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Gas Holdup and Average Rising Velocity of Bubble Swarms
in Liquid Metal

Masamichi SANO and Kazumi MORI

Synopsis:

The gas holdup and average rising velocity of bubble swarms in a mercury bath have been studied by
using an electroresistivity probe method. The column diameter was 7 cm and the bath depth was 40~
70 cm. Nitrogen was blown through a nozzle (O.D.x 1.D.=0.7 x0.2, 0.4 }0.24 cm) into the bath. The
gas—flow rate was 160~1 330 (cc/sec, 1 atm). Itis found that the gas holdup is 0.073~0.28 and the average
bubble rising velocity is 50~100 (cm/sec). The gas holdup of the present nitrogen-mercury system is
nearly equal to that of the air—water system. FEquations are obtained to describe the effects of physical
properties of gas and liquid on the gas holdup. The equations are used to explain the close agreement
of the gas holdup between the two systems. The effects of column and nozzle diameters on the gas holdup
are also examined. From theoretical analyses of the data, the gas holdup and average bubble rising velocity
are estimated for the nitrogen—molten iron system.
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11 Table 1. Depth of mercury bath (#).
D—
e 13 % (cm)
Vg 75 65 55 35 25 12
12 @ (Nce/ sec)
8 ‘ 1330
109 1150 he=60cm
- R
@2 940
T hy=40cm
[ 1 8 740
1
S 550
5 hy=70cm
360
160
% -
Base level
3 i (Mercury occupies 1, t, g t,
) the probe tip.) A L, b
1 Gas cylinder 8 Mercury manometer
2 Pressure gauge 9 Gas reservoir . )ty A orenrnnnenes +t,
:‘7; Ealvi ;(1) g;ot?;r;neter Hioe= time of measurement
0ZZie . . . .
5 Mercury reservoir 12 Resistance tz étgblf 2, , n) : tm}l]e dur{)ng ?Nhlch
6 Electroresistivity probe 13 Oscillograph 2 bubble passcs over the prove tip-
7 Return electrode

Fig. 1. Experimental apparatus.
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Fig. 2. Electroresistivity probe.
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Fig. 3. Bubble frequency recorded by oscillograph
and determination of local gas holdup.
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Fig. 4. Radial distribution of bubble frequency.
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Fig. 5. Relation between total bubble frequency
and distance from nozzle.
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Fig. 6. Relation between total bubble frequency
and gas flow rate.
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Fig. 7. Radial distribution of local gas holdup
at A=65cm.
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Fig. 8. Relation between gas holdup and
superficial gas velocity.
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Fig. 9. Relation between gas holdup and
modified superficial gas velocity.
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4-2-5 5 AR

HAF— N7 v FHEEERE V. OBRBHbIN
i, (3)R XV RBFEOFH EFEE vp,0 HRDLN
%. Fig. 10 1%, Fig. 8 1R L7 E&K-KR, ER-/KHR
FOFEBIER D HRO KW OFH EARETH 5.
AEEROZEPEE (3.6~27cm/sec) kT HAKERF D
A4 iR FE R 50~100cm/sec ThH D7z 722 L,
B D B BEEIPLDOETOEES EXh T
5.

EE-AERICOWVWTIE, Fig. 8 WRLAH Ak -
K7 v 7OWEBEXLD vs,0 %KD, Fig. 10 iR L
Fo. EEFMPOFH LAEER, R OZERE O
FIiz W Tl 60~160cm/sec THD, 2D REWVT
LHEE XN,

R KROBE, FR K-V ET v ik, FBREN 0em QAT TRE
BMEEOBE PR TAX R 2 HEN D52, 10cm UETIR BE%
BT EIRIEH .
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BRHEBTOREBOT AR L 7 » 7R X OEY L EEE 1721

1000F
o air-water
- o 7x2mm¢
™ ® 4x2.4 15)
’g F @ O0-BOP(Fruehan”’) ®
o
£
L
100¢
&
S8
s Aiitrogen-—-molten iron
( Eq.(3),(12) and the resultof ® )
----- — nitrogen-moiteniron
(Eq.(3),(13) and the resultot ® )
1c 1 1 L il - il Jo4 1. L1l 1
1 10 100

Vs (emisec)

@®~® : referred to Fig. 8.

