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Effect of Agitation on Oxygen Transfer in Paenibacillus Polymyxa
HY96-2 Culture Broth and CFD Simulation

WU Gao-jie' s, CHEN Jian-pei', HUANG Jian-ke?, WEI Hong-gang®, SHEN Guo-min?
(1. State Key Laboratory of Chemical Engineering ; 2. State Key Laboratory of Bioreactor
Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Effects of impeller combination, system’s viscosity, gas-flux, space of impellers and gas
sparger on the oxygen transfer with CMC as liquid phase and air as gas phase were investigated in this paper.
The results indicated that slope blade Rushton turbine-hydrofoil impeller (SRT-HI) was favorable to
oxygen transfer in CMC system. When the power consumption per volume (P/V) was not less than
1.5 kW/m?, the transfer coefficient (k.a) of SRT-HI was 10% higher than that of the double Rushton
turbine combined (RT-RT), and even better with increase of the ratio of height to diameter. The
distributing profile of velocity, gas and oxygen transfer coefficient in the gas-liquid two phases were
obtained through CFX 11. 0 simulation. The effect of SRT-HI and RT-RT to dissolved oxygen was studied
through paenibacillus polymyzxa HY96-2 fermentation in 50 L agitated reactor, and the results indicated
that the dissolved oxygen of SRT-HI was higher than that of RT-RT when P/V was 1.6 kW/m?®.
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Table 1 Rheology characters of CMC aqueous solution and

polysaccharide
m/(Pa » s") n
Polysaccharide(30 C) 11 0. 20
1.0% CMC(25 C) 2.2 0.76
1.5% CMC(25 C) 3.1 0.85
2.0% CMC(25 C) 3.9 0. 87
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Fig.1 Schematic diagram of experimental instrument
1—Motor; 2—Speed control instrument; 3—Torque sensor; 4—
Velometer; 5—Thermometer; 6—DO electrode; 7—DO electrode
controller; 8—Strain gauge; 9—Computer; 10—Gas flowmeter; 11—
Impeller; 12—Baffle; 13—Gas sparger
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Table 2 Structure and dimension of impellers

Numbers of

Impellers Diameter
impellers
Concave rushton turbine(CRT) 0.42T 6
Rushton turbine(RT) 0.37T 6
Slope blade rushton turbine(SRT) 0.37T 6
Taper disk impeller(TDI) 0.37T 6
Hydrofoil impeller(HI) 0.42T 4

2 #ZRHWT®

ZHRFATHABERNEIRELYAN 1.0 vvm,
MO LR LA 1.1 vvm ST 0BT HE
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Fig.3 Comparing of mass transfer between hydrofoil
impeller and different radial impellers(Q, =

1.1 vwvm)
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Fig.5 Effect of gas surface velocity on mass transfer

(800 r/min)
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Fig. 6 Effect of viscosity on mass transfer (Q,=1.1 vvm)
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Fig. 8 Effect of gas sparger on mass

transfer(Q, =1. 1 vvm)
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Fig. 9 Three-combined impellers comparing with double-

combined impellers on mass transfer(Q, =1.1 vvm)

2.2 HERBAHXER

BUBRAR HE 22 o A9 18 B R H kra 28 KM LA
FRlE PR AR S R A R, /P kLaoc
(P/VD)uslp s RARFP R H kraccp @H7% K3
IR kpacopu™ XL g 55 R AT R IR, 15 3

D W=BEFHEE:

kra=0.010(P/V)% % y%% =05

(2) BRATHEMAGE.

kLa=0. OlO(P/V)O'GOuS'ZG,ufo'SO

B ZEETFHAE:

kra=0.009 2(P/V )48y =050

D) BRI VZERMAEFRE.

kra=0. 010(P/V )% 600 =05

M ETH AR EISLE T DUE ) #E CMC (K&,
BRAMBEMAGREREXNEBTHERXR,
HEERRBAL R E M, XM AEEMEL., 7
I EAl B CFD 3 AT B, AR A X P b
RAAGHEES N IETAAAREE S 6
B Ry ik — 25 SLH AT T B

3 B

& A3 B & 8 )1 % (CFD) 8 {# ANSYS
CFX1L. 0 Xt BB T R HE . UL CMC hiK
M HEREFTRRA p=2.27""", 3K 5, #BK
A L1 vvm, B HEEE K 700 r/min, ZAKAN
AT {2 XL A%, 6 0 DX SR T DY T A P48, 58 T ree i Bl AR
AR T SCERL7 R R A, 13 2R R B
MEBMAGEMIVZBVHE R EE S A&
3 REALR RS

o _ {%(1 10, 173Re®*) ,Re <~ 135

0.95,Re > 135

A A R HE W R LR 5 R T AR
W AR TR e Bl & e — &, R & A o
K. &M TRERH, 2R R .

B 11 AWM A Es AR, APHLUE
H:alEMREXETOASG B a HS5PERN
RIS Ai Ltk b A A4 ,b A& W R R B S EH A
B, XEBTRZE LR XTH, H/I
RAREFAPIRZE, 22U AR, AEFR
B aHEPH TRBMTEUHASKGE 22
BB KBRS, 22 RA BT, U HHE,AE

B 12 AMMAERERALSAE. NEH
ALEH a HEWERELVEF T bHSG. bA
B BRI W A AR AR v, TR T A% o AR BRI . &2
ZEMEREPERTHOENRDMEE N a HE
R RAR S TOAEE a6 /01 E B

CMC velocity/
(m-s71)

(b) RT-RT
B 1o PRMEBHERMEESAEDE
Fig. 10 Simulation of liquid velocity for two kinds impeller

combined (n=700 r/min,Q,=1.1 vvm)



344 EEBTRY 2R AERBER

ERLE

Air volume
fraction

p

(a) SRT-HI

Air volume
fraction

p 0.600
1 0.540
© 0.480
0.420
0.360
0.300
0.240
0.180
0.120
- 0.060
80

(b) RT-RT
B 1l FRCRRE A A NSRS A AR E
Fig. 11 Simulation of air volume fraction for two kinds of

impeller combined (n=700 r/min,Q,=1.1 vvm)
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