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Abstract— Since the gas-liquid flow behavior in the pressurized bubble column is highly irregular, random and stochastic,
it has been analyzed by resorting to somewhat noble chaos analysis ; the resultant pressure fluctuations describing the com-
plex flow behavior of gas-liquid in the system have been manipulated to form the multidimensional phase-space portraits
from which the strange attractor can be obtained. The chaos behavior of pressure fluctuations has been represented by
means of correlation dimension. The volumetric gas-liquid mass transfer coefficient in the pressurized bubble column has
been determined by adopting the axial dispersion model, and the relation between the hydrodynamic characteristics and the
mass transfer coefficient has been also discussed. As a result of this study, the correlation dimension of pressure fluctua-
tions has increased with increasing gas velocity(0.02-0.25 m/s), but it has decreased with an increase in the pressure(0.1-0.6
MPa) in the column, representing the dynamic gas-liquid flow behavior in the column. The volumetric gas-liquid mass
transfer coefficient has increased with increasing gas velocity and pressure. The gas-liquid mass transfer has been well
predicted by means of chaotic behavior of gas-liquid flow in the pressurized bubble column.

Key words : Pressurized Bubble Column, Phase Space Portrait, Correlation Dimension, Chaos Analysis, Volumetric Mass Trans-
fer Coefficient
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Fig. 1. Experimental apparatus.

1. Main column 13. DO meter

2. Distributor 14. Pressure transducer
3. Liquid reservoir 15. Amplifier

4. Pump 16. Low-pass filter
5. Filter & regulator 17. A/D converter
6. Valve 18. Computer

7. Flowmeter 19. Pressure gauge
8. N, tank 20. Drain line

9. Compressor 21. Resistivity probe
10. Separator 22. Power supply
11. Pressure taps 23. Lab card
12. Sampling vessel 24. Computer

o] 2t®l tg 7187 E5e] oF2 - E(pressure-time signal}g &
Holelch. R Ee] A4S G Al 2R FHUES 4
W3S A-43}o] volt-time signal £ B}FEIL 0]& FE7]2} Oscillo-
scope 2 FilterE # 2] A/D converting system-=- A|-8-3}o] digital signal
& u}Ee] personal computerel] 413 A7) t}-g- ©]F off-line process
2 EAA A E stk HWE 250 S0 AR okt
7]+ Valcom Co.A}e] VPRQ-A4-5K-5CE A1g-3lglon], e
Alze] HA4% = 200HzE 3915 SIS 7F ZA0l|A 1527
stoda] HWE 4159 F7)E 3,002 sich FEHE A5
]l data acquisition system?] DT2801 Lab Board-Z AM&-3}gic}.
7171 E5 Wy-e] T4 ¢} X (dynamic pressure fluctuation)
Z4J317] S18A] pressure tapg 7] L& HH | AR5k, A 9
X 7|A-Q A B4 25 0.1m P22 100 A8

3-2. SENYSEY

7RI 2SN Z1H-AA R3] BAAGA S 771 2R
A Agake] 2ulbsr fEAb ke 23] Suler BEAw e A
S3tod FEIATHL]. b7 ZR oA dabe] Eukef Al aake]
WEE FA8] st sz EES] HHe| 0.1m Fgolel ulet
107§9] sampling tap& |3}l on, Y AN HAke] A]
BEAHE 719 Ee71E AREste] EAlel stgdct AHE AR89
ST FA L2 Aol 3bE = Do-meterAl & AHE-3te] 34

2 2UAe 939

=

0.04 T T T ¥

0.03 -

X(t) [volt]

-0.02 - -
-0.03 - -

-0.04 |- -
0.0 — : :

0.03 1 -
{

0.02 |

0.01
i’
0.00

-0.01

U,=0.15fm/s]

Q 3 6 ] 12 16
t[sec]

Fig. 2. Effects of U; on the pressure fluctuations in pressurized bub-
ble columns(P=0.1 MPa).
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Fig. 3. Effects of P on the pressure fluctuations in pressurized bub-
ble columns(U;=0.08 m/s).
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Fig. 5. Effects of P on the strange attractor in pressurized bubble
columns(U;=0.08 m/s).
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Fig. 6. Typical example of correlation analysis of pressure fluctua-
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Fig. 8. Effects of P on the correlation dimension in pressurized bub-
ble columns.
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Fig. 10. Effects of U; on K,a in pressurized bubble columns.
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Fig. 11. Effects of P on K,a in pressurized bubble columns.
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Fig. 12. Comparison of K;a/D. between calculated and the measured
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C : concentration of oxygen [mol/m’]
C : saturated concentration of oxygen [mol/m’]
G, : initial concentration of oxygen [mol/m’]
C(r) : correlation integral
D. : correlation dimension
Fr : Froude number
g : gravitational acceleration [m/s’]
H : Heavyside function defined as Eq. (7)

: mutual information function [bit]

k : constant in Eq. (8)

k;a : volumetric mass transfer coefficient [1/s]
L : distance from the distributor [m]

M : embedding dimension

m : number of data point

P : pressure  [MPa]

P, : atmospheric pressure [MPa]
Pe : Peclet number
P(V), P(W) : probability corresponding to V and W
P(V, W) :joint probability
r : radius of hypersphere
St : Stanton number
t : time [s]
Us : superficial gas velocity [m/s]
X(t) : time series of pressure fluctuations [Volt]
7,7 : the vector time series defined as Eq. (4)
az2|0jA 2Xt
T : time delay [s]
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