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Numerical Simulation of Solidification Field of Hazlitt Continuous
Casting Aluminum Slab
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Abstract: A fluid-solid coupling rheological field model for 3003 aluminum alloy in two-dimensional continuous cast-
ing zone was established based on Fluent fluid simulation software. The effect of various process parameters on tem-
perature and solidification fields of casting billet was simulated and analyzed by single variable method. The results indi-
cate that the delay offset in the forming position of casting core is greater than that of surface shell at a given drawing
speed with pouring temperature rising within the fitting range, while the effect on two-phase zone length can be
neglected. With the fixed pouring temperature and pouring speed rising within a moderate range, the delay distance of
core and forming position of billet are nearly equal and trace. However, the distances are enhanced significantly along
with decreasing temperature gradient across the entire casting zone at drawing speeds of 0.15 m/s and 0.17 m/s, and
two-phase zone length remains similar. Moreover, the formulas for outlet temperature, thickness and temperature dif-
ference of billets were fitted and validated to establish an appropriate control mechanism of billet temperature for hot
continuous rolling.
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Fig.2 Thermophysical parameters for 3003 aluminum alloy
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Fig.3 Simplified diagram and grid diagram of two-dimensional model of Hazlitt continuous casting equipment
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Tab.2 Control variable test group of process parameters

Fo FLIREE/ (mes ") W0k e TR E /°C
1 0.08 700
2 0.09 700
3 0.10 700
4 0.11 700
5 0.15 700
6 0.17 700
7 0.11 660
8 0.11 680
9 0.11 720
10 0.11 740

3 MR 5tk

31 EHRIZSEWNEHREHNFMN

F4BPHEE R 0.11 m/s B AR BTERE %
WHIREY . FTLVE M SFIRE T X NRRZ A H
T LT o Bl 22 5 T 3G A7 XA 42, B3k O R TE R E
FH DX 35 58 4 R ] . B 2 8 3 T B 9 TR L A5 LSS AL
1 3 43 591 2 516,549 562,585 1 595 °C, ik 22 H 78
140 “CAAT , W85 B AE B3k HY 1107 B 05 L 349 B 7 [
AR E DL AR R EH R, WHERET SN
[vi) B 908 R DX 330 e e k2 A 150 B SR R O L X R
PR Ay 7 7 B0 B — 5 B, 6 i R R ) 4R VRTE 5 IX
P VA ) Z [ I A DR A AR R R S ]
RSB TR SR L O 0 2 4R IR R AR AR T i g
F0 o 7E [ WA DX B g AR R R DD X R TS
WP BT SO T RRIZE o BEER N 1 0 B AR R
JE S B LA TR AR X TR A5 T AR
SEOR T R

PR 5 Be v IR R 700 CHE A ] 7 8 3 J3E T 45 41
IR E Yy . T LA B, B 2 7 0 0 B R o, YO 2 0
5[ 0 A DX (R0 B A U il T R R | 3 PR R

Il mm 5%/ C

\

i
E
&
Q

-— —
(e) 740°C %

0 0.300 _ 0.600 I
—— ) .
0.150 0.450 4 X

B4 FHE#EEAHO0IIm/s RRAREBETHHEEEZDZ A
Fig.4 Temperature field nephogram of casting billets under dif-

ferent pouring temperatures with drawing speed of 0.11 m/s

A A JBE g T A A DR o B X, 5 BBOE T I () 4
L, B AR S5 AR TR A 1 ALV 23 TR 22 AR AR i R
P 2SI, AT Ak A 25 i 24 A LI R R R
R, Ut T T 0 ) 50 DI 1 7 R R 4R v v A R
HEBE [ ER 7 I

| ko8
Bf
K
e
(@)

i /52

- : =i/ C

ST SSmmC

() 0.17 m/s v
0 0300 0.600 .
0150 0450 2y
A5 REBAEAHTOOCRRAEIEEETWHEREYZH
Fig.5 Temperature field nephogram of casting billets under dif-

ferent drawing speeds at pouring temperature of 700 “C
P 6 DA A [] 58 12 ik BE K AN [) 7 40 3 21 9 5 4 3R
T B o3 A B o fh 8] 6a BT LU L 2 3R IR BE A F
654 “CJ , B B 72 TT 46 2 1, 76 52 T il B 660 °CHY
H T 8 T il R S R L R A B AL 32 U4 I ) B T A
1299



