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T h e  p e r f o rm a n c e  o f  a n  a i r l i f t  c o n ta c t o r  w i t h  p e r f o r a te d  p la te s  in s e r te d  in  th e  

r is e r  ( A L C - P )  w a s  c o m p a re d  t o  th o s e  o f  a  b u b b le  c o lu m n  ( B C )  a n d  a  c o n v e n t io n a l  

a i r l i f t  c o n ta c t o r  ( A L C ) .  A l t h o u g h  th e  o v e r a l l  g a s  h o ld u p  in  a l l  t h r e e  ty p e s  o f  

c o n ta c to r s  d id  n o t  d i f f e r  s ig n i f i c a n t l y  f r o m  e a c h  o th e r ,  t h e  r is e r  g a s  h o ld u p  in  th e  

A L C - P  w a s  f o u n d  t o  b e  m u c h  h ig h e r  th a n  t h a t  in  th e  A L C  a n d  in  th e  b u b b le  c o lu m n .  

I t  w a s  c o n c lu d e d  t h a t  th e  p e r f o r a te d  p la te  in d u c e d  f l o w  re s is ta n c e  in  th e  s y s te m  w h ic h  

r e s u l te d  in  a  l o w e r  l i q u i d  v e lo c i t y  a n d  a h ig h e r  g a s  h o ld u p .  T h e  in v e s t ig a t io n  w a s  a ls o  

c o n d u c te d  t o  e x a m in e  th e  e f f e c t  o f  t h e  d e s ig n  o f  a  p e r f o r a te d  p la te  o n  th e  p e r fo rm a n c e  

o f  th e  A L C - P .  T h e  d e s ig n  v a r ia b le s  o f  in te r e s t  in c lu d e d  th e  s iz e  a n d  n u m b e r  o f  h o le s  

i n  th e  p e r f o r a t e d  p la te  a n d  a ls o  th e  n u m b e r  o f  p la te s  in s e r te d  in t o  th e  s y s te m .  

R e d u c in g  th e  s iz e  a n d  n u m b e r  o f  h o le s  in  th e  p e r f o r a te d  p la te  r e s u l te d  in  a  h ig h e r  

f l o w  re s is ta n c e . T h is  d e c re a s e d  th e  l i q u i d  v e lo c i t y  in  th e  s y s te m  w h i l e  in c re a s e d  th e  

g a s  h o ld u p .  In c r e a s in g  th e  n u m b e r  o f  p e r f o r a te d  p la te s  w a s  f o u n d  t o  g iv e  s im i la r  

r e s u lt s  o n  b o t h  l i q u i d  v e lo c i t y  a n d  g a s  h o ld u p .  T h e  ra te  o f  g a s - l iq u id  m a s s  t r a n s fe r  in  

th e  A L C - P  d e p e n d e d  p r in c ip a l l y  o n  th e  r is e r  g a s  h o ld u p .  H e n c e ,  i t  c a n  b e  e n h a n c e d  b y  

in s e r t in g  p e r f o r a te d  p la te s  w i t h  s m a l l  h o le  s iz e  a n d  s p a rs e  h o le  p o p u la t io n  in t o  th e  

A L C .  I n  a d d i t io n ,  in s e r t in g  m o r e  p e r f o r a te d  p la te  in t o  th e  A L C  w a s  a ls o  f o u n d  t o  b e  

b e n e f ic ia l  f o r  th e  ra te  o f  g a s - l iq u id  m a s s  t r a n s fe r .  T h e  in v e s t ig a t io n  r e v e a le d  t h a t  th e  

in c re a s e  in  th e  s p e c i f ic  in t e r f a c ia l  a re a  b e tw e e n  g a s  a n d  l i q u i d  w a s  th e  m a in  f a c t o r  

r e s p o n s ib le  f o r  t h is  in c re a s e  in  th e  ra te  o f  m a s s  t r a n s fe r  in  th e  A L C - P .
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F ie ld  o f  s tu d y  C h e m ic a l E n g in e e r in g  A d v i s o r ’ s s ig n a tu r e

