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Characterization of Rheological Properties of Pseudo Corn Stover
Fluid and Computational Fluid Dynamics Simulation
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(State Key Laboratory of Bioreactor Engineering , East China University of Science and
Technology, Shanghai 200237, China)

Abstract: Pretreatment is the most important step during biochemical conversion of lignocellulose to
biofuels and biochemicals. However, lack of mixing in the conventional pretreatment process resulted in
the deficiency of mixing, heat- and mass-transfer, the non-conformity of the pretreatment intensity, and
thus led to the partial insufficient of lignocellulose structure decomposition, and partial excessive
decomposition of the lignocellulose structure to generate inhibitors, which in turn impeded the subsequent
enzymatic hydrolysis and microbial fermentation. This study aims to demonstrate the viability of
introducing helical-impeller mixing into the dry dilute sulfuric acid pretreatment process. Firstly,
considering the high ability of water-adsorption and the resulted difficulty of rheologcial property

characterization of the corn stover system, the rheological property parameters of flow index () and the
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consistency coefficient (K, ) were obtained through calculating the apparent viscosity (y,) and the apparent

shearing rate (y.) of the corn stover system according to the power law model. Furthermore, CFD models

of the dry dilute sulfuric acid pretreatment in a helical stirring bioreactor using the obtained rheological

property parameters were constructed, and the CFD simulation results were in agreement with the cold-

mold results in three different scale bioreactors.

The results of both CFD simulation and cold-mold

experiments showed that the practicability of introducing helical impeller into the dry dilute sulfuric acid

pretreatment bioreactor.

Key words: lignocellulosic pseudo-fluid; rheology parameters; dry pretreatment; Computational Fluid

Dynamics (CFD); helical stirring impeller
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Fig. 1 Schematic diagram of the mock-up bioreactor

and its accessory helical impeller
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Table 1 Dimensional parameters of the there

bioreactors and their helical impellers

Reactor
D/mm d/D W/d S/d N,
type
1 170 0.90 0.10 0.5 1
11 384 0. 90 0. 10 0.5 1
111 786 0.90 0.10 0.5 1
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Table 2 Rheological properties of the standard Newtonian

and non-Newtonian fluids

Fluid solution Properties n K,/ (Pa -« s")
Corn syrup I Newtonian 1. 000 6.687
Corn syrup II Newtonian 1. 000 3.168
Glycerol 1 Newtonian 1. 000 1. 200
Glycerol 1T Newtonian 1. 000 0. 844
CMC aqueous
) Non-Newtonian 0. 457 16. 740
solution(weme =2 %)
CMC aqueous
Non-Newtonian 0. 564 20. 280

solution(weme =4 %)

Corn syrup I and II represent the rheological parameters of corn
syrup measured at 25.0 °C and 31. 0 °C, respectively; Glycerol I and
IT represent the rheological parameters of glycerol measured at 23. 0
°C and 27.0 °C, respectively; The unit of K, was Pa « s", in which

n corresponded to the index number of non-Newtonian fluid
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Fig. 2 Calculation of the apparent viscosity of

corn stover(wy, o= 50%)
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Table 3 Rheological parameters of the CS and
PCS (wy, ,=50%)

Materials n K, Ky R?
CS 0.599 33.958 18.113 0.999 5
PCS 0. 504 32.758 33.900 0.988 3
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Table 4 Effect of numerical grids on power

number (Reactor 1)

Case  Total node numbers  Njm (Npsim— Npexp)/Npexp

1 23 618 42. 87 8.37%
2 47 865 41.98 6.12%
3 89 387 41,47 4.83%
4 151 645 41. 36 4.55%
5 326 738 41. 25 4.17%

N, «m represents the power number obtained by calculation; N, e,

represents the power number obtained by experiment
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Fig. 5 Comparison of mixing time between the CFD simula-
tion model and the mock-up experiments in there dif-
ferent dimensional bioreactors (the rotation speed
was 50 r/min and the final water content in the corn

stover after mixing thoroughly was 50 %)

F 5 NI T B F AR (Rroude)

Table 5 Effect of rotation speed on the Rroude number”
Rotation speed/ F.
(r+min~ 1) 5L 100 L 500 L
50 0.011 0.011 0. 050
60 0.016 0.035 0.072
70 0.021 0.048 0.098
80 0.028 0.063 0.128
90 0.035 0.079 0.162
100 0.043 0.098 0. 200
110 0.052 0.119 0.243

1) The value of gravitational acceleration constant used in Roude

number calculation is 9. 8 m/s?
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