 10 .8 5.. 4 0 . 3 0
52 46 9 .3 9 .1 0 . 2 8
53 46 9 . 3 9 .4 0 . 2 9
54 46 8 .8 9 . 9 0 . 3 7
55 46 1.1 7 .0 0 . 3 4
56 46 0 . 9 7 .7 0 . 9 2
57 46 1.0 5 .1 0 . 9 9
58 46 4 . 7 0 . 3 0 . 7 7
59 46 5 .2 1.3 0 . 6 6
60 46 6 .1 0 . 9 0 .5 1
61 46 6 .7 0 . 3 0 . 8 9
62 47 10 .9 6 . 0 0 . 6 3
63 47 6 . 5 10 .8 0 . 7 7
64 47 4 . 0 11 . 0 0 . 6 5
65 47 1 .0 4 . 8 0 . 9 7
66 47 0 . 6 6 . 2 0 . 8 5
67 47 2 . 8 3 .0 0 . 4 6
68 47 4 . 2 1 .0 0 . 9 4
69 47 6 . 9 0 . 6 0 . 8 0
70 48 10 .1 3 .1 0 . 6 7
71 48 10 .3 3 .6 0 . 6 3
72 48 10 .5 5 .3 0 . 5 4
73 48 10 .6 4 . 8 0 . 5 7
74 48 10 .3 8 .5 0 . 6 3
75 48 9 . 8 8 .3 0 . 5 0
76 48 1 .6 9 . 0 1 .2 1
77 48 0 . 7 6 . 2 0 . 7 2
78 48 1.0 3 .0 0 . 4 0
79 48 1.8 2 . 3 0 . 4 7
80 48 4 . 9 0 . 5 0 . 8 0



- 1 3 9 -

r u n  14 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 49 9 . 5 2 .1 0 . 7 2
82 49 1 0 .9 6 . 6 0 . 6 3
83 49 10 . 8 7 .5 1 .0 8
84 49 9 . 7 9 . 3 0 . 4 8
85 49 7 . 5 10 . 3 0 . 5 4
86 49 4 . 9 11 .3 0 . 3 4
87 49 1.0 0 . 3 0 .9 1
88 49 2 . 4 2 .1 0 . 7 5
89 49 6 . 2 0 . 7 0 . 6 6
90 49 8 . 2 1.1 1 .1 5
91 50 8 . 8 9 . 5 0 . 4 8
92 50 1 0 .4 8 . 6 0 . 8 5
93 50 2 .8 10 . 2 0 . 7 7
94 50 1 .6 9 .0 1 .1 5
95 50 0 . 5 7 .1 0 . 9 7
96 50 1 .0 4 . 5 0 . 8 0



1 4 0 -

r u n  15 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 .0 2 6

MICRONS 

FT. /SEC

FLUIDIZATION VELOCITY, SUPERFIC IAL 0 . 0 4 4  FT. /SEC

BED HEIGHT 8 . 3  IN.

SETTLEC BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

8 . 0

28 .0

93

IN.

CM. OF 

DEGREES

WATER

F.

CAMERA

CAMERA SPEED

DURATI ON OF RUN

EYEMO

48 FRAMES/SEC

0 . 8 4 3  SEC.



- 1 4 1 -

r u n  15 PART B

TALLY FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

1 60 9 . 9 2 . 4 0 . 6 7
2 60 9 . 7 3 . 4 1 . 1 0
3 60 0 . 9 7 . 7 0 . 6 3
4 60 1 . 1 8 . 2 0 . 6 3
5 60 8 . 9 1 . 8 0 . 4 4
6 61 1 0 . 3 7 . 8 1 . 2 3
7 61 1 . 6 7 . 4 1 . 3 0
8 62 6 . 5 0 . 7 0 . 5 4
9 62 1 . 6 2 . 5 1 . 5 4

l O - 62 2 . 5 2 . 0 1 . 9 1
l l 64 1 0 . 7 5 . 2 0 . 5 7
12 64 8 . 0 1 . 4 0 . 4 8
13 64 4 . 8 1 . 1 0 . 8 4
14 65 2 . 7 9 . 5 0 . 7 8
15 65 0 . 7 5 . 9 0 . 5 9
16 66 0 . 4 7 . 0 1 . 1 2
17 66 0 . 3 4 . 2 1 . 6 4
18 66 9 . 1 1 . 6 1 . 3 1
19 66 1 0 . 1 3 . 0 0 . 2 9
20 6 7 1 0 . 7 5 . 5 0 . 7 7
21 67 1 . 7 5 . 1 0 . 5 0
22 67 3 . 7 3 . 2 1 . 0 1
23 68 8 . 0 1 . 4 0 . 6 7
24 68 2 . 2 4 . 7 1 . 5 9
25 68 4 . 9 0 . 3 1 . 5 7
26 70 1 0 . 6 5 . 9 1 . 8 5
27 71 1 0 . 9 4 . 4 1 . 2 2
28 71 4 . 1 1 1 . 0 1 . 4 8
29 71 1 0 . 9 6 . 7 1 . 6 2
30 71 1 . 6 2 . 1 1 . 6 1
31 72 8 . 8 2 . 2 0 . 6 5
32 72 9 . 0 1 . 5 0 . 7 8
33 72 9 . 5 2 . 0 1 . 5 6
34 72 1 . 7 9 . 6 0 . 7 3
35 72 4 . 2 1 . 0 1 . 2 1
36 72 3 . 8 0 . 7 0 . 8 6
3 7 73 7 . 5 1 . 6 0 . 6 3
38 73 3 . 6 1 . 3 0 . 9 4
39 74 0 . 4 6 . 5 1 . 0 7
40 74 1 . 4 3 . 8 1 . 3 6



1 4 2 -

r u n  15 PART B ( C O N T I N U ED )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

41 76 1 0 . 3 7 . 2  . 0 .  75
42 76 3 . 6 1 . 4 ' ! 0 . 7 8
43 76 6 . 1 0 . 5 1 . 4 6
44 77 9 . 3 3 . 1 1 . 6 6
45 77 0 . 9 6 . 4 1 . 5 2
46 77 1 . 1 5 . 7 1 . 4 9
4 7 77 0 . 6 5 . 8 1 . 0 7
48 78 0 . 9 7 . 4 1 . 3 8
49 78 1 0 . 8 7 . 1 0 . 3 1
50 78 3 . 9 1 . 4 0 . 5 7
51 79 1 0 . 8 5 . 9 1 . 3 8
52 79 1 1 . 2 5 . 1 1 . 3 1
53 79 2 . 3 9 . 5 1 . 6 9
54 79 1 . 3 8 . 3 1 . 4 6
55 79 4 . 7 1 . 0 1 . 1 4
56 80 2 . 0 2 . 4 1 . 5 5
57 80 8 . 6 1 . 8 1 . 4 1
58 83 3 . 2 1 0 . 8 1 . 9 0
59 83 1 0 . 9 5 . 1 1 . 1 0
60 83 1 0 . 5 5 . 0 1 . 3 7
61 83 1 1 . 1 5 . 6 1 . 7 0
62 83 1 1 . 1 8 . 1 0 . 5 3
63 83 1.  1 6 . 0 0 . 4 7
64 83 1 . 5 4 . 8 0 . 7 8
65 84 2 . 0 2 . 7 1 . 2 7
66 84 7 . 1 3 . 6 1 . 1 0
67 84 7 . 7 0 . 9 1 . 4 1
68 84 2 . 3 1 . 6 1 . 6 4
69 85 0 . 8 7 . 5 1 . 6 8
70 85 0 . 5 6 . 7 0 . 7 6
71 85 3 . 8 1 . 6 0 . 9 5
72 85 5 . 5 1 . 3 1 . 2 3
73 89 4 . 3 0 . 6 0 . 6 4
74 89 9 . 4 3 . 1 0 . 6 0
75 90 1 0 . 3 4 . 9 0 . 7 6
76 90 8 . 1 1 . 8 0 . 4 2
77 90 5 . 9 0 . 9 0 . 6 2
78 91 7 . 6 1 0 . 0 0 . 7 3
79 91 3 . 0 0 . 9 1 . 0 5
80 91 0 . 9 4 . 9 0 . 7 5



1 4 3 -

r u n  15 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81
82
83
84
85
86
87
88
89
90
91
92
93

92
92
92
93 
93 
93 
93
98
99 
99 
99

100
100

2,
2,
9,

11,
10,

7 . 0  
9 . 9  
9 . 4
2 . 7  
8 . 6
1 . 0
1 . 8  
7 . 2

9 . 7
8 . 3
3 . 9
7 . 1
7 . 3  
0 . 4
3 . 5
2 . 3
1 . 9
1 . 3
4 . 9
3 . 2
1 . 5

0 . 5 5
0 . 5 0
1 . 4 3
1 . 2 6
1 . 0 0
1 . 6 1
0 . 8 7
1 . 3 7
1 . 2 4
1 . 4 8
0 . 6 3
0 . 6 4
0 . 5 7



1 4 4

RUN 16 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER

INCIPIENT FLU IDIZATI ON VELOCITY, 
SUPERFICIAL

85 MICRONS

0 . 0 2 6  F T . / SEC ,

FLU IDIZATI ON VELOCITY, SUPERF ICIAL 0 . 0 4 4  F T . / S E C .

BED HEIGHT 1 2 . 5  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

1 2 . 0  IN.

4 3 . 1  CM. OF WATER

87 DEGREES F.

CAMERA

CAMERA SPEED'

DURATION OF RUN

EYEMO
48 FRAMES/SEC.

1 . 3 4 0  SEC.



1 4 5 -

r u n  16 PART B

TALLY FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

1 37 1 0 . 7 4 . 8 1 . 0 3
2 37 1 0 . 0 4 . 1 1 . 2 5
3 38 9 . 0 2 . 6 1 . 2 7
4 39 1 0 . 9 3 . 9 2 . 8 0
5 39 1 . 3 6 . 9 1 . 3 1
6 40 8 . 4 9 . 3 2 . 4 4
7 40 9 . 7 8 . 1 1 . 8 3
8 42 9 . 8 3 . 5 2 .  12
9 43 9 . 5 7 . 7 2 . 2 2

10 43 6 . 4 1 0 . 2 1 . 9 8
11 44 6 . 7 1 0 . 4 2 . 4 8
12 44 3 . 5 8 . 9 0 . 6 8
13 46 8 . 4 8 . 9 1 . 7 4
14 47 6 . 8 1 0 . 7 2 . 4 2
15 47 1 . 8 6 . 3 0 . 5 2
16 48 3 . 8 1 0 .  9 0 . 8 4
17 49 1 0 . 5 4 . 7 0 . 8 6
18 51 1 1 . 1 5 . 1 1 . 4 0
19 52 9 . 8 2 . 0 0 . 8 1
20 52 1 . 0 6 . 6 1 . 2 1
21 52 2 . 5 5 . 1 1 . 9 8
22 53 9 . 7 4 . 2 1 . 1 7
23 55 1 . 9 9 . 1 1 . 1 5
24 55 8 . 5 8 . 6 2 . 0 0
25 55 1 0 . 2 6 . 5 2 . 2 2
26 58 2 . 7 3 . 7 0 . 9 1
27 58 0 . 5 3 . 6 0 . 6 5
28 58 1 1 . 0 7 . 1 0 . 7 2
29 58 1 0 . 2 7 . 1 1 . 4 8
30 60 9 . 9 9 . 3 1 . 2 8
31 61 7 . 3 1 1 . 1 1 . 0 4
32 61 9 . 5 3 . 0 1 . 4 1
33 61 9 . 6 5 . 1 1 . 0 5
34 62 4 . 3 1 0 . 3 2 . 1 4
35 63 2 . 2 9 . 1 2 . 0 4
36 65 7 . 1 1 1 . 1 1 . 0 7
37 65 9 . 7 9 . 3 1 . 6 1
38 66 1 0 . 0 4 . 4 1 . 5 0
39 66 0 . 9 7 . 7 1 . 9 2
40 67 1 1 . 0 4 . 0 0 . 8 7



LLY

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

1 4 6 -

r u n  16 PART B ( C O N T I N U E D )

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

67 9 . 8 2 . 1 1 . 4 4
67 4 . 9 1 0 . 2 1 . 6 4
68 1 . 6 7 . 6 1 . 9 2
68 9 . 4 8 . 2 1 . 9 8
69 1 1 . 1 4 . 1 0 . 6 3
70 9 . 7 6 . 0 2 . 3 0
73 3 . 9 1 0 . 7 1 . 2 8
73 9 . 6 3 . 9 1 . 2 1
75 9 . 5 1 . 8 0 . 7 0
76 9 . 7 3 . 9 0 . 7 3
76 5 . 3 1 0 . 7 1 . 0 4
76 1 . 0 7 . 1 0 . 5 2
76 1 . 6 6 . 8 1 . 0 5
76 2 . 1 8 . 5 2 . 0 6
76 7 . 2 9 . 1 2 . 4 8
78 1 1 . 0 7 . 4 0 . 6 9
79 9 . 8 1 . 9 0 . 6 8
79 1 1 . 2 7 . 8 0 . 5 7
79 1 . 4 6 . 1 0 . 7 4
79 1 . 0 6 . 7 1 . 2 1
82 2 . 5 6 . 7 0 . 3 9
82 1 . 3 6 . 5 1 . 6 1
82 2 . 5 7 . 8 2 . 1 9
82 7 . 8 7 . 7 0 . 8 9
82 8 . 5 7 . 7 0 . 5 2
82 9 . 0 8 . 8 0 . 7 0
82 9 . 6 8 . 2 1 . 8 8
82 9 . 8 9 . 0 0 . 9 6
82 9 . 7 3 . 9 1 . 2 7
82 9 . 9 5 . 2 1 . 7 4
83 5 . 3 1 . 8 0 . 7 4
83 3 . 9 9 . 9 1 . 9 6
83 9 . 9 2 . 2 0 . 6 0
83 9 . 1 3 . 0 0 . 9 6
85 4 . 7 9 . 2 0 . 6 6
85 3 . 9 9 . 6 1 . 1 7
86 1 0 . 9 7 . 7 0 . 9 1
87 1 . 0 7 . 1 2 . 0 9
88 2 . 8 1 0 . 0 0 . 9 9
88 1 0 . 6 5 . 0 0 . 7 2



- 1 4 7 -

r u n  16 PART B ( CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 89 1 0 . 0 7 . 4 0 . 9 6
82 90 6 . 5 1 0 . 5 1 . 3 6
83 91 4 . 7 9 . 6 1 . 9 8
84 91 8 . 5 2 . 4 1 . 7 2
85 92 2 . 6 7 . 6 2 . 2 0
86 93 2 . 6 9 . 0 0 . 4 7
87 93 1 . 9 8 . 8 0 . 7 3
88 93 4 . 9 9 . 8 1 . 5 7
89 93 1 0 . 5 7 . 2 1 . 7 8
90 95 0 . 4 4 . 1 0 . 6 1
91 95 9 . 3 1 . 6 0 . 4 8
92 95 1 . 0 5 . 1 0 . 9 9
93 95 8 . 0 9 . 5 2 . 0 4
94 96 6 . 3 1 0 . 6 1 . 9 9
95 98 9 . 7 1 . 7 0 . 8 7
96 98 1 0 . 9 3 . 6 0 . 5 9
97 98 1 . 5 7 . 3 0 . 3 7
98 99 9 . 7 8 . 6 2 . 3 0



1 4 8

RUN 17 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLU IDIZATI ON VELOCITY, 
SUPERFICIAL 0 . 0 2 6

MICRONS 

F T . / S E C

FLU IDIZATI ON VELOCITY, SUPERFICIAL 0 . 0 4 4  F T . / S E C

BED HEIGHT 2 5 . 0  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

2 4 . 0

8 5 . 6

90

IN.

CM. OF 

DEGREES

WATER

F .

CAMERA

CAMERA SPEED

DURATION OF RUN

EYEMO
48 FRAMES/SEC.

1 . 5 8 0  SEC.



1 4 9 -

r u n  17 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 1 8 . 6 8 . 8 3 . 3 3
2 2 1 0 . 3 3 . 5 2 . 0 9
3 4 3 . 8 8 . 7 3 . 5 4
4 11 4 . 7 6 . 3 0 . 6 7
5 11 4 . 7 6 . 8 0 . 8 1
6 11 5 . 5 7 . 3 0 . 8 8
7 11 5 . 8 6 . 3 1 . 5 6
8 12 1 0 . 4 6 . 3 2 . 0 1
9 14 7 . 8 5 . 7 1 . 0 8

10 14 1 0 . 6 4 . 7 1 . 9 5
11 17 1 0 . 3 2 . 6 1 . 2 1
12 22 3 . 7 6 . 4 0 . 8 7
13 22 1 . 8 6 . 6 2 . 3 6
14 22 3 . 1 7 . 4 1 . 4 6
15 22 4 . 6 8 . 8 2 . 8 6
16 23 8 . 8 3 . 7 1 . 8 0
17 24 1 0 . 2 3 . 1 1 . 9 1
18 26 6 . 7 1 0 . 8 1 . 0 2
19 26 8 . 9 5 . 4 2 . 1 8
20 28 1 0 . 9 4 . 1 1 . 3 5
21 30 9 . 4 7 . 1 2 . 4 7
22 30 8 . 1 8 . 1 1 . 6 2
23 31 7 . 5 1 0 . 7 1 . 3 5
24 33 6 . 2 9 . 0 2 . 4 0
25 34 6 . 8 1 1 . 0 1 . 2 9
26 34 9 . 8 9 . 2 1 . 5 4
27 34 9 . 8 2 . 1 1 .  16
28 37 2 . 4 7 . 8 3 . 8 1
29 39 9 . 4 1 . 7 0 . 9 8
30 40 5 . 5 9 . 4 3 . 6 8
31 40 9 . 7 7 . 1 1 . 7 3
32 40 9 . 3 5 . 4 1 . 9 1
33 43 1 1 . 6 5 . 7 0 . 9 4
34 43 9 . 1 2 . 8 0 . 5 5
35 43 8 . 7 3 . 7 0 . 7 1
36 43 8 . 3 2 . 9 0 . 5 9
37 47 1 1 . 0 4 . 2 1 . 1 6
38 49 9 . 8 1 . 9 0 . 9 9
39 50 3 . 8 8 . 5 2 . 0 9
40 50 2 . 1 8 . 2 2 .  14



1 5 0 -

r u n  17 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

A 1 50 3 . 3 6 . 6 1 . 3 2
42 51 1 1 . 2 4 . 7 0 . 7 7
43 51 9 . 2 9 . 8 1 . 3 7
44 51 1 0 . 6 3 . 9 1 . 1 0
45 51 1 1 . 0 6 . 3 1 . 2 7
46 51 a . 3 7 . 9 3 . 4 9
47 51 9 . 0 '  3 . 2 2 . 2 7
48 54 4 . 5 9 . 5 1 . 6 2
49 56 5 . 6 1 1 . 0 1 . 6 2
50 59 4 . 7 9 . 3 1 . 1 2
51 61 5 . 8 1 0 . 9 1 . 8 1
52 61 9 . 7 5 . 3 2 . 5 6
53 65 9 . 7 2 . 0 1 . 2 0
54 65 1 1 . 0 5 . 3 1 . 8 5
55 67 7 . 7 6 . 4 2 . 5 9
56 68 9 . 0 3 . 7 2 . 4 4
57 71 5 . 5 9 . 4 2 . 1 8
58 71 3 . 5 9 . 3 1 . 8 8
59 71 6 . 3 5 . 4 1 . 6 0
60 71 4 . 6 6 . 5 1 . 9 4
61 72 9 . 4 9 . 7 1 . 5 2
62 72 9 . 7 2 . 1 1 . 1 8
63 74 1 1 . 1 4 . 7 1 . 2 6
64 75 7 . 8 9 . 0 1 . 4 7
65 75 8 . 5 3 . 4 2 . 1 7



1 5 1

RUN 18 PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 0 2 6

FLU IDIZATI  ON VELOCITY, SUPERFICIAL 0 . 0 4 4  

BED HEIGHT 3 7 . 5

SETTLED BED HEIGHT 3 6 . 0

PRESSURE DROP THROUGH BED 1 3 0 . 0

AIR TEMPERATURE 91

CAMERA

CAMERA SPEED 48

DURATI ON OF RUN 2 . 4 6 0

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

IN.  . _

IN.

CM. OF WATER 

DEGREES F .

EYEMO
FRAMES/SEC.

SEC.



- 1 5 2 -

r u n  18 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1
2
3
A
5
6
7
8 
9

10 
11 
12 
13 
1A 
l b  
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

3
4 
9

11
12
14
20
34
34
34
34
35 
40 
42
47
48 
48 
55 
55 
64 
64 
64 
64 
72
76
77
78 
80 
84
84
85 
88 
88 
93 
97

100
100
103
104 
104

3 . 6
8 . 7
6 . 3
5 . 0  
5 . 9

1 0 . 2
1 . 3
7 . 0
8 . 1
9 . 1
7 . 4
6 . 7
3 . 6
7 . 7
7 . 7
4 . 7
4 . 1  

1 0 . 8  
1 0 . 4

2 . 1
9,
2,
1,
1.
2 . 0
4 . 8
7 . 9  

1 1 .2  
11 .1

7 . 3
7 . 2
9 . 4
7 . 2
4 . 4  

1 0 . 8
6 . 4
7 . 3  

1 1 . 0
5 . 8
5 . 9

7 . 6
5 . 7  
3 . 6
9 . 5  
8 . 1
6 . 4
9 . 1  

10 .8
4 . 8
2 .8
2 . 4
8 . 2
5 . 3  

1 0 . 3
7 . 4
9 . 6
8 . 3
3 . 7
2 . 7
5 . 3  
9 . 9
5 . 7
5 . 8
9, 
6 
9, 
8 
4 
3

1 1 .0
7 . 9
5 . 0
3 . 1
9 . 4
4 . 0
9 . 5  

10 .1
4 . 4
8 .6
8 . 1

3 . 9 2
4 . 2 1  
1 . 2 5
3 . 6 0
2 . 2 1  
1 .2 0  
1 . 2 8
1 . 7 7
2 . 8 5  
1 .1 1  
2 . 1 3  
3 . 6 7  
4 . 2 0  
2 . 0 8
4 . 7 7  
1 . 0 0
1 . 7 7  
1 . 2 9  
0 . 6 1
0 . 3 4
1 .  36 
1 .1 2  
0 . 9 5  
0 . 6 3  
3 . 3 3
2 . 6 1  
3 . 7 5
0 . 8 4  
0 . 6 1
1.  10
2 . 8 6  
3 . 1 6  
3 . 4 4  
3 . 7 0  
1 . 8 4  
1 . 0 6  
2 . 3 7  
0 . 5 5  
0 . 5 8  
0 . 4 8



1 5 3 -

run 18 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

A 1
42
43
44

104
117
118 
118

8 . 9  
2 . 7
7 . 9
2 . 9

8 . 0
7 . 3
4 . 2
4 . 1

1 . 2 3
3 . 3 0
5 . 0 2
2 . 5 9



1 5 4 -

r u n  19 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85 MICRONS

INCIPIENT FLUIDIZATION VELOCITY,
SUPERFICIAL 0 . 0 2 6  F T . / S E C .

FLUIDIZATION VELOCITY, SUP ERF I C I A L . 0 . 0 5 9  F T . / S E C .

BED HEIGHT 1 . 1  IN.

SETTLED BED HEIGHT 1 . 0  IN.

PRESSURE DROP THROUGH BED 3 . 3  CM. OF WATER

AIR TEMPERATURE 94 DEGREES F.

CAMERA

CAMERA SPEED

DURATION OF RUN

ETEMO
4 8  FRAMES/SEC.

0 . 0 0 4  SEC.



- 1 5 5 -

r u n  19 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 1 2 . 9  6 . 9  0 . 1 8
2 1 3 . 0  7 . 4  0 . 4 2
3 1 2 . 6  7 . 5  0 . 3 6
4 1 2 . 6  7 . 1  0 . 2 7
5 1 2 . 5  6 . 9  0 . 3 4
6 1 2 . 4  7 . 3  0 . 3 3
7 1 2 . 2  7 . 7  0 . 2 8
8 1 2 . 0  7 . 6  0 . 3 8
9 I 1 . 9  7 . 2  0 . 2 9

10 1 1 . 7  7 . 6  0 . 2 1
11 1 1 . 6  7 . 3  0 . 2 3
12 1 1 . 4  6 . 7  0 . 2 1
13 1 1 . 4  7 . 5  0 . 3 3
14 1 1 . 3  7 . 1  0 . 2 9
15 1 1 . 1  7 . 2  0 . 4 2
16 1 0 . 9  7 . 7  0 . 3 0
17 1 0 . 7  8 . 0  0 . 3 0
18 1 0 . 4  7 . 1  0 . 3 3
19 1 0 . 5  6 . 7  0 . 2 9
20 1 2 . 8  6 . 2  0 . 2 5
21 1 2 . 7  6 . 6  0 . 2 2
22 1 2 . 5  6 . 1  0 . 3 3
23 1 2 . 4  6 . 4  0 . 2 1
24 1 2 . 0  6 . 2  0 . 2 1
25 1 1 . 9  6 . 1  0 . 2 7
26 1 1 . 6  6 . 1  0 . 2 3
27 1 1 . 0  6 . 6  0 . 3 3
28 1 0 . 5  6 . 4  0 . 3 3
29 1 3 . 0  5 . 8  0 . 1 2
30 1 2 . 9  6 . 0  0 . 1 2
31 1 2 . 6  5 . 8  0 . 2 4
32 1 2 . 6  5 . 6  0 . 2 5
33 1 2 . 2  5 . 8  0 . 1 6
34 1 1 . 9  5 . 6  0 . 2 3
35 1 1 . 7  5 . 5  0 . 1 8
36 1 1 . 6  5 . 6  0 . 2 5
37 1 1 . 4  5 . 8  0 . 2 9
38 1 1 . 1  5 . 5  0 . 2 3
39 1 1 . 0  5 . 9  0 . 4 8
40 1 0 . 8  5 . 6  0 . 4 5



41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
.59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

- 1 5 6

FRAME
NUMBER

RUN 19 PART B ( C O N T I N U E D )

BUBBLE COORDINATES BURSTING
INCHES DIAMETER

OF BUBBLE 
X Y INCHES

0 . 4
0 . 4
0 . 2
0 . 1
3 . 0  
2 . 8  
2 . 6
2 . 1  
2 . 0
1 . 7
1 . 4  
0 . 4
1 . 7  
1 . 6  
1 . 1  
0 . 7  
0 . 8  
0 . 5
3 . 0
2 . 9
2 . 8  
2 . 6  
2 . 6
2 . 7
1 . 1
1 . 4  
1 . 2  
1 .0  
0 . 6
2 . 5  
2 . 2  
2 . 2
1 . 9  
2 . 0
1 . 8
1 . 4  
0 . 9  
2 . 3  
2 . 0
1 . 5

5,
5,
5,
5,
5,
5,
5,
5,

5 
8
6
3 
2
4 
2 
2

5 . 3
4 . 9
5 . 2
5 . 1  
4 . 6
4 . 4
4 . 6
4 . 5
4 . 3
4 . 3
3 . 6
3 . 9
4 . 2
4 . 0
3 . 9
3 . 7
4 . 2
4 . 0
3 . 8
3 . 8
3 . 9
3 . 3
3 . 6
3 . 1
3 . 6
3 . 3
3 . 2
3 . 0
3 . 4
3 . 0
3 . 0  
2 .8

0 . 2 7  
0 . 3 0  
0 . 3 9  
0 . 2 5  
0 . 1 8  
0 . 1 5  
0 . 2 1  
0 .  18 
0 . 1 2  
0 . 1 7  
0 . 3 3  
0 . 3 9  
0 . 2 1  
0 . 1 2  
0 . 3 8  
0 . 2 7  
0 . 1 5  
0 . 1 5  
0 . 2 1  
0 . 2 7  
0 . 1 5  
0 .  12 
0 . 1 2  
0 . 1 8  
0 . 1 2  
0 . 1 5  
0 . 1 8  
0 . 3 3  
0 . 1 8  
0 . 3 0  
0 .  15 
0 .  12 
0 .  18 
0 . 2 1  
0 . 1 2  
0 . 1 2  
0 . 1 8  
0 . 3 0  
0 . 2 4  
0 . 4 4



81
82
83
84
85
86
87
88
89
90

r l 5 7 -

RUN 19 PART B (CONCLUDED)

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 .2
2 . 7  
2 . 3  
1 . 9  
1 .6  
2 . 1  
2 . 2
2 . 8  
3 . 0  
2 . 8

2 . 9  
2 . 1
1 . 9  
2 .1
2 . 3  
1 . 7
1 . 4  
2 . 2
1 . 4
1 . 4

0 . 3 6  
0 .  18 
0 . 1 5  
0 . 4 2  
0 . 3 6  
0 . 1 7  
0 . 2 1  
0 . 1 8  
0 . 2 1  
0 . 2 9



1 5 8 -

r u n  20  PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85 MICRONS

INCIPIENT FLUIDIZATION VELOCITY,
SUPERFICIAL 0 . 0 2 6  F T . / S E C .

FLUIDIZATION VELOCITY,SUPERFICIAL 0 . 0 5 9  F T . / S E C .

BED HEIGHT 4 . 4  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

4 . 0  IN.

1 4 . 6  CM. OF WATER

91 DEGREES F.

CAMERA

CAMERA SPEED

DURATI ON OF RUN

EYEMO
48 FRAMES/SEC.

0 . 3 5 4  SEC.



