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Abstract
Air supply is a crucial parameter for many aerobic processes. Specific growth rate (µ) was
determined for both the reactors (conventional UT-ALF and modified CDT-ALF) under
identical operating conditions. The conventional uniform tube external loop airlift fermenter
(UT-ALF) was modified keeping the volume and height same. Only the riser part of the
conventional external loop airlift fermenter was replaced by a irregular geometry in the form
of converging-diverging tube. The modified system is thus named converging-diverging tube
airlift fermenter (CDT-ALF), which possesses a novel geometry comprised of walls with
sinusoidal waves that mimic baffles in an effort to promote mixing at low Reynold’s number
(Re). This geometry provides a unique hydrodynamic environment suitable also for the
cultivation of mammalian cells and tissues.
The results from UT-ALF and CDT-ALF were compared. At any operating condition CDTALF showed higher µmax (maximum specific growth rate) compared to UT-ALF. The highest
(µmax) was observed for CDT-ALF corresponding to an initial sugar concentration of 50
kg/m3 and air flow rate of 1.0 vvm. This was 29 % higher compared to UT-ALF under
identical operating conditions. So, operating cost may be minimized to a great extent if
commercialized.
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Symbols :
ALF
Ad
Ar
CDT
KLa
Re
UT
vvm
µ
µmax

Airlift fermenter
Cross sectional area of down comer
Cross sectional area of riser
Converging-diverging tube
Volumetric mass transfer coefficient, hr.-1
Reynold’s number
Uniform tube
volume per volume per minute
Specific growth rate, hr.-1
Maximum sp. Growth rate ( hr.-1 )

1. Introduction :
Oxygen solubility in fermented media is a critical factor for many aerobic fermentation
processes.Initial glucose concentration in batch culture is another crucial parameter which
controls cell mass growth. Higher initial sugar concentration will lead to alcohol production
may hamper yeast growth . Yeast is an aerobic organism. The growth behavior [1,2,3,4,5] of
this can be roughly divided into oxidative growth with cell yield and high oxygen uptake rate,
and fermentative growth with ethanol production.. If initial sugar concentration is low, final
cell concentration becomes low, to the contrary at increased initial glucose concentration the
Crabtree-effect will arise. However, higher cell mass growth is possible in airlift reactor, if
higher KLa is maintained. As the geometry is converging and diverging at regular
intervals, the system has natural tendency to achieve turbulent flow regime at low Reynold’s
number (Re) and vortex formation. This natural phenomenon provides high mass transfer at
low ‘Re’ i.e at low air flow rate [ 6,7,8]. A novel wavy walled bioreactor enhanced mixing at
controlled shear stress was used to culture Chondrocytes in suspension. Results suggested
that the novel wavy wall bioreactor generates a hydrodynamic environment distinct from
those traditionally used to cultivate engineered cartilage [9]. Baier reported that interfacial
surface is highly active for interfacial mass transfer due to local vortex formation [10].
Curran reported that delivery of oxygen to cell in an annular flow bioreactor is enhanced by
the force convective transport offered by Taylor vortex flows. Oxygen transport in Taylor
vortex flows was significantly greater [11] Mass transfer enhancement of more than four
times was observed at low Reynold’s number for dissimilar rough tubes [12]. This paper
deals with the performance of the ( CDT-ALF) with respect to air flow rate and initial sugar
concentration on specific growth rate of yeast was studied.

2. Experimental
Figure 1 represents uniform tube external loop airlift fermenter (conventional). In general,
an airlift fermenter comprises three major parts--- riser, downcomer and gas-liquid separator.
Air is purged at the bottom of the riser through a sintered glass plate. The riser part was
replaced by an irregular geometry in the form of converging-diverging tube. The modified
system is called converging-diverging tube airlift fermenter. In both the systems height and
volume of the riser are equal. Working volume of the reactor is 0.002 m3
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Figure 2 represents converging-diverging tube external loop airlift fermenter. The major
dimensions of the two ALF systems are presented in Table 1.

The ALF systems and bulk medium were sterilized inside an autoclave separately.
Sterilized reactors were aseptically filled with inoculated medium. The sterilized air was
introduced through a sparger of sintered plate as in Figure 3. The fermentation temperature
was maintained at room temp. i.e 30 to 32 0C
Samples were collected from both the reactors at an interval of 30 minutes always through
the sample port with the help of a peristaltic pump. In each sample, cell mass concentration
and residual sugar concentration were determined by standard method. Range of variables
investigated are shown in table 2.

Figure: 1

Conventional External Loop uniform tube Air-Lift Fermenter (UT-ALF)
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1.Riser 2.Down-comer 3.Gas sparger with 25φ sintered glass 4. Gas inlet 5. Sampling port
6. Drai 7. Probe point 8. Gas liquid separator 9. Perforated plate 3φ on 10 mm pitch 10. Gas
outlet
All dimensions are in mm.

