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Bath Vibration in Bottom Blowing Trough Type Reactor

Yasumitsu Fukvuzawa, Sadao Furuyama, Satoshi Iwasaxi and Akira Fukuzawa

Synopsis : In the case to introduce the bottom blowing method under the trough type continuous steelmaking furnace, wave motion
of steel bath should be suppressed. To solve this problem, water model equipment has been used to examine the wave
motion in the range of shallow water waves. Basic results obtained are as follows.

(1) Frequency of the induced wave is mainly affected by the bath depth, and along with the increase of the bath length
this frequency is kept in a certain range by increasing the node number of the wave.

(2) In the transition range of the node number, wave motion can be weakened.

(3) To suppress the wave motion it is very effective to locate each bottom blowing nozzle at the distance from transition
range to the wall obtained in one nozzle test and put the nearest nozzle from the wall at the half distance of transition range.
(4) The node number and transition range can be represented on the non-dimensional diagram of the bath depth to the
ratio between distances from nozzle position to both side walls.

Key words : wave motion ; steel bath ; continuous steelmaking ; bottom blowing nozzle ; trough type furnace ; water model.
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Fig. 1. Schematic representation of bath wave meas-
uring equipments.
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Fig. 2. Position of sets of nozzles on the bottom
plate.
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Fig. 3. Variation of frequency and amplitude of
wave with bath length on symmetrical blow :
bath depth 0.1m, N: blowing rate 301/min
(MW : manually induced wave).
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Fig. 4. Wave moﬁon (a) and its Fourier analysis (b)
at the bath length of 0.22m in Fig. 3.
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Fig. 5. Wave motion (a) and its Fourier analysis (b)
at the bath length of 0.28m in Fig. 3.
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Table 1. Experimental results of node No. of wave (n) produced by the gas blow throgh each nozzle position in the

bath of 1m length.

Bath depth (m) 0.10 0.15 0.20
Gas blowing rate (1/min) 20 30 40 20 30 40 20 30 40
Gas blowing position and D 5,7 5 5 3) 3 3 + 3 3
it’s expected node No. (n) 1,3,5 7,9 ’
A (G) (8) 8 8 3) 3 3 T 3 3
3,9
B (F) 6) 6 6 ) 5 5 2 2 2
2,6, 10
C(E) @) (5,7 6,7 1 4 4 il 1 T

1 : no wave motion, ( ) : small amplitude of wave motion
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WED /2 2ECIcY, HOMEDIEIETRELEMECD 5
Tt o#EE 5, L L, A-E®D h=0.20mT %, Tablel
CRONAEN=3H20RTTREL n=2DKELEL T
%, 24k, Fig. 10 T A, E £ §20.08mA " PATREENL,
JHKEDORVCEEZARLICKERE VL %,

L» L, B-E®0.15mTik C (E) 1#AMDOn=4 % 9B
PRI n=5DKFELC T3, ZTNRBOMEY n=4D
WOBHI2HZ L, n=5DKkIEFig 0 TBHIFED
LB #0.03~0.04mA PATBENT AU THEL I L2,
FIA R EDECIEL oL HE LoD, 72, IR
0.15m®» A-F T, F G D& 2 THi%#0.08mMB &I T 1
I n= 3 DkhIHK B D, IBEIC B EERES K S IEIE
WEEEIEAN T D B, T En=5 RO BTHRRLLE-T
WA,
3:+3:3 2 BEATOR HHDIR 3 AL TR

Table 2 (c) \= 2 BATD A H Lk 3 AL FEERTFHEE 2
Nk nkERT. 22T, 1&HPFLOD KRS D
2w, ZBHMATCHECTET2EE n VHRDETH Y,
FIE D X FRIR 3 A A b R L BENEIE 2T VIR 2R L
Twd, $12, BEMEETERCHARIT EL-o T 5,
COBALENHIREIBHOMERLETD 5,

1277 L, WIE0.20mT C-D » 6 DIR ¥ AL T, Fkik

Table 2. Node No. of wave (Blowing into bath from two positions).

Bath depth (m) 0.10 0.15 0.20
Gas blowing rate (I/min) 30 40 30 40 30 40
(@) A-G ®) 8 3 3 3 3
Symr_netrical gas blowing B—-F 6 6 (5) (5) 2 2
position C-E 5. 1) G 1) 1 4 2 2
) A-F @&, 1) @& 1) 1 (1,5 2 2
Non-symmetrical gas A—E 8 7 4 4 2 2
blowing position B-FE 6.7 5. 7) ©) 5) 9 9
© A—D (1,7 0 3 3 3, M 3
Non-symmetrical gas B—D (5,9 (5) (3, 5) 3,5 (3) (3)
blowing position C-D 5 5 ®) G 1) 1 1

T : no wave motion, (

) : small amplitude of wave motion
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FEA AR R IR S AATHENERIC LIZEE, Bk
DRELEE LD 5 12H, WD FR- T B RED IR X
ABRZERT 2 LA A LRFREVE—HII ks (IR, n=
1 DWEFRELIZ, 2D & 50K 5 AA BTG IAE &
IR LN WEDORIIIE b b 72 A R LRFREPAT

