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Fig. 2: Schematic of flow phenomena in mold region of continuous casting process.
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Fig. 3 Simulated flow field for the standard nozzle and conditions in Table I
(a) Argon gas distribution (b) Velocities in center plane parallel to WF

(c) Velocities in center plane parallel to NF (d) Velocities at port outlet plane
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Fig. 5. Pressure drop calculated down nozzle
a) Pressure contours in centerplane showing that major variations are in
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b) Effect of slide gate opening on vertical pressure distribution
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B.G. Thomas, Final Report NSF Grant DMI-98-00274, Jan. 31, 2002.

22

0

0.5

1

1.5

2

2.5

3

3.5

0

0.4

0.8

1.2

1.6

0 0.1 0.2 0.3 0.4 0.5 0.6

S
te

el
T

h
ro

u
g

h
p

u
t

(t
o

n
n

e/
m

in
)

C
astin

g
S

p
eed

(m
/m

in
,8"x52"

slab
)

Clogging Buildup Volume Fraction

Tundish bath depth HT = 1 m
Nozzle bore diameter = 80 mm
Gate opening = 50% (unclogged)

No clogging of gate opening
(so constant gate opening area)

Qg=0

Qg=5 SLPMQg=10 SLPM

Fig. 7. Effect of clogging buildup on steel throughput (assuming constant gate opening
area)

0

5

10

15

20

25

30

35

40

0 0.5 1 1.5 2 2.5M
in

im
u

m
ar

g
o

n
fl

o
w

ra
te

(S
L

P
M

)
re

q
u

ir
ed

fo
r

p
o

si
ti

ve
lo

w
es

t
p

re
ss

u
re

in
n

o
zz

le

Casting speed V
C

(m/min, for 8"x52" slab)

H
T
=0.6m

H
T
=0.8m

H
T
=1.0m

H
T
=1.2m

H
T
=1.4m

H
T
=1.6m

Tundish bath depth: H
T

Fig. 8. Optimizing gas injection for different casting speeds and tundish depths



B.G. Thomas, Final Report NSF Grant DMI-98-00274, Jan. 31, 2002.

23

PIV LES1 LES2 K-εεεε

(0.5m/s: )

Fig. 9: Comparison of time-average flow pattern in mold centerplane from 4 methods.
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Fig. 14: Distribution of the 15000 particles at
four instants after their injection.

Fig. 15: Four typical particle trajectories found
in the computation.

Time (s)

P
ar

tic
le

s
re

m
ov

ed
to

m
en

is
cu

s/
pa

rt
ic

le
s

en
te

ri
ng

(%
)

P
ar

tic
le

re
m

ov
al

ra
te

to
m

en
is

cu
s

(%
s-1

)

0 50 100 150 200 250 300

10

20

30

40

50

60

70

80

90

100

1

2

3

4

5

6

7

8

9

10

(a)

(b)

(c)

(d)

(e)

(f)

Fig. 16: Particle removal to the top surface in full-scale water model: (a) particles
removed to top surface (simulated); (b) particles removed to top surface; (c) particle
removal rate to top surface; (d) particle removal rate to top surface; (e) particles removed
by screen (LES); (f) particles removed by screen (experiment).
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Fig. 17: Instantaneous velocity field.
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Fig. 18. Time-averaged temperature contours (Re=5,000 from 50k-100k time steps)
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Fig. 19: Time-Mean Dimensionless Heat Transfer Rate.
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Fig. 21: Computed steel velocity and gas
volume fraction in nozzle.
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Fig. 22: PIV measurements and computed velocity vectors of multiphase flow in 0.4-scale water

model centerplane (Table 3 conditions).
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Fig. 23: Computed velocities in steel caster.

Fig. 24: Effect of casting speed (throughput, slab width, and argon injection rate
on mold flow pattern, showing detrimental transition region (shaded boxes)
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