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ABSTRACT

In this paper, regarding Chong gang 210t ladle as the research object, for the
phenomenon of the current iron and steel enterprises high tapping temperature and low
casting temperature hit rate, using numerical simulation method, both ladle steady-state and
transient temperature distribution model are established, focusing from aspects of heat ladle
status, lining structure and thermal insulation covering agent to quantitatively analyze the
variation law of molten steel temperature and lining temperature, using the ANSYS software.
Ladle has been in steady state and transient temperature distribution, and analysis of ladle and
steel temperature drop factor, to provide the basis for reducing the temperature drop of the
molten steel. The results show that:

Under steady-state conditions:

(D Under the condition that ladle inner surface loads 1580°C, when the ladle sidewall
insulation thermal conductivity is greater than about 0.08W/(m-C), the ladle outer sidewall
temperature distribution changes significantly, the maximum temperature shows in the
vicinity of slag line; when it is less than about 0.08W/(m-°C), the ladle outer sidewall
temperature distribution changes smoothly, reflecting the significant heat-insulating effect.

2 Based on 40mm slag layer, the thermal conductivity of covering agent takes
0.05W/(m-C), when the thickness increases from 15mm to 30mm, the heat flux decreases
2048.40W/m2; when it increases from 45mm to 60mm, the heat flux decreases 388.90W/m”.
Namely, under certain circumstances of the thermal conductivity, equal increase has a waning
influence to the heat flux of the upper surface with the increasing of the coating thickness.

(3 It is approximate linear relationship when the heat flux of the coating surface
changes with thermal conductivity. When the thermal conductivity increases 0.01W/(m-C),
the heat flux of the coating surface increases about 930W/m? for 15mm coating.

@ Ladle heat loss is mainly dissipated through the walls of the ladle, it accounts for
88.91% ~ 95.12% of the whole heat loss.

® Under the condition that the ladle baking temperature increases 50°C, the outer
surface maximum temperature rises about 3°C, the ladle bottom maximum temperature rises
about 5C.

Under transient-state conditions:

(O Under the condition that the thermal conductivity of heat-insulating layer takes
0.12W/(m-C), when the ladle baking temperature increases 50°C, the temperature drop rate
of liquid steel decreases by about 0.15°C/min.
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2 Under the condition of 1050°C baking temperature, when the thermal conductivity of
heat-insulating layer increases from 0.03W/(m-C) to 0.09W/(m-°C), the temperature drop
rate of liquid steel increases 0.14 C /min; when it increases from 0.15W/(m-°C) to
0.21W/(m-C), the temperature drop rate of liquid steel increases 0.05°C/min; the temperature
drop rate of liquid steel is gradually leveling off with the increasing of thermal conductivity of
heat-insulating layer.

(3 Under the condition of 1050°C baking temperature, when the thermal conductivity of
the covering agent increases 0.01W/(m-°C), the temperature drop rate of molten steel surface
increases about 0.003 °C/min. Under the same conditions of baking temperature, the change of
the thermal conductivity of ladle heat-insulating layer does not have a significant influence to
the temperature drop rate of molten steel.

Keywords: ladle; liquid steel; heat transfer; temperature field; refractory material
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1273 4.00 2.58 0.79 1.28 1.84 4.55 2.51
1323 3.70 2.38 0.74 1.20 1.73 4.37 2.35
1373 3.39 2.18 0.69 1.11 1.62 4.18 2.20
1423 3.08 1.98 0.64 1.03 1.51 4.00 2.04

DL EEAES AR HE SR BN 0.12W/(m- C)INF, AW Bk 28 5 MR IR R ()
KE, WHE 3.9 .

3.0

2.8

N
o
I

HEHEZ, ‘C/min
=

D=
(I
N
N
1

2.04

T T T T T
1150 1200 1250 1300 1350 1400 1450
W, K

K 3.9 FAWCT- PR P R S IR L IR Ok &R

F originPro8 U\ 515 21 AW 1~ 457 B il i 22 8 Bt 028 et P58 () AR A R ek )
7 =6.465-0.003T +9.212x 107 T* (3.2)
X, n—TBEFER, C/min; T—HUERE, K.
AL, B AR ORI P AT R R, AR 3.2 WA, el A i L4k
PERAR, WEMEE RN 50°C, SRR FEZK T2 0.15C/min.

