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ABSTRACT

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

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

a  t h r e e - d i m e n s i o n a l  g a s  f l u i d i z e d  b e d .  The p ro b e  s e n s o r  

h a s  a  m a jo r  d im e n s io n  o f  1 . 8  cm, and  c o n t a i n s  an  LED 

an d  a  p h o t o - c e l l  s e p a r a t e d  b y  a  gap  o f  2 . 5  mm. C oupled  

w i t h  a  n o n - i n v e r t i n g  c o m p a r a to r  c i r c u i t  w i t h  h y s t e r e s i s  

a s  a  n o i s e  f i l t e r ,  t h e  p r o b e  h a s  b e e n  v e r y  e f f e c t i v e  

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

v e l o c i t y  o f  g a s  b u b b l e s .

A 9 6  l i t e r  r e c t a n g u l a r  f l u i d i z e d  b ed  was u s e d ,  

c o n t a i n i n g  g l a s s  b e a d s  w i t h  a  s i z e  f r a c t i o n  o f  355M  

t o  250M  . A i r  was t h e  f l u i d i z i n g  medium, w i t h  g a s  

v e l o c i t i e s  r a n g i n g  f ro m  ! - 2 Umf t o  2 Umf .  The p ro b e  

p o s i t i o n  was v a r i e d  f ro m  35 t o  55 cm a b o v e  t h e  d i s t r i b 

u t o r ,  an d  0 t o  8 cm fro m  t h e  b ed  c e n t e r l i n e .  The b u b b le  

s i z e  d i s t r i b u t i o n  was f i t  t o  a  t r u n c a t e d  gamma f u n c t i o n .  

I t  was a l s o  fo u n d  t h a t  t h e  D a v i e s - T a y l o r  E q u a t i o n  f o r  

b u b b le  v e l o c i t y  was i n a d e q u a t e  t o  f i t  t h e  d a t a ,  s i n c e  

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

t h e  b e d .

M o tio n  p i c t u r e s  w ere  a l s o  t a k e n  i n  a  tw o - d im e n s i o n a l  

b e d  t o  o b t a i n  q u a l i t a t i v e  i n f o r m a t i o n  on b u b b le  c h a r a c 

t e r i s t i c s .
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Chapter I

INTRODUCTION

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

b a c k  t o  t h e  W in k le r  g a s  g e n e r a t o r  n e a r l y  s i x t y  y e a r s  ag o .

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

g a s i f i e r  a l t h o u g h  t h e  n o m e n c la tu r e  i s  h a r d l y  r e c o g n i z a b l e .

A t p r e s e n t  t h e r e  i s  a  t r e m e n d o u s  am ount o f  l i t e r a t u r e  

c o v e r i n g  t h e  f l u i d i z a t i o n  t h e o r y ,  b u b b le  phenom ena and  

h e a t  and  m ass t r a n s f e r .  I t  h a s  n o t  o n ly  b e e n  a p p l i e d  t o  

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

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

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

t e c h n i q u e s .

I n  s p i t e  o f  t h i s  l o n g  h i s t o r y ,  t h e  eno rm ous  r e s e a r c h  

an d  d e v e lo p m e n t  e f f o r t  and  e x t e n s i v e  a p p l i c a t i o n  o f  f l u i d 

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

l e s s  t h a n  s u c c e s s f u l .  Only i n  t h e  l a s t  fe w  y e a r s  have  

some o f  t h e  r e a s o n s  f o r  e a r l i e r  f a i l u r e s  become a p p a r e n t  

w i t h  one o f  t h e  m o s t  common c a u s e s  b e i n g  t h e  l a c k  o f  c o m p le te  

u n d e r s t a n d i n g  o f  t h e  com plex  h y d ro d y n a m ic s  o f  s o l i d s  and 

f l u i d s  w i t h i n  t h e  f l u i d i z e d  b e d s .

A lm o st a l l  g a s  s o l i d  f l u i d i z e d  b e d s  o p e r a t e  w i t h  

b u b b l e s  i n  t h e  b e d .  Only u n d e r  one c i r c u m s t a n c e ,  t h e  

r a t i o  o f  bed  s o l i d  d e n s i t y  t o  f l u i d i z i n g  medium d e n s i t y

1
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i s  l e s s  t h a n  a b o u t  1 0 , t h e r e  w i l l  be  no b u b b le  a p p e a r a n c e ^ .  

The p o s i t i o n ,  s i z e ,  s h a p e  and v e l o c i t y  o f  b u b b l e s  i n  t h e  

b e d  d e t e r m in e  how b o t h  s o l i d  and  g a s  w i l l  move. The b u b b l e s  

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

an d  g a s - s o l i d  e x c h a n g e  c o e f f i c i e n t s .  Thus t h e  d e s i g n  o f  

a  g a s  f l u i d i z e d  bed  f o r  m o s t  i n d u s t r i a l  p u r p o s e s  r e q u i r e s  

t h e  k now ledge  o f  t h e  b u b b le  c h a r a c t e r i s t i c s ,  a l t h o u g h  t h e  

b u b b le  c a n n o t  n o r m a l l y  be s e e n  d e e p  i n  t h e  i n t e r i o r .

The f i r s t  a p p e a r a n c e  o f  g a s  i n  a  f l u i d i z e d  bed  i s  

n o t  i n  t h e  fo rm  o f  b u b b l e s ,  b u t  i n  t h e  fo rm  o f  j e t s  a s  

shown i n  F i g u r e  1 .  T h en , b u b b le s  e r u p t  f ro m  t h e  j e t s  

fo rm e d  a t  t h e  d i s t r i b u t o r  w h ich  s u p p o r t s  t h e  f l u i d i z e d  

b e d .  In  t h e  s t u d y  o f  f l u i d i z e d  b e d  c h a r a c t e r i s t i c s ,  t h e  

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

o r  g r i d - r e g i o n  i s  so m e tim e s  t r e a t e d  s e p a r a t e l y  f ro m  t h e  

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

t h e s e  two r e g i o n s  have  d i s t i n c t  d i f f e r e n c e s  i n  c h a r a c t e r 

i s t i c s  i n  many r e s p e c t s ^ .  F o r  e x a m p le ,  b u b b l e s  a r e  r a t h e r  

u n i fo r m  i n  s i z e  a t  t h e  g r i d - r e g i o n  an d  a s  t h e y  r i s e  h i g h e r  

a l o n g  t h e  b e d  t h e  s i z e  v a r i a t i o n  becom es g r e a t e r .  S in c e  

b u b b le  s i z e  i n  t h e  g r i d - r e g i o n  i s  much s m a l l e r  th a i i  t h e  

s i z e  h i g h e r  up i n  t h e  b e d ,  g a s  e x c h a n g e  b e tw e e n  b u b b le  

p h a s e  and  e m u l s io n  p h a s e  i s  v i g o r o u s ,  r e s u l t i n g  i n  a  h ig h  

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

V a r io u s  m e th o d s  h ave  b e e n  a d o p t e d  by  i n v e s t i g a t o r s  

f o r  m e a s u r in g  t h e  b u b b le  s i z e ,  s h a p e ,  f r e q u e n c y  and  v e l o c i t y



e tw e e n  B u b b le - R e g io n  a n d  G r id - R e g io nBound;

Dead Zone
JET

D i s t r i b u t o r  
/  P l a t e

F i g u r e  1 .  S c h e m a t ic  r e p r e s e n t a t i o n  o f  t h e  b u lk  
g a s - f l o w  p a t t e r n  i n  b u b b l e - r e g i o n  and  
g r i d - r e g i o n  o f  f l u i d i z e d  b e d s .



i n  t h e  b u b b le  r e g i o n  o f  f l u i d i z e d  b e d s .  P r a c t i c a l l y  a l l  

o f  t h e  m e th o d s  f o r  b u b b le  c h a r a c t e r i s t i c s  m e a su re m e n t  i n  

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

c a t e g o r i e s «

( a ) P h o to g r a p h y

( b )  X - ra y  an d  T - r a y  t e c h n i q u e s

( c )  The u s e  o f  p r o b e s .

P h o to g ra p h y  i s  e s s e n t i a l l y  l i m i t e d  t o  t w o - d im e n s i o n a l  

(2 -D )  b e d s  i n  w h ic h  t h e  b u b b le s  s p a n  t h e  t h i c k n e s s  o f  t h e  

b e d s  and a r e  t h e r e f o r e  c l e a r l y  v i s i b l e ^ * 5 * 6 ,7 .  F i g u r e  2 ,  

a  p h o to g r a p h  o f  a  2-D  b u b b l e ,  shows t h e  s i z e  and  s h a p e  

o f  t h e  b u b b l e .  When s t u d y i n g  t h r e e - d i m e n s i o n a l  (3 -D )  b e d s  

p h o t o g r a p h i c  m e th o d s  a r e  s e v e r e l y  l i m i t e d .  A n o th e r  l i m i t 

a t i o n  i s  t h e  s h a p e  o f  a  t w o - d im e n s i o n a l  b u b b le  may n o t  be 

t h e  same a s  a  t h r e e - d i m e n s i o n a l  b u b b le  u n d e r  t h e  same bed 

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

X - ra y  c i n e  p h o to g r a p h y  p r o b a b l y  g i v e s  t h e  m o st d i r e c t  

an d  u n am b ig u o u s  i n f o r m a t i o n  o f  a c t u a l  b u b b le  c h a r a c t e r 

i s t i c s .  Some s u c c e s s f u l  o b s e r v a t i o n s  h av e  b e e n  made o f  t h e  

b e h a v i o r  o f  t h e  b u b b l e s  i n  t h e  i n t e r i o r  o f  3-D  b e d s  by  t h e  

u s e  o f  X - ra y  p h o to g ra p h y ® ’ ^ ’ 1 0 . A m eth o d  b a s e d  u p o n  t h e  

a b s o r p t i o n  o f  T f - ra y s  h a s  a l s o  b e e n  u s e d * * '1-2 . H ow ever, t h e  

u s e  o f  b o t h  X - r a y s  and T - r a y s  i n v o l v e s  co m p lex  e q u ip m e n t  

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

u n d e r  l a b o r a t o r y  c o n d i t i o n s .  A l a r g e  bed  w ou ld  h av e  r e s u l t e d  

i n  an  e x t r e m e l y  l o n g  d e t e c t i o n  p a t h  f o r  e x t e r n a l  X- and  T - r a y
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F i g u r e  2 .  A p h o to g r a p h  o f  a  tw o - d im e n s io n a l  
b u b b l e .



t e c h n i q u e s  and  a b s o r p t i o n  p r o b a b l y  w ould  have  b e e n  to o  

h i g h .  U nder c e r t a i n  c i r c u m s t a n c e s  t h e  num ber o f  o v e r 

l a p p i n g  b u b b l e s  i n  su ch  a  b ed  c o u ld  a l s o  be u n a c c e p t a b l y  

l a r g e .

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

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

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

o f  t h e  b u b b le  i s  p r o b a b l y  t h e  p r o b i n g  t e c h n i q u e .

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

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

( a )  c o n d u c ta n c e  p r o b e ,  ( b )  i n d u c t a n c e  p r o b e ,  ( c )  c a p a c i 

t a n c e  p r o b e ,  and  ( d )  o p t i c a l  p r o b e .  The s i g n a l s  t h e y  

g e n e r a t e  c a n  be  p r o c e s s e d  an d  i n t e r p r e t e d  i n  a  v a r i e t y  

o f  ways b u t  t h e y  a l s o  h av e  t h e i r  own l i m i t a t i o n s .  A common 

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

s i z e  an d  v e l o c i t y  d i s t r i b u t i o n  a t  a  p o i n t  i n  t h e  bed  due 

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

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

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

a p p l i c a b i l i t y  t o  l i q u i d s  and  r e l a t i v e l y  more c o n d u c t i v e  

s o l i d s .  F l u i d i z e d  coke p a r t i c l e s  c o n d u c t  e l e c t r i c i t y  w e l l  

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

t h e  p r e s e n c e  o f  b u b b le s  i n  a  f l u i d i z e d  coke b e d * 3 » l^ » 1 5 » l6 „

C a p a c i t a n c e  p r o b e s  h av e  b e e n  u s e d  by  more i n v e s t i g a 

t o r s  t h a n  t h e  o t h e r  k i n d s ,  p r e s u m a b ly  b e c a u s e  t h e y  work 

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

b e a d s  w h ic h  a r e  commonly u s e d  i n  l a b o r a t o r y  f l u i d i z e d
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b e d s .  H ow ever, c a p a c i t a n c e  p r o b e s  h ave  f o u r  m a jo r  d i s a d 

v a n t a g e s .  The w i r e s  t h a t  a r e  c o n n e c te d  t o  t h e  c a p a c i t o r  

n e e d  t o  be l i m i t e d  i n  l e n g t h  i n  o r d e r  t o  a v o id  t h e  u n u s u a l l y  

h i g h  n o i s e  i n  t h e  p ro b e  r e s p o n s e ^ -7 »1 8 »1 9 »2 0 > r e s t r i c t s

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

s e c o n d  d i s a d v a n t a g e  i s  t h e  n e e d  f o r  a n  e x t r e m e l y  s o p h i s -
21 22  23t i c a t e d  an d  e x p e n s iv e  i n s t r u m e n t a t i o n  * * . E x h a u s t i v e

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

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

e r a t u r e  a n d  p r e s s u r e ,  i s  t h e  t h i r d  d i a d v a n t a g e .  The f o u r t h  

d i s a d v a n t a g e  i s  t h e  p ro b e  may be t o o  l a r g e  i n  d im e n s io n s  

f o r  u n d i s t u r b e d  m e a s u re m e n ts  i n  a  f l u i d i z e d  b e d ^ » ^5 *2 6 , 2 7 .

An i n d u c t a n c e  p ro b e  r e q u i r e s  t h e  bed  m a t e r i a l s  t o  be 

s u s c e p t a b l e  t o  a  m a g n e t ic  f i e l d .  C r a n f i e l d  d e v i s e d  a  

s m a l l  p r o b e  w i t h  a  t i p  t h a t  f u n c t i o n s  r a t h e r  l i k e  a  h ead
pQ

on a  m a g n e t i c  t a p e  r e c o r d e r  . The p ro b e  c a n  be u s e d  t o  

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

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

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

a  b u b b le  o r  t h e  e m u ls io n  p h a s e  i s  p r e s e n t .

O p t i c a l  p r o b e s  s u f f e r  v e r y  l i t t e  f rom  p r e v i o u s  p r o b e s  

m e n t io n e d  s h o r tc o m in g s  an d  a r e  t h u s  t h e  m ost v e r s a t i l e  i n  

a p p l i c a t i o n .  Y a su i  and  J o h a n s o n ^ ,  W i n t e r - ^  and Y o s h i d a ^  

m e a su re d  t h e  p r e s e n c e  o f  b u b b l e s  by  l i g h t  t r a n s m i s s i o n .

The a r t i c l e s  f ro m  W in te r  made u se  o f  f i b e r  o p t i c s  b u n d le s  

and  t h e  w ork  Y asu i  and  J o h a n s o n  u s e d  q u a r t z  r o d s .
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W ith  a l l  t h i s ,  t h e r e  i s  a  n e e d  f o r  a  m ore e x h a u s t i v e  

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

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

o f  many f l u i d i z a t i o n  phenom ena . Our c u r r e n t  k n o w led g e  

on  b u b b le  c h a r a c t e r i s t i c s  i s  m o s t l y  b a s e d  on a  l i m i t e d  

num ber o f  d a t a  c o l l e c t e d  i n  s m a l l  l a b o r a t o r y  u n i t s .  In  

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

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

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

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

An o p t i c a l  p r o b e ,  d e r i v e d  f ro m  S. D u t t a  an d  C. Y. 

Wen’ s d e s i g n - ^ ,  i s  d e v i s e d  and  a  new p r o b i n g  t e c h n i q u e  

and  i n s t r u m e n t a t i o n  a r e  d e v e lo p e d  f ro m  t h i s  i n v e s t i g a t i o n .  

T h is  new p r o b i n g  s y s te m  w h ic h  o v erco m es  m o s t  o f  t h e  p r e v i 

o u s l y  m e n t io n e d  d i s a d v a n t a g e s  and  p e r m i t s  o n - l i n e  m o n i

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

and  s i m u l t a n e o u s l y .



Chapter II

INSTRUMENTATION AND PROBING TECHNIQUE 

INSTRUMENTATION

To rem ove some u n c e r t a i n t i e s  and  d i s a d v a n t a g e s  

a s s o c i a t e d  w i t h  e x i s t i n g  t e c h n i q u e s  and  d e v e lo p  a  d e v i c e  

w h ic h  g i v e s  a c c u r a t e  b u b b le  s i z e s ,  s h a p e s ,  v e l o c i t i e s  

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

m u s t  be  s a t i s f i e d  »

1 .  The p r o b e s  m u st be  c a p a b l e  o f  t e l l i n g  

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

i s  r i s i n g  up a l o n g  t h e  p r o b e ' s  v e r t i c a l  

a x i s .

2 .  The t i m i n g  o f  t h e  b u b b le  r e a c h i n g  an d  

l e a v i n g  t h e  p ro b e  m u s t  be  a c c u r a t e l y  

d e t e r m in e d .

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

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

t h e  3-D  p r o b e  a r e  shown i n  F i g u r e  3 .  T h e re  a r e  f o u r  t i n y  

l i g h t s  e m i t t i n g  d i o d e s  ( M o to r o la  LED-50) on  t h e  p ro b e  

w h ic h  a c t s  a s  a  l i g h t  s o u r c e .  The f o u r  s e n s i n g  e l e m e n t s  

a r e  LS-^-00 p h o t o - c e l l s  o f  a b o u t  1 mm i n  d i a m e t e r  a n d  8 mm 

i n  l e n g t h .  One LED m a tc h e s  one p h o t o - c e l l  t o  fo rm  a  s e n s o r .  

F o r  a l l  s e n s o r s ,  LED an d  p h o t o - c e l l s  a r e  s e p a r a t e d  f ro m  e a c h  

o t h e r  b y  a  d i s t a n c e  o f  a b o u t  2 .5  mm. The d i s t a n c e  b e tw e e n

9
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F i g u r e  3 .  S c h e m a t ic  d ia g ra m  o f  3-D  p r o b e .
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e a c h  s e n s o r  i s  3 cm. LED an d  p h o t o - c e l l s  a r e  g lu e d  on t h e  

s t a i n l e s s  s t e e l  f ra m e  and  c o a t e d  w i t h  ep o x y  t o  i n c r e a s e  

i t s  s t r e n g t h .  The p ro b e  i s  c o n n e c te d  so  t h a t  e a c h  s e n s o r  

fo rm s  p a r t  o f  a n  e l e c t r i c a l  c i r c u i t  w h e re b y  c u r r e n t  f lo w s  

f ro m  a n  e x t e r n a l  D .C . pow er s u p p l y .  W hile  a  s e n s o r  r e s i d e s  

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

t h e  p h o t o - c e l l  an d  t h u s  g e n e r a t e  a  s i g n a l .

The two s e n s o r s  w h ich  a r e  n o t  l i n e d  up on t h e  p r o b e ’ s 

v e r t i c a l  a x i s  a r e  u s e d  t o  ju d g e  w h e th e r  t h e  s t r i k n g  b u b b le  

i s  r i s i n g  up a l o n g  t h e  p r o b e s  v e r t i c a l  a x i s .  I f  a  b u b b le  

i s  r i s i n g  a l o n g  t h e  p r o b e ' s  v e r t i c a l  a x i s ,  t h e  s i g n a l s  

g e n e r a t e d  b y  t h o s e  two s e n s o r s  w h ic h  a r e  n o t  l i n e d  up on 

t h e  p r o b e ' s  a x i s  s h o u ld  be t h e  s a m e .

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

a n  a d j u s t a b l e  r e f e r e n c e  l e v e l  a s  shown i n  F ig u r e  4  i s  

d e v e lo p e d .  LM339 quad  c o m p a r a to r  h a s  f o u r  i n d e p e n d e n t  

v o l t a g e  c o m p a r a t o r s  i n  a  s i n g l e  p a c k a g e .  T h i s  i s  m e r e ly  a  

c o i n c i d e n c e  w i t h  t h e  f o u r  c h a n n e l  p r o b e .  The c o m p a r a to r  

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

fo rm .  G e n e r a t i o n  o f  s q u a r e  w aves  i s  n e c e s s a r y  f o r  o n - l i n e  

a n a l y s i s  o f  t h e  d a t a  by  a  m i c r o p r o c e s s o r .  S q u a re  w aves  

a r e  a l s o  much e a s i e r  t o  a n a l y z e  m a n u a l ly .

The p ro b e  a s s e m b ly  i s  t h e  c o m b i n a t i o n  o f  t h e  p r o b e  and  

t h e  c o m p a r a to r  c i r c u i t s .  T h i s  d e v i c e  h a s  b e e n  c o u p le d  t o  

a n  INTEL 8085 m i c r o p r o c e s s o r  w i t h  t i m e r  c i r c u i t r y  f o r  f a s t ,  

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

d i g i t s  and  w i t h  s o f t w a r e  t o  d i s c r i m i n a t e  t h e  s i g n a l s
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F i g u r e  4 .  The c o m p a r a to r  c i r c u i t  f o r  s i g n a l  p r o c e s s i n g .
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g e n e r a t e d  "by t h e  b u b b l e s  whose r i s i n g  p a t h  i s  n o t  c o i n 

c i d e n t  w i t h  t h e  p r o b e ' s  a x i s .  The s o f t w a r e  d i s c r i m i n a t o r  

s e l e c t s  o n ly  t h o s e  b u b b l e s  whose c e n t e r s  a r e  r i s i n g  

a l o n g  t h e  p r o b e ' s  a x i s  an d  d i s p l a y s  a l l  o f  t h e  i n f o r m a t i o n  

deemed n e c e s s a r y  f o r  c a l c u l a t i o n s  o f  b u b b le  s i z e ,  s h a p e ,  

v e l o c i t y  a n d  f r e q u e n c y .  T h en , t h e  U n iv ac  9 0 / 8 0 - ^  c o m p u te r  

i s  program m ed t o  do a l l  o f  t h e  c a l c u l a t i o n s .  The t i m e r  

c i r c u i t r y  i s  shown i n  F i g u r e  5* I t  i s  a  c o m b i n a t i o n  o f  

f o u r  8 2 5 3  p ro g ram m ab le  i n t e r v a l  t i m e r s  w i t h  some l o g i c  

g a t e s  an d  r e s i s t o r s .  The i n t e r v a l  i s  s e t  t o  be 2  m i l l i 

s e c o n d s .  The F ig u r e  6 show s a  b l o c k  d ia g r a m  o f  t h i s  

w h o le  s y s t e m ,  and  f u r t h e r  d e t a i l s  a r e  g i v e n  i n  A p p en d ix  A, 

B an d  C.

P r o b in g  T e c h n iq u e

The p r o b i n g  t e c h n i q u e  may be i l l u s t r a t e d  by c o n s i d 

e r i n g  t h e  v o l t a g e  p u l s e  s e q u e n c e  w h ich  i s  g e n e r a t e d  by  a .  

b u b b le  w h ic h  i s  r i s i n g  t h r o u g h  t h e  p r o b e .  An a r b i t r a r y  

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

v l " = v r < v h  ( 1 )

I f  a l l  s e n s o r s  e n t e r  a  b u b b le  and  t h u s  d e v e l o p  a  v o l t a g e  

a c r o s s  t h e  p h o t o - c e l l s  w h ic h  i s  h i g h e r  t h a n  t h e  r e f e r e n c e  

v o l t a g e  VR, t h e  s i g n a l s  s h o u ld  be a t  a  h i g h  and  v i c e  

v e r s a .  An i d e a l  s e q u e n c e  g e n e r a t e d  b y  t h e  p ro b e  when a  

b u b b le  c e n t e r  i s  r i s i n g  a l o n g  t h e  p r o b e ' s  v e r t i c a l  a x i s  

i s  shown i n  F ig u r e  7 ,  w here  t h e  p u l s e s  a r e  n u m bered  w i th
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F i g u r e  7» An i d e a l  s i g n a l  s e q u e n c e  g e n e r a t e d  b y  
a  b u b b le  whose c e n t e r  r i s i n g  a l o n g  t h e  
p r o b e  v e r t i c a l  a x i s .
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r e f e r e n c e  t o  t h e  num ber o f  t h e  s e n s o r s  shown i n  F i g u r e  3* 

F i g u r e  8 show s t h a t  a n  i d e a l  3-D  b u b b le  i s  r i s i n g  t h r o u g h  

a  p r o b e .  The v o l t a g e  s e q u e n c e  g e n e r a t e d  by  t h e  p r o b e  

s h o u ld  f o l l o w  t h e  e i g h t  s t e p s  w h ic h  a r e  shown i n  T a b le  1 .  

Based  on  t h e s e  l o g i c a l  s t e p s  shown i n  T a b le  1 ,  t h e  s o f t 

w are  s i g n a l  d i s c r i m i n a t o r  h a s  b e e n  d e v e lo p e d  and  shown i n  

A p p en d ix  B. I f  t h e  s i g n a l  s e q u e n c e  i s  n o t  f o l l o w i n g  t h e  

e i g h t  l o g i c a l  s t e p s ,  t h e  s i g n a l s  w i l l  be d e l e t e d .  Thus 

a l l  t h e  t i m e r s  w i l l  be r e s e t  an d  r e a d y  f o r  t h e  n e x t  s e q u e n c e  

com ing  i n .  I f  t h e  s i g n a l  s e q u e n c e  f o l l o w s  t h e  e i g h t  s t e p s  

i n  T a b le  1 ,  t h e  l a s t  t h i n g  n e e d e d  t o  be c h e c k e d  i s  w h e th e r  

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

O nly  t h e  c e n t e r  o f  a  s i n g l e  b u b b le  r i s i n g  a l o n g  t h e  p r o b e ' s  

a x i s  w i l l  show

T i  <  T 2

an d

t 3 <  t 2

w h ere  T ^ , T2 and  T^ a r e  d e f i n e d  i n  F i g u r e  ?•

B ubb le  V e l o c i t y

The t im e  d e l a y  T ^  i s  d e f i n e d  i n  F i g u r e  7 .  F o r  an  

a c c u r a t e l y  known d i s t a n c e  ( d )  b e tw e e n  s e n s o r  # 2  and  

s e n s o r  d e f i n e d  i n  F i g u r e  3 ,  t h e  b u b b le  v e l o c i t y  i s  

g i v e n  b y

(2 )

( 3 )
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F i g u r e  8 . An i d e a l  3 “^  b u b b le  r i s i n g  
t h r o u g h  a  3 -D p r o b e .
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T a b le  1

P ro b e  S i g n a l  S equ en ce  G e n e r a te d  by  a  S i n g l e  

B ubb le  Whose C e n te r  R i s i n g  A lo n g  t h e  P ro b e  A x is

S te p C h a n n e l
1

C h a n n e l
2

C h an n e l
3

C h a n n e l
4

1 VL VL VL VL

2 VL VL VL VH

3 VL VH VL VH

VL VH VH VH

5 VH VH VH VH

6 V1 VH VH VL

? *#■ ■»#

8 VL v i VL VL

N o t e s t * E i t h e r  C h a n n e l  1 a t  VL an d  C h a n n e l  3 a t  

o r  C h an n e l  1 a t  VH an d  C h a n n e l  3 a t  VL 

** E i t h e r  VH o r  VL



B ubble  S i z e  an d  Shape

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

( 5 )

w h ere  Tg i s  d e f i n e d  i n  F i g u r e  7* The t im e  d e l a y  T^g i s  

a l s o  d e f i n e d  i n  F i g u r e  7 .  T h u s ,  t h e  e l e v a t i o n  d i f f e r e n c e  

b e tw e e n  t h e  c e n t e r  o f  t h e  b u b b le  f r o n t a l  s u r f a c e  a n d  t h e  

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

b u b b le  v e r t i c a l  a x i s  i s  g i v e n  b y

The b u b b le  v e r t i c a l  c h o rd  l e n g t h  a t  a  l a t e r a l  d i s t a n c e  

d r  f ro m  b u b b le  v e r t i c a l  a x i s  i s  t h e n  g i v e n  by

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

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

a s  s e e n  i n  F i g u r e  2 .  T h is  i s  t h e  i d e a l i z e d  o r  p e r h a p s  

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

Then a  s p h e r i c a l  r a d i u s  Rp i s  l a r g e l y  d e f i n e d  f ro m  t h e  

i d e a l  b u b b l e .  A c c o rd in g  t o  F i g u r e  8

( 6 )

h  = UB * T3 (7 )
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CF = CD = Rt

CB = d

BD - Rp - Fd

( 8 )

( 9 )

( 1 0 )

and

CD2 = CB2 + BD2 ( 1 1 )

o r

Rp = J  (Rp - Fd )2 + dr 2 . ( 1 2 )

By i t t e r a t i o n ,  Rp c a n  be d e t e r m i n e d .  I f  t h e  wake s u r f a c e  i s  

a l s o  s p h e r i c a l ,  t h e  r a d i u s  o f  t h e  wake s u r f a c e  R^ c a n  be 

d e t e r m in e d  b y  t h e  same m ethod  a s  s o l v i n g  f o r  Rp.

I n  o r d e r  t o  p r o c e s s  t h e  d a t a  f u r t h e r ,  a  b u b b le  s h a p e  

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

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

c o o r d i n a t e s ,  A^, Fd and  L2 .

F o r  a  s p h e r i c a l  c a p  b u b b le

Al  <  2Rp ( 1 3 )

and
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RB = Rp

w here  Rg i s  t h e  s u p e r f i c i a l  r a d i u s .

A s p h e r i c a l  c a p  b u b b le  w i t h  R g < ( A L + HW) < 2 R B 

and  a  d e n t e d  b o t to m  i s  shown i n  F i g u r e  9 . Thus

H = 2RB -  Al  ( 1 5 )

Rw2 -  (Rw -  Hw )2 = r 2 ( 1 6 )

and

r b2 -  [Rb -  (H -  % ) ] =  r 2 ( 1 7 )

By s o l v i n g  Eq. ( 1 6 )  and  ( 1 7 )  t h e  v a l u e  o f  r  and c a n  

c a n  be d e t e r m i n e d .  The volum e o f  a  s p h e r e  i s

V!  = ( 1 8 )

The vo lum e o c c u p ie d  by  wake i n  F i g u r e  9 may be 

c a l c u l a t e d  by

V 2 = F HW ( 3 r 2  +  HW2 )  + f  ( H  -  % >  | V

+ (H - h/ ] . ( 1 9 )
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F i g u r e  9 . A s p h e r i c a l  c a p  b u b b le  w i th  i t s  a x i a l  
l e n g t h  g r a t e r  t h a n  i t s  s u p e r f i c i a l  
r a d i u s  an d  a n  i n d e n t e d  b o t to m .
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H e n c e ,  t h e  b u b b le  vo lum e i s

VB = V1 -  V2 <2 0 >

F o r  a  s p h e r i c a l  c a p  b u b b le  w i t h  R g < ( A ^  H^)<2Rg 

a n d  f l a t  b o t to m ,  t h e  s h a p e  i s  shown i n  F i g u r e  10 . The 

v o lum e o f  t h e  b u b b le  wake i s

V3 = ?  HW ( 3 r 2  + % 2 >- <2 1 >

T h u s ,  t h e  b u b b le  vo lum e c a n  be d e t e r m in e d  b y  e q u a t i o n s  

( 1 8 )  a n d  ( 2 1 ).

A s p h e r i c a l  s e g m e n t  b u b b le  w i t h  (AL + HW) < R g  and

d e n t e d  b o t to m  i s  shown i n  F i g u r e  1 1 . By s o l v i n g

r b 2 "  ( r b ~ a l  -  % ) 2  = r 2  ( 2 2 )

a n d

Rw2 -  (Rw -  HW) 2 = r 2 (2 3 )

s i m u l t a n e o u s l y ,  t h e  r  an d  c a n  be d e t e r m i n e d .

The volum e o c c u p ie d  by  t h e  s h a d e d  a r e a  becom es

V4 = f  Kw ( 3 r 2 + H / ) .  ( 24)
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F i g u r e  1 0 .  A s p h e r i c a l  cap  b u b b le  w i t h  i t s  a x i a l  l e n g t h  
g r e a t e r  t h a n  i t s  s u p e r f i c i a l  r a d i u s  a n d  a  
f l a t  b o t to m
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'7 7 7 /////'///TTTTt̂

F i g u r e  1 1 . A s p h e r i c a l  c a p  b u b b le  w i t h  i t s  a x i a l  
l e n g t h  l e s s  t h a n  i t s  s u p e r f i c i a l  
r a d i u s  a n d  a n  i n d e n t e d  b o t to m .
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The vo lum e o f  t h e  w h o le  s p h e r i c a l  s e g m e n t  i n  t h e  

F i g u r e  11 i s

v 5 = § (Al  + Hw) [?r 2  + ( a l  + Hw )2^ -  (2 5 )

T h u s ,  t h e  volum e o f  t h e  B ubble  i s

V B = V5 -  ( 2 6 )

F i g u r e  12 shows t h e  sh a p e  o f  a  s p h e r i c a l  s e g m e n t 

b u b b le  w i t h  a  f l a t  b o t to m  an d  Rg. Where r  v a l u e  c a n  

be  s o l v e d  by

Rb2 -  (Rb -  Al ) 2 = r 2 ( 2 7 )

T h e n ,  t h e  b u b b le  volum e i s

VB = |  Al  ( 3 r 2 + Al 2 ) (2 8 )

A s e m i - s p h e r i c a l  b u b b le  i s  shown i n  F i g u r e  13 w here

Al  = Rb . The volum e o f  t h i s  b u b b le  i s

VB = | r t A L3 (2 9 )

A n o th e r  s e m i - s p h e r i c a l  b u b b le  w i t h  a  d e n t e d  b o t to m
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F i g u r e  12 . A s p h e r i c a l  cap  b u b b le  w i t h  i t s  a x i l
l e n g t h  l e s s  t h a n  i t s  s u p e r f i c i a l  r a d i u s  
a n d  a  f l a t  b o t to m .
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F i g u r e  13* A s e m i - s p h e r i c a l  b u b b le  w i t h  a  f l a t  b o t to m .
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i s  shown i n  F i g u r e  14-. The vo lum e o f  wake becom es

r6  ( 3 Rb 2 +  V ’ ( 3 0 )

T h u s ,  t h e  volum e o f  t h i s  b u b b le  i s

t b = 5 t R b 3 -  5 V 3Rb2 + Hw2 ) <3 1 >

When Al  i s  g r e a t e r  t h a n  2Rp, t h e  s h a p e  o f  t h e  b u b b le  

i s  l i k e  a  p a r a b o l i c  b o d y .  The F i g u r e  15 show s a  p a r a b o l i c  

b u b b l e .  The b u b b le  volum e i s

rAL
VB = \  T tr2 . dAL 

- ' 0  

A

1t ( k A )  dA 
L -Li

a l 2 <3 2 >

A p a r a b o l i c  b u b b le  w i t h  a  d e n t e d  b o t to m  i s  shown i n  

F i g u r e  1 6 .  By s o l v i n g

k ( AL + HW> = r 2 ( 3 3 )
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R

F i g u r e  1 ^ .  A s e m i - s p h e r i c a l  b u b b le  w i t h  a n  
i n d e n t e d  b o t t o m ?
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F i g u r e  15• A p a r a b o l o i d  b u b b le  w i t h  a  f l a t  b o t to m .
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F i g u r e  1 6 .  A p a r a b o l o i d  b u b b le  w i th  a n  
i n d e n t e d  b o t t o m .



3 k

and

Rw2 -  ( %  -  V 2 = r 2 (3 * )

s i m u l t a n e o u s l y ,  t h e  Hw an d  r  c a n  be c a l c u l a t e d .  T h u s ,  

t h e  vo lum e o f  t h i s  b u b b le  becom es

Once t h e  b u b b le  volum e i s  d e t e r m i n e d ,  t h e  e q u i v a l e n t  

s p h e r i c a l  b u b b le  d i a m e t e r  c a n  be c a l c u l a t e d  by

B ubble  F re q u e n c y

B u b b le  f r e q u e n c y  i s  d e f i n e d  i n  t e r m s  o f  t h e  num ber

o f  b u b b l e s  p a s s i n g  t h r o u g h  t h e  #2  s e n s o r  p e r  s e c o n d  a t

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

The s y s te m  c a n  exam ine  a l l  f o u r  c h a n n e l s  o f  a n a l o g i c

s i g n a l s  a t  a  r a t e  o f  1 .1  KH w h ic h  i s  s u f f i c i e n t  t o  r e s o l v e
Z

b u b b le  v e l o c i t y  up t o  2 m /s  w i t h  a  3 cm d i s t a n c e  b e tw e e n  

s e n s o r  #2 and  The b u b b le  c h a r a c t e r i s t i c s  c a l c u l a t i o n

p ro g ra m  i s  shown i n  A p p en d ix  A. The a s s e m b ly  la n g u a g e  

s i g n a l  d i s c r i m i n a t o r  w i th  f r e q u e n c y  c o u n t e r  p ro g ra m  and  

s i g n a l  p r o c e s s i n g  p ro g ra m  a r e  a l l  shown i n  A p p e n d ix  B.

VB = T 1 U L + V 2 -  I  % ( 3 r 2  + h W2 > (3 5 )

(3 6 )



Chapter III

EXPERIMENTAL FACILITY

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

c o n s i s t s  o f  e i g h t  p r im a r y  c o m p o n e n ts ,  n a m e ly ,  (1 )  p ro b e  

a s se m b ly  and  s i g n a l  p r o c e s s i n g  d e v i c e ,  ( 2 )  t w o - d im e n s i o n a l  

f l u i d i z e d  b e d ,  ( 3 )  t h r e e - d i m e n s i o n a l  f l u i d i z e d  b e d ,  ( 4 )  Led 

m a t e r i a l s ,  ( 5 )  p r o b e  p o s i t i o n i n g  m ech an ism , (6 )  a i r  s u p p ly  

and h u m i d i f i c a t i o n  s y s te m ,  ( 7 )  p h o t o g r a p h i c  e q u ip m e n t  and 

s u p p l i e s ,  and ( 8 )  pow er s u p p ly  s y s t e m s .  D e t a i l e d  d e s i g n  

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

i n a t o r  h a v e  b e e n  g iv e n  i n  C h a p te r  I I  p r e c i s e l y .  I n  t h i s  

c h a p t e r  t h e  r e m a i n in g  s e v e n  c o m p o n e n ts  a r e  b e in g  d e s c r i b e d .

