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Wave Motion of Metal Bath in Bottom Blown Converter

Yoshiei KATO, Kyoji NAKANISHI, Tsutomu NOZAKI

Kenichiro Suzuki, and Toshikiko Ewmr

Synopsis:

Water model experiment has been carried out to investigate motion of bath in bottom blown con-
verter with tuyeres set in two rows.

Visual observation has indicated the occurrence of two types of wave motions (A- and B-type). A
type of wave motion is similar to that generated in a U-shaped tube. B type resembles that two
separated bubble regions interfere laterally and repeat collision end repulsion alternately.

The generation of wave motions is varied by gas flow rate, bath depth and tuyere configuration. On
keeping gas flow rate at which either of the wave motion is generated, the criterion for the generation
of wave motion has been characterized by H/D and L,/L,, where H is the bath depth, D is the
bath depth, D is the diameter of the bottom, L, is the spacing of the two rows of tuyeres, and L; is
the length of the row of tuyeres.

Period of the wave motion is calculated by means of simple models.
well with the observed ones for a variety of experimental conditions.

A type of wave motion carries larger energy of oscillation than that of B type at the same rate of
energy input into the bath, indicating that B type of wave motion occurs in preference to A type version.

The calculated results agree
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Fig. 1. Tuyere configurations employed.
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Photo. 1.

Typical example of wave motion, which is defined as A type (Gas flow rate; 175N// min,

Bath depth; 6.8cm, Tuyere configuration; [[___|| with 18 tuyeres).

Photo. 2. Typical example of wave motion, which is defined as B type (Gas flow rate; 175NI/ min, .

Bath depth; 6.8cm, Tuyere configuration; [ ]

|| with 8 tuyeres
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Fig. 2. Influence of gas flow rate and bath depth
on the generation of wave motions for the tuyere
configuration of [[_]| with 18 tuyeres.
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Fig. 3. Influence of gas flow rate and bath depth
on the generation of wave motions for the tuyere
configuration of [ | || with 8 tuyeres.

Class(I) Class(m)
[ @
- -~
@ ©
T T
=
S B type A type 3
— o
P4 t 5
0 transition G|no wave motion A type
no wave motion transition

Bath depth Bath depth

Fig. 4. Sketch of the region for the generation of
wave motions.
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Table 1. Condition for the initiation of wave
motions.
I\u;’y:iegrfe1 configuration La/L, Type in Fig.4
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0.5 T T T - T
5t Q-BOP»O
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H/D
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L/,

Fig. 5. Influence of H/D (bath depth/diameter

of the bottom) and L,/L, (spacing of two rows

of tuyeres/length of the row of tuyeres) on the

generation of wave motions.
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Fig. 6. Change of time for the initiation of wave
motions (upper figure; A type wave motion for
[[]] with 18 tuyeres, lower one; B type [| | ]
with 8 tuyeres).
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Fig. 7. Change of time for the disappearence of
wave motions (upper figure; A type wave motion
for [[_1] with 18 tuyeres, lower one; B type for
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Fig. 8. Oscillation of liquid in U-shape tube.
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Fig. 9. Model of oscillation in U-shaped tube
by which A-type wave motion is simulated.

Fig. 7 A, Bz 1 S OBEHORIEERE O ZF 1L
#wmd. Fig. 6 LEKE, ERP [T #H0E % o
AzxA7, TEM [ ] ER0EFTIOB x 1 7OBR
BThD. Az A 7OBRBOFERFEL Y ATENK
L, BREBEWEIYEL LBEMTH BN, H=8cmiI
XU H=10cm @ & 5B +08EL o5 EEERHREC

ENe L B, T RUIRBBRARERIC DT & RAEOHEHET
H%. Bx47OBRIHOBWIBFEIZIBIEL BT L
TBWETRLLDH, FARIC X 58\ Tl
Vo, B A TOBIERIMLIA % 4 7O HENXT
BRI .
3-4 BIRBORAEY

A, B W& A4 7 OBIREIAM A i e 5 ricgEst
bR, WEF— & &l 5.

3-41 Azxoa7OWBIEHE T

Az 4 7DRIRES Fig. 8 wlEXHWeRT X 57U
FERBE Rivd. USFFRDERUFEPRChifEr A
NTHIEMLCEET, —EORYCHRE EEED)
THZEXFNS,
UFEhoWORMII &R TEL bh5'®,
oz;;Z _,_(;ﬁ_;.zgz_o ..................... ()
T, Ly iROER (em), CIXWHEFRE (ecm/s),
GUXENIMEE (em/s?), Z Xk vriFE&EEL
FoBEEL (cm), t 12RER) (s) Th 5.

