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Local flow characteristics in pressurized internal air loop reactor
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Abstract: The flow characteristics of a ¢600 mm X 6000 mm pressurized internal airloopreactor was
studied. During the experiment the liquid superficial velocity in the draught tube was fixed at 0.008

1

m s ', gas superficial velocity ranged from 0.02 m+s ' t00.12 m =+ s '

, pressure of the reactor varied
from 0 to 2. 0 MPa. Local gas holdup in the draught tube and annual space was measured and correlations
for these parameters were obtained. Meanwhile, the model of liquid circulation velocity on the basis of the
energy balance analysis in the reactor was derived. Reasonable agreement was found between the calculated
and measured data. From the model and experiment data, it was easily found that liquid circulation velocity
increased with increasing gas superficial velocity and system pressure, however when gas superficial
velocity and system pressure exceeded respective critical values, liquid circulation velocity increased only

gently.
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Fig. 1 Schematic diagram of concentric

draught-tube air loop reactor
1—gas-liquid distributor; 2-—gas-liquid nozzle;
3—air loop reactor; 4—gas-liquid separate tank;
5—exhaust valve; 6-—gas inflator valve; 7-—gas inlet
buffer tank; 8—gas outlet buffer tank; 9—air compressor;
10——centrifugal pump; 11—gas flow meter;

12—liquid flow meter; 13-—gas valve; 14—liquid valve
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Table 1 Dimensions of draught tube

D;/mm D,/mm L/mm n

200 201 5750 36

x2 RBIHERT

Table 2 Dimension of sieve plate

D! /mm Thickness/mm Lo/mm D/mm

8 50 76 3

R3 REWEMRER
Table 3 Physical properties of liquids

Liquid oX IO’j nX10° g><loi M
/kgem® /Paes /Nem!
water 1.0 1.0 72 2.63X10" 11
n-butyl alcohol 0. 976 5.4 47.2 7.92X10°8
Span-20 1. 038 7.8 59 1.76 X107
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Fig. 2 Gas holpup in draught tube
(legends are shown in Table 4)
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Table 4 Experimental conditions
Liquid System Operation I,e‘gend
pressure/ MPa mode (Fig. 2)
water 0.1 bubble column [ )
water 0.1 loop reactor O
water 0.5 bubble column [ ]
water 0.5 loop reactor ]
water 1.0 bubble column 3
water 1.0 loop reactor &
n-butyl alcohol-water 0.1 bubble column v
n-butyl alcohol-water 0.1 loop reactor v
n-butyl alcohol-water 0.5 bubble column A
n-butyl alcohol-water 0.5 loop reactor yAN
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Fig. 3 Comparison of experimental data with

predicted data for gas holdup in draught tube
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Fig. 4 Gas holdup in annulus
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Fig. 5 Comparison of experimental data

with predicted data for gas holdup in annulus
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Fig. 6 Effect of supcrhclal gas Vcloc1ty on

liquid circulation velocity
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Fig. 7 Free area in bottom of air loop reactor
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Fig. 8 Comparison of experimental data with

predicted data for liquid circulation velocity in annulus

WRRLAS N - WFFE T AR ) R AR & 260 R S
R LAEIBCE AL AA, 3E] TR 4.

(D TR RAEH RIE R MEAIE T . TN
T g T ARAE R RS B AR R 3l . o
O S BT 9 A AR T SRR P 28 R

(2) BRI RN A% A B B P 38 R A B s B
RO, HASR R IR  RE A
HAE S0 SRE PO RELERR.

(3) BRI N A5 A IR A 1 3 J3E T LR AL AR
RESTIE LB & il BRI S SR &
B

5 W M

A,— J“/%% jﬁ(% Eﬁ[ﬁ]ﬁ{v m’
A TR BWE A, m?

A. WS G A TAT AR . m”

2 XA, m
A, AEP/L Ef‘(nu/ﬁ‘ﬁﬁ i, m’
Co— RN FH

D— W 048, mm
Diy Do—43 3 R vl i 5 A2
D— 3 fi i fL4E . mm
Ey s Ec—247 5 R WA TE K2 2% %
HRER, J s
Es—— TR h AR P B R s FE R, T - s
E— a8 aetE, J s !
E— SR sy, J e s

4MZE . mm

o ke 22 77 1 78 AR

E, HWARNAFMRER, J s
WARLET O R E TR e R, T s
f'wAE%[ﬁi@%ﬁ’ N+m™
Ko, Kpiﬁ%ﬂjﬂfi ARSI EBBH 7 R %L

L—h L SRAKE, m
L— R K E
L,— Wi K B, mm
M——Morton %§
W

— W RET, Pa
Py—#rfERAE, Pa
%, mm

U, » U——73 01 Jy 25 B <3
U—#
WA, mes !

