
C H A P T E R  4
Results and Discussion

4.1 Performances of Gas-Liquid Contactors

T h e  h y d ro d y n a m ic  p e rfo rm a n c e  o f  th e  airlift c o n ta c to r  w ith  p e rfo ra te d  p la te  
(A L C -P )  is c o m p a re d  w ith  th o se  o f  th e  b u b b le  co lu m n  (B C ) and  th e  c o n v en tio n a l 
c o n c e n tr ic  tu b e  a irlif t c o n ta c to r  (A L C ) as d ep ic ted  in F ig u re s  4 .1 .1  to  4 .1 .5 . G en era l 
o b se rv a tio n  fro m  e x p e rim e n ta l d a ta  lead s  to  th e  fo llo w in g  co n c lu sio n s:

•  O v e ra ll g a s  h o ld u p  a re  m o re  o r less th e  sam e in all ty p es  o f  co n tac to r.
•  R ise r  g as  h o ld u p  in  th e  A L C -P  is m uch  h ig h e r  th an  th a t in th e  A L C .
•  D o w n c o m e r  g as  h o ld u p  ( Sd) in th e  A L C -P  is m u ch  lo w er th an  th a t in  th e  

A L C . (In  m o st cases, Sd  in  th e  A L C -P  w as fo u n d  to  be  v e ry  c lo se  to  ze ro .)
•  L iq u id  v e lo c itie s , b o th  r ise r  and  d o w n co m er o f  th e  A L C -P  a re  lo w er th an  

th o se  in  th e  A L C . (N o te  th a t  th e  av erag e  liqu id  v e lo c ity  in th e  B C  is z e ro .)

F ig u re  4 .1 .1  illu s tra te s  th e  c o m p ariso n  b e tw een  o v era ll g a s  h o ld u p  in  all ty p e s  
o f  c o n ta c to rs . T h e  re su lt c lea rly  sh o w s th a t overa ll g a s  h o ld u p s  v ary  p ro p o rtio n a lly  
w ith  su p e rfic ia l g a s  v e lo c ity . T h is  f in d in g  is s im ila r to  th o se  o f  C h a k ra v a rty  et a l, 
1973; C h is ti an d  M o o -Y o u n g , 1988; and  G av rile scu  et a l, 1998. G as h o ld u p  in th e  
B C  is  fo u n d  to  b e  s lig h tly  h ig h e r th an  th a t in th e  A L C , w h ic h  a lso  a g ree s  w ell w ith  
th e  re p o r te d  ex p e rim en ta l d a ta  (K o id e  et a l, 1983; Jones, 1985; S iegal et a l, 1986). 
T h e  sam e  o b se rv a tio n  is a lso  fo u n d  w ith  th e  rise r g as  h o ld u p s  in th e  A L C  an d  A L C -P  
w h e re  g a s  h o ld u p s  v a ry  w ith  su p e rfic ia l gas v e lo c ity  as sh o w n  in F ig u re  4 .1 .2 . It is 
in te re s tin g  to  n o te  th a t  in  m o st cases, th e  gas ho ld u p  in c rea se s  w ith  th e  g as  flo w  ra te  
a t lo w  ra n g e  o f  su p e rfic ia l g a s  v e lo c ity  (Usg), a fte r w h ich  it ten d s  to  level o f f  (a t Usg «  
4  cm /s). F lo w ev er th e se  g as  h o ld u p s  s ta rt to  vary  p ro p o rtio n a lly  w ith  Usg ag a in  at
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h ig h er ra n g e  o f  g a s  flo w ra te . T h is  p h e n o m e n o n  is still n o t w e ll-u n d e rs to o d  w ith  the 
p resen t se t o f  ex p e rim en ta l data.

T u rn in g  n o w  to  th e  e ffec t o f  p e rfo ra ted  p la te  on liq u id  v e lo c ity  in th e  system . 
It is fo u n d  th a t, in  th e  co n v en tio n a l A L C , th e  liqu id  v e lo c ity  is m uch  h ig h er th a n  th a t 
in th e  B C . T h is  h igh  liq u id  m o tio n  p ro m o te s  th e  u p w ard  m o v em en t o f  g as  b u b b le s  
re su ltin g  in  a  sh o rte r  gas re s id en ce  tim e, and  hence, gas h o ld u p  in the  co n v en tio n a l 
.ALC is u s u a lly  fo u n d  to  be  less th an  th a t in th e  b u b b le  co lu m n . H o w ev er, in se rtin g  
the  p e rfo ra te d  p la te  in to  th e  A L C  d e c rea ses  free  area  fo r th e  liqu id  flow , o r  in  o th e r 
w o rd s , in c re a se s  th e  flo w  re s is ta n c e  o r  p re ssu re  drop  o f  th e  flu id  a long th e  le n g th  o f  
the  co lu m n . G as  b u b b les  a re  a lso  b e ing  re ta rd e d  by  th e  p e rfo ra te d  plate, as it can  be 
o b se rv ed  fro m  th e  sam e fig u re  th a t gas ho ld u p  in the  rise r o f  A L C -P  is m u c h  h ig h e r 
than  th a t  in  th e  A L C .

I t  is n o te d  th a t th e  in c rease  in  th e  r ise r gas h o ld u p  in th e  A L C -P  is 
c o m p e n sa te d  b y  th e  red u c tio n  in  th e  d o w n c o m e r gas ho ld u p . T h is  is w hy  w e  d id  no t 
see th e  e f fe c t  o f  p e rfo ra ted  p la te  on  th e  o v e ra ll g as  ho ldup . In  fact, the  d o w n c o m e r 
gas h o ld u p  in  th e  A L C -P  is n o t d e tec ted  a t all (F ig u re  4 .1 .3 ) . T his is b e c a u se  the  
liqu id  v e lo c ity  in  th e  .ALC-P is to o  low , n o t cap ab le  o f  b r in g in g  g as  b u b b les  d o w n  in 
the  d o w n c o m e r.

L iq u id  v e lo c itie s  in  th e  A L C -P  a re  fo u n d  to  be m u c h  lo w er than  th a t  in  the  
A L C  d u e  to  th e  h igh  flo w  re s is ta n c e  c re a ted  by  th e  p e rfo ra te d  p late, as m en tio n ed  
above  (F ig u re s  4 .1 .4  and  4 .1 .5 ). T h e  tra je c to ry  o f  th e  liq u id  v e lo c ity  as a  fu n c tio n  o f  
su p e rfic ia l g a s  v e lo c ity  is ra th e r  co n fu sin g  b u t in teresting . I t is observed  th a t  liqu id  
v e lo c ity  in c re a se s  w ith  th e  su p erfic ia l g as  v e lo c ity  d u rin g  th e  lo w  range o f  su p e rfic ia l 
gas v e lo c ity  (บรg from  1-4 cm /s) a fte r  th a t it ten d s  to  level o ff  o r  in  som e 
c irc u m sta n c e s  lo w e r do w n  sligh tly . T h ese  tw o  flow  reg im es a re  d em o n stra ted  b y  th e  
ske tch  in  F ig u re  4 .1 .6  w h ere  R eg io n  I rep re sen ts  th e  ran g e  th a t  th e  liquid  v e lo c ity  still 
in c reases  w ith  th e  gas f lo w ra te , and  th e  liq u id  v e loc ity  s ta rts  to  be  in d ep en d en t o f  the  
gas v e lo c ity  in  R e g io n  n .  H o w ev e r, liq u id  v e lo c ity  sta rts  to  in c rea se  w ith  g as  v e lo c ity  
again  a t h ig h  ra n g e  o f  su p e rfic ia l gas v e lo c ity . T his p a rt is i llu s tra te d  as R e g io n  III  in 
F ig u re  4 .1 .6 . N o te  th a t th is  u p -a n d -d o w n  tra je c to ry  o f  th e  v e lo c ity  profile  is s im ila r  to  
that o f  g a s  h o ld u p . In R eg io n s  I and  III, liq u id  v e loc ity  is d ire c tly  driven  th ro u g h  th e
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p la te  by  th e  p re ssu re  in d u ced  b y  th e  b u b b le s  b eh in d  th e  p e rfo ra ted  p late . O n  th e  o th er 
hand , it is a n tic ip a te d  th a t, in  R ig io n  II, w h en  g as  b u b b le s  co llid e  w ith  th e  p e rfo ra ted  
p la te , a h igh  level o f  b ack  p re s su re  is g en e ra ted , and  th is  b a c k  p re ssu re  fo rce s  the  
liq u id  to  m ove  b ack w ard s , re d u c in g  th e  liqu id  v e lo c ity . In  ac tu a l p rac tic e , th e  A L C  
w h en  o p e ra ted  a t th is  ran g e  o f  g a s  th ro u g h p u t w as tre m b lin g  d u e  to  th is  back  
p ressu re . H o w ev e r, it is still n o t u n d e rs to o d  w h y  th is  b ack  p re ssu re  d o es  n o t a ffec t the  
liq u id  v e loc ity  at h ig h  ran g e  o f  Usg.

