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Bubble Dispersion Phenomena in Water, Mercury, Molten Iron and

Molten Copper Baths

Masahiro KAWAKAMI, Satoru HosoNo, Kazutoshi TAKAHASHI and Koin ITO

Synopsis :

Bubble dispersion phenomena in water, mercury, molten iron and molten copper have been investigated by
electro-resistivity probe method. The bath dimension and modified Froude numbers were adjusted in all
measurements.

Bubble dispersion phenomena were qualitatively similar both in cold model and hot metal baths. Namely,
the radial distribution of bubble frequency and local gas holdup were well represented by the two dimen-
sional Gaussian distribution function. The radial and vertical distribution of bubble rising velocity were
similar in all baths. The radial distribution of mean chord length were flat at every height. The mean
chord length decreased with an increase of the height from mozzle, indicating disintegration of bubbles dur-
ing ascending in the bath. However, they were different quantitatively. The boundary of the bubble dis-
persion zone, which was quantitatively defined by the locus of twofold standard deviation of the Gaussian
distribution function, was wider in high temperature metal baths than that in cold model baths. The bubble
rising velocity was higher in the order of molten iron=molten copper > mercury > water bath. The mean
chord length was larger in the same order as above. The thermal expansion of bubbles in high temperature
metal baths were not completed until the bubbles have ascended upto 150 mm from nozzle.

In conclusion, the bubble dispersion phenomena in high temperature metal baths cannot be simulated with
those in cold model baths, even if the bath dimension and the modified Froude number were adjusted.

Key words : bubble dispersion phenomena; water; mercury; molten iron; molten copper; electro-resistivity

probe; bubble frequency; local gas holdup; bubble rising velocity; mean chord length of bubbles.
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Fig. 1. Experimental apparatus for the
measurement in water and mercury baths.

Fig. 2. Construction of electroresistivity
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probe for the measurement in molten iron
and copper baths.
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Table 1. The modified Froude number and gas in-
jection rate in different baths.

Gas injection rate (N1/min)

Fr Molten iron Water Mercury Molten copper
a) 61 10.0 3.78 14.0 10.7
b) 311 8.54 31.0
a) 137 15.0 5.67 — 16.0
b) 701 12.8 —
a) 244 20.0 7.56 — 21.4
b)1 247 17.1 —

The gas temperature was assumed as room temperature in a) and as
the bath temperature in b).
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Fig. 3. Radial distribution of bubble frequency in
mercury bath with the gas injection rate of 31.0
N1/min.
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Fig. 4. Radial distribution of bubble frequeney in
molten copper bath with the gas injection rate of
10.7 N1/min.
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Fig. 5. Boundary of bubble dispersion zone de-
fined by 2 o of Gaussian distribution function of
bubble frequency in different baths. The closed
circles correspond to higher Fr values.
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Fig. 6. Radial distribution of local gas holdup in
molten iron bath with the gas injection rate of 10.0
NI/ min.
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Fig. 7. Radial distribution of bubble rising veloc-
ity in molten copper bath with the gas injection rate
of 21.4 NI/min.
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Fig. 8. Radial distribution of bubble rising veloc-
ity in water bath with the gas injection rate of 17.1
NI/min.
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Fig. 9. Vertical distribution of bubble rising
velocity on the central axis in molten copper bath
at different height.
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Fig. 10. Vertical distribution of bubble rising
velocity on the central axis in mercury bath at
different height.
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Fig. 11. Change in terminal rising velocity of bub-

bles in mercury bath with the gas injection rate.
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Fig. 12. Radial distribution of mean chord length

of bubbles at different height in water bath.
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Fig. 13. Radial distribution of mean chord length

of bubbles at different height in molten copper
bath.
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Table 2. Gas flow rate calculated from equations
(6) and (7 ) at different height in water bath at
Q=2.0 NI/min.

Vertical distance from nozzle : Zmm
25 50 75 100 150
Qeot1/min 2.1 2.4 2.0 2.0 1.7
Q*N1/min 2.1 2.4 2.0 2.0 1.7

Table 3. Gas flow rate calculated from equations
(6) and (7 ) at different height in mercury bath.

Vertical distance from nozzle : Zmm
50 75 100

150
Q=140 QuVmin | 132 86 7.9 7.3 8.6
NVmin =~ o*Nymin | 113 117 120 124 13.1
Q=31.0 _Qeat/min 16.0 19.8 14.5 18.4  18.4
NI/ min

Q*NI/min 26.0 25.9 27.5 28.3 30.0

Table 4. The bubble temperature estimated from
equations ( 6 ) and (7 ) at different height in mol-
ten copper bath at Q =10.7 N1/min.

Height (mm) 50 100 150
Temperature (°C) 364 862 1578
LAbhrsiz.
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HOIEA ) EWGAR F ARENAKTE L e o 7258, %2
HTRIAAREBOWME & b2, Kk o7k,

2VRRH AR =N KT v TORFEFEOSH4IE,
WIFNOBTH 2RITFT T ATHATRENT.

3)RBEARBEDOLEFMOSAIX, WTFIOHBT
L L FECE—2 %23 2B HTH 7. Lo L,
BB S ZO0MIE O R o 7. BEETOR
A LAREEIKBEROH 2HETH o 7.

4 )RS OXRHTROSME, WTFROBTY
—CTHho7z. 72, BB EFHER S 3/hs L
%Y, [ ERAFICHRT HBANCD - 7. TR
s, KEHEX D EBBFOFVKE N 572,

S5YRFAAF—NV T v TR LA EEDF—
S EXVEROEE SHE 2 ERT LT AHFELEIEL,
WOAHRH AFEE TS 2 L IC X D EIRBIZBITHHE
TEREEEHRE L. T/, BRBFICKREAINLFT R
DEERIE, 2 XS 100 mm OMETIHETLTY
I ERHOMIT L.

DED & 51z, K, KB, &S, BIEHOSIESEL
EEIIEEIC UL L > Tz, Lo, BostEs
BE7V— FERERZ I 20b 6T, EEMICIE,

PENRESTBY, HROBFHVTEHROEEGET
DEBFTHEHE Y Ial— T B LB TELRVIE
VY o ¥ W AN

ABFFEE, CEE OB 63 4E ~ PRk TR R T Te
BHiBE (—F% C) 2200, fibhr.
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