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Gas Holdup in the Bubble Columns with Viscous and Viscoelastic Liquids
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Abstract—The effects of liquid viscosity and viscoelasticity on gas holdups were studied in a bubble column.
For the sake of covering a wide range of the liquid properties, the newtonian sucrose, strongly pseudoplastic
and weakly viscoelastic xanthan, strongly viscoelastic polyacrylamide(PAA) and moderately viscoelastic xan-
than-PAA mixture aqueous solutions were used as the liquid phase. As increasing the liquid viscosity, the
gas holdups decreased in the heterogeneous flow regime. On the other hand, the gas holdups in the slug
flow regime increased with the effective viscosity. The gas holdups in the strongly viscoelastic solutions
of PAA exhibited lower values than those in the weakly viscoelastic xanthan solutions.
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Table 1. Experimental studies on the gas holdup in bubble columns with viscous liquids

Investigators

Liquids

Operating conditions

Akita and Yoshida[18]

Buchholz et al.[14]

Nakanoh and Yoshida[19]

Schumpe and Deckwer[7]

Godbole et al.[6]

Godbole et al.[10]

Schumpe et al.[12]
Haque et al.[4]

Kawase and Moo-Young[8]

glycol-solns
k: 1-:21-107% Pa ¢*
n: 1

glycerol-, CMC-solns
k: 3-450-107° Pa s*
n: 1-0.75

sucrose-, CMC-, PA-solns
k: 1-246:107°% Pa &
n: 1-0.51

CMC-solns
k: 1-500:1072 Pa s”
n: 1-0.75

glycerol-solns

k: 1-246-1073 Pa "
n: 1

CMC-solns

k: 1-2570:10°°% Pa "
n: 1-05

CMC-solns

k: 95-7,683-10°° Pa 5"
n: 0.85-0.44

xanthan-solns
k: 23-9,780-107% Pa &
n: 0.70-0.18

CMC-solns
k: 12-1,320-1073 Pa ¢"
n: 0.80-0.50

glycerine-, dextrose-,

CMC-, carboxypolymethylene-,

PAA-solns
k: 0.9-1,650:-10°% Pa ¢"
n: 1.0-0.504

D¢: 0.152 m

Hg: 2-3 m

ug: 0.001-0.25 m/s
heterogeneous flow
Dc: 014 m

HGL: 39 m

ug: 0.01-0.06 m/s
u.: 0.006-0.015 m/s
heterogeneous flow
D¢: 0145 m

HGL: 1.1m

ug: 0.02-0.09 m/s
heterogeneous flow
Dc: 0102, 0.14 m
Her: 24, 27 m
ug: 0.003-0.20 m/s
u.: 0.006 m/s
homogeneous, slug flow
DcZ 0.305 m

Hc[_: <24 m

ug: 0.04-0.28 m/s
heterogeneous, slug flow

D¢: 0.305 m

HGL: 25 m

ug: 0.03-0.24 m/s
uz: 0-0.006 m/s
heterogeneous flow
D¢: 0.14, 030 m
HCLZ 20 m

ug: 0.02-0.20 m/s
heterogeneous, slug flow
De¢: 0.10, 0.20, 0.38, 1.0 m
HGL: 03-20 m

ug: 0.03-0.24 m/s
heterogeneous flow

De: 023, 0.76 m

Her: 122, 321 m

Ug: ?

heterogeneous flow
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Fig. 1. Lower gas-liqud mass transfer coefficients in vis-
coelastic solutions of (V) PAA and ((]) mixed xan-
than-PAA as compared to (O) pseudoplastic but
slightly viscoelastic xanthan solutions and (2) in-
elastic sucrose solutions at the gas velocity of 0.14
m/s, after Suh et al.[20].
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Table 2. Liquid properties at 28°C

