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Dispersion of Gas Injected into Liquid Metal
N Masamichi SANO, Kazumi MORI, and Yasuhisa FujiTa
Synopsis:

A study on dispersion of gas injected into mercury has been made by using an electroresistivity probe
technique. The column diameter was 7 or 10 cm and the depth of the mercury bath was 10~70 cm.
Nitrogen was blown through a single nozzle (O.D.xI.D.=1.0x0.6, 0.7x0.2, 0.4%0.24 cm) into
the bath. The gas flow rate was 50~1 330 (cm?fs, 1 atm). Measurements were made for the size of
bubbles formed at the nozzle and rising in the bath. It was found that the empirical correlation obtained
previously for the size of bubbles formed at nozzles in lower gas flow rates was applicable to estimate the
size of bubbles in the present gas flow rates. The volume-surface mean diameter of the bubble swarm
in mercury increased with increasing the superficial gas velocity. An equation was obtained to describe
the effects of liquid physical properties on the average size of bubbles in the swarm. The equation was

used to estimate the average size of bubbles rising in molten iron.
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Fig. 1. Bubble frequency recorded by oscillograph.
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Photo. 1. Bubble frequency recorded by synchroscope.

Jaie 0~2.5cm ¢ 0.5cm RfE CHIE R T 2% /s
B, BB YvIrRAa—, Fyvursy Bk
FLIRALE D 50cm/s) R T,

3. R B E R

3-1 &m%B

3:-1.1 SfusAHE oWz

BREH ML KW BEBRT D L L2 TETHE
KB DEFACHIG T 5 BEZEELR X OKEAER TS
BxD s AAHOENEL (EJj-<n2) ZENEHREC
I oTERLI-BEELY Y v IZ7eRra—FDT 5wy
BRICHEIEE LTBlbL, BEHKE LT Photo. 1 1R
Uiz, AAWER 150 cmd/s, FH LA, XAixsME 1.0
cm, HEE 0.6cm T, EXKBEE OB, AL LD
Smm ETHS. BREENEC X 20, EENESR
Bl 23\ TOREE T Te b bR G S e A BE LT
BT ERRLTVS. BRSO CRIERIIELSE
BT, ChIDRBBEEYNET S ENTEBH,
FEJJ A~ A AR TUE A A ARIEECARHE ©, S
FEOREIRETHS - Ehbhnb.

Fig. 113, R L 2WMEk 4y v r 275 712 LD
AFELILDTHS. #AREX 330cm?/s ¢, BRE
gtofLBEIX , AAEM L D Smm EThb. Fig.l ok
WCERARERERE TR VO, DEHRVvOBE

— 11 —



1142 go&

4 65 4 (1979) 8%

1.0 40
0.9} —30
=
Vg 300cc/sec 'g
T 08F 4. 10cm - - 20 o
dn; 0.6 -
0.7F . 10
0.5 i L - 1 1 1 L 1 1. )

-10 -8 -6 -4 -2 0 +2 +4 +6 +8 10

Fig. 2. Variation of bubble frequency and gas
holdup with distance from nozzle tip.
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Fig. 3. Variation of bubble frequency and gas
holdup with distance from nozzle tip.
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Fig. 4. Variation of cumulative frequency distri-
bution of wave length with distance from§

nozzle tip.
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Fig. 5. Variation of cumulative frequency distri-
bution of wave length with distance from
nozzle tip.
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Fig. 6. Variation of cumulative frequency distri-
bution of wave length with nozzle dia-
meter.
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Fig. 7. Relation between average diameter of
bubble formed at nozzle and nozzle
Reynolds number.
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Fig. 8. Relation between average diameter of
bubble formed at nozzle and gas flow
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Fig. 9. Relation between frequency of bubble of
wave length W and radial distance.
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Fig. 10. Variation of cumulative frequency distri-
bution of wave length with nozzle dia-
meter.
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Fig. 11. Variation of cumulative frequency distri-
bution of wave length with gas flow rate.

BROEEBY R L. KX ERIEOMRTH 7 Av
BROBEBIIHEVIRNZ EDLID.

Fig. 11 33RO RBEEMGCHT 2 7 ARED
EBERLELOTHS. Mrbbhb ki, »AR
B2AEF W E, BREOKREVLKRROEIGAEMT S
R D%.

