
BASIC REACTOR DESIGN:
HOLD UP

YUSRON SUGIARTO



GAS HOLD-UP
Represents air volume retained in the liquid

Vh = V  - V0

Where Vh = hold-up volume, V = vol. of gassed liquid, V0 = vol of 
ungassed liquid.
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Definition of gas-holdup, ε, in an agitated and 
aerated vessel
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Ho = gas hold-up = 
Volume occupied by gas phase

Total volume
(VT) Total volume = Liquid Volume (VL)+Gas volume (Vg) 
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Vg +VL
.........................(2.13)

Typical agitated and aerated stirred tank bioreactor vessel



DETERMINING THE GAS HOLDUP IN THE 
RISER OF THE AIRLIFT REACTOR COLUMN

The gas holdup in the riser section of the airlift reactor was 
measured by sealing the top of the riser with a pre-calibrated 
plastic stopper at the moment gas flow into the column was 
shut down. 



In this way, gas was trapped in the riser. The height of the 
trapped gas was read using a graduated rule affixed on the 
riser tube, from which the volume of gas and thus, the gas 
holdup were determined.
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For each gas flow rate, the gas holdup experiments were done 
thrice and an average holdup value taken. The figure below 
gives a representation of the procedure used to measure the 
volume of gas bubbles in the riser
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In comparison with mechanically agitated fermenters, 
airlift systems are almost always more productive 
in terms of the specific power demands and commercial-
scale effectiveness of airlift bioreactors has been proven in 
numerous applications, e.g., animal cell culture, microbial 
fermentations, and activated sludge wastewater 
treatment.



Here, a report on liquid 
circulation, mixing, and 
gas holdup in a split-
cylinder device operated 
with relatively viscous 
homogeneous Newtonian 
media is given.



SCHEMATIC OF THE SPLIT-
CYLINDER AIRLIFT BIOREACTOR

The reactor consisted 
of a glass tube 
partitioned into riser 
and down comer by 
a Teflon baffle.

The baffle was 0.055 m 
wide; thickness of 
0.004m and a total 
height of 0.7m.



SCHEMATIC OF THE SPLIT-
CYLINDER AIRLIFT BIOREACTOR

The vessel diameter
was 0.056 m; it’ s 
overall height was 
0.91 m. 

Air was sparged into 
the reactor through 
a sintered glass disc 
(1.5x 10-2m sparger
diameter; 110x10-6m
pore size) located at 
the base of the riser. 



SCHEMATIC OF THE SPLIT-
CYLINDER AIRLIFT BIOREACTOR

The gas flow was 
metered and controlled 
by a rotameter,
pressure gauge and 
control valve 
arrangement.

The air flow rates range 
was 0-0.039x10-3m3/s, 
corresponding to the riser 
superficial gas velocities 
in the range 0 -0.039 m/s



EXPERIMENTAL
Sucrose solutions in deionized 
water were used for the liquid 
phase in various experiments. 
The sucrose concentration 
ranged over 162-500kgm-3, 
providing a Newtonian
viscosity variation 



RESULTS AND DISCUSSION

The variation of the overall gas holdup with the riser gas velocity 
is shown in Figure for the various sugar solutions.
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RESULTS AND DISCUSSION
The figure reveals three 
different flow regimes: 

1.  a homogeneous bubbly 
flow, where the holdup 
increases linearly when gas 
velocity is increased. 

In this regime the bubbles 
rise independently without 
interacting with one 
another. 

This regime exists over the 
approximate gas velocity range



RESULTS AND DISCUSSION

2. A transition flow regime 
occurs over the gas velocity 
range where the bubbly flow 
develops into heterogeneous 
flow

3. the fully developed 
heterogeneous flow 
(UGr>0.015 ms-1)

During the flow transition 
the concentration of 
bubbles increases and 
coalescence begins. 



RESULTS AND DISCUSSION

The sugar concentration, i.e. 
the viscosity of fluid, has
the greatest effect on gas 
holdup at higher air flow 
rates corresponding to the 
heterogeneous flow regime. 

The overall gas holdup 
declines with increasing 
viscosity of solution. Higher 
sugar concentrations have 
always led to a decline in 
holdup
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