- 1 5 9 -

r u n  20 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 44 6 . 8 3 . 5 1 . 0 0
2 44 6 . 5 1 . 9 0 . 6 3
3 44 7 . 8 6 . 4 1 . 4 4
A 44 1 . 1 7 . 4 1 . 4 9
5 45 7 . 9 8 . 3 1 . 0 6
6 45 9 . 1 8 . 4 0 . 9 9
7 45 4 . 7 2 . 2 0 . 9 8
8 45 4 . 6 1 . 1 0 . 5 5
9 45 3 . 9 2 . 8 0 . 6 2

10 45 7 . 3 8 . 6 0 . 8 3
11 45 7 . 9 9 . 3 0 . 9 1
12 46 7 . 0 0 . 9 0 . 5 0
13 46 2 . 8 4 . 4 0 . 8 3
14 46 2 . 2 3 . 7 0 . 9 3
15 46 1 . 7 3 . 7 0 . 4 3
16 46 6 . 6 9 . 4 1 . 1 6
17 47 6 . 2 2 . 0 0 . 5 5
18 47 4 . 5 3 . 7 0 . 6 7
19 47 9 . 1 9 . 7 1 . 3 6
20 47 3 . 2 3 . 4 1 . 5 6
21 48 5 . 8 8 . 9 0 . 3 7
22 48 5 . 7 2 . 8 0 . 2 9
23 48 5 . 9 2 . 2 0 . 5 1
24 48 5 . 0 1 . 4 1 . 3 2
25 48 6 . 8 7 . 8 1 . 1 2
26 48 1 . 6 8 . 8 0 . 8 5
27 49 8 . 2 7 . 9 1 . 6 6
28 49 7 . 1 1 . 6 1 . 4 4
29 49 4 . 9 3 . 6 0 . 4 5
30 49 5 . 0 .5 .0 0 . 6 6
31 49 9 . 7 9 . 0 1 . 0 7
32 50 0 . 9 4 . 8 0 . 6 0
33 50 1 0 . 9 5 . 4 1 . 0 3
34 50 8 . 6 9 . 4 1 . 4 9
35 50 7 . 2 1 . 7 0 . 6 3
36 50 2 . 6 4 . 3 1 . 5 5
37 50 1 . 6 4 . 0 1 . 0 9
38 50 1 . 7 7 . 6 0 . 6 9
39 51 8 . 3 7 . 8 1 . 4 8
40 51 7 . 3 8 . 7 1 . 2 5



- 1 6 0 -

r u n  20  PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 51 6 . 2 1 .  8 1 . 3 0
42 51 4 . 8 3 . 6 0 . 4 0
43 51 4 . 9 1 0 . 7 0 . 7 2
44 52 7 . 6 0 . 9 1 . 0 3
45 52 8 . 2 9 . 7 1 . 0 4
46 52 2 . 5 4 . 3 0 . 6 3
47 52 2 . 6 3 . 6 0 . 5 7
48 52 1 . 3 4 . 0 1 . 4 3
4.9 52 2 . 0 6 . 7 1 . 5 5
50 52 0 . 6 7 . 8 1 . 2 0
51 52 1 . 8 8 . 5 0 . 7 4
52 52 1 . 9 9 . 3 0 . 9 7
53 53 7 . 4 10 .  8_ ._ 0 . 9 4
54 53 9 . 7 3 . 4 0 . 7 1
55 53 4 . 1 0 . 7 1 . 0 6
56 53 5 . 6 0 . 5 0 . 8 0
57 53 3 . 9 3 . 9 1 . 1 0
58 53 2 . 2 1 0 . 2 0 . 2 8
59 54 1 . 0 7 . 0 0 . 5 7
60 54 1 1 . 0 5 . 2 0 . 9 6
61 54 1 0 . 2 4 . 5 1 . 1 6
62 54 4 . 5 2 . 5 1 . 2 5
63 54 2 . 8 1 . 6 0 . 7 6
64 54 0 . 9 7 . 0 0 . 5 7
65 54 2 . 2 5 . 9 1 . 5 6
66 55 5 . 3 2 . 4 1 . 0 1
67 55 8 . 2 2 . 5 1 . 3 4
68 55 4 . 6 1 . 0 0 . 5 5
69 55 3 . 4 4 . 3 0 . 7 1
70 55 2 . 3 3 . 6 1 . 3 2
71 55 1 . 4 5 . 8 1 . 2 0
72 56 7 . 8 1 . 8 0 . 7 4
73 57 5 . 2 2 . 6 1 . 3 8
74 57 1 0 . 2 4 . 2 1 . 3 4
75 57 9 . 4 3 . 7 1 . 4 4
76 57 8 . 2 3 . 7 1 . 1 4
77 57 5 . 9 1 . 1 1 . 4 8
78 57 3 . 3 2 . 9 0 . 5 5
79 57 3 . 7 3 . 0 0 . 7 5
80 57 4 . 2 3 . 4 0 . 9 7



- 1 6 1 -

r u n  20  PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 58 6 . 9 1 . 2 1 . 5 6
82 58 1 . 3 8 . 7 0 . 6 2
83 58 1 . 9 9 . 1 0 . 7 4
84 59 4 . 4 0 . 8 0 . 9 2
85 59 3 . 9 3 . 4 0 . 5 5
86 59 4 . 6 2 . 5 0 . 9 2
87 59 3 . 5 4 . 0 0 . 4 0
88 59 1 . 7 4 . 1 0 . 4 3
89 59 2 . 5 4 . 7 1 . 2 6
90 59 2 . 4 9 . 8 0 . 8 0
91 60 7 . 0 0 . 9 0 .  87
92 60 9 . 3 3 . 9 1 . 4 4
93 60 7 . 6 3 . 6 1 . 2 9
94 60 0 . 8 5 . 5 1 . 0 6
95 60 1 . 9 6 . 7 1 . 0 6
96 60 0 . 6 7 . 0 0 . 8 6
97 60 0 . 9 7 . 9 1 . 0 3
98 60 1 . 7 8 . 4 0 . 7 4
99 60 2 . 0 8 . 7 0 . 5 4

100 60 1 . 7 5 . 3 0 . 6 0



162

RUN 21 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 0 2 6

MICRONS

F T . / S E C

FLUIDIZATION VELOCITY,SUPERFICIAL 0 . 0 5 9  F T . / S E C

BED HEIGHT 8 . 6  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

8 . 0  

2 8 .  A 

93

IN.

CM. OF 

DEGREES

WATER

F.

CAMERA

CAMERA SPEED

DURATION OF RUN

EYEMO
48 FRAMES/SEC.

1 . 0 2 0  SEC.



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

- 1 6 3

RUN 21 PART B

FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

40 3 . 6 2 . 6 3 . 5 2
40 9 . 8 2 . 3 0 . 8 2
40 1 . 0 4 . 5 1 . 7 4
43 5 . 9 2 . 1 2 . 0 1
43 i . l 4 . 9 1 . 6 7
44 2 . 5 6 . 4 1 . 3 1
44 1 . 7 7 . 1 1 . 2 9
44 7 . 9 3 . 0 3 . 1 5
45 1 0 . 9 4 . 9 1 . 4 2
45 6 . 2 1 . 5 0 . 7 8
45 5 . 9 2 . 6 1 . 5 7
45 5 . 1 1 . 5 1 . 0 0
45 4 . 2 2 . 6 3 . 0 0
45 1 . 9 2 . 5 1 . 2 5
45 1 . 4 5 . 7 1 . 0 2
46 1 0 . 9 3 . 7 0 . 7 6
46 1 0 . 5 7 . 0 0 . 6 6
46 7 . 0 0 . 9 1 . 4 5
47 9 . 1 2 . 7 1 . 8 1
47 7 . 5 2 . 5 2 . 6 0
47 2 . 0 8 . 6 1 . 0 2
48 3 . 6 2 . 4 2 . 6 3
48 5 . 8 2 . 9 1 . 7 8
50 1 . 1 5 . 5 1 . 5 2
51 3 . 3 0 . 8 0 . 6 4
52 4 . 5 1 . 3 1 . 7 7
52 1 . 8 3 . 9 2 . 3 2
52 3 . 1 2 . 6 2 . 4 1
52 9 . 9 3 . 0 2 . 0 9
53 1 1 . 1 6 . 0 0 . 6 1
53 1 0 . 8 4 . 9 1 .  19
54 5 . 8 2 . 4 2 . 3 1
54 1 . 6 7 . 7 1 . 4 8
55 1 . 4 9 . 1 0 . 94
55 1 0 . 5 5 . 0 0 . 6 5
56 7 . 7 2 . 5 3 . 2 2
56 9 . 7 3 . 5 1 . 8 6
57 3 . 2 2 . 8 2 . 5 0
59 1 . 9 8 . 0 1 . 7 9
59 1 1 . 1 7 . 5 0 . 4 5



- 1 6 4

RUN 21 PART B ( C O N T I N U E D )

TALLY FRAME . BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 
61 
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

59
60 
60 
61 
61 
61
63
64
64
65
66 
66 
66 
66 
66 
66 
67
67
68 
69 
69 
69
69
70 
70
70
71
72 
72
72
73 
73 
73 
73 
73
73
74
75
76 
76

4 . 7  
1 0 . 3

9 . 3  
1 0 . 8

1 . 2
2 . 3
2 . 8
8 . 9
9 . 9

1 0 . 7
1 0 . 7  
1 0 . 6

6 . 5  
0 . 5  
2 . 1
3 . 7
1 . 9  
0 . 7
1 . 8  
0 . 9  
2 . 8
4 . 6
6 . 9  
1 . 2  
5 . 5  
0 . 9
7 . 8
7 . 3  

1 0 . 0
7 . 1
2 . 1
1 . 9  

1 1 . 0  
1 0 . 5

4 . 4
3 . 3  
8 . 8

1 0 . 8  
5 . 8
6 . 4

1 . 8
4 . 5
2 . 5
6 . 3
5 . 6
3 . 3
2 . 5
1 . 9
3 . 2
6 . 2
5 . 5
4 . 5
2 . 3  
6 . 1
2 . 7
2 . 6
7 . 5
7 . 0
3 . 8
6 . 0
2 . 4
1 . 5
1 . 8
6 . 7
2 . 9
4 . 7
3 . 6
3 . 6
3 . 1
1 . 5
9 . 2
7 . 9
4 . 4
4 . 5
3 . 3
3 . 1
2 . 4
6 . 4
3 . 7
4 . 2

2 . 8 0
1 . 0 9
1 . 9 6
0 . 6 9
2 . 4 0
2 . 5 0
1 . 8 3  
1 . 0 1  
1 . 6 8  
0 . 6 9  
0 . 8 2  
1 . 0 2  
3 . 0 5  
0 . 4 3  
0 . 9 1  
0 . 8 5  
1 . 1 9  
1 . 1 2  
2 . 1 2  
1 . 2 5
1 . 3 3  
2 . 1 8  
1 . 8 9  
1 . 2 7  
0 . 9 9  
0 . 6 6  
0 . 8 4  
1 . 1 2
1 . 3 3  
1 . 7 8  
1 . 4 5  
1 . 5 3  
0 . 4 9  
0 . 8 4  
0 . 7 6  
0 . 8 2
1 . 8 4  
1 . 3 5  
0 . 3 5  
0 . 6 9



- 1 6 5 -

r u n  21  PART B ( CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99 

100 
101 
102
103
104
105
106
107
108
109
110 
111 
112
113
114

76
76
76
76
76
77
78
78
79 
81 
81 
82 
82 
82 
83 
83 
83 
83 
83 
83 
83
83
84 
84 
84 
84 
86 
86 
86 
87
87
88 
88 
88

0 . 3
1 . 0
2 . 7  
4 . 4
6 . 7  
1 . 3  
0 . 8

1 0 . 4
1 . 8  
6 . 6
8, 
9, 

10, 
2, 
7, 
6, 

11,

9
8
9
6
3 
1
4

2 . 0
1 . 7
1 . 7
1 . 3
3 . 7  

1 0 .  1
7 . 7  
6 . 5
4 . 0  

1 0 . 1
1 . 4
1 . 0  

1 1 . 0
6 . 8  
9 . 7
7 . 1
5 . 1

6 . 5  
6 . 1
2 . 6  
2 . 1  
1 . 8  
7 . 7
4 . 5
3 . 6
5 . 1
3 . 7
3 . 8  
3 . 7
5 . 9
4 . 3
2 . 3
2 . 9  
6 . 6  
9 . 6
9 . 1
7,
8, 
1, 
3,
3, 
2, 
1,
4, 
7,
5, 
4. 
4, 
2, 
1, 
2.

4
1
9
6
4 
3
5 
9
3
4
6 
4 
3 
9 
6

1 . 2 2
1 . 7 4
2 .  17
2 . 5 0
3 .  19 
1 . 2 2  
1 . 1 0  
1 . 6 8
1 . 4 0
2 . 4 0  
1 . 3 3
1 . 5 5  
0 . 7 2  
0 . 7 1  
1 . 7 6  
1 . 9 7  
0 . 2 7  
0 . 3 1  
0 . 3 1  
0 . 3 6  
0 . 8 7  
2 . 0 3
1 . 5 1  
0 . 6 3  
0 . 4 5  
1 . 9 1  
0 . 6 6
1 . 5 5  
1 . 3 2  
0 . 6 6  
1 . 2 4
1 . 4 9  
2 . 2 2
2 . 4 9



"166

RUN 22 PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 85 " ~

INCIPIENT FLU IDIZATION VELOCITY, 
SUPERFICIAL 0 . 0 2 6

FLUIDIZA.TION VELOCITY, SUPERFICIAL . 0 . 0 5 9  

BED HEIGHT 1 2 . 8

SETTLED BED HEIGHT 1 2 . 0

PRESSURE DROP THROUGH BED 4 3 . 7

AIR TEMPERATURE 87

CAMERA

CAMERA SPEED 48

DURATION OF RUN 4 . 2 1 0

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

I N.

I N.

CM. OF WATER 

DEGREES F.

EYEMO
F R A M E S / S E C .

SEC.



1 6 7 -

r u n  22  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 0 1 0 . 2 5 . 6 2 . 2 9
2 0 1 0 . 7 6 . 3 0 . 3 0
3 0 4 . 0 1 0 . 0 0 . 3 8
A 99 7 . 6 9 . 3 0 . 7 9
5 99 3 . 8 1 0 . 0 2 . 4 2
6 100 9 . 9 5 . 9 2 . 8 0
7 . . 101 2 . 2 7 . 3 2 . 2 9
8 104 3 . 5 0 . 7 2 . 9 6
9 104 9 . 6 1 . 7 0 . 7 6

10 104 1 1 . 0 5 . 9 0 . 5 0
11 104 9 . 9 8 . 0 2 . 0 9
12 105 1 0 . 0 9 . 0 0 . 9 2
13 106 1 . 8 6 . 5 0 . 7 6
14 106 5 . 8 1 . 0 2 . 3 2
15 107 8 . 1 2 . 5 1 . 3 5
16 107 8 . 5 8 . 5 2 . 2 5
17 107 2 . 0 3 . 3 3 . 1 2
18 107 9 . 6 1 . 6 1 . 8 6
19 108 7 . 0 1 1 . 1 0 . 6 9
20 108 1 . 8 7 . 4 1 . 1 2
21 108 1 0 . 3 6 . 5 2 . 8 0
22 109 2 . 1 7 . 1 1 . 4 3
23 110 9 . 0 4 . 9 1 . 5 2
24 110 1 0 . 4 5 . 3 1 . 7 7
25 111 8 . 7 5 . 2 2 . 5 3
26 113 9 . 7 7 . 3 1 . 0 9
27 113 9 . 6 8 . 3 0 . 8 9
28 114 1 . 3 4 . 1 1 . 0 2
29 114 2 . 7 1 . 4 2 . 3 0
30 114 8 . 9 8 . 4 1 . 1 0
31 114 5 . 8 1 . 1 2 . 0 7
32 114 2 . 3 8 . 8 1 . 3 5
33 114 5 . 4 9 . 5 1 . 4 0
34 115 6 . 9 1 0 . 3 0 . 5 8
35 115 1 0 . 2 8 . 2 2 . 1 7
36 116 6 . 9 9 . 7 1 . 1 3
37 117 4 . 9 1 0 . 3 1 . 0 2
38 117 4 . 8 8 . 5 1 . 9 7
39 118 1 0 . 3 6 . 3 1 . 3 5
40 118 1 0 . 3 5 . 7 0 . 2 6



1 6 8 -

r u n  22 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 
61 
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

118
118
119
119
119
119
120 
120 
121 
121 
121 
121 
121 
123
123
124
124
125 
125 
125
125
126
127
128 
128
130
131
131
132 
132
134
135 
137
137
138 
138
138
139
139
140

1 0 . 3  
2 . 0
8 . 4  
6 . 6
9 . 4
7 . 9  
0 . 6
1 . 5  
1 . 1
3 . 6
3 . 3

1 0 . 3
9 . 6
3 . 4
3 . 3
1 . 3
9 . 7
4 . 9  
8 . 2  
1 . 6
1 . 4  
6 . 0  
8 . 2
6 . 4
4 . 0
2 . 0
4 . 7
8 . 7  
8 . 6
3 . 0
1 . 0
9 . 1  
1 . 6
5 . 3
2 . 8  
9 . 7
7 . 4
8 . 2  
0 . 4  
3 . 6

5 . 1
7 . 0  
1 . 8
7 . 6
8 . 6
7 . 4
5 . 0
4 . 4  
5 .  7
9 . 6
8 . 4
8 . 3
9 . 1  
0 . 6
1 . 6
3 . 6
5 . 3
9 . 1
8 . 1
3 . 1
7 . 2  
1 . 0

1 0 . 3  
1 0 . 0

7 . 9
8 . 7
9 . 4

1 0 . 4
8 . 4  
1 . 1
3 . 4
3 . 6
4 . 5
9 . 5
7 . 9
7 . 7
7 . 6
8 . 9
6 . 2  
1 . 4

0 . 3 1
0 . 4 8
1 . 9 4
2 . 3 5
1 . 7 0  
1 . 2 8  
1 . 8 1
1 . 0 5  
0 . 7 7  
1 . 1 5  
1 . 5 4  
0 . 8 7  
0 . 9 1  
1 . 6 0  
0 . 7 1  
1 . 0 4  
1 . 5 1  
2 . 0 7
2 . 4 9  
2 . 1 1  
2 . 2 9  
2 . 6 0  
2 . 2 2  
2 . 0 0
1 . 7 1  
1 . 9 1
2 . 2 3  
2 . 5 9
1 . 1 7
2 . 5 0
1 . 1 7
2 . 0 6  
0 . 5 6  
2 . 0 6
1 . 9 4  
2 . 4 9  
2 . 4 6
2 . 2 3
1 . 3 5  
1 . 9 7



81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
1 10
1 1 1
1 1 2
113
114
115
116
117
118
119
120

- 1 6 9 -

r u n  22  PART B ( C O N T I N U E D )

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

140
140
140
140
141
142 
144 
144 
146 
146 
146
146
147 
147 
147 
147 
147
147
148
148
149
150
150
151
151
152
152
153
154
155
156 
156 
156
156
157 
157
157
158
159 
159

1 . 5  
0 . 4
8 . 7
1 . 5  

1 1 . 2  
1 0 . 1
1 0 . 4

9 . 2  
1 0 . 1
1 0 . 4  
1 0 . 0

1 . 2
2 . 5
5 . 1
5 . 4
2 . 8
9 . 5  
6 . 0
8 . 3  
8 . 9
5 . 6
7 . 4
3 . 1
1 . 3
3 . 3
9 . 1  

1 0 . 3
5 . 8
1 . 3
1 . 2
7 . 8
9 . 9
7 . 3  
6 . 0
7 . 2  
1 . 8
4 . 6
9 . 6
6 . 2  
1 . 3

8 . 3  
6 . 6  
9 . 5
8 . 7
5 . 3  
4 . 9
3 . 8
4 . 1
6 . 1
8,
7
7
2

3
7
2
9

1 . 0
1 0 . 0

9 . 0
5 . 7
7 . 3
5 . 0
5 . 4  

1 1 . 1
1 . 5
8 . 9
4 . 0
8 . 7
4 . 3
8 . 6  

1 0 . 4
6 . 8
5 . 3
2 . 1
4 . 9
9 . 6  
8 . 2
2 . 7  
8 . 6

1 0 . 6
4 . 6  
1 . 2
8 . 7

1 . 3 7  
0 . 6 4  
1 . 5 1  
0 . 9 1
2 . 3 1  
1 . 1 9  
0 . 8 9  
0 . 6 5  
1 . 2 2  
1 . 4 0  
2 . 0 9  
1 . 0 2  
1 . 0 8  
1 . 3 5  
1 . 7 7  
1 . 2 3  
2 . 0 6  
2 . 7 3  
1 . 8 1  
1 . 2 1  
0 . 9 4
1 . 3 8
1 . 3 2  
0 . 4 8  
2 . 8 1  
1 . 7 1
2 ,

1,
1,
1, 
1, 
1,
2 ,

33
28
78
10
62
73
42

2 . 6 3
2 . 5 3  
1 . 0 2  
0 . 8 6  
0 . 8 2
1 . 5 3  
1 . 8 1



- 1 7 0 -

r u n  22  PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER

X

121 160 1 . 7
122 160 1 . 0
1 2 3 160 0 . 5
124 162 1 . 3
125 162 1 1 . 0
126 162 1 0 . 2
127 162 7 . 4
128 162 2 . 8
129 163 9 . 5
130 163 9 . 5
131 163 1 0 . 1
132 163 2 . 3
133 164 0 . 9
134 164 8 . 0
135 164 7 . 7
136 164 6 . 2
137 165 8 . 6
138 165 2 . 6
139 165 5 . 1
140 165 3 . 8
141 167 2 . 6
142 168 0 . 7
143 168 7 . 1
144 168 5 . 5
145 168 1 . 2
146 168 3 . 4
147 170 5 . 3
148 171 3 . 4
149 171 5 . 7
150 172 8 . 7
151 172 7 . 0
152 172 9 . 9
153 173 2 . 1
154 173 8 . 9
155 174 8 , 4
156 174 1 0 . 6
157 174 8 . 9
158 174 6 . 6
159 175 8 . 0
160 177 2 . 6

INCHES DIAMETER
OF BUBBLE 

Y INCHES

6 . 6  0 . 9 2
6 . 5  0 . 8 6
6 . 6  0 . 6 3
7 . 8  0 . 5 3
6 . 7  0 . 6 5
4 . 9  0 . 7 6
9 . 4  1 . 2 2
8 . 0  2 . 1 3
8 . 6  2 . 8 3
5 . 9  2 . 8 1
8 . 1  0 . 9 7
3 . 6  1 . 3 8
5 . 1  1 . 0 5
2 . 1  2 . 0 7
1 . 5  1 . 1 2
7 . 7  0 . 4 0
9 . 5  0 . 6 6
1 . 0  0 . 7 7
0 . 1  1 . 0 4
1 . 8  0 . 6 9
7 . 2  0 . 4 3
3 . 7  0 . 6 6
1 . 2  1 . 9 0
9 . 7  1 . 2 9
5 . 7  1 . 2 3
2 . 0  3 . 3 2  "
1 . 2  1 . 9 5
8 . 9  0 . 4 1
0 . 9  1 . 6 3
9 . 3  1 . 3 1
8 . 3  1 . 1 8
7 . 3  2 . 6 3
8 . 2  1 . 1 6
2 . 8  2 . 5 6
8 . 8  2 . 4 5
4 . 4  1 . 9 3
4 . 3  1 . 7 7
9 . 2  1 . 6 5
1 . 7  1 . 9 8
1 . 3  2 . 0 8



1 7 1 -

RUN 22  PART B ( C O NT I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180 
181 
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

177
177
178
178
179 
179 
179 
179 
181 
185 
185
185
186 
186
187
188 
189 
189 
189
191
192
192
193
194
194
195
196 
196 
196 
196 
196 
198 
198
198
199
200  
20 3 
203 
203 
203

6 . 7
6 . 6
3 . 4
4 . 6  
0 . 2
9 . 7  
9 . 2
5 . 4  

1 0 . 0  
1 0 . 7

5 . 1
1 . 7
7 . 8
7 . 6
2 . 7  
0 . 5
2 . 1
1.
7,
2,

10,
1,
5,

6
9
6
1
7
8

9 . 3
9 . 7  

1 0 . 8
9 . 7
7 . 6
4 . 3
4 . 1
8 . 6
8 . 5
8 . 5  

1 0 . 8
7 . 9
2 . 1  
1 . 0  
0 . 5
1 . 8  
4 . 1

1 0 . 0
8 . 8
8 . 7  
0 . 4
5 . 7  
8 . 6
7 . 3
8 . 4
7 . 8
4 . 1
9 . 7
7 . 2
1 . 8
8 . 7
2 . 5
3 . 8
9 . 1
4 . 9  
0 . 7
3 . 0
4 . 9
2 . 0
1 . 2  
2 . 1
2 . 6
5 . 2
7 . 9  
9 . 6
1 . 5
9 . 2
3 . 1
3 . 3
3 . 6  
5 . 5
8 . 2
4 . 9  
6 . 1

1 0 . 2
1 . 8
2 . 2

1 . 6 1
1 . 2 5
1 . 1 5
1 . 6 8
1 . 4 1
1 . 1 3
0 . 8 2
1 . 3 5
2 . 4 0  
0 . 9 2
3 . 4 0  
2 . 8 0  
2 . 4 6  
2 .  19 
1 . 4 8  
0 . 9 7  
0 . 7 1  
1 . 3 7  
0 . 8 9  
1 . 1 0  
3 . 0 7  
0 . 9 6  
1 . 3 0  
0 . 6 3  
0 . 8 9  
0 . 8 1  
1 . 7 5
1,
1,
2
2

97
07
69
30

1 . 8 4
1 . 6 5
1 . 7 4
2 . 7 5  
1 . 3 8
2,
2

40
83

0 . 4 4
0 . 3 8



TALLY

201
202
203
2 04
205
206
2 07
208
209
210
211
212
2 13
2 14
215
2 16
217
218
219
220
221
222
223
2 24
225
226
227
228
229
230
231
232
2 33
234
235
236
237
238
239
240

1 7 2 -

r u n  22  PART B ( C O N T I N U E D )

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

204 2 . 5 6 . 2 1 . 7 3
205 6 . 2 1 . 3 1 . 4 8
207 3 . 2 2 . 0 0 . 9 7
208 4 . 4 1 . 1 1 . 6 6
208 9 . 1 9 . 4 1 . 6 9
208 2 . 0 3 . 2 2 . 5 4
208 9 . 2 3 . 4 2 . 1 7
209 9 . 8 4 . 7 1 . 0 2
209 8 . 7 4 . 7 0 . 9 9
210 2 . 6 9 . 7 1 . 7 0
210 3 . 9 ......... 9 . 3 1 . 9 1
210 2 . 7 1 0 . 0 1 . 2 8
213 2 . 3 7 . 7 2 . 2 9
215 7 . 5 9 . 5 2 . 6 8
215 7 . 1 1 . 6 1 . 7 9
215 9 . 1 8 . 7 1 . 6 6
215 9 . 6 7 . 6 2 . 0 9
216 4 . 0 0 . 4 0 . 5 3
216 1 0 . 6 4 . 0 0 . 4 1
216 1 0 . 4 3 . 3 0 . 7 7
216 8 . 8 2 . 8 2 . 5 3
218 3 . 4 9 . 4 2 . 3 1
218 6 . 8 1 0 . 8 0 . 9 9
220 9 . 8 5 . 7 2 . 8 1
222 1 . 3 3 . 7 1 . 8 9
223 6 . 6 1 . 1 1 . 2 7
224 2 . 8 8 . 0 2 . 7 1
224 0 . 7 6 . 3 1 . 5 5
225 1 . 3 7 . 2 1 . 5 4
227 1 0 . 1 4 . 7 1 . 3 3
227 1 . 7 5 . 2 1 . 71
227 2 . 4 3 . 5 1 . 8 4
228 3 . 5 0 . 6 0 . 9 7
228 5 . 6 1 1 . 2 1 . 2 4
229 5 . 9 •1.1 1 . 6 6
229 5 . 3 1 . 4 1 . 1 5
229 1 0 . 5 3 . 8 0 . 8 2
229 1 . 7 6 . 6 1 . 5 6
230 9 . 8 3 . 8 0 . 7 7
230 2 . 4 2 . 0 1 . 5 4



“1 7 3 -

r u n  22  PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

241 230 8 . 7 8 . 2 0 . 6 6
242 230 8 . 8 7 . 7 0 . 6 1
243 231 8 . 0 9 . 3 0 . 5 8
244 232 9 . 3 8 . 8 0 . 8 7
245 232 7 . 2 1 1 . 0 1 . 2 9
246 232 6 . 1 0 . 9 1 . 6 6
247 232 9 . 3 9 . 9 1 . 0 1
248 232 7 . 8 8 . 7 1 .  78
249 232 6 . 6 9 . 6 1 . 4 3
250 232 1 1 . 3 5 . 9 0 . 7 8
251 232 6 . 4 1 . 2 0 . 8 7
252 232 4 . 0 1 0 . 2 1 . 4 5
253 233 4 . 7 9 . 2 1 . 9 5
254 235 1 . 5 5 . 4 2 . 0 4
255 235 3 . 0 1 0 . 5 0 . 9 2
256 235 2 . 5 9 . 3 1 .  19
257 237 8 . 7 2 . 6 1 . 7 2
258 237 9 . 8 4 . 0 2 . 1 4
259 237 1 0 . 0 7 . 5 2 . 1 7
260 237 3 . 9 1 0 . 5 0 . 9 9
261 237 2 . 2 6 . 6 3 . 3 2
262 239 5 . 2 1 0 . 0 2 . 7 4
263 240 6 . 4 0 . 9 0 . 7 4
264 241 7 . 1 1 . 3 1 . 2 5
265-. 241 8 . 6 9 . 7 2 .  10
266 242 4 . 9 1 0 . 2 2 . 2 3
267 242 1 . 4 3 . 4 1 . 9 1
268 242 6 . 8 1 . 2 1 . 6 6
269 244 8 . 7 1 . 9 1 . 9 9
270 244 1 . 9 1 . 7 0 . 7 2
271 246 9 . 7 6 . 9 2 . 2 9
272 246 4 . 8 0 . 3 0 . 8 7
273 247 4 . 2 1 . 7 1.  12
2 74 248 9 . 3 8 . 9 1 . 8 4
275 248 7 . 7 9 . 8 1 . 9 2
276 248 5 . 3 1 0 . 6 1 . 5 2
277 249 1 . 6 2 . 0 0 . 8 1
278 249 9 . 4 9 . 5 1 . 6 6
279 250 9 . 5 3 . 4 0 . 5 6
280 251 1 0 . 7 5 . 4 1 . 6 6



