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Numerical simulation and optimization of impeller
combination used in stirred bioreactor
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Abstract: Bioreactors have been central in monoclonal antibodies and vaccines manufacturing by mammalian cells in
suspension culture. Numerical simulation of five impeller combinations in a stirred bioreactor was conducted, and
characteristics of velocity vectors, distributions of gas hold-up, distributions of shear rate in the bioreactor using 5 impeller
combinations were numerically elucidated. In addition, genetically engineered CHO cells were cultivated in bioreactor
installed with 5 different impeller combinations in fed-batch culture mode. The cell growth and antibody level were directly
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related to the maximum shear rate in the bioreactor, and the highest viable cell density and the peak antibody level were
achieved in FBMI3 impeller combination, indicating that CHO cells are sensitive to shear force produced by impeller
movement when cells were cultivated in bioreactor at large scale, and the maximum shear rate would play key roles in

scaling-up of bioreactor at industrial scale.
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Fig. 1 Five commonly used axial flow impellers. (A)
Hydrofoil blade mixing impeller (HBMI3). (B) Pitched
blade turbine (PBT4). (C) Fluid foil blade mixing
impeller (FBMI3). (D) Large pitched blade impeller
(LPBI3). (E) Large pitched blade impeller (LPBI2).
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Table 1 Parameters of bioreactor used in simulation

Parameters Values

Volume 245 L

Internal diameter 250 mm

Liquid level 400 mm

Impeller type HBMI3/PBT4/FBMI3/LPBI3
LPBI2

Impeller diameter 130 mm

Shaft diameter 20 mm

Agitation speed 50 r/min

Filling ratio 70%

Head height 62.5 mm

Number of impeller 2

Impeller interval 170 mm

Bottom impeller clearance 90 mm
Aeration ratio 0.1 vvm
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Fig. 2 \elocity vectors in the bioreactor using different
impeller combinations.
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Fig. 3 Distributions of gas hold-up in the bioreactor
using different impeller combinations.
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Table 2 Comparison of shear rates under different
impeller combination conditions

Impeller Averaged shear Maximum shear
combination force (Pa) force (Pa)
HBMI3 0.4015 9.092
PBT4 0.474 0 9.137
FBMI3 0.525 2 3.853
LPBI3 0.527 6 5.886
LPBI2 0.438 2 26.95
A
. 9.00 9.00
' 8.00 8.00
- 7.00 7.00
i 6.00 6.00
! 5.00 5.00
F 4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 0.00
[Pa] [Pa]

3.35 6.30
2.99 5.60
2.63 14,90
2.27 420
L 191 3.50
1.55 2.80
1.19 2.10
0.83 1.40
0.47 0.70
0.00 0.00
[Pa] a
E
9.00
8.00 A-FBMI3
- 7.00
6.00 B-PBT4
W ;’;;gg C-FBMI3
£ 3.00
300 D-LPBI3
1.00 E-LPBI2
0.00
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~
&,
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Fig. 4 Distributions of shear rate in the bioreactor using
different impeller combinations.
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Table 3 Growth and EGFR antibody production by
CHO cells cultured in bioreactor using different
impeller combinations

Impeller Cell density Viability EGFR Conc.
combination  (x10° cells/mL) (%) (g/L)
HBMI3 6.70+0.02 92.2+1.5  1.80+0.16
PBT4 6.52+0.10 90.3x2.1  1.65+0.04
FBMI3 7.10+0.15 98.5+1.0 2.21+0.12
LPBI3 7.01+0.08 98.3+0.8  2.10+0.08
LPBI2 6.21+0.21 75.6+x4.3  0.85+0.10
SN e N B R BT U AR, TR
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