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Synopsis :

The circulation rate of molten steel in the ladle of the ASEA-SKF (100t) process was
investigated with the aid of radioactive tracer technique coupled with mixing model
analysis. After the insertion of RI into molten steel, changes with time were measured
in the radioactivity of the molten steel at the central portion of the bath surface. Based
on the measured values, the flow pattern of molten steel was estimated. The results
obtained are: 1) The time required for complete mixing of molten steel is observed to fall
within 80 to 100 sec. This value does not depend on the position of RI inserted and on
the direction of the induction stirring. Any stagnant zone is not observed in ladle. 2)
Comparison of calculated impulse response, which is deduced from the mixing model
analysis, with experimental observations yields the circulation rate of about 70 to 85
t/min. 3) The back mixing coefficient of molten steel is found to be in the range of 1.0x10

2 to 5.0x10 2cm2/sec.
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Synopsis:

The circulation rate of molten steel in the ladle of the ASEA-SKF(100t) process was investigated with
the aid of radioactive tracer technique coupled with mixing model analysis. After the inserticn of RI
inte molten steel, changes with time were measured in the radicactivity of the molten steel at the
central portion of the bath surface. Based on the measured values, the {low pattern of molten steel
was estimated.

The results obtained are:

1) The time required for complete mixing of molten steel is observed to fall within 80 te 100 sec.
This wvalue does not depernd on the position of Rl inserted and on the direction of the induction
stirring. Any stagnant zone is not cbserved in the ladle.

2) Comparison of calculated impulse response, which is deduced from the mixing mode] analysis,
with experimental observations yields the circulation rate of about 70 to 85 t/min.

3) The back mizxing coefficient of molten steel is found to be in the range of 1.0x 10% to 5.0 x 1(*

cm?/sec.
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Tahle 1 Fqunpments of ASEA SKI' process

1) Heat capacity 1060t
2} Heating equipment
a ) Transformer 8, 000kVA,
"max. 11,000kVA
b) Dia. of electrode :12¢ inch
3) Ladle shell ’
a ) Inner dia. 3, 250mm
b ) Total height '4,450mm

¢ ) Material SUSs27
d ) Stopper Electromotive stopper
manipulator
4) Electromagnetic induc-
tion stirrer
a ) Induction coil Inner dia. 3,450mm
Height 3, 100mm
b ) Low frequency con-
verting generator |350kVA x2
c ) Frequency 1,0~1, 2Hz
5) Vacuum system
a) Type Five stages steam ejector
Three stages condenser
b Operating pressure |0, 05Torr
c ) Ejection rate 45kg/hr at 0. 05 Torr

d ) Steam consumption | Max, 11, 900kg/hr

.

Fig. 1 Schematic picture of the flow pattern
of molten steel in the ASEA-SKF ladle
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Table 2 Experimental condition

o 1 Radioa;ti;e [ Position -of ‘ bondition of induo.::-ti(;r; stirring Té;nperature
Run. No. :  Isotope intensity | | L !

| (mc) I RI inserted ' Freguency (HZ)L Direction | (°C)

1 : AN 200 Center, Bottom } No stirring 1560

2 A 200 Center, Bottom 0.9 Standard 1560

3 ‘ 1984 4 200 Center, Bottom | 1.1 | Standard 1560

4 | toCo 5 Center, Bottom 1.1 i Standard 1560

5 I 8o 5 Center, Bottom 1.1 i Standard 1565

6 | SCo 5 i Center, Bottom 1.1 Standard ! 1560

7 wCo | 5 Wall, Bottom 11 Standard 1560

8 Co 1 5 Wall, Bottom 1.1 Standard 1565

9 Co | 5 Center, Bottom 1.1 Reverse 1555

10 80Co 5 Center, Bottom 1.1 Reverse 1560
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Fig. 3 Variations of the radioactive intensity at
the central portion of the bath surface
for the insertion of RI to the central
portion of the bottom of ladle (standard
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Fig. 4 Variations of the radioactive intensity at
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No. 9,10 : RI was inserted to the cen-
tral portion at the botiom
of ladle (reverse direction)