A c a d e m ic  y e a r  2 0 0 0



A C K N O W L E D G E M E N T

I  w o u ld  l i k e  t o  e x p re s s  m y  s in c e re  g r a t i t u d e  t o  A s s is ta n t  P r o fe s s o r  P ra s e r t  

P a v a s a n t  ( P h D  ) ,  m y  a d v is o r ,  f o r  h is  v a lu a b le  s u g g e s t io n s ,  g u id a n c e ,  w a r m  

e n c o u ra g e m e n t  a n d  g e n e ro u s  s u p e r v is io n  t h r o u g h o u t  m y  m a s te r  p r o g r a m .  I  a m  

g r a t e fu l  t o  A s s o c ia te  P ro fe s s o r  T a w a tc h a i  C h a r in p a n i t k u l  ( P h .D . ) ,  c h a i rm a n  o f  th e s is  

c o m m it te e ,  A s s is ta n t  P ro fe s s o r  S u t t ic h a i A s s a b u m r u n g r a t  ( P h .D . )  a n d  A s s is ta n t  

P r o fe s s o r  S e e ro o n g  P r ic h a n o n t  (P h  D . )  m e m b e r s  o f  t h e  c o m m it te e s  f o r  m a n y  

v a lu a b le  s u g g e s t io n s .

M y  w o r k  c o u ld  n o t  h a v e  b e e n  c a r r ie d  o u t  w i t h o u t  th e  h e lp  o f  m y  b e s t  f r ie n d ,  

M r .  V ic h ia n  S u k s o i r .  I  w o u ld  l i k e  t o  e x p re s s  m y  d e e p  a p p r e c ia t io n  t o  h im .  O f  c o u rs e ,  

I  w is h  t o  e x p re s s  m y  t h a n k fu ln e s s  t o  m y  lo v e ly  f r ie n d s ,  M r .  S a r i t  C h o tc h a k o r n p a n t ,  

M r .  K u n a w u t  B o o n y a n o p a k u n ,  M r .  C h a iy a n u n  T a n g to n g ,  M is s  R a t c h a t  

C h a n ta w o n g v u t i ,  M is s  T h a n a th o r n  W o r a p o n g s a th o r n  a n d  M is s  P o r n t h ip  

W o n g s u c h o to ,  f o r  t h e i r  e n c o u ra g e m e n t  d u r in g  m y  s tu d y .  M o r e o v e r ,  s p e c ia l t h a n k s  

s h o u ld  b e  m a d e  f o r  P a r t ic le  T e c h n o lo g y  a n d  M a t e r ia l  P r o c e s s in g  R e s e a rc h  L a b o r a t o r y  

f o r  t h e  d ig i t a l  v id e o  c a m e ra  a n d  a ls o  a l l  m e m b e r s  in  th e  B io c h e m ic a l  E n g in e e r in g  

R e s e a rc h  L a b o r a t o r y  f o r  th e  m a n y  n ic e  t im e s .

M o s t  o f  a l l ,  I  w o u ld  l i k e  t o  e x p re s s  m y  s in c e r e  in d e b te d n e s s  t o  m y  p a re n ts  a n d  

e v e r y o n e  in  m y  f a m i l y  f o r  t h e i r  in s p i r a t io n  a n d  w o r t h y  s u p p o r t s  a t  a l l  t im e s .



C O N T E N T S

P A G E

A B S T R A C T  ( I N  T H A I ) ........................................................................................................................................  i v

A B S T R A C T  ( I N  E N G L I S H ) ................................................................................................................................ V

A C K N O W L E D G E M E N T ..................................................................................................................................  v i

L I S T  O F  F I G U R E S ...................................................................................................................................................  X

C H A P T E R  1 I n t r o d u c t i o n

1 .1  G e n e r a l I d e a s ..............................

1 .2  O b je c t iv e s ......................................

1 .3  W o r k i n g  S c o p e s ........................

