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Effects of the Swirl Motion of Bubbling Jet on the Transport Phenomena in a Bottom Blown Bath

Manabu Icucn, Seiji Hosonara, Tsuneo Konpon, Yohichi Iton and Zen-ichiro Morita

Synopsis : A bubbling jet in a cylindrical bath subject to centric bottom gas injection rotated around the vessel axis under a certain
blowing condition. There exist two kinds of swirl motions : one is closely related to the so-called sloshing and the other
is induced by hydrodynamic instability of a large scale ring vortex enclosing the bubbling jet.

Conditions describing the occurrence and cessation of the swirl motions have been studied by many researchers.
However, the bubble characteristics, liquid flow characteristics, mass transfer from a solid body immersed in the bath,
and mixing time of the bath have not been clarified under swirl motions. This study was made to investigate the effects
of the swirl motions on the above mentioned transport phenomena using a high-speed video camera, an electro-
resistivity probe, a laser Doppler velocimeter, an electrochemical sensor, and an electric conductivity probe. In order
to stop the swirl motion, a cylindrical pipe was brought into contact with the bath surface. The swirl motion was found
to enhance the mass transfer coefficient and reduce the mixing time significantly. This fact allows us to develop new
metallurgical processes using swirl motion. It should be kept in mind, however, that the errosion of vessel wall also is

enhanced by swirl motion.
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Fig. 2. Electric conductivity probe.

PR3 2 TUEET MY T, L EE LI, T OBUBEI
SEARIE O TIX R L C G LT v 301,

Mietz 6 MIIAREER b IR S AALRMIZEL 25, br—
F—FNNERL L e P—DREMEI L > TH—ES
B RE(BLRAEHRELTVS,2D2 EidMurthy 6%
DFEWBLTV5E51, 2y r—0ERK-TERPHIE#IED
ISEER ECKFEL T2 a[EEE B L OB, 22T,
RFET b TH b v—F—FMER Lt —KEN
BOBEII O THI,

b v —F =L E I Fig. 3R T L 1, o —RiE
friE & IR AHA D2 B3 AIBE I 1% (Position 1) 3 & (F v o 9—3%

BAE AR OACX L TI0 DALE DA AMEEL S (Posi-

tion2) 2% 1) 5 2 NZ NI KE % & CEBESR L L7,
KD 6HRMT 5 & S XEZE28mmDY 7 ABDERZ LV,
FIERZBREFCHRMLEL, —FH, FHOER» GHMT
AESCIEMSEHCIIEYD, br—%—FIMI1.58
Phroll, tr—REMERZz=0mm, r=90mm¥ &
z=50mm, r=90mm® 2 FrE L1z,

29, BESOmmtEZEL, B®HNDz=0, 10, 20, 30,
40, 50mmD &AW (23 > Tr=10mm#»* 5 90mm & T 10mm
BPEOBENME IZF T, Qa=120cm?/sD b t TH—IRE
BRI #RIE L2, D ETHR~N3 & 512, bv—H%—FMi
BEOBH—RARE~OBEBIRLAAONE»>12DT,
Position 1 DiBE@E» S &ML 12,

39

BRI & MR N QR IREO R T RIEMEFK O R O R%

Position 2

]
Electric
conductivity

isensor Position 1
\ 0\ ®

Nozzle

Traverse
zone

Tracer: 1N KCl ag.

Fig. 3. Tracer charge positions and measurement
positions of Ty.

N N
/E/ Acry(i.c

N S cylinder
N N\

2%

3% N
N o N
\ OQ N

O

Acrylic
? vessel
Gas

Fig. 4. Experimental apparatus equipped with a
swirl motion stopper.

DE B IRAREIC T 2 IBEH ORER A B 12D,
H, =40~240mm & 2L 3 ¥ 12, ESEEE L+ —idz=
10mm, r=90mmaOfLEIZKE L, b v —%—ItPosition 1
DBEEH» CEMLIZ,

%3, FEROBEIC L 2H—RAFRE L WEBERERD
EiLZFA~<2729, Fig. 4 D & 52, BFET9Imm, 7HE85mm
D7 7Y BEHEZBKREOREECEMS ¥ TRERZH
AIHADER T, TOL5 kAR EEV 3 FEC
HBETCAS.EWHINE OV DH B,

3. RBRERSSIUER

3:1 % 1EERROTKIAERDERFEMEAL
EIMEEMD > bH, /D<0.3DR/KIEHEIE - 1) 2 KiE
RO B FMEMIE DS L ERMLHEEL V2w, H,, /D
>H./D>0. 30K I 2 R FRELIZHER L
7oo T I THL 38 1RO SIBIETH 5,
BEECT A A A TR LI RO QIR O
PERINRT EFig 5D & 5225, 2 2V TGEETIE,

935 W



B936 % & %R Vol 79(1993)No. 8

H

"
Nozzle !

Fig. 5. Radial displacement of bubbling jet during
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Fig. 7. Radial displacement of bubbling jet on the
bath surface.
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Fig. 13. Mass transfer coefficient data with and
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Table 1. Influence of tracer charge position on
mixing time.

(a) Sensor : z=0mm, r=90mm

Position 1 Position 2
Surface 17.3s 17.3s
Bottom 17.4s 18.5s
(b) Sensor : z=50mm, r =90mm
Position 1 Position 2
Surface 16.1s 15.7s
Bottom 18.6s 16.8s
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Fig. 14. Mixing time data with and without swirl
motion.
Q.=120cm*/s, D=200mm, H, =80mm, d,=2mm,
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Fig. 15. Mixing time data with and without swirl
motion.
Q.=120cm?®/s, D=200mm, H, =80mm, d,=2mm,
z=50mm
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