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Construction and research of bioreactor simulation scale-up model
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Abstract: Objective: Building a perfect bioreactor scale-up model
provides convenience for enterprise production, and a guidance
for reactor manufacturers. Methods: Through the test of 1.5, 5,
20, 200 L scale reactor, the correlation and parameters of the
volume dissolved oxygen coefficient £1.a and mixing time ¢, were
optimized and explored, the simulation amplification model of
bioreactor was established, and the Scaleuper amplification
system was built by MATLAB. Results: Compared with the test
results, the simulation deviation of k1a was within = 15%. By
introducing the definition of critical speed into the correlation of
tm+ the overall simulation deviation of ¢, was reduced by 17.4%
Within 4+ 10%, the

simulation deviation of £pa was reduced by embedding BP neural

compared with the original formula.
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network. The minimum simulation deviation of BP model can
reach 0.1% for the training data range. Conclusion: The scale-up
model of the reactor based on the empirical correlation has better
simulation results after the relevant parameters are measured. It
is feasible to use neural network to simulate and amplify the
reactor, but it still needs more data training support.
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Table 1  Formulas applied to the model
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Table 3 Simulation results of £, a for different volumes of bioreactors
J 07 o LA /1L Vi/m? N/(r+min"!) Q/(m® + min~ 1) BRI R 2%/ %
s 0.001 0 500 0.003 88.92 90.42 —1.7
' 0.001 0 800 0.003 205.20 191.17 6.8
5 0.002 5 300 0.003 95.04 92.92 2.2
0.002 5 300 0.005 104.04 104.71 —0.6
2 0.010 0 200 0.010 39.24 39.83 1.5
0.010 0 300 0.020 92.52 91.19 1.6
200 0.130 0 100 0.050 20.84 25.62 —22.9
0.130 0 150 0.050 59.76 48.51 18.8
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Table 4 The optimized simulation results of £ a

of the 200 L bioreactor

Vi/ N/ Q/ i 2
(m®) (remin"") (m® e+ min~ 1) W B /%
0.130 0 100 0.050 20.84 19.47 —6.57
0.130 0 150 0.050 59.76 60.55 1.32
0.130 0 200 0.075 171.72  160.90  —6.30
0.080 0 150 0.040 76.32 79.03 3.55
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Table 5 Simulation results of ¢, for different volumes of bioreactors
RBARHIME/L Vi/(m®) N/(r+min”") Q/(m®+ min~")  IMEAY B W22/ %
0.001 0 150 0 14.00 14.05 0.4
1.5
0.001 0 300 0 11.46 7.03 —38.7
0.003 5 100 0 13.00 13.88 6.8
5
0.003 5 200 0 9.00 6.94 —22.9
0.014 0 200 0 17.30 12.04 —30.4
20
0.014 0 300 0 15.00 8.03 —46.5
0.140 0 50 0 57.10 47.81 —16.3
200
0.140 0 100 0 37.75 23.90 —36.7
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Figure 2 ¢, — N curve of 1.5 L bioreactor
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Table 6 The optimized simulation results of ¢, of different bioreactors
RHHB/L Vi/m®  N/(remin)) Q/(m®+min ') W& Bl mER/%
. 0.001 0 150 0 14.00 15.87 13.36
b 0.001 0 300 0 11.46 10.75 ~6.20
. 0.003 5 100 0 13.00 12.41 —4.54
0 0.003 5 200 0 9.00 7.80 —13.33
0.014 0 200 0 17.30 18.10 4.62
20 0.014 0 300 0 15.00 16.34 8.93
0.140 0 50 0 57.10 64.32 12.64
200 0.140 0 100 0 37.75 41.73 10.54
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