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Measurement of Meniscus Flow Velocity in High Speed Continuous Casting Mold

Hideo M1zukaMl, Masahito HANAO, Sei HIRAKI, Masayuki KAWAMOTO,
Tadao W ATANABE, Atsushi HAYASHI and Manabu 1GUCHI

Synopsis : A sensor for flow velocity measurement of molten steel was developed which measured the shedding frequency of Karman vortex streets be-
hind a refractory cylinder, and then the absolute value of flow velocity below the meniscus in a high speed continuous casting mold was made
clear. Experiment for calibration of this sensor was done using both molten steel and molten metal which having low melting point. It was
found that the flow velocity was described as a function of both the shedding frequency of Karman vortex streets and the diameter of the re-
fractory cylinder. On the basis of this relation, the measurement of the shedding frequency of Karman vortex streets could give the absolute
value of flow velocity of molten steel below the meniscus in the mold. It was possible to determine optimum conditions of high speed contin-

uous casting from the result of measured flow velocity in the mold using this sensor.
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Fig. 1. Measurement system of flow velocity of molten
steel below meniscus in continuous casting mold.
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Fig. 2. Schematic diagram of calibration method of the
sensor using both molten steel and metal.
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Fig. 3. Measured positions of flow velocity of molten steel
below meniscus in mold.

Table 1. Casting conditions.

Heat size 80 tons

Slab size 1000X90 mm
Casting speed 2.0~5.0 mmin’
Steel grade 0.05~0.35mass%C
Magnetic  flux | 0~0.45Tesla
density of EMBr

MiZdH B,
3-2 HBREGHEMOHBA A = XH AHERAE

SRINIZI T B A = 2 AFROBPE L, BSEEHH
KRB S T3 ABER AL 7=,

Fig. 3 ICHIE A HEOME 4, Table 1 28584231
To A= 2N ZAREOREA B IZSHFRE DA 5 0.1m, &
REAPROMNBETH D, BRHLE O A HBEORE
BWEIE5X102mTh 5, AN ES6X107m
DHA 7y EEHELE, G, $SRAO X =20 ZAEH)
B3 2Xx10mTFe a3 &5 cH@mEhTsy, Wk
WEEORER ST -EE R 5, BH#EHGEET DM
FIZiX, #E2.5%1072m, BX 1mOAgEEFHLZ, Z
D FupE D rh oy B I SRS 2 B D fH, AUEBEO W SESE
FEERUA S — ICHEE LERIA VL — ¥ 3 VI X B EETE
FrAREORE 2L 7,

SEEESIVEIER T - FOMBBREAEZLI T, A
=2 H AFROBEEIT - 7=,

4. BRHPIVEE

4-1 BEAREETOBEARY

BHETOERT OIEBREA % 1.2, 1.5, 2010 m& L, Wt
KB DOBIZ I/ ES.6X107 P mDY 4 7a v b dnidst
FZ1IX102mPDMoH — A v b EZHV, BONMEL JUME
DHWEBLBRIF L7, ZOMAMEBRORBERZ%3,4,5,6,
X102 mEZE A, RBEXSXI0 2 mIZN T 2R BEHREOD
FEREEFEL 1,

BIFEER TIZMERICD Strouhal EAAEERIC—E@E %2R T
HESPRET B8, REMOIRE f L HBOEE I &

65

ERSESHNIZ BT B 2 = 2 ATRHE

15
(@)
T’I)
E 1o} Symbols | Depth,
p X10°m
Ao X X 7
X QQFO A 6
5 5F oo¥°° o) 5
h 14 O Py
G oo |
¥ 3
0 L L 'l Il
0 2 4 6 8 10
Velocity v, X10'ms™*
15
= ®)
w
r.*E 10 |
=
X ‘ ogo +
< 5} oM°
-
0 i - 'l
0 2 4 6 8 10
Velocity v, X10"ms™*
15
- ©
E 1o f N o
5 A
[ ]
X IR}
v 5T g
Gt
0 L o
0 2 4 6 8 10

Velocity v, X10"ms?*

Fig. 4. Velocity v vs. product of shedding frequency and
cylinder diameter f - d at various immersion depth
of refractory cylinder 5.6X107>m in diameter.

(a) thickness of glate 1.2X1073m, (b) 1.5X10>m
and (c) 2.0X107° m, respectively.
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Fig. 5. Velocity v vs. product of shedding frequency and
cylinder diameter f - d at various immersion depth
of refractory cylinder 1.0X10~?m in diameter.

(a) thickness of plate 1.2X 1073 m, (b) 1.5X103m
and (c) 2.0X107° m, respectively.
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frequency and cylinder diameter of the sensor.
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Fig. 7. Output signal of the measurement system in con-

tinuous casting mold.
(a) amplified voltage of strain gauge and (b) mag-
nitude after FFT analysis.
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LELLNS,

5. B8

Karman #3510 D e S 4 J L2 058 0 A& RHE oD Il 2 A3 7]
RE S SATGERAT # AR L, BESFRIND X = 2 I 2 FHED
BEICEALZ, 2hiDEESEICEIIREA =X D
ZFEIZDWTRET L 7=,

(1) B#EBIMERBROBMESE% AW RIEERN
FThoPA& E, Karman 1B DR HBEE L ARBEEE O
KBREOIEOH L FHRO BN ERBERAEHET S,

(2) BEWEADRL ZBEMFEEG2H B I LTk
D, ILEHEOFERIEH,RTE 5,

(3) ABEWMHFEFHC X0, ABESHHEINICIK T B A
ZAH AFEROEREET D B,

(4) XKEBAMFREHC LA PELERIROX, BT
L-FOBBMELELI 85 Z e Cehgdgicdibx ¢
AN AFERDOFENTIRETH 5,
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