CIRENT A 2 BB S R, 27, WIRL VIEVEAIR
2 EATD A A LHRFED D Ao TIRENT 2 54 &H T
EIRENT 2 358 0D 5, M VA- TIREIT 24
MR & AL BRI GCIE L, H“ﬁlﬁ]l_fﬁiﬂ’i‘ 65%::
WS AABEATRICE» AL 2,

372 B-DD0.20mTid B EAMTIIn=2% L 2DIZKL,
n=3DWEREELTV2DED CFHABNREN-L-T
BREMH LI EELLNS,

3.4 3EFAMREAZRERIZONT

E
A,

Table 3 {2 3B S AAIZL VFBRSNICHKD n FKOD
FREZRT . (a) ERSAABADEAXRIRD 3 A2
DU TOFRER, (b) RS AL A IEXFRDM A

DU TORRTHE, CTHOMAYTIZFTCTEH, IKS
AABEA D) PHALTCAI D6, BLEAFOHEAY
UHEOCTDIEMRS AL, Dok, DEHAALET 2
BATIK 3 AA LIRIEFR CikP & 5,

A-D-G DEAFFR DR AL ERTIE, CTFROBRIED
Fig. 10 RO A2 THRIEY Dnft k-7 h=0.20m®
B-D-F i B*F #EL XD n= 2 D% & 5 5%, ZDHIC
D> 6 % AHTK X 5A £ te fe DIREIHTIE & L re b BT S

o —7%, h=0.15m @ C-D-E T4, C-E & B-F Rt L
H%@th=4®W%ﬁb,%:uﬁ@@@&ﬁD#@ﬁ
AERSBATCAEHMOL T n=4 DEHER LI, 2D
B, A-D-G Tl 3 BAT»70.25m s SRS RSB S N T
CABDIIHK L, C-D-E TIXE» R C ioxt L D-E %5, E
AL C-D P EED SR 2 L C, E 2B CFEN, DA
IR E BB BGRrR LD EvL s, PRCEDSD
535 L, BR0.5m, iHE0.16m, I/li=2 DKM L A
KT IEVTSE, ZOBAOED n it Fig. 96 n=2
PO, TOWHVDIH LR n=4 D%
PHL oL Z B,

C-D-E @ h=0.20m!lx Table 2 ® C-D Tik~<7c & 5 iz

SAABARIRSBIESL 9 /hS v, 3HEHMOF R 5
WHFE—HENIREI L n= 1 DRIEHH 3 72,

Table 3 (b) DAEAIEXFROIK & :AAFEERT, h=0.10,
0.15m® n it Table 3 (a) 2 TH{ o6 OIZfEDOC-FThr
LGB L Tw 5, h=0.20miZ 351 2 A-D-F OO %
B2k, Table2 TA-FiRiEn=2%%tbH, ZOEHEHD
POHRAFREAAT 3129, B-D-F LFEU {REh»Hp
13N s 2 LI NLY, WAL F PG URBREL
A-D-G Al n=3 D@ -1,

¥72, h=0.2m®D A-D-E&, A-Didn=3%%t Y D-E
(C) P LBDOE ) C—HBTIREFIT AL OLRIIRT LS

LKEOH B n=3 L T FVETHREBS 0, —F,
AL H0.08mD iZ:ZvB-D-ETix (a) DC-D-E LR U n
=1DWHREL T,

4. #

il

HANER S FERUKIE - & 2 DIREIER D O LI TOM KA
»1E 6 T,

DERSASRS 2L 0 HES N2, BFHOW
B ESIR O L, BRI IR S AAELEICT 5
WHTHBAE SN A DH B,

2)ERS A AL VFBEINAEEIL, BIFEIZLY 20
REHAIEIEY L b, 1EFIRE AL THERRINT 50D
e, ORI R RIS ¥ 128 6 IRENR P MR T 5,

3) 1 EIFIR 3 12351 3 W ORTEIL BT LB RO I (h/1)
b, IREAAME (/1) DEXTER EOMERTRS A, &
SRR B, T b bIREIOHIR S fLr R TR
T %, ‘

§)EOEBPERT 3 L 3 CIRIESNS < % b, IBOIR
BIoEE 5 2 L DD 6, HOIR E TR S Y
L, JERTFRIK S TIRIGROMMC S, FERoEL
SOEKEMT, ZOMEY LIBOBIEIZ O L TUTFIER
T,

5) 1 EATHLTIR 3 A LB AL, OB R ERET 516
ELBEOR (WD) THRET 3, 7217 LERY HER D
EBTH 0T, BAOERTOEBRZFET 5 H R

Table 3. Node No. of wave (Blowing into bath from three positions).

- Bath depth (m) 0.10 0.15 0.20

Gas blowing rate (1/min) 30 40 30 40 30 40

(@) A-D-G 9 9 3 3 3 3
Symmetrical gas blowing B—-D—-F 5 5 (5) (5) T T
position C-D—E 5 5 4 4 1 1

®) A—D~-F v(9) 9 3 3 i) 1
Non-symmetrical gas A-D—-E (7) 7 3) 3 3,1 3,1
blowing position B_D_E ®) 5 5 5 1 1

T :no wave motion, () : small amplitude of wave motion
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