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Abstract: Two-stage internal loop airlift reactors offer enhanced multiphase transfer and reaction performance with
the inclusion of a guide baffle between stages. This baffle effectively inhibits back-mixing in the liquid phase,

creating a flow pattern marked by full mixing within each stage and plug flow between the two stages. This study ex-
amines the flow and mass transfer characteristics of a two-stage internal loop airlift reactor under continuous operation
at various superficial liquid velocities. Gas holdup, Sauter mean bubble diameter and volumetric oxygen mass trans-
fer coefticient were measured experimentally. A computational fluid dynamics model was then developed to simulate
the flow and mass transfer processes in the reactor. The simulation results align closely with the experimental meas-
urements, exhibiting consistent gas holdup distribution patterns. Although some instability exists within the reactor
flow, the simulation error falls within an acceptable range. The model parameters for the gas-liquid mass transfer

model are determined. Numerical simulation provide insights into how superficial liquid velocity affects the reactor
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performance. As the superficial liquid velocity increases, the local gas holdup and the circulating liquid velocity also

increase. Furthermore, the mean size of bubbles in the first stage decreases, whereas they remain nearly constant in

the second stage. A clear axial concentration gradient forms between the stages, reinforcing the flow pattern of full

mixing flow within each stage and plug flow between them. Compared with that under the batch operation mode, the

mass transfer coefficient increases under the continuous operation mode. It does so with rising superficial gas velocity

but shows minimal variation with changes in the superficial liquid velocity.

Keywords: loop reactor; gas-liquid two-phase flow; gas-liquid mass transfer; computational fluid dynamics;

bubble swarm
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Fig.1 Schematic of the structure of the two-stage internal
loop airlift reactor
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Fig.9 Variation of gas holdup with superficial liquid
velocity in the loop airlift reactor
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ties and superficial liquid velocities

TRAH I A S8
T E
45%107

r | ‘ | 4A1x10’:
N | 3.6x 10
3.2x107°
/ 2.7x107
2.3x107
j 1.8x107
1.4x107
9.0x10°
45x10°

I ' Y L

u,=0.025m/s u,=0.050m/s %,=0.075m/s

u,=0m/s

B 14 u,=0.027 8 m/s FERW B iE TRIBBHERESD
T (1=805)
Fig.14 Concentration distribution of dissolved oxygen in
the liquid phase at different superficial liquid ve-
locities (v, = 0.027 8 m/s, =80 s)

UEESEHRAEI, WO 2 IO E 11 E A3 R0
TN, TERIRGE Ry, — MR AHBEAZE 1 9T
WX QRS BIAESS 1 N, 73— AR LR EAE 2
PN AN ARIBE I, YRR IE SN e U AR
(ELER AN BT AT BT o WO R A 1 SR TR R R
RV S 1 20, R AER 1 i AR BE )N,
M55 2 GRS g 2 SR AL BUR , TRAFIL AR
SURBERAZEANK , (AR5 2 I AU R B B A
AR, RO , BARGERSTIN, E AR, A



+ 1066 -

KEFR AR (A SRR 5 TR RR)

58 FHi1oM

e TG, $E AN 2 BB I A 78 4345 sk
LR TF I A, HAEE 1 M 2 AN IAS
WRPEERIS/IN , REBIESS 1 9T R IX IV A S Mk B
BH SR8/ 0N , 30T BB UGG, 78 R
TE T R4 ARBEIX, 12 DX 5 P 80 A ) TR s AR
fiX, I A& REL, RGO . I TFikA
FNE 2 G WA C AR TR A, BAESS 2
PN SRS, 55 2 N AR TR S Y
5 W) R X A /N, o8 A5 VR 22 1 i AR R R o D
/N AN, N 14 38T 1, AUEE PR [BITE AR
TURFEREIE , AES PNt PR T Vi SRR FEE o A AN Y
L.

Bl 15 Ry S0 2 PN VRO % JoT 3R S Bl 2R W AR 3 11 2
flias. TR AL 5t 22 B 2 VR0 (0 18 I , S 2k 34
K, SRIG BN, R T , 5 5 R AR LR
BER/IN. AL T 2 505G TR A D R 3 ULV 38 7y 34
O 0 2] 0.025 m/s) (AR SR, e 7=
LIRS, ROARAG T B D/ 17 e 2 2R WLk
—ILHAR, WRARAE ST R BN, KR T RO AR Y
WA > B, TS 1 0 R I RS IE R T 3B
SYBARTREHBEIX (B 14) , Z XS A, S
B, X RAR IR BT oT ke . RS LR AR I 50
HE— AR, 3 R X I N A% B R, (H A
LI N 7 S VRO 5 R B0 T R

4.0

- 35}

=)

< 30¢

M 251 =

ks —

™

Z a0}

-~

& 151 —=— 1,=0.018 5m/s
’ *— u,=0.027 8 m/s
1.0 b~ L L L L

0 0.02 0.04 0.06 0.08

u/(m/s)

B 15 SAXFRR RN RIBERRMERUREEL

Fig.15 Variation of the mass transfer coefficient in the
liquid phase with superficial liquid velocity in the
loop airlift reactor
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