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Abstract — A mathematical model for predicting the liquid circulation velocity in an airlift reactor was developed
based on the mechanical energy balance of the fluid circulation loop. The model considered the energy loss due to a 90°
turn, the energy loss due to friction, and the energy loss due to the change in cross-sectional area at each part of the
reactor. The model that separately considered the loss coefficients related to friction, direction change, and cross-
sectional area change was able to predict the liquid circulation velocity better than the previous model using lumped
parameters. The liquid circulation velocity was measured by the tracer pulse method. Most of our experimental results
obtained in external-loop airlift reactors, which had the top and bottom connecting pipes, as well as other investigators'
results obtained in various types of airlift reactors, were well predicted by the developed model with an error within
20%. Useful empirical equations for the loss coefficient related to the 90° turn of the circulating fluid were obtained in
external and internal-loop airlift reactors and used to predict the liquid circulation velocity.
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Fig. 1. Closed liquid circulation loop with a constant cross-sec-
tional area.
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Fig. 2. Schematic diagram of the experimental apparatus.
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4. Injection tube 13. Rotameter
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8. Bottom connecting pipe 17. Air line

9. Conductivity meter
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Table 1. Geometric details and loss coefficients of airlift reactors

No. Description D, (m) D,(m) D, (m) L,(m) L, (m) h, (m) K, (mea.) K, (cal.) Reference
la ELET 0.149 0.049~0.108 0.108 0.992 0.20 0.199~0.483 0.79 1.00 This work
1b ELET 0.149 0.049~0.108 0.108 0.992 0.30 0.193~0.485 0.71 0.77 This work
Ic ELET 0.149 0.049~0.108 0.108 0.992 0.40 0.174~0.483 0.71 0.65 This work

ELET 0.104 0.054 0.054 1.242 0.2 0.084 0.58 1.04 [12]

3 ELET 0.225 0.225 0.225 7.5 1.2 0.082 1.45 1.78 [13]

4 ELET 0.194 0.092 0.092 0.908 0.356 0" 1.46 1.23 [14]
5a ELGS 0.149 0.049~0.108 0.108 1.578 0.30 0.04 2.97 2.40 [11]
5b ELGS 0.149 0.049~0.108 0.108 1.578 0.30 0.08 2.31 1.89 [11]
5¢ ELGS 0.149 0.049~0.108 0.108 1.578 0.30 0.12 2.09 1.54 [11]
5d ELGS 0.149 0.049~0.108 0.108 1.578 0.30 0.16 1.52 1.30 [11]
5e ELGS 0.149 0.049~0.108 0.108 1.578 0.30 0.20 1.14 1.12 [11]

6 ELGS 0.194 0.093 0.093 1.6 0.356 0" 2.41 2.03 [15]

7 ELGS 0.100 0.100 0.100 1.80 0.40" 0.155" 1.19 0.98 [6]

8 ELGS 0.2 0.1 0.1 3.23 0.3 0.13 0.65 1.30 [2]

9 ELGS 0.14 0.14 0.14 4.05 0.35 0" 425 425 [16]

10 DTIL 0.074 0.018 0.1 2.07 - 0" 4.04 3.70 [17]

11 SRIL 0.333 0.333 0.075 2.35 - 0.1 471 4.30 [18]

12 DTIL 0.12 0.05 0.2 1.1 - 0.2 2.01 2.57 [19]
13a DTIL 0.15 0.038 0.08 2 - 0" 4.19 4.71 [20]
13b DTIL 0.1 0.088 0.08 2 - 0" 1.73 2.20 [20]
13¢ DTIL 0.08 0.108 0.08 2 - 0" 1.28 1.44 [20]

14 SRIL 0.132 0.109 0.162 425 - 0.15 3.82 3.65 [21]

15 DTIL 0.12 0.09 0.1 1.95 - 0" 3.20 2.46 [22]
16a DTIL 0.121 0.123 0.2 1.22 - 0.01 2.29 1.64 [1]
16b DTIL 0.096 0.148 0.2 1.22 - 0.01 0.84 1.06 [1]
16¢ DTIL 0.07 0.174 0.2 1.22 - 0.01 0.07 0.59 [1]

17 DTIL 0.206 0.094 0.066 2.6 - 0.167 422 4.39 [23]

*Assumed. ELET: external-loop with an extension tube; ELGS: external-loop with a gas-liquid separator; DTIL: draft-tube internal-loop; SRIL: split-

channel rectangular internal-loop.
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IN:=X k=
A : cross-sectional area [m?]
A,  : cross-sectional area of inlet [m?]
A, cross-sectional area of outlet [m?]
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: free area for liquid flow between riser and downcomer [m?]
: diameter or equivalent diameter [m]

: Fanning friction factor [-]

: gravitational acceleration [ms™]

: top clearance [m]

: dispersed liquid height [m]

: frictional loss for 90° turn [Jkg™']

: frictional loss coefficient for bottom [-]

: loss coefficient for sudden change of cross-sectional area [-]
: loss coefticient for friction [-]

: frictional loss coefficient for top [-]

: loss coefficient for 90° turn [-]

: pipe length [m]

: length of connector [m]

: length of downcomer [m]

: pressure [Nm™]

: superficial gas velocity [ms™]

: superficial liquid velocity [ms™]

: riser superficial liquid velocity [ms™]

: linear liquid velocity [ms™]

Greek letters

€

PL

: gas holdup [-]
: liquid density [kgm™]

Subscript letters

b
c
d

. Chisti, M. Y., Halard, B. and Moo-Young,

. Chisti, M. Y. and Moo-Young,

. Garcia-Calvo, E.,

. Metzner, A. B. and Reed., J. C.,

: bottom connector
: column

: downcomer

: individual section
: riser

: top connector
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