Figure: 2 External Loop Converging-Diverging Tube Air-Lift Fermenter (CDT-ALF)
1.Riser 2.Down-comer 3.Gas sparger with 25φ sintered glass 4. Gas inlet 5. Sampling port
6. Drain 7. Probe point 8. Gas liquid separator 9. Perforated plate 3φ on 10 mm pitch 10.
Gas outlet
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All dimensions are in mm.
Table 1. Details of Air-lift fermenter ( ALF) used.

Material of construction : Borosil glass, All dimensions are in meter

Table 2. Range of variables studied:

3. Materials and methods
Baker’s yeast S. cerevisiae (NCIM 3190 ) was selected for the present investigation.
Glucose was used as substrate for
yeast growth. . The cell mass concentration was
determined by a turbidity meter, which was calibrated earlier by a standard method using
known concentration (dry wt.) of yeast suspension. Residual sugar concentration was
estimated quantitatively by Muller method. Figure : 3 describe the experimental Set-up.

29

International Journal of Control and Automation
Vol. 3, No. 3, September,
September, 2010

Figure : 3

Experimental Set-up

1. Riser 2. Down-comer 3. Gas liquid separator 4 Drain port 5. Sintered plate separator 6.
Air inlet port 7. Sampling port 8. Feeding port 9. Thermometer 10. Dissolve oxygen probe
11. Heating coil 12. D.O probe display 13 Rot meter 14. Air filter 15. Peristaltic pump
for sampling 16. Peristaltic pump for feeding fresh medium 17. Sterilized medium reservoir
18. Oil free compressor 19.Perforated glass plate 20. Top connector 21. Bottom connector.

4. Results and Discussion
4.1 Dependence of specific growth rate ( µ) on air flow rate and initial glucose
concentration of 10 kg/m3 and 30 kg/m3
Initial glucose concentration was 10 kg/m3 for both the reactors. At time t = 0 both the
reactors had the same initial cell mass concentration. Samples were collected from both the
reactors under identical operating conditions. Air flow rate was varied from 0.5 to 3.0 vvm .
The pattern depicted in Figure 4 shows that how specific growth rate ( µ) changes with time.
Specific growth rate ( µ) gradually increases with time, attain; its maximum value (µmax )
then goes down slowly. This pattern is almost same for all the experimental conditions.
Figures 4 and 5 also indicate that as the air flow rate gradually increased ( 0.5, 1.0, 2.0 and
3.0 vvm)the µmax decreased accordingly and the time to attain µmax increased. Lag time
and total fermentation time also increased with air flow rate.
Same pattern was repeated when air flow rate is increased from 0.5---3.0 vvm at
initial sugar concentration of 30 kg/m3 as shown in Figure 5. Very high lag time was observed
at 3.0 vvm air flow rate. From the result as depicted in Figure 5 it was observed that µmax
decreased slowly when air flow rate was increased from 0.5 to 3.0 vvm.
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Highest µmax was reported at the lowest air flow rate of 0.5 vvm. (Figure 5a) From the
graphical presentation of the data for the two reactor systems it is found that higher µmax was
always achieved in CDT airlift fermenter compared to that in UT airlift fermenter at any
operating condition.
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Figure 4a) Effect of air flow rate on specific growth rate at initial glucose concentration of
10
gm/l and air flow rate 0.5 vvm
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Figure 4b) Effect of air flow rate on specific growth rate at initial glucose concentration of 10
gm/l and air flow rate 1.0 vvm.
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Figure 4c) Effect of air flow rate on specific growth rate at initial glucose concentration of
10
gm/l and a flow rate 2.0 vvm
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Figure 5a) Effect of air flow rate on specific growth rate at initial glucose concentration of
30
gm/l and air flow rate 0.5 vvm.
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Figure 5b) Effect of air flow rate on specific growth rate at initial glucose concentration of
30
gm/l and air flow rate 1.0 vvm.
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Figure 5c) Effect of air flow rate on specific growth rate at initial glucose concentration of
30
gm/l and air flow rate 2.0 vvm.
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Figure 5d) Effect of air flow rate on specific growth rate at initial glucose concentration of
30
gm/l and air flow rate 3.0 vvm.

