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Fluid Flow in a Gas-stirred Vessel

Nagayasu BEssHO, Shoji TANIGUCHI and Atsushi KIKucHI

Synopsis:

Characteristics of bubble dispersion and fluid flow in a gas-stirred vessel have been studied.
Nitrogen gas was injected into water through a 0.6 cm diameter nozzle at the center of the bottom of
0.29 m diameter acrylate vessel. Flow patterns were visualized by using insoluble salt particles dispersed

in water.

In order to simulate the flow patterns, the ‘“‘bubble dispersion model” is proposed. This model

consists of equations of flow and bubble dispersion with constant values of effective kinematic viscosity,

ve, and effective dispersion coefficient of bubbles, D,.

The values of D, are assumed to be equal to those of

v, and are calculated by the ad hoc model proposed by SpaALDING et al.
The computed flow patterns were roughly consistent with the observed results in the range of g =1.67 x
10-5~1.67 x 104 m®/s and z,=0.1~0.4 m, where g is the gas flow rate and z, is the height of water.
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Fig. 1. Schematic diagram of experimental
apparatus.
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Table 1. Numerical values of parameters used
for computation.

O¢ Z, Wx10™ N(=S) Calculated results Observed results

97.6 1.38 3.13 14.0 Fig. 4 (a),5 (a)
292 1.38 2,86 41.9 Fi

Photo. 1 (a)
g 3,4(b),5(b) Photo. 1 (b)

487 138 273 69.7  Fig 4(c), 5 (c) Photo. 1 (c)
976 1.38 2,01 140 Fig. 4 (d), 5 (d) Photo. 1 (d)
292 0.48 2.8 59,3 Fig. 4 (e), 5 (e) Photo. 1 (e)
292 1.03 2,86 46,0 Fig. 4 (f), 5 (f) Photo. 1 (f)
292 2.76  2.86 33.2 Fig. 4 (g), 5 (g) Photo. 1 (g)
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BLUARREILH 30s <, (MK RL K IUEEAL
BT A REBEIERESME TR D B FoRAFIL 500
FTH o,
3.3 MEEREIUER

(1) 7e—rtzv

Fig. 3 1= Q6=292, Z,=1.38 OPADOWREN A%,
¥ 7z Fig. 4 (a)~(g) it Table 1 o4&t BT
LW O ERREY R L.

%3 Fig. 3 0N fixib s, R=0 0 Z

CENCRIEHTISEEO R E W ER AR Eh TR b,

ZOWNE Z=Z, OyifECT R AACEHE YL %, R @
CIITPAT e IR E O K E WRE & /s> T 5.
ZhboWhE>T, FRIITK E RBRIES K &
T 50, R TFEHORAEELSHIIBREIFZEL T
MWD THED /NI WKL H B 15 fots, FEO
BKME Umax (= (U4 VH)V2,,,=1.56 x 105) 3%
D R=0 DB HD. ZOHEITEROFRTIE 1.27m/
s WY 5.

Fig. 3 L A—&#bo 7e—sx2 vt nt (Fig. 4
(b)), RACIKFTEHL Y DKE R IBRIMA L, XF
at 0 OSBRI B D o o h okt 235
5. Bo{FRMONME R Fig. 3 BT 3 HED/NX
B IG LT 5. FRADERKOSPLNIR LD
flEEDE S CH D T L abhnb.

Fig. 4 (a)~(d) %#H#T 2L, Q¢ DO
TADFRIED I KkE L eh, MhoBEKLIAL oD
T3, chiextl, BofERE © #igi: Qe oM
EE B oo T 5.

OE¥K Qe x—EE LT Z, wBAEx B4 (Fig.
4 (b), (e)~(g)) #ZbkL, Z, PKEWVIIZE A, B
15 Fig. 3 itiz (U2+V2)12<0.005U 4, OEERFTIN TN,

T MBI 2 BAEOHEMRS 710 W BOERMIX mah T
[A4 AN

— 62 —



BREREAOWME DR N 1121

(a) (b)

(c) @

10 \__10

(9)

(a) Qg=97.6, Z,=1.38 (b) Qgz=292, Z,=1.38
(¢) Qg=487, Z,=1.38 (d) Qg=976, Z,=1.38
(e) Qg=292, Z,;=0.48

(f) Qg=292, Z,=1.03 (g) Qg=292, Z,=2.76

Fig. 4. Flow patterns obtained for various values of Q¢ and Z,.
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Table Al. Theoretical studies on the fluid flow in the gas-stirred tank.

Bubble-dispersion zone Condition of computation
Investigator Turbulent model
Form | Gas holdup Liguid 71/m z/m gg/m3s™?
(A)J. SZEKELY et al.® kW cylinder
k<
(B) T. Deb ROY et al.®? ad hoc cylinder water 0.3 0.6 2,05%x10-4¢
laminar
(C) T. Deb ROY et al.?? ad hoc cylinder | function of 2
(D) J. SZEKELY et al.® W cylinder liquid 0.6 Lo 8.33x107¢
iron 1.1 1.5 9,17x10-4
(E) N. EL-KADDAH et al.»? ks corn function of z liquid 0.55 L0 :
iron 0. 95 2,1
water 0.55 1.0 8.33x10"*~5x10"8
(F) Y. SaHAI et al 1® ke corn constant
liquid 1.79 3.57 4.17x10-8
iron 2.25 4.5 8,33x10-3
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