(DXEXAZ A 7OBIRTICEHAT S &, » AP
EF IR I\ Tk B REED GIRIEO K & J1eZib
i, BEATEEELTWIWEREELDT, C=
0 LkiFs. W%t LT 2=0 % 5%, (1)&xX*x
fBHERAD L 5.
Z=ASin(Y/T g JLy-t)wrrrrernremremmnsninnenn (2)

R ARBREHORIETH B.

(2)Eh b, WROLCUFERBORENEI Ta(s)
RO L BB,

TA=2m1/LyJ2g rereerrerrmrmesnnenensnennan (3)

Fig. 9 1z, U =FEEIC AT T A 2 14 7 OBIEH
O &R %R, L, 13 Fig. 2 TEH LI
REFHIBERE (om), D RFELE (cm), H 1JBEHE (cm)
ThHbH REEERTHBBOPOEE UsrgEodd
LRI, WOLKR Lo HETFTOX 51/ 5.

L

fad \_k\_,

Ly=2H + D';LZ. s ()
Az A 7OBREHRINL, (4) R Xy oLk L
EHEL, (3)RERATHERDLRS.

3-4-2 Bx 4 FOBIREFNL

B % 1 7 0iiRE) © BHZREIL, Photo. 2 % R
bbb X o, EEFEOEECELL WS, I T,
Bx A 7ORBEHE*EFHFDOEFTLTET.

(8 D(cm) OBFHPNBE H(cm) OREDI D R,
COBEIMELFERDOEFFHEOIREEAL Te(s) kK
ThEx bh B,

— 130 —



ER EEHEFRNO@EBRD 1609

o

T—TT7TT

r [wave motion of A ty@]}f/ .
/ \ 5t Q-BOP
-

Mcold model (111)/

—h
T

%..
™~
fwave motion of B type]

o Toooog;

e ©:observed i
-— ----calculated

-

L1111 1 [

70 ' 100 200
Bath depth, H (cm)

Fig. 10. Period of wave motions vs. bath depth
(lines; calculated by models, plots; observed).

o Period of wave motion, T (sec)

N

TB=\/27;D . coth(yDiI) ........................ (5)

BEFEROB & 4 7 OBREBHRE, FERYAHOE
LW EEMUTIE(S)RC I WETHETES.

3-4-3 EFHEAE & ERIED LK

Fig. 10 &, A, B {j# 4 7OBIRHRAMOFEE L
ERERRT. Az 7OBRNE [ & 18 K
nfe#l (Fig. 1(a)), Bxa47oxhix [| |1 B8K
Fofgl (Fig. 1(c)) OFHATH D, ¥ AT IR
I OTIRENEL © Zbhiie T & wFEHD 175N]/min
—FE L. 2—AFEFA (M) 2ERFPERBEI OFEE
Fa D=43cm L KEFL Lb DT, Az 7OBRERE
13 Ly/L,=0 OFnEF, Bx A4 7DFhid L/L,=2.0
O O R THDH. 5t Q-BOP oEAIfENE, KEF N
@ X v iiFtkOEE S R kT 5RO A & B IREI R
M—FT B EFER LT, kTP OREIE
HRELZ L TRD.

R b b X 51, KeFA0RAE EGHHEMER
E—FHLTWw%. 5tQ—BOP OSHEELA % 17D
BIRBAMOHEMCIIEE LV C &b, £ OB
FEAx 47 EHTIw. Zhux, Fig. 5wkt 3R
OEF BT D ORFERBR L —BL T 5.

Ft, BxA SOBREBIELIAZ 4 7OLh O
Nl BT bbb,

3.5 #IREBOIRE

Fig. 11 ¥, A, B Wiz 1 7 DiRIEOLELETRT. K
ok 11 & 18 X nEdy| (Fig. 1(a)) T4
UsA x4 7OBIESIRE, T [ 1] BM8AHAR
B (Fig. 1(c)) THEU % B x 1 7 O BIREHIRIE DY
&TH5B. A, B iz 7OBEHE b, ¥ARKE,
BED AR, IBIE 2 Wind s Lo s, %
te, B—F AR, F—BECEWTE, AzxA 7Ok

5 T T T T
4t J
al i
g
S 5l 6.8 1
N &
.S 1+ A type: 4
= 1, L2/L-05
£ (18 tuyeres)
o O N . L ' L
= 0 50 100 150 200 250
2
B 3 T T T T
O
3
= 2_,bath depth 10cm 3
[
£
<
I 5 B type: 7
e/Q’a/e T L Lafe2
o (8 tuyeres)

0 50 100 150 200 250
Gas flow rate , Q (NI/min)