VTR LEXESE, m s

VB, mes!
e (U,=1lmes )

u




1442

ft T

py,
£

1%

%61 %

p—FEFRE Pa-s
ow—KINEE, kg m*

FKEHKI, N+m!

293 K Ak RmHK ), Nom™!

o

Ow

TRtR

d— T IR

e—— 43 A1 A 5T
g—"M
I— W AH
r— 0 B

Lo 2205 Sy v o0 5 U0 55 G 748 A0 TR
3o A3 5 N T I BB TP I A1

References

[1]

(2]

(3]

(4]

[6]

Shu Geping (&8 F), Shi Shidong (3 + 4. Li Kejian
(Z=7ifd). Coal Direct Liquefaction Technology B 1k
FAR). Beijing: Coal Industry Press, 2003; 85-105
Ryoichi Yoshida. Clean coal technologies in Japan. Energy
Sources, 1997, 19 (9). 931-943

International Energy Agency. Coal industry advisory board
workshop report [R]. Paris: IEA, 2006: 34-59
Shi Shidong (# 4 %) . Shu Geping (£ #& ).
Weidong (% 11 %). To explore the application of loop

reactor in coal direct liquefaction area//International Rap

Huo

Session of Coal Direct Liquefaction Technology. Beijing,

2008 166-177
Li Hongxing (Z=41 £), Huang Hai (# ), Gu Kuiging
(#* %5 K ). Local flow characters of gas-liquid-solid

Journal of Chemical

(b T 4R) . 2007,

multiphase continuous loop reactor.
Industry and Engineering (China)
58 (10): 2493-2499

Young M A, Carbonell R G. Airlift bioreactors: analysis
Journal of American

of local two-phase hydrodynamics.

Institute of Chemical Engineers, 1991, 37 (3): 403-428

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

Koide K, Iwamoto S, Takasaka Y, Matsuura S. Liquid
circulation, gas holdup and pressure drop in bubble column
with draught tube.
Japan, 1984, 17 (6): 611-618

Yang Haiguang (# ¥ )%), Fan Yi (JL %), Li Fei (Z
k), Chen Shailin (B i #%).

and local gas holdup in air-lift loop reactor.

Journal of Chemical Engineering in

Liquid circulation velocity
Journal of
Chemical Engineering of Chinese Universities (#5442 T.
PR, 2003, 17 (1) 37-41

Shamlou P A, Pollard D J, Ison A P, Lilly M D. Gas
holdup and liquid circulation rate in concentric-tube airlift
bioreactors. 1994, 49

(3): 303-312
Sevik M, Park S H. The splitting of drops and bubbles by

Chemical Engineering Science ,

turbulent fluid flow.
1973, 95 (7). 53-60
Liu Mengxi (X #1%), Lu Chunxi (/% ®). Chu Ling
(i % ). Experimental study on local gas holdup in a novel
three-phase of Chemical
Engineering of Chinese Universities (&R ALY TR ,

Journal of Fluids Engineering ,

loop reactor.  Journal

air

2005, 19 (1). 36-41
Lu Gang (5 i), Zheng Ping (#53). Hydrodynamic
character of internal-loop airlift reactor. Journal of

Zhejiang University (W7 {L K 2% 2% ). 2003, 29 (2):
188-194

Chisti M Y. Airlift Bioreactors. London and New York:
Elsevier, 1989, 202-227

Lo CS, Hwang S J. Local hydrodynamic properties of gas
phase in an internal-loop airlift reactor. Journal of
Chemical Engineering, 2003, 91 (1). 3-22

Liu Mengxi (X|%1%), Lu Chunxi (/5% ), Chu Ling
it ).

loop reactor. Journal of Chemical Engineering of Chinese

Cp A8 4k 2 T % i), 2005, 19 (3):

Theoretical analysis of gas holdup in a novel air

Universities

332-337