4.2 Effects of Number of Holes in The Perforated Plate on 
Hydrodynamics in ALCs

4.2.1 Gas hohlup

T he in flu en ces  o f  n u m b e r  o f  h o les  in th e  p e rfo ra ted  p la te  o n  o v e ra ll an d  rise r 
g a s  h o ld u p s  a re  illu s tra te d  in  F ig u re s  4 .2 .1  and  4 .2 .2  re sp ec tiv e ly . B o th  o v e ra ll and 
r ise r  gas h o ld u p s  in c rea se  w h e n  th e  p e rfo ra ted  p la te  is in se rted  in to  th e  d ra f t tube . A s 
ex p la in ed  in  S ec tio n  4 .1 , th e  in c re a se s  in  g as  h o ld u p s  o c c u r  b e c a u se  th e  p e rfo ra ted  
p la te  b locks th e  p a th w ay  o f  b u b b le s , red u c in g  th e  free  a re a  th a t b u b b le s  can  go  
th ro u g h  w h ich  re su lts  in a  lo n g e r  g as  b u b b le  re s id en ce  tim e . T o  in v e s tig a te  the  
in flu en ce  o f  th e  n u m b e r o f  h o le s  in  th e  p e rfo ra ted  p la te , th e  e x p e rim e n t w a s  carried  
o u t in  th e  A L C -P  w ith  v a rio u s  n u m b e rs  o f  h o les  (free  a rea ) in  th e  p la te . T h e  p la te  
w ith  m o re  h o les  p ro v id es  m o re  fre e  a re a  fo r th e  flu id  flow . I t is fo u n d  th a t w h en  the  
p la te s  w ith  less fre e  a rea  a re  u se d , g a s  h o ld u p s  ( r is e r  and o v e ra ll)  te n d  to  increase . 
T h e re  are  tw o  p o ss ib ilitie s  th a t  e x p la in  th is  p h en o m en o n . F irs tly , less free  a re a  ex erts  
m o re  res is tan ce  to  liq u id  m o v e m e n t, w h ich  lead s to  th e  red u c tio n  in liq u id  v e loc ity . 
T h is  e ffec tiv e ly  in c rea se s  b u b b le  re s id e n c e  tim e  in  th e  sy s tem  and  re su lts  in an 
in c rea se  in gas h o ld u p s. S eco n d ly , a  sm all n u m b e r o f  h o le s  in ev itab ly  re su lt in a 
sp a rse  p o p u la tio n  o f  h o les  in  th e  p e rfo ra te d  p la te . O b se rv a tio n  in d ica ted  th a t  bu b b les 
fro m  th is  k ind  o f  p e rfo ra ted  p la te  te n d  n o t to  co a lesce  to o  rap id ly  o n c e  th e y  pass 
th ro u g h  th e  p la te . T h ese  sm all s iz e  b u b b le s  hav e  lo w e r te rm in a l v e lo c ity  an d  leav e  the  
c o n ta c to r  m o re  s lo w ly  th an  la rg e r  o nes. H ence , g a s  ho ld u p  in  th is  case  is h ig h e r  th an  
th a t  ob ta in ed  w h en  th e  p e rfo ra te d  p la te  w ith  la rg e r n u m b er o f  h o les  is em p lo y ed .
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4.2.2 Liquid velocity

T h e  effect o f  n u m b e r o f  ho les in  th e  p e rfo ra ted  p la te  on  rise r l iq u id  v e lo c ity  is 
illu s tra te d  in  F ig u re  4 .2 .3  w h ich  c lea rly  sh o w s  th a t r ise r  liq u id  v e lo c ity  in c re a se s  w ith  
in c re a s in g  su p erfic ia l g a s  v e loc ity  fo r all ty p e s  o f  p e rfo ra te d  p late . L iq u id  v e lo c itie s  in 
th e  A L C -P  w ith  3 7 -h o le  p erfo ra ted  p la te  a re  h ig h er th an  th o se  w ith  21 h o le s ; and 13 
h o les c o n fig u ra tio n  g iv e s  th e  low est liq u id  v e loc ity . A s th e  p la te  free  a re a  co rre sp o n d s  
to  th e  n u m b e r o f  h o les , it can a lso  b e  sa id  th a t liq u id  v e lo c ity  d e c re a se s  w ith  
d e c re a s in g  free  a rea  in  th e  p erfo ra ted  p la te . In o th e r w o rd s , a sm a lle r f re e  a rea  p la te  
has a  g re a te r  flow  re s is ta n c e  and p re ssu re  d ro p  fo r flu id  flow .

F ig u re  4 .2 .4  rev ea ls  th e  effect o f  p la te  v o id ag e  o n  d o w n c o m e r l iq u id  v e loc ity . 
T he re su lts  illu s tra te  th a t  liqu id  v e lo c ity  in  d o w n c o m e r in c rea se s  w ith  su p e rf ic ia l gas 
v e lo c ity  u n til it re ach es  its m ax im um  v a lu e  b e fo re  s ta rts  to  d ecrease . It is n o tic ed  (by 
tra c e r  in jec tio n ) th a t th e  d ecrease  in d o w n c o m e r liqu id  v e lo c ity  is a  re su lt  o f  back  
p re ssu re  p ro d u ced  w h en  th e  fluid co llid e s  w ith  th e  p la te . In  o th e r w o rd s , w h en  th e  
liq u id  f lo w s  ag a in st th e  p erfo ra ted  p la te , th e re  ex is ts  a  re ac tio n  fo rc e  a c tin g  on  th e  
liq u id  in  th e  o p p o site  d irec tio n  to  th e  flu id  flo w  o r w h a t is ca lled  “ b a c k  p re ssu re ” . 
T h is re su lts  in an  in te rv a l o f  “ no liqu id  m o v e m e n t” in th e  co lum n. T h e  o b se rv a tio n  
show s th a t  th is  back  p re s su re  increases w ith  su p erfic ia l g a s  v e lo c ity  an d  a lso  is h ig h er 
in A L C -P  w ith  less n u m b e r  o f  ho les o n  th e  p la te , i.e. F ig u re  4 .2 .4  sh o w s  th a t  liquid  
v e lo c ity  in  th e  A L C -P  w ith  a  13 ho le p e rfo ra te d  p la te  in v e rse ly  v arie s  w ith  Usg.

T o  in v es tig a te  th e  re la tio n sh ip  b e tw e e n  th e  g as  h o ld u p  and  liq u id  v e lo c ity  in 
th e  A L C -P , it is c o n s id e re d  ap p ro p ria te  h e re  to  co n su lt ad d itio n a l in fo rm a tio n  frpm  
lite ra tu re . I t w as  u su a lly  fo u n d  tha t th e  g a s  h o ld u p  and  th e  liq u id  v e lo c ity  in  th e  A LC  
are  d e p e n d e n t q u an titie s  an d  the  co rre la tio n s  b e tw een  th e se  tw o  p a ra m e te rs  a re  often  
in th e  fo rm  of:

w here
ร oc Usga (4 .1 )

ร -  gas h o ld u p  [-]
Usg = su p erfic ia l g as  v e lo c ity  [cm /s] 
a = co n stan t [-]
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T h e  c o n s ta n t in  E q u a tio n  4 .1 , a, w a s  found  to  v a ry  in  a  ran g e  fro m  0 .2 -1 .2 6  
d ep en d in g  o n  th e  c o n fig u ra tio n s  o f  th e  A L C  (C h a k ra v a rty  et al. , 1973, C h isti et al., 
1988 and  T u n g  et al., 1997). In  th e  ex p erim en ta l se tu p  o f  th is  w o rk , th is  co n stan t is 
fo u n d  to  b e  a p p ro x im a te ly  0 .3 4 7  fo r co n v en tio n a l A L C  an d  0 .4 0 1 , 0 .552 , 0 .466 , and 
0 .5 3 6  fo r  th e  A L C -P  w ith  o n e  13, 21, 37, and  4 5 -h o le  p e rfo ra te d  p la te , resp ec tiv e ly . It 
is found  th a t  th e  p e rc e n ta g e  in c rea se  in  r is e r  gas ho ld u p  o b ta in e d  from  th e  A L C -P  is 
ab o u t 3%  to  12%  m o re  th a n  th a t fro m  th e  A L C  d u rin g  th e  se lec ted  o p e ra tin g  range  
(g as  v e lo c ity  fro m  1.89 to  8 .45  cm /s).