1 7 4 -

r u n  22  PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER

X

281 252 2 . 7
282  252 2 . 5
283  254 1 . 5
284  254 7 . 9
285  254 7 . 2
286  254 4 . 3
287 255 1 . 1
288  255 9 . 5
2 89  255 4 . 3
290  256 1 0 . 3
291  256 8 . 1
292  256 9 . 8
2 93  257 9 . 8
294  260 5 . 9
295 261 1 . 1
296  262 1 . 8
297  262 3 . 7
298  262 6 . 0
299  263 2 . 1
300  264 1 0 . 1
301 266 9 . 9
302  267 9 . 5
303  267 9 . 4
304  268 0 . 7
305  269 1 . 1
306  269 7 . 7
307  269 7 . 4
308  269 9 . 2
3 0 9  269 8 . 8
310  270 8 . 5
311 270 8 . 2
312  270 1 0 . 6
313  270 7 . 9
314  270 5 . 5
315 270 1 . 6
316  270 2 . 0
317  270 8 . 7
318  272 5 . 5
319  273 1 0 . 2
320  273 8 . 9

INCHES DIAMETER
OF BUBBLE 

Y INCHES

2 . 1  1 . 3 0
9 . 3  2 . 2 7
7 . 3  2 . 0 7

1 0 . 5  1 . 4 5
1 . 5  2 . 0 6
1 . 5  2 . 4 2
2 . 8  1 . 1 2
3 . 1  1 . 9 9
9 . 8  2 . 0 8
7 . 6  2 . 4 2
7 . 9  1 . 6 2
4 . 7  1 . 0 7
7 . 7  2 . 2 9

1 1 . 3  0 . 8 2
3 . 6  1 . 6 4
7 . 7  2 . 4 0
9 . 0  3 . 5 4
0 . 8  1 . 9 4
1 . 5  1 . 0 6
8 . 4  1 . 5 1
6 . 7  1 . 9 8
3 . 3  2 . 4 6
5 . 1  0 . 5 8
6 . 8  0 . 8 9
7 . 8  1 . 2 8
2 . 5  0 . 8 8
1 . 6  0 . 8 2
6 . 4  0 . 8 4
5 . 9  0 . 5 6
4 . 9  0 . 8 9
1 . 7  1 . 6 8
4 . 9  1 . 9 1
9 . 6  1 . 9 4

1 0 . 0  2 . 8 0
4 . 5  2 . 1 2
3 . 0  1 . 2 3
0 . 9  0 . 4 8

1 1 . 1  1 . 1 7
7 . 2  1 . 4 1
6 . 4  0 . 6 6



TALLY

321
322
323
324
325
326
327
328
329
330
331
332
333
3 34
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360

- 1 7 5

RUN 22  PART B ( C O N T I N U E D )

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

273 6 . 7 8 . 5 0 . 9 7
275 5 . 9 1 0 . 0 1 . 5 1
275 9 . 7 6 . 4 1 . 4 9
275 0 . 9 3 . 0 0 . 9 7
276 2 . 0 1 . 5 0 . 9 3
276 5 . 1 1 . 5 1 . 6 6
277 7 . 9 1 0 . 7 0 . 9 2
278 6 . 9 1 1 . 1 0 . 7 2
278 1 . 8 7 . 7 2 . 8 1
279 4 . 1 9 . 2 3 . 4 2
280 6 . 7 1 0 . 9 1 . 7 3
281 8 . 7 9 . 4 1 . 7 3
281 3 . 1 2 . 3 1 . 1 0
282 9 . 7 4 . 5 2 . 6 8
282 7 . 1 1 . 9 2 . 7 6
283 9 . 3 8 . 3 2 . 5 9
284 4 . 4 9 . 7 3 . 3 8
286 7 . 3 1 1 . 1 0 . 6 5
287 7 . 1 2 . 0 2 . 0 7
287 1 . 4 6 . 7 2 . 0 7
287 6 . 5 9 . 9 1 . 3 5
288 1 1 . 0 5 . 3 1 . 9 2
288 9 . 7 6 . 1 0 . 9 1
289 8 . 6 3 . 2 1 . 7 6
289 1 . 5 9 . 1 1 . 2 1
289 1 . 6 1 . 8  . 0 . 7 2
289 1 0 . 1 2 . 5 0 . 6 9
290 7 . 7 9 . 7 2 . 1 4
290 1 . 1 4 . 8 1 .  10
290 9 . 4 1 . 5 0 . 8 4
290 3 . 6 1 . 8 1 . 3 0
291 9 . 6 7 . 8 1 . 3 4
292 8 . 2 9 . 5 1 . 0 8
292 1 . 8 2 . 1 0 . 6 9
293 4 . 9 1 . 3 1 . 5 3
293 0 . 8 6 . 1 1 . 7 4
293 6 . 9 1 . 8 0 . 8 9
294 1 . 0 6 . 6 1 . 3 9
295 8 . 8 1 0 .  1 1 . 5 2
295 9 . 9 5 . 5 1 .  19



- 1 7 6 -

r u n  22 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

361 296 1 . 3 5 . 4 2 . 2 4
362 296 1 . 6 4 . 4 0 . 6 0
363 296 1 0 . 9 3 . 9 1 . 8 4
364 297 1 . 3 4 . 2 0 . 5 6
365 297 2 . 6 2 . 5 1 . 0 0
366 297 2 . 5 3 . 1 0 . 6 0
367 298 2 . 0 3 . 5 0 . 5 1
368 298 1 . 5 3 . 2 0 . 8 9
369 298 1 . 1 5 . 6 1 . 5 1
370 298 5 . 9 1 1 . 1 1 . 2 5
371 298 4 . 0 9 . 3 2 . 2 7
372 300 6 . 6 0 . 4 1 . 0 8
373 300 4 . 7 0 . 3 0 . 7 9
374 300 9 . 5 6 . 9 2 . 3 2

<2 ~



1 7 7 -

r u n  23

PARTICLES

AVERAGE PARTICLE DIAMETER

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL

FLUIDIZATION VELOCITY, SUPERF ICIAL 

BED HEIGHT

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

CAMERA

CAMERA SPEED

DURATION OF RUN

PART A

GLASS BEADS

85 MICRONS

0 . 0 2 6  F T . / S E C .

0 . 0 5 9  F T . / S E C .

2 5 . 4  IN.

2 4 . 0  IN.

8 6 . 5  CM. OF WATER

91 DEGREES F .

EYEMO
48 FRAMES/SEC.

• 1 . 6 0 0  SEC.



1 7 8 -

r u n  23  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 275 6 . 5 1 0 . 9 1 . 8 4
2 1 8 . 7 3 . 0 4 . 4 9
3 4 8 . 5 8 . 0 0 . 8 9
4 7 4 . 8 0 . 3 4 . 3 5
5 10 3 . 9 8 . 8 2 . 8 7
6 11 2 . 0 6 . 1 0 . 8 1
7 14 2 . 7 3 . 1 2 . 1 7
8 15 1 0 . 9 7 . 6 3 . 9 8
9 16 7 . 0 2 . 8 2 . 6 6

10 18 8 . 5 6 . 8 0 . 7 2
11 19 2 . 0 4 . 1 0 . 8 6
12 19 2 . 5 3 . 9 1 . 3 7
13 21 0 . 6 5 . 2 2 . 1 6
14 23 3 . 1 7 . 6 1 . 4 6
15 30 5 . 3 0 . 3 1 . 5 5
16 31 7 . 3 0 . 6 3 . 0 4
17 31 8 . 1 8 . 6 2 . 6 8
18 31 8 . 5 6 . 3 0 . 8 7
19 32 7 . 9 2 . 1 3 . 0 6
20 32 9 . 0 3 . 9 3 . 1 7
21 33 4 . 3 9 . 6 2 . 8 6
22 33 4 . 8 7 . 3 1 . 3 5
23 35 1 0 . 8 6 . 4 2 . 4 1
24 38 4 . 9 1 . 8 1 . 1 2
25 41 7 . 6 9 . 6 0 . 9 8
26 41 2 . 2 3 . 1 0 . 7 8
27 42 2 . 0 6 . 3 3 . 0 3
28 42 7 . 7 0 . 8 1 . 4 2
29 46 3 . 6 8 . 5 2 . 1 3
30 50 1 0 . 7 8 . 4 0 . 9 5
31 50 1 1 . 1 7 . 5 0 . 7 4
32 50 4 . 8 1 . 7 2 . 5 2
33 51 7 . 6 1 . 1 2 . 6 6
34 52 7 . 0 9 . 8 1 . 7 1
35 52 8 . 2 9 . 4 1 . 2 5
36 53 2 . 8 8 . 1 4 . 0 6
37 57 8 . 7 3 . 5 3 . 3 1
38 58 4 . 6 2 . 4 2 . 0 2
39 60 1 0 . 0 7 . 4 3 . 2 0
4C> 62 4 . 2 0 . 4 0 . 8 4



- 1 7 9 -

r u n  23  PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

41 62 4 . 4 8 . 9 2 . 8 5
42 65 8 . 6 8 . 7 1 . 0 9
43 65 7 . 3 8 . 4 2 . 5 2
44 66 8 . 5 1 0 . 2 1 . 2 9
45 66 4 . 0 0 . 6 1 . 1 1
46 67 2 . 6 5 . 8 3 . 5 8
47 72 7 . 4 0 . 4 1 . 5 1
48 72 4 . 7 9 . 5 2 . 9 7
49 72 6 . 6 8 . 7 2 . 9 4
50 73 6 . 7 3 . 5 2 . 1 6
51 75 1 0 . 5 7 . 4 1 . 8 4
52 76 9 . 8 8 . 3 1 . 4 0
53 76 7 . 5 0 . 7 1 . 6 4



- 1 8 0 -

r u n  24  PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLU IDIZAT I ON VELOCITY, 
SUPERFICIAL 0 . 0 2 6

FLU I D IZATION VELOCITY, SUPERF ICIAL 0 .  059 

BED HEIGHT 3 8 . 0

SETTLED BED HEIGHT 3 6 . 0

PRESSURE DROP THROUGH BED 1 3 1 . 0

AIR TEMPERATURE 91

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

IN.

CM. OF WATER 

DEGREES F .

CAMERA

CAMERA SPEED

DURATION OF RUN

EYEMO
48 FRAMES/SEC.

3 . 0 2 0  SEC.



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

1 8 1 -

r u n  2 4 PART B

FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

3
6
8

14
18
18
25
25
27
34
46
46
49
54
54
55 
57 
57 
57 
63 
70 
79 
82 
86

102
102
107
107
111
114
125
126 
134 
137 
137 
137 
141

2 . 8
7 . 6
5 . 8
9 . 6
3 . 1
7 . 2
6 . 7  
8 . 1
4 . 9  
2 . 1
9 . 7
7 . 5
1 . 8
4 . 1
3 . 7
7 . 1
7 . 5
9 . 8  

1 0 . 7
4 . 5
1 . 9
4 . 8  

1 1 . 1
8 . 4
8 . 6
5 . 8
3 . 0
7 . 5
4 . 9
9 . 4
1 . 4
9 . 2
9 . 1
3 . 5
1 . 9
3 . 5
3 . 5

7 . 6
7 . 1
8 . 2
4 . 2
4 . 4  
8 . 8
3 . 6
5 . 1
4 . 1  
8 . 0
6 . 3
4 . 5
9 . 5  
8 . 8
5 . 6
7 . 7
6 . 8
5 . 5
6 . 7
7 . 8
9 . 6
6 . 5
6 . 6  
8 . 0  
4 . 5
5 . 1
9 . 1
7 . 9
4 . 0
4 . 1
9 . 0
9 . 7
8 . 0
6 . 7  
6 . 0
4 . 7
8 . 7

4 . 6 3
3 . 7 7
2 . 5 1
2 . 5 1
1 . 3 1  
5 . 6 7  
1 . 0 1  
3 .  35 
2 . 6 2
4 . 2 0
3 . 4 4  
4 . 2 7  
1 . 0 5  
4 . 3 6
4 . 0 9  
0 . 6 4  
0 . 7 5  
0 . 4 0  
2 . 0 7  
5 . 6 2
1 . 4 4
5 . 3 5  
1 . 6 9  
4 . 9 5
4 . 3 6
3 . 3 2
4 . 0 0  
3 . 3 1  
3 . 3 8
3 . 2 1
1 . 6 5
2 . 0 0
4 . 0 9
1 . 6 6  
1 . 7 4  
3 . 2 3  
3 . 4 1



1 8 3 -

r u n  25  PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85 MICRONS

INCIPIENT FLU IDIZAT ION VELOCITY,
SUPERFICIAL 0 . 0 2 6  F T . / SEC ,

FLUIDIZATION VELOCITY,SUPERFICIAL 0 . 0 8 8  ! F T . / S E C .

BED HEIGHT 0 . 6  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

0 . 5  IN.

1 . 6  CM. OF WATER

94 DEGREES F.

CAMERA

CAMERA SPEED

DURATION OF RUN

EYEMO

48 FRAMES/SEC.

0 . 0 0 2  SEC.



- 1 8 3 -

r u n  2 5  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

1 1 1 1 . 0 1 0 . 3 0 . 2 1
2 1 1 0 . 8 1 0 . 7 0 . 1 5
3 1 1 0 . 5 1 0 . 4 0 . 2 7
4 1 1 2 . 2 1 0 . 2 0 . 2 4
5 1 1 2 . 0 9 . 9 0 . 4 2
6 1 1 1 . 7 9 . 9 0 . 1 2
7 1 1 1 . 6 9 . 7 0 . 0 9
8 1 1 1 . 5 1 0 . 0 . ..............0 . 1 8
9 1 1 1 . 2 1 0 . 3 0 . 2 0

10 1 1 1 . 3 1 0 . 0 0 . 2 1
11 1 1 0 . 8 1 0 . 0 0 . 1 8
12 1 1 0 . 8 9 . 8 0 . 1 5
13 1 1 0 . 6 1 0 . 0 0 . 3 0
14 1 1 0 . 4 1 0 . 0 0 . 1 8
15 I 1 2 . 2 9 . 2 0 . 3 6
16 1 1 2 . 0 9 . 6 0 . 2 1
17 1 1 1 . 8 9 . 7 0 . 2 4
18 I 1 1 . 6 9 . 5 0 . 2 4
19 1 1 1 . 7 9 . 2 0 . 4 2
20 1 1 1 . 4 9 . 3 0 . 2 7
21 1 1 1 . 3 9 . 2 0 . 1 5
22 1 1 1 . 2 9 . 5 0 . 2 3
23 1 1 1 . 1 9 . 3 0 . 1 5
24 1 1 1 . 0 9 . 4 0 . 2 3
25 1 1 0 . 9 9 . 6 0 . 1 8
26 1 1 0 . 7 9 . 1 0 . 1 2
27 1 1 0 . 8 9 . 3 0 . 2 4
28 1 1 0 . 7 9 . 6 0 . 1 5
29 1 1 0 . 6 9 . 4 0 . 2 3
30 1 1 0 . 5 9 . 2 0 . 3 0
31 1 1 3 . 3 9 . 0 0 . 0 9
32 1 1 3 . 4 8 . 9 0 . 1 9
33 1 1 3 . 3 8 . 8 0 . 0 6
34 1 1 2 . 8 9 . 0 0 . 3 1
35 1 1 2 . 4 8 . 6 0 . 2 5
36 1 1 2 . 2 • 8 . 8 0 . 2 5
37 1 1 2 . 1 8 . 6 0 . 0 9
38 1 1 2 . 0 8 . 5 0 . 1 5
39 1 1 1 . 8 9 . 0 0 . 2 5
40 1 1 1 . 8 8 . 7 0 . 2 1



- 1 8 4 -

r u n  25 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

A L 1 1 1 . 7  8 . 8  0 . 2 1
42 1 1 1 . 5  8 . 7  0 . 2 1
43 1 1 1 . 4  8 . 9  0 . 1 5
44 1 1 1 . 2  9 . 0  0 . 2 7
45 1 1 1 . 2  8 . 6  0 . 2 4
46 1 1 1 . 0  8 . 8  0 . 2 1
47 1 1 3 . 7  8 . 0  0 . 1 2
48 1 1 3 . 4  8 . 4  0 . 2 1
49 1 1 3 . 3  8 . 4  0 . 1 5
50 1 1 3 . 1  7 . 9  0 . 1 8
51 1 12.-4 8 . 2  0 . 1 7
52 1 1 2 . 9  8 . 4  0 . 3 3
53 1 1 2 . 2  8 . 0  0 . 2 1
54 1 1 2 . 1  7 . 9  0 . 1 2
55 1 1 2 . 1  8 . 2  0 . 1 5
56 1 1 1 . 7  8 . 5  0 . 2 4
57 1 1 1 . 7  8 . 1  0 . 3 4
58 1 1 1 . 5  7 . 9  0 . 1 5
59 1 1 1 . 4  8 . 2  0 . 1 8
60 1 1 1 . 3  8 . 4  0 . 2 1
61 1 1 1 . 1  8 . 2  0 . 1 6
62 1 1 0 . 9  8 . 4  0 . 3 6
63 1 1 0 . 7  8 . 3  0 . 2 8
64 1 ' 1 0 . 4  8 . 0  0 . 2 5
65 1 1 3 . 9  7 . 6  0 . 2 4
66 1 1 3 . 9  7 . 8  0 . 1 5
67 1 1 3 . 6  7 . 7  0 . 1 8
68 1 1 3 . 4  7 . 8  0 . 1 4
69 1 1 3 . 3  7 . 4  0 . 2 7
70 1 1 2 . 9  7 . 7  0 . 2 4
71 1 1 2 . 6  7 . 7  0 . 1 6
72 1 1 2 . 6  7 . 4  0 . 3 3
73 1 1 2 . 3  7 . 4  0 . 3 0
74 1 1 2 . 3  7 . 8  0 . 2 1
75 1 1 2 . 1  7 . 6  0 . 1 8
76 1 1 2 . 1  7 . 4  0 . 3 3
77 1 H . 8  7 . 4  0 . 3 1
78 1 1 1 . 6  7 . 7  0 . 1 8
79 1 1 1 . 6  7 . 5  0 . 2 1
80 1 1 1 . 4  7 . 7  0 . 2 7



81
82
83
84
85
86
87
88
89
90

1 8 5 -

r u n

FRAME
NUMBER

25 PART B [CONCLUDED)

BUBBLE COORDINATES BURSTING
INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 1 . 3  
1 1 . 1  
1 1 . 0  
1 0 . 9  
1 0 . 8  
1 0 . 8  
1 0 . 6
1 0 . 5
1 0 . 5
1 0 . 3

7 . 4  
7 . 3
7 . 6
7 . 9
7 . 7
7 . 5
7 . 6  
7 . 5
7 . 9
7 . 7

0 . 2 1
0 . 3 0
0 . 1 5
0 . 2 5
0 . 0 6
0 . 0 9
0 . 2 7
0 . 1 2
0 . 2 7
0 . 3 9



1 8 6 -

r u n  26  PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85 MICRONS

INCIPIENT FLU IDIZAT ION VELOCITY,
SUPERFICIAL 0 . 0 2 6  F T . / S E C

FLUID IZATION VELOCITY, SUPERFICIAL 0 . 0 8 8

BED HEIGHT 1 . 2

F T . / S E C  

IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

1 . 0

3 . 4

94

IN.

CM. OF 

DEGREES

WATER

F.

CAMERA

CAMERA SPEED

DURATION OF RUN

BYEMO

48 FRAMES/SEC

0 . 0 0 6  SEC.



1 8 7 -

r u n  26 PART B

TALLY FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE

X Y INCHES

I 1 3 . 3 1 0 . 3 0 . 3 2
2 1 3 . 5 9 . 9 0 . 2 4
3 1 3 . 0 1 0 . 2 0 . 2 4
A 1 3 . 0 9 . 9 0 . 2 1
5 1 2 . 9 9 . 6 0 . 2 6
6 1 2 . 5 9 . 9 0 . 6 1
7 1 2 . 2 9 . 9 0 . 3 0
8 1 3 . 1 9 . 5 0 . 2 4
9 1 3 . 6 9 . 2 0 . 3 3

10 1 3 . 1 9 . 1 0 . 5 7
11 1 2 . 6 9 . 4 0 . 4 5
12 1 2 . 4 9 . 1 0 . 1 8
13 1 1 . 9 9 . 1 0 . 2 4
14 1 3 . 4 8 . 6 0 . 1 2
15 1 2 . 7 8 . 5 0 . 6 1
16 1 2 . 2 8 . 7  . 0 . 5 1
17 1 1 . 9 8 . 4 0 . 2 8
18 1 2 . 7 8 . 2 0 . 2 4
19 1 2 . 2 8 . 0 0 . 3 6
20 1 3 . 4 7 . 8 0 . 6 0
21 1 3 . 1 7 . 3 0 . 3 3
22 1 2 . 9 7 . 7 0 . 4 8
23 1 2 . 6 7 . 6 0 . 3 2
24 I 2 . 5 7 . 4 0 . 6 1
25 1 2 . 4 7 . 4 0 . 1 5
26 1 2 . 1 7 . 6 0 . 2 6
27 1 1 . 8 7 . 5 0 . 2 3
28 1 2 . 0 7 . 3 0 . 1 5
29 1 2 . 4 6 . 9 0 . 1 8
30 1 2 . 3 6 . 8 0 . 1 5
31 1 2 . 5 6 . 7 0 . 1 2
32 1 3 . 1 7 . 0 0 . 3 9
33 1 2 . 9 6 . 8 0 . 1 5
34 1 2 . 5 7 . 1 0 . 3 9
35 1 2 . 2 6 . 9 0 . 3 3
36 1 3 . 5 6 . 4 0 . 4 9
37 1 3 . 2 6 . 2 0 . 2 1
38 1 3 . 0 6 . 4 0 . 3 0
39 1 3 . 0 6 . 6 0 . 1 2
40 1 2 . 7 6 . 2 0 . 2 3



1 8 8 -

r u n  26  PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

41 1 2 . 5 6 . 4 0 . 1 5
42 1 2 . 4 6 . 5 0 . 1 8
43 1 2 . 0 6 . 2 0 . 4 8
44 1 3 . 1 5 . 9 0 . 1 8
45 1 3 . 3 5 . 5 0 . 2 1
46 1 2 . 8 5 . 6 0 . 1 8
47 1 2 . 4 6 . 0 0 . 3 0
48 1 2 . 8 5 . 8 0 . 1 2
49 1 2 . 0 5 . 9 0 . 2 4
50 1 2 . 9 5 . 4 0 . 3 0
51 1 2 . 4 5 . 1 0 . 1 2
52 1 2 . 2 3 . 9 0 . 1 5
53 1 2 . 4 3 . 8 0 . 1 8
54 1 2 . 6 4 . 2 0 . 1 5
55 1 2 . 5 4 . 1 0 . 0 9
56 1 3 . 1 3 . 9 0 . 2 7
57 1 3 . 3 4 . 1 0 . 2 1
58 1 3 . 4 3 . 6 0 . 5 4
59 1 3 . 0 3 . 3 0 . 5 3
60 1 3 . 0 2 . 5 0 . 3 2
61 1 2 . 7 2 . 8 0 . 3 8
62 1 2 . 3 3 . 1 0 . 2 7
63 1 2 . 2 3 . 5 0 . 1 8
64 1 1 . 9 3 . 6 0 . 1 5
65 1 1 . 9 2 , 6 0 . 4 2
66 1 3 . 4 2 . 1 0 . 1 8
67 1 3 . 3 2 . 4 0 . 4 7
68 1 3 . 5 1 . 6 0 . 1 8
69 1 3 . 3 1 . 8 0 . 2 6
70 1 2 . 9 2 . 0 0 . 2 7
71 1 2 . 5 2 . 2 0 . 5 3
72 1 2 . 0 1 . 8 0 . 4 2
73 1 3 . 3 1 . 3 0 . 2 3
74 1 3 . 6 1 . 2 0 . 1 5
75 1 2 . 3 1 , 3 0 . 1 2
76 1 2 . 8 1 . 3 0 . 6 0
77 1 3 . 0 0 . 9 0 . 3 6
78 1 3 . 5 0 . 8 0 . 4 2
79 1 1 . 6 9 . 2 0 . 3 2
80 1 1 . 8 8 . 7 0 . 4 2



- 1 8 9 -

r u n  26  PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 1 1 . 5 8 . 7 0 . 3 3
82 1 1 . 0 8 . 6 0 . 3 0
83 1 1 . 3 8 . 4 0 . 2 6
84 1 0 . 9 8 . 3 0 . 3 9
85 1 0 . 8 7 . 7 0 . 6 3
86 1 1 . 0 7 . 7 0 . 0 9
87 1 1 . 3 8 . 0 0 . 3 9
88 1 1 . 6 7 . 9  ' 0 . 5 3
89 1 1 . 5 7 . 4 0 . 7 0
90 1 0 . 1 7 . 2 0 . 1 2
91 1 0 . 4 7 . 3 0 . 1 8
92 1 0 . 2 7 . 1 0 . 0 6
93 1 0 . 5 6 . 1 0 . 1 2
94 1 0 . 7 7 . 0 0 . 1 5
95 1 0 . 2 6 . 7 0 . 2 4
96 1 0 . 5 6 . 2 0 . 2 1
97 1 0 . 1 6 . 2 0 . 2 7
98 1 1 . 3 6 . 7 0 . 3 3
99 1 0 . 6 6 . 1 0 . 1 5

100 1 1 . 7 6 . 6 0 . 6 0
101 1 1 . 0 6 . 2 0 . 4 2
102 1 1 . 7 6 . 1 0 . 1 5
103 1 1 . 5 5 . 6 0 . 3 3
104 1 1 . 6 5 . 0 0 . 3 0
105 1 1 . 7 4 . 6 0 . 2 7
106 1 1 . 6 5 . 8 0 . 1 8
107 1 0 . 4 5 . 3 0 . 1 2
108 1 0 . 4 5 . 8 0 . 4 5
109 1 0 . 8 5 . 1 0 . 4 2
110 1 1 . 1 4 . 1 0 . 4 8
111 1 0 . 7 4 . 9 0 . 2 4
112 1 0 . 8 4 . 6 0 . 3 0
113 1 1 . 1 5 . 4 0 . 5 1
114 1 1 . 3 5 . 0 0 . 4 5
115 1 1 . 4 4 . 5 0 . 3 0
116 1 1 . 7 3 . 3 0 . 5 1



P AR T I C L E S GLASS BEADS

AVERAGE P A R T I C L E  DI AMETER

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL

FLUID IZATI ON. VELOCITY, SUPERFICIAL 

BED HEIGHT

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

CAMERA

CAMERA SPEED 

DURATION OF RUN

85 MICRONS

0 . 0 2 6  F T . / S E C .

0 . 0 8 8

4 . 5

4 . 0  IN.

1 4 . 3  CM. OF WATER

91 DEGREES F.

EYEMO
48 . FRAMES/SEC.

0 . 1 9 7  SEC.

F T . / S E C .  

IN.