Two -  D im e n s io n a l  F l u i d i z e d  Bed 

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

i s t i c s  by c i n e  p h o to g ra p h y  a  t r a n s p a r e n t  2-D bed i s  u s e d .  

The 2-D b e d  i s  made o f  1 .2 7  cm t h i c k  p l e x i g l a s  p l a t e s .

The e x a c t  d im e n s io n s  o f  a  bed  a r e  g i v e n  i n  F i g u r e  17 .

F i g u r e  18 show s a  p h o to g r a p h  o f  2-D f l u i d i z e d  b e d .  The g a s  

d i s t r i b u t o r  i s  a  1 .9 0 5  cm t h i c k  a lum inum  p l a t e  w i t h  a  

s i n g l e  row o f  0 . 3 1 7 5  c m - d ia m e te r  h o l e s  a t  a  1 .5  cm c e n t e r  

t o  c e n t e r  s p a c i n g .

35
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PLEXIGLASS
CONE

J B .JO .

■w

5 cm2 0  cm

PLEXIGLASS
BED

120 cm

D i s t r i b u t o r
P l a t e

JBL JB. mJBL

V *nr
BRASS

CONE

P ip e

F i g u r e  17 .  S c h e m a t ic  d ia g ra m  o f  t h e  2-D f l u i d i z e d  
b e d .



F i g u r e  1 8 .  A p h o to g r a p h  
s e t - u p .
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T h r e e - D im e n s io n a l  F l u i d i z e d  Bed 

A 3-l> bed  i s  u s e d  f o r  t h e  q u a n t i t a t i v e  s tu d y  o f  t h e  

b u b b le  c h a r a c t e r i s t i c s  by p r o b e .  F i g u r e  19 shows t h e  3-D 

f l u i d i z e d  bed  w i t h  Z+0 cm x 20 cm x 120 cm i n  d im e n s io n s  

and  made o f  1 .2 7  cm t h i c k  p l e x i g l a s s  p l a t e s .  The g a s  

d i s t r i b u t o r  i s  a  p e r f o r a t e d  and 1 . 9 0 5  cm t h i c k  alum inum  

p l a t e .  I t s  d e t a i l e d  d e s i g n  i s  shown i n  F i g u r e  2 0 .

Bed M a t e r i a l

The s o l i d  u s e d  i n  t h i s  r e s e a r c h  i s  P o t t e r  I n d u s t r i e s  

I n c . ,  P s e r i e s  g l a s s  b e a d s .  The s i z e s  o f  t h e  g l a s s  b e a d s  

u s e d  i n  2-D bed  a r e  g iv e n  i n  T a b le  2 .



F i g u r e  1 9 .  A p h o to g r a p h  o f  t h e  3-D f l u i d i z e d  bed  
s e t - u p .

446299
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Table 2

The G l a s s  Bead S i z e s  Used 

i n  2-D F l u i d i z e d  Bed

S o l i d  S i z e  (Aim)

P -  047 1180 -  710

P -  033 850 -  500

p -0 2 3 0  600 -  425

P - 0 1 4 0  3 5 5  -  250

P -  004  106 -  f i n e r



k 2

O nly  t h e  g l a s s  b e a d s  w i t h  one  s i z e  o f  355 -  250 Mm a r e  

u s e d  i n  3-D f l u i d i z e d  b e d .

P ro b e  P o s i t i o n i n g  M echanism s 

The p o s i t i o n i n g  m echanism  i s  em ployed  t o  a n c h o r  t h e  

p ro b e  i n  any  s p e c i f i c  p o s i t i o n  w i t h i n  t h e  bed  p r e c i s e l y .

I t  c o n s i s t s  o f  a  120 cm l o n g  s t a i n l e s s  s t e e l  r o d  w i t h  a  

d i a m e t e r  o f  1 .2 7  cm. The p ro b e  i s  s e c u r e l y  m ounted  on 

one end o f  t h i s  r o d .  A s h o r t e r  r o d ,  60 cm i n  l e n g t h  and

1 .2 7  cm i n  d i a m e t e r ,  i s  p e r p e n d i c u l a r l y  and a d j u s t a b l y

c o n n e c te d  t o  t h e  l o n g e r  r o d  by a  F i s h e r  s t r u t  c o n n e c t o r .  

The s h o r t e r  r o d  i s  f a s t e n e d  h o r i z o n t a l l y  on t o p  o f  t h e  

3-D f l u i d i z e d  b ed  t o  any d e s i r e d  p o s i t i o n .

A i r  S u p p ly  and H u m i d i f i c a t i o n  S ystem  

The a i r  f lo w  f o r  t h e  2-D and  3-D f l u i d i z e d  b e d s  i s  

s u p p l i e d  by t h e  c e n t r a l  c o m p re s s e d  a i r  s y s t e m .  F i g u r e  21 

shows a  s c h e m a t i c  d ia g ra m  o f  t h e  a i r  s u p p ly  and h u m i d i f i 

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

t o  c l e a n  t h e  a i r .  The a i r  f lo w  r a t e  i s  c o n t r o l l e d  w i th  a  

g a t e  v a l v e  and m e a su re d  by a  r o t a m e t e r .  The p r e s s u r e  o f

t h e  a i r  i s  r e g u l a t e d  by a  p r e s s u r e  r e g u l a t o r  and m e a su re d

by a  p r e s s u r e  g a u g e .  The a i r  i s  m o is t e n e d  by p a s s i n g  i t  

t h r o u g h  a  h u m i d i f i e r .  By c o n t r o l l i n g  t h e  m ix in g  r a t i o  o f  

d ry  a i r  and  m o is t e n e d  a i r ,  t h e  o p t im iz e d  a i r  h u m id i ty  c a n  

be  r e a c h e d  and m a i n t a i n e d .  S t i c k i n g  o f  t h e  s o l i d  p a r t i c l e s
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on t h e  w a l l ,  due  t o  s t a t i c  e l e c t r i c i t y ,  i s  e l i m i n a t e d  by 

u s i n g  h u m i d i f i e d  a i r .  T h i s  h e l p s  i n  t a k i n g  c l e a r e r  

p i c t u r e s  o f  b u b b l e s  by c i n e  c a m e ra .

P h o to g r a p h ic  E q u ip m en t and  S u p p l i e s  

The c i n e  c a m e ra  u s e d  i s  a  Kodak m odel K -100 w h ich  i s  

c a p a b l e  o f  t a k i n g  p i c t u r e s  u p  t o  64 f ra m e s  p e r  s e c o n d .

The i n c i d e n t  l i g h t  and t h e  r e f l e c t e d  l i g h t  i n t e n s i t i e s  a r e  

m easu red  by a  S e k o n ic  m odel L -3 9 8  e x p o s u r e  m e t e r .  A f t e r  

c o m b in in g  ASA f i l m  s e n s i t i v i t y  and s h u t t e r  s p e e d  t h e  

e x p o s u re  m e te r  c a n  d i r e c t l y  d e t e r m i n e  t h e  a p e r t u r e  v a l u e .  

ACME-LITE Model 220 D u o l i t e  i s  u s e d  a s  a  p h o t o g r a p h ic  l i g h t .  

I t  i s  d i r e c t l y  on t h e  b a c k  o f  2-D f l u i d i z e d  bed i n  o r d e r  t o  

g e t  a  b r i g h t  b u b b le  im a g e .  Kodak T r i - X  r e v e r s a l  f i l m  7278 

i s  u se d  i n  t h i s  i n v e s t i g a t i o n .  The f i l m s  a r e  a n a l y z e d  by 

a  L-W 2 2 4 - ATHENA MKV P h o t o - O p t i c a l  D a ta  A n a ly z e r  w h ic h  h a s  

a u to m a t i c  f ram e  r a t e s  o f  1 - 2 - 4 - 6 - 8 -  12 -  18 -  24- 

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

and u n l i m i t e d  h o ld  t im e  w i t h o u t  l o s s  o f  l i g h t  o r  damage t o  

f i l m .

Power S u p p ly  S y s te m  

A R a d io  S h ack  15 v o l t s  DC pow er s u p p ly  i s  u s e d  t o  

s u p p ly  t h e  pow er w h ich  i s  n e e d e d  by b o t h  LED 's and p h o to 

c e l l s .  The pow er n eed ed  f o r  o p e r a t i n g  t h e  I n t e l  8085



M ic r o p r o c e s s o r  and t h e  t i m e r  c i r c u i t r y  a r e  s u p p l i e d  by 

P o w er/M ate  C o rp .  5 v o l t s  r e g u l a t e d  DC pow er s u p p l y .



Chapter 4

EXPERIMENTAL PROCEDURES

An e x p e r i m e n t a l  r u n  i s  b eg u n  w i t h  f i l l i n g  a  bed 

m a t e r i a l  i n  e i t h e r  t h e  2-D o r  3-D f l u i d i z e d  bed t o  t h e  

50 cm l e v e l  h e i g h t  ab ove  t h e  d i s t r i b u t o r .  B e f o r e  t h e  a i r  

i s  t u r n e d  on t h e  w a t e r  l e v e l  i n s i d e  t h e  h u m i d i f i e r  was 

c h e c k e d .  The a i r  s u p p ly  i s  t h e n  t u r n e d  o n ,  w h i l e  t h e  

d r y  a i r  and t h e  m o i s t e n e d  a i r  f lo w  r a t e s  a r e  r e g u l a t e d  a t  

t h e  same t im e  t o  o p t i m i z e  t h e  m o i s t u r e  c o n t e n t  i n  t h e  a i r .

Q u a l i t a t i v e  I n v e s t i g a t i o n  

The t w o - d im e n s i o n a l  f l u i d i z e d  bed i s  u s e d  f o r  q u a l i 

t a t i v e  i n v e s t i g a t i o n .  W h ile  t h e  p h o t o g r a p h ic  l i g h t  i s  

t u r n e d  o n ,  t h e  l i g h t  i n t e n s i t y  i s  m e a su re d  and t h e  a p e r t u r e

v a l u e  i s  d e t e r m i n e d .  The c a m e ra  f ram e  r a t e  i s  s e t  t o  be
*

2 4  f r a m e s  p e r  s e c o n d .  The e x p e r im e n t  i s  c o n d u c te d  a t  

d i f f e r e n t  f l u i d i z a t i o n  v e l o c i t y  and w i t h  d i f f e r e n t  bed 

m a t e r i a l .  The c i n e  p h o to g r a p h s  a r e  t a k e n  d u r i n g  t h e  e x p e r i 

m e n t .  The b u b b le  s h a p e ,  d r i f t i n g ,  s p l i t t i n g  and 

c o a l e s c e n c e  a r e  t h e n  a n a ly z e d  by f i l m  o b s e r v a t i o n .

Q u a n t i t a t i v e  I n v e s t i g a t i o n  

F o r  q u a n t i t a t i v e l y  i n v e s t i g a t i n g  b u b b le  c h a r a c t e r i s t i c s

46
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t h e  3-D f l u i d i z e d  bed  i s  u s e d .  T h i s  i n v e s t i g a t i o n  em ploys  

t h e  new ly  d e v e lo p e d  p r o b in g  t e c h n i q u e  w h ic h  h a s  b e e n  

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

i s . i n s e r t e d  a t  a  c e r t a i n  l o c a t i o n  w i t h i n  t h e  b e d ,  and t h e  

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

o f  a l l  t h e  e l e c t r o n i c  d e v i c e s .  , T2» T3* Td1> and T^2  

a r e  r e c o r d e d  and  s e n t  t o  m ain  f ra m e  c o m p u te r  f o r  b u b b le  

c h a r a c t e r i s t i c s  c a l c u l a t i o n .  The b u b b le  f r e q u e n c y  d i s t r i 

b u t i o n  i n s i d e  t h e  b ed  and  b u b b le  s i z e  d i s t r i b u t i o n  a t  

c e r t a i n  l o c a t i o n s  w i t h i n  t h e  bed  c a n  be a n a l y z e d  s t a t i s t i 

c a l l y .  The b u b b le  v e l o c i t y  c a n  a l s o  be c o r r e l a t e d  w i th  

t h e  b u b b le  s i z e .



Chapter V

RESULTS AND DISCUSSION 

Q u a l i t a t i v e  I n v e s t i g a t i o n

The g e n e r a l  n a t u r e  o f  b u b b l e s  i n  g a s - f l u i d i z e d  bed  

a r e  i n  some r e s p e c t s  r e m a r k a b ly  l i k e  l a r g e  g a s  b u b b l e s  i n  

a  l i q u i d .  A t y p i c a l  t w o - d im e n s i o n a l  b u b b le  i n  a  g a s -  

f l u i d i z e d  b ed  h a s  a l r e a d y  b e e n  shown i n  F i g u r e  2 .  The 

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

b a s e  o f  g r e a t e r  o r  l e s s e r  d e g r e e s  a s  s e e n  i n  F i g u r e  8 .

T h i s  i s  t h e  i d e a l i z e d  o r  p e r h a p s  s t a b l e  sh a p e  o f  t h e  b u b b l e s .

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

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

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

g e n e r a l  e f f e c t  c a n  u s u a l l y  be  im a g in e d  by a n a l o g y  w i t h  

l i q u i d  b u b b l e s 3 3 .

The m a jo r  e f f e c t  o f  b u b b l e s  com ing  c l o s e r  t o g e t h e r  i s  

t o  p ro m o te  c o a l e s c e n c e  d u r i n g  w h ic h  c o n s i d e r a b l e  d i s t o r t i o n  

c a n  o c c u r .  T h is  phenom ena i s  more l i k e l y  t o  h a p p e n  a t  a 

h i g h e r  p o s i t i o n .  T h u s ,  no c o n s i s t a n t  p a t t e r n  an d  b a s i c  

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

b e d s .  H ow ever, f o r  a l l  f l u i d i z e d  s y s t e m s ,  b a s i c  s h a p e s  

do e x i s t .  The b a s i c  s h a p e s  o b s e r v e d  i n  t h e  2-D f l u i d i z e d  

b ed  h av e  b e e n  d e s c r i b e d  i n  F i g u r e  9 t h r o u g h  F i g u r e  1 6 .
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B ased  on t h e s e  e i g h t  b a s i c  s h a p e s ,  t h e  s h a p e  f i t t i n g  

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

The a v e r a g e  b u b b le  s i z e  i n c r e a s e s  q u i t e  r a p i d l y  w i th  

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

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

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

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

v e r y  low  o v e r h e a d  p r e s s u r e .  The c o a l e s c e n c e  o f  two 

o r i g i n a l l y  i n d e p e n d e n t  b u b b l e s  a lw a y s  o c c u r s  i n  a  p a r t -  

c u l a r  way. F ig u r e  22 show s a  c i n e  s e q u e n c e  o f  t h e  b u b b l e s  

c o a l e s c e n c e  phenom enon, a  l a r g e r  b u b b le  o v e r t a k i n g  and  

c a p t u r i n g  a  s m a l l e r  o n e .  When t h e  c a p t u r e d  b u b b le  moves 

i n t o  t h e  r i s i n g  d r i f t  b e h in d  t h e  o t h e r ,  i t  r i s e s  r a p i d l y  

u n t i l  i t  g e t s  i n t o  t h e  c a p t o r .  The p r e v i o u s  phenom enon 

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

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

v e r y  l i t t l e  b u t  may p a u s e  s l i g h t l y  a t  t h e  moment o f  

m e r g e n c e .

A s im p le  t h e o r y  h a s  b e e n  p r o p o s e d  c o n c e r n i n g  t h e  

s t a b i l i t y  o f  b u b b le s  w h ic h  p r e d i c t s  t h a t  t h e r e  i s  a  maximum 

s t a b l e  b u b b le  s i z e ^ .  When t h e  s i z e  o f  a  b u b b le  i s  l a r g e r  

t h a n  th e  s t a b l e  b u b b le  s i z e  t h e  b u b b le  s p l i t s .  F i g u r e  23 

i s  a  c i n e  s e q u e n c e  sh o w in g  a  b u b b le  s p l i t t i n g .  The 

u p p e r  b o u n d a ry  o f  t h e  b u b b le  d e v e l o p s  a  downward p o i n t i n g  

c u s p  w h ic h  grow s r q p i d l y  i n t o  a  k n i f e  l i k e  s h a p e .

The c u s p  t e n d s  t o  o r i g i n a t e  n e a r  t h e  f o r w a r d  s t a g n a t i o n
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A c i n e  s e q u e n c e  o f  a  b u b b le  s p l i t t i n g .



p o i n t  and  r u n  down t o  d i v i d e  t h e  b u b b l e .  T h i s  v e r t i c a l  

s p l i t t i n g  i s  a  common phenom enon and  few b u b b le  s u r v i v e  

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

F l u i d i z e d  bed  b u b b l e s  r i s e  a t  v e l o c i t i e s  some t e n s  

o f  c e n t i m e t e r s  a  s e c o n d  and  t h e  b i g g e r  t h e y  a r e  t h e  

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

t r a t i o n  o f  b u b b le s  and  i n c r e a s e s  w i t h  bed  p o r o s i t y .  I n  

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

g a s  f lo w  r a t e .

Q u a n t i t a t i v e  I n v e s t i g a t i o n

B u b b le  S h a n e s

The b u b b le  s h a p e s  u s u a l l y  a r e  d e t e r m in e d  by t h e  v a l u e s  

o f  b u b b le  a x i a l  l e n g t h  ( A ^ ) ,  f r o n t a l  s u r f a c e  r a d i u s  (Rj.) 

and  wake s u r f a c e  r a d i u s  (Rw) .  F i g u r e  24 show s t y p i c a l  

m e a su re d  b u b b le  s h a p e s .  T h e se  a r e  v e r y  s i m i l a r  t o  t h o s e
O

r e p o r t e d  by Rowe and  P a r t r i d g e  f o r  s i n g l e  b u b b l e s  u s i n g  

X - ra y  p h o to g r a p h y .  Some b u b b l e s  h a v e  a  f l a t  b o t to m  s h a p e  

w h i l e  o t h e r s  h av e  m arked  c o n c a v e  i n d e n t a t i o n  o f  t h e  r e a r  

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

s h a p e  o c c u r s ,  i t  becom es a  p a r a b o l o i d  s h a p e .

B u b b le  V e l o c i t i e s

The m e a su re d  b u b b le  v e l o c i t y  i n  t h e  bed  and  i t s  

v a r i a t i o n  w i t h  t h e i r  co m p u ted  b u b b le  e q u i v a l e n t  s p h e r i c a l
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F i g u r e  24-. T y p i c a l  m e a s u re d  b u b b le  s h a p e s .



5^

d i a m e t e r  i s  shown i n  F i g u r e  2 5 ,  w h ere  t h e  b u b b le  v e l o c i t y  

i s  c a l c u l a t e d  f ro m  E q u a t i o n  ( ^ ) .  The d a t a  r e p r e s e n t  a  

s e q u e n t i a l  s a m p le  o f  a b o u t  100 b u b b l e s  on  t h e  bed  c e n t r e 

l i n e  and  35 cm ab o v e  t h e  d i s t r i b u t o r .

F i g u r e s  2 5  t o  2 ?  a l s o  i n d i c a t e  t h e  a p p l i c a b i l i t y  

o f  t h e  D a v i e s - T a y l o r  r e l a t i o n s h i p  f o r  s p h e r i c a l  c a p  b u b b l e s 3 5 .  

C l e a r l y ,  t h i s  e q u a t i o n  was i n a d e q u a t e  t o  e x p l a i n  t h e  

v a r i a t i o n  i n  mean b u b b le  v e l o c i t y  w i t h  p o s i t i o n  i n  t h e  

b e d .  The mean b u b b le  v e l o c i t y  i n c r e a s e d  w i t h  t h e  h e i g h t  

ab ove  t h e  d i s t r i b u t o r ,  and  d e c r e a s e d  w i t h  l a t e r a l  d i s t a n c e  

f ro m  t h e  c e n t r e l i n e ,  w h ic h  l e a d s  one t o  s u p p o s e  t h a t  m a c ro 

s c o p i c  b ed  m ix in g  an d  c i r c u l a t i o n  a r e  i n f l u e n t i a l .  The 

mean b u b b le  v e l o c i t y  i s  d e f i n e d  i n  t e r m s  o f  a n  a v e r a g e  

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

b u b b le  s i z e  r a n g e ,  w h i l e  t h e  Zv an d  a r e  d e f i n e d  a s  t h e  

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

b e tw e e n  t h e  p r o b e  and  t h e  bed  c e n t r e l i n e  r e s p e c t i v e l y .

B ubb le  S i z e  D i s t r i b u t i o n

A t y p i c a l  b u b b le  s i z e  d i s t r i b u t i o n  m e a s u re d  by  t h e  

p r o b e  f o r  t h e  f l u i d i z e d  b ed  i s  shown i n  F i g u r e  2 8 ,  w here  

t h e  c h a r a c t e r i s t i c  b u b b le  s i z e  i s  t h e  e q u i v a l e n t  s p h e r i c a l  

d i a m e t e r  co m p u ted  b y  t h e  sh a p e  d e t e r m i n a t i o n  p r o c e s s .

T hese  d i s t r i b u t i o n s  g iv e  t h e  b u b b le  num ber f r a c t i o n  f o r  

a  p a r t i c u l a r  b u b b le  s i z e  a t  a  c e r t a i n  p o s i t i o n  w i t h i n  

t h e  f l u i d i z e d  b e d ,  w here  t h e  b u b b le  num ber f r a c t i o n  i s
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110
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a t  35 cm a b o v e  d i s t r i b u t o r  
a l o n g  c e n t r e l i n e

6 168 1810 12
De  (cm)

F i g u r e  2 5 .  V a r i a t i o n  o f  b u b b le  v e l o c i t y  w i th  e q u i v a l e n t  
s p h e r i c a l  d i a m e t e r  f o r  i n d i v i d u a l  b u b b l e s  i n  
t h e  f l u i d i z e d  b e d .
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F i g u r e  2 6 .  V a r i a t i o n  o f  mean b u b b le  v e l o c i t y  w i th  
b u b b le  s i z e  an d  l e v e l  i n  t h e  b e d  on 
th e  b ed  c e n t r e l i n e .
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F i g u r e  2 7 .  V a r i a t i o n  o f  mean b u b b le  v e l o c i t y  w i th  
s i z e  and  p o s i t i o n  a t  t h e  to p  o f  t h e  
f l u i d i z e d  b e d .
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d e f i n e d  i n  t e r m s  o f  t h e  num ber o f  b u b b l e s  f o r  a  p a r t i c u l a r  

s i z e  d i v i d e d  by  t h e  t o t a l  num ber o f  m e a s u re d  b u b b l e s .

The p ro b e  i s  o n l y  c a p a b l e  t o  d e t e c t  t h e  b u b b l e s  w i t h  i t s  

t r a v e r s e  a x e s  l o n g e r  t h a n  6 cm. T h u s ,  t h e  s i z e  d i s t r i b -  

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

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

d i s t r i b u t i o n ,  t h e  t r u n c a t e d  e r r o r  £ i s  i n t r o d u c e d .  The 

t r u n c a t e d  gamma f u n c t i o n  d i s t r i b u t i o n ,

p r o v i d e s  a n  e x c e l l e n t  f i t  t o  t h e  d a t a ,  a s  shown i n  

F i g u r e  28 and  F i g u r e  29 .

F i g u r e  30 an d  F i g u r e  31 show t h e  v a r i a t i o n  o f  s i z e  

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

u t o r .  The b u b b le  s i z e  i n c r e a s i n g  w i t h  t h e  l e v e l  i n  t h e

(3 7 )

w here

2

oC (3 8 )

de

e

(3 9 )

de D.E i <^0)
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b e d  i s  c l e a r l y  s e e n .  F i g u r e  32 a n d  33 show t h e  v a r i a t i o n  

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

t h e  m i d d l e  o f  t h e  bed  r e s p e c t i v e l y .

F i g u r e  Jk  shows t h e  v a r i a t i o n  o f  t h e  mean b u b b l e  s i z e  

d i s t r i b u t i o n  i n  t h e  bed  a t  d i f f e r e n t  p o s i t i o n s .  The 

i n f l u e n c e  o f  b u b b l e  c o a l e s c e n c e  i s  o b v i o u s .

The c h a n g e s  i n  t h e  s i z e  d i s t r i b u t i o n  v a r i a n c e  w i t h  

p o s i t i o n  i n  t h e  b e d  i s  shown i n  F i g u r e  35 .

B ubb le  F r e q u e n c y  D i s t r i b u t i o n

F i g u r e  36  shows t h e  v a r i a t i o n  o f  b u b b l e  f r e q u e n c y  

d i s t r i b u t i o n  w i t h  t h e  p o s i t i o n  i n  t h e  b e d .  The s a w t o o t h  

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

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

p l a y s  a  m a j o r  r o l e  h e r e .  However ,  t h e  b u b b l e s  r i s e  more 

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

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

g r e a t e r  h e i g h t s  i s  due t o  t h e  b u b b l e  c o a l e s c e n c e .  The 

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

i n  F i g u r e  37 .  T h e se  d a t a  a l s o  show g a s  b u b b l e s  do i n c r e a s e  

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

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

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

m e d ia  and  b e t w e e n  t h e  m e d ia  an d  t h e  w a l l  m i g h t  f a v o r  t h e  

b u b b l e  f o r m a t i o n  i n  t h e  zone  n e a r  t h e  w a l l .
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4

Dg (cm)

.5

55 cm
.5

.0

. 5

• 5

• 5
6 820

(cm)

F i g u r e  3^» V a r i a t i o n  o f  mean b u b b l e  s i z e  d i s t r i b u t i o n  
i n  t h e  bed  a t  d i f f e r e n t  p o s i t i o n .
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4.0

. 8
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.0
= 55 cm
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.6

620 8
Z ̂  ( cm)

F i g u r e  3 5 .  The c h a n g e s  i n  t h e  s i z e  d i s t r i b u t i o n  v a r i a n c e  
w i t h  p o s i t i o n  i n  t h e  f l u i d i z e d  b e d .



BU
BB

LE
 

FR
EQ

UE
NC

E 
(l

/s
e

c
)

68

35 cm 

^5  cm

55 cm
3 . 5

5

2.0

k 6 8 10 1220
(cm)

F i g u r e  3 6 . V a r i a t i o n  o f  b u b b l e  f r e q u e n c y  w i t h  p o s i t i o n  
i n  t h e  f l u i d i z e d  b e d .
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3 . 0

5

2.0

62 10
Z^ (cm)

F i g u r e  37* V a r i a t i o n  o f  b u b b l e  f r e q u e n c y  w i t h  s u p e r f i c i a l  g a s  
v e l o c i t y  and  l a t e r a l  p o s i t i o n  i n  t h e  f l u i d i z e d  b e d .



Chapter VI

CONCLUSIONS

A n o v e l  o p t i c a l  p r o b e  s y s t e m  h a s  b e e n  d e v e l o p e d  and  

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

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

p r o b e  s y s t e m  w h ic h  m e a s u r e s  t h e  l o c a l  b u b b l e  c h a r a c t e r 

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

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

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

i n  f r e e l y  b u b b l i n g  f l u i d i z e d  b e d s .  F o u r  n o n - i n v e r t i n g  

c o m p a r a t o r s  w i t h  h y s t e r e s i s  h a s  b e e n  u s e d  t o  im p ro v e  t h e  

n o i s e  im m u n i ty  o f  t h e  s y s t e m .  By means o f  t h e s e  e x p e r 

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

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

be  d e t e r m i n e d .

A 9 6  l i t e r  r e c t a n g u l a r  f l u i d i z e d  bed  was u s e d ,  

c o n t a i n i n g  g l a s s  b e a d s  w i t h  a  s i z e  f r a c t i o n  o f  355jU  -  

2 5 0 / A .  A i r  was t h e  f l u i d i z i n g  medium w i t h  g a s  v e l o c i t i e s  

r a n g i n g  f r o m  1 - z  Umf t o  2 . 0  Umf .  The p r o b e  p o s i t i o n  was 

v a r i e d  f r o m  35 cm t o  55 cm a b o v e  t h e  d i s t r i b u t o r ,  and 

0 t o  8 cm f ro m  t h e  bed  c e n t r e l i n e .  At m o d e r a t e  g a s  

v e l o c i t i e s ,  t h e  b u b b l e  s i z e  d i s t r i b u t i o n  c a n  be a p p r o x 

i m a t e d  b y  gamma f u n c t i o n  d i s t r i b u t i o n .  The b u b b l e  s i z e  

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

i n  t h e  b e d .  I t  was a l s o  fo u n d  t h a t  t h e  D a v i e s - T a y l o r  

E q u a t i o n  f o r  b u b b l e  v e l o c i t y  was i n a d e q u a t e  t o  f i t  

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

w i t h  p o s i t i o n  i n  t h e  b e d .

M o t io n  p i c t u r e s  w ere  a l s o  t a k e n  f o r  a  t w o - d i m e n s i o n a l  

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

i s t i c s .  I n  a g r e e m e n t  w i t h  t h e  l i m i t e d  a v a i l a b l e  r e s u l t s  

o f  o t h e r  a u t h o r s ,  t h i s  i n f o r m a t i o n  shows t h a t  t h e  b a s i c  

b u b b l e  s h a p e s  and  b u b b l e s  do i n c r e a s e  i n  s i z e  w i t h  p a r t i c l e  

s i z e ,  p o s i t i o n  h e i g h t ,  an d  g a s  v e l o c i t y .  The b u b b l e  

i n c r e a s e s  i t s  s i z e  w i t h  t h e  h e i g h t  i n  t h e  b e d  by  c o a l e s 

c e n c e  an d  m a i n t a i n s  a  maximum s t a b l e  s i z e  b y  s p l i t t i n g .



Chapter VII

RECOMMENDATIONS

F u r t h e r  e f f o r t  s h o u l d  be d e v o t e d  t o  s t u d y  t h e  

p henom ena  o f  h i g h  g a s  v e l o c i t y  f l u i d i z a t i o n  w i t h  f i n e  

p a r t i c l e s .  Thus t h e  c o n t i n u o u s  o p e r a t i o n  o f  a  3 -D  bed  

s h o u l d  be s e t  up i n  o r d e r  t o  r e c y c l e  t h e  p a r t i c l e s .

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

t h e  p r o b e  w ould  be  t o o  l a r g e  i n  d i m e n s i o n  f o r  s m a l l  

b u b b l e  m e a s u re m e n t  i n  a  f l u i d i z e d  bed  w i t h  f i n e  p a r t i c l e s .  

T h u s ,  a n  im m e d ia te  t a s k  w ould  be t h e  f u r t h e r  m i n i a t u r 

i z a t i o n  o f  t h e  p r o b e .  T h i s  may a l s o  be n e c e s s a r y  f o r  

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

i n  a  r e c e n t  p a p e r  b y  Rowe an d  M a ss o n -^ .  O p t i c a l  f i b e r  

w o u ld  be s u g g e s t e d  t o  r e p l a c e  LED and  p h o t o - c e l l  t o  

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

A l s o  t h e  I n t e l  8085 m i c r o p r o c e s s o r  h a s  t h e  c a p a b i l i t y  

o f  c o m m u n ic a t in g  w i t h  a  t e l e t y p e .  I f  t h e  i n t e r f a c e  

b e t w e e n  I n t e l  8085 m i c r o p r o c e s s o r  and  U n iv a c  9 0 / 8 0 - 4  

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

be  im p ro v e d  t o  be a  f a s t  r e a l - t i m e  d a t a  p r o c e s s i n g  s y s t e m .
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C THOMAS T A X - P A I  CHU
C CHE 7 9 0  DOC TOR AL R E S E A R C H  AND D I S S E R T A T I O N  
C
C B U B B L E  C H A R A C T E R I S T I C S  C A L C U L A T I O N  
C
C PS:l.  SLOWER L I M I T  OF P A R T I C L E  S I Z E  RANGE
C P S 2 t U P P E R  L I M I T  OF P A R T I C L E  S I Z E  RANGE
C C T 1 I NUMBER OF T I M E  I N T E R V A L S  MEASURED  

A FOR A X I A L  LE NGTH C A L C U L A T I O N  
C C T 2  I NUMBER OF T I M E  I N T E R V A L S  ME AS URED  
C P S 1 S L O W E R  L I M I T  OF P A R T I C L E  S I Z E  RANGE
C P 8 2 S U P P E R  L I M I T  OF P A R T I C L E  S I Z E  RANGE
C C T 1 S N U M B E R  OF T I M E  I N T E R V A L S  ME AS URED  

A FOR A X I A L  LE NGTH C A L C U L A T I O N  
C C T 2 S N U M B E R  OF T I M E  I N T E R V A L S  ME AS URED  

A FOR CHORD LE NGT H C A L C U L A T I O N  
C C D T 1 S N U M B E R  OF T I M E  I N T E R V A L S  ME AS URED  

A FOR V E L O C I T Y  C A L C U L A T I O N
C C D T 2 S  NUMBER OF T I M E  I N T E R V A L S  ME A S UR ED  

A FOR F R O N T A L  CU RV AT U RE  C A L C U L A T I O N
C N D B J N UMB E R  OF D I M E N S I O N  OF F L U I S I Z E D  BED  
C LP * L A T E R A L  P O S I T I O N  OF P R OB E  W I T H I N  F L U I D I Z E D  BED  
C HI  V E R T I C A L  P O S I T I O N  OF P R O B E  W I T H I N  F L U I D I Z E D  BED  
C F R I  S U P E R F I C I A L  GA S  V E L O C I T Y  
C ND AT AS N UMB E R  OF ME A S UR EMEN TS  
C U B I  B U B B L E  V E L O C I T Y  
C A L I  B U B B L E  V E R T I C A L  A X I A L  LENGTH  
C B I  B U B B L E  V E R T I C A L  CHORD LENGTH  
C F B I  H E I G H T  D I F F E R E N C E  BETWEEN TWO P O I N T S  ON 

A B U B B L E  F R O N T A L  S U R F A C E  D E T E C T E D  BY P R O B E S  
C R F I  R A D I U S  OF B U B B L E  F R ON T A L  S U R F A C E  
C D F I  D I A M E T E R  OF B U B B L E  F RON TA L S U R F A C E  
C WDI H E I G H T  D I F F E R E N C E  BETWEEN TWO P O I N T S  ON 

A B U B B L E  WAKE S U R F A C E  D E T E C T E D  BY P R O B E S  
C RWI R A D I U S  OF B U B B L E  WAKE S U R F A C E
C HWI H E I G H T  OF B U B B L E  WAKE
C R RI  R A D I U S  OF H O R I Z O N T A L  B U B B L E  C U T T I N G  S U R F A C E  
C V B I  B U B B L E  VOLUME  
C D E I E  Q U I V  A L E N T B U B B I... E D I A  M E T E R 
C

I N  T E G E R P S 1 r P  S  2  » C T 1 1- C T 2  ,  C D T 1 »  C D T 2  »1-1 
READ < .1. r * )  NDBy  L P  y H t  F R y P S  1 y P S 2 y N D A T A  
W R I T  E ( 2  y 1 0 1 > N D B y L P v H

1 0 1  FORMAT < 1 4 X  y 1 1 r ' ~ D  . B E D ' y S X y ' P R O B E  P O S I T I O N S ' » 1 2  r 
A ' CM y ' y . I 2 x  ' C M )  ' )

W R I T E ( 2  y 1 0 2 ) F R » P S 1 r P S 2
1 0 2  * F 0 R M A T < / » 3 X > ' S U P E R F I C I A L  GAS  V E L O C I T Y ® ' t F 5 . 2 t 

A ' C M / S E C ' » 3 X » ' P A R T I C L E  S I Z E  I ' » 1 3 1 ' - ' y I 3 )
W R I T E ( 2  y 1 0 3 )

:!. 0 3  FORMAT ( / /  y 5 X  » ' UB ' 1 7 X  y ' A L ' r 6 X  y ' RF ' » AX » ' RR ' » AX ,  ' RW ' »
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A'oX ,  ' V B 7 » 7 X  » '  B E 7 r 4 X  t  '  S H A P E  ' y / )
d o  1 9  :i: :i>:i. y n d a t a  
READ ( 1 ,  * )  o  r :l. 1 C T 2  r C D T 1  » C D T 2  

C T J T I M E  I N T E R V A L <S E C )
1 = 0  * 0 0 2  
U B = 3 . 0 / G D T 1 / T  
A L = C T 1 * T * U B  
B = C T 2 * T # U B  
F D = C D T 2  >K T >K U B 

0  F D J H E I G H T  D I F F E R E N C E  BETWEEN TWO P O I N T S  
A ON F R ON T A L  CURVE D E T E C T E D  BY P R O B E S  

C ♦ ♦ ♦ B Y  T R I A L  AND ERROR METHOD TO D E T E R M I N E  
A T H E S  U P E R F I C I A  I... B U B B L E R A D I U  S  ♦ . .

