HWAHAK KONGHAK Vol. 34, No. 4, August, 1996, pp. 511-518
(Journal of the Korean Institute of Chemical Engineers)

S GRS, SePhet G2, Tosh A5 A2l E
o, 22l % 4EHEEY 5ol chaptt Yol BUALYA o}

J1-EFas SEEUAM - ASEAMD} YR SE U FUHEESY
&0y - s - xXE - S
Al ojaki gapolat shataata

AT AT R TA
(19953 1084 13 A9, 1996 29 142 H=)

Gas-Liquid Flow Pattern, Liquid Flow, and Axial Mixing Characteristics
in a Packed Column with Gas-Liquid Cocurrent Upflow

Min-1l Son, Byeong-Ho Ham, Ji-Hoon Cho* and Tae-Ok Kim'

Dept. of Chem. Eng., College of Engineering, Myong Ji University, Kyunggi-do 449-728, Korea

*Dept. of Chem. Eng., Industrial Safety Research Institute, Korea Industrial Safety Corporation, In Chon 403-120, Korea

(Received 13 October 1995; accepted 14 February 1996)

2 o

7] 5 Eo] WAoo B s FAlgtolA 7]-od 5B Rt o A2 =5 z—z %—u&z—f;;f&%@—g— Atk Age
Fr-EANA 7)- A mgofde] ozl o ale] ARFAIEERID)E
e, = a0 ud(ADM), A 421 Eallal= —‘&211‘_‘—3 téLI(PFM)JﬂL A xl]x ] &) i
(DSM)& AHa-sle] E3tde] w58 AHEalget. el 22 o 7 Egrde] H8Adq oideEs
Mdstach AgAT), FZEE] HEs B0 xdolﬂ:z:— AAEGe AAGEr S/, s A E el
&2} Do) A4 Frlelgiod dao] £Ev EYEHL vd DSMoE A M 4 sldoh w3 gy
2 AEE ARG B8 AL SRS S st ou AT A AR A 7] B A S 7] A
A 220 Zrlo) mpet Zrislgich el 2 ADMT} v DSMO.E AHEE REAI el 4] Pecletts A4
VR, s 48 Ae] &g Frlelgiv) o)u 2] F ol nhE o] sl i AHEAE i)

3
jol
e
2L

l)"
ol
_?L
xR
L
J])lr
X
o)
-q
!
o ku

\J
N

Abstract — For upward cocurrent gas-liquid flow in a packed column, the gas-liquid flow pattern, liquid flow, and axial
mixing characteristics were investigated. The transition boundary of gas-liquid flow pattern and residerce time distribution
(RTD) of liquid phase were measured in an air-water system. Based on experimental RTDs, parameters of mixing models
were evaluated with three proposed mixing models: axial dispersion model(ADM), plug flow model with stagnant zone
(PFM), and axial dispersion model with stagnant zone(DSM). Accordingly, the applicability and parameters of each mixing
medel were analyzed for various operating conditions. We found that the gas velocity at bubble-pulse flow transition bound-
ary was increased with increasing liquid velocity and decreasing diameter of glass bead as a packing material, and that the
flow and mixing characteristics of liquid phase could be well analyzed by DSM. Also, the fraction of stagnant zone es-
timated by the curve fitting method was decreased with increasing liquid velocity, while the mass transfer coefficient
between dynamic and stagnant zones was increased with increasing gas and liquid velocities. In dynamic zone, the cal-
culated Peclet numbers in both ADM and DSM were increased with increasing liquid velocity and decreasing diameter of
glass bead. In these conditions, correlations of these parameters were obtained for various operating conditions.
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Fig. 1. Schematic diagram of experimental apparatus.

