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An Analysis of Solidification Rate and Surface temperature of
Continuous Casting Slabs

Jon-ichi MATSUNO, Hakaru NAKATO, and Hiroshi Qo1

Synopsis:

The cooling and solidification of continuous casting slabs were analysed by a new mathematical model,
in which heat transfer coefficients on the slab surface both in the mould and in the spray zone were deter—
mined semi—-empirically from operational data. The effect of air gap between the slab surface and the mould
was taken into account in the estimation of the heat transfer coefficient, and the point of complete sepera—
tion of the slab surface from the mould was determined as a function of the withdrawal rate. The heat
transfer coefficient in the spray zone was obtained from modification of an empirical formula on spray co-
oling of steel plates. The results of analysis made clear the effects of operational conditions, that is, the
solidification profile depends mainly on the withdrawal rate, while the surface temperature is affected much
more by the water ratio in the cooling zone.

(Received Nov. 21, 1973)
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Table 1. Temperature dependence of H and ¢.
g (°C) H (kcal/ kg)
100~450 0-13119 —7-41
450~.700 0-17684 —27-96
700~800 0-27268 —94'6
800~ 1 499 0-144 0 +7-64

1499~ 1517 3:667 0 —5272°5

1517~ 0-207 60 —24-22
g (°C) ¢ (°C)
100~300 —1-81x10-4624+1-046 —101-8
300~-700 —3-16x10-4424+1-124 —113°9
700~-800 —1-75%x10-492+0°'924 —45-0
800~-850 —7°25x10-492+1'86 —397°0
850~.950 375x10-5240:504 4 +153-9
950~ 1 200 1'3x10-40240-3280 + 2374

1200~ 1 499 2:08x10-5924+0-59¢ +80-2

- 1499 0-653 0 +33-3
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Table 2. Physical constants and properties used
in calculations.

o ' 7'8¢g/cm3

Kqd 40 kcal/m-hr-°C

Kf 0-097 kcal/m-hr-°C
dyu 3:8cm

dy 0'5cm

Nw . 0-0l poise

ef 0-80 —

Twum 473 °K

H, 66 kcal/ kg

Ow - 20°C

M 330 kcal/m-hr.°C
Ew ' 0:52 kcal/m-hr.-°C
ow 1-0 g/cm3

Cw 1°0 cal/g-°C

g 4:9 kcal/m2-hr-(100°K)*
Oair 100°C

ds 504

Perfectly
contact -

A—

)

v Lo
Solid
Water
" Mould
lux
Perfectly
seperate |
$ m)
s th
Solid
shell Gﬂp / Water

Fvl'ux Mould

Model of heat transfer in the mould.
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Table 3. Fundamental conditions used for

calculation.
Casting temperature (°C) E 1 550
Withdrawal rate (m/ min) 06, 0:8
Water ratio (I/ kg) : g;‘;;‘;d %gg
betwecn longer and shorter | Mould | 89511

sides (%)

Length Water distribution

Zone No (m) ratio (%)

1 Mould 0-60

2 0-90 25

3 065 25

4 Spray 3-15 30

5 3-15 15

6 4-75 5

7.=05x%x10° (v+1)

x10° (keal/m#-hr )
o
\,
o o
o o
XN
Po\®
Yoge
N
e
A\
.

ogl” o o s e 8
° E o h

®© ° * Slab thickness

w [ mem®T T o 260mm -
+ 200 mm

06 1 1 i 1 1

06 08 "0
v (m/min)

Fig. 2. Relationship between withdrawal rate and
average heat flux through the mould.
(plant data)
u : withdrawal rate
‘gm : average heat flux
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AL ORDIFHERERD T — 2 IC X DO TREINS.
Fig. 2 it EHEARR L5 A &S EEORGHRERT. 5l1kE
EEPEWT FEROBRINSMES T THh 5/
DEROBBFRIBINENS Z &2 ZOFIIRLTY
5. ¥, EROEREEXZFNEZOSEERFAT
Figu