G R1  J I N I T I . A L  T R I A L  VA L U E  FOR B U B B L E  F R ON T A L  
A S U R F A C E  R A D I U S  

C D R i : L A R G E R  I N CRE ME NT  
C D R2  XS MALL I NCRE ME NT

R 1 =  < ( 3  ♦ 0 - - F D  ) * * 2 + 3 * 3  ) * * 0  .  5
D R 1 = R 1 # 0 . 1
D R 2 = R 1 * 0 . 0 1

C ♦ . ♦ U S I N G  LARGER I N C R E M E N T  TO S EA RC H R F , . ,  
DO 1 1 = 1 y 3 0  
R F = R 1 + D R 1 * I
R I - 1 =  ( R F >K *  2  -  3  #  3  > *  #  0  , 5 + F D 
X = A B S  < RF 1 - -RF )
I  F I X ,  I...E. 0  * 0 0 1 )  GO TO 4  

C . .  . C H E C K I N  G I- 0  R C 0  N V E R (3 E N C E ♦ ♦ ,
I F ( R F 1 . G T ♦ R F ) GO TO 2  
C O N T I N U E  
R F 2 - - R F - - D R 1
. ♦ ♦ U S I N G  SMALL I N C R E ME N T  TO S EARCH R F . . .  
DO 3  J = 1 y 1 0  
R F = R F 2 + D R 2 * J  
R F 1 =  <R F # * 2 - 3 * 3 ) # # 0 ♦ 5 + F D  
X = A B S < R F 1 - R F )
I F < X . L E . O . 0 0 1 ) 0 0  TO 4

3  C O N T I N U E
4  D F = R F * 2
C ♦ ♦ ♦ BY T R I A L  AND ERROR METHOD TO D E T E R M I N E  

A THE WAKE S U R F A C E  R A D I U S  
C WDXH E I G H T  D I F F E R E N C E  BETWEEN TWO P O I N T S  

A ON WAKE S U R F A C E  D E T E C T E D  BY P R O B E S  
C R 2  S I  N I T  I A  I... T R I A L  VALUE FOR WAKE S U R F A C E  

A R A D I U S  D E T E R M I N A T I O N  
W D = A B S ( F D + B - A L )
I F  ( WD ♦ I...E ♦ 0  ♦ 0 0 1 )  GO TO 1 2  
R 2 =  < < 3  ♦ 0- -WD ) * * 2  + 3 * 3  ) * * 0  ♦ 5  
D R 3 = R 2 * 0 . 1  
D R 4 = R 2 * 0 . 0 1

C ♦ ♦ . U S I N G  LARGER I N C RE ME NT  TO S EA RC H R W . . .
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DO 5  K ~ 1  9 3 0  
R U = R 2 + D R 3 * K
RW1 =  < R W # * 2 - 3 * 3  ) * * < > .  5+WD  
Y ~  A B S ( R W:!. •••• R W )
I F C Y . L E . O . O O l > G 0  TO 8  

C . .  . C H E C |< I N  G F 0  R C 0  N V E R G E N C E . ♦ .
I F  ( RW1 . GT . RW ) GO TO 6

5  C O N T I N U E
6  RW2-- RW-- DR3
C ♦ . ♦ U S I N G  SMALL I N C R E ME N T  TO S EA RCH RW♦ . ♦

DO 7  L ~ 1  v 1 0
R W = R U 2 + D R 4 * L
RW:I. =  ( R W # # 2 - 3 * 3  ) * * 0  .  5+WD
Y = A B S  <R W l - R W  )
I F  ( Y * I...E ♦ 0  ♦ 0 0 1 )  GO TO 8

7  C O N T I N U E
8  I F  < A I... * GE * D F ) GO TO 1 6  

R B - R F
c  d b : s u p e r f i c i a l  b u b b l e  d i a m e t e r

D B = D F
I F  ( A L - R B  > 9  y 1 0 »  1 1 

C . . . I F  B U B B L E  A X I A L  LENGTH I S  L E S S  THAN  
A T H E S  U P E R F I C I A  I... B U B B I... E R A D I U  S  ♦ ♦ ♦ . .

C l-IWJ H E I G H T  OF B U B B L E  WAKE
C S B J H E I G H T  OF B U B B L E
9  H W »  ( 2  #  R B #  A L -  A L *  *  2  > /  2  /  < R W •••■ R B + A I...)

RR= ( 2 # R W# H W- - H W* * 2  ) * * 0  . 5
S S := A LT HW

C . ♦ . I F  BUBBI...E H E I G H T  I...E$3S  THAN BUBBI...E R A D I U S
A AND WI TH D E N T E D  B O T T O M . . . . . . . .

I F ( S S ♦ G T ♦ R B ) GO TO 1 0
0  B 1 = 3  ♦ 1 4 1 6  *  < A I... 1 1-I W ) *  < 3  #  R R >K *  2  +  < A L + H W > >K #  2  ) /  6  
V B 2 ~ 3 . I 4 1 6 * H W * ( 3 * R R * * 2 + H W * * 2 ) / 6  
U B = V B 1 ~ U B 2
DE™< 6 Y 0 B / 3 . 1 4 1 6 ) * * < 1 ♦ / 3 )
WR I T E  < 2  f 1 0 5 ) UB » A L , R F , R R » RW t OB » DE 

1 0 5  FORMAT < 1 X » 5 F B ♦ 2  » F 8 ♦ 1 v F 8 . 2 y 3 X  y 7 S ♦ L . D . ' )
GO TO 1 9

C . . .  I F  B U B B I... E H E I G  H T E Q U A I... S  TO B U B B I... E R A D I U  S
A AND A X I A L  LENGTH L E S S  THAN B U B B L E  R A D I U S ♦ . ♦ ♦

1 0  0 I = 3 ♦ I 4 I 4 # D B * * 3 / 6
V 2 - 3  . 1 4 1  A# HW*  ( 3 * R R 5 K * 2 + H W # # 2  ) / 6  
O B - 0  :1. - 0 2
D E ~ ( A * 0 B / 3 ♦ 1 4 I 6 ) M ( 1 . 7 3 )
W R I T E ( 2 r 1 0 6 ) UB vAL r RF » RR y RW v OB v DE 

:l.0 6  FORMAT ( 1 X * 5 F 8  . 2  r F 8  . 1  r F 8  ♦ 2  t 3 X  » " H . S  .  D . 7 )
GO TO 1 9

C  .  ♦ . I F  BO'T H BIJ B BL E H E I G H T  AND A X I A  I...
A LENGTH ARE G R E A T E R  THAN B U B B L E  R A D I U S . . . .

1 1  0 1  a  3  . 1 4 1 6  *  < D B *  *  3  > /  6
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S  = < RB+RUI +( A L - R B + R W ) ) / 2
P® < ( S - R B ) *  < S - R U I ) *  ( S - - A L + R B  - RW) / S ) * * 0  ♦ 5
A 1 « A T A N < P / < S - R W >  > # 2
R R ® R B # S I N < A 1 >
H 1 ®R B *  C 0  S  < A '.I.) -  A L + R B
V 2  ;= 3  . :l. 4 1 6  *  H :l. *  < 3  *  R R *  R R + H 1 *  *  2  > /  6  
H 2 - R B * < 1 - C 0 S < A 1 > )
V 3 = 3  ♦ :l. 4  1 6  *  l-l 2  *  < 3  *  R R *  R R + H 2  *  *  2  ) /  A 
V B = V 1 - V 2 - V 3
BE® < 6 * V B / 3  .  :l. 4 :l. 6  > * *  < 1 ♦  / 3  )
WR I TE < 2 9 1 0 7 ) U B t A L y R F  y RRy RW y V B y B E

1 0 7  FORMAT < 1 X y 5 F 8 * 2  y F 8 . 1 y F 8 . 2 y 3 X  r ' S ♦ G ♦ D ♦ 7 )
GO TO 1 9

C . .  .  F 0  R F L A T B 0  T T 0  M B U B B L E AND AX I A  L. I... E N G T l-l
A E Q LJ A I... S  T 0  B U B B I... E H E IG  l-l T ..............

1 2  I F  < A I... ♦ GE ♦ DF ) GO TO 1 7  
DB®DF
R B R  F

0  . ♦ ♦ F O R  B U B B L E  H E I G H T  L E S S  THAN S U P E R F I C I A L  
A B U B B L E  R A D I U S . . . ♦ ♦ ♦ . .

I F < A L - R B ) 1 3 y l 4 y l 5  
1.3  R R ® < R B *  *  2  -  ( R B - A L > *  *  2  > *  *  0  . 5

V B ® 3  ♦ 1 4 1 6 *  A I... *  < 3  *  R R *  *  2 + A L *  *  2  ) /  A 
D E « ( 6 * V B / 3 ♦ 1 1 A > * * ( 1 . / 3 )
W R I T E ( 2  y 1 0 8 ) UB y A L ? RF v RR y VB vDE

1 0 8  FORMAT < 1 X y 4 F B . 2 y 5 X y ".... " y 1 X t F 8 ♦ 1 y F 8 . 2  y 3 X  y ' S ♦ L ♦ ' )
GO TO 1 9

C . . . I F  B U B B L E  H E I G H T  E Q U A L S  TO S U P E R F I C I A L  
A B U B B L E  R A D I U S . . ♦ ♦ . . .

1 4  RR--RI- 
V B = 3 . 1 4 1 A * D B * * 3 / 1 2
DE® < AJKVB/ 3  ♦ 1 4 1 A > * *  < 1 .  / 3  )
WR I TIE! ( 2  y 1 0 9 )  UB y A I... y RF y RR y VB y DE

1 0 9  F O R MA T ( 1 X y 4 F 8 . 2 y 5 X y 7 .....7 y 1 X y F 8 * 1 y F 8 . 2  y 3 X  y 7 H . S . 7 )
GO TO 1 9

C . . . I F  B U B B L E  H E I G H T  I S  GREATER THAN  
A T l-l E S  U P E R F I C I A  L B U B B L E  R A D I U  S  . . . . . .  ♦

1 5  R R ® < R B * * 2 - < A L - R B ) * * 2 ) * * 0 . 5  
V B 1 ® 3 . 1 4 1 A * D B # # 3 / A
V B 2 = 3 . 1 4 1 6 * ( D B - A L ) *  < 3 # R R * # 2 + <D B - A L ) * * 2 ) / 6  
V B ® V B 1 ~ V B 2
D E ® < 6 # V B / 3 . 1 4 1 6 ) * *  < 1 ♦ / 3  >
W R I T  E < 2  y 1 1 0  > U B y A L y R F y R R  t V B y D E

1 1 0  FORMAT ( I X  y 41- 8  . 2  y 5 X  y 7....7 y I X  y F 8  ♦ 1 y F 8  .  2  y 3 X  y 7 S  ♦ G ♦ 7 )
GO TO 1 9

C . . .  I- 0  R P A R ABO L I C  B U B B L E ♦ ♦ ♦
C . . . P A R A B O L I C  B U B B L E  WI TH DEN TE D  W A K E . . .

1A* C ® 3 # 3 / F D
C l ®  < C - 2 * R W  ) * * 2  - -4 * C * A L  
I F ( C l ♦ L T . 0 , 0 ) GO TO 1 8
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HW~ < RW* 2 (  ( C - R W * 2 ) * * 2 - 4 * C # A L  ) * * 0  * 5 )  / 2
R R « < C * < A L + H W ) > * * 0 . 5
V 4 = 3 . 1 4 1 6 * H W *  ( 3 * R R * R R + H U * * 2  ) / 6
V 5 = C * 3  . 1 4 : 1 . 6 *  < A L + H W ) * * 2 / 2
V B ~ V 5 - V 4
D E *  < 6 * V B / 3  ♦ .1.4:1.6 > * *  < 1 .  / 3  )
WR I T E  < 2  r :l. .'I. :l.) U B ,  AL y RF ,  RR r RW y VB y DE 

:l. 1 1 FORMAT < :l. X y S F 8  ♦ 2  r F 8  * 1 y F 8  * 2  y 3 X  y ' P . C / )
GO TO 1 9
♦ * ♦ P A R A B O L I C  B U B B L E  WITH F L A T  B O T T O M * * *
C = 3 * 3 / F D  
R R * < C * A L ) * * 0  * 5  
V B *  C *  3  » :l. 4  :l. 6  *  A I... *  *  2  /  2  
D E * < 6 * V B / 3  * 1 4  :l. 6  ) * *  < 1 ♦ /  3  >
WR I  TE < 2  y :l. 1 2  ) UB y AL y RF y RR y UB y DE 

:i. :l. 2  F 0  R M A T < :l. X y 4  F 8  * 2  y 5  X y '  -  -  ' y 1 X y F  8  * 1 y F 8  . 2  y 3  X y ' P A R * ' )
GO TO 1 9

C ♦ ♦ . P A R A B O L I C  B U B B L E  WITH A P A R T I A L  DENTED WAKE*
1 8  R R *  < R W + 3 ♦ > / 2

HW*RW-  < R W * * 2 --R R * * 2  ) * * ( )  ♦ 5  
V 6 * 3  * 1 . 41 6*1-1 W* ( 3  *  R R *  R R T H W *  *  2  > / 6  
V 7 = 3 * 1 4 1 6 * 0 *  < A L + H W ) * * 2 / 2  
V B ~ V 7 ~ V 6
D E * < 6 * V B / 3 * 1 4 1 6 ) * * ( 1  * / 3 )
WR I  TE < 2  y 1 1 3  ) UB y A I... y RF y RR t RW y VB y DE 

1 1 3 FORMAT ( :l. X y 5 F 8  * 2  y F 8  * 1 y F 8  * 2  y 3X y ' p * 0  * ' )
1 9  C O N T I N U E  

S T O P  
END
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APPENDIX B

SOFTWARE SIGNAL DISCRIMINATOR AND PROCESSOR
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FILE: FLUID :GCJ HEWLETT-PACKARD'': 8085 Assenbler
LOCATION OBJECT CODE LINE SOURCE LINE

1 "8085"
<2000)

tL
3 EPSILLON EQU 2000H

<2001> 4 DISPCNT EQU 20 01H
<20 02> 5 DATA EQU 2002H<2004> 6 FREQDAT EQU 2004H
< 20CF > 7 INTER EQU 20CFH
< 9800 > 8 RAN EQU 980 OH
<A003> 9 STA1 EQU 0A003H< A803 > 10 STA2 EQU 0A8O3H
<B003> 11 STA3 EQU 0B003H< B803 > 12 STA4 EQU 0B8O3H
< AO00 > 13 VEL EQU OAOOOH<A001> 14 DIA EQU OAOOIH
< A 0 0 2 > 15 PRB1 EQU 0A002H< A80 0 > 16 PRB3 EQU 0A8O0H
< A801> 17 OFFSET EQU 0A801H
< A802 > 18 CURVE EQU 0A802H
< BO00 > 19 FREQCNT EQU OBOOOH
<B800> 20 TIMER1 EQU 0B8D0H
<B8Q2> 21 CLOCK EQU 0B802H

22
0000 AF 23 XRA A } SET A TO 024
0001 21A003 25 LXI H , STA1 j PROG TIMER*1
0004 3E11 26 NVI A, 11H
0006 77 27 MOV M, A0007 3E71 28 MVI A , 71H ;DOUBLE BYTE
0009 77 29 MOV M, A
000A 3EB1 30 MVI A;0B1H ;DOUBLE BYTE
oooc 77 31 MOV M , A

32
OOOD 21A803 33 LXI H,STA2 }PROG TIMER#20010 3E31 34 MVI A,31H jDOUBLE BYTE
0012 77 35 MOV M, A
0013 3E51 36 MVI A > 51H
0015 77 37 MOV M > A
0016 3E91 38 MVI A,91H
0018 77 39 MOV M,A40
0019 21B003 41 LXI H,STA3 j PROG FREQ CN
001C 3E31 42 MVI A,31H ; DOUBLE BYTE001E 77 43 MOV M,A
001F 3E71 44 MVI A,71H j DOUBLE BYTE0021 77 45 MOV M , A0 022 3EB1 46 MVI A ̂ 0B1H ;DOUBLE BYTE
0 024 77 47 MOV M> A
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48
0025 21B803 49 LXI H,STA4
0028 3E37 50 MU I A, 37H
0 02A 77 51 MOV M , A
002B 3E77 52 MVI A > 77H
0 0 2D 77 53 MOV M, A
002E 3EB1 54 MVI A,0B1H
0030 77 55

56
MOV M, A

0031 21B80 0 57 LXI H > TIMER 1
0034 113072 58 LXI D,3072H
0037 73 59 MOV M > E
0038 72 60 MOV M , D
0039 23 61 I NX H
003A 110500 62 LXI D ,50 OH
0 0 3D 73 63 MOV M > E
003E 72 64

65
MOV M,D

0 03F 21980 0 66 LXI H > R AM
0042 AF 67 XRA A
0 043 2D 68 ERASE DCR L
0044 77 69 MOV M, A
0045 C20043 70

71
JNZ ERASE

0 048 222002 72 SHLD DATA
004B AF 73 XRA A
004C 322001 74

75
STA DISPCNT

004F 3EC3 76 MVI A,0C3H
0051 3220CE 77 STA 20CEH
0 054 210064 78 LXI H,START
0057 2220CF 79 SHLD INTER

80
0 05A 3120C2 81

82
LXI SP,20C2H

0 05D 3E1B 83 MVI A, 1BH
005F 30 84 SIM
0060 FB 85

86
El

0061 C30061 87 WAIT
88

JMP WAIT
0 064 AF 89 START XRA A
0065 CD036E 90

91
CALL, 36EH

0068 11FFFF 92 LXI D ,OFFFFH
006B CD05F1 93

94
CALL. 5F1H

006E 3E99 95 MVI A,99H
0070 21B000 96 LXI H> FREQCNT
0073 77 97 MOV M,A

jPROG TIMERS 
;DOUBLE BYTE
;DOUBLE BYTE
jDOUBLE BYTE

;PROG CLK TIMER 
)2 MSEC, CLK

jl SEC. CLK

jCLR MEMORY 
;SET A TO 0

{LD DATA VECT 
;SET A TO 0

jLD INTR VECT

jSET STK PNTR 
jDIS S.5 & 6.5

jSET A TO 0 
;D1SP '00'
>DELAY FOR INTR 

j RES FREQ CNTRS
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0074 77 98 MOV M,A
0 075 23 99 INX H0076 77 100 MOV M,A
0 077 77 101 MOV M> A
0078 23 102 INX H
0079 77 103 MOV M,A007A 77 104

105
MOV M , A

007B 21B802 106 LXI H>CLOCK007E 77 107 MOV M, A
007F 77 108 

1 09
MOV M , A

0080 210145 110 LXI H.EXIT0083 2220CF 111 SHLD INTER
112

0086 3E1B 113 MVI A, 1BH
0088 30 114 SIM
0089 FB 115

116
El

0 08A 3E99 117 RESTART MVI A,99H
008C 21A000 118 LXI H, VEL
008F 77 119 MOV M , A
0090 23 120 INX H
0091 77 121 MOV M , A
0092 77 122 MOV M, A
0 093 23 123 INX H
0094 77 124 MOV M,A
0 095 77 125

126
MOV M , A

0096 21A800 127 LXI H , PRB3
0099 77 128 MOV M, A
009A 77 129 MOV M, A
009B 23 130 INX H
009C 77 131 MOV M, A
009D 23 132 INX H
009E 77 133

134
MOV M , A

009F 21008A 135
136

LXI H,RESTART
OOA2 DBOO 137 CHK1 IN 0OH
00A4 E60F 138 ANI OFH
00A6 FEOO 139 CPI 0 OH
00A8 CA00A2 140 JZ CHK1
00AB FE01 141 CPI 01
0 0 AD CA00B1 142 JZ CHK2
0 0 BO E9 143 PCHL

144
0 OBI DBOO 145 CHK2 IN 00H
00B3 E60F 146 ANI OFH t
00B5 FE01 147 CPI 01H
00B7 CA00B1 148 JZ CHK2
OOBA FE03 149 CPI 03H
OOBC CAOOCO 150 JZ CHK3

j RES SEC CLK

jSET INTR VECT 

jDIS 5.5 6 6.5

}RES TIMER #1

;RES TIMER#2

jLD RESTART PNTR 
)CHK FOR 4

) CHK FOR 4 6  2
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OOBF E9 151
152

PCHL
OOCO DBOO 153 CHK3 IN OOH00C2 E60F 154 ANI OFH
Q0C4 FEOF 155 CPI OFH
00C6 CA00D1 156 JZ CHK400C9 E603 157 ANI 03H
OOCB FE03 158 CPI 03H
OOCD CAOOCO 159 JZ CHK3OODO E9 160

161
PCHL

00D1 DBOO 162 CHK4 IN OOHOOD3 E60F 163 ANI OFH
OOD5 FEOF 164 CPI OFH
OOD7 CAOOD1 165 JZ CHK4
OODA FEOE 166 CPI OEH
OODC CA00E0 167 JZ CHK5
OODF E9 168

169 PCHL
OOEO DBOO 170 CHK5 IN OOH
00E2 E60F 171 ANI OFH
00E4 FEOO 172 CPI OOH
OOE6 CAOOEF 173 JZ OK
OOE9 E601 174 ANI 01HOOEB CAOOEO 175 JZ CHK5
OOEE E9 176

177
PCHL

OOEF 21A001 178 OK LXI H ,DIA
0 0F2 4E 179 MOV C,M
OOF3 46 180

181 MOV B,M
OOF4 21A002 182 LXI H,PRB1OOF7 7E 183 MOV A,MOOF8 91 184 SUB COOF9 7E 185 MOV A,M
0 0FA 98 186 SBB BOOFB DA008A 187

188
JC RESTART

OOFE 21A80 0 189 LXI H ,PRB30101 7E 190 MOV A,M
0102 91 191 SUB C0103 7E 192 MOV A,M0104 98 193 SBB B0105 DA008A 194

195
JC RESTART

0108 CD0174 196 CALL BCD010B CD015B 197 CALL MULT010E 3AA801 198 LDA OFFSET0111 5F 199 MOV E,A
0112 3E99 200 MVI A,99H0114 93 201 SUB E0115 BC 202 CMP H
0116 D200BA 203

204
JNC RESTART

0119 2A2002 205 LHLD DATA

jCHK FOR ALL

jCHK FOR 1 , 2 4 3

CHK FOR 1,2,3 
j OR NONE.

}LOAD DIA 

j COMP WITH #1

j COMP WITH #3

jCALC MAX OFFSET 
j COMP W/ OFFSET

;CY=1 IF A<H 

jLD DATA ADDR



011C CD017D 206
207

011F EB 208
0120 21A800 209
0123 CD0182 210
0126 EB 211

212
0127 3AAOOO 213
012A 47 214
012B 3AA802 215
012E 4F 216
012F CD0174 217
0132 CD017D 218

219
0135 222002 220

221
0138 3A2001 222
013B 30 223
013C 322001 224
013F CD036E 225

226
0142 C3008A 227

228
0145 21BOOO 229 EXIT
0148 112004 230
014B CD0182 231
014E CD0182 232
0151 CD0182 233

234
0154 21B802 235
0157 CD0182 236

237
015A CF 238

239
015B 3A2000 240 MULT015E 5F 241
015F 210000 242
0162 AF 243

244
0163 7D 245 MUL.TO
0164 81 246
0165 27 247
0166 6F 248

249
0167 7C 250
0168 88 251
0169 27 252
016A 67 253

254

88
CALL STORE1 j STORE DIA
XCHG
LXI H,PRB3 
CALL STGRE2 
XCHG

jDE<DATA ;LOAD #3
;HL<DATA

LDA VEL 
MOV B,A 
LDA CURVE 
MOV C,A 
CALL BCD 
CALL STORE1

)LOAD VEL 
jLOAD CURVE

; SAVE BOTH
SHLD DATA ;SAVE DATA PTR
LDA DISPCNT INR A
STA DISPCNT 
CALL 36EH

)DISP DATA CNT

JMP RESTART
LXI H>FREQCNT 
LXI D,FREQDAT 
CALL ST0RE2 
CALL ST0RE2 
CALL ST0RE2

j SAVE FREQ 
1 IN 2004.

LXI H,CLOCK 
CALL ST0RE2

j SAVE TIME 
;IN 200A .

RST 1 jWARM START
LDA EPSILLON 
MOV E ,A 
LXI H> OOH 
XRA A

;INIT A,E,H6L 
;BC X .E = H.L

MOV A ,L 
ADD C 
DAA
MOV L, A

}ADD LOW BYTE

MOV A,H 
ADC B 
DAA
MOV H, A

}ADD HIGH BYTE



016B 3E99 255 MVI A,99H
016D 83 256 ADD E
016E 27 257 DAA
D16F 5F 258

259
MOV E, A

0170 C20163 260 JNZ MULT0
0173 C9 261

262
263

RET

0174 3E99 264 BCD MVI A , 99H
0176 90 265 SUB B
0177 47 266 MOV B, A
0178 3E99 267 MVI A,99H
017A 91 268 SUB C
017B 4F 269 MOV C,A
017C C9 270

271
RET

017D 70 272 STORE1 MOV M,B
017E 23 273 INX H
017F 71 274 MOV M,C
0180 23 275 INX H
0181 C9 276

277
RET

0182 4E 278 ST0RE2 MOV C,M
0183 46 279 MOV B.M
0184 CD0174 280 CALL BCD
0187 EB 281 XCHG
0188 70 282 MOV M,B
0189 23 283 INX H
01 BA 71 284 MOV M,C
018B 23 285 INX H
018C EB 286 XCHG
018D 23 287 INX H
018E C9 288 RET

89
}A=E-1

jCHK IF DONE

;MAKE CNTR 
jVALUES BCD.

jGET DATA 
jFROM CNTR
j HL< DATA 
j PUT DATA 
j IN MEMORY

;DE< DATA

Errors* 0
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DESCRIPTION OF CALIBRATION PROCEDURE 
FOR COMPARATOR CIRCUIT

The c i r c u i t  shown i n  F i g u r e  3 8  i s  a  n o n - i n v e r t i n g  

c o m p a r a to r  w i t h  h y s t e r e s i s .  The a c t u a l  o u t p u t s  f ro m  a  

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

h y s t e r e s i s  a r e  show n i n  F i g u r e  3 8 A a n d  F i g u r e  3 8 B 

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

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

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

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

r a i n i n g  i n s i d e  t h e  b u b b l e s .  O nly t h e  n o n - i n v e r t i n g  

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

s e n s o r  s i g n a l s  t o  make i t  w e l l  d e f i n e d  an d  d i g i t a l  

c o m p a t ib l e  f o r  u s e  b y  a n  I n t e l  8085  d a t a - l o g g e r .  An a c t u a l  

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

i n  F i g u r e  39*

The s e n s o r  s i g n a l  i s  a  f u n c t i o n  o f  b o t h  th e  LED/ 

p h o t o - c e l l  s e n s o r  a n d  t h e  d e n s i t y  o f  t h e  bed  a t  t h e  s e n s o r  

s i g h t ,  i t  i s  t h e r e f o r e  n e c e s s a r y  t o  tu n e  e a c h  o f  t h e  f o u r  

c o m p a r a to r  c i r c u i t s  t o  i t s  a s s o c i a t e d  s e n s o r .  Two s e t  p o i n t s  

a r e  u s e d  t o  d e t e r m in e  t h e  o u t p u t  o f  t h e  c o m p a r a to r  .

The f i r s t  p o i n t  ( V ^ )  i s  s e "t n e a r  t h e  u p p e r  l i m i t  o f  t h e  

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

c o m p a r a to r  o u t p u t  (Vq ) a t  5 v o l t s  f o r
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339

F i g u r e  3 8 .  S c h e m a t ic  d ia g ra m  o f  a  n o n - i n v e r t i n g  
c o m p a r a to r  w i t h  h y s t e r e s i s .
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DIRECTION OF IARTtMOVEMENT

F i g u r e  3 8 A. An a c t u a l  a m p l i f i e r  c i r c u i t  o u t p u t  
a c t i v a t e d  b y  t h e  p r o b e .
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DIRECTION- OF CHART m cVBMENT

F i g u r e  3 8 B. An a c t u a l  c o m p a r a to r  o u t p u t
w i t h o u t  t h e  h y s t e r e s i s  e f f e c t .



DIRECTION OF- CHART' MOVEMENT
^  , — 4  1 ' ■!  I  ■ "  - f r  1 I  f f i U m  I  1 - I  h — !  1 1 + —

4 ----- 1----- f- — I- -+-H—• _| 1 1_

■Cf5—

■4-----1—H-----h -I f 1----- 1----- 1----- f------1-

F i g u r e  3 9 .  An a c t u a l  c o m p a r a to r  o u t p u t  r e c o r d e d  
on a  c h a r t  w i t h  t h e  h y s t e r e s i s  e f f e c t ,
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The v o l t a g e  o f  V^i i s

Ri + Rf (^2)

The s e c o n d  s e t  p o i n t  ( V ^ )  i s  s e t  n e a r  t h e  lo w e r  s e n s o r  

s i g n a l  l i m i t .  F o r  t h e  s i g n a l  v o l t a g e  b e lo w  Vh2 »

Vi + (V0 - Vi ) ( ----- )<vref (■
Ri + Rf

t h e  c o m p a r a to r  o u t p u t  w i l l  be  r e s e t .  The s e c o n d  s e t  

p o i n t  v a l u e  i s

T h i s  m e th o d  o f  s w i t c h i n g  t h e  c o m p a r a to r  o u t p u t  p r o v i d e s  

h y s t e r e s i s  by  i n c o r p o r a t i n g  p o s i t i v e  f e e d  b a c k  i n  t h e  

c o m p a r a to r  c i r c u i t ,  w here  t h e  w i d t h  o f  t h e  h y s t e r e s i s  

w indow ( £ V ) i s

Vm  - vH2 = v0 -i {1*5
Rf

F i g u r e  ^ 0  show s t h i s  k i n d  o f  i n p u t - o u t p u t  c h a r a c t e r i s t i c .  

The n o i s e  im m u n ity  o f  t h e  c i r c u i t  i s  g r e a t l y  im p ro v e d  

b e c a u s e  o f  t h e  h y s t e r e s i s .

Once t h e  s i g n a l  w i d t h ,  h y s t e r e s i s  window w i d t h ,  

an d  s i g n a l  b i a s  becom es know n, and  c a n  be  s e t
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F i g u r e  kO. I n p u t - o u t p u t  c h a r a c t e r i s t i c  o f  a  c o m p a r a to r  
w i t h  h y s t e r e s i s .
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i n d i r e c t l y  b y  u s i n g  Vr e j>. The d e t a i l e d  p r o c e d u r e  i s  

a s  f o l l o w s i

1 .  M easu re  t h e  a t  h ig h  an d  a t  low  t o  

d e t e r m in e  t h e  s i g n a l  w i d t h .

2 .  C a l c u l a t e  t h e  h y s t e r e s i s  window w id th  

by  E q u a t i o n  (^+5 ) •

3 .  A d j u s t  t h e  a t t e n u a t o r  t o  b r i n g  t h e  r a t i o  

o f  t h e  s i g n a l  w id th  t o  t h e  h y s t e r e s i s  

window w id th  b e lo w  1 . 2 5  i n  o r d e r  t o  g e t  

a  b e t t e r  r e s u l t .

4-. S e t  Vr e £ v a l u e  i n  b e tw e e n  a t  h ig h  

an d  a t  low  b y  a d j u s t i n g  Rr e f

5 .  D e te rm in e  an d  VH2 *>y E q u a t i o n  (4-2) 

an d  E q u a t i o n  ( 4 4 )  r e s p e c t i v e l y .
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APPENDIX D

DATA COLLECTED FOR 

BUBBLE CHARACTERISTICS ANALYSIS
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3 - D  BED P R O B E  P O S I T I O N S  8 C M» 5 5 G M >

S U P E R F I C I A L  GAS  V E L O C I T Y " 1 2 , 4 A C M / S E C  P A R T I C L E  S I Z E  i 2 5 0  - 3 3 5

UB AL RF RR

AS ♦ 1 8 A . A 8 3 . 4 2 0 , 7 8
8 3 . 3 3 7  ♦ 3 3 4 . 0 2 2 , 0 9
A 5 . 2 2 4 . 5 7 4 . 5 7 4 . 5 2
7 8  * 9 5 7 . 4 2 4 . 0 7 2 , 3 0
7 5  ♦ 0 0 A .  AO 4 , 0 2 2 , 4 3
A 5  ♦ 2 2 5  ♦ 3 u 3 , 4 9 2 , 8 0
8 8  ♦ 2 4 A . 3 5 A .  7  2 A ♦ A 4
7 5  ♦ 0 0 7 . 3 5 3 » 3 2 5 , 2  A
9 3 . 7 5 5 . 6 2 1 2 . 1  A 1 0 , 2 5
7 1 . 4 3 A .  7 1 3 , 4 8 1 . 2 8
8 3 . 3 3 7 .  A 7 4 , 0 2 1 , 5 5
8 3 . 3 3 8 . 1 7 4 . 0 2 7 . 0 0
5 5 .  5 A 1 . 5 A 1 3  , A 5 1 3  .  A 2
8 3 . 3 3 9 . 1 7 3 , 3 2 5 , 5  A
A 2 . 5 0 A .  5 0 3 , 4 8 1 . 5 8
7 1 . 4 3 5 . 5 7 4 . 0 A 3 , 5 9
7 1  . 4 3 A ,  5  7 3 . 5 9 2 . 0 0

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

1 0 0 . 0 0 8 . 4 0 3 ,  A 4 A ,  8 7
8 3 . 3 3 7 . 8 3 4 . 0 2 1 , 3 0
7 8 . 9 5 1 0 . 1 1 5 , 4 5 2 , 8 4
8 8 . 2 4 8 . 1 2 3 , 4 4 5 , 8 7
9 3 . 7 5 8 . 0 6 3 , 3  A 5  ♦ 9  A
8 3 . 3 3 7 . 5 0 4 , 0 2 2 , 0 3
7 1 . 4 3 5 . 4 3 4 . 0 A 3 .  A A
A S .  1 8 A .  1 4 3 , 5 1 2 . 3 3
7 8 . 9 5 A . A 3 3 . 3 0 4 , 5 5
8 8 . 2 4 7 , 9 4 3 , 4 4 A ,  2 4
7 5 . 0 0 A , AO 7 . 8 0 7 . 7 1
7 5 . 0 0 7 . 3 5 3 , 3 2 5 , 2 3
5 5 .  5 A 1 . 5  A 1 3 . A 5 1 1  . 4 7
8 8 . 2 4 5 , 2 9 A . 7 2 A ,  7 2
A 8 . 1 8 4 . 7 7 4 . 5 3 • 4 , 4 5
7 8 . 9 5 7 . 2 A 4 . 0 7 2 . 3 0

1 0 7 .  1 4 1 3 . 0 7 3 , 3 3 7 , 1 8

RW OB DE S H A P E

4 , 5 3 1 A 7 . 5 A , 8 4 8  ,  G ♦ D
1 A » 5 1 2  A 8 , 1 8 , 0 0 8  ,  G , D

1 A . A 1 2 1 9 . 9 7 . 4 9 8  » G , D
— 2 7 5 , 9 8 , 0 8 8 ,  G ,

5 , 0 1 2 5 9 , 2 7 , 9 1 S  . G , D
1 A ♦ A .1. 1 5 7 . 0 A ,  A 9 S  .  G . D
1 A » 4 8 A 8  2 ,  8 1 0 , 9 3 S  ,  G , »
1 5 , 1 4 3 1 8 , 7 8 , 4 7 P , C ,

... 1 0 2 2 . 2 1 2 , 5 3 s ,  i... ,
— 1 7 5 , 7 A , 9 5 S . G .

1 A . 5 1 2 7 1  , 7 8 , 0 4 8  ,  G , D
... A 2 8 ,  A 1 0 ,  6  3 P A R ,

1 3 ,  A S 9 0 9 , 2 1 2 , 0 2 S  ♦ G . D
— 4 4 5 , 5 9 , 4 8 P A R ,

1 A ,  A 2 1 7 4 . 5 A ,  9  3 S  ,  G , D
1 6 , 5 7 2 2 4 , 0 7 , 5 4 S  , G , D

....... 1 8 9 , 9 7 , 1 3 8 ,  G ,

... 5 0 1  , 0 9 , 8 5 P A R ,
1 A ♦ 5 5 2 9 5 . 2 8 , 2  A S  , G , D

— A 5 4 . 5 1 0 , 7 7 P A R ,
— A 2 3 . 4 1 0 .  AO P A R .
— 2 7 2 , 5 8 , 0 4 8 , G ,
...... A A 8 ,  A 1 0 , 8 5 8 ,  G ,

4 3 9 , 9 9 , 4 4 P A R ,
1 2  , 1 A 4 4 8 , 0 9 , 4 9 P , 0 ,

2. A 9  , 5 8 , 0 1 8 ,  G ,
1 A ,  5 7 2 1 8 , 1 7 . 4 7 S . G .  D

... 1 7 3 . 4 A ,  9 2 S , G ,
1 A . 5 3 2 1 5 , 7 7 , 4 4 P , C ,
1 A , 4 8 4 8 5 . 1 9 . 7 5 P . C .