- 1 9 1 -

r u n  27 PART B

TALLY FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

I 1 1 . 2 2 . 9 0 . 7 0
2 1 0 . 8 5 . 9 0 . 9 1
3 1 1 . 6 3 . 9 1 . 1 1
A 1 1 . 2 4 . 7 0 . 4 9
5 1 1 . 7 4 . 7 0 . 5 2
6 1 1 . 6 5 . 9 1 . 3 5
7 1 2 . 1 8 . 9 1 . 0 0
8 1 1 . 5 7 . 9 1 . 1 0
9 1 7 . 0 8 . 7 0 . 7 0

10 1 9 . 6 4 . 3 1 . 2 0
11 1 9 . 6 2 . 9 1 . 3 3
12 2 2 . 5 3 . 1 1 . 4 3
13 2 3 . 3 9 . 4 0 . 8 1
14 2 3 . 4 1 0 . 3 1 . 2 0
15 2 5 . 3 1 0 . 5 1 . 0 1
16 2 6 . 5 9 . 0 0 . 5 4
17 3 6 . 9 2 . 1 0 .  76
18 3 9 . 6 4 . 2 1 . 0 5
19 3 4 . 5 5 . 2 1 . 0 0
20 3 7 . 0 1 . 2 1 .  19
21 3 8 . 5 2 . 3 1 . 7 4
22 4 3 . 7 1 . 9 0 . 3 5
23 4 4 . 2 0 . 9 0 . 7 9
24 4 8 . 6 8 . 6 0 . 9 3
25 4 9 . 4 8 . 2 0 . 5 2
26 4 1 0 . 3 6 . 3 1 . 0 2
27 4 6 . 5 2 . 8 0 . 8 4
28 4 6 . 3 1 . 9 1 . 1 5
29 5 1 . 5 4 . 1 0 . 9 8
30 5 3 . 2 1 . 2 0 . 7 3
31 5 4 . 9 0 . 7 1 . 0 5
32 5 6 . 7 5 . 5 0 . 9 7
33 5 5 . 4 5 . 0 0 . 6 4
34 6 1 0 . 6 5 . 8 1 . 1 4
35 6 4 . 9 1 0 . 4 1 .  10
36 6 4 . 0 1 0 . 0 1 . 2 2
37 6 4 . 8 7 . 7 0 . 7 3
38 6 2 . 7 9 . 2 0 . 9 6
39 6 1 . 8 6 . 2 0 . 8 1
40 6 2 . 4 4 . 2 0 . 9 4



1 9 2 -

t a l l y

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 
61 
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

RUN 27  PART B ( C O N T I N U E D )

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

0 . 7 5
0 . 7 3
0 . 8 7
1 . 8 2
0 . 6 2
0 . 9 3
1 . 2 0
1 . 1 7
0 . 6 4
0 . 9 4
0 . 6 2
0 . 2 3
0 . 4 1
0 . 5 6
0 . 7 0
1 . 8 2
1 . 3 6
1 . 4 0
1 . 4 3
1 . 5 8
0 . 6 3
0 . 9 4
1 . 1 3
0 . 2 3
0 . 3 8

9 5 . 9  1 1 . 1  0 . 2 9
9 7 . 9  9 . 2  0 . 9 6
9 6 . 6  9 . 7  0 . 5 9
9 5 . 9  1 0 . 0  0 . 7 6
9 5 . 0  1 0 . 2  0 . 5 0
9 4 . 2  1 0 . 2  1 . 0 5

10 3 . 6  5 . 8  0 . 8 2
10 4 . 6  7 . 6  0 . 5 0
10 7 . 2  9 . 7  0 . 8 6
10 8 . 3  9 . 6  0 . 5 4
10 9 . 0  6 . 0  0 . 7 9
10 8 . 6  3 . 9  0 . 9 4
10 7 . 2  1 . 9  1 . 2 2
10 5 . 6  2 . 2  1 . 2 9
10 3 . 7  3 . 1  0 . 8 2

6
6
6

8
8
8
8
8
8
8
8
8
8
8
9
9
9
9
9

4 . 2
3 . 7
4 . 4
9 . 5
5 . 5
2 . 3
1 . 4
2 . 3
6 . 6
8 . 9
3 . 3  
1 . 2
1 . 5
1 . 6
9 . 3  
0 . 6  
2 . 2
9 . 7  

1 0 . 0
5 . 5  
2 . 1
1 . 5
1 . 9  
8 . 1
8 . 3

3 . 5
3 . 2
2, 
6. 
7, 
5, 
2, 
3
5 . 9
3,
4, 
6, 
7, 
6,
5 . 6
5 . 9
4 . 4
2 . 9
4 . 4
1 . 5  
5 . 3
5 . 2
7 . 2  

1 0 . 0  
1 0 . 0



1 9 3 -

tal ly

81
82

RUN 27 PART B (CONCLUDED)

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

10
10

2 . 6
2 . 1

3 . 2  
A.A

1 . 8 3
1 . 2 4



- 1 9 4 -

r u n  28 PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLU IDIZAT ION VELOCITY, 
SUPERFICIAL 0 . 0 2 6

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . 0 8 8  

BED HEIGHT 1 3 . 1

SETTLED BED HEIGHT 1 2 . 0

PRESSURE DROP THROUGH BED 4 4 . 2

AIR TEMPERATURE 87

CAMERA

CAMERA SPEED 48

DURATION OF RUN 1 . 0 8 0

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

. IN.

IN.

CM. OF WATER 

DEGREES F .

EYEMO
F R A M E S / S E C .

SEC.



- 1 9 5 -

r u n  28  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

1 71 1 0 .  1 5 . 7 2 . 3 4
2 73 1 0 .  1 5 . 4 1 . 5 2
3 73 1 . 7 9 . 1 0 . 8 1
4 73 5 . 5 3 . 9 1 . 5 2
5 80 2 . 0 8 . 1 2 . 5 0
6 82 3 . 1 6 . 6 1 . 2 5
7 82 2 . 9 4 . 4 2 . 0 2
8 82 1 . 3 4 . 9 2 . 9 3
9 83 4 . 1 0 . 9 1 . 4 1

10 83 3 . 9 2 . 9 2 . 3 4
11 83 2 . 5 1 . 8 2 . 0 2
12 83 3 . 4 9 . 9 1 . 7 2
13 83 9 . 5 3 . 8 2 . 7 4
14 86 7 . 6 0 . 7 0 . 8 7
15 89 3 . 6 7 . 6 0 . 7 3
16 89 1 . 1 8 . 4 1 . 4 2
17 89 2 . 5 8 . 4 1 . 3 1
18 91 5 . 2 0 . 8 2 . 3 1
19 91 2 . 2 1 . 4 1 . 4 0
20 91 1 . 8 4 . 4 1 . 8 3
21 91 3 . 7 5 . 1 1 . 6 5
22 91 3 . 4 2 . 8 2 . 4 6
23 92 9 . 6 4 . 4 2 . 3 8
24 95 8 . 6 1 . 6 1 . 1 2
25 95 7 . 5 0 . 8 1 . 0 5
26 95 6 . 9 3 . 1 1 . 5 7
27 96 5 . 2 3 . 1 3 . 2 0
28 96 2 . 8 1 0 . 1 1 . 9 4
29 98 8 . 6 1 . 8 1 . 3 1
30 98 6 . 3 0 . 2 0 . 8 1
31 98 1 0 . 0 4 . 7 1 . 9 6
32 98 0 . 6 5 . 7 2 . 2 2
33 98 3 . 0 4 . 5 3 . 2 8
34 102 7 . 0 2 . 4 2 . 9 7
35 103 9 . 8 4 . 2 2 . 8 7
36 104 9 . 1 1 . 9 1 . 6 9
37 104 6 . 3 0 . 5 1 . 1 2
38 105 2 . 1 8 . 7 2 . 0 5
39 106 7 . 8 4 . 4 2 . 0 9
40 106 3 . 7 3 . 9 4 . 7 0



196

RUN 28 PART B {CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

A1 108 1 . 8  5 . 5  1 . 3 8
A 2 108 3 . 7  6 . 3  1 . 6 9
A3 108. 3 . 9  5 . 0  1 . 5 2
AA 108 6 . 3  2 . 6  1 . 7 9
A5 108 2 . 7  9 . 1  3 . 0 9
A6 113 6 . 3  3 . 7  1 . 1 1
A7 113 6 . 8  2 . 0  2 . 9 8
A8 113 1 0 . 3  3 . 7  2 . 3 A
A9 1 1 A 1 . 8  .. .. . 6 . 2  2 . 2 2
50 115 9 . 3  5 . 6  1 . 7 9
51 115 1 0 . 0  A . 5 - 1 . 5 7
52 116 6 . 5  2 . A 2 . 3 3
53 117 1 . 7  3 . 7  2 . 2 2
5A 117 2 . 9  A. A 1 . 6 8
55 117 A . 3 5 . 3  2 . 6 0
56 120 1 . 3  7 . 1  2 . 6 1
57 122 7 . 7  A. 7  2 . 9 8
58 122 1 . 5  5 . 6  2 . 2 2



1 9 7 -

r u n  29

PARTICLES

AVERAGE PARTICLE DIAMETER

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL

FLUIDIZATION VELOCITY, SUPERFICIAL 

BED HEIGHT

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

PART /

GLASS

85

0 . 0 2 6

0 . 0 8 8

2 6 . 0

2 4 . 0

8 6 . 5

91

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

IN.

CM. OF WATER 

DEGREES F .

CAMERA

CAMERA SPEED

DURATI ON OF RUN

EYEMO

48 FRAMES/SEC.

1 . 3 3 0  SEC.



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

RUN 29  PART 8

FRAME BUBBLE COORDINATES
NUMBER ■ INCHES

6 5 . 8 6 . 7
6 6 . 9 1 . 9
8 3 . 9 5 . 1
8 9 . 2 5 . 3
8 2 . 5 2 . 1
9 6 . 6 8 . 3
9 2 . 1 7 . 7
9 7 . 2 2 . 1
9 2 . 9 3 . 6
9 1 . 6 4 . 3

12 6 . 7 9 . 4
12 4 . 9 9 . 3
12 2 . 9 3 . 4
12 2 . 9 2 . 3
12 9 . 1 3 . 6
13 7 . 6 1 . 7
16 4 . 0 9 . 3
16 6 . 4 7 . 6
17 1 . 1 6 . 3
21 3 . 6 8 . 3
22 9 . 1 6 . 6
22 6 . 9 2 . 0
27 0 . 6 5 . 4
27 2 . 1 5 . 0
30 1 . 7 5 . 4
31 7 . 4 8 . 9
32 7 . 2 3 . 3
35 0 . 4 4 . 7
39 7 . 2 7 . 2
40 7 . 0 3 . 0
40 1 . 8 7 . 6
41 4 . 9 9 . 8
43 9 . 3 2 . 8
43 7 . 2 3 . 7
44 7 . 4 6 . 9
44 9 . 3 8 . 2
44 1 0 . 3 5 . 2
45 1 . 1 4 . 2
47 7 . 7 2 . 0
51 7 . 5 6 . 0



- 1 9 9 -

r u n  2 9  PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

41 54 5 . 9 9 . 2 2 .  23
42 55 8 . 3 9 . 5 1 . 7 0
43 55 6 . 3 8 . 9 4 . 0 1
44 55 9 . 4 6 . 3 4 . 6 0
45 55 7 . 5 0 . 9 2 . 0 3
46 56 6 . 8 3 . 0 1 . 8 9
47 57 1 . 4 4 . 1 2 . 9 9
48 63 6 . 0 9 . 7 3 . 4 0
49 .......... 65 7 . 9 7 . 6 1 . 0 3
50 65 6 . 8 7 . 5 1 . 4 1
51 65 9 . 5 6 . 6 2 . 7 0
52 66 9 . 3 8 . 9 3 . 0 9
53 66 7 . 5 1 . 9 3 . 5 7
54 68 2 . 5 2 . 6 1 . 2 9
55 68 4 . 1 2 . 2 2 . 9 5



2 0 0 -

r u n  30  PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 0 2 6

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . 0 8 8

BED HEIGHT 3 8 . 8

SETTLED BED HEIGHT 3 6 . 0

PRESSURE DROP THROUGH BED 1 3 0 . 0

AIR TEMPERATURE 91

CAMERA

CAMERA SPEED 48

DURATION OF RUN 2 . 4 8 0

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

IN.

CM. OF WATER 

DEGREES F.

EYEMO
F R A M E S / S E C .

SEC.



- 2 0 1 -

r u n  3 0 ‘ P'ART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 5 5 . 9 5 . 9 3 . 3 7
2 13 5 . 3 6 . 7 6 . 6 4
3 22 4 . 8 7 . 9 5 . 9 9
4 23 9 . 0 9 . 5 6 . 4 0
5 42 8 . 0 8 . 6 4 . 4 5
6 42 4 . 6 5 . 4 4 . 9 7
7 48 5 . 3 6 . 2 8 . 13
8 53 4 . 8 5 . 6 6 . 4 3
9 59 5 . 3 6 . 7 6 . 9 2

10 63 5 . 3 8 . 7 5 . 1 3
11 63 7 . 9 5 . 2 5 . 8 3
12 75 6 . 2 7 . 0 7 . 8 5
13 83 3 . 9 8 . 7 5 .  14
14 95 7 . 0 5 . 9 7 . 1 2
15 119 5 . 9 6 . 9 7 . 5 7



RUN 31 PART A

P A R T I C L E S GLASS BEADS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLUIDIZATION VELOCITY,
SUPERFICIAL 0 . 0 2 6

MICRONS 

F T . / S E C .

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . 1 1 7  F T . / S E C .

BED HEIGHT 8 . 6  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

8 . 0  IN.

2 7 . 9  CM. OF WATER

93 DEGREES F .

CAMERA

CAMERA SPEED

DURATI ON OF RUN

EYEMO
48 FRAMES/SEC.

0 . 9 1 7  SEC.



2 0 3 -

r u n  31  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 57 5 . 2 1 . 3 1 . 2 7
2 57 6 . 5 9 . 2 3 . 9 7
3 58 8 . 6 3 . 9 3 . 3 7
4 58 9 . 8 2 . 5 1 . 8 2
5 58 7 . 0 2 . 0 1 . 9 9
6 59 9 . 7 7 . 6 3 . 0 4
7 59 3 . 9 1 . 4 1 . 3 8
8 60 9 . 2 3 .  1 2 . 4 5
9 62 8 . 0 3 . 3 4 . 1 1

10 62 4 . 9 8 . 6 2 . 8 3
11 63 9 . 8 4 . 3 1 . 7 2
12 63 7 . 3 7 . 4 0 . 8 0
13 63 6 . 4 6 . 9 1 .  17
14 63 5 . 6 6 . 4 0 . 8 9
15 63 4 . 4 1 . 2 0 . 9 8
16 65 4 . 0 9 . 0 1 . 9 2
17 65 5 . 8 6 . 7 1 . 1 7
18 65 7 . 5 7 . 2 1 . 6 9
19 66 9 . 7 3 . 1 1 . 4 6
20 66 9 . 7 8 . 5 1 . 9 8
21 66 8 . 0 8 . 8 1 . 9 6
22 66 5 . 0 1 . 5 1 . 6 4
23 67 7 . 8 1 . 8 2 . 5 6
24 68 5 . 1 8 . 5 2 . 1 0
25 68 9 . 8 5 . 1 2 . 2 5
26 68 6 . 7 5 . 0 3 . 8 0
27 69 4 . 4 1 0 . 8 1 . 1 3
28 69 6 . 0 0 . 5 1 . 6 2
29 69 2 . 1 2 . 5 3 . 0 3
30 71 6 . 4 8 . 8 0 . 9 6
31 71 3 . 5 9 . 7 1 . 2 7
32 71 4 . 3 8 . 8 1 . 7 7
33 71 5 . 5 8 . 1 1 . 4 1
34 71 9 . 0 7 . 9 2 . 5 3
35 73 4 . 1 2 . 0 1 . 3 6
36 74 8 . 4 7 . 3 2 . 5 1
37 74 8 . 9 2 . 1 2 . 5 6
38 74 7 . 2 0 . 8 1 . 5 9
39 75 2 . 9 8 . 9 2 . 6 0
40 75 9 . 1 5 . 2 2 . 8 1



2 0 4 -

r u n  31 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER

X

41 76 6 . 7
42 77 7 . 3
43 77 8 . 9
44 77 8 . 9
45 77 8 . 6
46 78 7 . 5
47 78 6 . 3
48 79 7 . 0
49 79 3 . 1
50 79 5 . 5
51 79 8 . 8
52 80 1 0 . 7
53 80 8 . 9
54 81 5 . 2
55 83 9 . 1
56 83 8 . 9
57 85 8 . 1
58 85 1 0 . 2
59 85 9 . 3
60 85 8 . 4
61 85 8 . 3
62 85 1 0 . 7
63 85 9 . 8
64 86 7 . 5
65 86 6 . 6
66 86 5 . 6
67 86 8 . 9
68 86 2 . 6
69 86 3 . 1
70 86 2 . 7
71 88 3 . 4
72 89 6 . 0
73 90 9 . 4
74 90 7 . 8
75 90 6 . 2
76 90 7 . 5
77 91 7 . 4
78 91 3 . 4
79 91 3 . 5
80 92 9 . 0

INCHES DIAMETER
OF BUBBLE

Y INCHES

2 . 4 2 . 6 6
9 . 8 1 . 12
9 . 4 1 . 3 6
6 . 6 1 . 7 2
4 . 5 2 . 4 0
8 . 9 1 . 6 2
1 . 7 3 . 0 8
6 . 0 2 . 1 4
9 . 4 1 . 8 1
6 . 5 2 . 3 5
4 . 2 3 . 1 4
6 . 9 2 . 0 6
8 . 3 2 . 8 6
0 . 9 2 . 2 9
4 . 7 2 . 8 9
7 . 8 2 . 3 4
1 . 6 2 . 0 7
5 . 6 0 . 7 8
6 . 0 1 . 1 9
6 . 0 0 . 9 6
5 . 1 0 . 9 9
7 . 6 1 . 5 4
7 . 4 1 . 2 9
9 . 7 1 . 9 6
7 . 4 2 . 3 5
9 . 4 2 . 7 6
4 . 2 2 . 1 9
9 . 8 0 . 5 3
9 . 0 0 . 5 4
8 . 2 1 . 3 3
1 . 9 2 . 0 0
1 . 6 2 . 0 7
6 . 5 1 . 1 8
6 . 3 1 . 0 6
3 . 7 2 . 5 0
2 . 2 2 . 2 2
5 . 6 2 . 4 8
9 . 7 1 . 6 4
2 . 3 1 . 5 2
5 . 1 2 . 9 2



" 2 0 5 -

r u n  31 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 92 9 . 3 8 . 8 2 . 6 7
82 94 5 . 6 9 . 6 2 . 4 5
83 94 9 . 8 3 . 8 2 . 2 1
84 95 5 . 7 1 0 . 0 1 . 1 1
85 95 2 . 9 8 . 7 1 . 2 8
86 96 1 0 . 2 8 . 5 0 . 6 0
37 96 4 . 5 8 . 7 0 . 6 3
88 97 5 . 1 5 . 9 1 . 8 5
89 98 3 . 9 8 . 9 1 . 6 8
90 99 7 . 7 2 . 1 2 ^ 1 8
91 99 9 . 3 5 . 2 ■3.53



- 206 -

r u n  32  PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85 MICRONS

INCIPIENT FLUIDIZATION VELOCITY,
SUPERFICIAL 0 . 0 2 6  F T . / S E C .

FLUIDIZATION VELOCITY, SUP ERF ICIAL 0 . L L 7  F T . / S E C .

BED HEIGHT 1 2 . 9  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

1 2 . 0  IN.

A3 . 6  CM. OF WATER

88 DEGREES F.

CAMERA

CAMERA SPEED

DURATION OF .RUN

EYEMO

A8 FRAMES/SEC

1 . 2 9 0  SEC.



2 0 7 -

r u n  32  PART B

TALLY frame  BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

I 130 2 . 0 5 . 1 2 . 2 4
2 130 1 0 . 0 7 . 5 1 . 5 6
3 130 9 . 5 3 . 8 2 . 9 8
4 131 1 . 2 3 . 6 1 . 8 8
5 131 1 . 9 7 . 8 2 . 4 0
6 132 4 . 3 3 . 1 3 . 4 3
7 133 9 . 0 8 . 6 2 .  17
8 133 7 . 4 1 0 . 6 1 . 6 2
9 134 2 . 2 7 . 0 1 . 9 8

10 134 0 . 9 6 . 0 2 . 1 1
11 134 4 . 1 6 . 4 2 . 5 4
12 134 5 . 3 1 0 . 0 3 . 1 3
13 135 8 . 9 1 . 8 2 . 6 4
14 135 1 0 . 2 4 . 3 2 . 5 6
15 136 1 . 4 3 . 6 2 . 2 9
16 136 1 0 . 2 7 . 4 2 . 0 3
17 140 4 . 6 8 . 7 4 . 2 9
18 140 8 . 9 3 . 1 2 . 4 6
19 140 7 . 7 2 . 0 2 . 1 5
20 140 8 . 7 8 . 9 3 . 1 1
21 141 3 . 1 2 . 6 2 . 6 9
22 143 6 . 3 7 . 3 1 . 9 1
23 143 4 . 1 5 . 9 3 .  13
24 143 1 . 6 6 . 4 2 . 1 4
25 145 5 . 5 0 . 5 1 . 2 5
26 147 7 . 5 2 . 4 2 . 4 0
27 148 4 . 6 1 0 . 2 1 . 3 7
28 148 3 . 1 1 0 . 0 1 . 4 5
29 148 5 . 4 9 . 2 1 . 0 7
30 148 6 . 7 9 . 3 1 . 9 7
31 148 6 . 1 7 . 4 1 . 4 2
32 148 9 . 2 8 . 7 2 . 4 2
33 148 2 . 0 6 . 1 3 . 3 2
34 149 3 . 0 6 . 7 2 . 8 8
35 151 4 . 6 8 . 6 2 . 7 5
36 151 1 . 8 3 . 0 2 . 1 7
37 152 3 . 0 1 0 . 1 1 . 6 9
38 152 6 . 9 1 . 8 2 . 1 7
39 152 5 . 7 2 . 6 2 . 0 1
40 152 8 . 9 2 . 9 2 . 0 3



2 0 8 -

r u n  32  PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 152 9 . 4 5 . 4 3 . 4 5
42 154 4 . 0 5 . 1 2 . 8 5
43 156 6 . 9 1 1 . 0 0 . 9 1
44 156 6 . 0 1 0 . 2 1 . 3 3
45 156 7 . 1 1 0 . 1 1 . 0 2
46 156 6 . 7 9 . 5 0 . 9 2
47 156 8 . 0 1 0 . 6 1 . 3 1
48 156 8 . 7 3 . 6 1 . 9 8
49 156 9 . 6 5 . 1 1 . 9 4
50 156 1 0 . 4 7 . 8 1 . 9 2
51 158 3 . 8 4 . 3 3 . 0 1
52 161 2 . 8 7 . 9 3 . 0 7
53 . 162 5 . 1 1 . 7 2 . 5 6
54 162 1 . 8 3 . 3 0 . 7 7
55 163 8 . 5 3 . 1 3 . 1 1
56 163 1 . 2 4 . 0 1 . 5 3
57 163 2 . 1 4 . 1 0 . 9 7
58 164 2 . 6 4 . 8 0 . 9 9
59 167 4 . 2 9 . 8 1 .  19
60 167 5 . 9 1 . 2 2 . 4 2
61 167 5 . 1 7 . 4 1 . 7 0
62 167 4 . 1 8 . 7 1 . 6 4
63 167 3 . 7 7 . 5 1 . 1 4
64 167 2 . 7 3 . 4 4 . 7 4
65 167 2 . 6 7 . 9 1 . 7 7
66 168 1 0 . 0 5 . 4 3 . 6 0
67 169 6 . 1 9 . 3 2 . 8 8
68 171 3 . 3 3 . 0 3 .  L6
69 173 8^5 6 . 0 1 . 4 0
70 173 . 8 . 4 4 . 9 2 . 4 9
71 173 7 . 7 9 . 5 1 . 7 7
72 173 4 . 7 7 . 7 1 . 0 9
73 173 3 . 8 8 . 4 1 . 18
74 173 2 . 9 8 . 5 0 . 9 7
75 173 3 . 0 7 . 7 1 . 4 0
76 173 3 . 3 5 . 5 0 . 5 1
77 173 2 . 0 5 . 6 1 . 0 2
78 173 2 . 5 4 . 7 0 . 9 7
79 173 1 . 1 5 . 4 0 . 9 1
80 174 7 . 7 1 . 1 0 . 9 2



2 0 9 -

r u n  32 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 174 8 . 6 1 . 5 1 . 5 3
82 175 6 . 7 1 . 6 1 . 5 0
83 175 6 . 7 0 . 4 1 . 5 1
84 175 7 . 9 6 . 3 1 . 9 1
85 175 1 . 6 8 . 2 2 . 0 4
86 175 3 . 8 2 . 7 1 . 0 2
87 175 5 . 2 7 . 3 1 . 9 4
88 175 3 . 7 8 . 3 1 . 2 5
89 175 4 . 5 8 . 8 1 . 5 1
90 176 8 . 4 3 . 7 1 . 7 5
91 177 7 . 2 1 . 8 1 . 7 6
92 178 3 . 1 7 . 4 . 2 . 0 6
93 178 4 . 6 2 . 1 1 . 8 6
94 178 0 . 8 6 . 8 1 . 9 4
95 178 2 . 3 6 . 4 1 . 7 9
96 179 6 . 4 9 . 8 1 . 7 3
97 179 3 . 8 2 . 1 2 . 6 6
98 180 1 . 5 2 . 6 1 . 9 4
99 180 1 . 8 6 . 9 2 . 18

100 181 9 . 3 2 . 5 2 .  17
101 181 6 . 0 1 . 4 2 . 5 4
102 182 6 . 4 3 . 8 1 . 9 0
103 183 1 0 . 0 6 . 4 1 . 9 1
104 183 7 . 6 8 . 8 1 . 9 3
105 183 2 . 7 1 0 . 2 1 . 3 0
106 183 1 . 8 5 . 6 2 . 0 5
107 184 4 . 3 7 . 9 1 . 0 8
108 184 3 . 3 7 . 3 0 . 9 4
109 184 4 . 1 7 . 2 0 . 5 8
110 184 3 . 6 5 . 8 2 . 0 4
111 185 4 . 8 6 . 4 1 . 4 4
112 185 6 . 6 1 0 . 5 2 . 3 8
113 185 8 . 8 2 . 9 1 . 7 1
114 187 4 . 6 5 . 2 2 . 3 0
115 187 • 7 . 2 3 . 9 2 . 2 3
116 187 9 . 4 4 . 7 1 . 6 6
117 187 1 0 . 3 5 . 6 2 . 3 8
118 189 3 . 1 3 . 8 3 . 6 3
119 190 7 . 4 2 . 8 1 . 2 8
120 191 9 . 8 2 . 3 1 . 5 6



RUN 33  PART A

P A R T I C L E S GLASS BEADS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLU I DI'ZAT ION VELOCITY,
SUPERFICIAL 0 . 0 2 6

MICRONS 

F T. / SEC .

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . L L 7  F T . / S E C .

BED HEIGHT 2 4 . 8  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

2 4 . 0  IN.

8 6 . 6  CM. OF WATER

91 DEGREES F .

CAMERA

CAMERA SPEED

DURATION OF RUN

48

2 . 4 8 0

EYEMO
FRAMES/SEC

SEC.



- 2 1 1

RUN 33 PART B

TALLY FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

1 2 4 . 3 2 . 3 4 . 0 1
2 2 1 . 9 4 . 3 3 . 4 0
3 3 4 . 6 1 0 . 3 2 . 6 3
4 9 6 . 0 3 . 6 6 . 0 9
5 13 9 . 9 4 . 5 3 . 8 3
6 19 6 . 4 9 . 5 4 . 1 2
7 20 4 . 9 2 . 3 5 . 3 0
8 21 9 . 9 9 . 1 1 . 6 4
9 26 8 . 9 8 . 6 1 . 7 7

10 26 5 . 6 5 . 4 2 . 3 4
11 26 3 . 6 3 . 3 5 . 1 7
12 30 4 . 9 3 . 8 5 .  17
13 33 6 . 3 4 . 0 4 . 9 6
14 34 3 . 7 9 . 2 4 . 5 7
15 35 8 . 2 8 . 7 3 . 3 6
16 38 , 2 . 9 4 . 3 4 . 3 9
17 38 8 . 6 2 . 9 4 . 5 6
18 41 5 . 1 4 . 6 1 . 0 0
19 41 4 . 5 5 . 8 1 . 3 8
20 41 3 . 4 6 . 5 0 . 9 2
21 43 2 . 1 4 . 5 2 . 9 9
22 44 1 0 . 2 5 . 7 2 . 7 6
23 45 7 . 0 2 . 4 2 . 3 4
24 49 4 . 6 6 . 6 5 . 2 8
25 49 9 . 9 3 . 0 1 . 4 1
26 49 8 . 7 3 . 2 1 . 5 6
27 51 5 . 5 9 . 9 3 . 6 6
28 54 6 . 2 1 0 . 2 2 . 2 8
29 55 8 . 3 1 . 6 3 . 3 7
30 55 4 . 6 3 . 7 3 . 8 1
31 60 6 . 0 2 . 9 3 . 1 5
32 62 3 . 7 4 . 4 3 . 3 0
33 63 9 . 9 5 . 4 3 . 9 3
34 65 5 . 7 7 . 5 2 . 7 8
35 65 4 . 8 9 . 8 0 . 8 0
36 65 2 . 8 9 . 2 1 . 1 9
37 65 3 . 5 7 . 5 0 . 8 0
38 67 3 . 4 7 . 1 1 . 3 4
39 67 5 . 7 1 . 3 1 . 4 7
40 69 4 . 9 8 . 9 3 . 5 7



LLY

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

- 2 1 2

RUN 3 3  PART B (CONCLUDED)

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

74 9 . 5 2 . 6 2 . 5 7
75 8 . 2 4 . 4 4 . 1 5
75 6 . 8 1 . 7 2 . 0 1
77 1 . 7 6 . 5 0 . 9 8
77 2 . 4 5 . 5 1 . 5 7
79 4 . 3 4 . 7 3 .  15
79 . 3 . 3 2 . 0 2 . 7 0
83 4 . 0 7 . 5 4 . 0 1
83 8 . 6 7 . 2 4 . 4 4
83 6 . 3 0 . 9 2 . 4 4
84 6 . 4 2 . 6 2 . 1 1
86 5 . 6 0 . 2 0 . 7 3
86 3 . 2 5 . 2 1 . 9 9
87 5 . 7 1 0 . 3 0 . 8 6
87 8 . 4 2 . 6 3 . 4 0
91 6 . 3 7 . 8 0 . 7 4
91 9 . 9 6 . 3 1 . 5 7
91 2 . 0 4 . 1 2 . 3 0
94 4 . 3 9 . 1 4 . 0 1
94 9 . 0 3 . 5 4 . 0 0
94 4 . 4 2 . 3 4 . 3 0

100 1 . 3 6 . 3 2 . 2 0
102 0 . 2 5 . 5 0 . 8 6
102 5 . 7 6 . 9 3 . 2 5
104 8 . 8 3 . 3 5 . 4 9
107 7 . 2 8 . 0 4 . 6 0
107 4 . 3 5 . 7 3 . 4 4
109 2 . 0 4 . 0 4 . 0 5
112 7 . 9 6 . 7 3 . 4 5
113 2 . 6 4 . 3 5 . 0 1
113 9 . 1 2 . 5 4 .  16
116 2 . 0 9 . 4 1 . 9 1
116 3 . 8 8 . 0 2 . 7 6
117 7 . 0 9 . 3 1 . 3 4
117 2 . 1 4 . 6 4 .  56
118 8 . 8 2 . 8 2 . 9 3



- 2 1 3 -

r u n  34 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 0 2 6

MICRONS 

F T. / S E C ,

FLUIDIZATION VELOCITY, SUP ERF ICIAL 0 . 1 1 7  F T . / S E C .