4.2 Effect of air flow rate on
specific growth rate (µ)
concentration was increased to 50 kg/m3

when initial glucose

The results as presented in Figure 6 also show the same pattern as depicted in Figure 4 and
Figure 5, i.e µ increases with time, attains its maximum value then goes down slowly. Only
one remarkable exception was observed when air flow rate increased from 0.5 to 1.0 vvm,
µmax
increased but total fermentation time decreased. The highest µmax was obtained in
CDT-ALF corresponding to an air flow rate of 1.0 vvm, which is 29 % higher compared to
that in UT-ALF. But for all the previous results highest µmax was recorded for 0.5 vvm air
flow rate. Results are summarized in Table 3. Air flow rate above 1.0 vvm , µmax decreases
gradually for both the reactor systems. Above 50 kg/m3 of initial sugar concentration
Crabtree effect arises. Values of maximum specific growth rate (µmax) corresponding to a
glucose concentration of 30 kg/m3 and 50 kg/m3 are presented in table 3.
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Figure 6a) Effect of air flow rate on specific growth rate at initial glucose concentration of
50
gm/l and air flow rate 0.5 vvm.
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Figure 6b) Effect of air flow rate on specific growth rate at initial glucose concentration of
50
gm/l and air flow rate 1.0 vvm.
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Figure 6c) Effect of air flow rate on specific growth rate at initial glucose concentration of 50
gm/l and air flow rate 2.0 vvm.
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Figure 6d) Effect of air flow rate on specific growth rate at initial glucose concentration of
50
gm/l and air flow rate 3.0 vvm.
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Table 3. Values of maximum specific growth rate (µmax) corresponding to a glucose
Concentration of 30 kg/m3 and 50 kg/m3

5. Discussion
Results presented in Figure 4 show that specific growth rate (µ) increases with time and
attain its maximum value, then goes down slowly. At any operating condition CDT always
shows higher µmax than UT. At higher air flow rate ( 3.0 vvm) the difference in µmax is less
compared to lower air flow rate.In batch cultivation µmax gradually decreased with the
increase of air flow rate as depicted in Figure 4 and Figure 5. With the increase of air flow
rate volumetric mass ( oxygen) transfer coefficient ( KLa) decreases in CDT-ALF [7,8]
causing low oxygen availability in the media. This may be the reason why low µmax is
reported at higher air flow rate.
At higher airflow rate liquid re-circulation velocity and turbulence increase resulting
higher shear force. Yeast cells need more energy to survive under such condition. Higher
maintenance energy is needed to adjust to the adverse environment causing low µmax . To
supply the required maintenance energy at higher turbulent condition, higher metabolic byproduct is essential which in turn inhibits cell growth. For that reason low µmax is reported
at higher air flow rate.
Yeast cells take some time to acclimatize to the new environment. The time of
acclimatization is called lag time. Higher turbulence in the fermented media due to higher air
flow rate will force yeast cell to take more time to acclimatize to the adverse condition. As a
result lag time and total fermentation period increase with increase in air flow rate. At any
operating condition CDT always shows higher µmax than UT.
Converging-diverging geometry will produce vortex formation in the system which will
provide high mass transfer [11,12,14]. R. Srinivasan et al reported that oxygen mass transfer
is enhanced by the forced convective transport affected by Taylor vortex flows [14,15]. Due
to converging diverging geometry liquid velocity oscillates with varying amplitude which
causes pressure fluctuation [16] in the system. As a result the system switched over to
turbulent flow regime at low Re. This phenomenon provides high mass transfer at low air
flow rate.
5.1 Effect of air flow rate on µ max at sugar conc. 50 kg/m3 and above.
Results depicted in Figure 6 shows the same pattern as discussed earlier. One remarkable
observation from Figure 6b, could be the increase of µmax with the increase of airflow rate
up-to 1.0 vvm and attains its maximum value at 1.0 vvm [17]. This observation is just
opposite to our previous observation. Dissolved oxygen concentration in fermented medium
is a critical parameter for yeast cell growth. Viscosity of the fermentable media increases at
higher glucose concentration. As a result at high glucose concentration oxygen mass transfer
rate should be low at low air flow rate. Cells are thus unable to grow due to low oxygen
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availability causing low µmax at low air flow rate. When air flow rate increases oxygen
transfer rate also increases due to increase in turbulence in the media. Oxygen concentration
decreased significantly with increasing sugar concentration of the media as reported by
Baburin [18]. The degree of turbulence is directly proportional to the air flow rate and
inversely proportional to the medium viscosity. So, to achieve reasonable dissolved oxygen
concentration at high glucose concentration higher air flow rate is essential. The results
presented in Figure 6 commensurate with this logic given above. So, µmax was increased
when air flow rate changed from 0.5 to 1.0 vvm due to increased dissolved oxygen
concentration in the media. When air flow rate further increased µmax goes down from its
maximum value[19,20]. D.Y.Ryu reported that aeration rate above 1.0 vvm caused a
significant drop in cell yield and product content in a draft type airlift fermenter [17].
Oxygen transfer from bulk gas phase (air) to bulk liquid phase (fermented media) depends
on operating conditions . At low air flow rate system may switched over to anaerobic
condition which will help to produce ethanol in the media [21,22]. As a result low µmax is
observed at low air flow rate[23]. When glucose concentration was increased above 50
kg/m3 Crabtree effect was observed.

6. Conclusion :
Experimental investigation have been carried out with conventional and modified airlift
fermenters. In the modified system maximum specific growth rate was attained at the lower
air flow rate. Hence CDT-ALF system is more promising to be used as fermenter.
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