3.7 WNBRAESF AR NRRFFNG
U2 IR 1323K, 20 A5 30min P9 AR FI4AHE S H R BRI P
K, I E R YR OAHE T REOT R MR . BRI E 1323K I, AR
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TR T R B 2 R B AR B AR A R R e 1B 3.10 B

3.85

3.80

°‘C/min
w
“
(6]
1

370

w

@
al
1

ek i ok

3.60

3.55

T T T
0.00 0.04 0.08 0.12 0.16 0.20

SHAEHK, Wi(mC)
3.10 402 SRS W PR HECR ) OE R

H originPro8 L &15 FIAW/KAE 1323K M REIR 5 -1 24 il i il 48 202 3 P AR 3
AR AL KR PR SO -

17 =3.488+2.9831—-6.2504 (3.3)
X, n—THERFER, C/min; »—FHEE, W/(m- C).
MBI LLEH, 42 SR EOTNIR I R mIEA K. A2 R

0.03W/(m-"C)3MmE] 0.09W/(m-°C), WHEFEIEZFIEI 0.14°C/min; £HJEF AL
0.15W/(m-C)H N E] 0.21W/(m-°C), AN FEH =N 0.05°C/min. HXI IR P4 22 e 4
PZ T IR B I T 2%
FERERI T, 40 TS BUB IR B 1223K. 1423K 150 R 460402 SR B 5
IKBFREER R, BAAHEE WL 3.3,
3.3 AL IR R K LA R B R BRI B R

MR B EA RIS T 2 AR P R C/min

W/(m-C) 1223K 1323K 1423K
0.03 4.11 3.57 3.04
0.09 4.23 3.71 3.19
0.15 4.30 3.79 3.27
0.21 4.35 3.84 3.32

R R Hh 2w 3.11 Ao
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4.4

4.2 —— 123K |
—— 323K

4.0 —— 423K ]

FREEZR, C/min
)
(o)} (o]
1 1
1 1

3.4 -
3.2 //./‘ o
3.0 T T T T T

0.00 0.04 0.08 0.12 0.16 0.20

SHAEH, Wi(mC)

B 3.0 PR IR B R FL A A2 5 A AR B8O B VR B P 2 i

[FFf, F originPro8 73 LA KB IR v 1223K Al 1423K T, MNELHE SR
XA B s e K A ek R, s (3.4), X (3.5):

n=4.041+2.4831—-4.8612" (3.4)

17 =2.952+3.2001—6.944. (3.5)

3.8 WELEEFIXTRKRPERFZ 0
78 555 70 2 AW S S INAE ANV ZR TR DRI A 5T, ANVRCR TR BEAR =y SRS B E R

Ko B TR FE, VS0 ORIRZE 05 712 L A0 o AR SR FH B AL A 3R A 78 5 711,
FH T B3R 78 15 7115 R R XS B R S ) AT 5 P SRR /)N, I DI B v S R A i
B 30T 1 0 7Kl B2 52 i) LT T DL, TR T AN B R S I ORI R
1323K B, HUENE R i P S FR IR ZE, Geit i S RIS AN [F) S R R 300 78 55 771
18 DL T AW 7K R 1 B3 R PR T R 43R 3.6

3.4 AN[EVEE o 0 BT P A i P 13 % (°C /min)

R e BHERT R R

i SR 001 FHAK0.02  MEH0.035  SHEH005  FHAK0.1
73179 0.563 0.566 0.569 0.573 0.584
73243 0.020 0.025 0.031 0.038 0.059
B 0.292 0.295 0.300 0.305 0.321

1323K BUREIR LN, ANV I i P R AT 77 A AR B S R A 3.12
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0.325
0.320
0.315
0.310
;5“ 0.305

O 300

HRBFEE A, C/min

0.295 4

0.290

T T
0.00 0.02 0.04 0.06 0.08 0.10
SHARE, W/(mC)