BED HEIGHT 3 8 . 7  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

3 6 . 0  IN.

1 2 8 . 0  CM. OF WATER

91 DEGREES F .

CAMERA

CAMERA SPEED

DURATION OF RUN

EYEMO

48 FRAMES/SEC

3 . 3 3 0  SEC.



2 1 4 -

r u n  34 PART B

TALLY FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

X

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

1 15 3 . 6 7 . 9 6 . 8 4
2 29 8 . 5 5 . 2 3 . 0 0
3 29 3 . 8 6 . 6 6 . 5 5
4 46 6 . 3 6 . 3 8 . 5 4
5 66 5 . 7 5 . 7 3 . 9 7
6 77 8 . 8 5 . 5 7 . 6 6
7 85 3 . 8 7 . 2 7 . 3 9
8 99 6 . 6 7 . 4 4 . 9 7
9 100 3 . 6 4 . 7 5 . 6 9

10 112 7 . 0 0 . 8 1 . 7 3
11 112 4 . 1 0 . 7 1 . 9 7
12 112 3 . 0 6 . 3 7 . 4 3
13 144 7 . 1 4 . 9 2 . 9 0
14 145 4 . 1 4 . 9 7 . 9 2
15 158 5 . 2 7 . 8 8 . 5 4



- 2 1 5 -

r u n  35  PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 0 2 6

MICRONS 

F T . / S EC

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . 1 4 7  F T . / S EC

BED HEIGHT 8 . 7  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

8 . 0

2 8 . 0

93

IN.
CM. OF 

DEGREES

WATER

F .

CAMERA

CAMERA SPEED

DURATION OF RUN

EYEMO
48 FRAMES/SEC.

0 . 8 1 3  SEC.



- 2 1 6 -

r u n  35  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

I 61 3 . 2 5 . 5 1 . 6 9
2 61 2 . 2 8 . 0 1 . 9 4
3 63 3 . 6 9 . 4 0 . 7 0
4 63 3 . 6 8 . 8 0 . 4 8
5 63 3 . 6 8 . 3 0 . 2 6
6 63 3 . 3 8 . 5 0 . 3 7
7 63 3 . 2 8 . 1 0 . 2 1
8 63 3 . 6 7 . 9 0 . 5 2
9 63 3 . 0 1 0 . 2 1 . 5 2

10 63 8 . 5 3 . 1 3 . 2 3
11 63 1 . 6 3 . 9 0 . 8 8
12 63 0 . 6 4 . 2 1 . 1 7
13 64 8 . 4 5 . 3 0 .  89
14 64 7 . 6 9 . 1 3 . 9 1
15 65 1 0 . 1 6 . 8 2 . 0 9
16 65 1 . 3 4 . 4 1 . 5 0
17 66 0 . 8 7 . 1 1 . 3 6
18 67 2 . 5 7 . 0 2 . 3 4
19 67 8 . 0 1 0 . 2 2 . 2 2
20 68 7 . 5 8 . 9 2 . 0 4
21 68 6 . 0 8 . 0 1 . 4 1
22 68 2 . 4 5 . 1 1 . 6 4
23 69 8 . 6 2 . 1 1 . 5 5
24 69 7 . 1 2 . 7 2 . 3 5
25 69 3 . 8 3 . 9 3 . 6 9
26 71 8 . 9 9 . 7 0 . 7 3
27 71 1 0 . 7 7 . 6 . 0 . 9 6
28 72 3 . 8 4 . 7 0 . 4 4
29 72 3 . 3 4 . 9 0 . 3 6
30 72 2 . 4 4 . 3 1 . 0 1
31 72 3 . 3 8 . 6 2 . 2 9
32 73 7 . 3 9 . 4 1 . 1 1
33 73 6 . 3 9 . 0 1 . 5 4
34 73 1 . 1 7 . 7 1 . 5 5
35 74 2 . 2 4 . 9 1 . 4 6
36 74 7 . 3 1 . 4 2 . 2 2
37 75 9 . 7 4 . 4 4 . 0 3
38 77 8 . 0 7 . 6 2 . 1 2
39 78 7 . 1 9 . 1 1 . 9 2
40 78 4 . 8 9 . 8 2 . 3 4



2 1 7

RUN 35  PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 78 4 . 8 8 . 3 1 . 2 5
42 79 2 . 9 8 . 9 1 . 6 1
43 79 4 . 7 6 . 4 1 . 0 5
44 79 1 0 . 3 6 . 1 2 . 8 6
45 80 1 . 6 9 . 1 1 . 4 5
46 80 3 . 5 7 . 1 1 . 9 9
47 80 5 . 3 0 . 4 1 . 1 1
48 81 6 . 5 9 . 1 1 . 9 2
49 81 6 . 4 6 . 8 0 . 7 0
50 81 1 0 . 1 7 . 4 1 . 3 7
51 81 9 . 6 3 . 4 1 . 9 8
52 81 9 . 6 5 . 7 1 . 9 2
53 81 6 . 7 5 . 2 1 . 7 3
54 86 7 . 2 8 . 9 2 . 8 7
55 86 7 . 5 6 . 5 2 . 8 6
56 86 2 . 5 6 . 6 2 . 7 0
57 86 5 . 9 2 . 0 2 . 3 5
58 87 7 . 2 1 . 9 2 . 0 1
59 87 4 . 3 6 . 8 2 . 9 0
60 88 8 . 6 2 . 1 1 . 6 5
61 89 1 . 5 6 . 4 2 . 4 8
62 89 5 . 0 6 . 5 3 .  14
63 90 7 . 3 5 . 7 0 . 9 1
64 90 1 . 8 6 . 3 3 . 4 1
65 90 9 . 6 6 . 8 1 . 3 1
66 91 9 . 4 5 . 5 1 . 3 1
67 91 7 . 6 3 . 4 2 . 4 8
68 92 9 . 0 8 . 2 1 . 5 7
69 92 6 . 5 8 . 1 3 . 5 7
70 92 4 . 2 5 . 2 1 . 9 6
71 92 2 . 4 9 . 7 1 . 9 2
72 95 5 . 6 5 . 8 1 . 2 4
73 97 3 . 6 8 . 3 3 . 2 0
74 97 8 . 5 5 . 0 2 . 7 8
75 97 7 . 6 3 . 4 1 . 5 6
76 97 1 . 0 4 . 8 1 . 5 4
77 99 7 . 3 7 . 6 1 . 8 8
78 99 5 . 7 6 . 4 1 . 9 8



- 2 1 8

RUN 36 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLU IDIZAT I ON VELOCITY, 
SUPERFICIAL 0 . 0 2 6

MICRONS 

F T . / S E C .

FLU IDIZATI  ON VELOCITY, SUPERF ICIAL 0 . 1 4 7  F T . / S E C .

BED HEIGHT 1 3 . 1  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

1 2 . 0  IN.

4 3 . 2  CM. OF WATER

88 DEGREES F .

CAMERA

CAMERA SPEED

DURATION OF RUN

EYEMO

48 FRAMES/SEC.

1 . 8 1 0  SEC.



2 1 9 -

r u n  36  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

1 14 2 . 7 4 . 3 2 . 8 7
2 20 4 . 1 0 . 8 1 . 6 2
3 23 3 . 3 2 . 8 1 . 7 7
4 23 1 0 . 0 3 . 6 3 . 1 3
5 23 5 . 6 3 . 6 5 . 0 5
6 25 2 . 5 9 . 6 1 . 1 4
7 25 1 . 3 7 . 6 2 . 8 0
8 25 8 . 8 7 . 5 4 . 2 8
9 32 8 . 0 9 . 2 2 . 0 9

10 32 1 . 6 4 . 4 4 . 5 4
11 32 7 . 7 4 . 9 5 . 8 7
12 36 5 . 8 1 0 . 6 1 . 4 0
13 37 2 . 0 4 . 8 3 . 3 1
14 37 4 . 6 0 . 8 2 . 5 0
15 37 8 . 1 3 . A 2 . 9 7
16 37 5 . 7 2 . 7 3 . 1 7
17 38 6 . 1 1 0 . 0 1 . 4 5
18 38 8 . 6 9 . 1 1 . 2 7
19 41 3 . 1 8 . 3 3 . 1 0
20 42 4 . 7 2 . 0 3 . 0 7
21 43 9 . 1 8 . 5 1 . 8 4
22 43 1 . 1 7 . 1 1 . 6 4
23 43 6 . 1 8 . 4 2 . 8 9
24 43 5 . 6 2 . 2 4 . 6 4
25 45 7 . 7 6 . 1 4 . 8 3
26 48 8 . 8 1 . 6 2 .  19
27 48 5 . 4 2 . 8 2 . 9 0
28 50 3 . 3 9 . 8 2 . 2 7
29 50 5 . 9 1 0 . 1 2 . 3 3
30 55 7 . 6 9 . 2 4 . 2 8
31 56 8 . 4 4 . 6 5 . 2 4
32 57 2 . 2 4 . 5 3 .  13
33 57 4 . 3 5 . 5 2 . 5 4
34 57 4 . 9 2 . 4 3 . 9 6
35 61 7 . 4 7 . 9 3 . 0 7
36 68 2 . 7 4 . 0 3 . 0 6
37 68 4 . 9 1 0 . 0 1 . 9 1
38 69 9 . 3 2 . 1 1 . 9 8
39 69 5 . 7 3 . 2 1 . 7 7
40 69 6 . 6 5 . 2 2 . 8 1



-220

RUN 36  PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 69 7 . 4 7 . 7 3 . 0 2
42 72 5 . 4 7 . 2 3 . 5 7
43 72 3 . 3 3 . 7 1 . 3 2
44 72 3 . 0 9 . 1 2 . 4 7
45 73 6 . 6 2 . 0 4 . 4 3
46 73 3 . 8 0 . 6 0 . 9 2
47 77 4 . 6 3 . 8 2 . 1 4
48 77 8 . 6 6 . 4 3 . 3 8
49 79 7 . 7 2 . 8 3 . 6 9
50 80 2 . 1 7 . 9 2 . 4 2
51 80 8 . 7 6 . 6 4 . 0 6
52 82 2 . 8 3 . 6 4 . 1 7
53 84 8 . 4 6 . 4 5 . 6 2
54 84 6 . 2 5 . 3 2 . 0 2
55 85 6 . 0 2 . 1 2 . 2 9
56 85 3 . 3 9 . 2 2 . 4 4
57 87 6 . 6 2 . 8 2 . 0 9
58 91 1 . 5 4 . 3 3 . 7 6
59 92 6 . 6 5 . 6 3 . 8 0
60 92 5 . 9 2 . 0 4 . 5 4
61 95 9 . 9 8 . 2 1 . 8 8
62 95 4 . 4 9 . 9 2 . 3 1
63 97 8 . 3 6 . 6 4 . 8 7
64 97 6 . 4 1 . 9 4 . 3 1
65 100 6 . 6 2 . 0 2 . 4 2



- 2 2 1 -

r u n  37  PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLU IDIZAT I ON VELOCITY, 
SUPERFICIAL 0 . 0 2 6

FLUIDIZATION VELOCITY,SUPERFICIAL 0 . 1 4 7  

BED HEIGHT 2 6 . 2

SETTLED BED HEIGHT 2 4 . 0

PRESSURE DROP THROUGH BED 8 6 . 4

AIR TEMPERATURE 91

CAMERA

CAMERA SPEED 48

DURATION OF RUN 1 . 5 4 0

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

IN.

CM. OF WATER 

DEGREES F .

EYEMO
FRAMES/SEC.

SEC.



2 2 2

RUN 37  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

I 2 8 . A 1 . 7 3 . 1 5
2 A 5 . 8 3 . A 3 . 0 3
3 A 8 . 2 5 . 3 5 . 0 2
A 6 3 . A 8 . A A . 98
5 11 8 . 9 7 . 0 2 . 6A
6 11 6 . 8 3 . 3 1 . 9 8
7 12 2 . 7 A . 3 2 . 2 3
8 13 A. 1 A . 5 1 . 5 0
9 1A 2 . 5 5 . 9 3 . A 8

10 16 6 . 7 5 . 2 2 . 3 8
11 17 1 . 1 3 . A 1 . 6 6
12 17 2 . 5 2 . 5 1 . 8 2
13 17 6 . 2 9 . 5 8 . 5 3
1A 18 2 . 2 5 . 2 1 .8A
15 18 3 . 8 2 . 1 1 . 8 2
16 19 2 . 2 3 . 0 2 . 9 1
17 19 8 . A 5 . 0 A . 71
18 28 6 . 5 1 0 . 8 2 . 1 0
19 30 2 . 5 5 . 6 5 .  A 7
20 30 7 . A 1 . 6 2 . 2 A
21 30 5 . 0 1 . 1 2 . 6 3
22 3A 8 . 1 5 . 2 5 . 3 2
23 3A 6 . 7 8 . 7 2 . 1 0
2A 38 3 . 8 9 . 3 1 . 7 7
25 38 2 . A 9 . 6 1 . 5A
26 38 1 • A 7 . 6 2 . 7 5
27 38 6 . 7 3 . 5 3 .  A A
28 39 A.A 3 . 9 A.A9
29 A1 5 . 0 7 . 3 3 . 3 2
30 A2 7 . 3 9 . 0 3 . 0 7
31 AA A . 2 3 . 6 3 . 5 5
32 A5 9 . 7 9 . 7 1 . 2 9
33 A5 7 . 0 2 . 2 5 . 2 5
3 A A5 2 . 2 8 . 1 3 . 6 0
35 50 5 . 6 A . 9 1 . 0 0
36 50 A . 7 3 . 6 1 . 2 5
37 50 3 . 1 3 . 6 2 . 1 7
38 50 7 . 7 2 . A 3 . 5 5
39 53 3 . 8 5 . 3 5 . 5 8
AO 53 3 . 9 2 . 0 2 .  78



- 2 2  3 -

RUN 37 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 55 8 . 1 8 . 7 4 . 6 9
42 59 6 . 7 1 0 . 4 3 . 0 1
43 59 7 . 7 8 . 2 2 . 7 5
44 59 3 . 6 8 . 4 5 . 4 5
45 64 8 . 5 3 . 6 5 . 1 4
46 67 7 . 9 8 . 7 5 . 3 2
47 68 3 . 9 2 . 5 4 . 4 5
48 68 1 . 7 6 . 0 0 . 6 4
49 72 6 . 7 8 . 1 2 . 4 6
50 73 8 . 1 8 . 4 2 . 2 8
51 74 3 . 6 7 . 9 6 . 4 0



- 2 2 4

RUN 38 PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 85

INCIPIENT FLU IDIZATION VELOCITY, 
SUPERFICIAL 0 . 0 2 6

FLUIDIZATION VELOCITY, SUPERF ICIAL 0 . 1 4 7  

BED HEIGHT 3 9 . 2

SETTLED BED HEIGHT 3 6 . 0

PRESSURE DROP THROUGH BED 1 2 9 . 0

AIR TEMPERATURE 91

CAMERA

CAMERA SPEED 48

DURATION OF RUN 2 . 0 0 0

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

IN.

CM. OF WATER 

DEGREES F .

EYEMO

F R A M ES / S EC .

SEC.



225 -

RUN 38 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 8 8 . 8 5 . 9 4 . 0 9
2 8 6 . 8 8 . 8 5 . 0 0
3 8 7 . 7 1 . 8 5 . 3 6
A 10 1 0 . 3 8 . 8 2 . 1 4
5 10 1 0 . 6 5 . 9 2 . 3 6
6 10 1 0 . 1 2 . 5 2 . 4 7
7 10 3 . 8 5 . 6 6 . 8 5
8 10 5 . 3 G. 9 3 . 0 6
9 20 6 . 5 6 . 5 8 . 0 0

10 43 1 0 . 9 7 . 5 2 . 3 6
11 43 5 . 6 3 . 1 3 . 6 5
12 44 5 . 5 7 . 7 7 . 8 2
13 45 2 . 8 4 . 1 2 . 4 7
14 45 7 . 7 2 . 1 2 . 4 7
15 46 9 . 7 3 . 8 3 . 3 9
16 50 4 . 7 5 . 9 9 . 4 4
17 55 5 . 7 2 . 9 7 . 4 6
18 82 . 9 . 7 6 . 2 2 . 1 7
19 82 8 . 6 4 . 4 2 . 5 0
20 82 8 . 1 1 . 6 3 . 6 4
21 70 4 . 4 5 . 3 8 . 0 0
22 78 7 . 7 2 . 7 4 . 8 5
23 78 3 . 5 2 . 1 3 . 6 1
24 95 5 . 4 5 . 4 9 . 2 8



2 2 6

R U N 41 PART A

PARTICLES GLASS BEADS

AVERAGEPARTICLE DIAMETER 4 7 0 MI CRONS

IN C I P I  ENT F L UIDIZ A TION VELOCITY,
SUPERFICIAL___________________ ___  0 . 5 1 0 ..........  F T . / S E C .

F k M i P I Z A T I p N ^ V E L O C I T Y i S y P E R F I C  0 . 6 3 8 ______F T . / S E C .

BED HEIGHT_____________ __________________1 . 2 _____  I N . ___

SETTLEpBED H E i G H T 1 . 0 I N.

PRESSURE DROP THROUGH BED__________ ____4 . 0  CM. OF WATER

AJR_HMPE£AiyRE„_________________________ 82__________ DEGREES F .

CAMERA      ............................ .................... 200 EE

CAMERA SPEEC ____________ ____  ___ 64______  FRAMES/SEC.

DURATION OF RUN 0 . 0 6 3  SEC.



-227

R U N 41 PART B

TALLY FRAME _ BUBBLE COORDINATES BURSTING
' ...................... number I n c h e s '....................  d i a m e t e r

OF BUBBLE 
X Y INCHES

1 1 5 . 5  1 0 . 4  0 . 4 9
2 1 1 0 . 5  4 . 5  0 . 0 9
3 1 6 . 9  9 . 6  0 . 6 8
4 1 ' 5 . 2  ' 9 . 6 '  0 . 7 0
5 1 _  4_.3 _ , 8 . 6  0 . 7 7
6 1 8 . 3  4 . 9  1 . 1 4
7 1 6 . 3  4 . 7  0 . 7 6
8 1 6 . 1  3 . 7  0 . 8 9

_ 9  1 5 . 2  9 . 5  0 . 7 7
10 1 4 . 7  2 . 3  0 . 8 9

_1_L____  __ 1- _ 1 . 4   7_. 3 _ 0 . 7 0
12 1 2 . 3  6 . 5  1 . 0 2
13 1_ 2 . 4  „ _ A . 6  0 . 5 7
14 1 1 . 5  3 . 2  0 . 6 4
15 _ 1 . 8   5 . 2  0 . 7 0
16 2 6 . 8  1 1 . 1  0 . 8 3
1 7  2 _ 7 - 5 __________ 1 0 .2 , 0 . 4 4
18 2 5 . 8  8 . 6  0 . 6 4
19 2 _ 5 . 0 _______   7 . 4  0 . 5 7
20 2 5 . 4  6 . 6  0 . 7 0
2 1 „ _____ _______ 2_ _ ___ 5 . 1 _________  3 . 6  _ 0 - 6 4
22 2 3 . 8  5 . 2  0 . 4 4
2_3_ 2 2 . 7 -  _ 4 . 9  0 . 4 4
24 2 3 . 7  6 . 3  0 . 8 3
25 2 0 . 4  6 . 1  1 . 0 1
”26 2 2 . 6  3 . 7  0 . 8 3
27 2 1 . 8  3 . 6  0 . 7 7
28 3 9 . 2  3 . 7  0 . 5 1
29  3 9 . 5  4 . 3  _ 0.8_9
30 "" ....... .. 3 ' ......   1 0 .  l“ ' 6 . 9  0 . 5 1
31 3 9 . 7  6 . 4  0 . 6 4
32 3 9 . 3  5 . 0  0 . 7 7
33 3 9 . 8  3 . 5  0 . 8 3
34 3 8 . 9  8 . 4  0 . 7 0
35 3 6 . 4  5 . 6  0 . 8 3
3  6 ..........................3 5 . 6  .....................6 .  1.........................0 .’83
37 3 5 . 4  7 . 4  0 . 5 7
38 3 ’ 4 . 6  6 . 0  0 . 6 3
39 3 3 . 8  9 . 8  0 . 8 9
40 3 0 . 4  4 . 9  0 . 7 0



- 2 3 8 -

r u n 41 P A R T B ( C O N C L U D E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

4 1 '  3 0 . 5  4 . 1  0 . 7 6
42 3 1 . 7 -  2 . 3  0 . 5 7
43 4 8 . 9  ' 3 . 1  0 . 8 3
5 5  4 _ 6 . 5  __ 1 0 *0 .  _ 0 . 7 7
45 "  4 8 . 2  ~ 7 . 3  0 . 8 3
46 4 6 . 8  4 . 9  0 . 6 4
47 4  6 . 6  4 . 1  0 . 7 7
48 4 '  4 , 7   4 . 5  0.J38
49 4 4 . 2  4 . 6  0 . 8 9
50 4 4 . 2  3 . 1  0 . 31
51 " 4 1 . 0  5 . 5  0 . 6 4
52 4 0 . 9  4 . 0  0 . 6 4



- 2 2 9 -

r u n 4 2  PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 470 MICRONS

INC I PI  ENT FL UID IZ A TION VELOCITY,
SUPERFICIAL ...............     ....... 0 . 5 1 0  . F T. /SEC. .

f J r U i P I Z AT I 0N _ VE L0 CI T Y j j yP E RF I _ CI A k ._ P - 63 8  F T . / S E C .

BED HEIGHT___________________________________2 ^ 4 ________ I_N._______

SETTLED BED HEJGHT ________________2 . 0 I N. . . .......................

PRESSURE DROP THROUGH BED __ ___ 7 . 7  __  CM. . OF WATER

AIR TEMPERATURE ____  __ _______  86  DEGREES F .

CAMERA        2 0 0 EE ...........

..CAMERA SPEED ......    _____ 64 FRAMES/SEC..

DURATI ON OF RUN 0 . 4 8 4  SEC.



-230

RUN 4 2 _ P A R T B

TALLY FRAME BUBBLE COORDINATES BURST ING
NUMBER _ I NCHES  _ OJAMEJER_

OF BUBBLE 
X _Y INCHES,

1 95 5 . 6  0 . 7  0 . 8 7
2 95 3 . 5  1 . 5  0 . 9 2
3 96 6 . 6  1 . 6  1 . 5 0

A  96 _ 5 . 7  _ 3_«1 _ 1*69
5 96 A . 7 1 . 9  1 . 9 3
6 : 97  9 . 7  2 . 2  1 . OJ

 7 97' “  8 . 8  2 . 0  1 . 4 4
8 97 6._9_______  5_._1_____  _ 0_.9A_

' 9 ' 97 7 . 5  4 . 7  0 . 8 7
10 _  _ _ 97 _  _   7 . 6  _  3 .J5_ _  1 . 25

“ l l "  97 ‘8 .2  " 4 . 1  ‘ 0 . 6 8
12 97 _  8_. 6 _  3_._5 0 . 6 8

' i3" 97“  “ “ 8 . 8  “  '“ 5 . 9 “ "....................1 .1 2 :
J *  _ 97  1 0 . 2 _ __ 5 . 9  1 . 0 5
15 97  ‘ 972 “  4 .5 ‘ 1 . 5 0

_L6 _ 97 1 0 . 7  _  3 . 8 __  1 . 0 6
17 " ‘ 9 8 " A. 6 ........... ..... 1 . 4  0 . 8  7
18 98  5 . 6  _ 5 . 7 ______  0 . 5 0
19 ......."“ 9 8 5 . 2 .............. 5 . 2 '  ~ 1 . 0 5 ”
20 99 4 . 4  1 . 9  1 . 0 0
21 "99" 3 . 6     3 .4  0 .6 3 “
22 99 3 . 0  3 . 2  0 . 8 7
23 100 979    7 . 4  “   1 . 0 0
24 100 8 . 9  . 8 . 1  1 . 5 6
25 100 4 . 1  7 . 2  1756
26 100 3 . 4  8 . 8  1 . 2 4
27 “ 100 3.2" ‘ 5 . 7  1 . 6  2
28 100 1 . 4  7 . 1  1 . 5 5

“29 " "  101 1 1 . 0  7 . 5  0 . 8 7 "
30 101 1 0 . 9  6 . 3  0 . 7 5
31 101 5 . 1  9 . 5  1 . 1 9
32 101 4 . 4  1 0 . 2  1 . 2 5
33 101 2 . 1  9 . 1  1 . 2 4
34 102 1 . 1  5 . 7  1^00
35 T 0 2  1 . 6  5 . 0  1 . 1 2
36 102 5 . 1  6 . 1  1 . 0 0
37 "103  874“  170  0707
38 103 7 . 5  0 . 9  0 . 8 7
39 105  4 . 1  0 . 7  1 . 1 2
40 105 3 . 0  1 . 3  0 . 8 7



-231

RUN 42  PART B ( C O N T I N U E D )

TALLY FRAME _ BUBBLE C00RDlNATE_S BURSTING
NUMBER INCHES DIAMETER

OFBUBBLE 
X Y INCHES

41 105 5 . 2  _ 2 . 5  1 . 8 0
42 105 1 0 . 5  5 . 2  1 . 4 3
43 105 6 . 7  4 . 1  1 . 4 3
44 105 7 . 4  2 . 9  1 . 5 5
4 5 106 1 0 . 7  _ __4 . 0  0 . 9 7
46 106 9 . 1  3 . 4  1 . 8 1
« 7 J.06 5 . 9  __5 • 1_ 1 . 3 7
48 106 4 . 1  5 . 0  1 . 5 0
49 _ J.07 8 . 2  _4  • 6 1 . 3 1
50 107 3 . 4  3 . 9  1 . 3 0

_ 5 1 1 0 1  _ ________ 5 . 6 __________6 . 6  _ 1 . 12
52 108 4 . 1  8 . 0  1 . 0 5
53 109 8 . 9    __ 6 . 7  1 . 5 0
54" 109 7 . 9  9 . 4  1 . 6 2
55  _ 3 . 9  __ 7 . 0  _ 1 . 2 4

""56 .... 109 ~ " 2 . 9  '8.1" ‘ 1 . 3 1
_5 7 109 _  _ 2_*_4   6 . 4  1 . 6 2
58 110 1 . 6  8 . 0  1 . 3 0
59 110 4 . 7 _____________7 . 9 ___ 0 . 7 5 „
60 110 ’ 5 . 6  9 . 7  0 . 6 8
61 110_____________ 5 . 5  _ 6 • 6__ _ 0 . 7 5
62 111........................  7 . 6  ’ 6 . 9  0 . 7 5
63 1.11_ 7 . 1  7 . 2  0 . 6 8
64 111 0 . 9  7 . 2  0 . 7 5
65 113 4 . 9  _ 3 . 4  1 . 7 5
66  114 . 8 . 2  1 . 9  1 . 4 9
67 114 6 . 6  5 . 6  0 . 9 4
68 .....  114"    6 . 5  ' ' 3 . 0  " 1 . 6 2
69 114 1 . 5  4 . 5  1 . 1 2

"70 115 4 . 0  1 0 . 4  0 .  68
71 115 9 . 4  5 . 0  1 . 7 5
72 115" 9 . 4"  2 . 5  1 . 0 6
73 i 15 4 *7 5 . 6  1 . 6 8
74 115 5 . 7  0 . 9   1 . 1 9
75 115 4 . 6  1 . 3  1 . 7 5
76 1 1 6 1 1 . 1  5 . 7  0 . 9 4
77 116 1 0 . 2  6 . 1  1 . 2 4
78 116" 1 0 .1  7 . 6  1 . 2 2
79 116 0 . 9  7 . 9  0 . 7 5
80" 116 2 . 2  4 . 4  0 . 8 1 "



"2 32

R U N 42 P A R T B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BUR~STlNG "
NUMBER INCHES JIAMEJER

“  OF BUBBLE
X______________ Y_____ INCHES

8 1 1 1 6 2 . 0 2 . 9  ' 0 . 9 2
82 116 2 . 4  5 . 4  0 . 9 4
83 117 7 . 2 8 . 6  0 . 9 7
84 117 8 . 8  8 . 8_ 0.J99
85 117 7 . 6  1 0 . 4  1 . 1 2
06  J .1 7  6 . 3  10 .9 _  1 . 2 4
87 117 “ 7 . 4    4 . 9  “ “ 0 . 9 4
88 117 7 . 4 ____   6 . 5 _______  0 . 5 6
89 i l 7  5 . 0  9 . 7  ~ i .  37
90 117 3 . 2  6 . 9  1 . 7 3

' 91     117 1 . 0  ~~ 6 . 4  1 * 44  ’
92 i} 8  3 . 9  1 0 . 0  1 . 4 9
93 1 1 8 ........   '  6 . 5  '.......  " 7 . 1  ”  ' 1 . 3 0
94_ 118 8 . 0    1 . 7  _ 1 . 0 6

' 9 5   I i 8" 6 • 0 .............. 0 . 9 ........  0 . 7 5  "
96 118 4 . 5  1 . 3  1 . 1 2
97  ' 119 4 . 1  ~  7 . 7  1 . 1 7
98 119 2 . 1  9 . 6  1 . 1 2
99 119 I . 9 ~  '  8 .5  “  i" .1 7

100 120 7 . 4  4 . 7  0 . 5 6
101  120 ' 3 . 2    1 . 4    0 . 3 8
102 120 2 . 9  1 . 7  0 ^ 2 5
103 120 4 . 0  2 . 6  0 . 3 1
104 120 3 . 0  3 . 0  0 . 7 4
105 120 2 . 0 ..... ' 2 . 6  0 . 4 3
106 120 1 . 4  5 . 5  0 . 5 6
107 120 2 . 4  4 . 0 1 . 0 6
108 120 4 . 1  7 . 7  0 . 8 7
109 122 6 .9  ' "0 .9  ' 1.12"
110 122 5 . 0  2 . 7  2 . 0 6
111 123 8 .0  5 .9  1.37
112 123 8 . 9  1 . 5  1 . 6 1
113 124 1 0 . 4  4 . 0  ~ 0 . 8 7
114 124 8 . 6  4 . 2  1 . 6 9
115 124 7 . 2  2 . 1  1 .4 9
116 124 3 . 6  3 . 4  1 . 3 1
117 124 2 . 2  4 . 0  0 . 8 7
118 124 2 . 6  5 . 0  1 . 0 6
119 1 2 4 1 . 5 5 . 1 1 . 3 0
120 125 9 . 9  7 . 2  1 . 3 7



- 2 3 3

RUN 42  PART B (CONCLt lOED)

TALLY FRAME _ BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES



2 3 4 -

r u n 43 P A R T A

PARTICLES     _ GLASS BEADS ........._

AVERAGE PARTICLE DIAMETER 470  MICRONS

INCIPIENT FLU IDIZATION VELOCITY,_
SUPERFICIAL 0 . 5 i 0  F T . / S E C .