O n e  im p o rta n t n o tic e  fro m  th e se  ex p erim en ta l re su lts  is th a t w h en  th e  n u m b er 
o f  h o les  in  th e  p e rfo ra ted  p la te  d ecreases , th e  liqu id  v e lo c ity  d e c re a se s  g rea tly  (o v e r a 
h u n d red  p e rc e n t) , w h ils t th e  g a s  ho ld u p  in c rea se s  on ly  by  a  sm all m arg in . F ig u re  4 .2 .5  
p ro v id es  a  sc h e m a tic  p ic tu re  o f  a  p o ten tia l an sw er to  th is . F ig u re  4 .2 .5  is th e  ske tch  
acco rd in g  to  th e  v isu a l o b se rv a tio n  and  th e  d ig ita l re c o rd  o f  b u b b le  c o a le scen ce  in th e  
A L C -P  w ith  d iffe re n t n u m b e r  o f  ho les. F ro m  th e  e x p e rim e n t, it can  be  n o ticed  th a t 
th e re  e x is ts  a  h ig h -p re ssu re  z o n e  u n d e r th e  p e rfo ra ted  p la te . T h is  zo n e  o ccu rs  as a 
c o n se q u e n c e  o f  th e  lo w  fre e  a rea  fo r  th e  flo w  p a th  o f  g a s  and  liq u id  w h e re  gas 
b u b b le s  a re  a llo w e d  to  a c c u m u la te  a t th e  n o n p o ro u s  reg io n . T h e  h ig h -p re ssu re  reg io n  
p ro d u c e s  h ig h  g as  b u b b le  v e lo c ity  as th e  gas p asses  th ro u g h  th e  p late . D ec reas in g  
n u m b er o f  h o le s  on  th e  p e rfo ra te d  p la te  is o b serv ed  to  in c re a se  th is  p re ssu re  zo n e  as 
m o re  b u b b le s  a re  a llo w ed  to  rem ain  u n d e r  th is  p la te  d u e  to  lo w e r free  a rea  fo r th e  
b u b b le  m o v e m e n t. T h is is  b e n e fic ia l fo r  th e  g as  b u b b le  v e lo c ity  th ro u g h  th e  p la te  and 
it is e x p e c te d  th a t th e  p la te  w ith  sm a lle r  n u m b er o f  h o le s  d o e s  n o t re d u c e  th e  gas 
b u b b le  v e lo c ity  as  m u ch  as th e  p la te  w ith  h ig h e r n u m b er o f  h o le  does. T h is  n eg a tiv e ly  
in flu en ces  th e  g a s  h o ld u p  b e c a u se  i f  b u b b le s  p ass  th e  p la te  a t h ig h  ve lo c ity , th e y  w ill 
sp en d  less t im e  in  th e  A L C . A s a resu lt, u n lik e  th e  e ffec t o n  th e  liq u id  v e lo c ity , w e  do 
n o t see a  s ig n if ic a n t e n h a n c e m e n t o f  th e  g a s  h o ld u p  in  th e  A L C -P .
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4.3.1 Gas holdup

F ig u re s  4 .3 .1  and  4 .3 .2  i llu s tra te  overall g as  h o ld u p  and  r ise r  gas ho ld u p  
o b ta in ed  fro m  th e  A L C -P s  w h e re  th e  p e rfo ra ted  p la te s  co n s is t o f  v a r io u s  h o le  sizes 
(th e  n u m b er o f  h o le  in th is  c ase  is fix ed  at 21). T h e  in c rea se  in g as  h o ld u p s  is 
o b serv ed  w h en  th e  p la te  h o le  d ia m e te r  decreases. T h is e x p e rim e n ta l re su lt w ell ag rees 
w ith  th a t o b ta in ed  by  M iy a h a ra  et al. (1 9 9 9 ) w h o  re p o r te d  th a t g as  h o ld u p s  d ecreased  
as h o le  d ia m e te r  in c rea sed  in th e  A L C  w ith  th e  p e rfo ra te d  p la te  in sta ll in  th e  riser. It 
is o b se rv ed  th a t sm all h o le -s iz e  p e rfo ra te d  p la te  d o es  n o t a llo w  b o th  g as  and  liqu id  to  
p ass th ro u g h  as e as ily  a s  th e  la rg e r  h o le  p la te  d o es. T h is  re d u c e s  th e  co llis io n  
fre q u e n c y  o f  b u b b le s  th a t p a ss  th ro u g h  th e  p late . H e n c e , sm a lle r g as  b u b b les  are 
fo rm ed  w h ic h  e n h a n c e s  th e  b u b b le  re s id e n c e  tim e  an d  c o n se q u e n tly  o v e ra ll and  r ise r 
gas ho ldups.

4.3.2 Liquid velocity

F ig u re s  4 .3 .3  and  4 .3 .4  sh o w  th e  e ffec t o f  h o le  d ia m e te r  o n  r ise r and 
d o w n c o m e r liq u id  v e lo c itie s  re sp ec tiv e ly . R ise r  liq u id  v e lo c ity  d ec reases  
p ro p o rtio n a lly  w ith  th e  d e c re a s in g  h o le  d iam eter. T h is  is  b e c a u se  th e re  is a  sm all free 
a rea  fo r th e  p a ssa g e  o f  liq u id  in th e  sm all ho le  p e rfo ra te d  p la te , w h ich  s im p ly  m eans 
m o re  flo w  resis tan ce .

T h e  e ffec t o f  h o le  d ia m e te r  o n  d o w n co m er liq u id  v e lo c ity  is p lo tte d  in F ig u re
4 .3 .4 , th e  re su lts  seem  to  fo llo w  th e  sam e tren d  as th e  re su lts  o b ta in ed  from  th e  
e x p e rim en t w ith  v a rio u s  n u m b e r o f  holes. T ha t is to  say  th a t d o w n c o m e r liqu id  
v e lo c ity  in c rea se s  as su p e rfic ia l g a s  v e lo c ity  in c reases . A t su p erfic ia l gas v e lo c ity  
g re a te r  th an  4 cm /s, th e  b a c k  p re s su re  b eg in s to  in f lu e n c e  th e  d o w n c o m e r liqu id  
v e lo c ity  in  th e  sam e fa sh io n  w ith  th a t  ex p la in ed  in th e  la s t p a r t o f  S ec tio n  4 .2 .2 .

4 .3  E ffe c ts  o f  H o le  D ia m e te r  in T h e  P e r fo r a te d  P la te  on
H y d r o d y n a m ic s  in  A L C s
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A g ain , th e  resu lts  in F ig u res  4 .3 .2  and  4 .3 .3  sh o w  a co n tro v e rs ia l co n c lu s io n  
over th e  re la tio n sh ip  b e tw e e n  th e  re d u c tio n  in liqu id  v e lo c ity  an d  th e  in c re a se  in gas 
ho ldup  in  th e  A L C . It is co m m o n  to  e x p e c t an  in crease  in g a s  h o ld u p  as th e  liqu id  
v e lo c ity  d e c re a se s  b ecau se  w h en  th e  liq u id  v e lo c ity  is low , g a s  b u b b le s  te n d  to  stay  
longer in th e  system  and  th a t en h an ces  th e  gas ho ldup . T h e  re su lts  in F ig u re  4 .3 .3  
reveal th a t th e  liquid v e lo c ity  in th e  A L C -P  is s ig n if ic a n tly  s lo w e r w h e n  the  
p e rfo ra ted  p la te  w ith  a  sm a lle r ho le  s iz e  is em p lo y ed . H o w e v e r , th e  in fo rm a tio n  on 
the  g as  h o ld u p  in F ig u re  4 .3 .2  in d ica te s  th a t  th e re  is n o t a  s ig n ific a n t in c re a se  in the  
gas h o ld u p  w h en  a sm a lle r h o le  p e rfo ra ted  p la te  is u sed . T h is  m ay  be  ex p la in e d  by 
c o n s id e rin g  F ig u re  4 .3 .5  w h ich  is th e  sch em a tic  d iag ram  fo r  th e  fo rm a tio n  o f  gas 
b u b b les  in  th e  A L C -P  w ith  v a rio u s  s izes  o f  h o le  in th e  in se r te d  p e rfo ra ted  p la te . In  all 
cases w h e n  th e  p e rfo ra ted  p la te  is in se r te d  in to  th e  co lu m n , th e re  e x is ts  a h igh  
p re ssu re  z o n e  u n d e rn ea th  th e  p late . T h is  h ig h  p re ssu re  z o n e  le ad s  to  a  h ig h  g a s  b u b b le  
v e lo c ity  th ro u g h  the  p la te  w h ic h  n e g a tiv e ly  in flu en ces  th e  g a s  h o ld u p  in th e  system . It 
is o b se rv ed  fro m  the  ex p e rim e n t th a t th is  h ig h  p re ssu re  z o n e  in c rea se s  in  its  in ten sity  
w hen  th e  p e rfo ra ted  p la te  w ith  a  sm a lle r  h o le  s ize  is u sed . H en ce , a lth o u g h  in se rtin g  
th e  p e rfo ra te d  p la te  w ill h e lp  e n h an ce  th e  g as  ho ld u p  d u e  to  lo w e r liq u id  v e lo c ity , a 
too  sm all h o le  p e rfo ra ted  p la te  w ill n o t b e  b en efic ia l fo r  th is  p u rp o se  as a  sm all ho le  
size w ill te n d  to  increase  b u b b le  v e lo c ity  th ro u g h  th e  p la te . It is fo u n d  fro m  th is 
ex p e rim en t th a t  red u c in g  th e  h o le  s ize  fro m  5 to  3 m m . c a n  o n ly  im p ro v e  th e  gas 
ho ldup  f ro m  0 .1 7  to  0 .18  w h ic h  is e q u iv a le n t to  ab o u t 6 %  e n h a n c e m e n t (a t th e  sam e 
tim e, th e  liq u id  v e lo c ity  d e c re a se s  fro m  3 4  to  22  cm /s o r  a b o u t 3 2 %  red u c tio n ).