£ NI%Y YA ey 2 S
FeMig M O 4 2025 4E5 45 5 9
750 - 640
1.660 C
—~5 2.680 C 620}
700 4 3.700 C et .
3 4.720 C o 600 - -
-2 5.740 C 2 =N ~
O g0t EE ssol 1660 C
= L= S <G 2.680 C
& = e | 3.700 C
2 o0l B NN % e Nz c 4.720C
#® e -:g &b 5.740 C
\ o
550 - * 520 N ~o
;00 1 1 1 1 1 1 1 1 1 J
500 [ T T T T R S T 0 2 4 6 8 10 12 14 16 18 20
0 200 400 600 800 1000120014001 6001 8002 000 B /mm
BEN CF#E 85 /mm (a) th CH TR
(a) PevEiRE 600

broe | .
u 6 K
L 5 <
E 600 1.0.08 m/s 4 }>/>/(
L 2.0.09 m/s 37X
580 2759

3.0.10 m/s 1
560 = 4.0.11 m/s

5.0.15m/s \
540 1= 6.0.17 m/s \

520 1 1 1 Il 1 1 Il 1 1 i)
0 200 400 600 800 1000120014001 6001 8002 000

BEN F 6 25 /mm
(b) iR
B6 RALEANTHERSEESFE

Fig.6 Surface temperature distribution of casting billets under dif-

ferent process parameters

I, BE B B 50 E B B AR EE A AR T Y 53 mm &b, Y
PEEIR B M 680,700,720 Fl 740 °CH , #E [ £ 72 & 1l 1
A7 843 5k 129 157,186 #1212 mm . Hi &l 6b B 1, 24
PLER B B AE 0.08~0.11 m/s I, SRR 4 2 52 86 WL 1
Wb T 12 T PR 5 [V T AH X 25 3/ B HLIE A B &
IR BB B, 0.15 m/s F10.17 m/s N By 55 51 3
Tl B AE AR R IRAHZR 5, B0/ T 5 2 L X
PR Ay aak e A P R e A S5 R A AZ PR . 6 iy B
BER B[ 5T T A A B ) R 168,172,174 177 .
196 1 205 mm, §if 4 #7508 BT, 4425 0.01 m/s $ir
W WA J5 3 mm A A7 B A, 2 3 = £ 0.15 m/s
50.17 m/s J7 , #RFEFE 200 mm 22 47 7 B I
7 Ry N T) 8 3 T T 5 R 10 8 L B A A A
PLA M e . B 7a ] R0, 85 R O T Ak 60 IR RE 24
MAH O 1] 3138 B o D VE IR B A3 20 °CL R ] — R
rﬁﬁﬁiﬂrﬁﬂ%} 10~30 °C, %Rt 1l 22 28 b 7E 27~
C o 5T A R B AHABL, AT R A IR0 R O
&fﬁ%k MR R R B AR, R A T R
# ol T(x)=0.00172°—0.373 82>+ 6.371 9z + At.
Horp AR &8 AR T 202
&1 8 g A [i) o7 5 3 2 S 5 0 1 10 T o 3 40 A & it
2k . rh & 8aml UL, Fi B W 7E 0.08~0.11 m/s i}, £ 2
1= 0.01 m/s, ¥ ¥R ] — J5 B 07 5 Ik B T 85 9~16 °Cs i gk
TR 2 0.15 10,17 m/s I, [] — {57 B (0 Y B 2514
1300

X Bl i
— i%: y=0.001 7x'-0.373 8x+6.371 9x+557.894 4
X

T

i

0 25 50 75 100 125 15.0 17.5 20.0
BHR 5 /mm
(b) WAL

A7 REEERET4HE S 0@ RESH RIS 0L
Fig.7 Temperature distribution and fitting curves of casting bil-

lets at outlet section under different pouring temperatures

3°C. 6FhhiERE BE R AR 11 AbiE 22451k 27 .29.29 .
28 12 F112 °C, i 4 Fhr I 3 B TR A0 308 38 06 B AE 0L, 7T 1