... 7 A A . 2 1 1  , 3 8 S . L .
1 6 . 5 5 3 1 5 , 1 8 , 4 4 P , c .
1 A . 3 5 3 9 5 . 2 9 , 1 0 8  , L ♦ D
1 A . 4 8 5 3 3 . 7 1 0 . 0  A 8  ♦ G . D
1 A ♦ 5 9 2 2 9 , 9 7 . 6 0 S  . G , D
1 A . 5 3 2 7 4 ,  A 8 , 0  A S  ♦ G ♦ D
1 A . 3 8 1 0 5 6 ♦ 1 1 2 ,  A 3 P , c .
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6 5 . 2 2 6 , 3 9
8 8  ♦ 2 4 8 , 1 2
8 3 , 3 3 8 , 0 0
6 2 , 5 0 6 , 5 0
7 8 , 9 5 8 , 6 8
7 5 , 0 0 6 , 9 0
9 3 . 7 5 1 0 . 6 9
8 3 , 3 3 7  ♦ 8 3
6 5 , 2 2 5 , 8 7
8 8 . 2 4 6 , 3 5
7 1 . 4 3 3 , 5 7
8 8 , 2 4 6 , 0 0
7 8 , 9 5 8 . 8 4
7 8 , 9 5 6 , 3 2
8 3 , 3 3 6 , 8 3
7 8 , 9 5 7 , 5 8
6 5 . 2 2 5 , 8 7
8 8 . 2 4 5 , 8 2
6 5 , 2 2 4  ♦ 5 7
9 3 , 7 5 9 , 3 7

1 0 0 , 0 0 1 1  ♦ 4 0
6 5 . 2 2 6 . 2 6

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

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

1 0 0 , 0 0 9 , 4 0
1 0 0 , 0 0 1 1 , 6 0

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

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

4 , 1 0 3 . 1 7
3 . 4 4 6 . 3 1
4 , 0 2 0 . 6 3
3 , 4 8 1 . 5 8
3 , 4 1 5 . 9 5
4 . 0 2 2 . 3 0
5 . 4 6 1 . 3 8
4 , 0 2 1 . 1 7
3 , 4 1 2 . 2 0
6 . 7 2 6 . 7 1
6 , 7 9 5 . 9 8
6 . 7 2 6  ♦ 6 9
3 , 4 1 6 . 0 0
4 , 1 9 3 , 6 2
4 , 5 7 3 , 6 4
4 , 0 7 2 , 0 6
3 , 5 4 2 , 4 9
6 . 7 2 6  ♦ 6 6
4 . 5 7 4 , 5 2
3 . 3 6 6  ♦ 2 6
7 . 8 0 3  ♦ %.)
3 , 4 9 1 . 9 7
3 , 3 3 7 .  1 8
8 , 4 9 7 , 9 3
6 . 7 2 6 . 7 1
7 , 8 0 7 . 1 8
7 , 6 4 3 , 7 6
4 , 0 2 1 , 7 1
8 . 4 9 6 . 9 2
4 , 0 2 7  ♦ 7 9

1 2 . 1 6 1 0 , 4 8
4 . 0 2 7  ♦ 0 7
7 . 8 0 7 , 6 3
6 . 0 3 '•>. ■■;> qv /»• /
3 , 3 6 6  ♦ 3 2
6 , 7 2 6 , 6 7
3 , 4 6 7 , 0 6
3 , 3 2 5 , 0 0
4 , 1 2 2 , 3 5
5 , 6 8 5  ♦ 2 7
4 , 1 9 3 , 8 0
3 . 3 6 5 . 5 8
4 , 0 8 7 , 4 4
3 . 3 2 4 , 9 5
4  ♦ 5 2 3  ♦ 9 9

1 0 , 3 3 • 5 . 7 9
4,11 3 . 6 7
3 . 5 0 6 . 5 7
3 , 4 8 1 ♦ 4 9
3 , 6 5 6 , 7 7

1 6 , 6 1 2 5 8 . 4
1 6 . 4 8 5 0 7 , 0

2 7 3 ,  1
1 6 . 2 8 1 7 4 , 5

..... 4 8 2 , 3
6 , 3 7 2 6 3 , 3

1 6 , 4 5 6 8 1  . 4
1 6 , 5 1 2 7 2 , 7
1 6 . 6 1 1 5 8 , 6

5 8 3 , 9
2 2 4 , 3

1 6 , 4 8 6 3 3 , 6
5 0 0 , 0

..... 2 6 1  . 8
1 3 , 6 5 3 4 8 , 6

2 7 8 , 2
1 6 , 2 5 1 7 3 . 9

5 0 9 , 4
1 6 , 6 1 2 1 9 , 9
1 6 . 4 5 5 7 6 . 1

3 , 5 5 1 8 8 4 , 1
1 6 , 6 1 1 7 4 . 1
1 6 . 3 8 1 0 5 6 , 1
1 6 . 5 7 4 1 8 , 8
1 6 . 4 8 5 8 3 , 8
1 6 . 4 1 1 4 1 1  ,  1

4 , 0 7 1 6 3 1 , 2
........ 2 7 1  , 3
..... 2 9 2 , 6

1 6 . 5 1 7 7 5 , 2
1 1 4 8 . 9

6 5 4 , 5
1 2 9 5 , 2

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

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

1 6 . 5 3 2 3 6 . 7
— 4 1 2 , 9
. . . . . . 7 4 6 , 8

2 8 2 , 9
1 6 , 4 8 3 0 9 , 2

9 6 , 6
1 6 . 5 5 2 2 8  ♦ 1
1 6 , 4 8 5 3 6 , 9

9 , 2 6 1 7 4 , 7
— 5 8 0 , 6

7 , 9 0 S  ,  G ♦ D ♦
9 . 8 9 P ♦ C ,
8 , 0 5 8 ,  (3,
6  ♦ 9 3 8 , 8 , D .
9 , 7 3 P A R .
7 . 9 5 S  ♦ G ♦ D .

1 0 , 9 2 8  , (3,  D .
8  , 0 5 8  , G ♦ D *
6 , 7 2 8  , G ,  D ,

1 0 . 4 0 8, 1. . . ,
7  . 5 6 8 ,  L ,

1 0  , 6  6 8  .  (3 , D .
9 . 8 5 P A R ,
7 , 9 4 8 ,  (3.
8 , 7 3 8  , (3 , D ,
8 , 1 0 S3, G ,
6 , 9 3 8  , (3 , D ,
9 , 9 4 8  , 1... ♦
7 , 4 9 8  , (3 , D ,

1 . 0 , 3 2 I-* + ♦
1 . 5 , 3 2 S:>, ,  D ♦

6 , 9 3 8  , G ,  D »
1 . 2 , 6 3 P , C ,

9 , 2 8 8  ,1..., D ,
1 . 0 , 3 7 S3 , G .  D ,
1 . 3 , 9 2 S3 . G , n .
1 . 4 , 6 0 S3 ♦ (3 , D ,

8 , 0 3 S3, G ,
8 . 2 6 S3,1...,

1.1 , 4 0 P , C ♦
1 . 3 , 0 3 S3, L ,
1 . 0 , 7 7 P A R ,
1 . 3 , 5 2 S3 , (3 ,
1 . 2 , 0 4 8 .  G ,

9 . 7 2 P ♦ C ,
1 . 0 , 7 9 S  ,  (3 .  D ,
1.1 , 9 6 P A R .

8 , 2 5 P A R .
8 , 1 7 S3 . (3 .
7 . 0 2 S3, L ♦
7 , 6 7 S*.> ♦ (.’) ♦ 0  ♦
9 . 2 4 P A R ,

1.1 , 2 6 P A R .
8 , 1 4 P A R ,
8 . 3 9 8  ♦ G . D .
5 . 7 1 S3. L ,
7 , 5 8 S3 ♦ (3 , D ,

1 , 0 . 0 8 P , C ♦
6 . 9 4 S3 , (3 ♦ D ♦

1 . 0 , 3 5 P A R ,
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6 8 . 1 8 6 , 6 8 3 , 6 2 1. , 9 5 —- 1 . 9 6 , 0 7 , 2 1 . S . 8 ,
9 3 . 7 5 6 . 3 7 8 , 2 7 8 , 0 5 7 8 4 . 8 1 . 1 , 4 8 S . L ,
8 3 , 3 3 7 . 6 7 4 , 0 2 1 , 5 5 1 6 , 5 1 2 7 1 , 7 8 , 0 4 8 ,  G ,
7 1  . 4 3 6 . 4 3 3 , 5 9 2 . 2 0 ...... 1 . 8 7 , 9 7 ,  1.1. S ,  (3 ♦
8 8 , 2 4 6 , 1 8 4 , 5 2 3  ♦ 9 9 1 . 6 , 4 8 3 0 9 . 2 8 , 3 9 O + (.'J ♦
6 8 . 1 8 6  ♦ 5 5 3 , 4 6 1. . 5 8 ...... 1 . 7 2 , 4 6 , 9 1 . 8 ,  (3.
8 8 , 2 4 7 . 9 4 3 , 3 9 5 , 5 8 3 8 8 . 6 9 , 0 5 P A R ,
8 8 , 2 4 5 . 6 5 6 , 7 2 6  ♦ 6 4 — 4 8 4 , 9 9 , 7 7 S , 1..,
7.1. , 4 3 5 . 5 7 4 , 0 6 3 , 7 7 . . . . . . 2 1 . 5 , 2 7 , 4 4 S . G ,
8 8 , 2 4 7 , 9 4 3 , 4 4 6 , 2 4 1 6 , 4 8 4 8 5 , 1 . 9 , 7 5 1"', G ♦
6 5 , 2 2 6 , 2 6 3 , 4 9 2 ,  1.3 1 . 7 3 , 3 6 , 9  2 $3 ,  (3 ,
7 5 , 0 0 1 . 0 , 5 0 3 , 5 0 6 , 9 6 7 9 9 . 3 1 . 1 , 5 1 P A R ,
9 3 , 7 5 9 , 3 7 3 , 3 6 5 . 8 8 5 0 9 , 8 9 , 9 1 . P A R ,



1 0 0

3 - D  BED PROBE P O S I T I O N - ( 0CM»55CM>

S U P E R F I C I A L  GAS  U E L O C I T Y - 1 . 2 . 4 6 C M / S E C  P A R T I C L E  S I Z E ? 2 5 0 - 3 5 5

UB AL

7 5  ♦ 0 0 5 , 5 5
8 3  ♦ 3 3 6 , 8 3

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

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

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

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

1 0 7 , 1 4 6 ♦ 00
6 5 . 2 2 6 . 3 9
8 3 . 3 3 8 . 0 0
88 . 2 4 8 , 2 9
78.95 1 0 . 1.1
6 8 .  1 8 6 . 5 5
9 3 . 7 5 1 0 . 8 7

RF R R

4  ♦ 1 1 3 , 6 7
4 . 5 7 3 . 6 4
7 . 3 3 7 ,  1.6
3 , 6 2 1 , 7 2
5 , 4 6 1. .  3 8

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

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

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

RW OB

1 6 , 5 5 2 2 8 , 1 .
1 3 . 6 5 3 4 8 . 6

5 6 7 . 5
...... 1 9 7 , 5

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

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

1 7 3 . 4
1 . 6 , 5 3 5 3 2 , 2

...... 5 8 0 , 6
3 5 9 , 4

1 . 6 , 4 8 5 3 6 , 9
...... 7 4 6 , 8

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

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

...... 8 3 1 . 3

...... 9 1 . 5 , 7
8 , 8 7 1 8 5 . 7

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

.._.... 6 0 2 , 3
1 6 . 6 1 2 5 8 . 4

...... 2 7 3 . 1

...... 4 5 9 . 3

...... 6 6 8 , 6
1 7 2 , 4

...... 6 8 2  .1.

DE S H A P E

7 , 5 8 8  .  G , D
8 , 7 3 S ,  G , D

1 . 0 , 3 0 S  ,  1... ,
7 , 2 3 S , G ,

1 . 0 , 9 2 S  . G , D
5 , 9 4 8  ,  I... ,

1.1. . 7 0 P A R ,
8 , 1 4 P A R ,
7 , 0 2 8  , 1... ,
9 . 2 4 P A R ,

1.1 , 6 2 P , C ,
7 , 6 7 S  ,  G , D
6 , 9 2 S ,  G .

1 . 0 , 0 5 P , 1/ ,
1 . 0 , 3 5 P A R .

8 , 8 2 P A R .
1 . 0 , 0 8 P , C ♦
1.1. , 2 6 P A R ,

8 , 0 5 S , G ♦
1 . 0 , 3 7 S ,  G , D
1.1 , 1.5 P , C ,
1 . 2 , 0 2 S ,  1... ,
1 . 0 , 0 6 S ,  G ,  D
1 1 . 6 7 P A R ,
1 . 2 , 0 5 S , G ,

7 . 0 8 S  , G , Li
8 , 0 8 8 ,  G ,
9 . 4 8 P . C ,
7 . 3 2 S  ♦ 1..., D

1 0 . 1 8 P , C .
1 0 . 5 1 S , L ,

7 , 9 0 S  ♦ G ,  D
8  ♦ 0  5 S , G .
9 . 5 7 P A R .

1 0 . 8 5 8 ,  G ♦
6 . 9 1 S . G .

1 . 0 , 9 2 S  ♦ G .



1 0 1

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

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

1 0 7 * 1 4 1 3 . 0 7
1 0 7 . 1 4 1 5 . 2 1
1 0 7 . 1 4 5  ♦ 7 9

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

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

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

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

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

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

1 6 . 5 1 3 2 8 , 1
5 0 1  , 0

— 9 1 6 , 4
6 , 3 7 2 6 3 . 3

1 6 , 4 8 5 3 3 , 7
1 6 , 4 8 6 3 3 . 6
1 6 , 6 2 1 7 4 , 5

2 7 3 , 0
. . . . . . 7 4 2 , 2
— 8 3 3 , 8

1 6 . 3 8 1 0 5 6 , 1
7 , 3 3 2 1 1 0 , 6

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

— 6 8 1 . 2
9 , 2 6 1 7 4 , 7

1 . 6 , 5 5 3 1 5 .  1
1 6 , 4 8 4 8 5 ,  1

1 7 9 , 8
1 4 3 5 . 4

1 6 , 4 8 5 3 6 , 9
. . . . . . 8 6 1  , 2

1 6 , 5 3 2 3 6 , 7
— 1 9 6 , 0

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

8 5 0 , 2
1 3 7 , 9

1 6 , 4 8 5 5 8 , 7
1 6 . 5 1 2 7 2 , 7
1 6 , 4 8 7 2 5 , 4
1 6 . 5 1 3 7 4 . 8

. . . ._ 5 5 8 , 9
1 5 , 8 6 1 7 5 , 3

— 1 I 1 2  ,  0
6 . 3 7 2 0 0 0 . 6
5 . 0 1 1 8 6 . 2

— 2 8 6 . 0
. . . ._ 8 9 6 , 7

3 . 2 7 4 8 0 . 4
— 5 2 1 , 6

8 3 8 , 8
3 3 3 , 6

1 6 . 5 7 1 8 6 . 9
2 7 1 , 3

— 5 0 0 , 0

8 , 5 6 P , C ,
9 . 8 5 P A R ,

1 2 . 0 5 P A R .
7 , 9 5 S  ♦ G ,  n .

1 0 , 0 6 8  .  G . D .
1 0 . 6 6 8  , G . D .

6 , 9 3 8  , (3 , D ,
8 , 0 5 8 ,  G .

1 1 , 2 3 P A R .

1 1 . 7 0 P A R ,
1 2 , 6 3 I"1 +1/ ♦
1 5 , 9 1 P , C ,
1 2 , 1 1 8  ♦ 1... ,

8 , 0 0 s , g  ,  n ,
9 . 4 9 P , c .

1 0 . 9 2 8 ,  (5,
6 , 9 4 8  , G ♦ n ,
8 , 4 4 P , C ,
9 , 7 5 P , c ,
7 , 0 2 8 , 1. . . ,

1 4 . 0 0 P A R ,
1 0 , 0 8 1" , 1/ ,
1 1  , 8 0 P A R ,

7 , 6 7 S ,  G . D ,
7 , 2 1 ♦ (.) ,

1 0 . 0 6 8  ,  G , El ,
6 , 9 3 8 , 0 , 0 ,

1 0 , 9 2 8  , (3 ,  D ,
1 1 , 7 5 P A R .

7 , 1  :i. 8 ,  G .
1 0 , 2 2 S , (3 , 0  ,

8 , 0 5 , G ♦ ).J,
1 1 . 1 5 P ♦ 0  ♦

8 . 9 5 s , g ,  n ,
1 0 , 2 5 8  . 1... ,

6 , 9 5 8 ,  g  ,  n ,
1 2 , 8 9 8 ,  L ,
1 b  , 6  3 8  , G ,  n ,

7 , 0 9 8  . G ,  D .
8 , 1 7 8 ,  G .

1 1 , 9 6 P A R ,
9 , 7 2 P , C ,
9 , 9 9 8 ,  (3,

1 1 . 7 0 P A R .
9 . 0 5 P A R ,
7 , 0 9 8 .  G . n ,
3 . 0 3 8 ,  (3,
9 , 8 5 PAR ♦



1 0 2

7 5 . 0 0 7  * 0 5 3 * 5 5 0  * 5 7
7 0  * 9 5 6 * 6 3 3 , 3 0 4  * 5 5
83*33 4 * 8 3 5 . 9 2 5 * 9 2
88.24 8 *  1.2 3 * 4 4 5  * 8 7
7 8  * 9 5 7 * 5 8 4 * 0 7 1. * 8 6
6 5 * 2 2 5*87 3,41 2 * 2 0
78*95 9 , 9 5 5 , 4 5 3 * 0 9
71.  * 4 3 5 . 5 7 4 * 0 6 3 . 7 7
8 8 * 2 4 6,18 6 . 7 2 6 * 7 0
7 8 * 9 5 7  ♦ 2 6 3  * 3 4 5 , 0 9
8 8  * 2 4 5 * 1 . 2 6  * 7 2 6 * 5 3
9 3 . 7 5 9 , 3 7 3 * 36 6 * 4 4
8 8 * 2 4 8 . 4 7 3 * 5 7 4 * 2 7
9 3 * 7 5 1 . 3 * 5 0 3 * 3 6 7  ♦ 0 6
8 3 * 3 3 1 . 3 ,  1.7 3 , 5 4 4 * 0 2

1 . 6 * 5 5 1 . 8 7 * 8 7 . 1 1 S  * G * D
1 . 6 * 5 3 2 1 . 5 * 7 7 * 4 4 P * C *
1 6 * 5 1 . 3 7 4 * 8 8 * 9 5 S  , G * D

— 4 3 9 * 9 9 * 4 4 PAR ♦
1 . 6 * 5 3 2 7 8 * 9 8 * 1 1 S  * G * D
1 . 6 * 6 1 1 . 5 8 , 6 6 * 7 2 S . G * D

— 6 6 4 * 2 1 0 . 8 3 S  * G *
2 1 . 5 , 2 7 , 4 4 8  * (;) *

— 5 5 8 * 9 1 0 . 2 5 S  * L .
— 2 9 5 * 2 8  * 2 6 P A R ,

4 1 2 * 8 9 , 2 6 S * L *
:l. 2  * 1 6 6 0 6 * 7 1 . 0 , 5 0 P ♦ C *

5 * 5 4 81 . 8 * 1 . 1 . 1 * 6 0 P * C *
1 . 0 5 7 * 0 1 2 . 6 4 PAR *

5 . 0 5 1 7 1 8 * 8 1 4 . 8 6 l~ * G *
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3 - D  BED PROBE P O S I T I O N S  2 C M» S 5 C M)

S U P E R F :C C I A  I... G A S  0  E I... 0  C I T  Y = 1 2 . 4 6 C M / S  E C P A R T I C L E S I Z E  * 2 5 0 - 3 5 5

UB AL RF RR

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

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

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

RW OB DE S HAPE

— 4 5 7 , 4 9 , 5 6 P A R ,
— 9 8 8 , 8 1 2 , 3 9 S , L ♦

1 6  ,  6 1 2 6 0 , 7 7 . 9 3 S  , 0  , D
— 1 5 6 . 0 6 , 6 8 S , (3,

1 6 , 5 1 1 1 0 8 , 6 1 2 , 8 4 S  , G , D
— 9 6 , 6 5 , 7 1 S . L ,

1 3 , 6 5 3 4 8 , 6 8 , 7 3 S  , G , D
1 6 , 5 1 2 6 8 , 1 8 , 0 0 S  , G , D

3 9 1 . 4 9 . 0 3 S , G ,
5 9 2 , 4 1 0 , 4 5 S . L ,

1 6 . 6 1 1 7 4 .  1 6 , 9 3 S  , G , D
— 1 9 2 . 8 7 . 1 9 8 ,  L ,

1 6 , 4 8 6 5 8 , 3 1 0 . 7 9 S  . G , D
— 2 6 3 , 9 7 , 9 6 8 , 6 ,

1 4 3 4 , 7 1 4 , 0 3 S . L ♦
1 1 .  1 8 1 9 6 , 3 7 , 2 1 8  , G . D

— 2 4 6 , 7 7 . 7 8 S . G ,
— 3 1 9 . 7 8 . 4 8 P A R ,

1 1 » 0 9 7 3 5 . 4 1 1 , 2 0 P , C ,
1 7 9 , 8 7 , 0 2 S , L ,

...... 1 8 4 , 0 7 . 0 6 S . G ,
1 6 . 5 5 3 1 5 . 1 8 . 4 4 P . C ,

8 , 2 7 4 8 0 , 4 9 , 7 2 P . C ,
4 8 7 . 2 9 . 7 6 P A R .
5 4 3 . 9 1 0 . 1 3 P A R .
2 9 4 , 5 8 , 2 5 P A R ,

1 6 , 6 9 4 2 7 , 0 9 , 3 4 S , G , D
— 7 3 5 , 4 1 1 . 4 5 P A R ,

1 6 , 5 1 3 2 8 .  1 8 . 5 6 P . C ,
1 6 , 5 9 7 9 8 . 1 1 1 , 5 1 S  . L . D

— 3 5 9 . 4 8 , 3 2 P A R ,
9 . 7 3 5 3 9 . 5 1 0 , 1 0 S  ♦ G , D
6 . 3 8 4 2 4 , 9 9 , 3 3 P , C ,

2 7 3 . 0 8 , 0 5 S . G .
4 3 9 . 9 9 , 4 4 P A R ,
3 1 6 , 3 8 . 4 8 S . L ,
3 1 4 , 9 8 , 4 4 P A R ,
6 3 4 . 3 1 0 . 6 9 S . L .
3 8 8 , 6 9 . 0 5 P A R .
5 9 4 , 6 1 0 . 4 3 P A R ,
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5 5 . 5 6 1 , 7 8 1 0 , 3 3 8 . 0 4 1 6 , 6 6 2 0 5 . 6 7  i  3 2 S . L . D ♦
6 0 . 0 0 6 , 2 4 3 . 9 9 3 . 3 0 2 3 4 . 0 7 . 6 5 S . (3,

1 1 5 . 3 8 9 , 6 9 3 . 3 4 4 . 9 3 . 6 , 8 5 6 8 8 . 6 1 0 . 9 6 - P. C ,
7 8 , 9 5 6  ♦ 3 2 4 , 1 9 3 . 6 2 — 2 6 1 . 8 7 , 9 4 S .  (3,
8 3 . 3 3 1 1 , 0 0 4 , 1 8 4 . 3 1 3 2 0 , 7 8 . 4 9 P A R ,
7 8 . 9 5 1 2 , 4 7 3 , 4 6 7 . 4 0 — 1 0 7 1 . 6 1 2 . 7 0 P A R ,

1 0 7 . 1 4 9 , 2 1 3 . 4 3 6 , 2 2 — 5 6 0 . 1 1 0 . 2 3 P A R .
5 0 .  0 0 4 , 6 0 4 , 0 8 4 , 0 5 1 6 9 . 3 6 , 8 6 S , (3,
6 0 . 0 0 6 . 0 0 5 , 4 4 5 . 2 6 1 6 . 6 3 4 2 8 , 5 9 , 3 5 S , G , D .
5 7 . 6 9 2 , 8 8 9 , 9 8 7 . 0 2 2 3 5 , 8 7 . 6 9 S , L ,
7 8 , 9 5 7  , 2 6 4 , 0 7 2 , 3 0 ' 1 6 , 5 3 2 7 4 . 6 8 , 0 6 S ♦ G . D ,
7 8 , 9 5 8 , 6 8 3 , 4 1 5  ♦ 9 5 4 8 2 , 3 9 , 7 3 P A R ,
9 3 , 7 5 5 , 2 5 4 , 5 6 4 . 5 1 2 4 3 . 6 7 . 7 5 S , G ,
9 3 , 7 5 8 . 0 6 3 , 3 6 5  ♦ 9 6 1 2 . 1 6 4 4 8 , 0 9 , 4 9 P . c .
9 3 , 7 5 6 . 0 0 1 2 , 1 6 1 0 , 4 8 — 1 1 4 8 , 9 1 3 , 0 3 S , L ,

1 0 7 . 1 4 7 , 7 1 4 . 0 2 1 . 6 1 — 2 7 1 . 7 8 , 0 4 S . G .
1 0 0 , 0 0 7 , 4 0 6 , 0 3 5 , 8 7 _ _ 6 1 2 ,  \j 1 0 , 5 4 8 ,  (3,

5 5 , 5 6 8 , 7 8 3 . 3 3 7 . 0 1 1 6 . 6 6 6 7 6 , 5 1 0 , 8 9 I"1, 5 ,
8 8 . 2 4 5 , 2 9 6 , 7 2 6 , 5 7 — 4 3 6 , 5 9 , 4 4 8  ♦ L ,
7 8 , 9 5 4 , 2 6 3 . 5 8 3 , 5 1 1 2 3 . 3 6 . 1 8 S . G .
7 5 . 0 0 5 . 2 5 5 . 0 1 5 . 0 0 — 2 8 2 , 2 8 , 1 4 S . G .
6 2 , 5 0 6 , 1 2 3 , 5 7 2 , 3 3 1 6 , 6 2 1 8 2 , 3 7 , 0 4 S . G ♦ D .
7 5 , 0 0 7 , 5 0 3 , 3 2 5 , 0 0 — 2 9 4 , 5 8 , 2 5 P A R ,
8 8 . 2 4 8 . 1 2 3 . 4 4 6 , 5 1 1 6 , 4 8 5 0 7 . 0 9 . 8 9 P . c .
6 0 , 0 0 4 . 2 0 7 , 8 0 7  . 6 1 1 6 . 3 1 4 9 6 , 3 9 , 8 2 S ,  1... ♦ D ♦
5 3 . 5 7 5 , 4 6 4 , 0 2 3 , 7 6 2 0 6 . 7 7 , 3 4 S . G ,
8 8 , 2 4 7 . 9 4 3 , 3 9 5 , 5 8 — 3 8 8 , 6 9 , 0 5 P A R .
8 8 , 2 4 5 , 1 2 6  ♦ 7 a*.. 6 , 5 3 — 4 1 2 . 8 9 . 2 6 S . L .
7 5 . 0 0 3 . 0 0 5 , 0 1 4 . 5 9 — 1 1 3 . 4 6 . 0 2 S ♦ L .
6 5 , 2 2 5 , 8 7 3 , 4 1 2 , 2 0 1 6 . 2 5 1 5 8 , 7 6 , 7 2 S . G . D .
7 8 . 9 5 5 . 3 7 3  ♦ 5 8 3 , 1 0 — 1 6 2 . 2 6 , 7 7 S . G ,

1 1 5 , 3 8 9 , 6 9 3 . 3 4 6  ♦ 5 6 9 . 9 8 6 4 8 , 3 1 0 , 7 4 P , C .
5 1  , 7 2 3 , 5 2 6 . 7 8 5 , 9 4 — 2 1 7 . 9 7 , 4 9 S , L. .
8 3 . 3 3 1 1  ♦ 1 7 3 , 4 8 6 . 1 3 9 . 2 6 1 1 4 2 , 2 1 2 . 9 7 P , C ,
7 8 . 9 5 1 0 , 4 2 3 . 5 8 7 , 3 5 — 8 8 3 , 9 1 1 , 9 1 P A R ,
7 5 , 0 0 8 , 4 0 3 . 3 0 4 , 9 0 — 3 1 6 . 7 8 , 4 6 P A R .
6 5 , 2 2 4 , 0 4 8 , 8 7 7 . 4 4 — 3 8 6 , 5 9 , 0 6 S , L .
7 5 . 0 0 7 , 6 5 3 . 3 2 5 . 0 5 — 3 0 6 . 4 8 , 3 6 P A R .
7 5 , 0 0 8 . 2 5 3 . 5 5 7 . 0 0 1 6  ♦ 5 5 6 3 3 . 3 1 0 , 6 5 P , C ,

1 0 0 , 0 0 9 , 2 0 7 , 8 0 7 , 1 8 1 6 . 4 1 1 4 1 1 . 1 1 3 , 9 2 S  « G ♦ D ♦
6 8 .  1 8 6 , 2 7 3 . 4 6 2 . 0 2 — 1 6 9 . 6 6 . 8 7 S . G .
9 3 , 7 5 7 . 5 0 4 , 1 3 2 . 1 1 1 2 . 1 6 2 8 9 . 8 8 . 2 1 S  . G . D ,

1 0 0 , 0 0 1 1 . 2 0 3 , 6 4 8 . 8 0 1 6 . 4 1 1 3 5 2 , 6 1 3 . 7 2 P . C .
6 2 . 5 0 5 . 6 2 4 . 5 2 4 . 2 0 1 6 . 6 2 2 7 8 . 7 8 , 1 0 S . G . D .
9 3 . 7 5 4 . 5 0 1 2 . 1 6 9 . 4 4 — 6 7 8 . 0 1 0 . 9 3 S . L ,
8 8 . 2 4 1 5 . 1 8 3 . 3 2 6 . 3 8 — 9 7 1 . 1 1 2 . 2 9 PAR ♦
6 2 , 5 0 8 . 5 0 3 . 3 5 4 . 8 7 1 6 . 6 2 3 1 6 . 7 8 , 4 6 P . C ,
7 1 , 4 3 6 , 8 6 5 . 0 5 4 , 4 3 1 6 . 5 7 4 2 9 . 1 9 . 3 6 S  ♦ G , D ♦



105

6 5  ♦ 2 2 6 , 3 9 3 , 5 4 1. ,  9 4 1 6 , 2 5 1 8 2 . 2 7 . 0 3 S  . G ♦ D .
8 8 , 2 4 6 . 0 0 3 , 6 5 2  ♦ 3 6 6 , 7 2 1 9 1 . 5 7 . 1 5 S  ♦ G . D .
7 1 , 4 3 7 , 2 9 3 , 3 6 5 , 2 0 — 3 0 9 . 0 8 . 3 9 P A R ,
8 3 . 3 3 4 , 8 3 5 , 9 2 5 , 9 2 1 . 6 , 5 1 . 3 7 4 . 8 8 , 9 5 S  ♦ 8  . D ♦
5 7  ♦ 6 9 4 , 6 2 8 , 1 . 0 7 , 9 7 1 . 6 , 6 5 6 0 9 , 4 1 . 0 , 5 2 S ,  L . D .
8 8 , 2 4 5 , 8 2 6 , 7 2 6  ♦ 6 6 5 0 9 , 4 9 . 9 4 S ,  L. ,
71.  , 4 3 6 . 4 3 3 , 5 9 2 , 2 0 — 1 . 8 7 , 9 7 . 1. 1. S , 6 ,
5 3 . 5 7 2 , 6 8 4 . 9 9 4 , 4 2 9 2 , 4 5 , 6 2 8  ,  1... ,
7 5 , 0 0 7 , 3 5 3 , 3 0 5 , 0 7 1 . 6 , 5 5 2 9 6 , 7 8 . 2 8 P ,  C ,
7 8 . 9 5 8 , 0 5 6 , 3 3 6 , 1 . 0 — 7 4 3 , 7 1.1. , 2 4 8 , 8 ,

1 . 1 . 5 , 3 8 1 . 3 , 3 8 3 , 3 1 . 6 , 4 0 1 . 6 , 3 3 8 5 9  ♦ 2 1.1. .  7 9 P ♦ C ,
5 5 , 5 6 6 , 2 2 3 , 3 6 1 , 6 1 . 1 6 , 6  6 1 . 5 6 , 3 6 , 6 8 s , g  ,  1:1 ,
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3 - D  BED PROBE P O S I T I O N - ( 4 CM»55CM>

S U P E R F I C I A L  G A S  V E L 0 C I T Y = 1 2 . 4 6 C M / S E C  P A R T I C L E  S I Z E ? 2 5 0 - 3 5 5

UB AL RE RR RW OB BE S H A P E

4 5  ♦ 4 5 4 , 6 4 7 . 6 4 7 . 5 5 1 6 , 2 2 5 5 6 . 1 1 0 , 2 0 S . 1.... D

5 7  ♦ 6 9 6 , 4 6 6 , 8 5 6 , 8 4 — 6 1 6 . 1 1 0 , 5 9 S . 1..,
6 2 . 5 0 6 . 8 7 5 . 0 5 4 , 7 1 ...... 4 0 9 , 3 9 , 2 1 S , (3,
5 5  ♦ 5 6 1 . 7 8 1 0 . 3 3 5 , 7 9 9 6 , 6 5 , 7 1 S , 1...,
9 3 . 7 5 7 . 1 2 4 . 5 6 3 , 7 8 3 4 9 . 1 8 , 7 4 S , G ,
7 5 . 0 0 7 , 6 5 3 , 4 5 5 . 7 3 3 9 4 , 0 9 . 1 0 P A R ,
7 8 . 9 5 j  ♦ j  3 4 .  1 9 3 , 8 0 1 6 . 5 3 2 3 6 . 7 7 , 6 7 S , G , D

1 1 5 . 3 8 1 1  . 5 4 3 , 4 5 4 , 2 4 5 , 4 7 6 0 0 , 4 1 0 , 4 7 P , C ,
6 0 , 0 0 4 . 6 8 5 , 4 4 5 , 3 9 ...... 2 6 7 ,  1 8 , 0 1 S  , 1... ,
7 8 . 9 5 6 , 6  3 3 , 3 0 4 , 5 5 1 6 , 5 3 2 1 5 , 7 7 , 4 4 P , C ,
8 3  ♦ 3 3 1 0 . 8 3 4 , 1 8 4 , 3 9 1 6 , 5 1 3 2 8 , 1 8  ♦ 5  6 P . C ,
7 8 . 9 5 7 . 2 6 3 . 3 4 5 , 0 9 2 9 5 , 2 8 , 2 6 P A R ,
6 8 .  1 8 6 , 8 2 3 , 3 5 5 , 0 0 2 6 7 , 7 8 , 0 0 P A R ,
8 8 . 2 4 7 , 9 4 3 , 3 9 5 , 5 8 3 8 8 . 6 9 , 0 5 P A R ,
7 1 . 4 3 8 , 4 3 3 , 5 9 3 , 7 9 4 , 5 9 8 4 8 , 7 1 1 , 7 5 P , C ,

1 1 5 . 3 8 1 0 , 8 5 3 , 6 3 6 . 4 9 9 , 9 8 1 3 6 9 , 3 1 3 , 7 8 P ♦ C ,
8 8 , 2 4 1 0 , 0 6 3 , 3 0 5 , 4 9 4 7 6 , 8 9 , 6 9 P A R ,
8 8 . 2 4 6 , 3 5 6 . 7 2 6 , 6 4 1 6 , 4 8 6 8 2 . 8 1 0 . 9 3 S . G .  D
8 8 . 2 4 8 , 1 2 3 . 4 4 5 , 8 7 ...... 4 3 9 , 9 9 , 4 4 P A R .
8 8 . 2 4 9 . 7 1 3 , 3 0 5 . 6 7 1 6 , 4 8 4 8 9 , 4 9 . 7 8 P , C ,
7 5 . 0 0 6 , 9 0 3 . 4 0 5 , 2 5 — 2 9 9 , 1 8 , 3 0 P A R ,
6 5 . 2 2 6 , 2 6 3 , 6 0 2 , 2 4 1 6 . 6 1 1 8 7 , 5 7 ,  1 0 S . G ,  D
7 8 . 9 5 8 , 5 3 3 , 4 1 6 . 3 1 1 6 , 5 3 5 3 2 . 2 1 0 , 0 5 P , C ,
6 2 . 5 0 4 , 6 2 3 , 5 2 3 , 3 5 1 3 3 , 2 6  ♦ 3 4 S . G ,
9 3 . 7 5 7 . 8 7 3 . 3 6 6 . 3 2 8 . 2 7 4 8 0 , 4 9 , 7 2 P , C ,
8 8 . 2 4 5  ♦ 6 5 6 , 7 2 6 , 7 1 1 6 , 4 8 5 8 3 , 8 1 0 . 3 7 8 ,  G , D
8 8 . 2 4 5 . 1 2 6 . 7 2 6 . 7 2 1 6 , 4 8 5 0 8 . 6 9 , 9 0 $3 , L , D
6 2 . 5 0 6 , 1 2 3 , 3 3 1 , 8 0 1 5 1  , 3 6 , 6 1 S , (3,
5 7 . 6 9 7  ♦ 2 7 4 . 0 9 2 , 5 7 --•••• 2 7 6 . 5 8 , 0 8 S . (3,

1 0 7 . 1 4 1 8 , 4 3 4 , 6 7 5 , 2 6 8 0 0 , 2 1 1 , 5 2 P A R ,
1 0 0 . 0 0 7 . 8 0 3 , 3 3 4 , 5 4 — 2 5 3 , 0 7 . 8 5 P A R ,

7 1 . 4 3 5 . 2 9 4 . 5 9 4 , 5 3 2 4 7 , 9 7 . 7 9 S . G ,
6 2 . 5 0 5 , 5 0 4 . 0 9 3 , 6 7 1 6 , 6 2 2 2 4 . 4 7 , 5 4 S  , (3 , D
5 7 . 6 9 4 . 9 6 9  ♦ 9 8 8 , 6 3 — 6 4 4 , 1 1 0 . 7 4 S  , 1... ,
8 3 . 3 3 1 1  , 0 0 4 , 1 8 4 , 3 1 3 2 0 , 7 8 . 4 9 P A R ,
7 8 . 9 5 5 , 6 8 7 , 6 4 7 . 1 0 7 , 6 4 9 9 5 . 5 1 2 , 3 9 S . G , D
5 7 , 6 9 6 . 9 2 3 . 5 4 1 . 0 1 1 8 4 , 9 7 , 0 7 S . G ,
5 7 . 6 9 6 . 2 3 3 . 3 9 1 . 7 0 1 6 . 6 5 1 6 0 , 2 6 . 7 4 $3 , (3 , D
7 8 , 9 5 7 . 2 6 4 , 0 7 2 , 5 2 — 2 7 3 , 0 8 , 0 5 S . G .
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7 1 . 4 3 4 , 2 9 8 , 4 9 7 ,
6 5  ♦ 2 2 6 , 7 8 5 . 4 8 5 ,

6 0 . 0 0 S .  ':>W  ♦  W  A,, 5 . 4 4 5  ♦
5 0 « 0 0 3 , 2 0 6 . 8 0 6 ,
5 5  ,  5 6 4 . 3 3 1 0 , 3 3 8 .
6 5 , 2 2 5 , 3 5 3 . 6 , 2 5 1 6 ,
5 7 , 6 9 5  ♦ 5 4 3 , 4 5 2 ,
6 5 , 2 2 9 , 7 8 3 , 4 9 6  ♦
5 3 , 5 7 2 , 6 8 4 , 5 6 4 ,
8 8 , 2 4 8 , 2 9 3 , 4 4 5 ,
5 7 , 6 9 7 , 3 . 5 3 , 5 8 0 ,

3 . 0 0 , 0 0 9 , 2 0 3  ♦ 5 5 4 ,
6 0 , 0 0 4 , 2 0 4 , 5 5 *4 ♦
6 8 .  1 8 6 , 8  2 4 . 0 2 2 .
5 3 . 5 7 2 , 6 8 4 , 5 6 4  ,
7 8 , 9 5 8 , 5 3 3 , 4 3 . 6  ♦

3 . 0 0 . 0 0 8 , 0 0 3 , 3 3 4  ♦
6 5 , 2 2 4 . 8 3 4 , 8 4 4  ,
8 8 , 2 4 8 , 3 . 2 3 , 5 0 6  ♦
5 7 , 6 9 5 , 7 7 3 , 5 4 2 ,
8 3 , 3 3 8 , 3 . 7 4 . 0 2 7 ,
7 8 , 9 5 8 , 0 5 3 , 6 5 6 .