4.4 Effects of Number of Perforated Plates on Hydrodynamics in 
ALC

4.4.1 Gas holdup

F ig u re s  4.4 .1  and  4 .4 .2  reveal th e  e ffec t o f  n u m b e r  o f  p e rfo ra te d  p la te  on 
overall an d  r ise r  gas h o ld u p s  re sp ec tiv e ly . T h e  re su lts  sh o w  th a t  in c rea s in g  n u m b e r o f  
p e rfo ra ted  p la te s  in th e  co lu m n  re su lts  in  a  h ig h e r  gas h o ld u p  in  th e  sy stem . P rev io u s  
sec tions h av e  show n th a t th e  p e rfo ra ted  p la te  h e lp s  b re a k  b u b b le s  in to  sm a lle r  size.

1 2  0 0 ๐ ๐  «2,
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H o w e v e r , b u b b le s  ten d  to  co a lesce  ra p id ly  a fte r th ey  leav e  th e  p e r fo ra te d  p late. 
In se r tin g  m o re  p e rfo ra ted  p la tes in to  th e  co lu m n  w ill he lp  b re a k  b u b b le s  again . S ince 
sm a lle r  b u b b le s  s tay  lo n g er in th e  co lu m n , A L C -P  w ith  m o re  p e rfo ra te d  p la te s  w ill 
th e re fo re  have  a  g re a te r  gas holdup.

4.4.2 Liquid velocity

F ig u re s  4 .4 .3  and 4 .4 .4  sh o w  th e  e ffec t o f  n u m b e r o f  p la te s  o n  rise r and  
d o w n c o m e r liq u id  v e lo c itie s  re sp ec tiv e ly . T he re su lts  sh o w  th a t in c re a s in g  th e  
n u m b e r  o f  b a ff le  p la te s  red u ces liq u id  v e lo c itie s  b o th  in  r ise r  and  d o w n c o m e r. It is 
n o tic e d  (by  tra c e r  in jec tio n ) th a t th e re  ex is ts  a w avy  flo w  o f  liq u id  a lo n g  th e  co lum n  
w h e n  th e  p e rfo ra te d  p la te  is in se rted  and  a lso  th a t th e  in ten s ity  o f  th is  w a v y  m o tio n  
in c re a se s  w h en  in c rea s in g  th e  n u m b e r o f  p la tes. A s illu s tra te d  in  F ig u re  4 .4 .4 , th e  
d o w n c o m e r liq u id  v e lo c ity  b eg in s  to  d ec rea se  w h en  su p e rfic ia l g a s  v e lo c ity , Usg, 
in c re a se s  u p  to  th e  level ab o u t 4  cm /s. T h is  d ecrease  is ex p ec ted  to  b e  th e  re su lt from  
th e  b a c k  p re ssu re  in  th e  system  w ith  p e rfo ra te d  plate.

A s o b se rv e d  fro m  F ig u re s  4 .4 .2  and  4.4 .3  th a t th e  re d u c tio n  in  l iq u id  v e lo c ity  
in d u c e s  ju s t  a  little  in c reasin g  in  g a s  h o ld u p , e.g. a t Usg ~ 7 .5 cm /s , a b o u t 20%  
re d u c tio n  in  liq u id  v e lo c ity  can o n ly  g iv e  5% rise  in r is e r  g as  ho ld u p . A s e x p la in e d  in 
e a r lie r  sec tions, th e  m a in  cau se  o f  th is  c a n n o t be  d raw n  d irec tly  fro m  th e  e x p e rim e n ta l 
d a ta , b u t it is e x p e c te d  tha t th e  h ig h  p re ssu re  zo n e  u n d e rn e a th  th e  p e r fo ra te d  p la te  is 
th e  k ey  facto r. In se r tin g  a p e rfo ra ted  p la te  resu lts  in th e  fo rm a tio n  o f  a  h ig h  p re ssu re  
z o n e  w h ic h  te n d s  to  increase  th e  b u b b le  v e lo c ity  in th e  sy stem , and  in se r tin g  m o re  
th a n  o n e  p e rfo ra ted  p la te , in e ffec t, m e a n s  a  h ig h e r n u m b er o f  th is  h ig h  p re s su re  zone. 
T h is  e ssen tia lly  lo w e r  th e  ab ility  o f  th e  sy s tem  to  re ta in  th e  g as  b u b b les . I t  is th e re fo re  
n o t a  s tra ig h t-fo rw a rd  m eans to  in c re a se  th e  gas h o ld u p  sim p ly  ju s t  b y  in c re a s in g  th e  
n u m b e r  o f  p e rfo ra te d  plate.
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4.5 Effects of Perforated Plates on Gas-Liquid Mass Transfer in 
ALCs

4.5.1 Comparison of performances o f gas-liquid mass transfer on different designs 
of gas-liquid contactors

T h e  e ffe c t o f  p e rfo ra ted  p la te s  o n  overall v o lu m e tr ic  m ass tra n s fe r  co e ffic ien t 
(kLa) is sh o w n  in  F ig u re  4 .5 .1 . T h e  kia in  th e  A L C -P  is fo u n d  to  be  h ig h e r  th an  th a t in 
th e  B C , w h ils t th e  lo w es t is found  in  th e  co n v en tio n a l A L C . F ro m  v isu a l o b se rv a tio n  
(an d  d ig ita l-c a m e ra  reco rd ed  e v id en ce ), th e  p erfo ra ted  p la te  p lays a  s ig n if ic a n t p a rt in 
b re a k in g  up  th e  g a s  b u b b les  to  sm a lle r  size, and a lso  in  in c rea s in g  th e  tu rb u le n c e  in 
th e  co lu m n . T h e se  p h en o m en a  a re  b e n e fic ia l fo r th e  ra te  o f  g a s-liq u id  m ass  tra n s fe r  as 
th e  sm a lle r  b u b b le  s ize  in c reases th e  in te rfac ia l m ass  tra n s fe r  a rea  (a )  b e tw een  gas 
b u b b le s  and  liq u id . A s overall g a s  h o ldups in A L C , A L C -P  and  B C  are  n o t 
s ig n if ic a n tly  d if fe re n t from  each  o th e r  (F ig u re  4 .1 .3 ), w h ils t th e  r ise r  g a s  ho ld u p  in th e  
A L C -P  is m a rk e d ly  h ig h e r than  th e  h o ld u p  in th e  A L C  o r  in th e  B C , it m ay  be  
re a so n a b le  to  c o n c lu d e  th a t th e  ra te  o f  m ass  tran sfe r is p rin c ip a lly  a f fe c te d  by  th e  r ise r 
g a s  h o ld u p .