FX'Ui D 'r O T i0 N_VEX^ClTY~*^TlP^RFl^lAX 076 3 8 "   F T ./S E C -.

ITED^HETGHT............... .. ' ~ .............  “ ... 4 7 6  INL.

SETTLED B ED~ HEIGHT “ "  4 . 0  IN.

TRE‘SS_URE"DROP THROUWXe'D" 1575 CM^~OF~“WATER

AIR TEMPERATURE '   88 DEGREES F •

CAMERA

CAMERA SPEED 

DURATION OF RUN

200 EE   "............................

64 ....... FRAMES/SEC.

0 . 9 0 6 SEC.



2 3 5 -

r u n 4 3  PART B

TALLY FRAME __ BUBBLE COORDINATES^ BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 58 5 . 4  1 0 . 4  0 . 6 1
2 58 4 . 9  1 . 3  2 . 0 0
3 59 6 . 6  2 . 1  1 . 5 0
4 59 4 . 6  9 . 0  1 . 3 7
5 59 4 . J ______  _ _ 5 . 7  1 . 87
6 60 5 . 2  8 . 1  1 . 3 1
7 60 _ 9 . 2  _ _  2 .0_  1 - 5 6
8 ' 6 0 ......  7 •7  ' 3 . 1  1 . 6 1
9 6 0    7 . 4  4j. 5 1 . 6 2

10 61 4 . 9  3 . 2  1 . 3 5
11 6 2 ____  _9_.JL_____________5 . 2  1 . 9 8
12 63 8 . 0  0 . 9  1 . 0 5
13 63 9 . 4  ____  2 . 1  _ 1 . 3 7
1 4 '    63 7 . 0  5 . 7  1 . 2 5
15 63_________  6 . 1 ____  7 . 4  1 . 4 3
16  “ 64   6 . 5  2 7 5 ....................... 2 . 4 3 '
17 66    2 . 5 __________ 5 ^ _____  1jiO_0_
18   66 2 . 4  4 . 1  " 1 . 2 7
19 66  4 ^ 0 ______  4 . 5 ________  1^93
20  - - - - - -    6 . 6  " 2 . 4   1 . 8 7
21 67   6 . 4   4 . 9  _ 1 . 4 9
22    6 8 "  1 . 7  ”  6 . 4  “ " l . 6 6 “
2 3 68  1 . 4  _   5_._1 _ 1 . 0 5
24 68  3 . 6  1 0 . 2  1 . 1 2
25 68   4 . 9  „ 1 0 * P  1 . 3 7
26 68  2 . 7  8 . 4  2 . 4 4
27 69 1 0 . 4  4 . 6  1 . 7 5
2  8  ...... . 71 ~ ' 2 . 5... ....... ...2 . 2  1 . 6 9 “
2_? 73 7 . 9  1 . 7  2_.05
30 73 670 1 . 0  1 . 5 0
31 73 6 . 0  1 0 . 2  1 . 3 1
3 2 7 4  6 . 0 “'  9 . 0  1 . 9 8
33 74 4 . 0  1 . 9  2 . 2 4
34 75 “ 5 . 9    5 . 9  2 . 4 3
35 75 1 0 . 1  3 . 0  1 . 7 9
3 6 ..... ..  7 5 8 . 8  3 . 4  1 . 6 2
37 75 3 . 5   6 . 0  1 . 9 8
38 '  7 6 '  8 . 5  .... ......." 5 7 0 ' 1 . 4 9 "
39 76 8 . 4  _ 6 . 9  2 . 3 7
4 0 7 6  579 1 0 . 2  0 . 9 4



2 36  ■

R U N 4 3  P A R T B  (C O N T IN U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES OJAMEJER_

OF BUBBLE
.....................X......... _ .... ........... Y............... INCHES

41 7 6 2 . 0 2 . 6 1 . 6 2
42 77 4 . 1  7 . 2  1 . 1 9
43 78 1 . 0  7 . 7  1 . 9 8
^  79 8 . 8  _ 3 . 2  1 . 1 7
45 82 6 . 1  3 . 1  " 2 . 7 5
46  83 4 . 7  8 . 5  2 . 5 0
47 84 1 0 . 2  6 . 1 2 . 1 2
48 84 1 . 0   6 . 5  1 . 2 4
49 86  9 . 1  2 . 1  2 . 1 2
50 _ 86  ̂ 6 . 6 _ 4 . 0  1 . 2 2
51 " 8 6 ..........  3 . 0 ..........................6 . 6  ' 2 . 0 6
52 86  2 . 5  3 . 4  2 . 0 6
53 87 ........  7 . 0  ............  6 . 6  2 . 0 0
54 89 4 . 9  3 . 4  2 . 7 5
55 89    4 . 6  ~~ T . 9  ~'~2~.25
56 9jO 9 . 2  4 . 5  1 . 8 0
57 90  2 . 9  6 . 4  2 . 4 3
58 91 9 . 1  2 . 1  1 . 6 2
59 9 T __ l '.O ' 4 . 1  1 . 2 5
60 91 7 . 1  9 . 6  1 . 4 9
61 93  ' 1 0 . 9  4 . 6  1 . 1 7
62 93 5 . 4  1 0 . 0  0 . 9 9

 6 3    94  1 . 1 .................. 4 . 1 ........................ " 0 . 9 2 ....
64  94 3 . 8  9 . 7  1 . 8 6

’"" 6 5 .........     9 5 .................   7 . 5     0 . 6  ....................1 .  36 .....
66  95  7 . 7  4 . 2  1 . 2 4
67 95 3 . 0 6 . 1  1 . 4 9
68  95 0 . 5  6 . 3  1 . 6 8

 69    99    5 . 4    "".............. ............ 1 . 0 .   1 .  12 ""
70 99 4 . 1  1 . 3  1 . 1 2
71 99 9 . 7 '  7 . 4  0 . 7 5
72 99 7 . 6  4 . 4  0 . 9 4
73 100 8 .1  1 .7  2 .1 1
74 100 3 . 0  4 . 4  2 . 2 4
75 102 1 0 . 5  5 . 2  1 . 4 3
76 102 4 . 2  1 . 0  0 . 9 9
77 102 4 . 4  2 . 5  1 . 2 4
78 102 4 . 5  3 . 9  0 . 9 7
79 102 1 . 0  4 . 7  1 . 9 8
80 103 7 . 6  3 . 2  1 . 0 6



2 3 7 -

RUN “ 43  PART B ( CONCLUDED)

TALLY FRAME______  B U B B L E _ C O O R O J N A T E B U R S J I N G
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 103 8 . 6  5 . 5  1 • 93
82 104 8 . 9  7 . 5  1 . 1 2
83 104 3 . 2  __8 •2  ? . 6 2 _
8 4 1 0 5  5 . 4  7 . 1  0 . 8 7
85 _ 105  ___ JL._4_„ __ 7_• 6 1 . 3 7
86  "105 9 . 9  3 .  1 1 . 9 1
87 __ J .05__ _ _ 6 . 6   4 . 7  2 . 3 6
88  106 6 . 4  • 8 . 2  1 . 9 8
8  9___________ 107_____  _ _ 4 . 2 _ _____ _____2 . 2   1 . 7 5
90 108 5 . 6  6 . 9  0 . 8 7
9 1_______ ___ 108 _ _ J U ?    5 . 9  2 . 2 5
92 i 0 9  6.0" 1 0 . 4  1 . 4 9
93 109 4 . 4  4 . 2  1 . 7 5
94 ... . “  110 10."O 3 . 4  1 . 2 4
95 111 1 . 1  8 . 2  0 . 9 9
9 6“ “ 111"" 4V1 6 . 7  1 . 4 9
97 l U  _  8 . 9  _  _ 3 j 4 _  _ A -_15 _
98 112 7 . 2  3 . 8  2 . 3 0
99_____ ______ 1 1 Z 1 . 4   3 . 1  _ 1 . 8 6 _

100 113 9 . 5  6 . 4  1 . 0 0
101_ _ _ 113 5 . 4 ___  3 . 5 __  1 . 4 3
102 113 3 . 2  2 . 6  1 . 6 8
103 _ 114 9 • 7_ _ 2 . 6  1 . 3 7
104 114 3 . 9  6 . 7  1 . 3 7
105 114 1 . 1  _ 8 . 1  0 . 9 4
106 115 6 . 3  0 . 9  2 . 1 7



- 2 3 8 -

r u n  44  PART

PARTICLES'  ~ '   GLASS BEADS

A VERAGE PART I CLE DIAME T ER 470 ~ M ICRONS

INClPlENT FLUID IZATION VELOCITY»
SUPERFICIAL______________________________ 0 . 5 1 0   F T . / S E C.

FLUJPiZATION .VELOCITY,, SUPERFICIAL 0 . 6 3 8 ______F T . / S E C . ______

BED HEIGHT   __ _____ ______ __ __________ 9 . 1  ........ .... I N . _ ..................

SEJTLED BED HEIGHJ______ _____  __ _______?j?0_ .... .......I N . .........

PRESSURE DROP THROUGH BED____________ 3 0 . 7 ______ CM. OF WATER

A IJ._ I!M P iM T y R E _ „............................ ....  .......... 88______ _ DEGREES F .

CAMERA ..................... .................... ..... ...................... 200 EE ...............

CAMERA SPEED ........  .......  .........................  6 4  _______FRAMES/SEC.

DDRAIION OF R U N 2 . 5 0 0 SEC..



- 2 3 9 -

RUN 4 4  PART___B

TALLY FRAME* BUBBLE 'COORDI N A T E S BURSTING '
NUMBER _ INCHES DIAMETER

OF BUBBLE 
x _ Y INCHES^

1 I 8 . 5  2 . 0  2 . 7 1
2 4 9 . 6  5 . 6  2 . 9 2
3 4 6 . 6  “ 7 . 7 2 . 8 7

_ _ _ _ 1  A s / t  _ 8_.5 2 . 2 4
5 5 1 . 0  5 . 2  2 . 3 3
6 6 _ _ - M  _ _ 5 . 2  _ 3 ^ 3 3 _
7 9 7 . 3  3 . 0  2 . 6 1
8 11   6 . 9  6 . 1  _ _U_81_
9 i l  5 . 8  1 . 4  2 . 7 0

J O   17 _  1 . 0 ________ _ _ _ 7 . 1  _ 2 . 2 6
11 20 9 . 4  2 .  3   ' 3 . 0 9
12 21 6 . 3  5 . 9  l - 3 5 _
13 21 ~ 5 .  r    5 • 1 ‘ 3 . 1 9
V*. __ 2i „  3 . 5  9 . 6  _2 j .92
i 5  22 3 . 2  371 3 . 5 0
16_ 2 3__ 8 . 7  _ 7 . 0  3 ^08
17 26 7 . 1 ......... ... 9 . 4  2 . 2 3
18 36 7 . 1  7 . 7  0 . 9 6
19 36 ■ ""1 .6" '.......  8 . 2  2 . 1 3
20 36 2 . 7 ____  5 . 0  2 . 2 8
2  1    " 3 6    ‘ 1 . 1  ............. . 5^3 ........... ....  2 . 5 6 " '
22 36 6 . 4  3 . 9_ 3 . 1 8
23 40 1 0 . 4  ' 5 . 5  1 . 5 2
24  40 9 . 4  6 . 6  1 . 3 7
25 40 9 . 4  4 . 4 ...............  2 . 9 2
26 43 6 . 4  3 . 4  * «3 7
27 45 4 . 8 1 0 . 1  1 . 6 5
28 45 5 . 9  9 J  2 . 1 3
29 45 4 . 2 8 . 4  2 . 0 7
30 45 3 . 7  6 . 6  2 . 2 6
31 48 6 . 0  ~ 3 . 1  3 . 7 3
32 48 1 . 5  6 . 9  2 . 6 6
33 ' 50 3 . 0  1 . 6  1 . 5 2
34 53 6 . 9  0 . 9  0 ^ 8 7
35 .....................  5 4 ...   4 . 2  ..."    8 . 1 ...... .................  2 . 1 1
36 55 5 . 8  5 . 0  0 . 6 4
37 55 4 . 9  5 . 0  1 . 0 6
38 55 4 . 5  4 . 0  1 . 3 8
39 55 1 . 9  3 . 2  1 . 7 0
40 56 8 . 5  2 . 2  2 . 0 2



- 24 0 -

r u n 44  P A R T B  ( C O N T I N U E D ) ..............

TALLY FRAME BUBBLE__ COORDJ N ATE S BURSTING,
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 56 8 . 4  4 . 5  2 . 8 0
42 61 5 . 9  5 . 2  0 . 9 5
43 61 4 . 7  5 . 0  1 . 6 9
44 62 1 . 2  7 . 6  2 . 6 0
45 62 5 . 4   6 . 5  1 ^ 2 7 ,
46 62 4 . 6  6 . 8  1 . 3 2
A7 _ 63 9 . 3_ _ _ 7 . 5  2 . 7 4
4 8 65 6 . 1  1 . 3  1 • 5 4

_*»9 ___ 67 _ 3 • 8__ ______ 2 . 2  2 . 7 1
50 73 2 . 9  8 . 6  3 . 6 9

_ 51 75 7 . 1 _________  5 . 5  3 . 6_2
52 76 9 . 4  3 . 9  3 . 1 3

_ 5 3  77 6 . 1  8 • 1_ 1 . 2 7
54  79 5 . 1  2 . J  3 . 5 2
5 5_ 2 . 0   3 • 7_ 3 . 3 4
56 84 6 . 8  '8 .9  1 . 2 2
5JL _ JL6____________ ? »JL. 2 .3  2 ._13
"58 86 7 . 9  2 . 9  1 . 5 9
59 86  _ 4 • 8_ 8 . 6  0 . 5 3
60 87 5 . 6  '  “  " 8 . 0   1 . 0 1
61 89 5 . 2  1 . 5  2 . 5 2
62 93 9 . 4  5 . 4  4 . 0 7
63 96 6 . 2  _ 9 . 7  2 . 7 7
64 98 4 . 5  5 . 1  1 . 3 6
65 _ ?9  4 . 6  7 . 5  4 . 0 2
66  99 1 . 2  ‘ 6 . 4  2 . 6 5
67 101 6 . 2  9 . 6  2 . 1 3
68  103 7 . 2  2 . 3 3 . 7 1

-69  104 3 .2  1 J0 -L  l - J *9
70 104 3 .4  2 .”4 2 . 7 7
71 107 7 . 1  2 . 0  3 . 3 0
72 114 2 . 1  .......... ' 3 . 7  3 . 8 4
73 115 7 . 5  1 . 8  2 . 1 7
74  117 5 . 9  6 . 0 '  0 . 8 5
75 118 8 . 5  6 . 6_  3_*83
76   " 119 4 .3  ‘ 8 .5  ' ~ ‘3 .4 1  '
77 119 6 . 8  4 . 6  2 . 4 1
78 ~ 121  1 0 . 9 "  5 . 8  2 . 2 0
79 125 8 . 7  3 . 8  2 . 0 2
80 125 2 . 3 7 . 7  2 . 5 6



- 2 4 1 -

run 44 PART B ( CONCLUDED)

TALLY FRAME ' BUBBCE" COORDINATES ‘ ' BURSTING"
NUMBER INCHES DIAMETER

OF BUBBLE 
 X Y _ INCHES

81 128 5 . 1  3 . 7  3 . 9 8
82 130 1 . 0  6 . 6  2 . 2 6
83 136 5 . 0  ' 8 . 0  1 . 2 8
84 136 5 . 1  9 . 5  1 . 6 3
85 136 6 . 6  8 . 0  3 . 2 5
86 136 9 . 6  3 . 6  3 . 0 7
87 137 8 . 3 "  1 . 3  1 . 8 9
88 140 4 . 3  1 . 3  2 . 0 0
89 143 2 . 3  2 . 4  2 . 0 0
90   147 4 . 8  1 0 . 4  1 . 4 4
91 ' 148 ’ ' 2 . 9 '    5 . 9     3 . 7 0  '
92 151 9 . 3  6 . 1  2 . 9 7
93 151 ............... 6 • 7 ....... lO '. l  2 . 4 9

_ i 5i  _ Jij. 9   _4_.8 3 . 5 0
“ 95 ; 152  "  7 . 7  3 .3 “  “  .... "2^84" '

96 153 3 . 7  9 . 7  2 . 8 7
9 1 155 5 . 6  1 . 3  2 . 7 4
98 157 0 . 9  7 . 8  1 . 9 2
99 1 5 9 ......................' " T . r " ........ . 4 .3 “ 2 . 2 5



- 24 2 -

RUN 4 5  PART A

PARTICLES

AVERAGE PARTIC

INC I P I E N T FLU I 
SUPERFICIAL

GLASS BEADS

E DIAMETER_____________ 4 70

IZATION VELOCITY,
0 . 5 1 0

MICRONS 

F T . / S E C

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . 6 3 8  F T . / S E C .

    T 375   I n  .

SETTLED BED HEIGHT

P^¥siS’U’^ -"1^"(^TRRl^U^F~BElD' 

AIR tEMP^RATlJRE

1 2 . 0

4670

89

IN.

CM. OF" WATER

DEGREES F^

CAMERA

CAMERA SPEED 

DURATION OFRUN

200 EE

48 FRAMES/SEC.

4 . 9 4 0  SEC.



2 4 3 -

R U N 4 5  PART B

TALLY _ FRAME _ BUBBLJE_ COORDINAIf S _ BURSTJNG
NUMBER INCHES DIAMETER

OF_ BUBBLE 
X Y INCHES

1 104 5 . 3  _ 2 . 1  1 . 8 2
2 104 2 . 2  3 . 2  2 . 3 9
3 108 4 . 6  _ 1 0 . 3  i • 5 3
4 111 4 . 5  1 0 /4  1 . 0 1
5 112 7 . 1  2._42
6 112 3 . 8  6 . 5  5 . 7 1
7 117 6 . 1  _ 1 • 6_ 1 . 1 7
8 117 3 / 7  5 . 8  4 /3 3
9_ _ 117 _ 6 . 6   ___ 3 . 9_ _ 1 . 5 3

10 117 7 . 4  2 . 5  1 . 7 2
11 _  118  2_*2____________________________ 2 . 4 0
12 124 6 . 5  9 . 8  2 . 2 7
13 126 _ 1 0 . 6 __  1 . 5 2
14 126 8 . 8  2 . 8  4 . 0 8
1 5   126 3 . 3  _ _  __ 2 . 1 9
16 127 2 . 1  7 . 1  3 . 6 4

1 2 J_  _   6_. 3 _ _ 9 . 3  _ 3 . 8 3
18 132 8 . 1  8 . 6  0 . 8 8
1 9   132 6 . 5  _ _ ? . 2 _  2 . 5 4
20 134 5 . 2  1 . 3  i .0 '9
21______  1 35___  7 . 4 _  _ 6 . 1 ____  _ 2 . 7 8
22 141 5 . 2  5 . 1  5 /8 2
23 _ „ 1 ^ 2  _ __ 7i_7_ _ _ 4 . 3  _ 2.J35
24 145 3 . 2  9 . 0  3 . 2 1
25 146 1 0 . 4  _ __5 . 6  _ 1 . 5 5
2  6   146 1CK3..........  4 . 1  1 . 9 5
27 147 1 . 9  3 . 1  3 . 37_
28 155 9 / 4  6 . 3  4 . 6 9
29 158 7 . L  _ J ± 2  0 . 9 0

TO 158 6 . 2 ................  1 . 0  1 . 0 9
31 158 3 «1 5 . 8  3 . 2 1
32 158 2 . 1  4 . 4 ’ 1 . 6 0
33 160 3 . 7  7 . 9  2 . 6 8
3 4 ’ 161 5 . 7  8 . 5  2 . 9 6
35 164 3 . 0  3 . 7  0 . 8 0
3 6 ”   ..........164 ”  3 .  4 .......  2 .  9 * 0 . 9 0
37 164 4 . 4  4 . 4  1 . 9 4
38 " " 1 6 5  5 . 6 .............“ 8 . 6  3 . 6 9
39 165 5 . 6  2 . 2  4 . 5 0
40 167 8 . 4  2 . 8  2 . 2 9



- 2 4 4 -

run 4 5 PART B (CONTINUED)

TALLY ' FRAME BUBBLE COORDINATES BURSTING
 NUMBER INCHES ______ J?JAMEJER__

OF BUBBLE 
X_ Y ______ INCHE.S

41 168 5 . 1  2 . 3  3 . 3 0
42 _168  1 . 0  _____5 . 8  _ 2 . 2 4
43 169 2 . 4  8 . 1  3 . 7 8
44  169 J j . 6 ___________8 . 4  _ 2 . 4 8
45 170 8 . 0  3 . 4  2 . 6 3
46 179 7 . 1 _______  8 . 0  _ _1_»J77_
4 7 179 5 . 8  7 . 2  2 . 0 7
48 181____ J _.6_________  6 . 7   4 . 0 1
49 '  183 '** 7 . 2  4 . 3  4 . 6 0
50 184 ______ 1 0 . 3 ___________ 5 . 2  _ _ _ _ _  2 . 9 8
51 185 '  2 . 9  ■" ’ 3 . 4  “  * 3 . 0 0
52 _ „ J M _ _____  7 .4 ___   J .O  2^JL6
53   193 0 .8  '**' 5 . 5 *  * 2 .27*
54 196 3 . 9  9 . 1  4 . 7 9
55 198 * 8 . 2  ~~ 9 . 9 ...........  0 . 7 7
56 198 7 . 3  _____ 8_^7_ 1 . 3 4
57 ** * 199 5 . 4  1 . 2  3 . 4 0
58 203 4 . 1  1 . 7  1 . 1 3
59 * 203 “ 2 . 5  “ i / 5  * * 1 . 0 0
60 209 _ 8_._6___ _ 2 .J _  3 . 8 1
6 1 2 1 0  * 7 . 7  * 5 . 7  1 . 1 5

^ 6 2  210 4 .2_ _ 5 . 5  4 . 8 8
63 * 218 2 . 3  3 . 1  1 . 7 4
64 222 5 . 9  8 . 8  5 . 1 7
65 .............. 2 2 4 .....................“... 8 . 9    * 5 7 3 ......   4 . 5 3
66  224 2 . 2  5 . 1  3 . 4 5
67 225 1 . 0  3 / 5 0 . 8 6
68  225 3 . 1  7 . 4  1 . 6 8
69 * 229 4 . 7 ..... 3 . 7  4 . 2 3
70 231 1 . 3  8 . 2  1 . 5 2
71 235 7 . 2  " 1 . 2 7  i . 15
72 242 J O . 2 2 . 7  0 . 6 7
73 243 5 . 7  10*/8 “ 1 . 4 7
74 247 7 . 7  1 0 . 3  L .5 1
75 248 4 . 4  9 . 4  4 . 2 1
76 249 2 . 0  8 . 1  1 . 7 3
77 251 8 . 8  8 . 4  3 . 3 0
78 251 6 . 1  6 . 1  3 . 4 4
79 251 2 . 7  2 . 1  3 . 1 4
80 251 1 . 1  5 . 6  3 . 1 1



- 2 4 5 -

RUN 4 5  PART 6 ( C O N T IN U E D )

JALLY FRAME _ BUBBLE_COORDJNATES BURSTJNG
NUMBER ' INCHES " "  DIAMETER

OF BUBBLE 
 X """..........  Y ............  INCHES

81 253 8 . 5  2 . 0  2 . 2 3
82 2 5 4 6 . 8  1 . 5  2 . 4 9
83 255 8 . 2  3 . 7  2 . 6 4
84 265 4 . 1 ................... ... 3 . 3  5 . 4 0
85 270    7 . 3  1 . 7  2 .J!4

 86 ' '  274 1 . 1  6 . 9  3 . 2 8
275 _ 6 . 3  _ 7 . 7  ^ » 9 8

88 276 3 . 4  7 . 2  2 . 3 9
8 9_________   277 _ _ _ _ 1 C. 6 _  _____  _ 5 . 0 „  _ _ ? « 2 8
90 281 " *  5 . 4  ~ 1 . 2  "  2 /6 8

_ 9 L  _ 285 _ 5_.3  _ 1 - J l _3. 4 3
92 285 7 . 8  3 . 2  2 . 3 4
93 289 __ 1 . 8  2 .  ?_ _ 4 . 2 0
94'  291 '4 .3  6 . 5  1 . 5 6
9 5 __________2 9 1 __________ 8 . 7 _ ____  2 . 2 _____  _3.2_1
96~ “  ” 2 9 1 '  4 . 1  ~  8 . 9    3 . 8 7  '
9 I _ -  _ 2_92_ _________ 5 . 3 ___  _____ 2 •_?  _ 2 «7fiL
98 293 8 . 1  5 . 9  3 . 0 2
99 2 9 4__  8 . 4 _____  _ _ 2 . 2  __ __ 2 . 0 1

100 295 5 . 7  2 . 0  2 . 5 7
101 _ 3 05___  _ 9 . 1  _ 4 . 8  _ 4 . 2 5
102 306   3 . 1  7 . 2  3 . 7 7
103 306 _ 3.J3 _ _ 3 . 6  2._39
104  307   9 . 5  8 . 0  ' 3 . 4 4
105 314 8 . 1  2 . 4  3 . 8 3
106 315 7 / 3  8 / 2  2 . 1 4
107 316 8 . 0  2 . 5  2 . 6 2
108” 316” 5 . 6 "  1 . 7  '  2 . 8 3
109^ 317 8 .4 _  7 . 9  2.JL9
110 3 1 7 '  7 . 3  4 . 6 ' 2 . 0 7
H I  5 . 9  6 . 2  2 . 4 5
112 317 4 . 7  7 . 4  1 . 6 6
113 317 4 . 5  A . 5 2 . 2 3
114 319 3 . 4  1 . 4  1 . 6 5
115 319 3 . 3  3 . 4  2 . 9 6
116 319 1 . 3  6 . 8  1 . 1 0
117 327 2 . 4  9 . 1  2 . 2 0
118 “ 330 3 . 3 8 . 9  2 . 0 1
119 331 5 . 3  4 . 5  4 . 2 0
120 331 1 . 7  6 . 7  3 . 7 4



-246

R U N 4 5 P A R T B ( C O N C L U D E D )

TALLY FRAME BUBBLE COORDINATES BURST ING
NUMBER^ _ INCHES DJAMEJER

OF BUBBLE
X Y INCHES_

1 2 1 3 3 2  4 . 8  1 0 . 1  2 . 4 6
122 334 _8._7 _ 5 . 4  4 . 3 5
123” 337 4 . 6  2 . 9  4 . 7 8
124 340 _ _ 4 . 9 ___________ _3_.6 3 . 3 5



-247

RUN 4 6  P A R T A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER

INCI PIE N T F L UI DI  Z ATI ONV E LOCIT Y»
SUPERFICIAL  ______________________

fLUJDIZATION_VELOCJTYj»SUPERFICIAL. _0 ._638....... .....F T . / S E C . ______

BED HEIGHT____________________ ____________2 6 . 7  I N . _______

„SETTjLEO_BEp_HEJ[GHI________________  2 4 . 0 ____  _IN. _

PRESSURE DROP THROUGH BED______________ 9 2 . 2  CM. OF WATER

AJ iLI IMPERAiyRE__________________________91__________ DEGREE S _ F .  