3 . 0 7 , 1 4 9 , 0 0 3 , 5 9 6 «
7 8 , 9 5 8 , 8 4 3 , 3 4 5 ,

7 8 , 9 5 5 , 3 7 4 , 9 7 4 ,
6 5 , 2 2 6 , 3 9 3 , 5 4 1 ,

6 5 , 2 2 8 . 8 7 3 , 4 1 6  ♦
3 . 0 0 , 0 0 3 . 0 , 4 0 3 , 3 3 5 ,

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

8 8 , 2 4 6 , 0 0 3 , 6 5 2  ♦

7 5 , 0 0 7 , 3 5 3 , 3 2 4 ,
8 3 , 3 3 7 . 6 7 3 . 3 2 5  ♦

3 . 3 . 5 , 3 8 7 . 8 5 6 , 8 5 5 ,

7 8 , 9 5 6 , 6 3 3 , 3 0 4  ,
5 3 . 5 7 6 , 3.1 4  , 0 2 3 ,

6 5 , 2 2 4 . 5 7 3 , 6  6 3 ,
73.  , 4 3 5 , 8 6 4 , 5 9 4  ♦

9 3 , 7 5 6 . 1 9 8 , 2 7 8 ,
73.  , 4 3 5 , 8 6 3 , 5 9 2 ,
4 4 , 1 2 4 , 2 4 8 , 9 4 8 .
73.  , 4 3 7 , 4 3 5 . 6 8 5 ,

6 8 . 1 8 7 , 3 6 3 , 3 5 5 ,

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

73.  . 4 3 7 . 4 3 3 , 4 8 5 ,
6 2 . 5 0 4 , 3 7 9 , 2 6 9 ,
8 8 , 2 4 8 , 2 9 3 , 6 5 4  ♦

— 4 0 7 , 6 9 , 2 2 8  ♦ 1... ,
1 6 , 6 1 5 0 0 , 8 9 , 8 5 S  , l . l,

...... 3 4 4 , 8 8 . 7 0 8  ♦ (.•),
1 6 , 6 9 2 5 1 , 2 7 , 8 3 S  , 1. . , .8 ,

-•••- 5 2 3 , 9 1 0 , 0 3 8 .  L. ,
1 6 , 6 1 4 2 0 2 , 8 2 0 , 0 2 8  , 0  , D ,

1 5 4 , 8 6  ♦ 6  6 8 , 8 ,
...... 6 9 1  , 5 1 0 , 9 7 P A R ,
...... 8 2 , 7 5 , 4  2 8  . 1... ,

4 5 9 , 3 9 , 5 7 P A R ,
1 6  , 6 5 1 9 2 , 7 7 , 1 7 8  ♦ 8  , 8  ,

._ .. . 2 8 4 , 9 8 , 1 6 P A R ,
1 6 , 6 3 1 9 4 , 9 7 . 1 9 8  , 8  ,  n ,

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

1 6 . 5 3 5 3 2 , 2 1 0 , 0 5 P , C ,
...... 2 6 6 , 1 7 , 9 8 P A R ,

4  ♦ 8  4 3 2 5 , 0 8 , 5 3 8  , 8  , 1.i,
1 6 , 4 8 5 6 1  , 1 1 0 , 2 3 P , C ,

—- 1 6 8 , 6 6 , 8 5 8  ♦ 8  ,
1 6 , 5 1 7 7 5 , 2 1 1 , 4 0 P , 8  ,

... .. . 5 8 0 , 6 1 0 , 3 5 P A R ,

. .. .. . 6 6 8 , 0 1 0 , 8 5 P A R ,

. . . . . . 4 3 7 , 5 9 , 4 2 PAR ,
7  , 6 4 3 4 6 , 4 8 , 7 1 8  , 8  , 8  ,

1 6 , 2 5 1 8 2 , 2 7 , 0 3 8  , 8  , D ,
— 5 0 1  , 6 9 , 8 6 P A R ,

4 4 9 , 7 9 , 5 1 P A R »
1 6 , 5 1 1 5 1 0 , 6 1 4 . 2 4 P , C ,

- - 8 5 , 9 5 , 4 9 S , L ,
6 . 7 2 1 9 1  , 5 7 , 1 5 8 , 8 , 8 .

2 8 2 , 9 8 , 1 4 P A R ,
3 1 1  , 6 8 , 4 1 P A R ,

6  , 8 5 1 0 3 0 , 4 1 2 , 5 3 8  , 8  , D ,
....... 2 0 7 , 2 7 , 3 4 P A R ,
. .. .. . 2 3 3 , 1 7 , 6 4 8 , 8 ,
_ ... . 1 3 9 , 9 6 , 4 4 8 , 8 ,
. .. .. . 2 8 3 , 9 8 , 1 5 8 . 8  ,
....... 7 4 6 , 9 1 1 , 2 9 8 , 1. . . ,

1 6 , 5 7 1 7 9 . 0 6 , 9 9 8  ,  8  , 8  ,
1 6 . 7 2 6 4 2 , 3 1 0 , 7 0 8  ,1 .. ,  8  ,
1 5 . 8 6 5 9 2 , 9 1 0 , 4 2 8  , 0  ♦ 8  ,
1 6 , 5 9 3 5 1  , 9 8 , 7 6 1"’ , 8  ,
1 6 , 6 2 8 7 1  , 7 1 1 . 8 5 8  .  (3 ,  8  ,

7 3 3 , 1 1 1 , 1 9 P A R ,
. .. .. . 3 9 0 . 1 9 , 0 7 P A R ,

1 2  ♦ 1 6 8 8 1  , 5 1 1 , 9 0 8 . 1. . . ,  I ! ,
5 , 5 4 8 8 3 , 3 1 1 , 9 0 P , C ,

3 8
0 7
4 4
3 9
4 1
3.3
7 3
73.
3.6
9 4
2 7
44
5 4
90
3.6
33.
6 0
3.9
64
74
79
7 7
8 7
63.
5 8
9 4
00
2 5
0 4
3 7
3 6
9 5
0 9
6 2
4 6
4 4
5 4
43.
03.
6 0
6 4
0 6
5 2
6 3
0 4
7 8
':> "KA .. S.#

2 7



1 0 8

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

1 6 0 . 5 6 , 7 4 S  * G .
1 6 . 4 8 1 4 2 . 0 6 , 4 7 8  ♦ G , 1.1 ,
1 6 , 5 9 2 1 1  . 1 7 , 3 9 s , g , n ,

2 0 9 , 3 7 , 3 7 S , G ,
1 6 , 5 3 2 9 6 . 6 8 , 2 7 s . g . n ,

6 , 3 8 6 8 2 . 2 1 0 , 9 2 P , c ,
1 6 , 6 5 2 1 6 . 7 7 , 4 5 8  ♦ I.), IJ ,
1 6 , 6 8 2 0 2 , 0 7  . 2 8 8  .  (:) , 1.1 ,
1 1  , 6 9 1 7 1 . 2 6 , 8 9 S . G , D ♦
1 6 , 6 1 4 4 5 , 9 9 , 4 8 8  ,  G , l.i <

8 2 4  . 5 1 1  , 6 7 8 . 1. . . ,
1 6 , 2 2 2 1 5 . 2 7  , 4 3 8  ,  G , 11 ,

...... 3 0 8 , 2 8 , 3 8 P A R ,
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3 - D  BED PROBE P O S I T I O N * * < 6 CMv 5 5 CM> -

S U P E R F I C l  AL GAS  0 E L 0 C I T Y » 1 2 ♦ 4 6 C M / S E C  P A E T I C L E  S I Z E J 2 5 0 - 3 5 5

UB AI- RF RR

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

1 0 7 . 1 4 6  ♦ 8 6 5 . 6 8 5 . 2 9
6 2 . 5 0 6 . 5 0 3 . 4 8 1 , 5 8
6 0 . 0 0 5 . 5 2 5 . 9 1 5  ♦ 9 0
7 5 . 0 0 7 . 2 0 6 . 3 7 6 . 0 6
7 8 . 9 5 7 . 4 2 4 . 0 7 2 . 3 0
6 0 . 0 0 5 . 0 4 4 . 1 3 4 . 0 2
5 3 . 5 7 6 . 1 1 4 . 0 2 3 . 4 4
9 3 . 7 5 1 2 . 3 7 3 . 4 0 7 , 0 4
8 3 . 3 3 7 . 3 0 4 , 0 2 2 . 0 3
6 5 . 2 2 6 . 2 6 3 , 4 9 1 , 8 5
7 1 . 4 3 3 . 5 7 6 . 7 9 5 . 9 8
6 5 . 2 2 5 . 2 2 3 . 4 9 2 . 8 8
8 8 . 2 4 6 . 3 5 6 . 7 2 6 . 7 1
6 5 . 2 2 5  ♦ 4 8 3 , 4 1 2 . 7 1
6 0 . 0 0 6 . 0 0 4 . 0 6 3 . 5 6
7 8  ♦ 9 5 8 . 0 5 3 . 6 5 6.77

1 0 7 . 1 4 9 . 0 0 3 . 5 9 6 . 87
7 0 . 9 5 8 . 8 4 3 . 3 4 5 . 6 1

EW OB BE S H A P E

— 6 7 9 . 2 1 0 . 9 1 S . G .
1 6 , 4 5 4 4 5 , 9 9 . 4 8 P . C ,
1 6 , 5 1 3 6 6 , 9 8 , 8 8 P . C ,
1 6 , 5 5 6 2 8 . 7 1 0 . 6 3 P . C ,
1 6 . 5 3 3 1 1 . 6 8 , 4 1 P ♦ c  ♦

— 4 2 4 . 8 K 9 . 3 5 s .  I....
3 8 8 , 6 9  ♦ 0 5 P A R ,
5 0 0 . 0 9 , 8 5 PAR ♦

— 9 5 5 . 3 1 2 . 2 5 S , I...,
1 6 . 5 7 6 4 4 , 5 1 0 . 7 2 S , G , D ,

— 8 0 8 , 0 1 1 . 5 9 S . L .
7 , 8 0 3 5 3 . 7 8 , 7 7 S  ,  G , D ,

2 0 7 . 2 7 , 3 4 S . G ,
— 2 7 1 . 3 8  , 0 3 S . G ,
— 3 3 5 , 1 8  ♦ 6 2 P A R .

1 6  ♦ 5 5 1 1 4 2 , 1 1 2 , 9 7 S . G , D ,
— 2 2 9 . 9 7 . 6 0 S . G .
— 1 9 0 . 3 7 . 1 4 S . G ,

1 6 . 7 3 3 0 5 . 2 8 . 3 5 S . G . D ,
4 3 9 . 9 9 , 4 4 P A R .
5 0 9 . 4 9 , 9 4 S . L .

1 6 , 3 8 5 4 3 . 6 1 0 . 1 3 S  ♦ G , D ,
1 6 , 6 2 1 7 4 , 5 6 , 9 3 S ,  G , D ,

— 3 9 0 , 1 9 . 0 9 S . L .
1 6 . 5 5 7 1 9 . 5 1 1 . 1 2 S  .  G , D ,

2 7 5 . 9 8 . 0 8 S . G ,
— 1 9 5 . 2 7 , 2 0 S . G ,

2 3 3 . 1 7 , 6 4 S . G ,
9 6 2 . 2 1 2 , 2 5 P A R ,
2 6 9 , 5 8 . 0 1 S . G,

8 , 8 7 1 7 4 . 7 6  ♦ 9 4 S  . G ,  D ,
— 2 2 4 . 3 7 . 5 6 S . L .

1 6 . 2 5 1 5 3 . 8 6 . 6 5 S . G, D .
5 8 3 , 9 1 0 . 4 0 S . L ,

— 1 4 9 . 4 6 , 5 8 S . G .
— 2 3 2 . 7 7 . 6 3 S . G ,
— 5 8 0 , 6 1 0 . 3 5 PAR ♦
— 6 6 8 . 0 1 0 , 8 5 P A R ,
— 4 3 7 . 5 9 . 4 2 P A R .



1 1 0

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

1 0 0 * 0 0 1 0 , 4 0 3  * 3 3 5  * 2 5
8 3 * 3 3 9 , 6 7 4  * 5 7 1 0 * 0 4
8 3  ♦ 3 3 8 *  1 7 4 , 0 2 7 * 7 9

8 8 * 2 4 6  * 0 0 3 * 6 5 2 . 3 6
4 6  ♦ 8 7 3 * 8 4 1 6 * 4 5 1 6 * 4 2
8 3 * 3 3 7 . 6 7 3 * 3 2 5 * 0 9
5 1  * 7 2 3  * 7 2 5 * 0 2 4 * 8 5
7 8 , 9 5 6 * 6 3 3  * 3 0 4 * 4 6
8 3 * 3 3 8 . 5 0 3 * 5 4 8 * 0 4
7 8 , 9 5 8 * 6 8 3 . 4 1 6 . 3 7
5 7 * 6 9 4  * 6 2 8 * 1 0 7 * 9 7
8 8 * 2 4 5 * 8 2 6 * 7 2 6 * 6 6
7 1  * 4 3 6 * 4 3 3 * 5 9 2 , 2 0
4 4 *  1 2 4 * 8 5 6 * 0 7 6 . 0 7
7 5 , 0 0 7  * 3 5 3  * 3 0 5  * 0 7
7 8  * 9 5 8  * 0 5 6  * 3 3 6 *  1 0
7 5 * 0 0 5  * 5 5 4  * 1 1 3 * 6 7
6 0 , 0 0 7 , 2 0 6 * 7 8 6 * 7 7
4 2 . 8 6 3 * 8 6 1 0 * 7 1 1 0 *  1 5
7 1  * 4 3 5  * 0 0 4 * 5 9 4 * 4 7
6 8 *  1 8 5 * 7 3 3 * 4 2 2 * 5 3
6 2 * 5 0 4 * 3 7 5 * 8 8 5 . 6 9
7 8  * 9 5 9 , 7 9 4  * 9 7 1 * 1 9
7 8 * 9 5 1 0 * 1 1 5 * 4 5 2 * 8 4
8 8 . 2 4 8 * 1 2 3 * 5 0 6 * 6 4
5 0 , 0 0 4 *  1 0 5 . 4 9 5 * 3 1
8 8 , 2 4 5 , 4 7 6 * 7 2 6 , 6 0
5 3 , 5 7 5 * 3 6 5  * 6 8 5  * 6 7
7 1  * 4 3 4 * 8 6 5 * 0 5 5 * 0 1

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

1 0 0 * 0 0 9 * 2 0 7  * 8 0 7 * 6 7
6 8 *  1 8 6  * 1 4 3 * 5 1 2  * 0 9
7 1 . 4 3 7 . 1 4 4 , 5 9 3 . 8 1
5 5 . 5 6 1 * 7 8 1 0 * 3 3 8 . 0 4
4 8 . 3 9 3  * 3 9 6 * 9 8 6 . 9 7
7 1  . 4 3 3  * 5 7 8  * 4 9 8 . 4 6
6 2 * 5 0 6  ♦ 5 0 3 * 4 8 1 * 4 9
8 8 . 2 4 5 . 1 2 6 * 7 2 6  * 7 2
6 5  ♦ 2 2 3 * 9 1 5 , 4 8 5 * 4 5
6 8 * 1 8 5 , 5 9 5 . 9 4 5  ♦ 4 6
4 4 . 1 2 2 * 7 4 1 6 * 7 2 9 * 1 7

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

7 * 6 4 3 4 6 . 4 8 * 7 1 8  * 8  * D *
1 6 . 5 3 4 8 0 * 8 9 * 7 2 P * C *

5 0 1  * 6 9 , 8 6 PAR',
— 4 4 9  * 7 9 , 5 1 PAR*

1 6 * 5 1 1 5 1 0 * 6 1 4 * 2 4 P ♦ C *
1 6 * 5 1 7 7 5 * 2 1 1 , 4 0 P * C *

6  *-7 2 1 9 1  * 5 7 *  1 5 S  * G * D *
1 6 , 7 1 3 0 9 1 * 6 1 8 , 0 7 8  * G * D *

...... 3 1 1 * 6 8 . 4 1 PAR *
1 6 4 * 7 6 * 8 2 S  * i... *

...... 2 0 7 . 2 7 * 3 4 PAR*
9 , 2 6 8 1 0 * 0 1 1 . 5 7 P * C *

1 6 . 5 3 5 5 2 *  1 1 0 . 1 8 P * C *
1 6 * 6 5 6 0 9 * 4 1 0 * 5 2 8  ♦ L. * )J *

5 0 9 * 4 9 , 9 4 <3 * L *
1 8 7 . 9 7  ♦ 1 1 S  ♦ G *

1 6 * 7 2 3 9 2 * 7 9 , 0 9 S  . L .  D .
1 6 * 5 5 2 9 6 * 7 8 * 2 8 P * C *

7 4 3 * 7 1 1 * 2 4 S  * G *
1 6 * 5 5 2 2 8  * 1 7 . 5 8 S ♦ G * £• *

7 1 3 * 7 1 1  * 0 9 3  ♦ G *
1 6 . 7 3 8 0 5 * 0 1 1 * 5 4 S  * 1... * Ei *
1 6 * 5 7 2 4 9 * 5 7 * 8 1 S  * G * Ei ,

— 1 5 5 * 8 6 . 6 8 S  * G *
2 6 6 * 0 8  * 0 0 8  * 1... *

— 5 1 3 * 1 9 * 9 3 S  * G *
...... 6 6 8  ♦ 6 1 0 * 8 5 S . G *

1 6 * 4 8 5 6 1  * J. 1 0 * 2 3 P * C *
2 1 7 . 9 7 * 4 9 S  * L *

— 4 6 0 . 6 9 . 6 1 S*L. *
3 5 0 * 9 8 * 7 7 S  * L *

1 5 * 8 6 2 8 6 * 6 8 . 1 8 8  , G * Ei *
5 5 9 * 5 1 0 * 2 2 PAR*

....... 2 7 3 . 9 8 * 0 8 8 .  L *
— 5 4 6 * 3 1 0 * 1 4 S . G *
— 1 2 5 8 * 4 1 3 * 3 9 8  * G *

1 1 , 1 8 1 7 5 * 1 6 * 9 4 S  * G * Ei *
3 5 3 * 6 8 . 7 7 8  * G *

1 6  * 6  6 2 0 5 * 6 7 * 3 2 S . L .  Ei *
8 , 0 9 4 3 4 * 8 9 * 4 0 S , G * D *

1 0 * 7 1 6 0 3 . 9 1 0 * 4 9 S  * L. * D *
9 * 2 6 1 7 4 * 7 6 * 9 4 8  * G * »  *

1 6 * 4 8 5 0 8 . 6 9 * 9 0 8  * L * Ei *
1 6 . 2 5 2 4 1 * 7 7 , 7 3 8  ♦ L * Ei *

6 . 9 4 5 4 6  ♦ 6 1 0 . 1 4 S . G *  Ei *
3 7 1 . 6 8 . 9 4 S . L *

— 3 4 0 . 2 8  ♦ 6 6 PAR *
8 * 8 7 7 1 7  * 2 1 1  * 1 1 8  * G * Ei *



I l l

7 8 * 9 3 5 . 6 8 5 . 4 5 5 , 3 4
1 0 7 . 1 4 5 . 7 9 7 . 3 3 7 , 1 6

6 0  » 0 0 5 . 1 6 4 . 5 5 4 . 5 1
5 5  ♦ 5 6 4 . 0 0 1 0 . 3 3 1 0 , 1 7
8 8 . 2 4 8 . 1 2 3 . 5 0 3 , 5 4
6 0 . 0 0 4 . 4 4 5 . 9 1 5 , 9 0

1 0 7 . 1 4 1 1 . 7 9 3 , 4 3 5 . 2 4
7 5 . 0 0 4 . 8 0 5 , 4 9 5 . 4 9
8 3 . 3 5 6 . 3 3 4 , 5 7 4 , 2 2
5 3 . 5 7 2 . 6 8 4  ♦ 5 6 4 , 1 6
8 8 . 2 4 7 . 0 6 5 , 0 0 4 , 2 6
5 7  ♦ 6 9 6 . 2 3 4 . 0 2 3 , 3 7
5:1. . 7 2 4  ♦ 7 6 5 . 0 2 5 , 0 1

1 6  ♦ 3  3 4 0 2 . 4 9 . 1 6 8  ♦ (j , JJ ,
. — 5 6 7  ♦ 5 1 0 . 3 0 S , 1...,

2 3 6 . 6 7 , 6 7 8  ♦ 0 ,
1 3 . 6 5 9 2 7 . 8 1 2 . 1 0 5  ♦ t...,  Li,

4 , 0 7 7 0 8 , 4 1 1 , 0 6 P ♦ L ♦
1 6 , 6 3 3 3 0 , 4 8 , 5 8 8 ,  L. , I.i,

— 5 0 9  , 1 9 , 9 1 P A R ,
1 6  ♦ 5  5 3 2 5 , 4 8 , 5 3 S  , (5 ♦ D ,

3 0 9 , 9 8 , 4 0 S , G ,
— 8 2 , 7 5 . 4 2 8 ,  L ,

1 6 , 4 8 4 3 3 .  1 9 , 3 9 S  . G , D .
2 3 7 , 6 7 , 6 8 8 ,  G ♦

— 2 4 4  ♦ 4 7 , 7 8 8, 1. . . ,



1 1 2

3 - D  BED PROBE P O S I T I O N S  0 CM»45CM>

S U P E R F I C I A L  GAS  V E L O C I  T Y - 1 2  ,  4  6  C M / S E C  P A R T I C L E  S I Z E  J 2 5 0 - 3 5 5

UB AI- RF RR

S B  ♦ 2 4 l O ,  4 1 3 . 4 4 7 . 1 6
6 8  ,  :l. 8 7 , 3 6 3 , 3 5 5 , 5 3
5 3 * 5 7 2 . 6 8 4 , 9 9 4 , 4 2
7 8  ♦ 9 5 5 , 3 7 6 , 3 3 6 . 2 1
7 5 * 0 0 6 . 7 5 3 , 3 7 5 , 3 5
8 8 . 2 4 1 2 , 3 5 3 , 4 4 5 . 2 8
6 2 . 5 0 6 , 5 0 3 . 4 8 1 . 4 9
7:1. . 4 3 6 , 4 3 4 , 1 5 3 . 2 2
7 8 . 9 5 4 , 2 6 9 , 7 3 9 . 3 9
7 1 . 4 3 5 . 7 1 4 . 1 5 3 , 8 4
7 5 . 0 0 7 . 9 5 3 . 4 5 6 . 2 7
7 1 . 4 3 1 0 . 1 4 3 . 5 3 4 . 8 6
6 5 . 2 2 5 . 2 2 4 *  1 0 3 , 4 9
7 5 . 0 0 4 , 6 5 6 , 3 7 6 , 3 7
8 8 . 2 4 1 0 , 2 4 3 , 4 4 7  , 2 8
8 3 . 3 3 8 , 6 7 4 , 1 2 8 . 6 7
6 8 . 1 8 6 . 6 8 4 , 1 0 3 , 1 9
9 3 . 7 5 8 . 0 6 8 . 2 7 8 , 0 5
6 2 . 5 0 6 , 5 0 3 , 4 8 1 , 5 8
8 8 . 2 4 7 . 7 6 8 . 9 4 8 , 8 3
8 3 . 3 3 1 1 . 1 7 3 . 4 8 6 . 1 3
8 8 . 2 4 9 . 0 0 8 . 9 4 8 . 9 4
8 3 , 3 3 8 . 5 0 4 , 1 2 8 . 5 8
8 3 , 3 3 7 , 8 3 3 , 4 8 6 , 4 1
6 5 . 2 2 3 . 9 1 5 , 4 8 5 , 4 5
7 8 . 9 5 5 . 5 3 6 , 3 3 6 , 3 2
6 8 , 1 8 4 , 0 9 5 , 1 9 5 , 1 9
7 8 . 9 5 1 0 , 4 2 3 . 5 2 7 , 0 4
6 8 . 1 8 6 . 5 5 3 . 4 6 1 . 5 8
8 8 , 2 4 1 2 . 7 1 3 . 4 4 7 , 3 5
7 1  . 4 3 4 , 7 1 6 . 7 9 6 , 7 6
7 8 , 9 5 9 , 0 0 3 , 3 4 6 . 0 7
6 8 .  1 8 5 * 1 8 4 , 1 0 3 . 4 6
7 8 . 9 5 5 . 3 7 6 . 3 3 6 , 3 3
7 5 . 0 0 6 , 7 5 3 . 4 5 0 . 8 8
7 5 , 0 0 7 , 9 5 3 . 4 5 6 . 3 3
5 3 , 5 7 2 . 4 6 4 . 9 9 4 , 6 3
7 8 , 9 5 8 . 6 8 3 . 4 1 6 , 3 7
6 8 , 1 8 4 . 9 1 5 . 9 4 5 , 9 3
9 3 . 7 5 7 , 8 7 8 , 2 7 7 .  2 7

RW OB DE S H A P E

1 6 , 4 8 8 3 5 , 0 1 1 . 6 8 P . C ,
1 6 , 2 2 3 5 3 , 0 8 , 7 7 P , C ,

- - 9 2 , 4 5 , 6 2 S , 1...,
9 . 7 3 5 4 9 , 3 1 0 , 1 6 8 ,  G , D

1 6 , 5 5 3 0 3 , 4 8 , 3 4 P , C .
7  , 5 5 1 3 0 4 . 8 1 3 , 5 6 P , e ,
9 , 2 6 1 7 4 , 7 6 , 9 4 S  . G , D

1 5 , 8 6 2 6 6 , 3 7 , 9 8 S  , G * D
1 6 , 5 3 7 7 1  * 8 1 1 , 3 8 S  , 1... * D

2 2 9 . 9 7 , 6 0 8 ,  G ,
1 6 . 5 5 4 9 0 , 6 9 . 7 9 P . C ,
1 6 . 5 7 3 7 6 , 1 8 , 9 6 I"', C ,

6 , 3 4 2 2 7 , 5 7 , 5 7 S . G .  D
1 5 , 1 4 4 1 0  ,  8 9 , 2 2 S  ,  L , D
1 2 , 9 2 8 4 7 * 1 1 1  * 7 4 P , C ,
1 6 . 5 1 1 0 1 4 , 5 1 2 , 4 7 P , C ,

2 6 2 , 8 7 , 9 5 8 ,  G ,
1 6 . 4 5 1 3 6 6 , 6 1 3 , 7 7 S . G ,  D
1 6 , 6 2 1 7 4 . 5 6 , 9 3 S  , G . D
1 6 , 4 8 1 5 1 9 , 2 1 4 . 2 6 S  ,  G , D

9 , 2 6 1 1 4 2 . 2 1 2 , 9 7 P . C ,
...... 1 5 1 1 , 2 1 4 , 2 4 S , G ,

1 6 . 5 1 9 7 5 , 5 1 2 , 3 0 P , C ,
1 6  , 5 1 5 0 4 . 3 9 , 8 8 P . c ,
1 6 , 2 5 2 4 1 , 7 7 . 7 3 S  ,  1..., D
1 6 . 5 3 5 0 8 , 9 9 , 9 1 S  , G , D
1 6 . 5 9 2 3 4 , 9 7 , 6 6 S , 1..., D

...... 8 1 0 . 3 1 1 , 5 7 P A R ,
1 7 2 , 4 6 , 9 1 S . G ,

1 0 7 7 , 8 1 2 , 7 2 P A R ,
1 6 , 5 7 4 5 8 . 9 9 , 5 7 S , 1..., D
1 4 , 3 7 5 1 9 , 7 9 , 9 8 P , c ,

5 . 9 4 2 2 7 . 6 7 . 5 8 S  , G , D
1 6 . 5 3 4 8 9 , 1 9  ♦ 7 8 S  ,  G , D
1 5 . 1 4 1 7 1  , 1 6 . 8 9 S . G ,  D
1 5 , 1 4 4 9 8 , 2 9 . 8 4 P . C ,
1 6 . 6 7 9 8 , 7 5 . 7 3 S  .  1.... D
1 6 . 5 3 5 5 2 , 1 1 0 , 1 8 P . C ,
1 6 , 2 2 3 8 5 . 8 9 , 0 3 S  , G , D

8 , 2 7 1 5 6 5 , 0 1 4 , 4 0 S  . G , D
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7 5 . 0 0 7 , 8 0 3 , 4 5 6 , 2 6
6 8 . 1 8 3 , 9 5 5 , 1 9 5 . 1 8
8 8 . 2 4 1 2 . 3 5 3 , 4 4 8 . 0 2
6 8 . 1 8 5 , 7 3 3 , 6 2 2 , 9 5
7 8 . 9 5 4 , 2 6 9 , 7 3 9 , 3 9
7 1 . 4 3 6 , 2 9 5 , 0 5 4 , 6 7
7 8 , 9 5 8 , 5 3 3  ♦ 5 2 6 , 3 6
8 8 , 2 4 1 0 , 2 4 3 , 4 4 7 . 0 9
9 3 , 7 5 9 , 5 6 8 , 2 7 8 , 1 7
5 7 , 6 9 5 , 1 9 3 , 4 9 3 . 0 5
7 1 , 4 3 9 ,  1 4 3 , 3 9 6 , 0 0
7 1  , 4 3 4 , 8 6 5 , 6 8 \ . t ,  6
7 8 , 9 5 4 , 7 4 9 , 7 3 8 , 3 5
6 2 , 5 0 6 , 2 5 3 , 4 0 1 , 6 7
8 3 , 3 3 7 , 8 3 3 , 4 2 5 , 1 1
6 0 , 0 0 5 , 2 8 4 , 1 3 3 , 8 1
8 3 , 3 3 8 , 5 0 3 , 5 4 8  , 0 4
7 1 , 4 3 5 . 0 0 5 , 6 8 5 , 6 7
7 8 , 9 5 8 , 8 4 3 , 4 1 6 , 0 0
6 8 ,  1 8 3 , 9 5 5 .  1 9 5 , 1 8
8 3 , 3 3 9 , 0 0 3 , 4 8 6 , 8 7
7 5 , 0 0 7  , 5 0 3 , 3 0 4 . 8 5
7 8 , 9 5 7 , 5 8 3 , 5 8 6 . 9 7
6 5 , 2 2 5 , 6 1 4 , 0 6 3 , 4 9
7 8 , 9 5 4 , 2 6 9 , 7 3 9  , 3 9
6 8 , 1 8 7 , 3 6 3 , 3 5 5 , 5 2
7 8 , 9 5 9 , 6 3 3 , 3 7 6 , 4 5
8 8 , 2 4 9 . 7 1 3 , 5 7 7 , 0 4
7 1 , 4 3 7 , 2 9 3 , 3  6 5 . 2 0
6 2 . 5 0 4 , 6 2 3 , 5 2 3 . 3 5
7 8 , 9 5 8 , 0 5 6 , 3 3 5 . 7 1
7 1 . 4 3 4 , 7 1 5 , 6 8 5 , 6 8
9 3 , 7 5 5 , 6 2 1 2 . 1 6 1 2 , 1 0
7 1  , 4 3 1 0 , 2 9 3 , 5 3 4 , 7 3
7 5 , 0 0 6 , 1 5 3 , 5 5 2 , 2 3
6 5 , 2 2 5 , 2 2 4 . 1 0 3 , 4 9
7 8 , 9 5 4 . 7 4 5 , 4 5 5 , 4 1
7 1 , 4 3 4 . 7 1 5 , 6 8 5 . 6 0
7 5 , 0 0 7 , 2 0 3 , 5 5 6 . 8 9
5 7 , 6 9 4 , 3 8 4 , 0 9 4 , 0 8
7 8 , 9 5 5 , 3 7 6 , 3 3 6 , 2 1
6 8 , 1 8 6 . 5 5 4 , 0 2 2 . 9 1
8 8 , 2 4 9 , 1 8 3 , 4 4 6 , 2 4
6 5 . 2 2 4 . 8 3 4 , 8 4 4 . 7 3
6 8 , 1 8 5 , 7 3 3 , 6 2 -:> A o'-:

A .. ♦  /  W

7 8 . 9 5 9 , 6 3 3 . 3 4 O  4  Am Am

1 5 , 1 4 4 7 9 , 5 9 , 7 1 1”' + G ,
1 6 , 5 9 2 2 3 , 4 7 . 5 3 S  ,  1..., D ,
1 2 , 9 2 1 2 3 7 , 6 1 3 , 3 2 P , C ,

1 7 6 , 8 6 » 9  6 8 , 8  ,
1 6 . 5 3 7 7 1 , 8 1 1  ♦ 3 8 s ,  1..., e i ,
1 6 , 5 7 3 9 1 , 8 9 , 0 8 s , 0 , D ,

5 4 2 . 4 1 0 , 1 2 P A R ,
1 6 , 4 8 8 0 6 , 9 1 1 . 5 5 P , c ,

..... 1 4 6 0 , 6 1 4 . 0 8 S , 8 ,
— 1 4 9 , 2 6 , 5 8 8 ,  (.),

5 1 7 , 0 9 , 9 6 P A R ,
3 0 0 , 8 8 , 3 4 8  ,  1... ,
5 7 4 , 3 1 0 , 3 4 S  ,  1... ,

1 2 ,  1 6 1 6 2 , 4 6 , 7 7 S  , G . D ,
7 , 2 2 5 5 4 , 4 1 0 , 1 9 P , c ,

1 6  ,  6  3 2 1 8 ,  1 7 , 4 7 S  , G , D ,
9 , 2 6 8 1 0 , 0 . 1 1 , 5 7 P ,  C ,

1 6 , 5 7 3 6 4 , 9 8 , 8 7 S  , 15 , D ♦
— 5 0 0 , 0 9 , 8 5 P A R ,

1 6 , 5 9 2 2 3 , 4 7 , 5 3 S  .  L , D ,
1 6 , 5 1 6 6 6 , 2 1 0 , 8 4 P , G ,
1 6 , 5 5 2 7 6 . 7 8 , 0 8 P , C ,
1 4 , 3 7 5 7 5 , 8 1 0 , 3 2 P , C ,
1 1  , 6 9 2 2 8 , 3 7  , 5 8 8  ♦ (j , Ei *
1 6 , 5 3 7 7 1  , 8 1 1  , 3 8 S  ,  1..., Ei,
1 6 , 5 9 3 5 1  , 9 8 , 7 6 P , c ,
1 6 , 5 3 6 2 7 . 8 1 0 , 6 2 P , G ,

7 5 4 , 7 1 1  , 3 0 P A R ,
3 0 9 , 0 8 . 3 9 P A R ,

— 1 3 3 , 2 • 6 , 3 4 S , 6 ,
1 6 , 5 3 8 0 3 . 2 1 1  ♦ 5 3 S  , G , D ♦
1 5 , 8 6 3 3 8 , 4 8 , 6 5 S  , , D ,
1 6 , 4 5 1 8 9 7 , 8 1 5 , 3 6 S  . 1... ♦ Ei,

3 6 1  , 0 8 . 8 3 P A R ,
1 5 . 1 4 1 8 0 . 1 7 , 0 1 S  , G . D .

6 , 3 4 2 2 7 . 5 7 , 5 7 S . G , D ,
— 2 7 3 , 0 8 , 0 7 S . L .
...... 2 8 6 . 7 8 , 2 0 S . L ,

1 6  ♦ 5 5 5 3 5 , 0 1 0 . 0 7 P .C .
— 1 5 8 , 7 6 . 7 2 S , G ,

9 , 7 3 5 4 9 , 3 1 0 . 1 6 5  ♦ (j , Ei,
1 6 , 5 9 2 5 2 . 1 7 . 8 4 S  , G . Ei ,

— 5 6 2 . 2 1 0 , 2 4 P A R ,
1 1 , 6 9 2 7 2 . 8 8 . 0 5 S  , G , D .