F ig u re  4 .5 .2  is ske tched  to  d e sc r ib e  the b u b b le  fo rm in g  p h e n o m e n o n  in th e  
A L C -P  w ith  o n e  p e rfo ra ted  p la te  in se r te d  at the  m id d le  o f  th e  riser. C o m p ressed  a ir  is 
sp a rg e d  th ro u g h  a  p o ro u s  sp a rg e r a t th e  cen ter o f  th e  b a se  o f  th e  re a c to r  w h ere  g as  
b u b b le s  w ith  d ia m e te r  dj are fo rm e d  and  flow  a lo n g  R e g io n  1 (h e ig h t H i)  w ith  a 
u n ifo rm  d iam e te r. R e g io n  T  (h e ig h t H /*) is th e  in te rm e d ia te  re g io n  w h ere  sm all 
b u b b le s  fro m  th e  sp a rg e r  still c o a le sc e  to  fo rm  “๙/ d ia m e te r” bu b b les. T h is  m ean s th a t 
g a s  b u b b le s  le av e  th e  sp arg er w ith  d ia m e te r  ๙/* and th e n  rap id ly  c o a le sc e  in to  a  la rg e r 
s ize  w ith  d ia m e te r  o f  ๙/ (Otake et al., 1977). H o w ev er, th is  in te rm e d ia te  reg ion  is 
fo u n d  (v isu a l o b se rv a tio n )  to  be  in s ig n if ic a n t as H* «  Hi. W h en  b u b b le s  w ith  ๙/ 
d ia m e te r  p ass  th ro u g h  th e  p e rfo ra ted  p la te , located  m id w ay  th ro u g h  th e  riser, th ey  a re  
b ro k e n  in to  sm a lle r  s ize  w ith  d ia m e te r  ๙2 and flow  a lo n g  th e  co lu m n  d u rin g  R e g io n  2 
(h e ig h t Hi), a f te r  w h ic h  th ese  b u b b le s  ten d  to  co a le sce  to  fo rm  la rg e r  b u b b le s  w ith  
d ia m e te r  ๙'ร. In  R e g io n  3, lo ca ted  ab o v e  reg ion  2 w ith  th e  h e ig h t o f  H3, b u b b les  
d ia m e te r  is o b se rv e d  to  be a p p ro x im a te ly  th e  sam e as in Hi (๙'3 = di fro m  d ig ita lly
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reco rd ed  ev id en ce ). H en ce , it can b e  c o n c lu d e d  th a t b u b b le  c h a ra c te r is tic s  d u rin g  
R eg ion  3 is  th e  sam e as th a t  found  in R e g io n  1. T o  ca lc u la te  th e  p e rc e n ta g e  increase  
in the  sp e c if ic  in te rfac ia l m ass  tran sfe r  a rea , th e  fo llo w in g  c a lc u la tio n  is c a rried  out:

A b  ~  c i j V j  = CI]V] + Cl2 V 2  +  O j V 3 (4.2)
w h e re

A b  =  to ta l g a s-liq u id  in te rfac ia l a rea  [cm 2]
o v e ra ll/av e rag e  sp e c if ic  g a s-liq u id  in te rfac ia l a rea  
in th e  A L C -P  [cm ’1]

cij =  sp ec ific  g a s - liq u id  in te rfac ia l a re a  in  S ec tio n  7 [c m '1]
V i  =  flu id  v o lu m e  in  S ec tio n  7 [cm 3]

T h e  flu id  v o lu m e  in each  sec tio n  can  be ca lcu la ted  fro m  th e  p ro d u c t b e tw een  
cross sec tio n a l a rea  { A )  an d  flu id  h e ig h t ( H i ) :

V, =  AH, (4 .3 )
th e re fo re

Ab =  ccjAHt — Cl] A H ]  +  C I 2 A H 2  +  c i s A H s  (4 .4 )

D iv id e  E q u a tio n  (4 .4 )  by  CI]A gives:

— H r  =  H 1 +  — H 2  + ^ L H 3 (4 .5 )
a, a 1 a1

fo r  g a s-liq u id  c o n ta c tin g  dev ices:

6 ร  a  =  -T —
d B

w h e re

(4 .6 )

£ -  g as  ho ldup  [-] 
dB = b u b b le  d ia m e te r  [cm ]
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G as b u b b le  d ia m e te rs  a re  m easu red  from  th e  p h o to s  ta k e n  by  th e  d ig ita l 
cam era  as d e m o n s tra te d  in  F ig u re  4 .5 .3 . T h e  sizes o f  each  b u b b le  a re  m e a su re d  fo r th e  
ca lcu la tio n  o f  S au te r m ean  d ia m e te r  as  d eriv ed  in  E q u a tio n  3 .24 . T h e  n u m b e r o f  
sam p le s  u sed  in th is  ex p e rim e n t w a s  a p p ro x im a te ly  ten .

I t is a ssu m ed  th a t g as  ho ld u p  (ร) is co n s tan t fo r  each  section :

and since
as =  Û]

(4 .7 )

(4 .8 )

S u b s titu te  E q u a tio n s  (4 .7 )  and  (4 .8 )  in to  E q u a tio n  (4 .4 ) gives:

or,

Ht =H 1 + ^ - ! { 2 + Hs a 1 d 82

H 1 + ^ L H 2 + H 3d X a,
ÜT '■ B2

(4 .9 )

(4 .1 0 )

T h e  d iffe ren ce  in  sp e c if ic  in te rfac ia l a rea  b e tw e e n  th e  A L C  an d  A L C -P  can  
th en  be  ca lcu la ted  from

X100 (4 .1 1 )

w h ere
ac =  sp ec ific  in te rfac ia l a rea  in  co n cen tric  A L C  [cm -1]

P ro v id ed  th a t th e  ra tio  o f  o v e ra ll v o lu m e tric  m ass  tran sfe r  c o e ff ic ie n ts  (Jua) 
b e tw e e n  A L C -P  and A L C  can  b e  c a lc u la ted  fro m  ex p e rim en ta l d a ta , th e  d iffe ren ce  
b e tw e e n  th e  overa ll v o lu m e tric  m ass  tra n s fe r  co e ffic ien ts  (k[) in th e  A L C  an d  A L C -P  
can  su b seq u en tly  b e  ca lcu la ted  from :
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%kLdiff =
( f  1 \kLar aV ck a a J\ \  L c T 9

X J 00 (4 .12 )

w h e re
kictc = overall v o lu m e tr ic  m ass tra n s fe r  co e ffic ien t in 

co n v en tio n a l co n cen tric  A L C  [ร"1] 
kiûT= overall v o lu m e tric  m ass tra n s fe r  c o e ffic ien t in 

A L C -P  [ร '1]

W ith  th e  ab o v e  d e riv a tio n  it is p o ss ib le  to  in v e s tig a te  th e  effec t o f  p e rfo ra ted  
p la te  o n  b o th  sp ec ific  in te rfac ia l a rea  (tt), and  th e  ra te  o f  g a s - liq u id  m ass  tra n s fe r  ( k l ) .  

T ab le  4.1 sh o w s th e  e ffec t o f  p e rfo ra ted  p la te  on  g as-liq u id  m a ss  tra n s fe r  in  th e  A L C - 
p  w ith  v a rio u s  n u m b e rs  o f  h o les and p la tes. It is fo u n d  th a t  th e  in te rfa c ia l m ass 
tra n s fe r  a re a  is h ig h ly  p ro m o te d  by  th e  p e rfo ra ted  p la te , b u t n o t th e  m a ss  tra n s fe r  
co e ff ic ien t (k£). F o r in s tan ce , in th e  case  o f  th e  A L C -P  w ith  o n e  p e rfo ra te d  p la te  (13 
h o le s  w ith  d ia m e te r  o f  4  m m .) at USg o f  1.889 cm /s, th e  o v era ll m a ss  tran sfe r  
co e ff ic ien t (kLa) is fo u n d  to  be 8 2 .8 4 8 %  m o re  th an  th a t  in  th e  co n v e n tio n a l A L C . 
H o w e v e r, m o st o f  th is  in c rea se  is d e riv ed  fro m  th e  in c rea se  in  th e  sp e c if ic  in te rfac ia l 
m ass  tra n s fe r  a rea  (a )  w h ich  is c a lcu la ted  to  be  ab o u t 7 2 % , w h ile  th e  ra te  o f  m ass 
tra n s fe r  (kl) on ly  a c c o u n ts  fo r as sm all as  5 .9 %  in crease  (o v e r  th e  c o n v e n tio n a l A L C ). 
In te re s tin g ly , T ab le  4.1 rev ea ls  th a t in  a lm o st all cases, th e  ra te  o f  m ass  tra n s fe r  (ki) in 
th e  A L C -P  is fo u n d  to  b e  less th an  th a t in th e  A L C . T h is  m ean s th a t m o s t o f  th e  
in c re a se  in  th e  o v e ra ll m ass tran sfe r  ra te  is re sp o n s ib le  b y  th e  in c re a se  in the  
in te rfac ia l m ass  tra n s fe r  a rea  (a).

