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Gas hold-up and residence time distribution of gas bubbles in a tower type gas entrainer.
Hipenor: KonisHi, MasaTosur MATsuMURA, and Jiron Kosavasui (Institute of
Applied Biochemistry, University of Tsukuba, Sakura-mura, Niiharigun, Ibaraki 305, Japan)
Hakkokogaku 60: 423-431. 1982.

A new tower type aerator using gas entrainment caused by a falling liquid film was
developed. It was characterized by the bottom of the tower which was enlarged so as
to reduce the downward superficial liquid velocity to less than 3 cm/s. The enlarged
bottom not only acts as a gas-liquid separator, but also has the effect of prolonging the
retention time of gas bubbles in the gas-liquid mixed phase.

In the present work, overall gas hold-up and residence time distribution of entrained
gas bubbles were measured in three aerators with a constant diameter of 6.2 cm and
different heights of 190, 380 and 570 cm. Molar flow rate of entrained gas and flow
rate of exchanged gas were obtained by simulating the distribution curve of bubble resi-
dence time with a two-phase crossmixing model in which the flow of gas bubbles in the
aerator is divided into two streams, downward and upward, and the exchange of gas
bubbles at a constant rate occurs between these two streams.

The effect of operating and geometric conditions on overall gas hold-up, molar flow
rate of entrained gas and molar flow rate of exchanged gas were investigated, and their
dimensionless correlations were obtained using Eqgs. (5)-(9) and (18), (19). Mean resi-
dence time of gas bubbles was calculated by combining overall gas hold-up and flow
rate of entrained gas, and compared with those of previous tower type aerators. From
this comparison, it was clarified that the residence time could be prolonged to about ten
times that of the previous tower type aerators.

It is therefore suggested that the new tower type aerator is superior in gas-liquid
contact efficiency and can be applied as a biological aeration system, especially in highly
concentrated organic waste-water treatment.
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Fig. 1. Schematic diagram of experimental appa-
ratus,
1. Packed bed for rectification, 2. Wetted-wall
column, 3. Gas-liquid mixed phase, 4. Gas-liquid
separater, 5. Liquid circulation pump, 6. Thermo
controller, 7. Pressure tap, 8. Glass ball filter, 9.
Pressure guage, 10. Flow meter, 11. Inflammable
gas sensor, 12. Amplifier of gas sensor, 13. Record-
er, 14. Air pump, 15. Humidifier, 16. Air filter,
17. Compressor, 18. Thermometer

(unit: mm)
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Table 1. Geometrical conditions of experimental apparatus,

R .
ng_n hm (cm) hy (cm)  Symbol Rn:;n hm (cm) hy (cm)  Symbol
1 540 30 O 7 520 50 a
2 350 30 i 330 50 1 |
3 160 30 () 9 140 50 L]
K 530 40 N 10 510 60 v
5 340 40 A 11 320 60 v
6 150 40 L 12 130 60 v
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Fig. 2. Effect of length of wetted-wall column A,
length of gas-liquid mixed phase A, and superfi-
cial liquid velocity #; on overall gas hold-up &,
(Symbols are the same as in Table 1).
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Fig. 3. Correlations of 4y ./y ghy and dpm(y/ ghs with
hy|Dy.
;. represents the superficial liquid velocity at g,
=0, and i;m presents the superficial liquid velo-
city at maximum gas hold-up &, (Symbols are
the same as in Table 1).
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Fig. 4. Correlations of &ym/(hm/hw)0-25 and af(hy/
D,)=9-38 with hy/D, and hm[D,, respectively.
&gm represents the overall gas hold-up and the
constant contained in Eq. (1), (Symbols are the
same as in Table 1).
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Fig. 5. Comparison of experimental values with cal-
culated ones obtained from Egs. (5)—(9) for ove-
rall gas hold-up &,, (Symbols are the same as in
Table 1).
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Fig. 7. Correlation of £,/ Np,4:0 (hm/hy)0-25 Q ; with
hy|Do, (Symbols are the same as in Table 1).
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Fig. 8. Correlation of xhy/Q 1 (fo/Q1)1-5 (hw/D,)0-3
with hyfhy, (Symbols are the same as in Table 1).
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Fig. 9. Comparison of experimental values with cal-
culated ones obtained from Egs. (5)-(10), (20),
(21) for the dimensionless molar fraction of tracer
gas in the head space of the bubble column,
(Symbols are the same as in Table 1).
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Fig. 10. Comparison of the relationship between
overall gas hold-up &, and superficial gas velocity
iig found with our equipment and previous bub-
ble columns.