— 1 7 6 . 8 6 , 9 6 S . G ,
1 6 . 5 3 5 8 3 , 6 1 0 , 3 7 P ♦ G ,



114

8 3 , 3 3 9 . 8 3 3 . 3 8 6 , 6 8
7 8 , 9 5 4 , 7 4 6 , 3 3 6 . 1 3
6 8 . 1 8 4 , 5 0 6 , 9 4 6 . 8 7
8 3 , 3 3 7 . 8 3 3 , 4 8 7 . 0  7
6 2 , 5 0 A  ♦ 0 0 3 . 5 2 2 . 1 6
7 8 , 9 5 9 . 0 0 3 , 3 4 5  * 6  6
6 8 , 1 8 6 , 1 4 4 , 0 2 3 . 2 1
6 5 , 2 2 4 , 8 3 4 . 8 4 4 , 1 9
7 8 , 9 5 9 . 7 9 4 , 9 7 1 . 1 9
7 8 , 9 5 4  ♦ 8 9 9 , 7 3 9 , 5 6
6 0 . 0 0 6 , 9 6 3 , 5 5 1 . 0 2
7 1 , 4 3 6 , 2 9 4 , 5 9 4 , 0 2
7 8 . 9 5 4 , 8 9 9 , 7 3 9 , 6 6
8 8 , 2 4 8 , 1 2 3 , 5 0 3 , 5 4

1 3 , 6 5 6 8 7 , 2 1 0 , 9 5 P . C .
3 3 5 , 3 8 . 6 4 8  L ♦

1 6 . 5 9 4 4 4 . 8 9 . 4 7 S . L .  Ei.
9 , 2 6 5 9 7 . 2 1 0 , 4 5 P . C .
7 . 6 5 1 7 5 , 5 6 . 9 5 S , G , D ,

•••■- 4 5 3 , 3 9 . 5 3 P A R ,
1 6 , 5 9 2 4 0 , 0 7 , 7 1 S  ,  6  , »  ,

4  ♦ 8 4 3 2 5 , 0 8 , 5 3 S  ,  G , D ,
5 1 3 , 1 9 , 9 3 S , G ,

1 6 . 5 3 9 5 0 , 2 1 2 . 2 0 8  , l„., Ei.
1 8 7  , 8 7 , 1 1 8  ♦ (:>,

1 5 , 8 6 3 2 4 , 0 8 , 5 2 S  ,  (3 , D ,
1 4 , 3 7 1 0 2 7 , 4 1 2 , 5 2 8  ,1.... D ,

4 , 0 7 7 0 8 , 4 1 1 . 0 6 P , C ,
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3 - D  BED PROBE P O S I T I O N "  < 20M>-45CM>

S U P E R F I C I A L  GAS  V E L G C I T Y ~ 1 2  , 4 6 C M / S E G  P A R T I C L E  S I Z E  t 2 5 0 -  3 5 5

UB AL

8 3 , 3 3 8 . 0 0
7:1. * 4 3 4 . 8 6
6 2  ♦ 5 0 6 . 7 5
7 1  ♦ 4 3 1 0 . 4 3
6 8  ♦ 1 8 6 . 0 0
6 2 , 5 0 6 . 1 2
6 5 . 2 2 7 . 1 7
5 5 . 5 6 4 . 4 4
7 8 . 9 5 7 . 5 8
6 8 . 1 8 2 . 3 2
7 5 . 0 0 1 1  . 4 0
7 1 . 4 3 1 0 . 2 9
6 5 . 2 2 4 . 1 7
6 5 . 2 2 5 . 6 1
6 5 . 2 2 5 . 4 8
7 8 . 9 5 5 . 6 8
8 3 . 3 3 6 . 8 3
4 6 . 8 7 3 . 6 6
5 3 . 5 7 4 . 2 9
8 3 . 3 3 2 . 3 3
5 3 . 5 7 2 . 6 8
6 2 . 5 0 5 . 0 0
4 0 . 5 4 5 . 0 3
5 7 . 6 9 5 . 7 7
7 1 . 4 3 5 . 5 7
6 8 . 1 8 6 . 6 8
5 3 . 5 7 3 . 2 1
7 1 . 4 3 5 . 8 6
6 0 . 0 0 4 . 9 2
6 8 .  1 8 5 . 5 9
4 4 . 1 2 3 . 7 9
6 8 .  1 8 3 . 9 5
7 5 . 0 0 6 . 7 5
7 8 . 9 5 4 , 2 6
6 0 . 0 0 5 . 4 0
6 8 .  1 8 6 . 6 8
7 8 . 9 5 7 . 7 4
5 5  ♦ 5 6 3 , 5 6
7 8 . 9 5 4 . 7 4
9 3 . 7 5 8 , 0 6

RE RR

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

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

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

RUJ OB

3 8 7 . 8
...... 3 0 0 , 8
.... 7 7 3 , 3

3 . 3 0 1 7 4 2 . 7
.... 1 6 5 , 5

1 6 , 2 8 3 1 2 , 1
4 9 9 , 7

1 6 . 6 6 2 1 5 , 5
4 6 7 , 5

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

.... 2 1 6 , 5
8 , 8 7 1 6 2 . 2

1 6 , 5 3 1 6 7 . 1
1 6 , 5 1 1 9 5 . 9

........ 1 3 9 , 3
1 6 , 3 8 9 6 0 . 7
1 6 . 5 1 7 8 , 8

— • 8 2 , 7
5 9 6 , 0
3 0 3 . 6
4 5 9 , 4

...... 2 1 5 , 2
1 6 , 5 9 2 5 5 , 6
1 6 , 6 7 2 7 9 7 , 5

2 8 3 . 9
~~ 3 2 5 . 1

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

4 7 4 . 2
_ . . . 2 0 6 . 8

2 6 2 . 8
— 4 8 7 . 2

1 3 6 , 0
1 7 5 , 5
4 9 0 . 1

DE S HAPE

9 , 0 5 P A R ,
8 , 3 4 S  , 1... ,

1 1 , 4 2 S , L ,
1 4 , 9 3 P , 0 ,

6 , 8 1 S . G ,
8 , 4 2 S . G ,  D
9 , 8 5 S , G ,
7 , 4 4 S  , G , D
9 , 6 3 P A R ,
6 , 6 1 S  , L , D

1 3 , 6 8 P , C ,
1 4 . 8 2 P , c .
1 0 . 2 9 S . G , D

7 . 4 5 S . G .
6 , 7 7 S . G ,  D
6 , 8 3 S  , G , D
7 . 2 1 S  , G , D
6 , 4 5 S , 1...,

1 2 , 2 4 S , L ,  D
5 . 3 2 S , L , D
5 , 4 2 S , 1...,

1 0 , 4 7 S , 1....
8 . 3 6 S . 1...
9 , 6 0 S . 1. . . ,
7 . 4 4 S . G ,
7 , 8 7 S , G , D

1 7 . 4 8 S . G ,  D
8 . 1 5 S ,  G ,
8  ♦ 5 5 S . L ,
8 , 1 0 S . G .  D
8 . 5 1 S , L . D
7 . 5 3 S . L . D
8 , 0 2 S  , (3 , D
9 , 7 0 S . L .
7 , 3 4 S . G ,
7 . 9 5 S . G .
9 . 7 6 P A R ,
6 . 4 0 S , L ,
6 . 9 5 S . G ,
9 . 7 8 P A R ,



1 1 6

5 0 . 0 0 5 * 3 0 6 * 8 0 6 * 2 7
4 2  ♦ 8 6 3 * 5 1 9 * 0 0 8 , 4 2
7 1  * 4 3 4 * 7 1 5  ♦ 6 8 5  ♦ 6 0
7 8  ♦ 9 5 4 . 7 4 5 . 4 5 5 * 4 1
7 8  ♦ 9 5 5  * 3 7 9 * 7 3 9 * 6 5

CO SH C*
i

7 . 3 3 7 * 2 2 7  ♦ 2 2
6 2 * 5 0 5 . 2 5 7 . 6 5 7 . 6 4
7 1  * 4 3 7 . 2 9 5 * 6 8 3 . 8 0
7 5 * 0 0 6 * 7 5 4  * 1 1 2  * 9 1
6 8 *  1 8 4 * 6 4 5 * 9 4 5 . 7 9
5 7 * 6 9 4 , 0 4 9 * 9 8 8  * 0 2
5 7 , 6 9 3 * 5 8 8 * 1 0 7 . 6 5
8 8 * 2 4 8  * 8 2 3 , 3 0 5 * 4 0
7 8 . 9 5 8  * 5 3 3 * 5 2 6 * 3 6

1 0 7 * 1 4 1 1 * 1 4 7 , 3 3 is; is; is;

5 5  ♦ 5 6 5  ♦ 4 4 3  ♦ 6 1 2 * 9 4
6 8 . 1 8 5 . 5 9 4 . 0 2 3 . 5 2
7 1 , 4 3 6  ♦ 2. 9 4  * 5 9 4  * 2  6

1 0 7 . 1 4 9 . 0 0 3 * 3 3 5 * 1 6
4 8 * 3 9 2 * 9 0 6 * 2 0 5 * 2 5
7 1 , 4 3 7 * 2 9 3 , 4 8 5 . 7 3
7 5 . 0 0 6 * 1 5 3 , 5 5 2 . 2 3
5 1  * 7 2 4 * 7 6 1 4 * 6 3 1 0 , 8 0
4 8 . 3 9 4 , 0 6 1 1  * 8 2 8  * 9 2
6 8 *  1 8 6 * 4 1 4 , 9 8 4 * 7 7
6 0  ♦ 0 0 6 * 9 6 3 * 5 5 1 * 0 2
7 8 * 9 5 8 . 2 1 3 * 4 6 6 * 4 6
6 5 * 2 2 5  * 8 7 5  * 4 8 5 , 4 7
5 3 * 5 7 2  * 6 8 4 * 9 9 4 * 4 2
9 3 . 7 5 9 * 5 6 3 . 3 3 5 . 2 7
6 0 . 0 0 3  ♦ 6 0 1 2 , 6 7 1 2 . 0 5
7 5 , 0 0 7  ♦ 6 5 7  * 8 0 7 * 6 1
8 8 , 2 4 1 2 . 7 1 3 * 5 7 8 * 0 5
8 3 , 3 3 6 * 3 3 4  * 0 2 3 . 0 3
6 5 * 2 2

7   ̂ 7 ( )
3  * 6 0 6  ♦ 3 9

6 5 * 2 2 5  * 0 9 1 6 , 2 5 1 6 * 1 7
6 5 , 2 2 5 * 2 2 4 *  1 0 3 * 4 9
7 5 , 0 0 7 . 0 5 3 . 5 5 0  * 5 8
6 8 *  1 8 6  ♦ 9 5 4 . 1 0 2 * 6 1
7 5 * 0 0 4 . 6 5 6 * 3 7 6 . 2 2

1 0 0 * 0 0 1 1  * 8 0 3 * 3 0 5 * 9 5
7 8 * 9 5 8 * 8 4 3  ♦ 3 4 5 * 6 1
6 8 .  1 8 6 . 6 8 4 . 1 0 3 . 1 9
5 7 * 6 9 2 * 3 1 1 3 *  1 4 1 1 . 6 5
7 1 . 4 3 5 . 1 4 3 . 3 9 2 . 9 1
5 7 * 6 9 5  ♦ 6 5 8 *  1 0 7 , 7 2
7 8 * 9 5 7 . 4 2 3 . 4 6 5 . 3 2
5 5  ♦ 5 6 6 , 7 8 3 . 6 1 1 . 7 4

6  * 8 0 7 3 1  * 9 1 1  ♦ 1 8 S  * G * U *
1 6 * 4 9 4 8 8 * 6 9 . 7 7 8  ♦ 1... ♦ 1J *

2 8 6 , 7 8 . 2 0 8'* 1....
...... 2 7 3 . 0 8 , 0 7 S  * L *

1 6 , 5 3 1 0 8 7 * 6 1 2 * 7 6 8  * L * D *
8 0 7 . 0 1 1  * 5 5 S  * G .

1 6 * 2 8 6 6 8 * 8 1 0 * 8 5 8  * L. ,  D *
4 * 0 6 6 6 3  * 5 1 0 * 8 2 S  * G ,  D *

1 6 *  5 5 2 7 0 . 0 8 * 0 2 S . G , D *
— 2 9 6 , 4 8  * 3 0 S  * 1... *
...... 4 4 2 * 5 9  . 4 8 S  * L. *

1 6 * 6 5 4 0 9  ♦ 6 9 * 2 1 S  ♦ 1... * D *
1 6 * 4 8 4 0 4 * 4 9 * 1 7 P ♦ C *

5 4 2 , 4 1 0 * 1 2 P A R ,
1 6 * 3 8 1 4 6 8 * 0 1 4 * 1 0 S  * G * D *
1 6 * 6  6 1 7 1  * 3 6 * 8 9 S  * G * H *
1 6 * 2 2 2 2 0 . 6 7 * 5 0 8  * G * I.i *

...... 3 0 9  * 3 8 * 3 9 5  * (.*1 *
7  * 3 3 5 8 6 * 7 1 0 * 3 9 t"' * i- *

1 3 8 * 6 6 * 4 4 8  * 1... *
...... 3 7 5 * 2 8 . 9 5 PAR *

1 5  * 1 4 1 8 0 *  1 7 * 0 1 8  * G * Ii *
9 2 7 * 6 1 2 * 1 3 8  * L *
5 4 2 * 9 1 0 * 1 5 8  ♦ 1... *
3 6 6 ,  7 8 , 8 8 8  * G *
1 8 7 * 8 7  * 1 1 8 .  G *

1 6  * 5 3 5 3 7 * 5 1 0 * 0 9 P * C *
3 8 1  * 5 9 * 0 0 8  * G *

9 2  * 4 5  * 6 2 8  * 1... *
1 6 * 4 5 4 1 7 * 5 9 * 2 7 1‘*' ♦ 1/ ♦
1 6 * 6  3 1 1 0 2 * 5 1 2 . 8 2 8*1. . .  D *
1 6 * 5 5 1 1 4 2 . 1 1 2 . 9 7 S  * G * D *

1 2 9 3 * 3 1 3 * 5 2 PAR *
1 3 . 6 5 2 4 7 . 0 7 . 7 8 6  ,  G * I.i *

4 9 3 * 8 9 , 8 1 PAR *
1 6 * 6 1 3 9 8 8  * 8 1 9 * 6 8 S , G * D *

6 . 3 4 2 2 7 * 5 7 . 5 7 S  * 6  * D *
1 5 *  1 4 1 8 8 * 0 7  * 1 1 s  * g * n  *
1 1  ♦ 1 8 2 7 5 * 1 8  * 0 7 S . G ,  Ii *

7 * 8 0 5 1 1  * 2 9 * 9 2 S  * (3 * H *
...... 6 5 6  ♦ 2 1 0 * 7 8 PAR *
— 4 3 7  * 5 9 . 4 2 P A R ,

2 6 2 * 8 7  * 9 5 8  * G *
1 6 * 6 5 6 1 9 , 9 1 0 * 5 8 S  * I- * n  *

1 3 9 * 4 6 * 4 3 S . G *
6 2 4 * 0 1 0 * 6 3 S . L *

7 , 6 4 5 3 0 . 6 1 0 . 0 4 P . c .
1 9 5 .  1 7 . 2 0 S  * G .
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9 3  * 7 5 1 0 * 6 9 5 * 4 6 1 , 3 8
1 0 0 * 0 0 7 , 0 0 3 * 4 2 5 . 3 5

7 5 * 0 0 9 * 3 0 5 , 0 1 2  * 5 9
5 7 * 6 9 3 * 4 6 6 , 8 5 6 * 5 4
9 3 * 7 5 9 , 3 7 3 * 3 6 5 * 8 8
5 3 * 5 7 5 , 5 7 4 . 1 5 3 * 8 9
7 8 * 9 5 9 , 0 0 3 * 3 4 5 * 6 6
7 1 * 4 3 5  ♦ 0 0 5 . 0 5 4  * 8 3
7 8 * 9 5 7 , 5 8 3 * 5 8 6 * 2 7
8 3 * 3 3 9 * 5 0 3 * 3 8 6 * 4 6
7 8 * 9 5 5 * 0 5 9 , 7 3 8  * 5 3
6 8 *  1 8 4 * 5 0 4 * 5 3 4 * 5 3

1 6 * 4 5 6 8 1 . 4 1 0 * 9 2 8  *  ( / j  *  D *

3 1 4 * 9 8 , 4 4 PAR *
— 5 1 8 * 8 9 , 9 7 S  ♦  (3 ♦

1 6 * 6 5 2 8 8 * 9 8 * 2 0 8  ♦  L .  *  D *

— 5 0 9 * 8 9 * 9 1 PAR ♦

— ' ? 0 ~ K  .  OJ&. /m  W  ♦  A*. 7 * 5 3 S  *  8  *

— 4 5 3 . 3 9 * 5 3 P A R ,

8 * 4 9 3 2 5 * 9 8 . 5 4 S  *  8  *  n *

4 6 7 , 5 9 * 6 3 PAR*
1 6 . 5 1 6 2 1  * 4 1 0 * 5 9 P *  8  *

6 4 5 * 0 1 0 * 7 5 S  * 1... *
1 9 2 * 8 7 * 1 9 8  ♦  L .  *



1 1 8

3 - D  BED P R O B E  P O S I T I O N S  4 C M y 4 5 C M >

S U P E R F I C I A L  GAS  V E L 0 C I T Y = 1 2 . 4 6 C M / S E C  P A R T I C L E  S I Z E J 2 5 0 - 3 5 5

UB AL

6 2 . 5 0 6  ♦ 5 0
1 0 0 . 0 0 1 2 . 8 0

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

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

RF RR

3 . 4 8 1 . 5 4
3 , 6 4 5 , 1 2
3 , 5 8 6 . 3 3
3 . 4 4 7 . 1 6
7 . 2 2 6 , 4 5
3 , 5 4 7 .  1 2
6  ,  A*.. 5 . 6 3
3 , 4 9 1 . 9 7
3 . 5 8 2 . 1 3

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

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

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

RW OB

1 2 . 1 6 1 7 4 . 6
5 2 6 , 4
4 8 7 , 2

1 6 , 4 8 8 3 5 , 0
1 6 , 5 1 1 1 9 9 , 2

8 2 3 , 4
1 9 4 , 3

1 6 , 2 5 1 7 4 . 1
1 8 7 , 5

. . . . . . . 5 0 7 , 7
. . . . . . 6 6 0 , 9
...... 2 0 4 . 7

1 6 , 2 4 3 2 2 , 9
- - 5 5 1 , 8

1 1 , 9 0 7 3 9 , 0
2 1 7 , 1

. . . . . . 2 2 6 , 5
1 3 9 3 . 7

_ . . . . 1 8 3 , 4
1 6 , 3 5 3 9 5 . 2

1 9 3 , 8
1 6 , 4 1 4 5 0 , 7

— 2 5 0 , 1
4 8 2 , 3

1 6 . 5 7 5 6 4 , 0
1 6 . 6 1 1 6 0 , 5
1 6 , 5 9 2 5 5 , 6
1 6 . 5 7 2 4 9 , 5

1 3 0 , 8
1 6 . 5 1 9 7 5 , 5

. . . . . . ')  O Q "7A ..A .I /  ♦  /

1 6 , 6 1 1 6 3 , 1
. _ . . . 1 7 8 , 5
■— 5 0 9 . 1

4 . 1 5 2 5 4 , 5
1 6 . 5 5 5 3 5 , 0

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

7 5 4 . 7
1 6 , 4 8 4 2 5 , 1

DE S H A P E

6 . 9 3 S . 6  .  D ♦
1 0 , 0 2 P A R ,

9 . 7 6 P A R ,
1 1 , 6 8 P , c ,
1 3 ,  1 8 S  , G ♦ D ,
1 1  . 6 3 P A R ,

7 , 2 1 S , 1...,
6 , 9 3 S . G , D ,
7 , 1 0 S . G ,
9 , 9 2 S , L ,

1 0 , 8 1 P A R ,
7 , 3 1 S . G ,

Q 1 Vi<j * \.t j. %.) ♦ 1... ♦ .u ♦
1 0 , 1 8 P A R ,
1 1 , 2 2 S . L. ♦ D .

7 , 4 6 S , G ,
7 , 5 8 S , L ,

1 3 . 8 6 P A R ,
7 , 0 5 S , G ,
9 . 1 0 S . L , D ,
7 , 1 8 S . G ,
9 . 5 1 P , C .
7 , 8 2 S . G .
9 , 7 3 P A R ,

1 0 . 2 5 P . C ,
6 , 7 4 S . G . D ,
7 . 8 7 S  , G . D .
7 . 8 1 S . G . D .
6 . 3 2 S . L ,

1 2 , 3 0 P . C ,
7 . 6 0 P A R .
6 , 7 8 S  »G , D ♦
7 . 0 1 S . L .
9 . 9 1 P A R .
7 . 8 6 S . G ♦ D .

1 0 , 0 7 P . C ,
9 . 4 2 P A R ,
8 . 8 1 S . L , .  D .

1 1 . 3 0 P A R ,
9 . 3 3 P , C .
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8 8  ♦ 2 4 1 2 . 7 1 3 * 4 4 7 * 3 5
6 8 * 1 8 6 * 0 0 3 , 3 1 1 * 9 4
7 8 * 9 5 7 * 5 8 3 , 5 8 6  ♦ 8 5
9 3 . 7 5 6 * 9 4 3 . 4 6 5  * 5 0
7 5 * 0 0 7 * 9 5 3 . 4 5 6 * 3 3
7 5 * 0 0 4 * 5 0 6 . 3 7 6 * 2 5
9 3  ♦ 7 5 5 . 2 5 1 6 * 4 5 1 2 * 0 5
7 1 * 4 3 8 * 1 4 3 , 4 8 7 * 6 1
6 8 .  1 8 5 . 7 3 3 , 4 2 2 * 5 3
9 3 * 7 5 7 * 5 0 8  * 2 7 8 . 1 5
5 1  * 7 2 5 * 1 7 3 . 6 2 3 * 2 6
9 3 * 7 5 9 * 5 6 3 , 5 2 4 . 2 3

1 0 0 . 0 0 4 . 6 0 7 * 8 0 7  * 1 1
9 3 . 7 5 5  * 6 2 1 2 *  1 6 1 0 * 2 5
4 8 * 3 9 3 * 8 7 6 * 2 0 6  * 2 0
7 1  . 4 3 4  * 7 1 5 * 6 8 5 * 6 0
7 8 . 9 5 7  * 1 1 3 * 3 7 5 , 6 0
4 4 * 1 2 3 * 7 9 5 * 5 4 5 * 2 6
6 8 *  1 8 6  * 0 0 3 * 4 6 2 * 3 6
4 6 * 8 7 2  * 4  4 4 , 8 8 4 . 5 3
7 8 . 9 5 8  * 2 1 3 * 3 0 4  ♦ 8 4
7 8 * 9 5 5 . 2 1 6 * 3 3 6 . 3 3
6 5 * 2 2 4 * 9 6 4 * 1 0 3 * 8 8
6 2 . 5 0 5 . 2 5 3 , 5 7 3 * 1 6
7 8 * 9 5 8 * 2 1 3 , 4 6 6 * 4 6
6 8 *  1 8 3 . 9 5 5 * 1 9 5 * 1 8
6 0 * 0 0 3 . 9 6 3 * 4 3 3 . 3 2
7 1 . 4 3 4 * 5 7 5 , 6  8 5 * 5 7
6 5 * 2 2 2 * 4 8 1 6 , 6 1 8 * 7 3
5 3 . 5 7 6 * 4 3 4 * 9 9 4 * 7 8

1 0 0 * 0 0 1 1  * 8 0 3  * 3 0 5 . 9 5
8 3 * 3 3 8 . 0 0 3 * 3 2 4  * 6 5
7 5 * 0 0 7 * 0 5 3 * 5 5 0 . 5 8
6 8 *  1 8 6 * 9 5 4  ♦ 1 0 2 * 6 1
5 3  * 5 7 2 . 6 8 4 , 5 6 4 * 1 6
5 3 * 5 7 4 * 8 2 6 * 3 7 6 * 1 8
6 8 *  1 8 6  * 6 8 4 . 1 0 3 . 1 9
6 5 * 2 2 9 * 0 0 3 * 4 9 6 . 9 6
7 8 * 9 5 8 . 8 4 3 . 3 4 5 * 6 1
7 1 . 4 3 4 , 7 1 5  * 6 8 5  * 6 0
7 8 * 9 5 7  ♦ 4 2 3 * 4 6 5 * 3 2
5 5 . 5 6 6 * 7 8 3 . 6 1 1 . 7 4
9 3 . 7 5 1 0 * 6 9 5 * 4 6 1 . 3 8
6 5 * 2 2 6 . 2 6 3 * 4 9 1 . 9 7
7 5 . 0 0 4  * 6 5 6 , 3 7 6 . 3 7
5 7 . 6 9 3 * 4 6 6 * 8 5 6 * 5 4
9 3 * 7 5 9 , 3 7 3 * 3 6 5 . 8 8
5 3 . 5 7 5 , 5 7 4 . 1 5 3  * 8 9

1 0 7 7 . 8 1 2 * 7 2 P A R ,
._.... 1 4 8 * 6 6 . 5 7 S . G *

1 6 * 5 3 5 5 7  * 6 1 0 . 2 1 P * C *
_ _ 3 2 9 * 9 8 . 5 7 PAR*

1 5 , 1 4 4 9 8 * 2 9 , 8 4 P * C *
7  ♦ 8 0 4 9 2 * 9 9  * 8 0 8 * 8 *  D

— 1 2 7 2 * 8 1 3 . 4 8 S  * 1... .
8 * 4 9 6 8 5 * 3 1 0 * 9 4 P * C ,

..... 1 5 5 * 8 6 * 6 8 S  * G *
1 6 * 4 5 1 2 5 0 , 5 1 3 * 3 7 S . G *  Ii

...... 1 5 9 * 0 6 * 7 2 S * G *
5 * 4 6 9 4 8 * 7 1 2 *  1 9 1”’ + G *

...... 4 1 6 * 5 9 . 2 9 S . L *
1 0 2 2 * 2 1 2 * 5 3 S * 1... *

9 * 5 5 3 4 9 , 7 8 * 7 4 9*1... * D
...... 2 8 6 , 7 8 * 2 0 S  * 1... *

1 4 * 3 7 3 4 8 . 7 8 * 7 3 P * C *
..... 1 9 3 * 6 7 , 2 0 S  * 1... *

1 6 5 * 5 6 * 8 1 S . G ,
1 6 * 4 5 9 3 * 8 5 * 6 4 S  * 1... * D

_.... 3 0 1  * 8 8 * 3 2 PAR*
1 6 * 5 3 4 6 9 * 2 9  * 6 4 S  * G * D
1 6 * 2 5 2 0 0 * 9 7 * 2 7 S  * G * D

...... 1 5 8 * 0 6 * 7 1 S  * G *
1 6 , 5 3 5 3 7 * 5 1 0 * 0 9 P * C *
1 6 * 5 9 2 2 3 , 4 7  * 5 3 S  * I... * n
1 6 , 6 3 1 0 9 * 8 5  * 9 4 S . G .  H

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

3 7 0 * 0 8 * 9 1 S . G ,
— 6 5 6 * 2 1 0 * 7 8 P AR*

2 7 1  , 4 8 * 0 3 PAR*
1 5  * 1 4 1 8 8 * 0 7  * 1 1 S . G *  D
1 1 ,  1 8 2 7 5  * 1 8 * 0 7 S < G * H

8 2 , 7 5 , 4 2 S  * I.. *
3 4 8 * 2 8 * 7 5 8  * 1... *

— 2 6 2 * 8 7 * 9 5 S * G *
1 6 * 6 1 6 8 2 * 8 1 0 * 9 3 P * C *

_... 4 3 7 * 5 9  * 4 2 P A R ,
...» 2 8 6 * 7 8 * 2 0 s . l  *

7 . 6 4 5 3 0 * 6 1 0 * 0 4 P * c .
1 9 5 * 1 7  ♦ 2 0 S  * G *

1 6 , 4 5 6 8 1  * 4 1 0 , 9 2 S . G *  H
1 6 . 2 5 1 7 4 . 1 6 , 9 3 S . G *  H
1 5 *  1 4 4 1 0 * 8 9 * 2 2 S  * 1... * n
1 6 , 6 5 2 8 8 * 9 8 * 2 0 S  * 1... * D

5 0 9 * 8 9 * 9 1 PAR *
..... 2 2 3 * 2 7 . 5 3 S . G ,



1 2 0

7 5  ♦ 0 0 7  ♦ 3 5 4 . 5 5 2 , 5 9
7 1  * 4 3 5 , 0 0 5 , 0 5 4  ♦ 8 3
6 8  ♦ 1 8 4 , 6 4 5 , 9 4 5 , 7 9
7 1 « 4 3 7  ♦ 2 9 3 . 3 6 5 , 2 0
7 8 * 9 5 8 , 6 8 3 . 4 1 5 , 9 5

1 0 0 , 0 0 1 1 , 4 0 3 . 3 3 6  ♦ 6)6
5 5 , 5 6 1 , 5 6 1 3 , 6 5 1 1 , 4 7
7 5 , 0 0 4  ♦ 5 0 6 , 3 7 6 , 2 5

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

4 , 0 2 3 7 5 , 0 8 . 9 5 S , G , D ,
8 , 4 9 3 2 5 . 9 8 , 5 4 s ,  e , n ,

■ 2 9 6 , 4 8 . 3 0 s  , 1... ,
— 3 0 9 , 0 8 , 3 9 P A R ,
..... 4 8 2 , 3 9 , 7 3 P A R ,

1 6 , 4 1 7 9 2 , 7 1 1  . 4 8 1"' ♦ G ♦
1 6 , 3 5 3 9 5 , 2 9 , 1 0 s  ♦ l  ,  n .

7 , 8 0 4 9 2 , 9 9 . 8 0 8 , 1-) , I t ,
6 , 8 5 6 8 4 , 7 1 0 . 9 4 8  ♦ G ♦ I.i,

..... 4 8 7 . 2 9 , 7 6 P A R ,
7 , 8 0 1 3 4 1 , 8 1 3 , 6 8 P , C ,
7 . 8 0 5 1 1  , 2 9 . 9 2 8  , G , D -



1 2 1

3 - D  BED P R OB E  P O S I T I O N S  A C M» 4 5 C M>

S U P E R F I C I A L  GAS  0 EI...0 C IT Y  =■ '.1.2  » 4  A C M / S E C  P A R T I C L E  S I Z E  * 2 5 0 - - 3 5 5

UB AL RE RR

7:1. , 4 3 4 . 7 1 5 .  A 8 5 ,  AO
7 5 , 0 0 4 .  A 5 A .  3  7 A , 2 2
8 0 , 2 4 9 . 7 1 3 . 3 5 A , 8  A
7 5 , 0 0 7 . 5 0 3 , 3 0 4 . 8 5
5  7 ,  A 9 5 . 3 1 1 3 . 1 4 1 2 . 8 7
7 8 , 9 5 8 . 8 4 3 . 3 4 5 ,  A 1
5 3 , 5 7 2 .  A 8 4 , 5  A 4 . 1A
A 5  ♦ 2 2 4 , 8 3 4 . 8 4 4  , 8 4
7 5 , 0 0 4 ,  AS A .  3  7 A . 3 7
7 8 , 9 5 A ,  A 3 3 . 4 1 1 ,  1 3
7 5 , 0 0 A , 0 0 3 , 5 5 2 . 5 8
7 8 , 9 5 5 , 2 1 A ,  3  3 A , 3 3
5  7 ,  A 9 4 , 8 5 4 . 0 9 3 . 9 0
A 0 , 0 0 4 , 0 8 4 ,  OA 4  . OA
7 1  , 4 3 A ,  4 3 4 . 5 9 3 . 9  A
8 8 , 2 4 7 . 4 1 3 , 5 7 A ,  1 5
4 0 . 5 4 3 .  1 A 4 , 5 4 4 , 4 7
7 1  , 4 3 A ,  4 3 3  4 A A 2 . 2 0
A 5 . 2 2 3 . 5 2 3 .  AO 3 ,  AO
8 3 , 3 3 8 . 0 0 4 , 0 2 0 ,  A 3
7:1. , 4 3 5 ,  8A 3  ♦ A A 2 , 7 2
5 3 . 5 7 3 . 7 5 1 4 .  1 A 9 .  AO
A 2 .  5 0 5 , 0 0 4 .  5  A 4 * 4 4
8 8 , 2 4 7 . 4 1 3 . 3 9 5 .  7 A
4 4 , 1 2 4 .  A 8 4 , 0 7 3 . 9 3
7 1 . 4 3 7 , 7 1 5 . 0 5 3 . 9 5
8 8 . 2 4 4 . 5 9 5 , 5 4 5 . 4 A
5 5 . 5 A 3 . A 7 5 . 0 5 4 . 8  A
A 8 . 1 8 A .  5 5 4 . 1 0 3 .  OA
5 0 . 0 0 4 . 7 0 A ,  8 0 A ,  7  7
7 8 , 9 5 4 . 7 4 5 . 4 5 5 . 4 1
5 3 . 5 7 4 , 0 7 4 , 9 9 4 . 9 8
5 7 ,  A 9 4 . 9 A 3 ,  A 3 3 , 2 4
A O ,  0 0 A . 9 A 3 . 5 5 1 . 0 2
7 8 . 9 5 7 . 7 4 3 . 5 8 A .  3  3
7 8 . 9 5 A . 3 2 9 . 7 3 9 ,  1 1

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

RW OB BE S HAP E

— 2  8  A ,  7 8 , 2 0 S . I . ,
7 , 8 0 5 1 1  , 2 9 , 9 2 S , G , D ,
8 , 9 4 A 9  9 ,  9 1 1 , 0 2 P , C .

1 A . 5 5 2  7  A ♦ 7 8 , 0 8 P . c ,
1 3 , 1 4 2 8 3 8 , 8 1 7 , 5 7 S  , G , D ,

- - 4 3 7 , 5 9 . 4 2 P A R ,
— 8 2 , 7 5 , 4 2 S . L ,

2 3 A . 1 7 ,  A 9 S . L ,
1 5 , 1 4 4 1 0 , 8 9 , 2  2 8  , L . D .

...... 1 A A , 0 A .  8  2 S  , (:) ♦

..... 1 7 5 ,  A A ,  9  5 S , G ,
1 A , 5 3 4 A 9 . 2 9 .  A 4 S  . G , D ,
1 A , A 5 1 9 4 . 2 7 . 1 9 8  , G , I i ,

1 4 1 . 1 A , 4  A 8 ,  G ,
1 A ♦ 5  7 3 3 0 ,  A 8 , 5 8 8  , I*.*, I i ,

— 4 4 0 , 1 9 , 4 4 P A R ,
1 A ♦ 7  4 1 2 7 . 3 A . 2 4 S , L . D ,
1 A « 5 7 1 9 7 .  A 7 . 2 3 8  . G , D ,

— 9 4 , 5 5 . A 7 8 .  L ,
— 2 7 3 ,  1 8 . 0 5 S . G .

1 5 ,  8  A 1 8  A ,  7 7 , 0 9 8  . G , D ,
5 7 0 . 2 1 0 . 3 2 8  . 1... ,

1 A . A 2 2 4 7 . 1 7 , 7 9 8 . 0 , D ,
1 A , 4 8 3 8 5 , 4 9 . 0 3 P . c .
1 A . 7 2 1 8 4 . 7 7 . 0 7 8  . G , D .
1 A , 5 7 4 7  A .  7 9  ♦ A 9 8  , G . U .

2 A 5  * A 8 , 0 0 8 .  L ,
— 1 A 1 ♦ A A .  7  8 S . L ,

1 A , 5 9 2  A 3 . 1 7 . 9 5 8  . G , D .
1 A . A 9 4 5 7 . 9 9 . 5  A S  . L ,  D .

2 7 3 , 0 8 , 0 7 8 . 1_..
1 0 . 7 1 2 3 5 . 9 7 » A 7 8 , 0 , D .
1 A ♦ A 5 1 5 8 . 9 A .  7  2 8  ♦ ( j  ,  D  ,

1 8 7 . 8 7 , 1 1 8 ,  G .
4 8 7 , 2 9 . 7 A P A R ,

— 9 5 5 , 1 1 2 . 2 5 S . L .
1 A , 3 8 1 0 5 A . 1 1 2 .  A 3 P . C .
1 A .  5 9 1 9  A ,  A 7 . 2 1 S  . 0  ,  D .
1 A . 5 5 2 7 0 . 0 8 . 0 2 8  , 0  , D .

8 9 A .  7 1 1  . 9  A PAR *



1 2 2

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

3 1 2  . 0 8 . ' 4 4 S , L .
1 5 8 , 0 6 , 7 1 S . G ,
1 9 2 . 8 7 .  1 9 S . L ,

1 0 , 7 1 2 2 6 , 0 7 , 5 6 S  . (3,  D ,
1 6 9 , 0 6 . 8 6 S . G ,

1 2 , 6 7 3 5 0 , 6 8 . 7 5 S  . L ,  D ,
1 6 , 6 2 4 4 2 . 2 9 , 4 5 S . G , D ,

9 , 2 6 2 6 2 , 9 7 , 9 5 S  , G . D ,
1 0 1 , 8 5 . 8 1 8 ,  L. ,

1 6 , 5 1 5 1 0 , 1 9 , 9 1 P , C ,
3 1 7 , 3 8 , 4 6 S . G ,

1 6 . 6 1 3 3 3 , 7 8 , 6 1 S  . G , »  ,
3 2 8 , 3 8 , 5 6 P A R ,

1 6  ♦ 5  5 1 8 2 , 4 7 . 0 4 S  , G , D ,
1 8 7 , 4 7 . 1 0 S , G ,
1 5 2 . 5 6 . 6 3 S , G ,
1 5 7 , 1 6  ♦ 6  9 S , G ,

1 2 , 9 2 1 9 2 , 8 7 , 1 7 S  , G , D ,
3 5 5 , 0 8 , 7 9 P A R ,

1 6 , 3 8 1 2 1 , 4 6 , 1 4 S . L ,  D ,
1 6 , 5 9 1 8 3 , 2 7 , 0 5 S  , G , B ,

. 1 . 4 6 , 4 6 , 5 4 S . G ,
4 3 1  , 1 9 . 4 0 S , L ,

...... 1 6 5 , 5 6 . 8 1 S . G .
9 2 , 4 5 . 6 2 S . L .