4.5.2 Effects of number of holes in the perforated plate on gas-liquid mass transfer 
in ALC-P

T h e  n u m b er o f  h o le s  in th e  p e rfo ra ted  p la te  c o rre sp o n d s  to  th e  free  a re a  fo r  the  
p a ssag e  o f  liqu id  and  g a s  bubb les, i.e. th e  p la te  w ith  h ig h e r  n u m b e r o f  h o le s  g ives 
m o re  free  a rea  th an  th e  p la te  w ith  less n um ber. F ig u re  4 .5 .4  illu s tra te s  th e  e ffec t o f  
th is  free  a rea  on  th e  ra te  o f  gas liqu id  m ass  tran sfe r  in th e  A L C -P , and it sh o w s  th a t 
th e  o v e ra ll v o lu m e tric  m ass  tran sfe r  c o e ffic ien t (k,LCi) in  th e  A L C -P  w ith  th e  3 7 -h o le -
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plate inserted in the colum n is often found to be less than those obtained from  the 21 
hole. Table 4.1 sh ow s that decreasing the number o f  h o les in the perforated plate 
results in a great enhancem ent in the sp ec ific  interfacial area b etw een  gas bubble and 
liquid  (a). For instance, at USg = 5 .64  0๗ ร, hole diam eter o f  3 m m, and w ith  2 
perforated plates, decreasing the num ber o f  holes from 37 to  21 causes ‘%a 
difference’ to  increase from  4 9 .3 4  to  82.28%  (%a difference is the percentage ratio 
b etw een  ‘๙  in the A L C -P and ‘๙  in the conventional concentric A L C ). N o te  that 
there are large fluctuations in the calcu lation  show n in Table 4 .1 , and som etim es the 
results d isagree w ith  each others, i.e. there are few  instances w here ‘๙  in the 37 hole  
perforated plate is h igher than ‘๙  in the 21 hole plate. H ow ever, th ese  circum stances  
are few  and m ost o f  the resulting calcu lation  proves the aforem entioned con clusion .

In the v ie w  point o f  the rate o f  m ass transfer, k l, it is found from  the sam e  
table that the k L  varies directly w ith  the am ount o f  free area in the perforated plate. 
T his is to  say that i f  there is a large free area on the plate, the percentage increase in 
the k L  in the A L C -P  w ith  respect to  k L  in the A L C  is large (and p ositiv e). This is 
ob v iou s w ith  the results for the A L C -P  w ith  one perforated plate in T able 4 .1 , w here  
the plate con sists  o f  37  holes, each h o le  has a diam eter o f  4 or 5 m m . In other cases  
w here the free area is sm all, the percentage increase in kL is found to  be n egative  
w h ich  m eans that decreasing the free area inversely in flu en ces the rate o f  m ass  
transfer. H en ce, it can be concluded  here that the observed increase in the overall 
m ass transfer rate (k L < d ) w hen decreasing the number o f  h oles in the perforated plate is 
prim arily caused  by the increase in the interfacial m ass transfer area (a) b etw een  gas  
and liquid, and not the kL.

H ow ever , a further decrease in the free area (from  21 to  13 h o les) in the 
perforated plate d oes not seem  to  g ive  an appreciation im provem ent in the va lu e o f  
overall m ass transfer coeffic ien t in the A L C -P. In fact, the overall m ass transfer rate 
in the A L C -P  w ith  13 h oles seem s to  be a little less  than that in the A L C -P  w ith  21 
h oles. Table 4.1 is again consulted  to  investigate this finding. It is found that 
d ecreasing the num ber o f  h o les in this case  results in a sim ilar e ffect on the sp ecific  
in terfacial area (a) as '%CI difference’ in the ALC-P w ith  13 h oles is h igher than that 
in the A L C -P  w ith  21 holes. On the other hand, in m ost cases, the ‘%kL difference’ in
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the A L C -P w ith  13 h o les is found to be m uch low er, and this cau ses the resulting  
overall m ass transfer co effic ien t to be relatively low .

In sum m ary, it w as found from  this experim ent that the optim al rate o f  m ass 
transfer b etw een  gas and liquid w as obtained from  the operation on  the A L C -P w ith  
21 holes on the perforated plate.

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

Figure 4 .5 .5  illustrates the effect o f  h o le  diam eter on the rate o f  gas-liqu id  
m ass transfer. It is  found that kLa at a lo w  range o f  superficial gas v e loc ity  from  all 
cases is ap proxim ately  in the sam e level. A t a h igh  range o f  superficial gas v e lo c ity  
(Usg>  5 cm /s), kia obtained from  the perforated plate w ith  4 mm. diam eter h ole s ize  
b ecom es sig n ifican tly  greater than the other ca ses  (the 3 mm. diam eter hole s ize  
perforated p late seem s to provide the w orst case  scenario in term s o f  the rate o f  m ass 
transfer). T able 4.1 explains this finding as fo llo w s.

Table 4.1 sh ow s that the ‘%a difference’ in the A L C -P w ith  3 mm. h ole  
diam eter in the perforated plate is usually  not as great as those found w ith  the system s  
w ith higher h o le  diam eter perforated plates. In addition, the ‘%kL difference'' obtained  
from  this 3 m m . h o le  diam eter plate is often  the lo w est am ong the three cases. This 
results in the sy stem  w ith  the poorest gas-liquid  m ass transfer rate. The perform ances  
o f  the A L C -P s w ith  4  mm. and 5 mm. h ole p lates are not sign ifican tly  d ifferent from  
each other in term s o f  ‘ %a difference’ and "%ki difference', both o f  these param eters 
are found to  b e a little higher for the case o f  4 m m. h o le  perforated plate.

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

Figure 4 .5 .6  illustrates the effect o f  num ber o f  perforated plate(s) on gas-liqu id  
m ass transfer in the A LC -P. The result sh ow s that the m ass transfer perform ance is 
enhanced w ith  in creasin g the num ber o f  perforated plates. The important role o f  these  
plates is to  break large bubbles into sm aller on es w h ich  increases the number o f  gas
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bubbles and also  the interfacial area b etw een  gas and liquid as described  in previous 
sections. H en ce, w hen m ore perforated plates are inserted into the colum n, even  more 
gas bubbles are retained in the system , and an even  higher ga s-liq u id  interfacial area 
is obtained, and so the kLa va lu e is found to  increase. Table 4.1 clearly  illustrates the 
effect o f  the number o f  p lates on  both ‘๙  and lkf. In all cases, the three perforated  
plate A L C -P  is found to g iv e  the h ighest value o f  ‘%CI difference’ w here the one  
perforated plate A LC -P g iv es  the low est. The ‘%ki difference’ in the A L C -P s w ith  13 
and 21 h ole perforated plates are also found to  be highest w h en  three perforated plates 
are inserted into the system . H ow ever, the result is opposite w h en  the num ber o f  h oles  
b ecom es 37. The reason for this is still unclear.

It is interesting to note that the rate o f  increase in Aya is not directly  
proportional to  the increase in the num ber o f  plates, esp ecia lly  at lo w  superficial gas 
velocity . For instance, as dem onstrated in F igure 4 .5 .6 , at gas v e lo c ity  about 4 .7  cm /s, 
changing from  1 plate to 2 p lates in creases kLa from 0 .0 5 2 9 /s  to  0 .0 6 5 1/s, w hich  
corresponds to  23.06%  increase in kLa. A  further increase in the num ber o f  p lates (2 
to 3) results in a further enhancem ent o f  kLa from 0 .0 6 5 1  to  0 .0 7 0 6  (8.45% ). 
H ow ever, increasing num ber o f  p lates sim p ly  m eans the addition o f  pressure drop into  
the A LC . This affects the hydrodynam ic behavior o f  the liquid  in the ALC  
significantly. A s ob v iou s from  the experim ent, the liquid v e lo c ity  drops from  15 .36 to 
12.95 m /s w h en  increasing the num ber o f  p lates from 1 to 2 , and from  12.95 to  8.33  
cm /s w h en  the third plate is inserted (at the sam e Usg). T his m ight not be attractive 
particularly in the application w h en  liquid  circulation is a sign ifican t feature, e.g . in 
the industries o f  m ixing and liquid aeration.
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Superficial gas v e lo c ity  [ ฟ ร ]

o  A L C  a  A L C -P  (1 p late)

Figure 4.1.4. The comparison between riser liquid velocity in conventional ALC and ALC-P -q.<1



6 0

E1น 1
O<►

1  4 0  - 1,..,,!""'"' J-
>

โร'3c r

<ü
E๐Oc

3 0

๐  2 0๐  z u

10

¥
พ-

?