Fig. 21z X hiE, 31Hk&EE 0'8m/ min OBEOF
BRI ILF) 9X 108 keal/m?/hr THB. —7F, dp B

(D AD.AkmeNx0"™
(@ H.Keamer, B.Tarman”
@ J.Savace, W.H.Prrrcharo®

i T T T ] T
[e)

20 ¢ =08 m/min 4
= _
E
~<
o
2
. 0 —
o}
=
&

R 3 _
This model 7 ~%
1 i 1 ! 1 ]
OO 20 40 &0
z (cm)

Z : Distance from meniscus
¢y : Heat fux

u : Withdrawal rate

d¢ : Thickness of flux flm

Fig. 3. Comparison of heat flux in mould between
this works and others.

I'5 T T T T T
'3 -

£

=

~N

3

i

o 09F

.9 2 " -

'$07//ji/ |
0'5 l L 1 1 1

06 "0 14
v {(m/min)

u : Withdrawal rate
gu : Average heat flux

Fig. 4. Effects of withdrawal rate and parameter

Z, on the average heat flux through the
mould.

50 p DAL 100 p DBEITDOWT, ZEfEM & RE
LCRIE LBtk fEx Fig. 3 WEETTRT. ¥
AT de 5350 OBFEHI 15X 10-8kcal/m?/hr, 100
p OPEH 1:0x 108 keal/m2hr ¢, 1004 @ FHH% EH|
O EHENRBNIT TV AS, THIXERESR W E LEED
LETHDT, ThITEROFHIERIDIE 100y OF
ATREREXL VEWEL RS THSS. Thigx LT
de 7 50 p DFETIWIWID BRSO IFEE HOH
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di DIEMBPE LD T, 22 & LTWAWARREE
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BEREREE X5 22 OEIEFHREEEBEVIZEKRE
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DTH%. 2 L5HKEEE u(m/ min) ORI

zz(m) =0°339 4 +0-376 (36)
TEZBND. 0 2, DEZBVWTHE LSRN
MROEL%E Fig. 3 ITHEETTT. Savace BLYDEER
{HEIFFITEWETDHS.

F 7z, GIHREEE 0°6m/ min OBFEOHI AN DB

{2 T T T T

10 b ]
This model p

—~ 08¢ ) >/o/

£
N 06t /o/
04+ 2Z=0339u+0376
o2 L s L 1 1
(0X5) 0 4
v (m/min}

u 3 Withdrawal rate
Fig. 5. Effect of withdrawal rate on the
parameter Z,

25 T T T T T
o Observed (220 mm thick )
-0+ Calculated (200  + ) ;
: %
;. i
§ l
=
s Jof 2
=
3
= . =
05 4 =06 m/min
O 1 ] L]
o} 30 40 50 60

z (em)

d 2 Shell thickness
Z 3 Distance from meniscus

Fig. 6. Comparison of solidification proffie in mould
between observed and calculated.

1100 . . : . ; .
H16 3
N0 s0omm N
— ’_| 3 =
I coo |- Jjo &

Surface temperature (°C)
QO
8
® T
]
N
{\\\
+
I+ o+
+ +% b4
+3
*
\‘I' + 4+
FL
N
o
!

800 - 5554 cnsn/g ]
Slab thickness
! o 260mm

° + 200mm

700 L

L 1 1 1
08 08 "0
Withdrawal rate (m/min)

£s : Water ratio in spray zone
Fig. 7. Effect of withdrawal rate on the surface
temperature of slab near the pinch rolls.
(o, + : plant data, « : parameter, — :
calculated lines from this model)
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T BEFURVALVHBLEXHEORE T 0 7 1 v
PEHBEOELEFARDL LN TES. 200mm FEX
DATFLD2WT, SHREEE, HARE, HkE2Z%
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Fig. 8. Effect of withdrawal rate on the solidification . .
Fig. 9. Effect of casting temperature on the surface

profile and the surface temperature of 200
mm slab.
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