1 6 . 5 9 '?'>■'< * 4A„ A«« sj v T 7 , 5 3 S , 1..., H ,
...... 2 1 5 , 2 7 , 4 4 S «G ,

1 6 , 6 5 1 9 8 6 , 2 1 5 , 6 0 S  , 1..., H ,
— 5 9 6 , 8 1 0 . 4 7 S . L .

1 6 , 5 9 4 4 4 , 8 9 , 4 7 S  . L ,  H .
...... 3 7 1 , 9 8 , 9 2 P A R ,

4 6 7 . 5 9 . 6 3 P A R ,
6 . 3 4 1 7 0 , 5 6 . 8 8 S  . G , B .

7 1 8 , 6 1 1 . 1 4 S , 1...,
— 3 4 2 , 4 8 . 7 0 S  , 1... ,

2 3 0 , 0 7 . 6 0 P A R ,
1 2 . 9 2 5 8 2 . 5 1 0 . 3 6 S  , G , B ♦
1 6 . 6 7 3 6 9 . 8 8 . 9 1 S  , 1.... D ,

9 4 , 5 5 , 6 7 8 , 1 .  ♦
1 0 , 7 1 1 6 4 , 3 6. .  8 0 S , G , D ,

3 0 2 , 5 8 , 3 5 S , L ,
1 5 2 . 8 6 , 6 3 S . (5.

1 6 , 5 1 5 0 4 . 3 9 , 8 8 P . C ,
5 4 2 . 4 1 0 . 1 2 P A R .

1 6 , 2 8 2 0 6 , 7 7 , 3 4 S . G . H ,
3 7 1  . 2 8 , 9 2 8  ♦ G ♦

....... 1 5 3 , 6 6 , 6 5 S , G ,
7 4 3 . 7 1 1 , 2 4 S . G ,
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7 5 * 0 0 8  * 7 0 4 * 0 2 7 * 2 2
7 1 * 4 3 6  * 2 9 3  * 3 6 1. * 5 2
5 5  ♦ 5 6 1 * 7 8 1 . 0 * 3 3 5 * 7 9
6 0  * 0 0 5 * 0 4 6 * 7 8 6 * 7 1
8 8 * 2 4 8 * 4 7 3  * 5 7 4 * 2 7
8 3 * 3 3 7 * 5 0 3 * 3 1 . 4  * 8 8
6 5 . 2 2 4  * 5 7 7 * 2 4 7 . 2 4
5 7 * 6 9 4 * 7 3 4 * 5 0 4  * 5 0
5 7 * 6 9 4 * 8 5 6 * 8 5 6 * 8 5
51.  , 7 2 5 * 4 8 5 * 4 7 5 * 4 7
5 5 , 5 6 3 * 5 6 4 * 6 1 . 4 * 5 9
7 5 * 0 0 6  * 7 5 4  * 1.1. 2 * 9 1 .

7 1 . 3 * 4 11. * 0 9 PAR*
1 . 6 * 5 7 1 . 5 7 * 2 6 . 7 0 S  * (!) * .(1 *

._ .. . . 9 6  * 6 5 * 7 1 . S * 1... .
9  * 6 0 5 9 1 . * 7 1 . 0 * 4 2 s . g * n  *
5  ♦ 5 4 81 . 8 * 1 . 1.1 * 6 0 p  * c  *

2 8 0 * 7 8 * 1 . 2 PAR*
1.1 * 6 9 5 5 2  * 6 1 0 * 1 8 8  * 1... * D *

2 0 5 * 7 7 * 3 2 8 * G *
1 3  *1.4 5 1 6 * 2 9 * 9 5 S * L * D *

— 3 4 3 . 6 8 * 6 9 S * G *
1.6 * 6  6 1 . 5 6 * 4 6 . 6 8 8 * L * 0  *
1 . 6 * 5 5 2 7 0 * 0 8 * 0 2 8  * (!) * D *



12 4

3 - D  BED P R O B E  P O S I T I O N S  8 C M ? 4 5 C M >

S U P E R F I C I A L  GAS  V E L O C I T Y  = '1 2  ,  4 6  C M / S E C  P A R T I C L E  S I Z E  J 2 5 0  - 3 3 5

UB AL RF RR

5 7  ♦ 6 9 4 * 0 4 3  * 6 3 3,61
68* 1 8 6 * 4 1 4  * 0 2 2 * 9 2
6 0 * 0 0 6 * 9 6 3 . 5 5 1 * 0 2
7 0 * 9 5 7 . 7 4 3 . 5 8 6 . 3 3
8 3 * 3 3 7 * 6 7 3 * 4 8 6 * 4 7
6 5 * 2 2 5 . 2 2 3 . 4 9 2  ♦ 8 8
7 8 * 9 5 8 * 5 3 3 * 4 1 6  ♦ 3 9
68.18 3 * 9 5 5  * 1 9 5 * 1 8
7 8 . 9 5 8 . 8 4 3 * 3 4 6 * 0 2
7 8 * 9 5 9 * 6 3 3 * 4 1 6 . 7 1
5 3  * 5 7 2 . 6 8 4 * 9 9 4 * 4 2
7 8 * 9 5 5 * 2 1 6 * 3 3 6  * 0 6
6 2 * 5 0 4 * 6 2 3 * 5 7 3 . 3 0
7 8 * 9 5 8 * 2 1 3  ♦ 5 8 7,14
6 5 * 2 2 5  * 8 7 3 * 6 0 2 , 5 4
8 3 * 3 3 9 * 0 0 3.48 6 . 8 7
6 5 * 2 2 4  ♦ 5 7 4 . 0 6 4 * 0 3
8 3 . 3 3 9  ♦ 3 3 3.61 7 * 8 1
6 8 *  1 8 4 * 0 9 5 . 1 9 5 , 1 9
8 3 * 3 3 8 . 6 7 4 * 1 2 8 * 6 7
7 5 . 0 0 6 * 1 5 3 * 5 5 2 . 2 3
8 8 * 2 4 1 2 * 7 1 3 * 4 4 7  ♦ 3 5
7 8 * 9 5 8  * 8 4 3 . 3 4 5 , 6 1
7 8 . 9 5 9 . 4 7 4  * 9 7 2  * 0 9
6 8 *  1 8 6 * 6 8 4 . 0 2 2 . 8 0
6 5 * 2 2 3 * 9 1 5 , 4 8 5 * 4 5
6 2 . 5 0 6  * 0 0 3 * 5 2 2 . 1 6
7 8 . 9 5 8 * 6 8 3 * 4 1 6 . 3 7
7 5  * 0 0 6 . 7 5 3 * 5 5 1 * 4 1
6 5 . 2 2 5 * 6 1 4  * 0 6 3 * 7 5
8 8 . 2 4 9 . 0 0 3 , 4 4 6 * 6 5
5 3 . 5 7 2 * 5 7 4 , 9 9 4 , 6 8
7 8  * 9 5 4 . 8 9 9 . 7 3 9  * 5 6
7 5 . 0 0 4 . 6 5 6.37 6 . 3 7
7 1 . 4 3 7  * 0 0 3 . 6 6 1 . 3 4
7 8 .  9 5 7.42 3 ♦ 58 5 * 3 2
5 3  * 5 7 2  ♦ 8 9 4 * 9 9 4 . 7 9
6 5 . 2 2 5  * 6 1 4 * 0 6 3 , 5 6
6 8 * 1 8 6  ♦ 6 8 4 *  1 0 3 * 1 9
6 2 . 5 0 5 . 7 5 3 . 5 2 2 . 3 8
6 5 . 2 2 c; 'p'?

V.J ♦  A*. A*. 4 . 1 0 3 * 4 9

RW VB BE SH A P E

1 1 7 * 2 6 * 0 7 S  * (3 *
1 1  * 2 2 2 5 0  * 1 7 . 8 2 S  . G * D

1 8 7 * 8 7  * 1 1 S . G ,
— 4 8 7 . 2 9 . 7 6 PAR*

1 3 * 6 5 5 0 1  . 5 9 * 8 6 P * C *
1 6 * 2 5 1 5 3 , 8 6 * 6 5 S  * G * D
1 4 * 3 7 5 4 4  * 9 1 0 *  1 3 P * C *
1 6 * 5 9 2 2 3 * 4 7 * 5 3 S  , 1... * D
1 4 * 3 7 5 0 1  * 6 9 * 8 6 P . C *
1 6 * 5 3 6 7 9 , 4 1 0 * 9 1 P , C *

9 2  * 4 5 * 6 2 S . L *
7  * 6 4 5 7 4 * 2 1 0 * 3 1 S  , G * D

1 6 * 6 2 1 4 2 , 7 6 * 4 8 S  * G * D
1 6 * 5 3 6 5 4  * 8 1 0 . 7 7 P , C *
1 1  . 6 9 1 8 1  . 1 7 . 0 2 S . G , D
1 6 * 5 1 6 6 6 , 2 1 0 * 8 4 P . C ,

- - 1 6 6 . 2 6  * 8 2 S . G *
1 6 * 5 1 8 9 0 * 5 1 1 * 9 4 P * C *
1 6 * 2 2 2 3 5 * 7 7 , 6 6 S  * L * D
1 6 * 5 1 1 0 1 4 * 5 1 2 , 4 7 P * C *
1 5 , 1 4 1 8 0 , 1 7 , 0 1 S  * G * D

— 1 0 7 7 * 8 1 2 , 7 2 P AR*
........ 4 3 7 * 5 9 * 4 2 P A R ,
— 5 1 0 * 2 9 . 9 1 S . G .

1 6 . 5 9 2 5 5 * 6 7 * 8 7 S  * G * D
1 6 , 2 5 2 4 1  * 7 7 * 7  3 S , L * D

7 . 6 5 1 7 5 * 5 6 * 9 5 S .  (3 .  D
1 6 * 5 3 5 5 2 . 1 1 0 . 1 8 P . C *
1 5 . 1 4 1 8 6 * 9 7 . 0 9 S  ♦ G * D

— 2 1 6 * 5 7 . 4 5 S  * G *
1 6 * 4 8 6 2 3 * 5 1 0 * 6 0 P * C *
1 6 . 3 8 1 0 6 * 4 5  * 8 8 S  * 1... * D
1 6 . 5 3 9 5 0 * 2 1 2 . 2 0 S  * L * D
1 5 . 1 4 4 1 0 , 8 9 . 2 2 S . L .  D
1 6 * 5 7 2 0 3 , 6 7 * 3 0 S . G *  D

7 * 6 4 6 4 5 * 5 1 0 . 7 2 P . C *
1 6 * 6 7 1 2 8 . 6 6 , 2 6 S . L . D
1 6 * 2 5 2 2 5 . 3 7 . 5 5 S  * G * D

— 2 6 2 * 8 7 , 9 5 S  * G ♦
7 . 6 5 1 7 1 , 4 6 . 8 9 S  * G * D
6 * 3 4 2 2 7 * 5 7 , 5 7 S  ♦ G ♦ .0
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8 3 , 3 3 9 , 0 0 3 , 4 8 7 , 0 2 1 3 , 6 5 6 9 2 , 3 1 0 , 9 8 P 0 ,
6 8  ♦ 3.8 6 , 1 4 3 , 5 1 2  ♦ 3 3 ...... 1 . 7 3 , 4 6 . 9 2 S G ,
7 8  ♦ 9 5 7 . 1 1 3 , 5 8 0 , 4 9 5 . 4 5 1 9 2 , 3 7 . 1 . 6 S ’ G ,  D ,
8 8 . 2 4 1 0 . 2 4 3 , 4 4 7 , 0 9 1 6 , 4 8 8 0 6 . 9 1 1 . 5 5 P G,
5 7 . 6 9 5 . 1 9 3 , 5 4 2 , 9 7 1 6 , 6 5 1 5 7 . 0 6 , 6 9 8 G , D ,
7 5 . 0 0 7 , 9 5 3  ♦ 4 5 6 . 2 7 1 6 , 5 5 4 9 0 , 6 9 . 7 9 P C ,
8 3 . 3 3 9 , 3 3 3 , 6 1 7 , 8 1 1 6 , 5 1 8 9 0 , 5 1 1 . 9 4 P C ,
8 8 . 2 4 6 . 7 1 8 , 9 4 8 , 8 5 1 2 , 9 2 1 . 3 5 9 , 3 1 3 . 7 4 S G . D ,
7 8 . 9 5 5 , 5 3 6 , 3 3 6 , 3 2 1 6 . 5  3 5 0 8 , 9 9 , 9 1 s G ,  ) J,
6 2 . 5 0 6 . 1 2 3 . 3 3 1 , 6 6 .1 .6 ,2 8 1 .5 1  , 8 6 , 6 2 8 (.'j , ).J,
7 1 . 4 3 4 . 7 1 5 , 6 8 5 , 6 0 2 8 6 , 7 8 , 2 0 8 L ,
7 1 . 4 3 7 . 0 0 3 , 4 3 5 , 8 4 1 5 , 8 6 3 7 4 . 0 8 . 9 4 P C .
6 5 . 2 2 3 , 5 2 3 , 6 0 3 , 6 0 9 4 , 5 5 , 6 7 8 L ,
6 5 . 2 2 4 . 8 3 6 , 3 4 5 . 8 6 6 , 3 4 5 8 0 . 4 1 0 . 3 5 8 g ,  n ,
6 8 . 1 8 6 . 5 5 3 , 4 6 1 . 5 8 1 . 7 2 , 4 6 , 9 1 9w G,
6 8 .  1 8 4 . 2 3 5 , 1 9 5 . 1 0 ...... . 1 ,  4 7 , 4 2 8 L ,
6 8 .  1 8 4 , 5 0 5 , 1 9 5 , 1 5 2 3 4 , 9 7 . 6 8 8 L ,
7 5 . 0 0 6 . 7 5 3 , 4 5 0 , 8 8 1 5 , 1 4 1 .7 1  , 1 6 , 8 9 8 G , D ,
6 0 . 0 0 6 , 7 2 4 , 0 6 2 . 8 3 1 6 , 6 3 2 6 1  . 4 7 , 9 3 8 G , H ,
6 8 . 1 8 6 ,  j j 4 , 0 2 2 , 8 1 1 1 , 1 8 2 5 3 , 6 7 . 8 5 8 G * D ,
7 1 . 4 3 6 , 4 3 4 , 5 9 3 . 9 4 1 5 , 8 6 3 3 1  , 1 8 , 5 8 8 G , . 0,
5 3 . 5 7 2 . 5 7 4 , 9 9 4 , 7 3 1 4 . 1 6 1 . 1 0 , 2 5 , 9 5 8 1. . . ,  D ,
7 5 . 0 0 6 . 7 5 4 . 1 1 2 . 9 1 1 6  ♦ 5 5 2 7 0 , 0 8 , 0 2 8 G , D ,
6 8 . 1 8 6 . 2 7 4 , 1 0 3 . 4 8 2 4 8 , 4 7 , 8 0 8 G.
6 8 . 1 8 4 . 7 7 5 , 9 4 5 . 9 3 .1 .6 ,5 9 3 6 9 . 3 8 , 9 0 8 i....  n ,
6 5 . 2 2 5 . 3 5 3 . 4 1 2 . 8 1 ........ 1 . 4 6 , 3 6 , 5 4 8 G,
7 1 . 4 3 7 . 2 9 3 . 4 3 5 . 5 3 _.... 3 5 0 , 2 8 , 7 5 PAR:,
7 5 , 0 0 7 , 2 0 5 , 0 1 3 . 2 6 4 , 1 1 4 7 6 , 3 9 . 6 9 8 G , D ,
6 8 ,  1 8 4 , 5 0 5 . 1 9 5 , 1 9 1 6 . 2 2 2 7 0 , 4 8 , 0 2 8 G , D ,
7 1 . 4 3 5 . 8 6 5 , 0 5 4 . 8 1 1 6 , 5 7 3 6 1 . , 5 8 , 8 4 8 G , D ,
7 8 . 9 5 9 , 4 7 4 , 9 7 2 . 0 9 ...._ 5 1 . 0 , 2 9 , 9 1 8 G ,
5 5 , 5 6 4 , 6 7 4 . 0 0 3 . 9 4 1 6 6 , 9 6 , 8 3 8 G,
7 5 . 0 0 9  , 3 0 5 . 0 1 2 . 5 9 _... 5 1 . 8 , 8 9 , 9 7 8 G<
7 8 . 9 5 4 , 7 4 6 , 3 3 6 , 3 3 1 6 , 5 3 4 0 9 , 5 9 . 2 1 8 L , I i ,
6 2 , 5 0 6 . 5 0 3 . 4 0 1 , 2 1 9 , 2 6 1 6 4 . 2 6 . 7 9 8 G , .0 #
7 1 . 4 3 4 . 8 6 5 , 6 8 5 . 6 7 1 5 , 8 6 3 5 2 , 8 8 . 7 7 S G , I i ,
6 8 , 1 8 6 . 5 5 4 , 1 0 3  ♦ 0 6 1 6 . 5 9 2 6 3 , 1 7 . 9 5 8 G , H ,
7 5 . 0 0 4 « 6 5 6 , 3 7 6 . 3 6 1 0 , 2 4 4 5 8 , 7 9 . 5 7 8 G , )J ,
6 8 , 1 8 3 , 8 2 5 ,  1 9 5 . 1 7 1 6 , 2 2 2 1 2 , 8 7 . 4 1 8 L . H ,
7 1  . 4 3 4  ♦ 5 7 6 . 7 9 6 . 7 4 1 . 6 , 5 7 4 3 8 . 4 9 , 4 3 8 L , H .
6 0 , 0 0 6 , 0 0 3 , 5 1 2 . 4 7 1 7 0 . 5 6 . 8 8 8 G,
7 1 . 4 3 6 , 4 3 5 . 0 5 4 , 8 6 3 7 7 , 1 8 . 9 6 8 G ,
6 2 , 5 0 5 , 7 5 3 . 4 4 2 , 3 8 1 6 , 6 2 1 . 5 9 , 7 6 , 7 3 8 G , D ,
6 0 , 0 0 6 « 9 6 3 , 9 9 2 , 6 7 2 5 4 , 6 7 . 8 6 8 G ,
7 1  , 4 3 4 . 2 9 8  ♦ 4 9 7 » 3 8 ._ .... 4 0 7  , 6 9  ♦ 2 2 8 L ,
6 8 . 1 8 6 . 4 1 4 . 1 0 3 , 1 6 1 . 6 , 5 9 2 5 9 . 0 7 , 9 1 $3 G , H ♦
7 5 , 0 0 6 . 7 5 4 . 1 1 2 , 8 9 1 . 5 , 1 . 4 2 7 0 . 4 8 , 0 2 8 G , D ,
5 3 . 5 7 2 , 4 6 4 . 9 9 4 , 6 3 1 6 . 3 8 9 9 , 1 . 5 , 7 4 8 L . H ,



1 2 6

7 8  * 9 5 9 . 7 9 4 . 9 7 1 . 1 9 5 1 3 , 1 9 . 9 3 8  ♦ (.»,
6 5 . 2 2 c; 9  9W ♦ iC.. Am 3 . 6 6 3 . 1 5 1 6 . 2 5 1 6 9 , 4 6 . 8 6 8 , 0 , n .
7 8 . 9 5 4 . 2 6 9 . 7 3 9 . 3 9 1 6 . 5 3 7 7 1  . 8 1  :L, 3 8 S , 1. . . . D ,
6 5 . 2 2 5 . 4 8 4 . 0 6 3  ♦ 5 5 1 1 . 6 9 9  9  "Jr . ':>A. W ♦ A.. 7 , 5 3 8 ,  (3. D .
5 1 . 7 2 2 . 7 9 5 . 0 2 4  ♦ 7 8 1 6 . 6 8 i o o  * sJ. Ah A., t V*. 6 . 1 6 8 , L . D ,
7 1 . 4 3 1 0 . 0 0 3 . 5 3 4 . 9 3 1 0 . 7 1 3 0 1  , 4 9 . 0 0 1"*, (..•,
6 5 . 2 2 4 . 1 7 5 , 4 8 5 . 3 2 2 2 3 , 9 7 , 5 5 8 , 1 . ,
7 1 . 4 3 4 . 7 1 5 . 6 8 5 . 6 4 1 0 . 7 1 3 6 5 . 7 8 , 8 7 8 , (3 ♦ n ,
8 3 . 3 3 9 . 1 7 5 . 9 2 4 . 1 5 9 . 2 6 7 9 4 . 2 1 1 , 4 9 8 , ( 3 , » ,
8 3 . 3 3 8 . 5 0 3 . 5 4 8 . 0 4 9 . 2 6 8 1 0 , 0 1 1 , 5 7 P , C ,
6 2 . 5 0 6 . 1 2 3 . 3 3 1 . 8 0 1 5 1 . 3 6>« 6 1 8 , 8 ,
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3 - D  BED PROBE P O S I T I O N ” < 0CM»35CM>

S  U P E R F I C I A  L GAS  0  E I... 0  C 1' I  Y = 1 2 . 4 6 C M /  S  E C P  A R T I C  L E S I Z E  * 2 5 0  -  3 5 5

UB AL

6 0  ♦ 0 0 4 , 9 2
6 0  ,  0 0 5 , 5 2
5 7 , 6 ? 3 , 4 6
6 5 , 2 2 4 , 8 3
6 5 , 2 2 5 . 0 9
7 5 , 0 0 7 , 5 0
5 3 . 5 7 4 , 5 0
6 0 . 0 0 4 , 9 2
6 5 , 2 2 4 , 8 3
6 5 . 2 2 6 , 0 0
5 5 . 5 6 5 , 3 3
6 5 . 2 2 4 , 0 4
6 2 , 5 0 5 , 5 0
6 5 . 2 2 4 . 8 3
6 2 . 5 0 7 , 2 5
5 5 . 5 6 3 , 2 2
7 1  . 4 3 7 , 8 6
6 0 , 0 0 6 , 9 6
6 2 , 5 0 6 , 0 0
7 1 , 4 3 7 , 7 1
7 1 . 4 3 7 . 7 1
6 0 . 0 0 5 , 4 0
7 1 . 4 3 7 , 7 1
7 8 , 9 5 5 , 5 3
6 8 , 1 8 7 . 2 3
6 0 , 0 0 4 , 6 8
5 7 , 6 9 3 , 4 6
5 7 . 6 9 4  ♦ 5 0
6 0 . 0 0 4 , 0 8
7 8 . 9 5 7 . 4 2
6 8 ,  1 8 6 , 8 2
6 2 , 5 0 6 , 5 0
6 2 , 5 0 5 . 0 0
6 0 . 0 0 4 , 6 8
7 8 , 9 5 4 , 4 2
4 8 , 3 9 4  ♦ 3 5
6 8 . 1 8 5 , 8 6
6 8 .  1 8 6 . 8 2
6 2 , 5 0 4 , 3 7

RF RR

4 ,  J. 3 4 , 0 5
5 , 4 4 5 , 3 5
4 . 5 8 4 , 5 6
5 , 4 8 5 . 2 4
4 , 8 4 4 , 3 9
4 , 0 2 1 , 8 4
3 , 5 5 3 , 3 0
4 , 9 9 4  , 9 9
6 , 3 4 6 . 2 5
4 , 1 0 3 , 4 2
3 . 5 6 2 , 9 3
7 , 2 4 7 , 0 5
4 , 0 9 3 , 6 7
5 , 4 8 4 . 9 2
4 , 5 2 3 , 3 1
5 , 0 5 5 . 0 2
3 . 4 3 6 , 1 6
3 , 5 5 1 . 0 2
5 , 0 5 4 , 7 7
3 , 6 6 7 , 3 9
5 , 0 5 3 . 9 5
4 , 0 6 3 , 8 3
5 , 6 8 5 . 3 0
9 , 7 3 8 , 7 7
3 , 5 7 6 , 6 1
5 , 4 4 5 , 3 9
6 , 8 5 5 , 9 5
6 , 8 5 6 . 8 0
3 . 3 7 3 , 2 1
3 , 4 6 5 . 3 2
3 , 4 2 0 , 3 9
3 , 4 8 1 , 4 9
4 , 0 9 3 , 7 3
5 , 9 1 5 , 9 1
9 , 7 3 8 . 1 5
4 , 1 4 . 0 4
3 , 3 5 1 . 6 4
3 . 3 5 5 , 0 0
6 , 3 7 6  ♦ 0 5

RW OB

— 1 8 9 . 1
1 6 , 3 1 3 8 6 , 8
1 6 , 3 3 1 4 9 , 0

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

1 6 . 5 5 2 7 0 . 1
1 6 , 6 7 1 3 6 , 2

2 5 4 . 5
8 . 8 7 4 9 9 , 9

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

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

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

— 2 0 6 , 8
5 8 0 , 7

...... 7 5 6 , 5
1 6 , 5 9 4 9 4 . 3

..... 2 6 7 . 1
— 2 1 4 . 4

1 6 . 3 3 4 3 6 , 7
1 6 . 6 3 1 1 0 , 2

7 , 6 4 5 3 0 . 6
... .. . 1 6 7 . 6

9 , 2 6 1 7 4 , 7
9 , 2 6 2 1 0 . 3

1 6 , 6 3 3 5 6 . 7
5 0 6 . 8

1 6 . 7 0 1 7 1 . 2
3 , 4 2 1 5 4 , 4

..... 2 6 7 . 7
2 9 5 , 6

BE S HA P E

7 ,  1 2 S , G ,
9 , 0 4 S  , G , D
6 , 5 8 S  , L , D
9 . 0 5 s . g  , n
8 . 4 9 S . G ,  D
8 . 0 2 S . G ,  D
6  ♦ 3  8 S  . G . D
7 , 8 8 S , L ,
9 . 8 5 S  , G , D
7 , 7 6 S , G . D
6 . 7 8 S  ♦ G , n
9 , 1 9 S . L .  D
7 , 5 4 S . G ,  D
9 , 3 4 S  . G , D
8 , 7 7 S  , G , D
6 . 9 4 S , I- ♦ D
9 . 6 3 P . C ,
7 . 1 1 S , G ,
8 , 9 2 S  . G . D

1 0 , 8 0 P , C ,
9 , 6 9 S . G ,  D
7 , 3 4 S , G ,

1 0 , 3 5 S . G .
1 1  . 3 4 S . L ,

9 . 8 1 P , C ,
8 , 0 1 S , 1...,
7 , 4 5 S , L ,
9 , 4 1 S  , I...,  D
5 , 9 5 S  ♦ G . D

1 0 . 0 4 P . C ,
6 . 8 4 S , G .
6 , 9 4 S  , G , D
7  . 3 8 S . G ,  D
8 . 8 0 S  , L , D
9  ♦ 9 2 S . L ,
6 , 8 9 S  . G , D
6  ♦ 6 6 S  , 6 ,  D
8 . 0 0 PAIR ,
8 , 2 9 S , 1...,
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55.56 4.67 4,00 3.94 166,9 6,83 8w 6,
65.22 6.26 4,84 4.62 338,4 8.65 S 0,
60.00 3,72 5.91 5,8.1. 16.31 253,9 7,86 S' L., D ,
62,50 4,12 5,88 5.81 7 ,65 373,2 8.93 s G . D .
68,18 5.86 5,19 4,45 5.94 433.3 9.39 s 0 , Ii ♦
60,00 3,96 5,44 5.24 _.... 203,1 7.31 s L,
65.22 6.13 5,48 5,27 16.61 445.9 9,48 s 0.H,
71.43 7.43 3 ♦ 6 6 7,21 16,57 604,5 10,49 p C .
60,00 4.20 4,99 4,99 16 ♦ 6 3 227.9 7,58 s L , D .
65,22 6.00 7 ♦ 24 7.13 — 592,4 10.45 s I...,68,18 8,32 3,42 6,28 16,59 513,8 9,94 p C.60,00 3.96 5,91 5,58 226,4 7,58 s L,
71.43 6,00 6,79 6,76 16.57 644,5 10.72 s 0 * 1.1 ♦
57.69 5.54 3.45 2,75 -..._ 154,8 6 ♦ 6 6 s 0 ,
68,18 6,14 5,19 4 ♦ 78 11 , 18 416,3 9,26 s 0 ♦ D *
68, 18 5,45 4,02 3.50 11.22 218,7 7.48 s (3 ♦ U ,
68,18 6,82 3.62 1 .57 16,22 197.8 7.23 8 g , n ,
57.69 3,46 6,32 6,08 16.65 251,7 7,83 9 1..., II,
71,43 7,71 5,05 3,77 10,71 482,8 9,73 S 0. II,
60,00 3,96 5.91 5,85 16.31 279,5 8,11 S l . n .
71.43 6,00 5,05 4,96 ...... 344 ♦ 7 8.70 8 G,
55,56 1,89 10.33 8,19 16 ♦ 66 228,6 7.59 8 1..., II,
62,50 4,00 5,88 5,67 6,37 397.3 9.12 8 0 , II ,
60,00 6,96 3,99 2,67 . 254.6 7 ,86 9w 0,
55,56 5,44 3.61 2.94 16,66 171,3 6.89 8 G , II.
65,22 5,87 6.34 6 ♦ 30 16,61 552.5 10.18 8 0. II.
65 ♦ 22 4.17 7,24 6,56 . 320,0 8,51 8 L.
71,43 8,29 3 ♦ 53 6,89 16,57 615,4 10,55 P C,
57,69 3.46 4.58 4.57 13,14 154.4 6 ♦ 66 S 1..., D .
78.95 6,95 7,64 7,56 16.53 974,6 12.30 8 G . Ii.
62,50 6,12 5,05 4.72 16,28 381,1 8,99 S G , D ,
75,00 8,40 3,45 5,40 7,80 647.5 10.73 P C.
65,22 5.09 4.84 4,39 6.34 320,0 8,49 8 0 , H ,
78,95 5,68 7,64 7,10 7.64 995.5 12.39 8 0, H ,
57,69 3,46 8,10 7,60 16*6 5 388 ♦ 5 9,05 8 L . D ,
57,69 4,50 5,02 5.00 13,14 262,4 7 ♦ 94 8 0 , H ,
62.50 4.25 6.37 6,32 16.28 353,8 8,77 8 1..., D .
65.22 6,00 4,57 4,33 . 290,2 8.21 8 0,
71.43 7,14 4,59 3,81 ...... 353,6 8.77 8 G ,
68. 18 7,23 3,57 6,61 16,59 494.3 9,8.1. P C,
68, 18 7.91 3,42 6,12 16,59 464,4 9 ♦ 61 P c ,
55,56 4,00 6.35 6,25 16,66 318,4 8,47 8 L . I'.
46,87 2,44 5.46 4,97 16.45 111 .8 5.98 8 1.... H .
57.69 5.65 5,47 5,37 16,65 402,2 9.16 8 G . D ,
68.18 5,86 5 ♦ 94 5,74 11.18 517,7 9,96 8 G , D.
55 ♦ 56 6.33 3.44 1.72 16.35 168,2 6.85 8 0 , H ,
57.69 4,73 4.58 4,51 16,65 231.6 7 ♦ 62 8 G , H .
65,22 5,87 6,34 6.30 16.61 552.5 10,18 9 0 ♦ II *
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4 8 . 3 9 4 . 5 5 4 . 0 0 3 . 8 7
7 1 * 4 3 7 . 8 6 3 . 4 8 6 , 4 2
6 5 . 2 2 6 . 1 3 4 , 8 4 4 , 4 5
6 2 . 5 0 6 . 3 7 3 . 4 0 1 , 4 3
7 1 . 4 3 8 , 2 9 3 , 5 9 6 , 6 0
6 2 . 5 0 5 . 2 5 4 . 5 2 4 , 3 2
7 5 . 0 0 7 . 0 5 3 , 5 5 0 , 5 0
5 5 . 5 6 3 . 3 3 5 , 0 5 4 , 9 9
7 5 . 0 0 7 . 2 0 6 , 3 7 6 . 0 6
6 0 . 0 0 4 . 8 0 4 , 1 3 3 , 9 6
8 3 . 3 3 .1.1 ♦ 1 7 3 . 4 8 6 , 1 3
6 0 . 0 0 6  ♦ 7 2 4 , 0 6 3 . 0 6
6 5 . 2 2 4 . 0 4 7 , 2 4 7 , 0 5

1 6 , 7 0 1 7 2 , 6 6 . 9 1 8  ,' G , D ♦
1 6 , 5 7 5 0 7 . 0 9 , 8 9 P . c ,
1 6 . 6 1 3 5 0 , 3 8 , 7 5 8  , G , IJ ♦

9 . 2 6 1 6 3 , 5 6 . 7 8 8 , 0 , D ,
..... 5 6 6 , 2 1 0 , 2 6 P A R ,

1 6 . 2 8 2 5 7 , 6 7 . 8 9 8 ,  G * I.i.
5 , 4 9 1 8 8 , 0 7 , 1 1 8  ♦ 0 ,  )J ,

1 3 , 6 5 1 7 0 , 9 6 . 8 8 8  , L ♦ »  ,
1 6 , 5 5 7 1 9 , 5 1 1 .  1 2 S  , (3 ,  ,
1 6 , 3 1 1 9 5 , 5 7 . 2 0 8 ,  G , D .

9 , 2 6 1 1 4 2 . 2 1 2 . 9 7 I"1 ♦ L ,
2 5 7 , 9 7 , 9 0 8  ♦ (3,

1 6  , 6 1 4 0 6 , 8 9 , 1 9 S . L . D ,
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3 - D  BED PR O B E  P O S I T I O N S  2 C M v 3 5 C M >

S U P E R F I C I A L  GAS  0 E L 0 C I T  Y ™1 2 ♦ 4 6 CM/ S E C P A R T I C L E  S I Z E ♦ 2 5 0 - 3 5 5

UB AL

65 ♦ 2 2 4 , 8 3
3 8 , 4 6 3  * 6 9
7 5  ♦ 0 0 6  ♦ 6 0
65*22 8 , 3 5
8 8  ,  2 4 5 . 2 9
53*57 2 , 6 8
4 5 * 4 5 2 » 3 6
5 5 . 5 6 4  , 6 7
71 .43 1 0 . 4 3
6 0 . 0 0 4 . 2 0
57.69 4 , 3 8
57.69 3 , 4 6
5 5 , 5 6 5 , 4 4
6 5 , 2 2 4 , 0 4
5 7 , 6 9 5 , 5 4
57.69 6 , 4 6
6 0 , 0 0 5 , 2 8
7 1 , 4 3 7. 14
6 0 , 0 0 5 , 4 0
4 0 . 5 4 3 , 2 4
7 8 . 9 5 6 , 9 5
5 7 . 6 9 3 . 4 6
6 8 , 1 8 4.50
5 5 , 5 6 6.33
4 1 , 6 7 3 , 3 3
6 0 , 0 0 5 . 1 6
8 3 , 3 3 7 , 6 7
4 4 , 1 2 2 . 8 2
8 3 , 3 3 5  ♦ 5 0
53.57 2 . 7 9
6 8 , 1 8 5 . 4 5
5 3 . 5 7 4 . 5 0
57,69 3 . 5 8
5 3 , 5 7 4 . 5 0
6 8 . 1 8 6 . 8 2
6 5 , 2 2 4 . 83

1 0 0 , 0 0 1 0 . 8 0
5 5  ♦ 5 6 1.89
46.87 4 . 8 7
6 5 . 2 2 6 . 0 0

RF RR

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

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

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

RW OB

....... 1 3 7 . 9
1 4 , 7 5 5 1 5 , 9

5 , 0 1 1 8 6 , 2
3 9 0 , 4

— 4 3 6 . 5
— • 9 2 , 4

1 0 , 1 1 2 7 1 . 5
1 6 6 . 9

~ ~ 3 7 1  , 1
2 5 0 . 2

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

1 6 . 6 6 2 2 4 . 6
1 6 , 6 1 3 2 3 , 5

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

1 6 . 3 1 3 6 5 , 1
_ . . . 3 5 3 . 6

1 6 , 3 1 2 7 0 , 0
. . . . . 2 1 6 , 2

2 5 4 , 2
1 2 8 . 9

1 6 . 5 9 4 4 4 , 8
1 6 , 3 5 1 6 8 , 2

— 1 4 8 , 6
2 3 6 , 6

7 . 2 2 6 4 6 . 6
...... 3 9 5 , 3

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

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

1 6 , 4 1 6 5 4 . 6
1 0 8 . 7

1 6 . 7 1 1 8 9 , 9
— 2 3 7 , 6

BE S HA P E

6 , 4 1 S . G ♦
9 , 9 5 S  , I..., D
7 , 0 9 S  , G , D
9 , 0 7 8 ,  G -
9 , 4 4 S  ,  1... .
5 . 6 2 8 , ! . . . .
8 , 0 3 S . 1..., D
6 , 8 3 S  ♦ G ♦
8 , 9 2 P A R ,
7 , 8 4 S , L ,
6 , 7 2 8 ,  G ,
7 , 2 1 S , 1...,
7 , 5 4 S  . G , D
8 . 5 2 S  . L , D
8 , 4 9 S  . G , D
7 . 1 0 S  ♦ G .
8 . 8 7 S . G . B
8 . 7 7 S , ,
8  ♦ 0 2 S  ,  G ♦ B
7 , 4 7 8 , 1 . ,
7  ♦ 8 6 P A R .
6 . 2 9 S  ♦ L ♦
9 , 4 7 S  ,  L , D
6 , 8 5 S , G , D
6 , 5 9 8  . 1... ,
7 , 6 7 S , G ♦

1 0 . 7 3 P . C ,
9 , 1 3 S  .  1... ,
7 , 5 7 8  ♦ (5 . D
6 . 1 4 S . L ♦ D
7 . 4 3 S , G , D
6 , 2 9 S  . G , D
7 . 9 7 S  ♦ L ♦ D
6 . 2 9 S  , G , D
8 . 0 0 P A R ,
8 . 5 3 S  . G , D

1 0 . 7 7 P ♦ C ,
5 , 9 4 S . L ,
7 . 1 3 S  . G , D
7 . 6 8 S . G ,
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7 8  ♦ 9 5 6 , 4 7 . 3 , 4 6 1 . 7 0
8 3  * 3 3 8 . 3 3 5 . 9 2 4 , 4 3
8 8 . 2 4 9 , 7 1 3 . 3 9 4 . 8 6
6 0 , 0 0 3 , 9 6 3 , 4 3 3 , 3 2
5 0 , 0 0 4 . 1 0 6 . 8 0 6 , 6 8
6 2 , 5 0 6 , 3 7 3 , 4 0 1 . 4 3
6 5 , 2 2 6 , 2 6 4 , 5 7 4 , 2 4
5 7 , 6 9 3 , 4 6 6 . 8 5 6 , 5 4
7 8 , 9 5 7  ♦ 4 2 6 . 3 3 5 , 1 3
5 5 , 5 6 3 . 2 2 7 , 2 2 6 , 0 1
7 5 , 0 0 is; i:r in;\J ♦ yj W 3 , 5 5 2 , 9 4
8 3 , 3 3 1 1 , 1 7 3 , 4 8 6 , 1 3
7 1 . 4 3 7 , 4 3 3 . 5 3 6 . 5 2
4 6 . 8 7 2 , 3 4 4 , 8 8 4 . 5 0
4 5 , 4 5 3 , 5 5 5 , 0 5 4 , 8 2
7 8 , 9 5 6  ♦ 6 3 3 , 5 8 1 , 4 6
5 7 , 6 9 4 , 9 6 5 , 0 2 5 , 0 2
5 1 , 7 2 4 , 8 6 4 , 0 0 3 , 9 0
6 0 , 0 0 6 , 0 0 3 . 5 1 2 . 4 7
7 1  . 4 3 6  ♦ 0 0 6 , 7 9 6  ♦ 7  6
6 2 , 5 0 7 , 2 5 4 , 0 9 2 . 6 1
6 0 , 0 0 4 . 9 2 4 . 9 9 4 , 4 5
5 3 , 5 7 7 , 2 9 3 , 4 7 5 , 6 8
6 2 . 5 0 6 , 2 5 4 . 0 9 3 , 4 8
9 3 , 7 5 7 , 5 0 5  ♦ 4 6 4 , 7 3
5 1 . 7 2 3 , 6 5 , 8 5 5 . 4 1
8 3 . 3 3 1 0 , 8 3 4 , 1 8 4 , 3 9
5 1 . 7 2 4 . 2 4 6 . 7 8 6 , 6 9
7 1 , 4 3 7  ♦ 0 0 3 , 5 9 1 , 1 2
6 0 . 0 0 6 , 9 6 3 ,  j 1 . 0 2
7 1 . 4 3 7 , 8 6 3 , 4 3 6  ♦ 1 6
8 8 , 2 4 6 , 1 8 4 . 5 2 3 . 9 9
4 5  ♦ 4 5 5 , 0 9 4 . 5 0 4 . 4 6
5 0 , 0 0 4 , 5 0 5 , 0 5 5 , 0 4
7 5 , 0 0 7 , 0 5 3 , 5 0 4 , 0 0
8 3 , 3 3 8 , 0 0 4 , 0 2 0  ♦ 6 3
6 2 , 5 0 4 . 1 2 5 . 8 8 5 . 8 1
4 0 .  5 4 3 , 8 1 1 4 . 0 7 1 3 , 9 4
7 8 , 9 5 5 , 6 8 3 , 5 2 2 , 7 7
9 3 , 7 5 1 0 , 5 0 3 , 3 3 6  ♦ 3 5
7 1 , 4 3 7 . 8 6 3 , 6 6 7 . 4 2
5 3 , 5 7 2 , 4 6 4 , 9 9 4 , 3 1
4 6 , 8 7 4 . 1 2 4 , 0 2 4 . 0 2
5 5 , 5 6 4 , 1 1 6 ,  3 5 6  ♦ 3 5
6 8 , 1 8 5 , 8 6 4 . 9 8 A  „I  T Am A,,

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

1 7 1 , 5 6 , 8 9 8 , G .
....
f Am Am 7 5 5 , 4 1 1 , 3 0 8• ,  G , D ,

...... 3 5 9 , 4 8 . 8 2 P A R ,
1 6 , 6 3 1 0 9 , 8 5 , 9 4 8  » 0  ,  D ,
1 6 , 6 9 3 7 2 , 5 8 . 9 3 8  . L. ♦ D ,

9 , 2 6 1 6 3  ♦ 6 , 7 8 8  , 0  .  D .
3 0 5 , 2 8 . 3 5 8 .  G ,

1 6 . 6 5 2 8 8 , 9 8 , 2 0 8  , L , D ,
6 , 3 3 8 2 8 . 6 1 1  , 6 5 8  ♦ G . I I .