CAMERA _   ____......................         200 EE ............ ............ ............ ............ ............

CAMERA. SPEED   . . .  . . . .  48________ P.R AMES/SEC.

DURATION OF RUN 3 . 7 1 0  SEC.

470  MICRON'S

0 . 5 1 0 F T. / S EC.



- 2 4 8 -

r u n  4 6  PART B

TALLY FRAME ' BUBBLE COORD INATE S BUR'ST I NG
NUMBER INCHES DIAMETER

OF BUBBLE
_    X Y I NCHES

1
2
3
4
5
6
7
8 
9

10

1
8

23
32

3 . 5
2 . 1
3 . 9
8 . 9

8 . 5  
8 . 1  
5 . 1
6 . 6

51
56
57 
57_ 
57 
65

2 . 3  
1 . 2
3 . 3  
6_.3_ 
8 .5  
6 .7

8 .9
7 . 8  
7 .1
8 .9  
2 .8
4 .9

11
12
13
J.4
15
16 
17 

JL8
19
20 
21 
22
23
24
25
26
27
28
29
30 
3T  
32

65
65
65
65
88
88
88
88
88

102
102
105
113
119
129
158
158
158
160
163
172
172

6 .4  
6_.0_
4 . 6
3 . 8
2 . 9  
2^3
2 . 4  
6 . 0  
6". 5
3 . 9
1 . y
6^9

' 2 . 1
1 . 6
5 . 5
9 . 7
7 . 4
7 . 4
2 . 7 
1 . 2  
4 . 1
4 . 8

6 . 5 9
2 . 9 1  
7 . 9 1  
3 . 8 6  
2 . 5 2
2 • 97 
2 . 7 9
5 . 3 3  
5 . 0 0
1 . 4 1  
3 . 1 9  
1 . 9 8
1 • 99 
3 . 3 8
1 . 9 1  
1 ^0 6  
2 . 1 0  
3 .  27 
7 . 4 9
3 . 3 3  
3 . 5 1  
3 . 6 8
1 . 4 2
1 . 3 3
8 . 6  5 
3 . 1 3
2 . 7 5
5 . 7  6 
0 .  75 
2 . 7 6
6 . 4 3  
4 . 9 8



- 2 4 9 -

 RUN 47 PART A

PARTICLES    GLASS BEADS

AVERAGE PARTICLE 0 1AMETER  470 MICRONS

INCIPIENT FLUIDIZATIQN VELOCITY, ___________
SUPERFICIAL 0.510  FT./SEC.

FL¥lbTrAnWWLOCTtT,TUPERFlclAL~~ “ FT./SEC.

beFTheTghT 3978 IN.

snm xw 'B E ir¥riG H T  T6,~q ... ~ i n .

PRTSSUTE'MbTTHRO “ 138^0* CM. OF WATER

AITTE M P ERTtURE    "86  DEGREES"

CAMERA  ".... ~ ............. “ ... ..................  200 EE

CAMERA SPEED   "  4 8 .........  FRAMES/SEC.

DURATION OF RUN  ....... ““ “  ".......3 .500  SEC.



- 2 5 0 -

RUN 47  PART B

TALLY  FRAME _ _ BUBBLE_COORDINATES _BURSUNG_
NUMBER INCHES DIAMETER

0F_BUBBLE 
X Y INCHES

1 I 8 . 2  _ 3 . 1  2 . 4 2
2 I 5 . 0  5 . 0  7 . 1 1
3 1 8 . 8  7 . 4  5 . 7 1
4 47 5 . 9  5 . 0  2 . 6 7
5 _A8 7 . 9  _ 1 . 7  4 ._22_
6 48 4 . 5  1 . 9  3 . 9 0
7 A9 9 *0_ 7 . 2  5 . 9 1
8 52 3 . 9  8 . 3  5 . 4 8
9 IJLO _ __ _ 5 . 6  _ 3 . 8  _ _ 8 . 5 2 _

10 115 8 . 2  9 . 1  4 . 0 4
U _  _____ 1 4 9 _____________6 ^6  4 . 0  8 . 5 1



- 2 5 1 -

r u n  48 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 470

INCI PI ENT FLU IDI ZATTON VELOC ITY,
SUPERFICIAL 0 . 5 1 0

MICRONS

F T . / S E C ,

FLUIDIZATION VELOCITY,SUPERFICIAL 0 . 7 6 5  F T . / S E C .

BED HEIGHT 1 . 3  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED

a i r  t e m p e r a t u r e

1 . 0  IN.

4 . 2  CM. OF WATER

82 DEGREES F .

CAMERA

CAMERA SPEED

DURATION OF RUN

200 EE

64 FRAMES/SEC.

0 . 0 3 7  SEC.



2 5 2

RUN 4 8 PART B

TALLY FRAME
NUMBER

BUBBLE COORDINATES' 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20  
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

8 . 7  
8 . 6

1 0 . 2
1 1 . 1

8 . 4  
1 0 .0

9 . 2  
1 0 . 5

8 . 7
6 . 4  
6 . 1
3 . 3
4 . 0
5 . 1
2 . 2
2 . 4  
2 . 2
9 . 2
9 . 6
7 . 9
7 . 4
7 . 7
5 . 6
6 . 6
7 . 4
7 . 9
6 . 5
6 . 6
4 . 9
4 . 6
3 . 6
2 . 9  
3 . 1
4 . 3
3 . 8
3 . 3
1 . 7  
1 .0  
0 . 5  
1 . 5

9 . 3
1 . 9
4 . 1
6 . 1
6 . 9  
8 . 6  
8 . 2  
7 . 2
5 . 4  

10 . 1
9 . 1  
8 . 6

1 0 . 7
3 . 2
4 . 9  
5 . 8  
3 . 7  
6 . 6
6 . 0
4 . 3

1 0 . 0
7 . 5
5 . 2  
6 . 0
5 . 2
4 . 2
4 . 5  
0 . 5
1 . 5  

1 0 . 4  
1 0 . 0  
1 0 . 0

7 . 3  
5 . 9
3 . 5
2 . 3  
9 . 1
8 . 6  
4 . 6  
4 . 0

0 . 8 9
0 . 8 9
0 . 9 9
0 . 9 4
0 . 8 9
0 . 8 9
1 . 0 8
1 . 4 7
1 . 4 6
0 . 5 7
0 . 8 3
0 . 6 4
1 .0 1
1 . 3 4
0 . 7 6
1 . 4 1
0 . 8 9
0 . 9 6
0 . 7 6
0 . 8 9
1 . 2 8
1 . 0 8
1 . 0 2
0 . 9 6
0 . 8 9
1 . 0 1
0 . 9 4
0 . 8 9
1 . 1 4  
0 . 7 6  
0 . 8 9  
0 . 6 4  
1 . 2 8
1 . 1 4  
0 . 8 9  
1 . 0 8  
0 . 7 7  
0 . 7 7
1 . 1 4  
0 . 7 0



2 5 3

RUN 4 8  PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41
42
43
44
45
46
47
48
49
50
51
52
53
54

2
2
3
3
3
3
3
3
3
3
3
3
3
3

0 . 8
1 . 0
2 . 8
2 . 7
9 . 2
8 . 7  
7 . 9  
5 . 1
1 . 4
2 . 4
1 . 5  
0 . 6
2 . 3
1 . 7

3 . 7
2 . 9  
4 . 6
2 . 9  
3 . 5
2 . 9  
2 . 0
6 . 4
3 . 5  
8 . 1
7 . 8  
7 . 4  
2 . 3  
2 . 2

0 . 5 7
0 . 6 8
0 . 5 4
0 . 6 3
1 . 0 7
0 . 8 3
0 . 6 4
0 . 8 3
0 . 5 1
0 . 6 4
1 . 0 2
0 . 8 3
0 . 7 0
0 . 5 1





“2 5 4 “

RUN 4 9  PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL

470 MICRONS

0 . 5 1 0  F T . / S E C .

FLUIDIZATI ON VELOCITY, SUPERFICIAL 0 . 7 6 5  F T . / S E C .

BED HEIGHT 2 . 6  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

2 . 0  IN.

8 . 0  CM. OF WATER

86 DEGREES F .

CAMERA

CAMERA SPEED

DURATION OF RUN

200 EE

64 FRAMES/SEC.

0 . 2 9 7  SEC.



- 2  55

TALLY

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

RUN 4 9  PART B

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

2
2
2
2
2
2
2
2
3
3
3
3
3
3
4 
4
4
5 
5 
5 
5 
5 
5 
5
5
6 
6 
6 
6 
6 
7 
7 
7
7
8

4 . 9  
1 0 . 7  
1 1 . 3

6 . 0
9 . 2  
6 . 6
9 . 2
9 . 9
8 . 9  
6 . 6
2 . 2  
2 . 0  
0 . 7

1 0 . 9
1 0 . 0

7 . 7
7 . 5
7 . 7
6 . 6
1 . 4
9 . 5  
3 . 1  
2 . 0
2 . 7
9 . 0
9 . 4
2 . 5
1 . 7
1 . 4  
0 . 9
6 . 9
7 . 1
7 . 7  
6 . 0
1 . 9
1 . 4
3 . 1
6 . 9  
3 . 0
4 . 2

2 . 1
3 . 2
5 . 2
4 . 2  
2 . 1
5 . 2
6 . 7
5 . 0
4 . 9
6 . 5
5 . 1
2 . 6
4 . 5
6 . 5
7 . 5
5 . 4
1 . 9  
0 . 9  
0 . 5  
9 .  2
6 . 7
3 . 9
3 . 4
2 . 1
9 . 0
2 . 7
5 . 5
7 . 1
5 . 6
4 . 6
5 . 5  

1 0 .0
9 . 7  

1 0 . 6
4 . 6  
8 . 4
4 . 1
9 . 0
8 . 1  
8 . 2

2 . 1 7
1 . 1 9
0 . 8 8
1 . 3 0  
1 . 8 0  
0 . 9 9  
1 . 5 0  
1 . 6 2  
1 . 6 8  
1 . 7 5  
1 . 8 0  
1 . 5 6
1 . 3 7  
1 . 0 0  
0 . 8 7  
0 . 9 7
1 . 0 5
1 . 0 5  
0 . 7 5  
1 . 8 0  
0 . 9 9  
1 . 1 2  
1 . 0 0  
0 . 7 4  
0 . 9 9
1 . 2 4
1 . 3 0  
1 . 5 5
1 . 4 3
1 . 0 6  
1 . 0 0  
0 . 6 3
1 . 2 5  
1 . 2 2  
1 . 0 5  
1 . 1 2
1 . 4 4
1 . 3 7  
0 . 9 9  
1 . 1 2



41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

- 2 5 6

RUN 4 9  PART B ( C O N T IN U E D )

FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
1 
1 
1 
1 
i:  
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13
13
14

4 . 1
5 . 9
5 . 6
5 . 2
3 . 0
4 . 2
3 . 9
5 . 2
2 . 6
6 . 5
7 . 6
7 . 2
5 . 2
4 . 2
1 . 9
1 . 4
7 . 5
5 . 0
7 . 5
4 . 2
4 . 7
3 . 8  

1 0 . 1
7 . 5
4 . 5  

1 0 . 7
9 . 5
9 . 7
9 . 1
4 . 7
3 . 1
7 . 2
9 . 0
8 . 5
7 . 5
2 . 1
3 . 2
1 . 3  
1 . 1  
7 . 2

8 . 9  
6 . 5
7 . 0  
7 . 4
6 . 3  

1 0 . 6
6 . 7
9 . 7
9 . 4
1 . 9
3 . 5
4 . 1
4 . 0
3 . 8
4 . 1
8 . 4
3 . 0
5 . 2
7 . 5  

1 0 . 2
1 . 6
2 . 1
7 . 1
1 . 3  
3 . 6
4 . 1
4 . 1
6 . 1  
6 . 1
5 . 2
1 . 3
5 . 5
7 . 2
7 . 0
7 . 2
6 . 0
6 . 6  
5 . 0  
3 . 5

1 0 . 7

1 . 3 7  
0 . 7 4  
0 . 6 8  
0 . 9 7  
0 . 7 4  
1 . 4 4  
1 . 0 5  
0 . 8 7  
0 . 9 9
1 . 3 7  
0 . 6 1  
1 . 0 2  
1 . 2 5  
1 . 4 3  
0 . 8 1  
0 . 8 1  
0 . 9 9  
1 . 6 2  
1 . 6 8  
0 . 9 7  
1 . 1 2
1 . 5 0  
1 . 5 5  
2 . 0 8  
1 . 3 0  
1 . 3 2
1 . 3 7  
0 . 9 7  
1 . 1 5  
1 . 1 2  
0 . 8 7
1 . 5 0  
0 . 6 8  
0 . 8 7  
1 . 1 2  
1 . 8 7  
0 . 8 7  
1 . 0 0  
1 . 6 1  
1 . 0 2



2 5 7 -

r u n  4 9  PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 14 2 . 9 2 . 6 1 . 1 2
82 14 0 . 6 7 . 4 1 . 7 2
83 15 3 . 6 3 . 4 1 . 5 0
84 15 5 . 2 0 . 4 1 . 4 4
85 15 3 . 8 1 0 . 4 1 . 2 2
86 15 4 . 5 9 . 6 1 . 0 5
87 15 4 . 9 1 0 . 4 1 . 0 0
88 15 5 . 5 7 . 9 0 . 6 6
89 15 7 . 7 1 . 5 1 . 7 1
90 16 2 . 1 6 . 0 1 . 1 9
91 16 2 . 0 8 . 5 1 . 5 0
92 16 3 . 2 8 . 0 1 . 7 3
93 16 5 . 4 8 . 9 1 . 3 5
94 16 6 . 9 1 0 . 1 1 . 2 2
95 16 7 . 4 5 .  7 1 . 0 6
96 16 9 . 2 2 . 1 1 . 7 5
97 18 1 0 . 9 7 . 1 0 . 7 9
98 18 6 .  1 4 .  1 1 . 8 0
99 18 6 . 4 6 . 3 1 . 2 2

100 18 4 . 9 6 . 1 1 . 3 1
101 18 3 . 6 6 . 4 1 . 6 2
102 19 7 . 6 2 . 0 1 . 9 3
103 19 8 . 6 4 . 5 1 . 3 7
104 19 5 . 9 2 . 7 2 . 0 6
105 19 4 . 5 4 . 5 1 . 5 5



2 5 8 -

r u n  50  PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 4 70

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 5 1 0

FLU IDIZATI ON VELOCITY, SUPERFICIAL 0 . 7 6 5  

BED HEIGHT 5 . 0

SETTLED BED HEIGHT 4 . 0

PRESSURE DROP THROUGH BED 1 5 . 6

AIR TEMPERATURE 88

BEADS

MICRONS

F T . / S E C .

F T . / S E C .

IN.

I N.

CM. OF WATER 

DEGREES F .

CAMERA

CAMERA SPEED 

DURATION OF RUN

200 EE

64  FRAMES/SEC

1 . 0 0 0  SEC.



2 5 9 -

r u n  50 PART B

TALLY FRAME
number

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

1
1
1
2
2
3
3
3
4 
4
4
5
6 
6 
6
7
8 
8 
8 
8 
9

10
11
11
11
11
12
12
12
13
14
15
16 
18 
18  
18 
18 
18
19
20

4 . 5
5 . 6  

1 0 . 4
1 . 4
9 . 7  
0 . 7
7 . 4
8 . 4
5 . 0
9 . 7
7 . 6  
0 . 9
9 . 4
9 . 9
7 . 7  
2 . 6
4 . 1
3 . 9
7 . 5
3 . 9
3 . 9  
2 . 0

1 0 . 1
6 . 3
6 . 7
2 . 1
8 . 9  
5 . 2
4 . 0
7 . 6
8 . 6
6 . 9
9 . 6
3 . 4
3 . 8
4 . 7
3 . 8
3 . 8
4 . 9
5 . 1

9 . 5  
3 . 9
4 . 7  
8 . 0
3 . 8  
6 . 1
1 . 9
4 . 9  
2 . 1
7 . 6
8 . 6
4 . 0
3 . 5  
4 . 2
2 . 1
9 . 7
6 . 7
5 . 1
5 . 2
4 . 0
9 . 6
7 . 0
5 . 6  
0 . 9

1 0 . 2
7 . 7  
1 . 6
9 . 6  

1 0 . 0
3 . 2
5 . 7  

1 0 . 4
2 . 1
9 . 7  
1 . 1
2 . 7  
7 . 4
2 . 9
3 . 9
4 . 9

1 . 1 2
3 . 6 1  
1 . 5 3
1 . 7 3
2 . 0 5  
1 . 4 4  
1 . 4 9
1 . 0 6
2 . 0 3  
1 . 6 8  
3 . 1 7  
2 . 1 2
1 . 4 3  
0 . 8 7  
0 . 9 9  
0 i 87 
0 . 6 8  
0 . 8 1  
2 . 6 7  
2 . 9 0
1 . 7 6  
1 . 5 5  
3 . 2 9
2 . 4 3  
1 . 6 6  
2 . 2 4
2 . 0 4  
1 . 3 7  
0 . 7 4  
2 . 1 1
3 . 0 5  
0 . 9 9
1 . 7 3
1 . 6 1  
2 . 0 2  
1 . 0 2  
3 .1 0
1 . 7 6  
0 . 6 3  
1 . 7 5



- 2 6 0 -

r u n  50 PART B { C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

41 20 2 . 9 7 . 7 1 . 7 9
42 20 0 . 9 7 . 1 1 . 4 9
43 20 1 . 0 3 . 5 2 . 8 0
44 21 6 . 0 7 . 5 3 . 4 9
45 22 4 . 6 1 0 * 5 - 1 . 7 3
46 22 3 . 0 5 . 0 1 . 1 7
47 23 9 . 7 5 . 0 1 . 3 7
48 23 1 0 . 5 5 . 5 1 . 5 5
49 23 1 0 . 0 3 . 1 2 . 7 4
50 23 6 . 5 3 . 6 3 . 4 8
51 25 4 . 9 1 . 9 2 . 9 3
52 25 6 . 3 7 . 5 3 . 0 6
53 28 6 . 6 0 . 4 0 . 9 7
54 29 1 0 . 4 3 . 2 1 . 8 1
55 29 8 . 8 8 . 0 2 . 7 5
56 30 1 0 . 6 5 .  2 1 . 1 2
57 30 5 . 1 1 . 1 1 . 3 4
58 30 8 . 0 1 . 7 2 . 2 2
59 31 2 . 5 7 . 2 1 . 5 0
60 31 7 . 0 6 . 5 3 . 0 3
61 32 1 . 6 6 . 4 2 . 7 4
62 32 8 . 6 8 . 9 1 . 4 4
63 32 2 . 9 4 . 1 2 . 6 2
64 32 7 . 1 9 . 7 1 . 4 8
65 33 5 . 2 3 . 4 2 . 9 2
66 33 5 . 2 9 . 0 1 . 4 3
67 33 2 . 5 9 . 2 1 . 7 6
68 34 6*4 1 0 . 9 1 . 5 9
69 34 8 . 6 5 . 7 2 . 8 0
70 38 7 . 2 9 . 7 1 . 1 2
71 38 5 . 0 3 . 1 3 . 1 3
72 38 8 . 5 2 . 6 1 . 0 6
73 39 8 . 9 5 . 5 2 . 8 5
74 39 5 . 4 0 . 9 1 . 1 2
75 40 1 0 . 7 5 . 2 2 . 3 2
76 40 7 . 2 1 . 6 2 . 2 2
77 41 2 . 9 3 . 1 1 . 5 5
78 42 5 . 1 8 . 6 4 . 8 1
79 45- 6 . 7 4 . 7 2 . 0 0
80 44 4 . 0 4 . 6 1 . 4 9



2 6 1 -

r u n  50  PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81 44 9 . 1 7 . 7 1 . 3 0
82 44 8 . 2 8 . 4 1 . 4 9
83 44 8 . 0 6 . 9 1 . 5 0
84 44 8 . 6 4 . 7 1 . 8 4
85 44 1 0 . 9 5 . 1 1 . 9 0
86 44 2 . 7 3 . 4 1 . 5 5
87 45 1 . 9 8 . 6 2 . 2 7
88 45 9 . 0 2 . 0 1 . 9 8
89 45 3 . 4 1 . 5 1 . 2 2
90 46 1 . 3 4 . 5 2 . 9 0
91 48 3 . 9 3 . 5 2 . 9 2
92 50 6 . 7 2 . 7 1 . 5 0
93 50 5 . 2 1 . 9 3 . 1 8
94 52 9 . 0 7 . 9 2 . 1 7
95 52 1 . 6 3 . 5 3 . 6 1
96 54 3 . 8 2 . 9 1 . 5 0
97 54 6 . 4 0 . 6 1 . 5 3
98 54 9 . 6 3 . 0 2 . 8 7
99 55 8 . 0 0 . 6 1 . 1 2

100 55 4 . 6 4 . 6 1 . 6 3
101 56 1 . 7 4 . 9 3 . 0 0
102 56 7 . 4 3 . 1 1 . 4 4
103 56 6 . 0 7 . 9 2 . 3 5
104 56 6 . 5 6 . 0 1 . 8 9
105 57 0 . 9 7 . 2 2 . 0 3
106 57 2 . 9 9 . 5 2 . 0 2
107 59 9 . 6 7 . 6 1 . 7 3
108 59 1 0 . 7 6 . 7 1 . 3 0
109 59 6 . 5 2 . 0 2 . 4 3
110 59 7 . 7 9 . 4 0 . 8 7
111 60 1 0 . 5 5 . 4 1 . 3 7
112 60 3 . 8 3 . 6 2 . 4 0
113 64 3 . 6 3 . 5 2 . 2 4
114 64 8 . 1 8 . 8 1 . 5 3
115 64 5 . 5 8 . 9 3 . 8 4
116 64 1 . 9 6 . 4 3 . 1 1



- 2 6 2

RUN 51 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 4 7 0  MICRONS

INCIPIENT FLUIDIZATION VELOCITY,
SUPERFICIAL 0 . 5 1 0  F T . / S E C .

FLUIDIZATION VELOCITY,SUPERFICIAL 0 . 7 6 5  F T . / S E C .

BED HEIGHT 9 . 7  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

8 . 0  IN.

3 0 . 9  CM. OF WATER

88  DEGREES^-F.

CAMERA

CAMERA SPEED

DURATION OF RUN

200  EE

64 FRAMES/SEC.

1 . 9 5 3  SEC.



- 263 -

r u n  51 PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES 0 1 AMETER

OF BUBBLE 
X Y INCHES

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

1
1
2
3
5
7
7
7
7

13'
13
15
17
22
22
27
27
27
27
28 
30 
32 
40 
40
43
44
44
45
48
49 
49 
51
58
59
59
60 
60 
60 
60 
65

6 . 6
7 . 5

1 0 . 5
4 . 4
5 . 5  
1 . 9
4 . 5  
1 . 2  
0 . 2
2 . 6
9 . 8
4 . 9
9 . 0
9 . 2
3 . 9  
0 . 8
5 . 1
3 . 5
8 . 6
3 . 1
8 . 5  
2 . 0
2 . 2
9 . 6
5 . 8  

1 0 . 8
3 . 4
5 . 9
9 . 5
7 . 7
5 . 0
4 . 6
8 . 7  
0 . 8  
1 . 5
5 . 9
6 . 2
8 . 9
9 . 0
5 . 9

5 . 4  
8 . 6
5 . 7
4 . 4

1 0 . 7
3 . 3
6 . 4
5 . 6
5 . 5
7 . 4
6 . 8
2 . 4  
4 . 1
5 . 0
3 . 1
6 . 2

1 0 . 8  
1 0 . 4

7 . 7  
£ . 8  

jZ ■ 3 
'  8 . 2  

/  7 . 5  
'  6 . 8

8 . 0
7 . 1  
4 . 9
4 . 8
5 . 8  
2 . 0
1 . 5
2 . 6
1 . 8
8 . 1
5 . 2  
2 . 6
6 . 2  
6 . 4  
4 . 1  
9 . 6

2 . 8 4
3 . 8 3
3 . 3 3
4 . 5 2
1 . 9 7  
1 . 6 6
4 . 4 5  
0 . 9 1  
0 . 6 1  
5 . 7 0  
3 . 6 7  
3 . 5 9  
4 .  16 
3 . 2 8  
5 . 9 1  
3 . 0 4
1 . 5 6
1 . 4 6
3 . 5 6  
4 . 6 9
4 . 2 5  
3 . 9 0
3 . 9 9
3 . 2 6  
5 . 0 8  
1 . 6 4  
3 . 6 1  
2 . 2 0
2 . 9 9  
1 . 1 9  
0 . 9 3
1 . 5 2  
1 . 2 4
1 . 5 2  
3 . 5 1
2 . 9 8  
3 . 7 6  
1 . 1 3  
3 . 4 0  
1 . 4 2



264 -

r u n  51 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 68  9 . 7  6 . 5  3 . 7 6
42 70 4 . 2  3 . 2  6 . 4 0
43 71 1 1 . 4  6 . 1  0 . 5 2
44 71 1 1 . 1  5 . 0  1 . 1 3
45 71 1 0 . 5  8 . 0  1 . 0 6
46  71 2 . 8  9 . 8  0 . 7 8
47 71 3 . 5  1 0 . 6  1 . 1 2
48 72 5 . 9  1 0 . 9  1 . 0 6
49 74 9 . 4  4 . 5  2 . 8 1
50 75 3 . 0  8 . 0  2 . 9 3
51 77 8 . 7  2 . 2  3 . 4 0
52 78 4 . 2  4 . 7  5 . 1 5
53 79 1 . 2  8 . 2  2 . 2 7
54 88  0 . 8  5 . 8  2 . 1 7
55 88 3 . 6  6 . 0  3 . 6 5
56  90 8 . 3  3 . 7  6 . 4 2
57 93 3 . 9  1 . 5  2 . 5 7
58 95 2 . 8  4 . 9  2 . 0 6
59 98 4 . 6  9 . 2  4 . 1 7
60 100 5 . 4  2 . 6  3 . 9 6
61 101 7 . 6  6 . 4  3 . 3 8
62 104 5 . 5  5 . 5  4 . 4 6
63 104 6 . 0  0 . 5  1 . 1 2
64 104 8 . 6  1 . 5  2 . 1 5
65 105 1 . 1  8 . 1  2 . 4 8
66  109 1 . 8  6 . 7  2 . 9 8
67 112 6 . 7  5 . 2  0 . 9 3
68  114 3 . 3  2 . 8  1 . 8 5
69 114 0 . 9  3 . 2  1 . 1 9
70 115 9 . 1  5 . 4  4 . 8 6
71 119 2 . 6  8 . 0  5 . 4 8
72 120 5 . 4  6 . 4  3 . 4 7
73 121 3 . 4  6 . 6  2 . 3 5
74 121 6 . 3  2 . 2  4 . 2 5
75 125 9 . 7  2 . 7  1 . 5 8



- 2 6 5

RUN 52 PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 470

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0.510

FLU IDIZATION VELOCITY, SUPERFICIAL 0 .765

BED HEIGHT 14.4

SETTLED- BED HEIGHT 12.0

PRESSURE DROP THROUGH BED 46 .2

AIR TEMPERATURE 90

BEADS

MICRONS 

FT./SEC.

FT./SEC.

IN.

IN.

CM. OF WATER 

DEGREES F.

CAMERA

CAMERA SPEED 

DURATION OF RUN

200 EE

48 FRAMES/SEC..

6 . 2 7 1  SEC.