No. 1 ORE TR EE +(FEh X - FiC %
T =70 FORE, RI EAH 240sec okl
BTHESHEARE 2R D b o e,
No. 2 oE& i3, Rl HA#H 240sec ik -
LRF it Tar okl E oM 4 i L,
TS o K S AE TR L LM aZ 257 o I o [ — il
AMELRD I ERidi, Licd-T, Noo 3 I
o T, TEREEOE O BT iREEE
Camffiiz, 240sec LA RLRHe B AE S 4 4
AU,

Junuary 1972

Fig. 3 izftsintic R A d A LS h T, W
BEBRe IR ¢34, No. 3, 4, 6 OFEET
it, RI FAg 50~7T0sec ThcgteeadiTic v — 7
AL bi, FOMH, 80-100sec TC({)fCom= 1
Ficn, AR RT RIMEHCE— 0 L1
Ebmb, Ao, No b oERTiIy — 25
fBemitcA oo, ZoMERY, Ty D
BRI A R4 50, sl cExiho
e orEILND,

TR MET, BT RL %
A L7z No. 7, 8mikk, kIU, WElED
HrAE TR RIwiGA Lz, Noo9, 10
OEGREESY Tig. 4 wqd, HERHR E
w, B R RHEEREE Y — 2 3 nhicd
oo Latisht, ERERCERE L
FhoEAHS, UL, AShic RI g
I ST DI BT AEpENL 80~ 100sec T
Hn, Fig. 3 p L aEF LR UEAE B R
Lo hoxoRENE LT, No7, BT
I RITHCHhORREOHECHSH O, T2
No. 9, 10 md@criyhEo R CERiEc
FELOWhWizhEEbhs, $iobhb, IEAR
OEHGIEO L L THBFOFC ST, ERER
PRIEE A EIC Y] D £ 2 89 3 min e EE A
$h1 AN, BRI OBERE O BENE (i
micELicdboLELbh D,

RI O ALLE, BREEROBRIEREOETC
Lmis B3, BA SRt Rl it 80~100sec T
—EEE S b, Eh SRR L o
Lot i, HAREREEAFRI YL
WAL, RIGEAE 240sec o EHZ s T 4
Fritigrdvgill by, EREREESEOESC
b TR . LR TEL,

3. RANEROREDET LRI

Fig. l ot mE-te —vrera{ttocd
P THAODEFANEL BRL, FBMNOWE
Hm e EERIT L 2 TR0 T, WL
EFARERT LI LT 2~ 2 OHHETO
ATHhD, FHEE, Thbb, WHEMLEFELEY
¥, ELEEE B E R TV A I EREE



Vol. 4 No. 1l

WERMOEEOIT e e E LTI
LR T R T L AR
LTS,

AT,
AR e
L, M7 L CRERAS

frds, LAEBo@PrTw, AL R &BA
L, BEROTEOEE S fH Lo ER s o3
L, 3EEAyomB o Eamks b v D
No. 7, 8 OFERIFEBIRA L, Lizh-
T, EFACELTE, 3RO ESYEET
ALENIT T D, £, EPIERe FE O R
P A T AT IR e A T R &
I,

3.1 = REWHTEFLCEIRE

=AY Fig b iomt, ToO®EFAT

Fig. 5 Perfect mixing tank in series model of
the flow pattern of molten steel in the
ASEA-SKF ladle

A : Central portion at the bottom of
ladle

B : Central portion at the surface of
ladle

m : Number of perfect mixing tank
at the down flow zone
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Table 3 Circulation rate

Circ

ulation rate

Circulation time

Model . Parameter ! (sec) (t/min)
Pestect mixiog | mo2, nes Cowe e
Tank in series | 6 70,0 85,7
Model 7 ! 73.3 81,4
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