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Mathematical Modeling of the Temperature Field in Continuous
Casting Mold Region by Considering the Properties of Powders

Synopsis:

Hakaru NAKATO and Iwae MucHI

Mathematical model for predicting the temperature field in the continuous casting mold is developed
by taking account of the properties of casting powder.

Heat flux in the mold calculated with the aid of this model is found to be similar to the observed
result except in the vicinity of the meniscus and at the lower part of the mold.

Calculated values of the average heat flux are in good agreement with the data observed at the
various withdrawal speeds ranging from 0.8 to 1.5m/min and by use of the various kinds of powder.
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Fig. 1. Schematic view of temperature field in
the continuous catsing mold.
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Fig. 2. (a) Effect of hydrogen content on the
thermal conductivity of nitrogen-hydrogen
mixture, (b) Temperature dependency
of the thermal conductivities of hydrogen
and air.31
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Table 1. Physical properties used in calculations.
as 0.0447 cm?/s
kq 40 kcal/m-h-°C
ke 2 4
Ea 280 y
as 1.98x 10-5 1/°Cw
0 7.4 g/cm3
of 2.45 4

Table 2. Constants used in calculations.

dyu 4.5 cm
N 30 %
s 0.5 cm
X1 10 cm
Oe 1 400 °C
Om 1530 °C
Os L 1 460% °C

1 490%** °C
Ow 30 °C
Adx 2:5 mm
4z 0.1 mm

* for plate steel
#* for deep-drawing steel
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Fig. 7. Effect of mold taper on the average
heat flux in the mold.

<. Fig. 6 1, B UHELECHEIEABHEI FeS »
Ve — 2RI 5 & e X o THIE LIcBRERE IO
FRIE L AR OR LS, EFARIBHE”RE
BLL—FHLTW5.
SERIPPEHBGRIR Tm K RIET RAT — <0 FEx
Fig. 7 wi¥. EFATE, ZRIIELT —RERC
IR EBRINEER LT, M EEL L.
Bldk xvEEE 1.0m/min OEJPIE X LD XIE D
FREEAER LTS, 4. GriL 519, KT LD
SR P 0 B BER OMBEIC NI X 5 &, B
DEDF — 2T, a—F—HERE, FAZHROL
OEHTH AT TEAMURITERPER L T2 &
BRI h T3, SFRhEmy, SERSERATS A
y Y=Y a ve—2BH0, BTLLFETIR.
X Bie, SEFINBEE TR D K X IoRE OREEE RS
STh, FORMIVNIWESETARACIRE S his
W, BAHWE, BHIRTHIARATRENSh S EH
5 5. SRR L DR & A EHEFIIEER TR
BEXhT\5 EHESh, A7 FERETOY vV IRED
Q FEMZepES R E LT NMET D E B TT v
i3, Z4THHERDRS.

Table 3 o Lz v £ —A~LIDo\WT, SEAE

NN

80 100 120
(GuyX10™)eac. (keal/rméhr)

Fig. 8. Comparison of calculated results with
observed data of the average heat flux
in the mold.

3. Bl EEE 0.8~1.5m/min T, HHIXTIF+10°
kcal/m?.-h O&FAT—FK LT\ 5.
TEERELEOLT R & L 5 RABEOBELER
i, Fig. 4~8 OFHE(E & SERET R X { —
LTWwaEELLR, EFARELL EXRINTH
5.
4.3 A=A TOHRRK
SETRR AN ORENMIERE TH B LREL, HEIE
FETOBZER EET S, SRR N COEE O LR
Rk, SEFPIEEE A BB HAKMC A T « #h, $5E
bR R ARSI s B 5L, B8R TRT
L3k oRkLT 77 AFBERNERS.
320 920

P o2 S PN € )
BRE&ME, RDOIOITEXS.

0<x<<dy, 0<z2<<2y T O=0geerereeeee (44)
21<2<2, T 90/dz=const.--- (45)

Z2=2 G O=0pz ----eeeer (46)

*=0 2,<2<25 “C 00/0z=const.--- (47)
Z=23 T G=0pmg >+ (48)

23<2<24 C 00/6z=const.--- (49)

2=24 T G=0Opgee e+ (50)

0<x<<dw, 2=24 = 90/0x=const.:- (51)
x=dy, 0<2<Czy T O=0g +orveeerees (52)

=z TiE, SRSEM A 5 mm T OEE QEHEN &
HEER—FKTH LK, 4=20cm & LT &~z &
Onsz Oms K ED T, T OFHEERO—HI% Fig. 9 R
<. Fig. 9 ofiTii,
cm, IO, Oy=150°C, Oms=288°C & Liz354, &t
BE & EHER X —BR bhic. & OHRPNEE S
HOHEF» SH LIS L S, s =An AET

zi=4cm, z,=1lcm, z;=14

— 38 —



¥7

——

RNy X -DEREEREL ESHHEHEANEZRE T 39

top of
“Wn%

« observed point.!"
76 calculated value
(76)observed value 1)

30

(°C)

160

30

- meniscus

%0187
@0 (78) )M,

Fig. 9. Isotherms in the vicinity of meniscus in
copper plate.