1.3.1 Equipment Lim itations.
1.3.2 Design Configurations
1.3.3 Assumptions......................

1

2

ว

ว

3
oว

C H A P T E R  2  B a c k g r o u n d s  a n d  L i t e r a t u r e  R e v ie w

2 .1  B a c k g r o u n d s :  A i r l i f t  C o n ta c to r s .............................................................................................4

2 .1.1 Classification o f  a ir lif t contactors............................................................................... 4

2 .1.2 Transport Mechanism in AIX 'ร..................................................................................... 4

2 .2  B a c k g r o u n d s :  H y d r o d y n a m ic  B e h a v io r  o f  A L C s ..................................................... 5

2 .3  B a c k g r o u n d s :  G a s - L iq u id  M a s s  T r a n s f e r  i n  A L C s ............................................ . 8

2 .4  R e m a r k s ..................................................................................................................................................11

C H A P T E R  3  E x p e r im e n t

3 .1  E x p e r im e n ta l  A p p a r a t u s ..........................................................................................................  14

3 .2  E x p e r im e n ta l  M e t h o d s ................................................................................................................ 15

ร. 2.1 Experimental Preparation ........................................................................................... 15

3.2.2 Measurement o f  overall gas holdup ...................................................................... 15



V I H

3.2.3 Measurement o f  gas holdups in downcomer
and gas separator................................................................................................................ 15

3.2.4 Calculation o f  riser gas holdup................................................................................. 16

3.2.5 Measurement o f  liquid velocity.................................................................................... 16

3.2.6 Measurement o f  volumetric mass transfer coefficient.................................. 16

3.2. 7  Experimental repetition ................................................................................................. 17

3 .3  C a lc u la t io n s .....................................................................................................................................  17

3.3.1 Calculation o f  overall gas holdup...........................................................................  17

3.3.2 Calculation o f  gas holdup in the gas separator................................................18

3.3.3 Calculation o f downcomer gas holdup .................................................................. 2 0

3.3.4 Calculation o f  riser gas holdup................................................................................. 21

3.3.5 Calculation o f  liquid velocity........................................................................................21

3.3.6 Calculation o f  volumetric mass transfer coefficient........................................2 2

3.3. 7  Calculation o f  Sauter mean diameter...................................................................... 2 2

C H A P T E R  4  R e s u l t s  a n d  D is c u s s io n

4 .1  P e r fo rm a n c e s  o f  G a s - L iq u id  C o n ta c t o r s ......................................................................... 2 9

4 .2  E f f e c t s  o f  N u m b e r  o f  H o le s  in  T h e  P e r fo r a te d  P la te  o n

H y d r o d y n a m ic s  in  A L C s .......................................................................................................... 31

4.2.1 Gas holdup .............................................................................................................................. 31

4.2.2 L iquid velocity....................................................................................................................... 3 2

4 .3  E f f e c t s  o f  H o le  D ia m e t e r  in  T h e  P e r fo r a te d  P la te  o n  H y d r o d y n a m ic s

in  A L C s ................................................................................................................................................3 4

4.3.1 Gas holdup .............................................................................................................................. 3 4

4.3.2 L iqu id  velocity ....................................................................................................................... 3 4

4 .4  E f f e c t s  o f  N u m b e r  o f  P e r fo r a te d  P la te s  o n  H y d r o d y n a m ic s  in  A L C s . . .3 5

4.4.1 Gas holdup .............................................................................................................................. 3 5

4.4.2 L iquid velocity....................................................................................................................... 3 6

4 .5  E f f e c t s  o f  P e r fo r a te d  P la te s  o n  G a s - L iq u id  M a s s  T r a n s f e r  i n  A L C s .  ...31
4.5.1 Comparison ofperformances o f gas-liquid mass transfer

on different designs o f  gas-liquid contactors..................................................... 3 7

4.5.2 Effects o f  number o f holes in the perforated plate
on gas-liquid mass transfer in AJLC-P....................................................................4 0



IX

4.5.3 Effects o f  hole diameter in the perforated plate
on gas-liquid mass transfer in ALC -P ....................................................................4 2

