
CHAPTER 1
Introduction

1.1 General Ideas

In ch em ica l/b io ch em ica l processes, stirred tanks are com m on ly  ch osen  as 
operating reactors because o f  their w ell studied behavior. A lthough  in tensive  
in vestigations on  stirred tanks can be found in literature, there are inherit 
disadvantages esp ec ia lly  for b iochem ical industry. Firstly, the system s require high  
pow er input, w h ich  is not necessary for lo w  v isco sity  flu ids. S econ d ly , w ith  high  
shear stress im p o sed  by the agitator, using stirred tanks in b iochem ical sy stem s can  
dam age w eak  c e lls  or enzym es. (C histi et al. , 1986; and R oyse, 1987). T he presence  
o f  propeller or im p eller  a lso  leads to  the p ossib ilities o f  easy contam ination  through  
m echanical seals. M oreover, the assem bly o f  sterilable stirred tanks requires high  
capital in vestm en t, esp ecia lly  for large system s. H en ce, alternative b ioreactor designs  
have been in vestigated  as potential replacem ents o f  stirred tanks particularly for the 
w ork in the b io ch em ica l field.

The sim p lest type o f  reactor is a bubble colum n w h ich  is sim p ly  a gas-liq u id  
contacting system  w ith  only a sparger for gas distribution installed at the base. A s a 
result, no m echanica l m ovem en ts involve, and this lead s to a lo w  energy con su m p tion  
o f  such reactor. H ow ever, bubble colum ns suffer a serious drawback from  its poor 
liquid circu lation  in the system  particularly for the three-phase sy stem s w here  
circulation o f  liquid  is needed to enhance m ass transfer. A n airlift contactor (A L C ) 
has been d evelop ed  to  com pensate this disadvantage in the bubble colum n. A n  ALC is 
a special type o f  bubble colum n w here the internal structure is d iv id ed  into tw o  
separate section s (riser and dow ncom er). The configuration  o f  A LC  naturally induces  
the liquid m ov em en t in the system , and this advantage finds this system  one o f  the  
potential alternatives in b ioprocesses (B lenke, 1979; and O razem  et a l ,  1979). In
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addition, A L C s o ffer  a num ber o f  ben efits over stirred tanks, i.e. sim pler design, easy  
handling, and m ost o f  all, cheaper operation. T his is because A L C s provide m ix ing  
w ith out m echanical com p onen ts (unlike stirred tanks that need agitators for m ixing), 
therefore no extra charge due to  m echanical operation is incurred. Furthermore, the  
ab sen ce o f  m ov in g  m echanical parts produces lo w  shear stress and reduces the risk o f  
en zym e/ce ll dam ages. This is particularly u sefu l for system s in w hich  plant and 
anim al cells  are in vo lved , w here ce lls  are susceptib le to  high shear force.

D esp ite  all the advantages described above, gas-liquid  m ass transfer in A L C s  
is rela tively  lo w  com pared to other types o f  gas-liq u id  contactors esp ecia lly  in large 
sca le  system s (Z hao et a l,  1994). There is therefore a clear need for the im provem ent  
o f  the ALC in term  o f  its m ass transfer perform ance, as the rate o f  gas-liquid  m ass 
transfer is one o f  the m ost im portant parameters for the b io lo g ica l p rocesses such as 
w a ste  water treatm ent unit and plant cell cultivation.

The aim o f  th is w ork  is to  investigate the hydrodynam ics and gas-liqu id  m ass  
transfer in the p ilo t scaled A L C . The sp ecific  em phasis w ill be g iv en  to  the e ffect o f  
the insertion o f  perforated p lates inside the system  on the gas-liq u id  m ass transfer 
co effic ien t in con cen tric A L C s.

1.2 Objectives

This w ork  is set out to:
1. C om pare the perform ances o f  ALC w ith  perforated plate (A L C -P ) w ith  

those o f  conventional A L C s and bubble colum n.
2. In vestigate the effect o f  the number and sizes o f  h o les  in the perforated  

plate on  the hydrodynam ic behavior o f  ALCs. i.e. gas holdup and liquid  
v e loc ity

3. In vestigate the effect o f  the number and sizes o f  h o les  in the perforated  
plate on  the gas-liq u id  m ass transfer in A LC s.

4. In vestigate the e ffect o f  num ber o f  perforated p la te(s) on the gas-liquid  
m ass transfer in A LC s.
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1.3 Working Scopes

1.3.1 Equipment Limitation

1. The experim ent is lim itted  by the air flow rate produced by the air 
com pressor w hich on ly  ranges from  81 to 36 4  cm 3/s  ( 1 .889  < Usg < 8 .453  
cm /s).

2. The D O  probe can be located  on ly  at the gas separator due to  the  
geom etrical d esign  constraint o f  the contactor.

1.3.2 Design Configurations

G as-liquid  contacting system s em p loyed  in this w ork on ly  include: 
bubble co lu m n  (B C )  
concentric airlift contactor (A L C )
concentric airlift contactor w ith  perforated p la te(s) (A L C -P )  

w ith d im en sions as g iv e n  in F igure 3.2.

:1.3.3 Assumptions

1. N ew ton ian  fluid
2. C om pletely m ixed  gas separator
3. Constant gas holdup for each section  in the ALC
4. Constant rate o f  gas-liq u id  m ass transfer through the A L C
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