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Abstract

Influence of argon flowrate and slide gate opening ratio on deposition rate was researched by the me-
thod of numerical simulation. Flowrate of argon had influence markedly upon pressure in the nozzle,
and the pressure dropped suddenly after molten steel flowing through the slide gate. To keep positive
pressure at slide gate for avoiding inspiration of air, minimum flowrate of argon was increased from
about 10 L-min-1 to 25~30 L-min-! as slide gate opening ratio decreasing from 66.45%to 42.82% when
casting speed was 1.2 m-min-1 Influence of argon flowrate on the deposition rate of alumina was related
to the slide gate opening ratio. When the slide gate opening ratio was big, such as 66.45%, the deposi-
tion rate of alumina occurred maximum and minimum values as the argon flowrate increased step by
step. When the opening ratio was small, such as 50.46% and 42.82%, the deposition rate of alumina was
decreased all along as the argon flowrate increased, and the effect of argon flowrate on decreasing alu-
mina deposition rate was not obvious when the argon flowrate was more than 15~20 L-min-1. Consi-
dering the influence of flowrate upon to static pressure in nozzle and deposition rate, the appropriate
argon flowrate was 10 L-min-! as big opening ratio of slide gate (>60%). Due to the disadvantage of high
flowrate, the appropriate argon flowrate was 15~20 L-min-1 as small opening ratio (<60%).
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Figure 1. Nozzle structure diagram and computational flow model
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Table 1. Parameters used in model

=1L B ESEt e %

E 2 HfE 2 HfE
HAZEHEE pml (kg-m™s™) 0.0055 [12] ALO; % B pl(kg'm ™) 3020
PAKHE Cond (kg K ) 755 [13] S BE pol(kgm ™) 0.993

KB E prl (kg-m %) 7020 RABENFE po/(kgm™s™?) 2.25x10°[14]
K FAL TR K (W-m 1K) 41[15] A Col(Ikg K™D 523 [14]
AlLO; 5HA/K (1 5 1Hi 5K J1/(N-m ™) 05 FARAE FH kgl (W-m K™Y 0.0164 [14]




B 8] A 7K TSR 0T 3 2 ) 2 T B A

ChXe& CEXe

alumina. Mass Fraction
(Contour 2)

I 1.184e-003
1.053e-003

9.210e-004

alumina. Mass Fraction
(Contour 1)

I 1.184e-003
1.053e-003
9.210e-004

7.8%4e-004

6.578e-004
I 5.263e-004
3.947e-004
2.631e-004
I 1.316e-004

0.000e+000

7.8%4e-004

/ 1 6.578e-004
I 5.263e-004
3.947e-004
2.631e-004
I 1.316e-004
¥ 0.000e+000

Le.

®

Figure 2. Simulation results of alumina deposition
2. 7Kk 0 ALO, MARRINEE R

3.2. BMEMAEFKORENRXER

PKFA TSR DG AR RHI R, Wb s SN . R K T, S A K R
AR A AR Je e INZSSUE R IRELL, K O3EZER—ANER[4] [16].  H AT i ss i %
SIS B TR, — R INEK DA 1 E, RN AN O R T

El 3 RORIEREA K O B 7 1) b, ASRRZK TR AS A G A B B 7K TP B 9 20 A (R BB B 45
Fo PR YARAR R 5 A K T a3 T 0 ot s o SR XS K 1 PR 10 AT A AE R HIRE R, R IR,
A, KON EIEAR, BEEWEER R, KON RS T &, AR & mss K7 mgsh. 15
BAIKIAWEE, WKEEWR)G, EAERSIK OAAEERME, R ABREHIE PR T, Wik
R BK A BB A, W2 SRS

K 3(a) K T K = 66.45%, AWCEHS, JEHREZ°8 0.831 x 10° Pa. 4WCEEMKT 10 L-min™
IF, 7K AR ER 23 X g HE R M AR AL B KT 1.013 x 10° Pa,  HF/K T & /7K T 1.013 x 10° Pa i,
BB, BH IR, KOOI K = 66.45% K150 T R/ NRE 294 10 L'min .

Kl 3(b)-(d) 2 B 97K TP K = 58.36%- K = 50.46%A1 K = 42.82%!H (7K 1 A IS J1 A th 2k . B
HIFERN, ARG, 3K DA R SRR NI, AR, JF K D2 3)
ZK 1A AR T s 6 WS B A 3 K, 24 K =58.36%0M , il 1 AR A (54 IE I AR 408 15 Lemin ™, K =
50.46%HT, W KT 20 L-min ' A fgfE AR AL (K JE 77K T 1.013 x 10° Pa, K = 42.82%, iX—{H 1
K #| 25~30 L-min .

PAE 3 IR (i B ARG IR A 1.2 memin ™t (TS0 REUE Y, BEE R 5, i K AR b
PR I e A W S B T S AH L3

3.3. KORBEXTRERHF M

V4 AN TR e T P IR CON (0 G X OB R ) S MR AR DL T SR R o WS 0 AR 2R R S i
[FIREAAE WS AR, 10 LT AR, A7 AR AN R B R
HI 4@, ERCITREET, WCRERVNMY, JIRERE FER, IR NG, FEE R

@



T v T K T WS T T 1) S A

R, YIBUESR LT, BEEKMEE, BEWGREE— DMK, JIRER RN SHET 1.4 mmin?

IR L, TR

RE/MGEETEE N 5 Lmint A4,

WG E A 10 L-min A2 45 B YR R

O, FEI KA 1.5 mmin t LLER, PTARECR SRR S R B A RS, 10 Lmin AT, Al

X RLIRR R A 12.5 Lemin~te GRS S A9 2 1)

0.0

01F
02}
-03f
04}
05}
-06F
-0.7F
08}
09}
-10f
11f
12F
-13F

FK TN H AR B m

1.013X 10°
Q=0

1

Q A, Lmin~
Foid: V=1.2mmin”'
WK FH [ K=66.45% ]

-14 1 1 1 1 1 1 1 1 I I I I
080 085 090 095 100 105 110 115 120 125 130 135 140 145

o
=)

7K F1 A #4E 77,10° Pa
@

AR O ES,m
N == <l =
N P O © 0 N O O B W N -

=
S W

1.013X 10°

EV/NRUNREGR RN

Q @&, Lmin~
RiiE: V=12mmin "' 1
K A FFEK=5046% |

1. " " s s s s s s s s s s s s
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 145 1.50

KO N#E 71,10° Pa

(©

0.0

-01F
02}
-03F
-041
05}
06}
07}
-08}
-09F
-10}F
-11F
-12F
-13F

FK N DAL FEES,m

_14 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 140 145 1.50

0.0

B
22

Wi 2 R aE R AR . R &

1.013% 10°

Q WA, Lmin™!
fod: v=lemminT' ]
WEBNK I JTEK=58.36% ]

K E P #3IE /1,10° Pa
(b)

01F
02}
03f
04}
05}
06}
07}
08}
09F
10}
ERAN
12F
131

1.013X 10°

4

Q G, Lmin™'
Fiyd: v=1.2mmin”' 1
WENK P K=42.82% ]

14 PR S O S S S S S S S
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 145 150

K F A 11,10° Pa
(d)

Figure 3. Influence of argon flowrate on pressure distribution in nozzle at different opening ratio: (a) 66.45%; (b) 58.36%; (c)
50.46%; (d) 42.82%
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Figure 4. Influence of argon flowrate on maximum alumina deposition rate (a) 66.45%; (c) 50.46%; (d) 42.82%
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