1. Packed column 9. Pressure gauge

2. Tracer injection point 10. Holding tank

3. Constant temperature bath 11, Air compressor

4. Temperature controller 12. Pressure tap

5. Manometer/rotameter 13. Conductivity cell
6. Needle valve 14. Conductivity meter
7. Circulation pump 15. Recorder

8. Air humidifier
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Fig. 2. Effect of particle diameter on bubble-pulse flow transition
boundary.
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Table 1. Typical values of estimated parameters and objective func-

tion

d U, U,
Model (cr;) (cmis)  (cmys) Pe 6 N F
ADM 03 0644 2346 3266 - - 0.090
8.004 4087 - - 0.049
1.195 2346 3829 - - 0.037
8.004 4789 - - 0.026
06 0644 2346 908 - - 0.032
8004 106.1 - - 0.026
1195 2346 1106 - - 0.022
8.004 1268 - - 0.020
PFM 03 0644 2346 - 0.766 348  0.036
8.004 - 0.766 354  0.014
1.195  2.346 - 0772 346  0.027
8.004 - 0783 349  0.014
06 0644 2346 - 0567 247  0.001
8.004 - 0565 290  0.001
1.195  2.346 - 0609 186  0.001
8.004 - 0.605 238  0.001
DSM 03 0644 2346 3727 0983 205 0.008

8.004 4188 0978 216 0.008

1.195 2346 4029 0976 249 0.004

8.004 489.1 0976 256 0003

0.6 0.644 2346 919 0970 141 0.001
8.004 1164 0978 123  0.001

1.195 2346 1142 0974 158 0.001

8.004 1286 0975 136 0.001
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Fig. 8. Comparison of Bodenstein number with literature data:d, =
0.6 cm.
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Table 4. Parameters of Eq. (14)

Flow regime d,(cm) £x10 gx10
ADM DSM ADM DSM
Re, <70 03 5.96 7.94 1.07 0.37
0.6 2.92 4.00 1.07 0.40
Re, > 70 0.3 - - - -
0.6 (.82 0.83 4.06 4.16
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C,  :tracer concentration in the dynamic zone [g/cm’]
C,  :calculated value of C(8) [-]
C.  :experimental value of C(8) [-]

C,  :tracer concentration in the stagnant zone [g/cm’]
C(®) :C-curve {-]

d, : particle diameter [cm]

D, - axial dispersion coefficient of liquid phase [cm/s)
erfc x : complementary error function {-}

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

F, : absolute error function defined in Eq. (9) [-]
! s relative error function defined in Eq. (10) [-]

g : gravitational acceleration [cm/s’]
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g(x) :arbitrary function defined in Eq. (4) [-]
G;  :mass flux of gas phase, p;Us [g/cm’s]
G, :mass flux of liquid phase, p,U, [g/cm’s]
h(x) :arbitrary function defined in Eq. (4) [-]
I, :first order Bessel function [-]
K :mass transfer coefficient between the dynamic and the stag-
nant zones [s ']
L :column height [cm]
n :number of experimental data [-]
N : dimensionless mass transfer coefficient, Kt [-]
Pe : Peclet number of liquid in the dynamic zone, u,L/D, [-]
Pe, :Bodenstein number, u,d,/D, [-]
Re; :gas Reynolds number, p,d,U, /ue [-]
Re, :liquid Reynolds number, p,d,U, /p, [-]
t :time {s]
t :mean residence time [s]
u, s interstitial liquid velocity [cm/s]
U;  :superficial gas velocity [cm/s]
Ui :superficial gas velocity at flow transition boundary [cm/s]
U,  :superficial liquid velocity [cm/s]
U,  :superficial liquid velocity at flow transition boundary [cm/s]
X :axial distance [cm]
z : dimensionless axial distance, x/L [-]
az2(0la At
o, :a constant in Eq. (7) [-]
&(0) :Dirac delta function [-]
6 : dimensionless time, t/t [-]
U :gas viscosity [g/cm-s)
M, : liquid viscosity [g/cm-s)
ps  :gas density [g/em’]
p.  :liquid density [g/em’]
o,  :surface tension of liquid [dyne/cm}
o,  :dimensionless variance [-]
¢ :volume fraction of the dynamic zone [-]
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