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(Study on the continuous casting — I)

Dr. Akito Yosuina, Toshiya MORISUE
and Tadashi Kawacucui.
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Fig. 1. Simulated ingot and electric RC-
: network.
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Rs, Re+RL , Cs(=CL) a’ﬂc/ CF represent
soliy state thermal resistance , liguid state thermol
resistance, solif strte ihermal capacttance (=Ugu-

i state thermal capacttance ), and latent heat.
respectively.

Fig. 2. = type Cr-network for ingot element.
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3) ERE&HEO Simulation.
Mould cooling zone, spray cooling zone, i3k
¥ natural cooling zone @ simulate 13 Fig. 3 i€

KT XD BHETHLIED.

i) Mould cooling zone

Fig. 3 ®, Rmould 1 mould KW OM}ZEHE &mo-
uld MEEBO ZEHE2 BOLTW5. Emould &
R mould O{EIR#HRT 3 HETHRES 5.

ii) Spray cooling zone :
Spray WAKEaEREZZL, BWHIP—-LBALS.

Rmouly
T — VNV
E mouly
Rspray 2

(274

Repray 7 & Sweteh

llﬂw%,ﬁwy ? Ic R CR ret-work
224 R,‘e /I/I

—ANAN/

o S?BA
DEG.

BA - Buffer amp.

DFG : Dioge function
generator.

Fig. 3. Analog simulation?of boundary conditions.

— 168 —

‘e

.,“\

P

.



ARGMBAS 0 OMEARMERLE (1) 1699

Sproy nozzle.

V- =Withadrawal rote.
d =Sprqy drstance.
as=Spray bangd width.

fwy = Heat-transfer coefpicient iy the direct spray
Cooling sectton.

fwi = Eguivalent heat-transfer coefricient 2o fws,
Iz = Heat-transfer eHIeient in the indirect
- Spray cooltng Section.

Fig. 4. Periodic change of the heat-transfer
coefficient in the spray cooling zone.
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iii) Natural cooling zone
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YR EAM BB BRI Fig. 3 WAL . :
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1) Mould cooling zone . .

e, mould I mould —#F IRV R % 4
A3 RERBEETHD. 2 TERNT KD I,

" Mould mm®%ﬁ@ﬁﬁﬁ®5ﬁ%ﬁﬁb,g®ﬁﬁ
Wiz d kD LR ERCEET 5.

2)- Spray cooling zone
,Spray cooling zone Wi\ Tk #4 Fr - Vv
P MARIHRCHECHBHL TS D& JRELIZ
%, spray nozzle DML spray OB D 2E AL
b3 E LD RECREEI RV, TIEERE
T, WEHHBOREEE L i%ﬁ% BT ER Nk
1z.

3) Natural cooling zone.

OB OBEEEE L, #EEHED AL %ff$, X e #l
RERBIESH, (14 X0 T 2 Ts oFEECH
UTCTHEL, EEBEHERERCEETNGE, 244,
REEEY Ts R >T—BHCHRD LN 5.

4) EBH

L B~ 1z Simulator %Fﬁb\f’%ﬁﬁj% Fig. 5 1©
C ARG ' :
IV. & =
ﬁﬁ%mK%UQﬁ@@ﬁ@%ﬁ@ ZzDBRFEFRMD
BERRMED DRSPS CEHEI 2 DD TS, #
FOBEMNC I D TRERZHED T 4 —2 20505
Erigdhilnsizw, Uh b hESLCEIED
NAZTENEINSB. T T THMEL 12 analog simula-
tor iwdhid, T 0ERZPHELTEECHET 5 C
EMBTEB. o simulator T X % BEEEED @I
RBuEAR—II2ZH I 0. '
Tz, BEHIERZT S 2BECHETIES, WA LS
REBCHT AHFHOBIIC ISR T S T EVHEET

Node 1 (surface of the tngot) Moot cool v e

Spray cooling zone

Notural cooling zone

Keaovery temperature

Node /12 -
(Conter of the ngot). Solifification end point

Fig. 5. Result of the analog simulation.
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(Study on the continuous casting — I)
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Lk, BMOBHRE, REORELE, »30E
HEEEALE?ZEALD BB CEESERE 25,

Z T, SEOTFEE N 2 BERCRS &,

) BREEOREARWCE A 5 HE,

i) Mould cooling zone

ii). . Spray cooling zone

2) $IFBHRzEREORECEZ S HE

3) SRR E EERE k@%lﬁﬁiﬁ OB %
BB EEDOTH %.

%ﬁ@:uﬁﬁxéﬁﬁﬁﬁ%ﬁ*? B, dHVIE

l]llll
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hDREEECERC EPHRMEE 25, 3) 1,
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| IL 3% 4% & &
Analog simulator B i 5 #WEH,
TR T 5.

BT DU

@ B’ 18Ni-8Cr
[E WA

R ER 0°064 0°032(cal/cm-sec-°C)
e Zh 0°167 0°*171(cal/g-°C)

23 B 7°31  6°91 (g/cm3)

HEARE 1, 500(°C)

EEBE I RAEE) BE 1,470(°C)

BEEAT (B BE 1,420(°C)
R R ’ 64(cal/g)

S| E 7 13+0(cm)

Mould HEEE X 40(cm)

Mould T 4517 % BEEEE & 1*0(cm)
Spray cooling zone
X B FREER R

B H MBS A

1st 6B 7850(kcal/m2-h.-°C)840(kecal/m2-h-°C) -

2nd 237 4280 4 720 - 4
3rd 237 2940 ” 715 v .
Spray @ " 8*5(cm) -
Spray band oM 2*0(cm)
Natural cooling zone
WMErEREMD & L HE &s 0°8

FrREOWRBRREE A

=1°57(Ts—Tq) V4 (kcal/m?-h-°C)

- Boltzmann &3 ¢ 488X 10-8(kcal/m?-h- °C4)

~—/500% - Moge./ ( Surface Of the [ngoz‘) /'/oz//d caling lgﬁe‘f‘t

Spray wa///y 200

S500¢m ‘

Noge 7 /

FprElk s ®EY  1°0(m/min)
Im. =2 &% & R
1) Spray OBEERPEBEHEEROLE,
Analog simulator i€ X3 JEH.
Spray ODOERERRIBRO O EEEE T

FRBE % Fig. 1 WRY.
- 2) Spray OBRRERY HREERE %15%
2

Spray cooling zone & mculd (Dtﬂlji»%,
Ist, 2nd, X0 3rd WHEU THEL, &

DLW DNTEHFIL 2.

355
i) st EEEEWKHT S st spray OMRE

Noge /3
(Center of the ingot.)

{SDmy : Standard heat-transfer coefyieient.
Wethdrowal rate U=107/min.

Solidification end point.

ROEMBEDLOIIGE

; BROIBEEDOILEE

‘ Fig. 'I. Result of the analog simulation.
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