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Gas holdup and liquid circulation velocity in gas-liquid
two-stage internal-loop airlift reactor

YU Wei, WANG Tiefeng, WANG Zhanwen

(Department of Chemical Engineering » Tsinghua University , Beijing 100084, China)
Abstract: Specially designed internals were used in a novel two-stage internal-loop airlift reactor to
effectively decrease liquid backmixing by analogy with the tanks-in-series concept. The effects of the inter-
stage internal type. superficial gas and liquid velocities and gas-liquid separator on the gas holdup and
liquid circulation velocity in each stage were experimentally studied. The results showed that superficial gas
velocity had a significant effect on the difference between gas holdups in the riser and the downcomer and
liquid circulation velocity in the second stage (the top stage), but had a smaller effect on those in the first
stage (the bottom stage). The gas holdups both in the riser and the downcomer slightly decreased with an
increase in superficial liquid velocity. A mathematical model for predicting liquid circulation velocity was

proposed based on the balance between driving and resistance forces, and a good agreement was obtained

between the calculated and experimental data.
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Fig. 1 Scheme of experimental apparatus

1—riser; 2—downcomer; 3—gas-liquid separator;
4—gas distributor; 5—internal; 6—stirred tank;

7—pump; 8—liquid flow meter; 9—gas flow meter;
10—valve; 11—compressor; 12—tapping port;

13—electrical conductivity probe; 14—data acquisition system
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top view front view
(a) gas distributor (perforated plate with

30 holes of 1.5 mm diameter)

(b)internal I (perforated plate with
8 holes of 8 mm diameter)

(c) internal II (20 holes of 2 mm diameter and
3 tubes of 8 mm inner diameter)
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Fig. 2 Structures of gas distributor and
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Table 1 Friction coefficients of top and bottom parts in each stage

Internal Stage Ky Ky,
1 top stage 0.4 5.8
bottom stage 3.4 9.0

11 top stage 0.2 7.8
bottom stage 5.0 7.0




e 1110 - e T

%559 &

F [

31 S8%
311 AMAEAALFEOYA 3 HE S
B AR 0 T T+ 2R — 2
THE T B B OB . AER IR
HER 2 TP R T W A R B R
S 0 ST TSP 00 o T 5 H R C
B TR S DA B T LA
e LSRR R R AT %
MO B T B B R OB A
TR RSB (5 IR (6) his
HORATIIE , SN 2 BT . 1 3 A 4 thsisk
TSR R F IR AR R S T
TRLAEEH0 3 U THE ORI S BT 42

0.18

0.15

0.12

<’ 0.09

0.06 F ' internal [:
W riser; ® downcomer

0.03 3 internal II:
O riser; o downcomer

0 0.01 0.02 0.03 0.04 005 006 0.07

Uy/mes-1
B 3 FTUWSEX —HN LFEM
TR 4 R B
Fig. 3 Effect of superficial gas velocity on gas

holdups in riser and downcomer in bottom stage
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Fig. 4 Effect of superficial gas velocity on gas

holdups in riser and downcomer in top stage
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Table 2 Values of parameters in model of gas

holdup with different inter-stage internals

Internal Stage a b m N
I top stage 0. 885 0.652 0.63 0.011
bottom stage 1.269 0.716 0.93 —0.007
11 top stage 1.022  0.669 0.61 0.011
bottom stage 1.265 0.704 0.93 —0.008
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Fig. 5 Effect of superficial gas velocity on

average gas holdups in each stage
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Fig. 6 Effect of gas-liquid separator on gas holdups

in riser and downcomer in top stage
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Table 3 Values of parameters in model of gas holdup in

top stage with and without gas-liquid separator

Gas-liquid

Stage a b m n
separator
with top stage  0.885  0.652 0.63 0.011
without top stage 1.106 0.698 0. 80 0.003
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Fig. 7 Effect of superficial liquid velocity on gas

holdups in riser and downcomer in bottom stage
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Fig. 8 Effect of superficial liquid velocity on gas

holdups in riser and downcomer in top stage
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Fig. 9 Effect of superficial gas velocity on liquid

circulation velocity in each stage

0.7 <
m  experimental . /I/I
061 ___ calculated . I/
05} e /-
_ L
£ 04 L
Ny "
03F e
m-"
ﬂl

0.2 0.3 0.4 0.5 0.6 0.7
Vi /mes!

