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Research of Multiphase Flow Field with Different
Stirring Combinations Based on CFD
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Abstract ; In view of the current situation that the design of fermentation stirring equipment often relies on experience to
judge the mass transfer mixing effect and energy consumption, the CFD technology was used to perform transient
numerical simulations of gas-liquid two-phase flow on the four designed stirring models. The physical model of polyhedral
mesh division and sliding mesh model were used to solve the problems and explore their velocity field, gas volume
fraction and power consumption. The results show that under the same condition, the flow field characteristics under
different stirring combinations are quite different. The overall velocity distribution of the mixed flow field formed by the
mixing combination of the upper impeller and the radial flow impeller is more uniform, which can provide better mixing
and transfer effect for the substances in the kettle. At the same time, the mixed flow combination C with six-blade
semicircular disk turbine blades for the upper blade and the bottom blade has better gas-liquid dispersion performance.
In terms of power consumption, mixing combination A > combination C > combination B > combination D. The
simulation results and analysis can provide important reference for the design and optimization of the gas-liquid reactor
agitator.
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Figure 1  Simplified model of fermentation tank
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Figure 2 Simplified model of mixing combination
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Table 1  Main structural parameters of model mm
R WiE MR EE KE O EE S
A 240 600
Ega i 22
SRS 80 90
SAS>Ar  EHENE 33
itk 410 22
P 2 7 T 150
PR 2 R RE 11
6 BN 90 23 20
6 VIR R AL R 3 90 23 20
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3 2ot ] 105




.2 . B THI# Light Industry Machinery

2021 FFEE4 B

a(d)a%”-’r v : (qupmum) :OO (1)

i, Fom m MHIEFGEG B X, = 15p,, FiZAH
M A kg - m 7 s, ARFRIZAHAHERE ,m - s ™" sm AR
FWARCD) B A () o
SRR
I(d.putt,)
ot
¢, Vp+V - (d,7p,) +bupug +F..,, + M, (2)
X F,, AAHTE T, N M, 3278 2 AH5 OO ] H
it i FAH X 32 2 45 P 2 1 ) Bl sc i kg - m -
s™p WA SIRARIEZ KT, Pas b, ,p,. .8 FRIH
MiZE I, N,
T MR m ARy A gk i, ek R
2
3

Tejfm :Mm< vu“m + vuryy;) + (Am _7Mm) vum : ID

(3)

s A g, S m ARV ROE) Sy RGN - s -
INEPLETEIS &

TETRPIRR T, B 2 I P I 19 5 22 18 1)

1 X FABTTER “THERI AR I )R Kolev 45142

HA 9 By R B A FLUENT blpf 3 i 10y 6

T (universal drag) o BRI TAE AL

HLARAS AR T B AL T 10T it
SO ARIT

1
FD:?A(ICDpllug_ull(ug_ul>; (4)

+V - (d)mpmumum) =

cD=%<1 +0. 1R T (5)

A €, R M) B ) B A, =0 R T
L em’ 50, FORTRANE BEME kg - m ™ ;Re L u,
1wy FR A SRR m - s
PRSI PR I P b AR 1) A LA B i 3175 |
AL T MR O o XM RO PR AR
[ R RS ) /1B IS B /A= v T
v vV,
Fyy :CDCTDE( qb(:)g - (;Ib )o (6)
A o AT A R € 9 PR ) A4 B 2%
30;8, i i Schmidt £ v, Ky RS R E, m® - 7'
&, ) Fas A SIBAH AR H ., X FARBREA
W PTAR ) FSR ] Burns-et-al £
1.3 Mt&kls
IR AER U FE R ] FLUENT Meshing %1 73

v,

LR A% o 2 TR O A% A2 R 20 B A B A A T
SERAL B H Y AR R 5 AR e AR R, T A X
A DU R R R RO 175 ~ 17350 RIBEPE S A
191, HORE IR 2 v ] Pl — 5 A A B, DA R BB
BN PERR, 58T 3 A [ A i 0 3R 3
USSR, BRI 2 BT R, MR 2
AT LAt 2 PO 50 ) 38 I, 32 A 1) R AH 32 B {1 A
P PER IR FE D) R B Wk T A B 25 R LT %
AT, [R5 2% R R BIL W JEURIVRE PRI V) 25 DR 2%, e K 3ok
B 86. 31 J7 247 AR i o AR B Rk S 4L 4,
i WK AT T I 22 , A 6 BBUFR 90 s R SR
YEFRTE 86 J7 /AT W R SR B R A K
%2 RAREEMBIELR

Table 2 Grid independence verification results
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Figure 3 Liquid phase velocity cloud
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Table 3 Aeration mixing power

B EADRW R AR/W IRZER/ %
A 121.1 127.5 -5.0
B 86.5 91.4 -5.4
C 116.7 124.1 -5.9
D 84.2 89.7 -6.1
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