4.5.4 Effects o f  number ofperforated plates
on gas-liquid mass transfer in the ALC -P ............................................................4 2

C H A P T E R  5  C o n c lu s io n s  a n d  R e c o m m e n d a t io n s

5 .1  P e r fo rm a n c e s  o f  G a s - L iq u id  C o n ta c t o r s ........................................................................73

5 .2  P e r fo rm a n c e s  o f  A L C - P s  w i t h  V a r io u s  P la te  C o n f ig u r a t io n s ...................... 7 4

5 .3  E x p e r im e n ta l  L im i t a t i o n s  a n d  R e c o m m e n d a t io n s .................................................75

R E F E R E N C E S .................................................................................................................................................................7 7

B I O G R A P H Y .................................................................................................................................................................... 81



L I S T  O F  F I G U R E S

F I G U R E  P A G E

2 .1  A i r l i f t  c o n ta c to r s .................................................................................................................................................12

2 .2  B a s ic  s t r u c tu r e s  o f  a i r l i f t  c o n ta c t o r ...................................................................................................... 13

3 .1  E x p e r im e n ta l  s e tu p ...........................................................................................................................................2 4

3 .2  D im e n s io n s  o f  a i r l i f t  c o n ta c t o r ................................................................................................................2 5

3 .3  G a s -  l i q u id  c o n ta c to r s  e m p lo y e d  in  t h is  w o r k ...............................................................................2 6

3 .4  P e r fo r a te d  p la te s  g e o m e t r y ......................................................................................................................... 2 7

3 .5  E x p e r im e n ta l  s e tu p  f o r  th e  d ig i t a l  r e c o r d  o f  b u b b le  d ia m e te r ...........................................2 8

3 .6  G a s  b u b b le  d im e n s io n s  f o r  th e  c a lc u la t io n  o f  S a u te r  m e a n  d ia m e te r ..........................2 8

4 .1 .1  T h e  c o m p a r is o n  b e tw e e n  o v e r a l l  g a s  h o ld u p  in  c o n v e n t io n a l  A L C ,

A L C - P  a n d  b u b b le  c o lu m n ......................................................................................................................... 4 4

4 .1 .2  T h e  c o m p a r is o n  b e tw e e n  r i s e r  g a s  h o ld u p  in  c o n v e n t io n a l  A L C

a n d  A L C - P .............................................................................................................................................................4 5

4 .1 .3  T h e  c o m p a r is o n  b e tw e e n  d o w n c o m e r  g a s  h o ld u p  in  c o n v e n t io n a l  A L C

a n d  A L C - P .............................................................................................................................................................. 4 6

4 .1 .4  T h e  c o m p a r is o n  b e tw e e n  r is e r  l i q u i d  v e lo c i t y  in  c o n v e n t io n a l  A L C

a n d  A L C - P .............................................................................................................................................................. 4 7

4 .1 .5  T h e  c o m p a r is o n  b e tw e e n  d o w n c o m e r  l i q u i d  v e lo c i t y  i n  c o n v e n t io n a l  A L C

a n d  A L C - P .............................................................................................................................................................. 4 8

4 .1 .6  L i q u i d  v e lo c i t y  t r a je c to r y  in  th e  A L C - P ........................................................................................... 4 9

4 .2 .1  E f f e c t  o f  n u m b e r  o f  h o le s  i n  th e  p e r f o r a t e d  p la te  o n  o v e r a l l  g a s  h o ld u p

in  th e  A L C - P .......................................................................................................................................................  5 0

4 .2 .2  E f f e c t  o f  n u m b e r  o f  h o le s  in  th e  p e r f o r a t e d  p la te  o n  r is e r  g a s  h o ld u p

in  th e  A L C - P .......................................................................................................................................................... 51



4 .2 .3  E f f e c t  o f  n u m b e r  o f  h o le s  in  th e  p e r f o r a te d  p la te  o n  r i s e r  l i q u id  v e lo c i t y

in  th e  A L C - P ........................................................................................................................................................ 5 2