- 2 6 6

RUN 52 PART B

TALLY FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE

X Y INCHES

1 1 3 . 8 6 . 5 3 . 1 4
2 3 2 . 3 7 . 9 4 . 7 2
3 3 8 . 0 8 . 0 6 . 3 6
4 4 4 . 8 2 . 8 6 . 1 3
5 20 8 . 9 2 . 4 4 . 8 0
6 20 5 . 0 5 . 5 7 . 2 1
7 26 1 0 . 0 3 . 3 1 . 7 0
8 27 8 . 8 2 . 2 2 . 3 4
9 36 2 . 0 8 . 0 5 . 5 8

10 40 4 . 4 4 . 1 7 . 1 0
11 50 8 . 3 6 . 2 7 . 5 8
12 55 6 . 8 4 . 6 4 . 9 2
13 57 2 . 2 7 . 8 4 . 6 5
14 64 4 . 5 1 0 . 3 2 . 4 0
15 71 6 .  5 0 . 3 1 . 7 9
16 7£ 1 . 5 3 . 4 2 . 2 4
17 72 6 . 1 3 . 5 6 . 8 8
18 76 1 0 . 6 3 . 6 2 .  15
19 78 9 . 6 e . 3 3 . 8 8
20 80 6 . 0 8 . 5 3 . 9 8
21 90 5 . 8 7 . 7 7 . 6 5
22 95 2 . 9 2 . 1 4 . 0 6
23 97 7 . 7 1 .6 4 .  12
24 99 1 .5 5 . 7 3 . 8 5
25 112 7 . 2 4 . 2 7 . 9 4
26 120 1 . 3 8 . 8 2 . 8 3
27 121 2 . 2 6 . 4 1 . 0 6
28 121 1 .2 6 . 7 0 . 8 4
29 121 3 . 1 1 0 . 2 0 . 8 4
30 121 4 . 3 9 . 2 0 . 9 8
31 123 8 . 0 1 0 . 0 0 . 9 4
32 123 7 . 8 8 . 8 1 . 1 5
33 127 8 . 3 2 . 3 4 . 3 7
34 127 1 0 . 4 3 . 8 0 . 9 9
35 127 9 . 9 4 . 6 1 .  14
36 127 9 . 7 7 . 7 1 . 9 3
37 129 6 . 9 9 . 3 2 . 2 0
38 129 7 . 3 5 . 3 2 . 1 3
39 129 4 . 7 1 .6 1 . 7 7
40 133 5 .1 3 . 6 2 . 7 1



- 267 -

r u n  52  PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 133 1 . 9 3 . 6 1 . 5 5
42 141 8 . 8 4 . 5 5 . 9 9
43 147 9 . 8 4 . 5 4 . 2 7
44 148 2 . 1 6 . 5 6 . 2 2
45 152 6 . 8 8 . 9 5 . 6 0
46 154 6 . 9 1 . 2 3 . 8 3
47 166 7 . 5 6 . 3 6 . 8 4
48 167 7 . 2 1 . 7 3 . 9 2
49 174 2 . 7 3 . 9 4 . 9 8
50 175 5 . 0 7 . 5 4 .  60
51 176 9 . 3 4 . 0 3 . 9 7
52 176 3 . 5 9 . 5 4 . 0 5
53 179 2 . 3 7 . 8 4 . 3 0
54 184 4 . 3 0 . 8 1 . 8 6
55 184 7 . 1 1 . 6 4 . 2 7
56 185 6 . 2 4 . 8 3". 79
57 196 1 0 . 9 4 . 4 2 . 4 4
58 196 4 . 3 6 . 0 1 . 7 9
59 196 8 . 0 7 . 7 5 . 2 2
60 198 7 . 4 3 . 7 4 . 9 7
61 198 6 . 3 1 0 . 5 2 . 5 0
62 201 0 . 9 4 . 4 2 . 7 6
63 201 3 . 7 9 . 2 4 . 2 8
64 213 2 . 5 5 . 8 6 . 3 4
65 215 5 . 8 2 . 2 4 . 7 0
66 217 8 . 6 6 . 1 6 . 4 9
67 227 3 . 8 9 . 2 4 . 6 0
68 228 6 . 2 3 . 9 7 . 2 4
69 236 7 . 9 7 . 3 1 . 5 0
70 236 5 . 8 8 . 9 3 . 1 8
71 243 3 . 0 2 . 1 5 . 2 3
72 243 4 . 7 6 . 2 6 . 3 1
73 245 8 . 4 1 . 7 2 . 8 3
74 247 9 . 1 5 . 2 4 . 6 5
75 255 2 . 9 7 . 7 2 . 6 9
76 255 1 . 5 6 . 7 1 . 7 9
77 255 0 . 8 5 . 0 2 . 0 6
78 256 4 . 7 6 . 5 2 . 6 5
79 257 3 . 7 4 . 0 5 . 0 8
80 262 3 . 2 5 . 8 3 . 8 3



- 2 6 8

RUN 52  PART B (CONCLUDED)

t a l l y  frame  b u b b l e  c o o r d i n a t e s  BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

81
82
83
84
85
86
87
88
89
90
91
92
93
94

264
264
271
271
271
272
273 
275
287
288 
291 
296 
296 
301

4 . 0
1 . 4
5 . 0
4 . 2
1 . 5
1 . 7
9 . 2
9 . 1
2 . 2
3 . 2
4 . 7
7 . 3
7 . 5  
6 . 0

1 0 . 3
8 . 9  
8 . 0
5 . 3
7 . 6  
6 . 8
5 . 2
9 . 4
6 . 2
1 . 5
2 . 9  
2 . 3  
8 . 8
7 . 7

3 . 3 5
2 . 0 0
3 . 4 6
2 . 6 5
3 . 2 6
4 . 1 0
4 . 7 4
2 . 5 9
5 . 6 1
1 . 1 4  
2 . 9 6  
5 . 4 0
5 . 1 4  
6 . 7 2



- 2 6 9

RUN 53  PART

PARTICLES GLASS

AVERAGE PARTICLE DIAMETER 470

INCIPIENT FLU IDIZATION VELOCITY, 
SUPERFICIAL 0 . 5 1 0

FLUIDIZATION VELOCITY,SUPERFICIAL 0 . 7 6 5  

BED HEIGHT 2 8 . 1

SETTLED BED HEIGHT 2 4 . 0

PRESSURE DROP THROUGH BED 9 2 . 5

AIR TEMPERATURE 92

BEADS

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

I f l .

CM. OF WATER 

DEGREES F .

CAMERA

camera s p e e d

DURATI ON OF RUN

200 EE

48 FRAMES/SEC.

3 . 9 7 9  SEC.



- 2 7 0 -

r u n  53  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 1 8 . 3  5 . 8  8 . 8 8
2 31 6 . 4  4 . 2  5 . 4 0
3 32 4 . 1  5 . 5  9 . 0 0
4 66  1 0 . 3  6 . 0  9 . 6 5
5 81 3 . 7  3 . 6  3 . 9 9
6 83  1 0 . 1  7 . 6  2 . 0 5
7 84  7 . 5  0 . 9  2 . 6 3
8 87 7 . 9  3 . 6  6 . 5 9
9 89 6 . 2  8 . 9  5 . 9 9

10 108 6 . 6  2 . 3  6 . 2 7
11 109 2 . 3  4 . 2  2 . 8 5
12 109 9 . 8  6 . 1  3 . 4 7
13 109 5 . 8  6 . 9  5 . 4 8
14 130 1 . 3  9 . 7  2 . 1 6
15 130 4 . 0  9 . 8  2 . 8 9
16 130 2 . 4  5 . 8  6 . 0 8
17 131 7 . 8  6 . 4  6 . 4 9
18 153 9 . 5  7 . 5  4 . 0 7
19 155 2 . 1  7 . 0  4 . 4 2
20 155 3 . 9  2 . 3  4 . 0 3
21 155 6 . 7  6 . 9  7 . 2 4
22 162 9 . 2  2 . 3  2 . 7 9
23 163 9 . 3  7 . 1  2 . 4 8
24  163 7 . 6  7 . 4  1 . 1 4
25 164 6 . 1  8 . 7  3 . 3 6
26 164  6 . 8  4 . 3  3 . 8 5
27 185 6 . 0  6 . 0  1 0 . 5 7



- 2 7 1

RUN 54 PART A

PARTICLES GLASS BEADS

AVERAGE PARTICLE DIAMETER 470

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 5 1 0

MICRONS 

F T . / S E C .

FLUIDIZATI ON VELOCITY,SUPERFICIAL 0 . 7 6 5  F T . / S E C .

BED HEIGHT 4 1 . 6  IN.

SETTLED BED HEIGHT 

PRESSURE DROP THROUGH BED 

AIR TEMPERATURE

3 6 . 0  IN.

1 3 8 . 5  CM. OF WATER

87 DEGREES F .

CAMERA

CAMERA SPEED 

DURATION OF RUN

200  EE 

48

7 . 2 9 1

FRAMES/SEC.

SEC.



- 2 7 2 -

r u n  5 4 PART B

t a l l y FRAME
NUMBER

BUBBLE COORDINATES 
INCHES

BURSTING 
DIAMETER 
OF BUBBLE 

INCHES

1
2
3
4
5
6
7
8 
9

10
11
12

1
46
86
86

131
176
176
176
223
265
301
301

6 . 8
6 . 0
1 . 0
6 . 7
5 . 3
7 . 4
8 . 5  
3 . 2  
5 . 1  
6 .0 ,

1 0 . 0
4 . 6

5 . 4
6 . 7  
6 . 1  
6 . 2
5 . 2
7 . 4  
3 . 9
5 . 7
5 . 7
6 . 2  
4 . 3
6 . 7

1 0 . 3 1
1 0 . 3 8

2 . 5 0
1 0 . 4 2
1 0 . 4 5

2 . 8 7
6 . 0 4
7 . 4 9

1 0 . 9 6
1 0 . 3 6

4 . 4 7
9 . 5 6



- 2 7 3

RUN 56 PART A

PARTICLES CRACKING

AVERAGE PARTICLE DIAMETER 59

INCIPIENT FLUIDIZATION VELOCITY,
SUPERFICIAL 0 . 0 0 3

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . 0 0 7

BED HEIGHT 5 . 0

SETTLED BED HEIGHT ' 5 . 0

PRESSURE DROP THROUGH BED 4 . 5

AIR TEMPERATURE 87

CAMERA 200 EE

CAMERA SPEED 64

DURATION OF RUN 0 . 7 9 7

CATALYST

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

IN.

CM. OF WATER 

DEGREES F.

F R A M E S / S E C .

SEC.



- 2 7 4 -

r u n  56  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 80 1 0 . 7 8 . 3 0 . 8 0
2 80 1 . 4 9 . 3 0 . 3 2
3 81 5 . 9 1 0 . 5 0 . 7 3
4 81 5 . 9 1 1 . 0 0 . 6 2
5 81 0 . 8 7 . 7 0 . 7 8

. 6 82 7 . 8 1 0 . 7 0 . 4 5
7 85 1 . 0 8 . 1 0 . 6 4
8 85 0 . 5 7 . 5 0 . 7 3
9 85 6 . 1 1 1 . 0 0 . 7 1

10 85 4 . 0 6 . 4 0 . 9 6
11 86 7 . 8 1 0 . 9 0 . 3 2
12 86 5 . 9 4 . 5 0 . 9 6
13 88 5 . 3 1 1 . 0 0 . 3 2
14 89 4 . 2 6 . 2 1 . 0 3
15 90 1 . 1 7 . 3 0 . 3 2
16 90 0 . 5 7 . 0 0 . 3 9
17 90 0 . 6 7 . 5 0 . 4 8
18 90 0 . 8 7 . 8 0 . 6 4
19 91 9 . 4 9 . 6 0 . 3 2
20 91 6 . 2 8 . 3 0 . 3 2
21 91 1 0 . 7 4 . 0 0 . 6 8
22 92 4 . 2 8 . 9 0 . 3 2
23 93 6 . 1 1 1 . 0 0 . 6 2
24 95 8 . 0 1 . 0 0 . 8 5
25 98 8 . 0 1 0 . 7 0 . 3 9
26 101 6 . 1 1 1 . 0 0 . 9 0
27 102 9 . 6 9 . 6 0 . 6 2
28 102 4 . 5 6 . 2 0 . 8 7
29 102 1 . 1 3 . 2 0 . 8 0
30 103 1 0 . 9 4 . 3 0 . 7 8
31 103 1 . 6 9 . 3 0 . 3 2
32 104 1 . 3 8 . 0 0 . 4 8
33 104 6 . 4 8 . 5 0 . 3 2
34 104 7 . 0 1 1 . 0 0 . 3 2
35 104 5 . 9 4 . 3 0 . 8 7
36 105 0 . 6 6 . 5 0 . 3 9
37 106 6 . 2 1 1 . 0 0 . 8 5
38 107 8 . 0 1 0 . 7 0 . 5 5
39 108 0 . 8 7 . 8 1 . 0 7
40 109 9 . 6 9 . 7 0 . 6 8



- 2 7 5 -

RUN 56 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE
X Y INCHES

41 110 5 . 6 0 . 3 0 . 7 8
42 110 4 . 5 6 . 4 1 . 0 3
43 111 5 . 4 1 0 . 5 0 . 3 9
44 111 6 . 1 1 0 . 5 0 . 5 5
45 111 6 . 5 1 1 . 0 0 . 7 8
46 111 6 . 1 1 1 . 2 0 . 5 5
47 112 4 . 8 0 . 6 0 . 3 2
48 113 5 . 9 1 . 0 0 . 3 9
49 114 5 . 9 4 . 5 0 . 8 0
50 114 4 . 2  . 6 . 4 0 . 8 7
51 114 9 . 6 9 . 6 0 . 5 5
52 117 1 . 0 7 . 7 0 . 9 6
53 117 5 . 6 1 . 0 0 . 3 9
54 117 5 . 6 0 . 5 0 . 7 1
55 118 1 0 . 4 4 . 0 0 . 9 4
56 119 6 . 1 1 1 . 0 0 . 6 2
57 119 5 . 7 1 1 . 0 0 . 4 8
58 119 6 . 1 1 0 . 2 0 . 5 5
59 119 5 . 4 1 0 . 1 • 0 . 6 2
60 119 1 . 1 3 . 2 0 . 8 0
61 120 7 . 8 1 0 . 4 0 . 6 2
62 120 6 . 1 8 . 5 0 . 3 9
63 121 1 . 4 8 . 1 0 . 3 2
64 121 0 . 8 7 . 5 1 . 1 1
65 122 8 . 0 1 0 . 5 0 . 5 5
66 122 5 . 7 4 . 5 0 . 7 8
67 122 5 . 4 0 . 5 0 . 8 5
68 123 9 . 4 9 . 6 0 . 6 2
69 125 4 . 8 0 . 3 0 . 7 8
70 127 6 . 1 1 0 . 2 0 . 3 2
71 127 6 . 1 1 1 . 2 0 . 6 4
72 127 3 . 5 1 0 . 9 0 . 3 2
73 127 6 . 7 1 1 . 0 0 . 8 5
74 128 8 . 0 1 0 . 5 0 . 5 5
75 128 5 . 9 4 . 5 0 . 8 0
76 129 0 . 5 7 . 5 0 . 8 5



- 276 -

r u n  57  PART A

PARTICLES CRACKING

AVERAGE PARTICLE DIAMETER 59

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 0 0 3

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . 0 0 7  

BED HEIGHT 1 0 . 5

SETTLED BED HEIGHT 1 0 . 0

PRESSURE DROP THROUGH BED 1 0 . 0

AIR TEMPERATURE 86

CAMERA 200 EE

CAMERA SPEED 64

DURATION OF RUN 1 . 5 8 0

CATALYST

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

IN.

CM. OF WATER 

DEGREES F.

F R A M E S / S E C .

SEC.



- 2 7 7 -

r u n  57  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

I 76 8 . 2 9 . 7 0 . 4 9
2 76 6 . 0 1 0 . 9 0 . 9 2
3 77 8 . 7 1 0 . 2 0 . 9 8
4 78 5 . 3 1 . 3 0 . 6 4
5 78 4 . 3 0 . 6 0 . 6 4
6 78 3 . 8 0 . 9 0 . 9 8
7 80 0 . 7 7 . 4 0 . 6 4
8 80 1 0 . 8 7 . 5 1 . 0 4
9 82 1 0 . 8 7 . 8 0 . 7 1

10 83 3 . 4 1 . 1 0 . 3 5
11 83 5 . 7 1 0 . 4 0 . 2 8
12 84 . 1 . 0 3 . 5 0 . 9 8
13 84 4 . 1 l - . l 0 . 9 2
14 85 6 . 0 1 1 . 2 0 . 6 4
15 85 5 . 3 1 1 . 1 0 . 5 7
16 86 8 . 8 1 0 . 2 0 . 8 4
17 86 1 . 1 8 . 1 1 . 1 0
18 90 1 1 . 1 7 . 5 0 . 9 2
19 92 4 . 0 0 . 9 1 . 1 3
20 94 0 . 6 4 . 0 0 . 5 5
21 94 0 . 9 4 . 3 0 . 4 9
22 94 1 . 1 3 . 8 0 . 6 0
23 94 0 . 9 3 . 3 0 . 4 9
24 95 8 . 7 9 . 9 0 . 5 7
25 95 1 0 . 8 7 . 4 0 . 9 5
26 96 0 . 7 7 . 4 0 . 7 0
27 96 3 . 4 0 . 7 1 . 0 4
28 99 2 . 0 8 . 2 0 . 8 5
29 99 8 . 1 9 . 5 0 . 9 2
30 99 0 . 7 3 . 8 0 . 9 0
31 101 4 . 4 0 . 7 1 . 0 6
32 101 9 . 1 1 0 . 1 0 . 6 4
33 101 8 . 5 1 0 . 1 0 . 8 4
34 102 1 0 . 8 7 . 4 0 . 5 5
35 102 1 0 . 6 7 . 8 0 . 6 4
36 102 1 . 3 7 . 7 0 . 7 1
37 102 0 . 9 7 . 4 0 . 6 4
38 106 0 . 9 3 . 8 1 . 1 9
39 115 5 . 8 1 0 . 9 1 . 0 6
40 117 0 . 9 8 . 0 0 . 9 8



2 7 8 -

r u n  57 PART B ( C O N T I N U E D )

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 117 0 . 9 3 . 7 1 . 1 0
42 118 3 . 8 0 . 7 0 . 7 0
43 119 8 . 8 1 0 . 1 0 . 9 5
44 123 1 . 3 3 . 0 0 . 3 5
45 123 1 . 1 2 . 7 0 . 4 3
46 123 1 . 0 3 . 5 1 . 0 4
47 124 8 . 4 1 0 . 2 0 . 5 5
48 124 8 . 8 1 0 . 1 0 . 7 8
49 126 6 . 0 1 0 . 4 0 . 9 2
50 128 8 . 8 1 0 . 2 0 . 9 5
51 128 4 . 3 0 . 6 1 . 0 4
52 131 0 . 9 7 . 8 1 . 10
53 132 6 . 1 1 0 . 8 0 . 7 0
54 132 5 . 4 1 0 . 9 0 . 8 4
55 137 1 . 0 8 . 0 1 . 0 0
56 140 3 . 4 1 0 . 2 0 . 9 8
57 140 1 . 0 3 . 8 1 . 1 3
58 140 5 . 7 1 1 . 1 0 . 2 8
59 140 5 . 5 1 0 . 9 1 .  19
60 141 4 . 1 0 . 6 0 . 9 2
61 141 8 . 8 1 0 . 1 1 . 2 5
62 149 0 . 9 4 . 0 1 . 1 0
63 149 1 0 . 6 7 . 5 0 . 9 8
64 153 1 . 0 8 . 0 0 . 9 8
65 155 1 0 . 8 7 . 4 1 . 0 4
66 157 5 . 5 1 0 . 8 1 . 3 3
67 163 8 . 4 9 . 8 1 . 2 0
68 164 l . l 7 . 4 0 . 7 0
69 164 1 . 0 6 . 7 0 . 7 1
70 164 0 . 9 3 . 7 1 . 10
71 164 4 . 0 0 . 9 1 . 2 8
72 165 6 . 7 1 0 . 8 0 . 8 0
73 165 0 . 7 8 . 2 0 . 7 5
74 170 6 . 0 1 1 . 1 0 . 7 1
75 170 5 . 4 1 1 . 1 0 . 7 8
76 170 0 . 7 4 . 0 1 . 10
77 173 4 . 4 0 . 7 0 . 7 8
78 173 3 . 1 1 . 0 0 . 5 5
79 173 8 . 4 1 0 . 4 0 . 6 0
80 174 1 . 8 8 . 9 0 . 9 2



2 79-

tal ly

81
82

RUN 57 PART B (CONCLUDED)

FRAME BUBBLE COORDINATES BURSTING
.NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

175
176

8 . 5
1 0 . 8

1 0 . 2
7 . 5

0 . 7 8
1 . 0 4



2 8 0 -

r u n  58 PART A

P A RT I CL E S  CRACKING

AVERAGE PARTICLE DIAMETER 59

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 0 0 3

FLUIDIZATION VELOCITY,SUPERFICIAL 0 . 0 0 7  

BED HEIGHT 2 1 . 2

SETTLED BED HEIGHT 2 0 . 0

PRESSURE DROP THROUGH BED 2 0 . 9

AIR TEMPERATURE 90

CAMERA 200 EE

CAMERA SPEED 64

DURATION OF RUN 2 . 9 7 0

CATALYST

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

IN.

CM. OF WATER 

DEGREES F.

FRAMES/SEC.

SEC.



1
2
3
4.
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

RUN 58 PART B

FRAME BUBBLE COORDINATES
NUMBER INCHES

98 7 . 7 1 0 . 4
99 7 . 4 9 . 9
99 8 . 3 1 0 . 4
99 7 . 9 9 . 9

100 1 . 5 8 . 5
102 8 . 1 1 0 . 4
102 7 . 3 1 0 . 4
102 0 . 9 7 . 1
108 8 . 9 1 1 . 5
108 2 . 1 8 . 3
109 1 . 2 8 . 1
112 7 . 1 1 0 . 3
112 7 . 1 9 . 8
121 5 . 9 1 . 1
122 5 . 2 1 . 9
122 4 . 6 1 . 9
122 4 . 6 1 . 2
124 0 . 9 7 . 7
128 8 . 1 1 0 . 0
128 7 . 4 1 0 . 6
130 5 . 8 0 . 5
132 1 . 1 7 . 8
132 4 . 5 1 . 1
137 1 . 1 7 . 5
145 0 . 9 7 . 8
150 5 . 2 1 . 2
155 1 . 2 7 . 9
160 7 . 4 1 1 . 1
160 7 . 7 1 0 . 6
160 7 . 1 1 0 . 7
171 7 . 5 1 0 . 6
173 5 . 3 1 . 3
175 7 . 8 1 0 . 4
175 7 . 3 1 0 . 4
183 4 . 9 1 . 1
195 4 . 2 1 . 7
195 3 . 4 1 . 3
195 5 . 8 - 0 . 5
198 4 . 9 0 . 9
200 7 . 4 1 0 . 4



- 2 8 2 -

r u n  58  PART B ( C O N T I N U E D )

TALLY ■ —ERAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

~OF BUBBLE
X Y INCHES

41 200 6 . 9 1 1 . 0 0 . 4 6
42 201 4 . 5 0 . 3 0 . 5 1
43 204 4 . 5 2 . 5 0 . 5 9
44 204 4 . 8 2 . 1 0 . 2 6
45 205 4 . 1 0 . 5 1 . 1 2
46 205 5 . 2 0 . 5 0 . 3 2
47 208 4 . 9 0 . 7 0 . 3 2
48 208 1 . 1 7 . 8 0 . 5 9
49 208 0 , 7 7 . 1 0 . 4 6
50 209 5 . 3 2 . 4 0 . 2 6
51 209 4 . 8 0 . 5 0 . 6 5
52 210 5 . 8 0 . 7 1 . 2 4
53 215 0 . 5 7 . 8 0 . 5 6
54 215 1 . 3 7 . 8 0 . 5 9
55 215 0 . 9 7 . 0 0 . 8 6  .
56 217 3 . 0 1 . 1 0 . 5 3
57 218 4 . 9 0 . 8 1 . 6 4
58 220 6 . 3 1 . 6 0 . 4 0
59 220 6 . 6 1 . 2 0 . 4 6
60 22 1_ 6 . 2 1 . 1 - 0 . 3 2
61 223 2 . 5 1 0 . 3 0 . 2 6
62 223 2 . 6 9 . 8 0 . 4 0
63 225 0 . 7 7 . 5 1 . 0 2
64 226 5 . 7 1 . 7 0 . 4 0
65 226 4 . 5 0 . 4 0 . 4 6
66 ' 226 1 . 1 7 . 5 0 . 5 9
67 226 0 . 9 6 . 7 0 . 6 5
68 227 1 . 1 8 . 1 0 . 6 6
69 227 6 . 2 1 . 3 0 . 7 8
70 227 6 . 6 " 0 . 5 0 . 6 5
71 228 5 . 9 2 . 1 0 . 4 6
72 230 5 . 3 0 . 8 0 . 4 6
73 230 5 . 7 0 . 7 0 . 5 1
74 230 5 . 6 1 . 1 0 . 4 6
75 230 5 . 0 1 . 1 0 . 5 9
76 233 1 . 2 7 . 0 1 . 5 0
77 233 5 . 9 1 . 3 0 . 5 3
78 233 4 . 2 0 . 8 0 . 8 6
79 237 5 . 2 0 . 4 0 . 4 6
80 237 4 . 6 0 . 3 0 . 3 2



2 8 3 -

r u n  58 PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X -Y INCHES

81 238 0 . 8 7 . 4 1 . 1 8
82 240 5 . 7 0 . 5 0 . 8 6
83 245 7 . 7 1 0 . 2 0 . 8 6
84 253 5 . 0 0 . 8 1.  52
85 254 0 . 9 7 . 7 1 . 16
86 259 0 . 9 7 . 5 1 . 3 0
87 260 4 . 9 0 . 7 0 . 4 9
88 268 0 . 8 7 . 7 1 . 1 1
89 273 0 . 9 7 . 5 1 . 3 5
90 281 4 . 9 1 . 1 1 . 8 5
91 286 7 . 8 1 0 . 3 0 . 8 6
92 287 0 . 8 7 . 8 0 . 9 2
93 287 3 . 6 1 . 6 0 . 5 9



- 2 8 4 -

r u n  59 PART A

PARTICLES C RACKING

AVERAGE PARTICLE DIAMETER 59

INCIPIENT FLUIDIZATION VELOCITY, 
SUPERFICIAL 0 . 0 0 3

FLUIDIZATION VELOCITY, SUPERFICIAL 0 . 0 0 7  

BED HEIGHT 3 1 . 5

SETTLED BED HEIGHT 3 0 . 0

PRESSURE DROP THROUGH BED 3 1 . 4

AIR TEMPERATURE 89

CAMERA

CAMERA SPEED

DURATION OF RUN

200 EE 

64

3 .  180

CATALYST

MICRONS 

F T . / S E C .

F T . / S E C .

IN.

IN.

CM. OF WATER 

DEGREES F .

F R A M E S / S E C .

SEC.



2 8 5 -

r u n  59  PART B

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

1 120 8 . 5 9 . 8 1 . 7 8
2 135 8 . 3 2 . 4 1 . 4 2
3 140 9 . 0 2 . 1 1 . 0 9
4 141 7 . 4 2 . 1 1 . 6 6
5 144 8 . 5 9 . 6 1 . 9 5
6 148 9 . 4 2 . 4 0 . 8 2
7 151 8 . 2 2 . 4 1 . 5 4
8 152 8 . 8 9 . 6 1 . 7 9
9 163 8 . 4 9 . 7 1 . 6 9

10 163 8 . 9 8 . 8 0 . 5 8
11 165 8 . 2 2 . 6 2 . 0 7
12 166 9 . 1 9 . 6 0 . 9 5
13 172 8 . 3 4 . 0 0 . 3 4
14 172 9 . 0 3 . 4 0 . 2 9
15 172 7 . 2 1 . 3 0 . 3 6
16 183 8 . 7 9 . 8 1 . 7 2
17 189 8 . 5 2 . 4 0 . 8 2
18 190 8 . 2 1 . 8 0 . 4 1
19 190 7 . 7 2 . 7 1 . 3 0
20 198 8 . 2 9 . 7 1 . 6 0
21 198 8 . 1 1 0 . 0 0 . 5 8
22 202 9 . 0 9 . 4 1 . 1 6
23 206 7 . 8 1 0 . 0 1 . 3 3
24 210 8 . 2  • 2 . 0 1 . 6 6
25 216 9 . 6 9 . 7  _ 0 . 5 8
26 216 9 s~l 9 . 8 0 . 8 4
27 216 9 . 1 1 0 . 0 0 . 4 7
28 216 7 . 2 8 . 8 1 . 0 6
29 220 8 . 7 9 . 4 2 . 0 0
30 220 8 . 5 2 . 0 1 . 4 7
31 227 7 . 6 2 . 5 1 . 3 3
32 230 9 . 0 9 . 7 1 . 2 1
33 235 9 . 4 9 . 6 0 . 9 9
34 235 8 . 8 1 0 . 0 0 . 8 7
35 235 8 . 2 1 0 . 0 0 . 9 2
36 236 7 . 9 9 . 0 0 . 5 8
37 239 8 . 8 9 . 4 1 . 3 3
38 239 7 . 8 1 . 7 0 . 4 1
39 239 7 . 6 2 . 3 1 . 2 4
40 240 8 . 7 2 . 3 1 . 1 3



>286

RUN 59  PART B (CONCLUDED)

TALLY FRAME BUBBLE COORDINATES BURSTING
NUMBER INCHES DIAMETER

OF BUBBLE 
X Y INCHES

41 241 7 . 4 1 0 . 1 0 . 8 0
42 252 8 . 3 1 0 . 1 1 . 2 1
43 254 9 . 0 1 0 . 2 0 . 6 5
44 258 8 . 9 1 0 . 4 0 . 4 1
45 260 3 . 4 1 . 2 1 . 6 9
46 260 9 . 8 9 . 3 0 . 6 5
47 261 7 . 8 2 . 3 0 . 5 9
48 261 7 . 2 2 . 3 0 . 7 1
49 261 7 . 6 1 . 9 0 . 6 5
50 261 8 . 1 1 . 5 1 . 2 3
51 262 8 . 9 3 . 2 1 . 9 6
52 277 9 . 1 1 0 . 0 0 . 6 5
53 277 8 . 7 1 0 . 2 0 . 8 2
54 277 8 . 1 1 0 . 6 0 . 8 9
55 288 7 . 9 1 . 1 0 . 4 7
56 288 8 . 2 1 . 2 0 . 5 9
57 288 9 . 3 . 1 . 9 1 . 7 1
58 291 8 . 3 1 0 . 4 1 . 0 4
59 291 7 . 8 1 0 . 2 0 . 8 2
60 295 7 . 5 1 . 2 0 . 9 6
61 296 8 . 3 1 . 8 1 . 7 6
62 298 8 . 7 3 . 2 0 . 3 6
63 298 7 . 6 2 . 5 0 . 3 6
64 298 7 . 0 1 . 8 0 . 6 5
65 299 7 . 2 1 . 3 0 . 4 1
66 300 7 . 8 1 . 7 1 . 3 3
67 313 8 . 8 9 . 8 1 . 18
68 316 7 . 8 1 0 . 1 0 . 9 6
69 316 8 . 2 1 . 4 1 . 6 o
70 316 9 . 5 1 . 8 0 . 6 5
71 318 8 . 9 9 . 8 1 . 1 1
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