M) R F RN, "X N T(2)=—0.337 42+
6.411 8x + 540.892 4 , 3 = whiys/Npr B0 3 BE 5, Ak R

HT(x)=—0.337 42+ 6.411 8z + A‘ »
i BE R R 5 ] 0.15 m/s f10.17 m/s BF 4 401 &
TLE 9, Hd 215015 m/s, LR 28017 m/s. £

660 -
640 |
5 6
o 620 1.0.08 m/s 4.0.11 m/s
# 2.0.09 m/s 5.0.15m/s
mg 600 3.0.10 m/s 6.0.17 m/s
E o x.
? 580 - R S
= ! ~
A b :
560 s
s40 o
<1
520 1 1 1 1 1 1 1 1 1L © |
2 4 6 8 10 12 14 16 18 20
WA E Emm
() A HH PR
X B
580 — A iiZk: y=-0337 4F+6.411 8x+540.892 4
x X
£ 570
b
g
% 560 ¢ 2
O
= 550
540 1 1 1 1 1 1 1 ]
25 50 75 100 125 150 175 200
MR JE B /mm
(b) s A& th 2k

B8 FRRE IRk E T35 E oA @B &Ry bl &
Fig.8 Temperature distribution and fitting curves of casting bil-

lets at outlet section under different drawing speeds



W25 B R I i B R B (B I BUE R Y 2 B %

KA N T(x)=—0.1272"+ 2.4222 + 625.185 , 40 1%
RN EEERF , AT EN T(x)=—0.1272"+
2.422x + Ato
642
640
ot
= 634
jfg 632
22 —’IiHil Y=-0.127x+2.422x+625.185\__
o — %2 y=-0127+2422x+628.185 X |

0 25 50 75 100 125 150 175 20.0
JE )% /mm

B9 3R A A 01540 0.17 m/s 43k b 2 B 5 b &
Fig.9 Fitting curves of temperature distribution of casting billets

at outlet with drawing speeds of 0.15 and 0.17 m/s

32 EHRIZSHXEFEEHNZME

10 i CFD-POST J& &b #4521 1) A [a] e 1 1 B
TRYEEE S . AT LAAE Bl R R T A AR
L [ VR 56 T2 i B 5E 4 6 [ B A7 0 BLAE 5, A AE
B B S S AT TR, BE ML 0 Ak 4 ok Al [ AR AR
e HAREOR

{ﬂ
1T
9'8C
L§£
98L
L§8
626
0001

~
[S)
©

- g L BiEiESA

0°0S
LS
€99

~
n

(a) 660 C

(b) 680 C

D——
m—
(c)700 C
— — =
(==

(d)720 C

) 740 C
(e) v

0 0.300 0.600
1m ®
0.150 0.450 Z&=+X

B10 423 EAH0.11m/s RRARERETHRES =B
Fig.10  Solidification field nephogram under different pouring

temperatures at drawing speeds of 0.11 m/s

& 11 5 CFD-POST J& &b 345 2] i AN [W] 57 26 3 B
TREEE S . AT LUE AT A e v IR B R
JEE X 5 [ A 1) 5 i B Ay B I R PR, RE R B
i BB IE f5 o FE B ¥R R 0.08.0.09. 0.10 Al
0.11 m/s BPEARAS AL AN K, 78 0.15 71 0.17 m/s PR 1
T O [ A S5 R R W

T 3% 55 2k B v B 5 SR H 2R D () O RE T R
PRI L A o Ji 28 A 91 PR B A X R . (8T 12
HARFE T LS T B DA R A . B 12a 0]
A, 0 2 v A () G T R RE T B4 B 18 AR DX A R 4 il
h 826,897,966 .1 023 F1 1 028 mm , Wi Al X K J& #H 22 A
K, B [ DX B A B 5 TR B T v T 9 3 5 O ) M A
H L 120 A] 0, 12k 56 26 56 3 B O 0.08~0.11 m/s X
I G T A XK B2 43 5 A 855,895,934 1 966 mm , X A
XK BE /N, B Rl B 0.15 m/s F10.17 m/s

