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Abstract—In other to obtain information on the behavior of the external-loop airlift reactor operating with air-
water mixtures, the gas holdup, overall volumetric oxygen mass transfer coefficient, vertical bubble length and bubble
velocity were studied. The effects of gas velocity (0.02-0.18 m/s) and the length of horizontal connection pipe (0.1-
0.5 m) with respect to the above mentioned parameters have been investigated. The results showed that the length of
the horizontal connection pipe was a key design parameter for the external-loop airlift reactor. The bubble rising
velocity in the riser and bubble downcoming velocity in the downcomer increased due to increase of the circulation liquid
velocity as the horizonlal connection pipe length was increased. The downcomer gas holdup and vertical bubble length
in the downcomer decreased due to increase in gas-liquid separating abilities of upper connection section as the
horizontal connection pipe length was increased. The overall volumetric oxygen transfer coefficient in the external-
loop airlift reactor with a short connection length was higher than that with a long one due to higher gas holdup.
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Fig. 1. Schematic diagram of experimental appa-

ratus.

L. riser 2. downcomer

3. horizontal connection pipe

4. sparger 5. weir box

6. rotameter 7. valve

8. pressure regulator 9. air filter
10. pressure tap 11. D.O. probe
12. D.O. meter 13. Data 6000
14. electro-resistivity probe
15. comparator circuit 16. oscilloscope
17. A/D converter 18. computer
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Table 1. Dimensions of the experimental appara-

tus
Riser height 1.770 m
Riser 1.D. 0.148 m
Downcomer 1.D. 0.108 m
Connection pipe 1.D. 0.108 m
Downcomer length 1.100 m
Length of connection pipe 0.10-0.50m
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Fig. 2. Details of electroresistivity probe and
typical probe signals.
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a function of connection pipe length.
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NOMENCLATURE

C, : initial concentration of oxygen in liquid
[kgmol/m?)

C, : liquid phase oxygen concentration [kgmol/

3

m’]

C* : liquid phase oxygen concentration in equilib-
rium with gas phase oxygen [kgmol/ m?]

E : gas holdup [-]

H . height from gas sparger [m]

K,ap : overall volumetric mass transfer coefficient
based on dispersion liquid volume [s]

K,a; : overall volumetric mass transfer coefficient
based on liquid volume [s7']

KLA : reduced mass transfer coefficient, (= K, a, V/

BHerBE K28 KI2Z 1990 4%

A=
V) sTh
L. : length of horizontal connection between riser
and downcomer [m]

R.C. : regression coefficient (-]

S . electrode time lag [s]

S.D. : standard deviation [-]

t : time [s)

Us : superficial gas velocity based on the riser

cross sectional area [m/s)

V  : liquid volume in reactor [m?

Subscripts

d : downcomer

0 ¢ forLe=0.5m

r : riser

t . overall

REFERENCES

1. Merchuk, J.C. and Siegel, H.: J. Chem. Tech. Bio-
technol, 41, 105 (1988).

2. Lefrancois, L., Mariller, C.G. and Mejane, J.V.:
Brevet D’Invention, France, No. 1,102,200, De-
livree le 4 Mai, 1955.

3. Charkravarty, M., Begum, S., Singh, H.D., Ba-
ruah, J.N. and lyengar, M.S.: Biotechnol. Biveng.
Symp., 4, 363 (1973).

4. McManamey, W.J., Wase, D.A.J., Raymahasay, S.
and Thaynithy, K.: J. Chem. Tech. Biotechnol.,
34B, 151 (1984).

5. Koide, K., Sato, H. and lwamoto, S.: J. Chem.
Eng. Japan, 16, 407 (1983).

6. Bello, RA., Robinson, C.W. and Moo-Young, M
Biotechnol. Bioeng., 27, 369 (1985).

7. Siegel, M.H., Merchuk, J.C. and Schugerl, K.:
AIChE J., 32, 1585 (1986).

8. Choi, K.H.: M.S. Dissertation, KAIST, Seoul,
Korea (1986).

9. Han, B.H.: M.S. Dissertation, KAIST, Seoul, Korea
(1989).

10. Chisti, M.Y. and Moo-Young, M.: Biotechnol. Bio-
eng., 31, 487 (1988).

11. Chisti, M.Y., Halard, B. and Moo-Young, M.:
Chem. Eng. Sci., 43, 451 (1988).

12. Chisti, M.Y., Fujimoto, K. and Moo-Young, M.:
“Hydrodynamic and Oxygen Mass Transfer Stud-
ies in Bubble Columns and Airlift Bioreactors”,
Paper presented at the AIChE Meeting, Miami,
Nov., (1986).

13. Choi, K.H., Kim, JW. and Lee, W.K.: Korean J.

Chemn. Eng., 3, 127 (1986).



15.

16.

slwsdd ol F/ LT del AAANFAS £

. Glasgow, L.A, Erickson, L.E., Lee, C.H. and Pa-

tel, S.A.: Chem. Eng. Commun., 29, 311 (1984).
Chisti, M.Y. and Moo-Young, M.: Chem. Eng.
Commun., 60, 195 (13987).

Andrew, S.P.S.: Trans. Inst. Chem. Eng., 60, 3
(1982).

dolel 3% 229

e gASol U 477

el

17. McManamey, W.J. and Wase, D.A.).: Biotechnol.
Bioeng., 27, 1446 (1986).

18. Lamont, J.C. and Scott, D.S.: AIChE J., 16, 513
(1970).

19. Jin, G.T.: Ph.D. Dissertation, KAIST, Seoul, Korea
(1985).

HWAHAK KONGHAK Vol. 28, No. 2, April, 1990



