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Hook at base of 
oscillation 
mark #2

Hook at base of
oscillation 
mark #3

Equilibrium shape of meniscus 
(Bikerman’s equation)

Far-field meniscus shape is 
not affected by mold motion

Base 
position of 
oscillating 

mold

Shape of solid-liquid slag 
interface computed by       
S. Takeuchi et al., 1983

Adjusted 
shape

Thickness of 
solid & 

liquid flux 
layers 

predicted by 
CON1D
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Shell thickness predicted by CON1D

Hook #2 has stopped 
growing along line of 

origin & is about to be 
embedded in the shell

Hook #3 has been 
embedded in the shell

Meniscus shape deviates from 
equilibrium position due to the 

upward movement of mold

Solid slag sticking to the 
mold moves upward due to 

mold motion

LIQUID STEEL
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Solid slag continues to move 
upward during positive strip 

period
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Gap between solid flux rim and 
meniscus opens up gradually, 
allowing more liquid flux to 

enter & thereby increasing the 
mold powder consumption into 
this gap region during positive 

strip period
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Straight Meniscus at an angle to 
the shell tip has been reported 

by Tanaka, 1989
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Rate of suction of 
flux into gap 
decreases as the 
mold reaches its 
highest position
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Mold at its 
highest 
position 
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Meniscus is depressed as the mold 
begins to move downwards (negative 

strip period has not begun yet)
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Liquid flux/slag is pumped 
out of the channel as its width 

decreases during negative 
strip period

NEGATIVE STRIP PERIOD

Negative strip 
period begins
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NEGATIVE STRIP PERIOD

Liquid flux 
squeezed 
out of the 

gap

Meniscus freezes 
from shell tip (which 

acts as a nucleas) 
into the under-
cooled liquid

Liquid flux squeezed into the channel 
between the mold and shell
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NEGATIVE STRIP PERIOD

Meniscus continues to freeze as it is 
being pulled downwards by the 
solidified shell, rendering the 

characteristic curved shape of hook

Line of hook origin 
(frozen shape of the 

meniscus)
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Meniscus above the shell tip is 
delicately balanced (force of 

gravity matches surface tension 
and opposing local flux pressure) 

and starts to bulge out as the

Growth of dendrites below the 
line of hook origin causing hook 

thickness to increase
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Meniscus becomes 
unstable and overflows 

the shell tip, forming the 
line of hook origin

Growth of hook above the 
line of origin occurs 

immediately in the presence 
of under-cooled liquid 
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Further rapid overflow
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Continuous growth of 
hook both above and 

below the line of origin
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Rapid growth of hook 
both above and below the 

line of origin in the 
presence of undercooled

liquid
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Growth of hook slows 
down as the liquid gains 
superheat due to fluid 

flow 
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Formation of hook 
completed
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Fracture of hook tip due  
to fluid flow & buoyancy 

forces
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Tip separates from hook 
rendering the blunt 
shape of final hook
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Fractured hook tip melts 
away due to the incoming 

superheated liquid
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Negative strip 
period ends
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Lowest 
position of 
mold wall 
(0.258s)

Hook #2 has been 
embedded inside the shell
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As the mold starts to 
move upwards, the gap 
begins to open up again, 
reversing the direction of 
flux flow into this region 



44

-24

-22

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

2

4
0 2 4 6 8 10 12 14 16

Time: 00.280 s
Meniscus:  +00.000 mm
Mold: -02.724 mm
OM No. 1:  -10.905 mm
OM No. 2:  -18.905 mm
OM No. 3:  Not present

Distance along slab width (mm)
D

is
ta

nc
e 

al
on

g 
m

ol
d 

le
ng

th
 (m

m
)

LIQUID SLAG

LIQUID STEEL

SOLID
SLAG

STEEL
SHELLMOLD

As the mold gains speed, 
intake of flux increases 

gradually
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