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Abstract—For downward cocurrent gas-liquid flow in a packed column, the flow and axial mixing character-
istics of liquid phase were investigated. Based on experimental residence time distributions of liquid phase,
parameters of mixing models were evaluated with three proposed mixing models: the axial dispersion model
(ADM), the plug flow model with stagnant zone(PFM), and the axial dispersion model with stagnant zone
(DSM). Accordingly, the applicability and parameters of each mixing model were analyzed for various opera-
ting conditions, We found that the flow and mixing characteristics of liquid phase could be analyzed well
by DSM, and also that the flow characteristics in the dynamic zone tended to access the plug flow at higher
liquid Reynolds number(Re;). Also, the fraction of stagnant zone estimated by the curve fitting method
for the case of DSM was less than that of PFM. As liquid velocity increased, the fraction of the stagnant
zone was decreased while the mass transfer coefficient between the dynamic and the stagnant zones was

628




F-awgste FUglA AAs 55T SULEHSA 629

increased. In the dynamic zone, the calculated Peclet numbers in both ADM and DSM were increased with
increasing the diameter of glass bead as a packing material and increasing liquid velocity at Re;>40. In

these conditions, correlations of these parameters were obtained for various operating conditions.
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Fig. 1. Typical residence time distribution curves of axial
dispersion model with stagnant zone.
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Fig. 2. Schematic diagram of experimental apparatus.
1. Packed column 8. Air humidifier
2. Tracer injection point 9. Pressure gauge
3. Constant temperature 10. Holding tank

bath 11. Air compressor

. Temperature controller 12. Conductivity cell

. Manometer/rotameter 13. Conductivity meter

. Needle valve 14. Recorder

. Circulation pump
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Fig. 3. Comparison between experimental and calculated
response curves: d,=0.3 cm, Uy =0.651 cm/s, and
=2.350 cm/s.
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Table 1. Typical values of estimated parameters and objec-
tive function
d, U Ug
(cm) (cm/s) (cm/s)

Model Pe o) N F

ADM 03 0651 2350 784 — - 0198
8117 693 — - 0222

1014 2350 836 — — 0145

8117 835 - — 0150

06 0651 2350 911 -— - 0075
8117 834 -— - 0.096

1014 2350 1360 — - 0067

8117 1393 — — 0.080

PFM 03 0651 2350 — 0718 65 0.060
8117 — 0704 75 0.109

1.014 2350 — 0724 9.0 0.038

8117 - 0756 8.1 0.048

06 0651 2350 — 069 85 0.008
8117 — 0696 7.8 0015

1.014 2350 — 0691 121 0.004

8117 — 0683 131 0.005

DSM 03 0651 2350 806 0980 6.7 0.028
8117 774 0982 63 0021

1014 2350 868 0982 7.9 0016

8117 831 098 82 0.009

06 0651 2350 949 0976 9.0 0.005
8117 872 0989 82 0.003

1.014 2350 1423 0991 112 0.004

8.117 1413 0986 118 0.001
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Fig. 4. Fraction of stagnant zone as a function of liquid Reynolds number.
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Table 2. Parameters in Eq. (11)
. A B
Flow regime dp(cm) —5eu 1ot PFM DM
Trickle flow 0.3 029 1082 0. —154
0.6 032 1082 0. —1.54
Pulse flow 0.3 38.0 1082 —110 —154
0.6 285 1082 —-110 —154

*Trickle-pulse flow transition boundary was used from
data of Cho[22] at same experimental conditions.
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Table 3. Parameters in Eq. (13)
. A B
Flow regime dy(em) —5pxy DSM  PFM DSM
Trickle flow 0.3 0.16 0.15 0. O
0.6 0.16 0.15 0. 0.

Pulse flow 0.3 451X107* 296X107* 165 175
06 444x107% 2.85X10°* 1.19 1.29
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Ca : tracer concentration in the dynamic zone [g
/em?]

C. :calculated value of C(8) [-]

C. :experimental value of C(0) [-]

C(8) :C-curve [-]

Cs  :tracer concentration in the stagnant zone [g
fem?]

d, :particle diameter [cm]

D, :axial dispersion coefficients of liquid phase
[em?/s]

erfcx : complementary error function [-]

F : objective function defined in Eq. (8) [-]

F, :absolute error function defined in Eq. (9) [-]

F, :relative error function defined in Eq.(10)
[-]

g(x) :arbitrary function defined in Eq. (6) [-]

h(x) :arbitrary function defined in Eq. (6) [-]
I : first order Bessel function [-]

FAGelA AAS BFH FYFEGEA

10.

11.

12,

. Hofmann, H.: Int. Chem. Eng,
. Herskowitz, M. and Smith, J. M.: AIChE ], 29, 1

635

K : mass transfer coefficient between the dynamic
and the stagnant zones [s™']
L : column height [cm]
n :number of experimental data [-]
N : dimensionless mass transfer coefficient, Kt [-]
Pe  :Peclet number of liquid phase, w,L/D, [-]
Pe, :Bodenstein number, u.d,/D; [-]
Re; :liquid Reynolds numbers, p;d,Up/u;. (-]
t : time [s]
t : mean residence time [s]
u, : interstitial liquid velocity [cm/s]
U;  :superficial gas velocity [cm/s]
U,  :superficial liquid velocity [cm/s]
x : axial distance [cm]
Z : dimensionless axial distance, x/L [-]
aazjola X
5(8) : Dirac delta function [-]
] : dimensionless time, t/t [-]
Mo liquid viscosity [g/cm-s]
pr : liquid density [g/cm®]
ol : variance [s?]
o  dimensionless variance [-]
o : volume fraction of the dynamic zone [-]
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