Fig. 11. Change of amplitude of wave motions,
(upper figure: A type wave motion for [[]]

with 18tuyeres, lower one: B type for [| || with
8 tuyeres).
€5 . T
5 A tl_ype: ® B typle o
] T 1
< L2/h-05 | La/Ly=2
c 4f(18 tuyeres) [(8 tuyeres) | ® ]
ke ®
) »
E 3 ®e
2 °w °*
© ® o“
= 2t © 0 -
5 Q00
@
8 &
ER ° T
o 0
£
0 | L 1
<0 50 100 150

Time for the disappearance of
wave motion , t; (sec)

Fig. 12. Relation between the amplitude and the
time for the disappearence of wave motions.

BOHFHB2ATDERIDKREN

Fig. 12 &, 1RIE & WERHOBGRELRT. A, B W
2 4 7 OWBIEEE biT, WEHKE L 1053 EBERRH
P BB Ebibns, b, FA—EREKRWT
1, BaA 7o BENB O N AzAT7OTREIVE
VO EEMIERE D 2N EBT A R T IREAES Evigy
BEEENKEZWH, A, B a4 7OBRIRECE VT

— 131 —



1610 Sk & 1% 68 4 (1982) #10%
RO BEEL B 5. ; . ; :
o
. % = 10° o .
1.1 BEDHORLEERHE ° A type: T, (18 tuyeres) ]

3-1 M CRIBIREID 2 1 798 Ly/Ly & H/D X
TEEHZEHR LI L, BIEHcE X@EdTr=
T oE#EvToTix, Fig. 2 & Fig. 3 » & —5E(@E
UbofiinhHmBETH T &, Fig. 6 hHHEN K &
Wi EBRIRTOMBNEINE 3 ikl omB Y Ei
e EED.

T T, BIRBOFRESRME ARG EHBE % 3 2
I, Thbb P ANBRLEL =% AF - XOT
BHL X5,

BRI TN 7 ADRx 2 UF -5 & 121D
HADENEERE L BHHEK ¢ LBR=F ¥ — D
PHEERE ¢ OME L TKRAD LS RIS,

g=¢,+¢,=0.0285QT/W,) log (1+ H/1 034)
={f}(,ogus)u2/Wg}]0-7 e (6)
T, &, &, & OHANT (W/), QA AFE (NI
min), T 1 HEHRE (K), Wy i2Kk0®ERE (t), Hix
B (cm), og 124 AFEE (g/cm®), S 1P 0 OLWiHE
Bt (emyp) w i3/ i cor 2 OEE (cm/s) T
B5.

2T, FARIB=FAF—0, BERBI»IZCEL %
THACEN IS EE2 X5, s, Efi=sn
¥—WE EG/) 13, =ra¥— ORREETHD E &
BIRE) OBAARER ts ORTL e (7)RTHRINB.

Fig. 13 &, é-ts LIAFEHEZFERD CHEKTIL LI
H/D OPBfFE*RT. Az 70 EE e [ &
18 AP nfey) (Fig. 1(a), B4 7oxhur [ 1]
B8 AXAnEF] (Fig. 1(c)) oBaTHS. “hiy,
A, B Wiz 1 70BREE b, H/D<0.43 i3 H/
D 2N B Lichi, é-bs 13X B, i,
BHBRNEE T A= 2 A F — %+ EL o &
¥RNCED 1D THBE B h 3. H/D>0.43 ©
i, A, B @z A 7O BIREE DT e-6,=5x103~1x
104/t Efenh. Tihbb, BREL hhudy 20HEo=
FAF—RBACTHMEDLBLOT, BRCERE IS =
FAF—IBRRCEBRRICIZE—EBE LS.

Fig. 13 OB EF e 2y —1 7 , 73T, Wi
RBIDOREGHLXHETE 5.

5tQ-BOP DT DETIL, We=5t, Q =23x10
Ni/min, H=50cm, T=1873°K, pg;=1.3¢x10-%g/
cm?, #=3.4x10tcm/s, §=12.06 cm? ¢ 5. EF

T T T T rTIrT

’g‘ o L2/L=0.5

& [¢]

m —

=] [+]

K= ‘

\:, 10 E 1

- C o 3

w o f g 93 ]
N A o 7
R Biype: T |} (8 tuyeres) Ly/L -2 ]

10° Ly . ) ,

007 02 03 04 05 06
H/D (=)
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Table 2. Calculated time for the initiation of
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Table 3. Comparison between wave motion of
A type and that of B type.

Property of wave motion | Comparison of A and B type
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Fig. 14. Relation between the energy of wave
motions and the rate of energy supply to the bath.
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