NE =R s
| U | I i %

(a) 0.08 m/s

(b) 0.09 m/s

(c)0.10 m/s

(d) 0.11 m/s

(e)0.15m/s
I ——- — —— —
() 0.17 m/s

Y
0 0.300 0.600
] m

0.150 0.450 ZI—"X
B11 REBEHT00CRRAFZZERERE THERED=HE
Fig.11 Solidification field nephogram under different drawing

speeds at pouring temperature of 700 “C

100 §—SH-usn—=
B\
8
90 F \, X 1.660 C
5 \\ N\ \—5 2.680 C
r : \ 3.700 C
R 4
20 - / \/3 4.720 C
A 5.740 C
£ oof /\9 \
¥ 50
= \ \
= 40+ \
Y \\\
30 ANRERN
20 \ A\
L N X \\
10 \ 3
| ! ! ! \‘\ B VDS R —
0 200 400 600 800 10001200 1400160018002 000
BN CHE B /mm
(@) PR
100
00 1.0.08 m/s
2.0.09 m/s
80 3.0.10 m/s
4.0.11 m/s
70 5.0.15m/s
60 6.0.17 m/s
¥ 50
x
= 40
5
30 < 6
20
10
1 e 1 ]

0 200 400 600 800 100012001400 1600 18002 000
FIN M BE RS /mm
(b) Hi HR 3
B12 REAIZAKTHEF CEAELHE
Fig.12 Liquid phase rate distribution at the center of casting

billets under different process parameters

Fs Yo 17 F8) P A DX BE 4300 S 1 376 A1 T 423 mm, X J& A
A R — G TR I B R A B - [ R S - AR ]
AL T L E 0SS R T T 0 AR R B Y, i
PO 2 AR B B PN A AR I AR T RS S 5 [

MO S

3.3 KIRWIE
& 3R HE T AR 3003 # MR A A B AL 1T Ak B ER
FUM R R SCE . T A R A A R T kAT
) B AL, k35 JBOJEE 32 7 1] Sy O Ak g 1 151 5 0 A T O
JE 5 S BR R 2 T A A R A 14 S A X L
1301



Frfp il MR (05 &

2025 4E55 45 #5659

SR U RE I A S T 13 AR I 5T e e U R
660~740 “C B A+ #H E 2H 0.08~0.17 m/s, B 7ER T =
A BRI b I B B0 AP B [ 3 B SR o T T I 25 5
T B I S B A 7 R O DR IE 1 R 0 BR R 4 2 R T S

AEAY DL R DR IR )% — B T 695~705 'CZ ], L bk
HEA T 0.10~0.12 m/s Z [A], 552 Bk 8 41w g 1 3
JIE 55 R R B A PRl 3R 3 AT R AR DL R A
PR B4 1 R 22 (A FE 6.4 % ~9.2% Z (0], Bl 45 R ¥ 4 F
A IR 22 VE FLA

®3 LMIRERE S BB R

Tab.3 Comparison of measured and simulated surface tempera-

ture of billet

mn% mn% . WL
ol OPF e senw UL T s
BooE/C T R KR Eﬁ; BRER 2/%

BC /T i/ °C

1 694 0.10 577 587 582 536 7.9
2 695 0.11 588 594 591 553 6.4
3 699 0.10 595 597 596 541 9.2
4 699 0.11 596 602 599 558 6.8
5 705 0.10 596 598 597 546 8.5
6 706 0.11 600 603 602 563 6.5

B13 #4dvérEinNssisisl
Fig.13 Schematic diagram of temperature measurement point of
billet at the outlet of continuous casting
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SIEE 5 3 mm A1 4 mm;; 4 57563 F N 0.15 1 0.17 m/s
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P2 DX 3ol 32 B 2 O R A AU 1 o T R, A XA
FE 912.5 mm 2247 o 185 R AL B IR 2% 7E 12~
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