P10 778 B 0 00 0 ASE AL T B0 A L A
Fig. 10 Comparison of measured and calculated

values for liquid circulation velocity

4HE

Xof B0 TR R 2 N B SR 7 i 1 7 38 R B R

TTERMR . REFHE TR FRW
A FOULIR AN B e B NS R
A T YR R 500 ST T TN A SR R B
(SR ) AT L SRy 28 G D9 PR I R i 1 T & F
TR T EE MR . FEERMT .

(D EMPIRTRB AT, — R PR E R

FT g — L DRI R R
T AR Z 2 I BB UL A 3 o B 5

(2) FMAHX —R EAEMIBEEITREZ
FERGMHE /N o MK G 5 M K 5

(3) RN B — K ETHE R FREENE
R[5 W AR/ 5

(5) FEFHE Sl g 701 BH 7 148 1) 00 20 0 AR R 3
CRIERSE A PN/ EE 58 S R JF A iy s a2

# s B oW
Aoy Ag—01 50 ETHE L R

A, mes
h——E 226 5 s E, m

AP— UJIBE N MR Y E2 . Pa
Re Reynolds %%
U, —F£WSHE, me-s'
U—F£WEHE, me+s!

Ups Us—53 8 LAE . TRHRENEWBGHE, m. s

Vies Vie——23500 EIHE . T A IR

B, m?

2

—1

’ S

(o UHE
o e SPHI TV . TR %

o WHER . kgem ™’

TR
d—F R
f—PBH
g— ik
— Wk
References

[1] Bendjaballah N, Dhaouadi H, Poncin S, Mioux N,
Hornut J] M, Wild G. Hydrodynamics and flow regimes in
external loop airlift reactors. Chem. Eng. Sci., 1999, 54.
5211

[2]  Garcia-Calvo E, Rodriguez A, Prados A, Klein J. A fluid
dynamic model for three-phase airlift reactors. Chem. Eng.
Sci. » 1999, 54. 2359

[3] Freitas C, Fialova M, Zahradnik J, Teixeira ] A.
Hydrodynamics of a three-phase external-loop airlift
bioreactor. Chem. Eng. Sci., 2000, 55. 4961

[4]  van Baten ] M, Krishna R. Scale up studies on partitioned
bubble column reactors with the aid of CFD simulations.
Catal. Today, 2003, 79/80. 219

[5] Vinaya M, Varma Y B G. Some aspects of hydrodynamics
in multistage bubble columns. Bioproc. Eng., 1995,
13. 231

[6] Palaskar S N, De J K, Pandit A B. Liquid phase RTD
studies in sectionalized bubble column. Chem. Eng.
Technol. , 2000, 23. 61

[7] Maretto C, Krishna R. Design and optimization of a multi-
stage bubble column slurry reactor for Fischer-Tropsch

synthesis. Catal. Today. 2001, 66. 241



# TR PRI PN IR I SR A A S 9 .

1113 -

L9l

[10]

[11]

(12]

Dreher A J, Krishna R. Liquid-phase backmixing in bubble
columns, structured by introduction of partition plates.
Catal. Today, 2001, 69:. 165

Meikap B C. Kundu G. Biswas M N. Prediction of
dispersed phase holdup in a modified multi-stage bubble
column scrubber. Can. J. Chem. Eng., 2002, 80. 306
Alvaré J, Al-Dahhan M H. Liquid phase mixing in trayed
bubble Sci. » 2006,
61:. 1819

Yu W, Wang T F, Liu M L, Wang Z W. Study on the

column reactors. Chem. Eng.

hydrodynamics in a multi-stage internal-loop airlift slurry
reactor//The 9th China-Japan Symposium on Fluidization.
Beijing, China: 2006

Boyer C, Duquenne A, Wild G. Measuring techniques in

gas-liquid and gas-liquid-solid reactors. Chem. Eng. Sci. ,

[13]

[14]

[15]

[16]

2002, 57. 3185

Contreras A, Chisti Y, Molina E. A reassessment of
relationship between riser and downcomer gas holdups in
airlift reactors. Chem. Eng. Sci., 1998, 53. 4151
Couvert A, Roustan M, Chatellier P. Two-phase
hydrodynamic study of a rectangular airlift loop reactor with
an internal baffle. Chem. Eng. Sci., 1999, 54. 5245
Kaustubha M, Das D, Biswas M N. Hydrodynamics of a
novel multi-stage external loop airlift reactor. Chem. Eng.
Sci. , 2006, 61. 4617
Choi K H, Chisti

evaluation of hydrodynamic and gas-liquid mass transfer

Y, Moo-Young M. Comparative

characteristics in bubble column and airlift slurry reactors.

Chem. Eng. J., 1996, 62. 223



