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Model Study of the Continuous Casting of Slab

Synopsis:

Kenichi MivAzAWA and Twae MucHI

A simulation study has been made of the continuous casting of slab using potassium chloride solution.
Solidification profiles from the meniscus to the bottom of 2 mushy zone, the regions of forced convection
caused by the inlet stream and the temperature distribution in the slab have been observed under
the various casting speed by the use of a straight nozzle and a bifurcated nozzle, respectively.
Experimental results show that there exist some differences between the profile of liquidus line in the region
of the forced convection for the run with a straight nozzle and that with a bifurcated nozzle. It may be
considered that such differences are caused from the differences in the flow patterns and the temperature
distributions in a liquid pool for each run mentioned above.

Furthermore, it has been found that the differences in the profiles of solidus line for each run are almost
negligibly small and that the primary dendrite arm spacings in the region being affected by the forced
convection are different between the runs with each nozzle.

Solidification profiles obtained in these experiments are compared with the profiles predicted by the mathe-
matical model which was priviously presented by the authors.

it

1. &

OESIHEIC R T BEE o 7 VORISR X
DI X N TV BEEME F A0 -2 EAT I,
INHEENTTNVC X BEE T o7 « VOHEFSRD
ZHECTOWTHLPUDBRIT L TR LERDS. &
DIZDITVE, oD HEEISE T A& b 7o 2 TR TF
AN A BARE L7CEE 7o 7 « AR X U A ETOBE
Gl F DEGHEET — 2 BBE LD,

SRS A A RIT LR 7 o 7 4 Lo ERIiC B
LChE, §E3R, @S EYD, R I EEHAVAE FPL—
F—EEYS, B XUEERSHTRAEDR EBHREEIRTw5
23, EREFTIABUNO TR X 2T/ b T 7 4
WOEBER X > TR FREZ AECmD - LB
THdHLHEIND. BEFITAKICIS2TD, 21—
ZESTD T 0 7 1+ VOERWEIC DWTlE, FESETF
LD EvbhTuwna.,

—7, FREEOEED W LERNEERRmOE
BEE WO ERN - o TIHRBIREASEETES X

S IEBEBIT X KB OBRE RSB TebhTns. X
LiZ, ZOXSBERFREFER LIS EOERBRICE
DWC, FiFROTZRLREITL & D X 5k SRsEr O g E
BRREHFPEL LS ETHHRAW 9L 55,

PEk, HOBHESEE FRIC LABERER > W
W, GRS EIWEEOKE FAEREBRVC, KB
FOHEORE ERRD TL% L, TEARD e
TEMOR Eis & il 7 ZvERE REL Tw5
Miris & DKDOEEIFFE, X, SHEERITIIT 51
EABREZRIILTWHIERLD/T 7 1 v EOWZ:D
BHBBICTEL.

AR TR, KC e AW R 7 7 0liEdhE0E
BEEBRZTIEV, i@ HRE T TEE TodFER
ZRURERE Lo 7 v, FARK X 5586 i iEE,
BIY, A7 TADBESMORRERICESVT, 5]
SHREEERL 7 ANVRIL EDIRERMED, BE S o 7
£V (EEDRE) 3 X CRRMEBI RIETHRC vk
HT5. ik, BEONETHRE LT F D
L5 o7 s VORBHROZY S, EER LMD

* OB 48 £ 10 AKKBEASICTRE B 50 £6 8 16 At (Received June 16, 1975)
O AHER¥TEE (Faculty of Engineering, Nagoya University)
r AHEEXRFTIH¥E T (Faculty of Engineering, Nogoya University, Furo-cho, Chikusa-ku Nagoya 464)

— 46 —

QU " T

*

4 . & » &

"N

L Y a4 4



25 S ol s o R E R 211

B L oMOBBEICET ST OV THEE
5.

2. A ey

2:1 RBRFHE
EHEELEROBERN L GEEEONHEXNZ Fig. 1
(A), (B)iT, EAEREH%E Table 1 IRd. HH)
FNOZF LT VI —Vk FIA4 74 XTHRE LI
B, ¥4 7z &8 L THREAENO—EREOKCLE
Wk SALEA~ZEAL, BEOERITHEST/ x5
X FFBEVOERBRFEEZEA L. LLhr2T, 20
X5 B ERI, EROEEFHEORE L HEMEICR
UTCdd. s, ¥4 7+ %8 L THREHFRAALI
i, FEAREOLEE R L QBB DR ENIAIEE %

hypodermic .
syringe Tmotor
vacuumgo DR (A)
 {] cooling box
thermocouple
frame
piston - ¢ nozzle
pump }|= | t+—liquid pool

|__+—mushy zone
J—1—solid shell

: ] thermocouple

1250 mm

thermo-
stat

0

[e]
of———
= »

removable
insulator

—cooling box

cylindrical
tank(4cmo)

40

—thermocouple

(B)

Al plate(1 mm)
—insulator

| -transparent
PVC plate(10mm).