@; this work

@5 hm=600cm, D=45cm, gas diffuser, cocurrent
downflow

®; An=400 cm, D=15.2 cm, single nozzle, ba-
tchwise

@3 hw=200 cm, D=12.2 cm, perforated plate,
concurrent

®; hm=150 cm, D=5.0 cm, single nozzle, coun-
tercurrent

®; Am=380cm, D=14cm, perforated plate,
countercurrent )
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4 mol/s
: ‘\\\ g : gravitational acceleration, cm/s?
\k v gc : gravitational conversion factor, g-cm/G-s?
102 _\\\\\\\ hm : length of gas-liquid mixed phase, cm
% 5k ' hy : length of fall from end of nozzle, cm
;; I hy : length of wetted-wall column, cm
e Np, : Froud number defined by V;2/ghy, —
ol ®\ P, : atmospheric pressure, atm
E N P, : static pressure at distance of X from free surface
2 —. 11 NP BT m of gas-liquid mixed phase, atm
ool 05 1 5 10 20 Px : dimensionless pressure defined by P[P, —
ug (cm/s) . ey
Fig. 11. Comparison of mean gas residence time 0y, Q. : superficial molar flow rate of liquid in column,
with our equipment and previous bubble colu- mol/s
grﬁ; g;;feiggx.,lre cited in this Figure is the same 5 : gas constant, ml.atm/mol. °K
T : temperature, °K
DICHEBBREORNIUETSHS. i, KED @ : superficial liquid velocity in column, cm/s
EELRATILESSD, CNORSHOBELL % ¢ jot velocity at nozzle, cms
7, i : superficial gas velocity in column, cm/s
U : dimensionless superficial liquid velocity in col-
3 g umn defined by (@ —ize)/(ELm—iLe), —
HBEOHBETICLOEESE X ALEHELIEE A V, : gas volume of gas-liquid mixed phase, ml
6.2 cm, £ 190 cm, 380 cm, 570 cn D HEER G RO Vg : gas volume of column head space, ml
BEUSEEXAABRBICOWT, EPHFRK—NVFT V; : surface velocity of falling liquid film, cm/s
v 7 &y, [IEADEHERESHB LU kL S ALEE V; : liquid volume of gas-liquid mixed phase, ml
S RODOWTHEI L, FHALT A K-V IFT v T & & X : length in X direction from free surface of gas-
Sk X ABENVRER o OBKRLD, AEEICBY liquid mixed phase, cm
DO FIEEIR 0, 13, REROKMEBELEL  »i : molar fraction of tracer gas, —
DI RENREREE,. O &L, KikEMEE Z : dimensionless length of gas-liquid mixed phase
DORMD S EHTH Y, FRYEBEHRIS, &< defined by X/hm, —
EUERAEEEE LTHAERTE5LEL 005, £ : defined by & 4hn/2Vy, —
Nomenclature B : defined by (fe+ft+F) & Ahm[2(fo-+Sf1) Vi, —
g, : overall gas hold-up defined by V,/(V,+ V), —
A : cross sectional area of column, cm? 0 : time,s
a : constant contained in Eq. (1), — 6; : lag time defined by &, 4hm Po/2(f:+f;) RT, s
: constant defined by 6*&ym(drm—dLc), s/cm 8~ : mean residence time of gas bubble, s
b* : constant contained in Eq. (2), — x : molar flow rate of exchanged gas per unit len-
D, : column diameter, cm gth of column in X direction, mol/cm s
D, : nozzle diameter, cm ¢ : dimensionless molar flow rate of exchanged gas
E : dimensionless overall gas hold-up defined by defined by whm/(fo+f1), —
EglEgm; — pr : liquid density, g/cm?®
fe : molar flow rate of entrained gas, mol/s 7 : defined by 2(fs+f;) RT|e; Ahm Po, —
ft : molar flow rate of tracer gas sparged from col- ¥1i : dimensionless molar fraction of tracer gas defin-

umn bottom, mol/s

F : molar flow rate of gas to column head space,

ed by yii (fo+fD)[fr, —
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