...... 2 0 0 , 5 7 , 2 8 8 ,  L. ,

....... 1 6 4 , 8 6 , 8 0 8 , 8 ,
9 , 2 6 1 1 4 2 , 2 1 2 , 9 7 1 ♦  (./,

1 6  ♦ 5  7 4 9 4 , 3 9 , 8 1 P , c .
1 6 , 1 9 8 8 , 1 5 , 5 2 8  , 1..,  D ,

1 5 2 , 7 6 , 6 5 8  ♦ 1.. ♦
4 , 9 7 1 9 0 , 5 7 . 1 4 8  , G , D ,

...... 2 6 0 , 2 7 , 9 4 8 ,  L .
1 7 6 . 5 6 , 9 6 8 , G ,
1 7 0 , 5 6 , 8 8 S , G ,

1 6 . 5 7 6 4 4 . 5 1 0 , 7 2 8  , G ♦ D ,
2 7 7 , 0 8 . 0 9 8 , 0 ,

5 , 4 4 3 4 4 , 8 8 . 7 0 8  , G .  H ,
3 6 8 , 6 8 , 9 0 P A R .

...... 2 4 6 . 8 7 . 7 8 8 , 0 ,
1 6 , 4 5 5 5 1  . 2 1 0 , 1 7 8  , G ♦ D ,

— 1 9 1  , 3 7 , 1 7 S , L ,
1 6 , 5 1 3 2 8 , 1 8  ♦ 5 6 P , C ,
1 6 , 4 0 3 9 1  , 6 9 , 0 8 8  . 1- . D ,

1 9 3 . 5 7 , 1 8 3 , 0 .
- - - 1 8 7 , 8 7  ♦ 1 1 8 , G .

1 6 . 5 7 4 6 8 , 0 9 , 6 3 P . C ,
1 6 , 4 8 3 0 9 . 2 8 , 3 9 3 , 0 ,  I i ,

...... 2 2 8 , 2 7 , 5 8 8 , G ,
1 6 , 6 9 2 5 6 , 5 7 . 8 8 3  , G , I I ,

5 , 0 1 5 3 9 . 2 1 0 , 1 0 P . C ,
..... 2 7 3 , 1 8  - 0 5 8 , 0 ,

7 , 6 5 3 7 3 . 2 8 , 9 3 8  , G , D ,
1 4 , 0 7 2 3 5 5 , 4 1 6 , 5 1 8 , 0 , H ,

. 1 . 6 4 , 7 6 , 8 0 8 , 0 ,
1 6 , 4 5 6 6 4 , 9 1 0 , 8 3 P ♦ (-• ♦
1 6 , 5 7 6 7 6 , 5 1 0 . 8 9 P , C ,

— 7 9 , 6 5  ♦ 3 5 3 , L ,
1 4 1  . 7 6 . 4 7 3 , 0 ,

1 0 , 3 3 3 8 5 , 1 9 . 0 3 8  ♦ L ,  U ♦
5 , 9 4 3 9 2 , 9 9 , 0 9 8  , G , H ,

2 7 3 . 0 8 . 0 5 8 , 0 ,
1 6 , 7 2 1 0 6 , 4 5 . 8 8 8  , L . D ,
1 6 , 7 2 4 3 9 , 9 9 . 4 4 8  ,1..., H ,



1 3 2

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

5 , 0 1 5 3 9 . 2 1 0 , 1 0 P . C .
9 , 2 6 1 6 3 , 5 6 . 7 8 S ' . G . D ,

1 6 , 5 9 1 5 2 . 2 6 , 6 2 S  .  G . D ,
6 0 7 . 0 1 0 , 5 0 P A R ,
7 5 4 , 7 1 1 . 3 0 P A R ,

7 , 2 4 3 8 8 ,  1 9 , 0 5 S  ,  G ,  D ,
9 , 9 8 1 8 4 , 0 7 . 0 6 8  ,  G . D ,

2 5 3 , 2 7 , 8 7 S , L .
5 , 0 1 1 5 8 , 5 6 , 7 1 8  ,  G , D ,

1 6 , 6 7 3 0 0 , 9 8 , 3 1 8  ♦ G , D ,
1 6 , 2 8 2 0 6 , 7 7 , 3 4 8  ♦ G , ,
1 6 , 7 2 3 1 3 , 2 8 , 4 3 8  ,  L ♦ 8  .
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3 - D  BED PROBE P O S I T I O N * < 4CM»35CM>

S U P E R F I C I A L  GAS  V E L 0 C I T Y = 1 2 . 4 6 C M / S E C  P A R T I C L E  S I Z E  I 2 5 0 - 3 5 5

IJB AL RF RR

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

RW OB DE S HAPE

1 6 . 5 5 3 7 6 , 8 8 . 9 6 S , L , D
3 0 0 . 2 8 . 3 3 S . L .

9 2 , 4 5 , 6 2 S , L ,
1 6 , 6 1 1 6 0 , 5 6 , 7 4 S , G , D

2 0 4 , 9 7 , 3 1 S . 8 .
7 9 6 , 4 1 1 , 5 0 P A R ,
3 0 5 , 2 8 , 3 5 S , G ,

1 6 , 6 2 2 6 4 . 5 7 , 9 6 S , G ,  D
1 2 . 1 6 2 2 8 9 , 3 1 6 , 3 5 S , G ,  D

..... 1 5 8 , 7 6 , 7 2 S . G ,
9 9 5 , 6 1 2 , 4 2 S , i...,

— 8 2 , 7 5 , 4 2 S . L .
1 5 5 . 8 6 , 6 8 S  ♦ G ,
1 5 8 , 8 6 , 7 2 S . G ,

...... 3 5 0 , 1 8 , 7 4 S , G .
1 6 6 . 9 6 , 8 3 S . G .
2 1 2 , 6 7 . 4 1 P A R ,

1 3 . 1 4 3 7 0 , 5 8 , 9 1 S . L .  D
— 6 6 0 . 3 1 0 , 8 3 S . L ,
— 1 4 9 , 8 6 . 5 9 S . G ,

1 6 , 3 8 1 2 1  . 4 6 . 1 4 S , L , D
1 6 , 3 5 1 5 4 7 , 0 1 4 , 3 5 P , C ,

4 8 9 , 9 9 , 8 1 S . 1...,
1 6 . 3 5 1 6 8 . 2 6 , 8  5 S , G ,  D

2 0 5 , 1 7 , 3 4 S . 1...,
5 0 0 , 0 9 , 8 5 P A R ,

1 6 . 6 7 1 0 6 , 0 5 , 8 7 S , 1..., D
5 , 9 4 2 5 6 . 2 7 , 8 8 S , G , D
7 . 6 4 6 0 0 . 3 1 0 , 4 7 P .  C .

1 6 . 6 7 1 3 0 , 4 6 . 2 9 S , G ,  D
— 1 1 2 8 , 5 1 2 , 9 5 S . L .
— 1 0 8 . 7 5 . 9 4 S . L ,
— 1 5 4 , 8 6 , 6 6 S . G ,

1 9 4 , 3 7 , 2 1 S . L ,
— 3 5 3 , 6 8 , 7 7 S . G .
— 2 5 9 , 7 7 . 9 4 S . L , .

1 2 , 9 2 5 7 8 , 8 1 0 , 3 4 P , C ,
— 2 2 1  . 3 7 , 5 1 S . G ,

1 6 , 3 5 3 9 5 , 2 9 . 1 0 S ♦ L . D
— 1 8 7 , 5 7 . 1 0 S . G .



1 3 k

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

7  ̂7 5

5 3 , 5 7 6 , 2 1 3 . 3 5 1 . 7 5
7 5 , 0 0 5 . 7 0 5 . 0 1 4 . 8 1
6 0 , 0 0 3 . 7 2 6 , 7 8 6  ♦ 6 8
5 1  . 7 2 4 . 0 3 4 , 1 1 4 . 1 1
6 2 , 5 0 6 , 0 0 6 , 3 7 6 , 3 6

2 9 9 , 6 8 , 3 0 PAR ,
1 6 , 6 5 1 3 7 . 0 6 , 4 0 8 ,  G , D .

2 0 4 , 7 7 , 3 1 S , G ♦
..... 5 6 9 , 8 1 0 , 3 1 S . L ,

1 3 , 6 5 1 7 0 , 9 6 , 8 8 s . l , n ,
1 6 , 6 2 2 2 4 , 4 7 , 5 4 S , G , D ,

8 , 2 7 3 4 6 , 7 8 . 7 2 P ,  C ,
1 6 , 6 7 1 8 9 3 , 8 1 5  ♦ 3 5 s , l  , n ,
1 6 , 3 5 4 4 1 . 9 9 , 4 5 S , L , D ,

6 2 8 , 9 1 0 , 6 3 P A R ,
..... 2 0 7 , 2 7 , 3 4 S , G ,
..... 1 7 6 . 5 6 . 9 6 S . G ,

1 4 9 . 4 6 , 5 8 S . G ,
1 6 . 6 5 2 0 9 , 1 7 , 3 6 S , 1..., D ,

— 1 5 9 . 7 6 , 7 3 S , G ,
1 6 , 6 7 8 5 , 9 5 , 4 7 8 ,  L , D ,

1 2 8 , 9 6 , 2 9 9 ,1 .. . ,
.— 2 0 8 . 8 7  , 3 6 8 . 6 ,

1 6 , 5 5 5 8 0 . 7 1 0 , 3 5 P , C ,
1 6 ,  6  2 2 2 4 , 4 7 , 5 4 8 , 0 , D ,

5 . 1 9 7 7 5 . 5 1 1  . 4 0 P , C ,
1 6 , 3 5 1 6 8 , 2 6 . 8 5 8 .  G , D .

...... 4 4 7 , 9 9 , 4 9 8 ,  (5,

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

1 6 , 7 0 2 7 9 . 5 8 , 1  1 S . l  . r i .
3 9 7 , 6 9 . 1 2 P A R ,

— 8 8 0 , 7 1 1  . 8 9 P A R ,
— 1 8 2 . 1 7 . 0 3 S . G ,

1 6  ♦ 6  3 1 9 4 . 9 7 . 1 9 8  ♦ G , D ,
— 2 0 7 . 2 7 , 3 4 S . G ,

1 6 , 6 6 2 9 6 , 2 8 , 2 7 S , G , D ,
— 2 1 6 . 3 7 , 4 7 8 ,  L ,

1 6 , 6 1 3 2 3 . 5 8 . 5 2 8 ,  L , D ,
— 1 8 9 , 1 7 . 1 2 8 ,  G ,

1 6  ♦ 6  6 3 0 2 . 9 8 . 3 3 8 ,  L . D ,
1 6 . 6 1 3 2 3 , 5 8 . 5 2 8 .  L . D .
1 6 , 3 3 4 3 6 . 7 9 , 4 1 8 ,  L , D ,

2 7 7 . 0 8 . 0 9 8 .  G ,
1 6 , 7 0 5 5 6 , 6 1 0 . 2 1 8 .  L , D ,
1 6 , 4 0 2 7 8 . 7 8 , 1 0 S . L , D .

— 4 3 9 , 9 9 . 4 4 P A R ,
1 6 , 6 3 6 4 8 . 6 1 0 , 7 4 8 ,1 .. . ,  D .

— 1 5 5 , 4 6 . 6 7 8 .  G ,
1 6 . 5 5 3 4 5 . 0 8  ♦ 7 0 S . G , D .
1 2 . 6 7 3 5 0 , 6 8 . 7 5 8 . 1- , D ,

1 4 1 . 5 6 . 4 8 S . L .
, — 4 9 4 . 8 9 , 8 4 8 , 1... ,
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6 5 . 2 2 6 . 2 6 4 . 5 7 4 . 2 4 3 0 5 . 2 8 . 3 5 S . G .
7 1 . 4 3 7 . 1 4 4 . 5 9 3 . 8 1 ■ - - 3 5 3 . 6 8 . 7 7 S V G ,
51.  . 7 2 3 . 0 0 5  ♦ 8 5 5 . 7 1 11. . 0 9 2 0 2  ♦ 2 7 . 2 8 S . L .  D
8 3 . 3 3 8 . 5 0 7 . 2 2 6 . 7 0 1 6  ♦ 51. 1 1 0 8 . 6 1 2 . 8 4 8  .  G . D
5 5 . 5 6 5 . 0 0 3 . 6 1 , 3 . 3 3 — 1 5 2 . 7 6 . 6 3 S . 0 .
5 5  ♦ 5 6 5 . 0 0 7 . 2 2 6 . 8 7 4 3 6 . 2 9 . 4 4 i.).  L...
6 5 . 2 2 4 . 0 4 6 . 3 4 6 . 2 5 1 6 * 6 1 3 2 3 . 5 8 . 5 2 S  .  1.... D
6 2 . 5 0 4 . 7 5 4 . 5 6 4 . 4 9 1 6 . 6  2 2 3 1  . 5 7 . 6 2 S . G *  D
6 0 . 0 0 7 . 3 2 5 . 4 4 5 . 1 1 ~ ~ 5 0 5 . 3 9 . 8 8 S  * G ♦
5 5 . 5 6 5 . 1 1 8 . 5 1 . 8 . 4 4 1 6 . 6  6 7 7 8 . 6 1 1 . 4 1 S  . I- . D
7 1 . 4 3 6 . 2 9 3 . 5 9 2 . 1 . 9 1 6 . 5 7 1 8 6 . 9 7 . 0 9 S . G . D
7 8 . 9 5 6 . 1 . 6 3 . 3 7 1. .  9 0 — 1 5 7 . 2 6 . 7 0 S . G .
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3 - D  BED PROBE P O S I T I O N * ( 6 C M» 3 5 C M>

S U P E R F I C I A L  GAS  V E L Q C I T Y = 1 2 . 4 6 C M / S E C  P A R T I C L E  S I Z E ? 2 5 0 - 3 5 5

UB AL RF RR

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

1 1 5 . 3 8 7 . 1 5 4 , 0 9 2 , 4 8
6 5 . 2 2 4 . 8 3 5 . 4 8 5 , 2 4
8 3 . 3 3 8 . 6 7 4 . 1 2 7 , 6 5
7 5 . 0 0 7 . 3 5 3 , 3 2 4 , 9 5
5 3 . 5 7 2 .  “/ 4 , 9 9 4 , 6 8
6 0 . 0 0 5 .  2 8 5 . 4 4 5 . 3 9
6 2 . 5 0 4 . 3 7 5 , 8 8 5 , 6 9
6 0 . 0 0 4 . 5 6 4 , 5 5 4 , 3 5
5 7 . 6 9 4 . 3 8 4 , 0 9 4 , 0 8
6 5 . 2 2 4 . 0 4 6 , 3 4 6 , 2 5
7 1 . 4 3 7 ,  1 4 4 . 5 9 3 . 8 1
7 5 . 0 0 6 . 7 5 3 . 3 7 5 , 0 3
6 5 . 2 2 3 . 5 2 3 , 6 0 3 , 6 0
9 3 . 7 5 7 , 8 7 3 , 3 6 6 , 3 2
6 0 . 0 0 5 , 0 4 7 , 8 0 7 . 7 5
6 2 . 5 0 6 . 0 0 6 , 3 7 6 . 3 6
6 5 . 2 2 6 , 2 6 4 , 5 7 4 . 2 4
6 8 .  1 8 4 . 7 7 4 , 5 3 4 . 4 5
6 0 . 0 0 2 . 8 8 6 , 7 8 6 . 2 2
5 7 . 6 9 3 , 4 6 4 , 5 8 4 , 4 4
8 8 . 2 4 5 , 2 9 3 . 3 2 2 , 5 2
6 0 . 0 0 5 , 2 8 5 , 4 4 5 , 3 9
5 7 . 6 9 5 . 1 9 3 , 4 9 3 ,  OS
6 5 . 2 2 4 . 8 3 4 , 8 4 4 ,  1 9
6 8 . 1 8 7 . 2 3 3 . 5 7 6  ♦ 6 1
6 8 .  1 8 7 . 3 6 3  ♦ 5 7 4 . 1 0
7 5 . 0 0 9 , 1 5 3  ♦ 3 4 3 , 2 5
8 3 . 3 3 1 4 . 3 3 3 . 4 2 7 . 7 2
7 8 . 9 5 5 . 3 7 9 . 7 3 8 . 7 0
5 5 .  5 6 6 , 3 3 3 , 4 4 1 . 7 2
7 1 . 4 3 3 , 4 3 1 6 , 5 7 1 0 . 0 9
5 5  ♦ 5 6 1 . 8 9 1 0 . 3 3 5 , 9 5
8 3 . 3 3 6 . 1 7 3  ♦ 3 8 1 . 9 1
7 1 . 4 3 8 . 2 9 3 . 5 9 6 . 6 0

RW UB DE SH A PE

— 1 2 4 , 9 6 , 2 2 S , L ,
— 9 2 , 4 5 . 6 2 S  ♦ 1...,

1 6 , 6 2 6 9 3 . 2 1 0 . 9 8 S , i....  D
1 7 9 . 8 7 . 0 0 S . G ,
1 6 6 . 9 6 , 8 3 S , G ,

1 6 , 6 8 1 8 6 . 9 7 . 0 9 S . G ,  D
1 6 , 3 3 2 7 6 , 2 8 , 0 8 S , G , D

7 , 2 4 3 8 8 , 1 9 , 0 5 S , G , D
...... 7 9 6 . 4 1 1  , 5 0 P A R ,

2 8 2 , 9 8 , 1 4 P A R ,
1 6 , 6 7 1 0 6 , 0 5 , 8 7 S  ♦ 1..., D
1 6 . 6 3 3 6 4 . 2 8 . 8 6 S .  G ,  D

2 6 6 . 0 8 , 0 0 S . L ,
7 . 8 0 2 4 0 . 8 7 . 7 2 S , G . D

1 5 8 . 7 6 . 7 2 S . G ,
1 6 , 6 1 3 2 3 . 5 8 , 5 2 S . L .  D

— 3 5 3 . 6 8 . 7 7 S . G .
2 6 8 , 4 8 , 0 0 P A R ,

— 9 4 . 5 5 . 6 7 S  ♦ L ,
8 , 2 7 4 8 0 , 4 9 , 7 2 P ,  C ,

1 6 . 6 3 6 4 8 , 6 1 0 . 7 4 S . L ,  D
— 4 9 4 , 8 9 . 8 4 S  .  1... ,

3 0 5 . 2 8 , 3 5 S , G ,
1 6 . 5 9 2 2 9 , 9 7 . 6 0 S . G ,  D
1 6  » 6  3 2 1 0 . 1 7 . 3 8 S . L .  D

1 2 8 . 9 6 . 2 9 S . L .
1 6 . 4 8 1 3 9 , 4 6 . 4 3 S , G , D
1 6 . 3 1 3 6 5 . 1 8 . 8 7 S .  G , D

1 4 9 . 2 6 . 5 8 S . G ,
4 , 8 4 3 2 5 . 0 8 . 5 3 S  ♦ G ♦ B

1 6 . 5 9 4 9 4 , 3 9 . 8 1 P . C ,
5 . 1 9 6 4 2  ♦ 5 1 0 , 7 1 P . C ,
3 , 5 0 6 7 2 . 4 1 0 , 8 7 P , C ,

— 1 3 4 0 , 5 1 3 . 6 8 P A R ,
— 7 1 8 . 6 1 1 , 1 4 S . L .

1 6 . 3 5 1 6 8 , 2 6 . 8 5 S . G , D
...... 5 6 9 . 8 1 0 . 3 1 S . I...,

1 0 8 , 7 5 , 9 4 S  ♦ 1... ,
...... 1 5 8 . 3 6 , 7 1 S  ♦ G ♦

5 6 6 . 2 1 0 , 2 6 P A R ,
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8 8 . 2 4 1 2 . 7 1 3 . 4 4 7 .
8 3 * 3 3 6 . 8 3 3 , 3 5 4 .
5 5 . 5 6 3 , 2 2 7  ♦ 2  2 6  ♦
5 3 . 5 7 4 , 9 3 6 . 3 7 6 ,
7 1 . 4 3 6 . 4  3 3 . 4 8 1 .
6 5 . 2 2 6 . 0 0 4 , 1 0 3 .
6 2 . 5 0 4 , 1 2 6 . 3 7 6  ♦
6 0 . 0 0 5 . 2 8 4 . 1 3 3 ,
6 8 .  1 8 8 . 3 2 3 . 4 2 6 ,
5 5 . 5 6 1 . 6 7 1 3 . 6 5 1 1  .
6 0 . 0 0 5 . 0 4 4 . 1 3 4 ,
5 1 . 7 2 3 , 2 1 6 , 7 8 6 ,
7 5 . 0 0 1 0 . 5 0 3 . 4 5 6  4
4 8  ♦ 3 9 4 , 5 5 4 , 0 0 3 ,
4 8 . 3 9 4 . 3 5 4 . 1 1 4  ,
5 1 . 7 2 4 . 4 5 6 , 7 8 6 ,
5 3 . 5 7 4 . 7 1 4 . 5 6 4 ,
5 0 . 0 0 4 . 3 0 6 , 8 0 6 »
4 6 . 8 7 2 , 4 4 4 , 8 8 4 ,
7 1  . 4 3 5 . 8 6 4 , 5 9 4 ,
6 0 . 0 0 7 . 3 2 5 , 4 4 5 ,
5 3 . 5 7 4 . 0 7 1 6 , 3 8 1 6 «
7 1  . 4 3 7 . 8 6 3 , 4 3 6 ,
5 5 . 5 6 3 . 3 3 5 , 0 5 4 ,
6 8 . 1 8 6 . 8 2 3 , 3 5 5 ,
7 8 . 9 5 8 . 0 5 6 , 3 3 6 ,
7 1 . 4 3 6 . 2 9 3 , 5 9 2 ,
6 2 . 5 0 5 , 5 0 3 , 6 3 2 »
9 3 . 7 5 7 . 8 7 3 , 3 3 5  ♦
6 5 . 2 2 7 . 1 7 5 . 4 8 5  ♦
6 5 . 2 2 5 , 3 5 3 . 4 9 2 .
9 3 .  7 5 7 . 8 7 3 , 3 0 3 ,
7 5 . 0 0 9 . 4 5 3 , 4 0 6 .
8 3 .  3 3 1 1 . 1 7 3 , 4 8 6 ,
7 1 . 4 3 8 . 2 9 3 . 5 9 6  ♦
5 3 . 5 7 2 . 7 9 4 . 1 5 3 .
6 2 . 5 0 4 . 7 5 4 , 5 6 4 ,
5 1 . 7 2 3 . 0 0 5 « 8 5 5  4
4 1 . 6 7 4 . 5 0 4 , 9 8 4  ♦
6 8 . 1 8 5 . 8 6 4 . 9 8 4 ,
6 0 . 0 0 3 , 7 2 6 . 7 8 6  ♦
5 5 . 5 6 5 . 1 1 8 . 5 1 8 .
5 5 . 5 6 5 , 0 0 7 . 2 2 6 ,
7 8 . 9 5 9 . 1 6 3 . 6 5 4 .
6 5 , 2 2 6 . 2 6 4 . 5 7 4  ♦
5 7 , 6 9 5  ♦ 5 4 3 . 4 5 2 .
5 7 , 6 9 4 , 7 3 4 . 5 0 4  ♦
5 0 . 0 0 7 . 7 0 3 , 3 9 6  ♦

1 0 7 7 . 8 1 2 . 7 2 P A R ,
_ _ _ 2 6 4 , 1 7 , 9 6 P A R ,

2 0 0 . 5 7 , 2 8 S . L .
1 6 . 6 7 4 3 7 , 8 9 . 4 2 S  , 1..., Ei»

— 1 7 3 . 4 6 , 9 2 S . G ,
— 2 3 7 , 6 7 . 6 8 S . G ,

9 , 2 6 4 0 9 , 2 9 , 2 1 S  ♦ G ♦ D »
— 2 0 7 . 2 7 , 3 4 S , G ,

1 6 . 5 9 5 1 3 . 8 9 , 9 4 P , C ,
1 6 , 3 5 4 4 1 , 9 9 . 4 5 S  , L , D ,

1 9 5 , 2 7  , 2 0 S , G ,
8 . 9 6 3 4 5 ,  1 8 , 7 0 S  , 1..., Ei,

7 4 2 . 2 1 1  . 2 3 P A R ,
1 6 . 7 0 1 7 2 . 6 6 , 9 1 S  . G . Ei.
1 6 , 7 0 1 7 1 , 2 6 , 8 9 S  . G , Ei,
1 6 , 4 0 4 2 0 , 8 9 , 3 0 S  , 1..., Ei,
1 6 , 3 8 2 2 9 , 4 7 , 5 9 S . G .  Ei,

3 1 2 , 0 8 , 4 4 S . L .
1 6 , 4 5 9 3 , 8 5 , 6 4 S  , 1..., D ,

...... 2 8 3 , 9 8 . 1 5 S , G ,
— 5 0 5 , 3 9 , 8 8 8 ,  G «

1 6 , 3 8 3 4 1 2 , 4 1 8 , 6 8 S . G ,  Ei .
1 6 , 5 7 4 6 8 . 0 9  ♦ 6  3 P . c .
1 3 . 6 5 1 7 0 , 9 ' 6 , 8 8 S  , L , Ei ,

2 6 7 , 7 8 , 0 0 P A R .
7 4 3 , 7 1 1  , 2 4 S . G ,

1 6 , 5 7 1 8 6 , 9 7 . 0 9 S  . G . D ,
1 2 . 1 6 1 7 6 , 0 6 , 9 5 S , G , D .

— 3 3 4 . 0 8 , 6 1 P A R ,
— 4 9 9  ♦ 7 9 , 8 5 S . G ,

1 6 , 6 1 1 5 7 . 0 6 . 6 9 S , G ,  D .
4 , 5 6 4 1 1 . 0 9 , 2 2 P . C ,

— 5 6 1 . 1 1 0 . 2 3 P A R ,
9 , 2 6 1 1 4 2 . 2 1 2 , 9 7 P , C ♦

— 5 6 6 . 2 1 0 , 2 6 P A R ,
— 7 8 , 4 5 , 3 3 S , L .

1 6 , 6 2 2 3 1  , 5 7 . 6 2 S  . G . D .
1 1 , 0 9 2 0 2 . 2 7 . 2 8 S , L , D .

— 2 2 1  , 6 7 » 5 3 S . L ,
8 . 5 3 3 7 4 . 7 8 , 9 4 S  . G . Ei,

1 2 , 6 7 3 5 0 , 6 8 . 7 5 S  ♦ L ♦ Ei ♦
1 6  ♦ 6 6 7 7 8 , 6 1 1 , 4 1 S . L . D ♦

— 4 3 6 . 2 9 , 4 4 S . L ,
— 2 6 8 . 2 8 , 0 0 P A R .
— 3 0 5 . 2 8 . 3 5 S . G .
•— 1 5 4 . 8 6 ♦ 6 6 S »G ,

9 . 9 8 2 3 7 .  1 7 , 6 8 S .G . Ei,
9 , 2 6 4 7 4 ,  1 9 . 6 7 P , C ,

3 5
9 6
0:1.
3 7
0 4
6 3
3 7
9 6
20
66
02
76
7 1
0 7
0 4
7 2
50
3 3
5 3
4:l.
1  :i.

2 5
16
99
0 0
1 0
1 9
8 0
20
o 1Am X

80
7 8
1 5
1 3
6 0
QO/  /•••

4 9
7 1
9 6
4 9
68
4 4
8 7
3 2
2 4
7 5
3 3
3 1



1 3 8

4 4  » 1 2 3 . 5 3 6 . 0 7 5 . 8 9 1 6 , 7 2 2 4 2 , 6 7 . 7 4 S . L . . » I.i,
6 8 .  1 8 6 . 0 0 3 , 3 0 1 . 7 7 1 6 , 5 9 1 4 8 , 0 6  ♦ 5 6 S . t :•), d  .
4 6 . 8 7 4 . 6 9 5 . 9 1 5 . 9 1 1 6 . 7 1 3 5 6 , 9 8 . 8 0 S . L .. ♦ ei ♦
6 0 . 0 0 4 , 2 0 4 , 5 5 4 , 5 4 1 6 . 6 3 1 9 4 , 9 7 . 1 9 S . C3,  D ,

6 2 . 5 0 5 , 0 0 4 , 0 9 3 , 8 6 1 6 , 2 8 2 0 2 . 3 7 . 2 8 s.c '>, Ei ,
4 4 .  1 2 3 . 8 8 5 , 5 4 5 , 2 9 — 2 0 1  , 3 7 . 2 9 S . L. . ,
5 5 . 5 6 4 , 6 7 4 , 0 0 3 , 9 4 — 1 6 6 . 9 6 , 8 3 S  ♦ C3 ,
4 0 . 5 4 6 . 4 9 3  ♦ 3 4 0 , 9 4 6 . 7 7 1 5 6 , 2 6 , 6 8 S . C 7 * El ,
5 7 . 6 9 5 , 5 4 4 . 0 9 3  ♦ 6 4 1 6 , 3 3 2 2 5 , 5 7 , 5 5 s . t 3,  Ei ,
5 7 . 6 9 1 0 . 8 5 3 . 9 4 4 , 5 6 1 6 , 6 5 3 5 4 , 8 8 . 7 8 p . t
6 2 . 5 0 4 , 3 7 5 , 8 8 5 . 6 9 2 6 6 , 0 8 , 0 0 S . L . . ,
6 5 . 2 2 6 , 1 3 3 , 4 5 2 , 0 1 1 6 , 6 1 1 6 6 . 9 6 , 8 3 S . t 3 ,  Ei ,
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3 - II BED PR O BE P O S I T I O N S  8 C M v 3 5 C M >

S U P E R F I C I A L  (3A S 0 E L 0 C I  T Y ~ 1 2  ,  4 6 G M / 8 EC P ART I (!)I... E S I Z E  J 2 S 0 - 3 0 5

IJB AL

6 8 *  1 8 5 , 4 5
4  A .  8 7 2 , 4 4
6 2 , 0 0 6 , 5 0
6 0 , 0 0 5 , 4 0
8 3 , 3 3 8 , 3 3
5 5 . 5 6 3 , 2 2
5:1., 7 2 4 , 8 6
6 0 , 0 0 4 , 2 0
5 5 , 5 6 4 . 0 0
7 8 . 9 5 1 0 , 2 6
6 0 , 0 0 3 . 8 4
6 8 .  1 8 6 , 8 2
6 8 .  1 8 9 , 1 4
5 7 , 6 9 3 , 5 8
6 2 , 5 0 4 , 0 0
7 1 , 4 3 6 , 0 0
6 5 , 2 2 6 , 2 6
5 3 , 5 7 2 , 7 9
6 0 . 0 0 5 , 2 8
5 3 . 5 7 4 , 5 0
6 2 . 5 0 6 , 0 0
5 5 , 5 6 6 . 3 3
7 1 . 4 3 7 , 5 7
6 5 . 2 2 5 . 8 7
5 5 , 5 6 4 . 6 7
5 3 , 5 7 4 , 5 0
6 0 , 0 0 4 , 8 0
8 3 . 3 3 1 4 , 3 3
6 5 , 2 2 4 , 0 4
6 0 , 0 0 4 , 0 8
5 3 , 5 7 2 . 5 7
6 5 , 2 2 3 . 9 1
7 8 . 9 5 4 ,  1 1
7 5 , 0 0 1 0 . 5 0
6 0 , 0 0 6 , 8 4
6 2 , 5 0 7 , 2 5
7 5 . 0 0 7 , 5 0
5 7 . 6 9 4 . 5 0
5 5 . 5 6 4 , 4 4
6 0 , 0 0 5 . 0 4

RF RR

4 , 0  2 3 , 5 8
4 , 8 8 4 , 5 3
3 , 4 8 1 , 4 9
5 , 4 4 5 . 3 7
7 , 2 2 6 , 7 5
7 , 2 2 6 , 0 1
4 , 0 0 3 , 7 8
3 , 3 7 3 . 2 6
6 , 3 5 6 , 2 5
3 , 5 8 7 , 2 9
5 , 4 4 5 , 4 0
3 , 3 8 5 . 4 9
3 , 3 8 6 . 3 5
6 , 8 5 6 , 5 8
5 , 8 8 5  ♦ 5 3
6 , 7 9 6 , 7 5
4 , 8 4 4 , 3 9
4 , 9 9 4 . 7 6
4 , 1 3 3 . 9 6
3  ♦ 5 0 3 , 2 5
5 , 0 5 4 , 7 7
3 . 4 8 1 , 8 0
5  ♦ 0 5 4 . 0 3
6 , 3 4 6 . 3 2
‘4 , 0 6 3 . 9 1
3 , 5 0 3 , 2 5
4 , 5 5 4 , 4 6
3 , 4 2 7 , 7 2
6 , 3 4 6 . 2 5
5 . 9 1 5 , 6 2
4 , 9 9 4  ♦ 6 8
7 . 2 4 7 . 0 3
9 , 7 3 9 , 3 3
3 , 5 0 6 . 9 6
3 , 6 1 1 . 4 5
4 . 5 2 3 , 5 9
4 . 0 2 1 . 8 3
6 . 8 5 6 , 8 0
4 . 0 6 3 , 9 6
4 , 1 3 3 . 8 9

RW OB

1 6 , 2 2 2 1 5 , 2
1 6 , 4 5 9 3 , 8

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

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

...... 1 0 8 , 9
1 6 , 6 6 3 1 8 , 4

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

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

2 0 7 . 2
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