3-2.3 REFTCFISE

Fig. 9 127k L7 IMIE D0 X FHKRRELR K
DB T DdITIL, RO LREER X OTRE N S BES
b, WiFBLTE, FERY TREREF—-OHFET
CEEHSRLEARELB NS0T, Thix#EfT5.
BEEONTIE, AEROBARE VKL LR
LTWBEEZBNDLD, BHEOILDERBETS.

LEX Y, HEETPHE dvs RKK

3 uB,av

3 e J OOV

2 500 % ()
5 JZ F(WYdW

dys=

T oEHBETE A, Fig. 12 10k dys E7 ANV VA 7V
RHL Re, DRMEZ R LI, TR DD, K-ZER
Ao\ o LEmsoN LY DFERE SR L. LEmsoN b
DFEr, Re,™>2100 T Reo DI E & BT dys 137D

— 14 —

<

4




WS Bh S ARALITE T2 4B S8 1145

10

N\,

W %00 —_— Eqi1).(2)
1k ) o W\ dno dpi

L \\‘\ 1 @ 0.7cm 0.2cm
AN 2 o 0.4 0.2

dyg fem)

0.1 3 1 1 1 11 1 1 11 1 1
10 10
Re,

Fig. 12. Relation between volume-surface mean
diameter of bubble and nozzle Reynolds
number.

10

dys (cm)

dno dni
0.7cm 0.2cm

0.4 0.24
Ueyamaetal. H,0-air
Fruehan (Q-BOP)®

041 L 1111 1 |Eq1'(7|)1 L
1 10 10?

Vs (cm/sec)

8)

T
® x O @

Fig. 13. Relation between volume-surface mean
diameter of bubble and gas flow rate.
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INE T B EEND B, Tek, b SXERESEE
Vv, ABRAHODE LB L, WO BRIREIAE
WZ EERRLTWS,

PLEX b, BAEPCERETH ARKAALIESE, K
YoiEHs 0.4~0.6 cm BEDH—I k& L0
0TI, GRFAEIEE LCERCRE VKRR
ats, RWBRHMIIEERCIRCRRE D LEESh
L. oD EE, WARESIEFECKE AT CRIF
FAERARGEHEC L O CEETHEEEL DN L.

4.2.3 FHEWEFOKREOKLOKRES

BRI BT 2 REOHH, SEBEI OV THE 2
CHRHEICE LD, FhiIb, [KEROSKEORESLE
Wtk o, ERENIOBRRIKRRTEDLINS.

¢ \n
dBOC<—;T> T R TP &)
o, n=0.5 0.6 TH5.

KRB OGO E JILRAOYHEOM @ 22 5 &
B, HAR—ANT oy TKET B ENR(A4)RLD
FRINL., Lhl, H#AK—AFTy FIRZEEELC
IOoTHRELDT, & CHRNROLEEEECN TS
REEMEE TIN5, Fig. 13 X o KEOBE, ds 12 Vs ©
0.44 B IMIT 2 o 305, L2 T, IE0
dg @ o, p1 T HIERFW 0=0.5) LEiEXEHYE
B ERRDELRS.

dBoc<—g—>o'5VS°-44 B e &)
o1

Fig. 13 R L= AERER L v WOIER & Kk D %
x,

dvs=0_091<_“07T>°’5Vso.44 creerenneee s (7))

Licn. Fig. 13 iy, ¥ (0=1500dyn/cm), 7K
(6 =60dyn/cm) T (7)REHCTEIHE LI dus
L Vs oBffR%ZR L.

Yssk B4, (7)5% & FruenAN® © Q-BOP 2R}
2 REOHEEIITIE—K L TA. L, AEER
CRERBECHT ARBREORELHITE LT, —J
FRUEHAN bFKHI, W OK-BERO A K=
K7y 7, FHEREEREERINE LIEE T2
o, R ofERE LTS, Ei, K-ERROD
BED (7)) RE kb0 ERERI L) T VEER
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Fig. Al. Typical small waves recorded by
oscillograph.

. Lo l, RUSOERETCREIRBIIEEERE XD
TEERT, [EROZEEERE T 3ERERT(7T)R
ERX—H LT g\, Z0EROWT S BRE A ET
5.

5. & ]

BtGRE LTKELA, BFYARETHE— XL
L VERETRAL, £RKES LV LRSREOSHD
REIRBRKBESHEC IV BIE L, ¥ DR Es:.

(1) BrFAREBERCEIT2ERGROKL S JTRY
—THBD, TOVPHATHRIL(3)REIT—FKT 5.