.1

¥

3 4  5 6

Superficial ga s v e lo c ity  [ ฟ ร ]

O A L C  □  A L C -P  (1 p late)

Figure 4.1.5Î The comparison between downcomer liquid velocity in conventional ALC and ALC-P



Liquid velocity [cm/s]

Time [ร]

Figure 4.1.6. Liquid velocity trajectory in the ALC-P



0 .1 1

0 . 1  

^  0.09 

£  0.08 

g  0.07
bû

ï  0.06
๐  0.05 

0.04 

0.03
0 1 2 3  4 5 6 7 8 9

Superficial gas velocity [cm/s]

O 13 holes ° 21 holes A 37 holes O 45 holes

.......«.......
o

□ 
<o

๐ >
 c

.........o.....
o

o o □A
o

Ê
o ๐ ' 

A ๐

........... .0.
๐

a
o
Ô

Figure 4.2.1. Effect of number of holes in the perforated plate on overall gas holdup in the ALC-P ©



Ri
ser

 ga
s h

old
up

 [-
]

o 13 holes □  21 holes A 37 holes o 45 holes

Figure 4.2.2. Effect of number of holes in the perforated plate on riser gas holdup in the ALC-P cyi



Figure 4.2.3. Effect of number of holes in the perforated plate on riser liquid velocity in the ALC-P Lfi



Figure 4.2.4. Effect of number of holes in the perforated plate on downcomer liquid velocity in the ALC-P Ç/1Ci
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Figure 4.3.3. Effect of hole diameter on riser liquid velocity in the ALC-P



Figure 4.3.4. Effect of hole diameter on downcomer liquid velocity in the ALC-P Ln00



Perforated plate

H i g h  p r e s s u r e  

z o n e  ( P i )

° 0 0 o q O ° o  0 0 o „
O o r c i o  O h 3 o o

๐ 0 °  c — ะ»

d ,

H i g h  p r e s s u r e  

z o n e  ( P 2 )

(a )

H i g h  p r e s s u r e  z o n e  ( P 3)

_  < æ g d p
*  C D  O  O i ?  ç> R o

0 0  X o  0 3 ,

CD y o p  C D C IC D O

(b )

Perforated plate

H i > H2 > H 3 
di < d2 <  d3 
Pi > P2 > p3

(c )

Figure 4.3.5. Effect o f  holes diameter on the perforated plate for gas bubbles formation in the ALC-P
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Figure 4.5.3 Bubbles formation in the ALC-P
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Table 4.1 The comparison of mass transfer coefficient between the ALC and ALC-P.

Comparison between mass transfer parameters from conventional ALC and ALC-P with 13-hole perforated plate(s) ALC-P (hole diameter 3 mm.)
Usgfcm/sl kLc

1 plate 2 plates 3 plateskLal %kLa difference %a difference % kL difference kLa2 %kLa difference %a difference % kL difference kLa3 %kLa difference %a difference % kL difference
1889 0.031 0.034 11.392 74.746 -36.255 0.057 84.628 107.625 -11.077 0.057 83.495 89.575 -3.207
2.826 0.036 0.045 23.269 70.631 -27.757 0058 61.404 . SO 312 -14.742 0.063 74.654 62.266 7.634
3.764 0.041 0 051 23.851 78.359 -30.561 0.061 47 396 ร'1 84 = -19.387 0.065 57.958 79.946 -12.219
4.702 0.042 0.053 25.296 72.064 -27.181 0.065 3 67.924 -8.264 0.071 66.943 69.389 -1.444
5.640 0.044 0.054 23.069 70.057 -27.631 0.066 49.099 73.475 -14.052 0.076 72.725 82.863 -5.544
6.577 0.049 0.062 28.607 75.413 -26.684 0069 42 828 81 832 : -21.451 0.084 72.575 94.713 -11.369
7.515 0.049 0.071 44.207 110.478 -31 486 0.073 50.082 108.315 -27.954 0.094 92.685 123.827 -13.913

Comparison between mass transfer parameters from conventional ALC and ALC-P with 13-hole perforated plate(s) ALC-P (hole diameter 4 mm )
Usgfcm/s] kLc 1 plate 2 plates 3 plateskLal %kLa difference %a difference % kL difference kLa2 %kLa difference %a difference %  kL difference kLa3 %kLa difference %a difference % kL difference

1 889 0.031 0.057 82.848 72.583 5.948 0.057 84.898 132.695 -20.541 0.059 92.233 103.624 -5.594
2.826 0.036 0.062 70.499 46.889 16.073 0.067 86.842 95.155 -4.260 0.068 89.104 83.386 3.118
3.764 0.041 0.060 43.928 52.532 -5.640 0077 87.308 91.437 -2.156 0.075 81.362 87.389 -3.217
4.702 0.042 0.061 43.635 45.613 -1.359 0.076 78.971 76.796 1.230 0.084 97.823 70.748 15.857
5.640 0.044 0.062 41.224 59.376 -11.390 0.084 91.125 87.268 2.060 0.089 102.578 87.989 7.761
6.577 0.049 0.070 44.477 67.562 -13.777 0.094 92.704 93.599 -0.462 0.095 95.280 100.753 -2.726
7.515 0.049 0.076 54.986 102.004 -23.276 0.094 92.072 132.558 -17.409 0.102 107.874 139.521 -13.213
8.453 0.054 0.078 44.077 109.059 -31.083 0 109 101.820 134 668 -13 998 0.105 95.414 146.257 -20.646

Comparison between mass transfer parameters from conventional ALC and ALC-P with 13-hole perforated plate(s) ALC-P (hole diameter 5 mm.)
Usg[cra/s] kLc

1 plate 2 plates 3 plateskLal %kLa difference %a difference % kL difference kLa2 %kLa difference %a difference % kL difference kLa3 %kLa difference %a difference % kL difference
1.889 0.031 0.055 77.265 83.370 -3.329 0.057 85.356 94.059 -4.485 0.063 104.693 119.932 -6.929
2.826 0.036 0.058 59.488 62.251 -1.703 0.064 76.362 80.430 -2.254 0.075 108.310 90.958 9.087
3.764 0.041 0.059 42.114 62.049 -12.302 0.064 55.902 88.611 -17.342 0.077 85.131 109.398 -11.589
4.702 0.042 0.061 43.457 50.538 -4.704 0.068 60.850 67.912 -4.206 0.081 92.381 87.631 2.531
5.640 0.044 0.065 46.751 59.366 -7.916 0.074 68.730 83.523 -8.060 0.093 112.328 102.127 5.047
6.577 0.049 0.069 42.003 88.915 -24.832 0.084 72.815 85.360 -6.767 0.095 96.362 107.987 -5.589
7.515 0.049 0.080 64.385 106.878 -20.540 0.087 77.002 132.625 -23.911 0.106 116.728 152.634 -14.213
8.453 0.054 0.086 59.580 104.604 -22.005 0.089 64.501 118.439 -24.693 0.112 107.947 162.995 -20.931

%  kLa difference = the percentage difference o f  kL a in  the A LC-P w ith  any n um ber o f  plate(s) com paring  to the  kLa obtained from  the  conventional ALC.
%  kL difference =  the percen t difference o f  kL in the A LC -P w ith  any num ber o f  plate(s) com paring  to the kL  obtained from  the conventional ALC.
%  a  d ifference =  the percentage difference o f  interfacial a rea  (a) in the A LC -P  w ith  any num ber o f  plate(s) com paring  to the interfacial (a) area  obtained from  the conventional ALC.



Table 4.1 Continued

Comparison between mass transfer parameters from conventional ALC and ALC-P with 21-hole perforated plate(s) ALC-P (hole diameter 3 mm.)
Usg[cm/s] kLc 1 plate 2 plates 3 plateskLal %kLa difference %a difference %  kL difference kLa2 %kLa difference %a difference % kL difference kLa3 %kLa difference %a difference %  kL difference1.889 0.031 0.054 76.052 51.002 16.589 0.056 82.632 82.630 0.001 0.064 106.472 103.653 1.3852.826 0.036 0.050 39.058 67.836 -17.147 0.059 63.435 83.401 -10.886 0.070 92.521 72.829 11.3943.764 0.041 0.054 29.576 77.019 -26.801 0.067 61.345 97.249 -18.202 0.077 86.563 82.969 1.9644.702 0.042 0.055 29.752 56.434 -17.056 0.077 81.732 76.796 2.792 0.079 86.110 70.759 8.9905.640 0.044 0.058 31.607 66.511 -20.962 0.087 97.289 82.278 8.235 0.086 96.047 91.877 2.1736.577 0.049 0.060 22.699 68.691 -27.264 0.095 96.551 103.137 -3.242 0.087 80.080 95.923 -8.0867.515 0.049 0 071 45.552 114.157 -32.035 0.097 98.270 144.203 -18809 Ü.1Ü3 110.564 144.816 -13.9918,453 0.054 0.074 37.393 106.828 -33.571 0.108 101.216 135.973 -14.729 0.104 93.390 134.294 -17.458