B 3.12 7 a3 2 AR A0S AR T A L R 0% R

i originPro8 L& J5 IS BIMLIE IR B 1323K K, AWV 1 PR IR 3 R 5 78 %57 S 4

RETPR AR
n =0.289+0.3281-0.0374° (3.6)

k3.6 ATUVE H, A MZIEMLIEXR, B SHRAEEEN 0.01W/(m-C),
X R TR P 2 N2 0.003°C/min. AH [F] FIHLE IR FE 64T, AL HRE SRR
P75 A T AR o 238 AN 2 7 AR K (1) R T

[F)EE AT A5 AN G IR B O 1423K B, AXVBCER THNR FE R A S R B R R,
WK 3.13 Fiass

0.275

0.270

0.265 +

o

)

[}

S
1

" 0.255

0250—

WRPFEEER, °C/min

0.245

0.240

T T T T
0.00 0.02 0.04 0.06 0.08 0.10
FMARE, WmT)

B 3.13 B i) 5 PR AR M0 S R T L R AR
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X I 1 R T i o 56 5 7 ) 3 IR AU IR AR &R
17 =0.238+0.3691—0.3404’ (3.1

3.9 RE/NE

HH A LU _EAr#rmT DAAS

@ TELRJZEFHAEON 0.12W/(m-"C)iF, ARSI FE AR IN 50°C, AR I P4 3
FRBEZ) 0.15°C /min;

@ 1050 CHEIRE T, 42 FHABM 0.03W/(m-CINE] 0.09W/(m-C), X
VRO B3 R BN 0.14°C/min; 4832 FHREUN 0.15W/(m- TG INE] 0.21W/(m-C), 4
R R 0.05°C /min. AR I TR B A 42 5 A BRI B IS W T 2

® 1050 CHAERIE T, 35 SHRBAERIN 0.01W/(m-'C), HNILF T IR e
HEBNZ) 0.003°C/min. ARSI I R o ARG AR B A R B AT R
HEAN P R B2
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TN EARASTE OL T # B 15 th «

O TEWENREMEL 1580°C, LW AMEELINE FHRKREKT 0.08W/(m-C) L4
If, BRI EE p AT AL W, eI AR 2 AT /N T 0.08W/(m-C) 2 A, I
FEARA T P52, PRI 4a 302 25 I RE AR, s

@ fE 40mm #ZHEAE F, B RRAREI 0.05W/(m-C), JEEEM 15mm B hnH|
30mm, PR FEIR/D 2048.40W/m?” ; M\ 45mm B HNF] 60mm, 25> 388.9W/m?,

WL, SR —ErE T, MAEERNERLRNIN, AR & ER i
TIAL 5 R A A 5 M SR T I 5

@) 78 5 1R T AR PR T AR B AR AR DG R, XTI 15mm 75 a5 571,
v%%ﬁtﬁWOMW@nm,%mw%ﬁ%ﬁ AN 930W/m?;

@ R G R AR R E B, B A RERRT 88.91%~
95.12%:

® FEHIAHRIHEEREE SOCHIATIR T, MBS MR RS 3°C, AR M
FHEZ) 5C.

XN LA LN THREAS

O fELEIRZFRERECN 0.12W/(m-C)i, AELHEEE B RRIE I 50°C, AN B IR
FK N4 0.15°C /min;

@ 1050°CHEBIRE T, A#ZEFHRAREM 0.03W/(m-C)HEME] 0.09W/(m-C), 4N
R PR 3G 0 0.14°C/min; ZAFHVE SAREUN 0.15W/(m-CYEE ] 0.21W/(m-C), ¥
TR FE A2 0 0.05°C/min.  AXVBUIRL P2 T8 22 B 4 0 = T S R BB I i ke T 22

@ 1050°CHMEIRE T, M SAAREEEI 0.01W/(m-°C), AR i 5% 2
N2y 0.003°C/min. AHFEIFIHEEEIREE SEAE T, AL 3R T 30 2R B 00 A8 A o 4 Ui o
v 2V e SN (1) - AL S
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