3, AR T ROEBPERTEIVIEERE . T
b, A=RAHAFETIE, Pl & LIRNDOEEAR
HODEEAEERBTLHERD B, ERENL, $FERA
BEOREMEL D, HFRATIE x HRDOREBHEN D S
ELTHE LRBWE DT, 2 =2 H AT TS
EDIZ 5 PMEMBE L 78 5.

Lo Uis2is, SBEIRNCI1fix 3/ NI BHEEHR D
Dy A2ABAVUVATEETERWIEND TR, -2
v F — OV ORGRIC X DT A S 7 ) 2 Dk
BRI 72 E3RILB. 20X 5 eEEND, 2 =AH R
BCORBUCIT B HUT P DA I DIESR D BB Y 37
i35 = LiisTH L.

Fig. 9 i3, SFRMEERE DK SE VI, BE
288°C ThHotz. T OMLBILREED IO~ 10 Sh T
WBLBIL, A=AAATEL A=AIRAE TS %.
Zhix, BIROBHEERAS 7Y A DERIE, ik
WTOEHERARFE DB HA~DEBC L 5bDLE2 5
s,

144 FUTHBTOHRROHEINESR

Fig. 2(b) WRLZX 51, KEOBREEE IR X
DHEI 5.5~T7 fERE . Fi, BER AENREATS
&, Fig. 2(a) DX 5 wAKRBEOHMNE & SRS Y
A DBAREEE AT 539, FEFITF i © o BRI OB
e, ZREHIKD? SETBREK ESORIG L DT
AT HRRCERT S 2 L3RR Shans. KK
KAERKEE X O'goBLRIGIE, (53), (4R THE
HhIhb.
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(55) RO FKIGITAKKZIEEIMEVIZE 528, Lo KES
FEPBWEEET LT es bitgmixhs., #HEE
DEEMETIZIKED 2 KGBHKPBHEH ENDAT v -8
LI TNBDT, BB RDORGIC X2 THER L
KZED BFEITIRE O BRI BATAZ 2B E2 b
%.

D X5, SFERNOZERECE, KEOFESTH
IhBH, ek, ZBERE O AEBEEENE LR
R, MARTYNOV 532 (%, RBEMET S 5, 7 Ax
ERFWIcE v, F OESERE, R L D ¥ ARRY
v, BERALEFOMARBLEZBRE LT B, Tiobb,
REMET S » 7 ARFEHALLEE, BE 10%, B
5% DAEDPEENTHBIEHRLTHS. LiL,
W07 AFEfrBIL, SBETWRI vy EFTHD
e d, BEITHMTIIIbIREL DAENRETR TS
LDOLEEINSG.

BE N AOBBEET D\ TIL, 7k 2.1¥, LiNpsay
B3, B AL, WasSILJEWAY DD L 5 IR L
HERXI DB, Ty, Fig. 2 KiRLEF— 2%
AoTk BB+, FEREEKOMEHE LI
FELODT, BREKEDRAE IV ADBREE DM
Bk AL, Fig. 2(a) A UTHB ETH. ¥, B
A DBIREE OB EAL, EROBMEEE ORE
BEAUCEEGTHS & L.

Fig. 4, 6 OB, ZDX 5K LTKAER L 385
HEOMMAYER LIBETHD, 2 =RAHALDEHA
A 600mm F LI L OBRNIE L, T
TUE KRR 20% (vol) F CHEBHIC HWINT5 & Lics

— 39 —



40 g & W 5 66 48 (1980) f5lE
. o X =1 LKoo \WTiE hoffit 4.2 HER CHi
200¢ g %, BlHcEME 2.0m/min OIHEE Tl FORE
E 2 % Fig. 10 i3 2%, BlHk &l B i o CBIR R
E ool | PSRN B D,  FE PIBETHIR B 03 4 ¥ 1.0m/
g \! min OEFOIILANT, i) &L LS.
L 100}, 5. #& B
= |2 HPEEEI P T D$E A R CWRERE S OFFASTT
£ Bk & 0 BRI 5 7o, $5BINBIRIRICK
50 1 .

0 OI.2 0.14 0.6
z (m)
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Fig. 10. Calculated results of the heat flux (a),
the surface temperature of slab (b), and
the wall temperature of mold (c).
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