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Mathematical Analysis of Heat Transfer Phenomena in Continuous Casting

Synopsis:

Toshio Nanjo, Toshiyuki Fukar,
Hidetoshi Komori, and Karji Kizakr

The continuous casting of steel is rapidly expanding its scope of influence in the ﬁeld of steel making,
because the process is superior to the conventional ingot making process from the view point of the pro-

duct quality, working environment,

and automation.

The main problem of continuous casting is how to control heat transfer phenomena skillfully.

Therefore, this report describes the results which were calculated by mathematical models of the heat
transfer in each step from the tapping of steel to the transfer table as described below:

(1) The relation between the elapsed time and the temperature of molten steel in the ladle.

(2) The relation between the elapsed time and the temperature of molten steel in the tundish.

(3) Temperature distributions of the billet in the.mold, and the secondary cooling and air cooling zones.

(4) Temperature distribution of the billet in the soaking furnace.

(5) Temperature drop of the billet due to in-line reduction.

(6) Temperature distribution of the billet on the transfer table.

In these cases, calculations were performed sequentialy by algebraic equations by the use of finite difference

techniques.

(Received Nov. 29, 1973)
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Table 1. Main data used in calculations.

Kind of steel

Casting cross section

Products size

Casting speed

Number of strands

Tapping temperature

Casting temperature

Inner diameter of ladle
Thickness of refractory for ladle
Size of tundish

Thickness of refractory for tundish
Size of soaking furnace

Thickness of insulater for soaking furnace
Preheating temperature of refractory

Preheating time of refractory

Weight of molten steel at tapping
Specific heat of steel
Thermal conductivity of steel
Density of steel

o

Density of reduction roll

Specific heat of refractory for ladle and tundish
Thermal conductivity of refractory for ladle and tundish
Density of refractory for ladle and tundish

Specific heat of insulater for soaking furnace
Thermal conductivity of insulater for soaking furnace
Density of insulater for soaking furnace

: Steel bar for concrete reinforcement

: 140 140 mm

: 105x 105 mm

:2'4m/ min, 2'0 m/ min

;2

: 1650°C

: 1520°C,

: 186cm

: 220 mm

:1,=200cm
l,=75cm
l3=40cm

: 150 mm

: inner width=150 mm

1550°C

inner height=150 mm
length=>5800 mm
: 120 mm
: 800°C for ladle
1 100°C for tundish
: 60 min for ladle
90 min for tundish
: 38x 102 kg
: see Fig. 3
: see Fig. 3
: 7200 kg/m? for solidifying process
7 600 kg/m3 for ‘No 1 reduction stand
7 800 kg/m3 for No 2 reduction stand
: 7800 kg/ms3
: 0°25 cal/g °C
: 1'3 cal/cm-sec °C
:2'2g/cm3
: 0°25 kcal/kg °C
: 1'3 kcal/m-hr °C
: 2.2x 103 kg/m3

Emissivity of molten steel -0'6
Emissivity of billet :0.8
Emissivty of refractory and insulater :0'8, 09
2L OPBEROHFIRE TS LETT. b b )
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TIPSR O FERRA L, E25HEPTER L. 4) HABH
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Fig. 4. Temperature distribution of steel from tapping of steel making furnace to transfer table.
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distribution of billet.

32 =0 F, BRU2RSHHCHBIZHERD
REDT

EESREIC B WTIE, RELGEICRT 38R DIRES
AR MEICKELRZERE LS. L2 T, ZZ
TiE, Tac 1) 2) HoOFTEERZOW B CERT
5.