4 .2 .4  E f f e c t  o f  n u m b e r  o f  h o le s  in  th e  p e r f o r a te d  p la te  o n  d o w n c o m e r  l i q u id

v e lo c i t y  in  th e  A L C - P ................................................................................................................................... 53

4 .2 .5  E f f e c t  o f  n u m b e r  o f  h o le s  in  th e  p e r f o r a te d  p la te  f o r  t h e  g a s  b u b b le s

f o r m a t io n  in  th e  A L C - P ............................................................................................................................. 5 4

4 .3 .1  E f f e c t  o f  h o le  d ia m e te r  o n  o v e r a l l  g a s  h o ld u p  in  th e  A L C - P ........................................... 5 5

4 . 3 .2  E f f e c t  o f  h o le  d ia m e te r  o n  r is e r  g a s  h o ld u p  in  th e  A L C - P ................................................. 5 6

4 .3 .3  E f f e c t  o f  h o le  d ia m e te r  o n  r is e r  l i q u i d  v e lo c i t y  in  th e  A L C - P .........................................5 7

4 . 3 .4  E f f e c t  o f  h o le  d ia m e te r  o n  d o w n c o m e r  l i q u id  v e lo c i t y  in  th e  A L C - P ...................  5 8

4 .3 .5  E f f e c t  o f  h o le  d ia m e te r  o n  th e  p e r f o r a te d  p la te  f o r  g a s  b u b b le s  f o r m a t io n

in  th e  A L C - P ......................................................................................................................................................... 5 9

4 .4 .1  E f f e c t  o f  n u m b e r  o f  p e r f o r a te d  p la te s  o n  o v e r a l l  g a s  h o ld u p  in  th e  A L C - P .........6 0

4 . 4 .2  E f f e c t  o f  n u m b e r  o f  p e r f o r a te d  p la te s  o n  r is e r  g a s  h o ld u p  in  th e  A L C - P ............... 61

4 .4 .3  E f f e c t  o f  n u m b e r  o f  p e r f o r a te d  p la te s  o n  r is e r  l i q u i d  v e lo c i t y  in  t h e  A L C - P . .. 6 2

4 . 4 .4  E f f e c t  o f  n u m b e r  o f  p e r f o r a te d  p la te s  o n  d o w n c o m e r  l i q u i d  v e lo c i t y

in  th e  A L C - P .........................................................................................................................................................6 3

4 .5 .1  T h e  c o m p a r is o n  b e tw e e n  m a s s  t r a n s fe r  c o e f f i c ie n t  i n  c o n v e n t io n a l  A L C ,

A L C - P  a n d  b u b b le  c o lu m n .........................................................................................................................6 4

4 . 5 .2  B u b b le s  f l o w  p h e n o m e n o n  in  r is e r  o f  A L C - P ................................................................................6 5

4 .5 .3  B u b b le s  f o r m a t io n  in  th e  A L C - P ............................................................................................................6 6

4 . 5 .4  E f f e c t  o f  n u m b e r  o f  h o le s  ( 4  m m . in  h o le  d ia m e te r )  i n  th e  p e r f o r a te d  p la te

o n  m a s s  t r a n s fe r  c o e f f i c ie n t  in  th e  A L C - P  (1  p e r f o r a t e d  p l a t e ) ...................................6 7

4 .5 .5  E f f e c t  o f  h o le  d ia m e te r  o n  m a s s  t r a n s fe r  c o e f f i c ie n t  i n  t h e  A L C - P

w i t h  t w o  13 - h o le  p e r fo r a te d  p la t e ......................................................................................................... 6 8

4 .5 .6  E f f e c t  o f  n u m b e r  o f  p e r f o r a te d  p la te s  o n  m a s s  t r a n s fe r  c o e f f i c ie n t

in  th e  A L C - P  (1 3  h o le s  w i t h  3 m m  h o le s  d ia m e t e r ) .............................................................6 9

xi


	Cover (Thai) 

	Cover (English) 

	Accepted 

	Abstract (Thai) 

	Abstract (English) 

	Acknowledgements 

	Contents 