Conc. 100k n po 10°c
Solutes kg/m3 Pag” - kg/m® N/m
Sucrose 1 517 62 1 1175 710
Sucrose 2 622 114 1 1225 712
Sucrose 3 668 163 1 1248 714
Sucrose 4 708 220 1 1264 746
Xanthan 1 n.a. 7.80 0.852 1000 n.a.
Xanthan 2 n.a. 303 0684 1000 na.
Xanthan 3 0.9 143 0483 1000 705
Xanthan 4 n.a. 193 0487 1000 na.
Xanthan 5 1.6 469 0350 1002 69.6
Xanthan 6 2.2 924 0300 1002 70.7
Xanthan 7 29 1733 0228 1002 715
Xanthan 8 36 2747 0.181 1002 na.
Xanthan 9 4.6 4632 0.131 1003 na.
Xanthan 10 8.8 6898 0.098 1003 na.
Xanthan 11 13.9 9873 0.136 1004 na.
Xanthan 12 155 10763 0.167 1006 na.
Xanthan 13 19.2 12670 0.187 1007 na.
PAA 1 2.0 139 0.762 1000 710
PAA 2 37 964 0357 1002 707
PAA 3 9.3 7810 0230 1002 67.0
PAA 4 n.a. 19450 0.194 1005 na.
PAA 5 20 29401 0.181 1005 na.
Xanthan/PAA 1 5.0/0.1° 2036 0327 1001 717
Xanthan/PAA 2 5.0/0.5° 1989 0375 1001 73.0
Xanthan/PAA 3 2.5/2.0° 651 0530 1001 656
Xanthan/PAA 4 5.0/2.0° 1585 0417 1002 69.0
Xanthan/PAA 5 7.5/2.0° 2845 0356 1003 73.0
na.: not available
“Xanthan/PAA concentrations
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Fig. 2. Weissenberg number as a function of shear rate
(—-— upper and lower limits of PAA, —--— of
xanthan-PAA, — of xanthan, and --- of CMC

solutions).
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Fig. 3. Gas holdups in sucrose solutions 1 (v), 2 Q),
3 (O), 4 (&) and water (@) in Table 2.
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Fig. 4. Gas holdups in low concentrated xanthan solu-
tions.
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Fig. 5. Gas holdups in high concentrated xanthan 9 (O),
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Table 2.
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Fig. 6. Dependence of gas holdups upon liquid viscosity
in xanthan(open symbols) and sucrose(close sym-
bols) solutions at various gas velocities.
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Table 3. Comparisons of gas holdups observed in hetero-
geneous flow regime in xanthan solutions with
the predictions by correlations previously repor-
ted in literature

Authors Correlations Deviations(%)
Haque et al.[4] Eq. (3) 26.6
Kawase and Moo-Young[8] Egq. (7) 32.7
Schumpe and Deckwer[9] Eq. (8) 17.7
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included for comparison.
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£ o3+ Braunschweig 2419 Gesellschaft fuer
Biotechnologische Forschung mbHell 4] 48] 5 ¢].o.m
W.-D. Deckwer <=2} Braunschweig 22}t st 9] A,
Schurpe @42 Z el FHAl=Ych

ARB7|E

a :specific gas-liquid interfacial area referred to
gas-liquid dispersion volume [1/m]

ds :bubble diameter [m]

D¢ :column diameter [m]

Duyo: molecular diffusivity of oxygen in water [m?/s]

D, :molecular diffusivity of oxygen [m?/s]

h :height above gas distributor the gas holdup is

characteristic for [m]

: height of gas-liquid dispersion [m]

: height of clear liquid [m]

k :fluid consistency factor {Pa s"]

k.a’ : volumetric gas-liquid mass transfer coefficient
referred to liquid volume [1/s]

n :flow behavior index [-]

N, :first normal stress difference [Pa]

P :pressure [Pal

ug :bubble rising velocity in the bubble swarms
[m/s]

u; :superficial gas velocity [m/s]

azjola EX}

¥ :shear rate [1/s]

ec :holdup of bubbles larger than about 1 mm
-]

g, :total gas holdup [-]

: holdup of very small bubble smaller than 1 mm

(-]

: viscosity [Pa s]

: density [kg/m?]

: surface tension [N/m]

: shear stress [Pa]

4 qQ © *

B}

cal :values calculated by correlation

38138t K32 H6E 19944 1238

Mg

eff
exp

t-s

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

: effective

: values observed experimentally

: gas

: liquid

: transition of heterogeneous(churn-turbulent)
flow regime into slug flow regime
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