Fig. 10. Relation between average bubble rising
velocity and superficial gas velocity.
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PLEDWE 2> 5, ¥ERE: S ORIE O 5 EIEARERIC
WIKDGE LR UEBET5 2 EBEL N D T
DT LEVE, BBOBET v 2R BT HHAF -V KT
v TN EAEE L AR KOG &R E
L LTEZDLENTELIEERLTWVS.

PEH, BR-KRTHONIEEOMED 5L, &HH,
FRHE® OFERIT 2L HIAHMLFHTIT2>THY, &
QIEBEMN I5em PLETIEH R F —oV K7 » 1A%
BICEKEF LI WZ &, F724~40mm OHFE T/ 2%
MHAAFT =WV ET v TCHELRITE W O R
REBOBECRD. Fi, S8 ANVTHOWTERL
ToEEW O L FREE L O D, 2 X1 Kd
7o DERLERFTEREDS, AR 10cm DL ORI+
MTBELE, HRAK—WERT y Fixtd 5 2 ZVvEED
HHEIREL RV EHEEINSH, ZhERTEET
X5,

Fig. 8 OB TAR LIzDiE, BHE-EEHERITOVT,
HH, FKE® OFEBR LT AT -V KT v FHRREFKIT
EELEWBEDEROIPOHE LI AR~V R T »
FLBEEEOBRTH M, B o e a2Wi s
Lic—DD#HEF -2 L vz 5.

FrRUEHANY |3, HH, FREOEREESZ/MIEL, 30
t Q-BOP vZ2itdifE 70cm/sec \ITBIF B H 2R -0 K
7 v THEIOCEHRE EEEEIXE & 0.33, 250cm/ sec
ThHHEHEELTWS. ZThbDfHEIE, Fig. 8, 10 iz
RUIH, REOBIT OV T OHERER» 5ok,
FIERYTETHE L2 5.

5. # %

IKERFD B— Zv X 0 EF% Eikg (160~ 1330
Nee/sec) THRAZL, BRIFEHET X b ZusERE, # =
K=V RT v TERBEL, 2XOkHmEER.

(1) BRI ZRMOSECRIEE, / A vpeo
BEEE 2 X 12em D)L 1 C, FRABBOAITKIEL, k&3
[ERZ3:0)AN e SENE SA QN

(2) RIBSEEE, HRX R =V R7 v FIIABORRS
PTG Y, PLAETIEAS L, BEMBITIR/AAS
.

C(3) SWEBEEE, WARAK—IV KT v P12 RV
EERTHD. Lt oT, BROKH DS HERIEIK
BT AD L OEHEICITERDRTH 5.

(4) ZHHE-KPR &L BLK-AKR DO FRE—VET »
7, FERIE EFRER R —DEBRLET CIRSIE—5%
T5.

(5) HAK— BT o PICHT 5EMOWHE DY
B ERBRCEKRT RN E X, piEO— 2 3 L.

(6) DWRIVEHFRZ DVTHRA—WEF o S, T
B LA RERHE L.

i =
Ai: ()R 2 NBEOTE (cm?)
dp : G (cm)
dp,vs : RHEBETFH L AT (cm)
dp: 7 RAFE (cm)
dui: 7 XILPHE (cm)
duot 7 RABEE (cm)
dr : FEHEE (cm)

F': {EE7,1— Fiﬁ((=Pgu§/g(Pl*Pg)dm') (=)

S RIS EE (1/sec)
oo B ERWIE V-3 O KM E (1/sec)
St [RABEOHRM (=6 f4) (1/sec)
g B E (cm/ sec?)
H: FRPHFHO SRS - FT v 7 (=)
Hig : RFAARB =L ET » 7 (—)
h: 7 R vSes e b o T F [ o 5 (cm)
he 0 AKERIBE X (cm)

Plo: IBBRHEEH- 0 OEBE I3y 2
WA BT BT ] (8- cm?/ secd- cm?)

R : F8ps (cm)
Rep : G¥av4 7 A X% (=pidpos/pr) (=)
ro: RERNE L A PE (cm)
t ;B (sec)
Up: /) AAHMATO H A HE (em/ sec)
vp: B—5imo LR #RE (cm/sec)
VB .yt FHKR W EREE (cm/ sec)
Ve: % 28 (cm3/sec)
Vy: 2otk (cm/ sec)

VS,V (12), (1) RTEESN S EEERERE
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