170
@ 150

Ll Ll Ll
A
S

g X A

Fig. 1. Schematic representations of apparatus :
(A) line diagram of apparatus,
(B) cross section of mold.

Table 1. Experimental conditions.

Concentration of KCI solution : 1 mol/{
Slab size : 3X 15cm

Type of submerged nozzle : straight (7 mmg),
bifurcated (4 mmg)

Casting speed : 3~7cm/ min

Teeming temperature : 6°C

Temperature in cooling box : —58~—62°C
Room temperature : 5~10°C
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Fig. 2. Phase diagram for KCI-H,O and NH,CI-
H,O systems.
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Photo. 1. Solidification profiles obtained in the casting runs performed by the

use of straight nozzle.

— 48 —

3

N =



4 s &

A
s

j; T ¥

.

L,

& v =%

‘\

r'y v «

L 4 ¥

235 J o wg

E oo R % B 213

TRBHEBE T4 L O 20~30cm ORIEIC
FEIESE T L.

AMb— R ZWEFERALCHELY DT &1 & RETEH
LIRE S o 7 LOEREEL Fig. 3 TR LA,
ZOEPS, FlE&EEEECIO>TERRE S 07 4 VAKX
ELEIET B Ebr5. (LT, 2AbLr—bs X
S XV EHEEE T 5.) Fig. 3 ¢, 23 Tod.0hiE
TR ORI INEME 2 Z290 S5 Sk Ok
WIS T i FED S v,

BEEBRORMICEAS > 2D M — 32 FH LTIEA
RORAFES HHEE L7-25, ThbodEE Ed Fig. 3
DOREICKEITRLTH 5. BEOTARIT, s
IR L TR ST, A/ D RN IR A E X
DRLEN D5, ThOERAESIZIEARIC L 538%H
MRS A TR T IO LB ZLNE. HBEHEROKCI
BHYE, b L—4ps Zoud b hii 10~15sec T1F
ETRICEBIC D7, TOBBES LR LTS, 4
D DERMNEIXTEAELTDEZTICHEEOTWEM, H
XA X 2 CREBIC7E B A TR o HAFMEHTE B >
TIFFITP 2L D LT T 5008

&, BE 07 Vit RIFT VRO RE TN
LizdiT, BREMN S, 5 7, 9mmé ThB4EED

ELIREST

1B T T Ay ‘/a’ﬁ/;/
EIZ- / “/D gi/"'_?"_w/.
L)
\:1 / & :O/z o~ l"./.
x Of o ¢K°/ «

. . ;o/ ;2/' - ulcmimin)
- Ul 3.6
b °2§f:;:/°/ -0— X 5.2

Dofyo o] g

00 10 20 30 40 50 60 70 80 90
Distance from meniscus z(cm)

Fig. 3. Solidification profiles observed in the
casting runs performed by the use of
straight nozzle.

15 T T T T}m——r——ﬂ/-‘?"-
E 12} r o -
S g’f ..}’

\Tn 8 i d)}oru }"“/ B
- £ . Y u(cgnlsrmn) :;l x.s
x 1‘ 3 .m'&d/d"‘ o4 5:2 alall

o 89 lols

0 L [l ]

0 2 4 6 8 10 12 14
Solidification time 6 (min)

Fig. 4. Progress of the liquidus and solidus lines
observed in the case of straight nozzle.
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Fig. 5. Progress of the liquidus and solidus lines
observed in the case of bifurcated nozzle.
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Table 2. Data for calculations.

% k=0.0035 cal/ cm- sec-°C

¢ =0.75cal/g-°C
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t,—6°C | 4= —3.25°C
t;=—10.7°C ty=-—60°C

h;=0.003 cal/ cm?. sec: °C | h,=0.0015cal/ cm?-sec-°C
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Fig. 11. Comparison of the calculated solidifi-
cation profiles with the observed ones.
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