1) iR OBESHS XITTEAEEOEE
SIAEES 2°0m/min, F X8 2:4m/min T, 2
WHUKESFPBR—DBEOHERHRZ Fig. 5 wRiT.
B Hb25 T L, 2RWHFNTIE, $hAKE
BHERRECRELEELZES X BT 2> Twinw

— 281 —



1020

& : 60 4 (1974) £ S

| 600 Connn N .
SBrmBmBee e N
| soof R e——C
1 400 Ry e
’E{ ===—1530°C
| 300 \‘35 =X Bz {8}
o | 200& S S co i
- s ge=g (C)
@ : 100 N %g?'—ﬁ’ —S(C)
‘3 \8\ '/8-—_328:'“*8“>- / LI
g 900f \8/ g ;
ﬁE) 800 |- Gasting condition
P 2op | Costing cross section : 140%140mm P :End of sproy zone
Casting speed : 24 m/min £ : Inlet of sooking
600 Casting temperature : } 520°C, ! 550°C fee
500} Kind of steel -8D35 %
1 L I3 1 1 1 1 1 1 1 (| 1 1 ] ]

O 20 40 60 80 100120 140160 180200 220 240260 280 300320
Time (sec)

Fig. 6. Effect of casting temperature on
temperature distribution of billet.

DA BT WS LD e, HAEEOEENIAY
KEbhTL 5.

2) iR OIEESH IS IETHAREOZE
PHAEE, X0 2RWEVKES HEF—TH 555,
FHAREA 1520°C, B X P 1550°C DA 0sHaEs:
Rz Fig. 6 iRy, CofHE, HFRABE ELI RS L,
THITITITHS L CHA RmMREITE L Lo T v 5.
3.3 BAREXCHEKLEITHAEE, $HARE,

EXU 2 RSHAKBOEE

BERESE, B¥EE BSICEHESE RLER
ShHERTHY, ER»ILEEORIERRE, HERRE

MBEEINTVWEH, XTI TR 2EEER LR
Rl ok, BERESIE, SR OEBESHAOER
RELTAONGREAMEEE® o v M52 EiTX
DEH L.

1) BEREICSIETHAEE, 3 IUHARE
DEHE

Fig. 5, Fig. 6 OS5 OFTHEEM LRI, 2K
ESMER—& L, $ARE, $hARELZZEZEED
FHEREREL Fig.7 wind. $AEEL2ZL 2/ Fig.5 ©
B, BRARERER» LV ZET 525, Fig. 7 w77
X5, GEREITHT L LORE S Fi,
FHARE OURERRE ST 5803, SAEEXD D
KEWHDELEZOLNS. ik, Fig. 7 OBEE, T—i
FHEOZET 2REREIITEE 7 — 2 10T .
Zhix, TDOMER KT 2EERTEE OREMESMET
ELhDEEZLNS.

2) BEFEIICHXET 2 RESEHKEDEE
SHREEEAS 2-4m/min, $AIEEES 1520°C RS
DIFHRED 2P HKBEEZREIT LD, LA HKESR
10%, 20%, 30% &M 725805 R % Fig.8 1z

Caostirg condition

70

Costing cross section : {40 x140mm
: 20m/min, 2°4 m/min
+ 1520°C, 1550°C

Casting speed
Casting temperaiure

Kind of sieel = 5D35
S0 . end cf mold

/D o’ /G)
P,: Erd of foot roll spray Y
a8

40 { P,: End of bending sprcy%:r

PR, : End of casting buwm"@,/

spray 2
|_P, : End of straig-s7"-"
30" htener | ’;Q"
spray for mac-, 2”7«
hine cooling 2~
¥

e—s 2:4m/min, | 520°C
D-----3 2:0m/min, | 520°C

nN

O
I

\,

Thickness of solidified shell (mm)

/4 ©-----® 24m/min, 1 550°%
7 :‘p’ Assumed temperature of
1o / solidification front : 1478°C
4
bn B R R
hp' ) 1 i 1 R \
0 | 2 3 4 5 6 T

Time (min)

Fig. 7. Effects of casting speed and casting
temperature on thickness of solidified
shell (P,~P; show each positions of
‘spray zone at casting speed of 2-4
m/min).
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Fig. 8. Effect of cooling water quantity on thickness
of solidified shell.
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Fig. 9. Relation between elapsed time and tem-
perature distribution of billet at outlet of
soaking furnace.
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