(2) LEAKEFEOSEOKE XL EEIEL 54 L
TED, HHUNEALER 10mm L FogEsNIEEe
00T, BE—MCIESOEHAT 7V EEL,
DELEBICEELE DT WS = & dlhor-.

(3) LASKHBOKEETERIL, ZSEHEE 3.6~
27em/s THEHWT, 1.0~2.4cm THof-.

(4) ERAKBEHORWOK X I3 2 W HkoMh:
EOHE R L, B W TEHO Kk & IBHE L
7.

152 1 KUBSEE, REBOAECDNT

3:-1-1 TN X 51, AEBRCITIEHIE 1.5 mm
LI OBEED 2378 0 Z0v0fe. g% Fig. A 1R
LIehs, NERBHOBLNF I S#n e ot T
b, NSRBIH 1 OB D LI LA E
<, RELWHOER, EE, 55\ I3/ 2
2, 3OtV CHbh. hko¥oEbi k5. &
KBRTHOCICESENIRL, FRABNOKEOES)
ZE S X S fi L (Bi®Fig. 2 2R) . F o7
D, FEHERIBRORB OS2, EE LT
EEXDNRD. Tob2i¥, KEWOEIMCE bR/l
IRBETE, —EEARKIC A Lo Em MRS 1 v
FRRBMCH D Ied B bhs L bR, Fio,
NI 3 o CTB b B DI, BN ek
WEEM LA ELERT S E—EFo85B00e
HoZtiwisdbniELrbhs.

DEDOEB Xy, AERCIE Fig. A LR LA/
B EUCE&BERIIA 4 1 DOKHE LT, Li-h

DCREBUL S E L. e, BIFIELRICE LES
EECHIE L.
1% 2 KEOFHEEH

Hinze!?), CALDERBANKI®) |IMPRATIEHE X 3 KD
MBI DWW CEIRE SRR TR R o T 5. %
ML L5, HHEOBE ZHEROKIE LKA TP
5.

o3/5

Pl
ST 3B, o XEEES (dyn/cm), Py 1334467
BRBD I OEBRETT (g-cm?/s% cmd), p; 12WEkDE
E (g/cmd) Th5.

CALDERBANKY) %, [RoBEzA% S ¥ 8
L) %ﬁ%ﬁ.’c [’ ZD .

dg=c, NN S )

o3/
dvs=4'- 15[W]H1/2+0'09 tretenieaans (AQ)

CCC, HEZHAR—=ALFT o 7 Th5.
AR~ D H AYGAZIE B} B Py BkRTE 2 Bh
A.

Po=0\Vgg oo, e (A )
(A3)KX& (A 2)ReRATSB L, %k

dyg=4.15] —— 9 _pnio 09

ve=4. [V52/5p13/5g2/5 +0.09 ceeuennn. (A4)

PR, THhIY 7 AYARI I b SRS RS R
DB ENTED.
S[HHIFFER EVBE, [WEOHZUT Tavror),
BELLMAN 519 ORLERBHRIC X OTHB I h D, W,
LTI DL, Imn=27V0/p;g LTFOWRE R
DEARHREE T, KHEOPHECIIE S . L
MOT, 6 BPEL, pr BREFVZEDRRE h
T, KBPROBRAKHEE (o/00)"5 Bl 2 =
LHEIhS.
KEOBEHER D BT K-BRRIC DO Tikade b
THR T2, Lol 2%, ITFLW kX3 E, 50
DEEIREIE LPKRIIET TR, AR E RGO
HTHRZ D 55. KMOBHE, —FoKMENETE
HLOKHD wake WK AB & LIz L oTlEE 5. 37
b, wake WIC A D7-SHILINGE X h, £F3 5L
BTE, GHTS. LiedtoT, RERO X 5ok
HE, WHROKWBENKE L, KWMBEREI /N X5
BRIIEEMEE IR, KRREIEETS X510k

ic =1
¢ B (=)
dg : [ (cm)
dB,av : EHREE (Cm)
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dno t 7 RABLE (cm)
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FW) : g IE O REESE »H %% (-)
[ REEE (bubble/s)
Flro P AN T A=V (=pgu2/(p1— pg) 8dni)
(=)

g: mAIMEE (cm/s?)
H: #A&K—=AF7 v 7 (=)
i) RS s O (cm)
n o (B)RITK T BHEK (=)
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o FERAEL WEERE (cm)
Rey: V) 7 4 AV 7 VA (=4w/ndnpe)
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