Comparison between mass transfer parameters from conventional ALC and ALC-P with 21-hole perforated platetsf ALC-P thole diameter 4 mm )
Usg[cm/s] kLc 1 plate 2 plates 3 plateskLal %kLa difference %a difference % kL difference kLa2 %kLa difference %a difference % kL difference kLa3 %kLa difference %a difference %  kL difference1.889 0.031 0.062 100.906 46.706 36.945 0.058 86.812 66.687 12.074 0.054 74.563 101.291 -13.2782.826 0.036 0.064 77.562 46.879 20.890 0.064 77.285 64.181 7.982 0.057 57.687 74.369 -9.5673.764 0.041 0.064 53.907 62.055 -5.028 0.066 60.256 88.571 -15.015 0.076 84.486 88.878 -2.3254.702 0.042 0.065 54.401 43.211 7.814 0.067 59.548 69.173 -5.689 0.078 84.256 73.355 6.2885.640 0.044 0.069 56.823 61.760 -3.053 0.075 69.809 75.961 -3.496 0.086 95.650 95.671 -0.0116.577 0.049 0.073 50.350 64.186 -8.427 0.074 51.948 90.078 -20.060 0.103 112.541 97.128 7.8197.515 0.049 0.075 54.015 103.229 -24.216 0.083 70.515 106.907 -17.588 0.111 126.536 146.055 -7.9338.453 0.054 0.078 44.820 104.604 -29.220 0.088 64.036 71.429 -4.313 0.127 135.611 133.128 1 065

Comparison between mass transfer parameters from conventional ALC and ALC-P with 21-hole perforated plate(s) ALC-P (hole diameter 5 mm.)
Usg[cm/s] kLc 1 plate 2 plates 3 plateskLal %kLa difference %a difference % kL difference kLa2 %kLa difference %a difference % kL difference kLa3 %kLa difference %a difference % kL differenceL889 0.031 0.054 75.000 55.324 12.668 0.059 90.615 96.313 -2.903 0.060 94.175 80.295 7.6982.826 0.036 0.061 68.075 41.290 18.957 0.066 83.380 55 369 18.028 0.064 76.039 75.838 0.1143.764 0.041 0.063 53.362 56.615 -2.077 0.067 62494 59.891 1.628 0.066 58.986 87.346 -15.1384.702 0.042 0.063 50.181 40.808 6.657 0.066 55.387 47.646 5.243 0.073 73.687 69.422 2.5175.640 0.044 0.066 50.310 54.619 -2.786 0.068 54.362 63.498 -5.588 0.086 95.593 80.264 8.5046.577 0.049 0.070 44.064 67.532 -14.008 0.073 50.660 72.360 -12.590 0.091 86.727 89.839 -1.6397.515 0.049 0.076 55.156 92.267 -19.302 0.082 67.075 112.170 -21.254 0.093 89.926 135.617 -19.3928.453 0.054 0.085 58.234 93.505 -18.227 0.087 61.777 99.662 -18.974 0.092 71.494 124.785 -23.708
%  kLa difference =  the percentage d ifference o f  kL a in the A LC-P w ith any n um ber o f  p late(s) com paring  to the kLa obtained from  the conventional ALC.
%  kL  difference = the percen t difference o f  kL  in the  A LC-P w ith any n um ber o f  p late(s) com paring  to the kL obtained from  the  conventional ALC.
%  a d ifference =  the percentage d ifference o f  in terfacial area (a) in the A LC-P w ith any n um ber o f  p late(s) com paring to the interfacial (a) area obtained from the conventional ALC.
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Comparison between mass transfer parameters from conventional ALC and ALC-P with 37-hole perforated platc(s) ALC-P (hole diameter 3 mm.)
Usg[cm/s] kLc 1 plate 2 plates 3 plateskLal %kLa difference %a difference % kL difference kLa2 %kLa difference %a difference % kL difference kLa3 %kLa difference %a difference % kL difference1.889 0.031 0.035 13.657 57.497 -27.836 0.040 29.126 50.771 -14.356 0.037 20.442 110.479 -42.7772.826 0.036 0.040 10.360 66.451 -33.698 0.042 17.636 18.483 -0.715 0.046 26.537 77.312 -28.6363.764 0.041 0.040 -2.177 59.338 -38.607 0.045 7.966 29.722 -16.771 0.047 14.457 94.632 -41.1934.702 0.042 0.041 -2.130 42.008 -31.081 0.048 13 642 33.693 -14.998 0.049 15.570 77.149 -34.7615.640 0.044 0.044 1.045 58.194 -36.126 0.054 22 974 45.935 -15.733 0.053 21.195 92.991 37.2026.577 0.049 0 046 -5.565 60.812 -41.276 0.056 14.489 59.355 -28.155 0.054 11.861 95.756 -42.8577.515 0.049 0.048 -1.962 86.198 -47.347 0.061 23.825 91.657 -35.392 0.056 15.243 132.683 -50.4728.453 0.054 0.050 -6 907 89.057 -50.759 0.061 13.009 90.393 -40.644 0.059 10.100 129 384 -52.002

Comparison between mass transfer parameters from conventional ALC and ALC-P with 37-hole perforated plate(s) ALC-P (hole diameter 4 mm.)
Usg[cm/s| kLc 1 plate 2 plates 3 plateskLal %kLa difference %a difference % kL difference kLa2 %kLa difference %a difference % kL diffeienee kLa3 %kLa difference %a difference % kL difference1.889 0.031 0.053 71.305 16.516 47.023 0.062 100.647 30.208 54.097 0.052 67.098 84.894 -9.6252.826 0.036 0.054 49.307 -11.882 69.440 0.072 98.338 56.834 26.464 0.063 73.269 62.195 6.8273.764 0.041 0.054 30.866 -7.395 41.316 0.068 63.845 69.921 -3.576 0.070 70.416 75.510 -2.9024.702 0.042 0.055 29.516 -8.538 41.606 0071 67.475 60.348 4.445 0.071 67.830 70.692 -1.6775.640 0.044 0.058 30.622 17.741 10.941 0.072 64.414 68.446 -2.394 0.071 61.427 81.545 -11.0826.577 0.049 0.058 19.882 22.569 -2.192 0.077 58.217 75.854 -10.030 0.076 57.007 95.861 -19.8377.515 0.049 0.059 20.624 44.823 -16.710 0.084 71.843 123 678 -23.174 0.078 60.033 130.258 -30.4998.453 0.054 0.063 17.465 40.128 -16.173 0.085 58698 114.869 -26.142 0.085 58.234 131.884 -31.761

Comparison between mass transfer parameters from conventional ALC and ALC-P with 37-hole perforated plate(s) ALC-P (hole diameter 5 mm.)1 plate 2 plates 3 platesUsg[cm/s] kLc kLal %kLa difference %a difference % kL difference kLa2 %kLa difference %a difference %  kL difference kLa3 %kLa difference %a difference % kL difference1.889 0.031 0.048 54.693 -18.011 88.676 0.056 79.935 30.166 38.235 0.044 42.638 56.858 -9.0662:826 0.036 0.051 40.720 -16.083 67.689 0.058 60.803 49.443 7.602 0.058 59.903 27.447 25.4663.764 0.041 0.055 32.317 14.360 15.703 0 064 53.604 26.644 21.288 0.065 57.172 31.251 19.750
4.702 0.042 0.056 32.395 2.263 29 464 0.065 53.159 10.646 38.422 0.065 54.815 34.156 15.4005.640 0.044 0.065 47.206 -10.812 65.052 0.071 60.609 39.464 15.161 0.069 57.504 40.258 12.2966.577 0.049 0.065 34.378 3.445 29 902 0.076 56.018 36.609 14.208 0.073 49.835 37.394 9.0557.515 0.049 0.071 44.360 47.213 -1.938 0.080 63.568 90.217 -14.010 0.076 55.241 89.429 -18.048
8.453 0.054 0.075 38.322 25.628 10.104 0.092 70.674 103.075 -15.955 0.078 44.356 91.977 -24.806

%  kL a difference = the percentage d ifference o f  kLa in the A LC -P  w ith any n um ber o f  plate(s) com paring  to the kLa obtained from  the conventional ALC.
%  kL difference = the percen t d ifference o f  kL  in the  A LC-P w ith  any n um ber o f  plate(s) com paring to the kL  obtained from  the conventional ALC.
%  a difference =  the percentage difference o f  interfacial area (a) in the  A LC-P w ith any num ber o f  plate(s) com paring  to the interfacial (a) area obtained from  the conventional ALC.
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