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“s==  Background & Objectives

Previous Work:
pseudo-transient analytical model of heat flux and flow in interfacial flux layers.
mold friction depends on powder flux consumption rate and solid flux velocity.

High heat flux and heat flux variation in the mold are well known to cause
slab defects.

Flux layer break-up (Ron O’malley) is known to be followed by long
periods of heat flux instability (and defects frequency) before stable,
steady casting resumes.

Hypothesis: if conditions enable continuous stable solid flux layer stuck
to the mold wall, it may ensure the slab quality.

When is this possible?

> find the critical powder consumption rate.
> find key factors that effect critical consumption rate:

- flux Poisson’s ratio, v - liquid flux pool depth, h,

- fracture strength, o - mold thickness, d,,,4

- casting speed, V., - oscillation marks geometry
- mold/flux friction coefficient, @ - flux viscosity curve
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e Models Description
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“&==  Liquid Flux Layer Flow Models

eﬁnso:t U

Momentum balance equation of liquid flux flow in the gap:

p(%+v DDVj:—DP+(DT)+pg (1)

Flux flow along casting (z-) direction is:

p[EaVz v Yz 4y G‘L+v Ga—]

ot » T OX

:_0P+6TXZ+0TyZ+0TZZ+pg (2)

0z oOx o0y 0z
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N Liquid Flux Layer Flow Models

“=Snsortium

Assume:

Ferro-static pressure, p, is transmitted directly through the steel shell

op
E = Psea 9
No flow in width direction, V, oV, =0, 9%y =0
OX OX
v Ve OV, 074 46 negligible (demonstrated later).

Yoy t oz oz
So, Eq.(2) simplifies to:

ov, 01, -
P = o +(0= Pges )9 (3)
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Veme  Liquid Flux Layer Flow Models

N a!Sting
“SSnsortium

Constitutive equation for shear stress-velocity gradient in liquid flux

layer:
oV
ry, = H Oyz (4)

Assume: T T n
; = s =l 5
e (5)

Where: p is flux viscosity at the steel shell/flux interface
T, Is steel surface temperature
T, 1s flux solidification temperature
n is empirical constant chosen to fit measured data

- Linear temperature gradient across flux layers
So: d" ov
Tyz = /'IS n - (6)
y" oy

Where: d, is liquid flux thickness
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\&=w  FDM Liquid Flux Layer Flow Model

Substitute Eq.(6) into Eq.(3):

PLATEW) d': OZV;- : ”‘ifl Vet (p-pus)a (7)
ot y' oy y' ooy
Boundary Conditions: (flux solid/liquid & flux liquid/steel interfaces)
V, |,20= Vi = 75 cos(27t) (8)
V, lyes = (©)

Explicit finite-difference discretization with a central difference scheme:

At d"V...—-2V. +V. nd"V. -V

Vnew - - ,Us In i+1 [ i—-1 _,Us nJlr i+1 -1 + (10 _ 10 )gj
p[ y Ay’ y™ Ay =
+V, (10)
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FDM Liquid Flux Layer Flow Model

N Simulation Parameters and Results
Casting Conditions:
Casting Speed, V, 16.67 mm/s
Mold Oscillation Stroke, s 7.8 mm
Mold Oscillation Frequency, f 1.389 cps
Steel Density, P, eq 7400 kg/m3
Flux Properties:
Density, p 2500 kg/m3
Temperature Dependent Index for Viscosity, n 1.65
Viscosity at Shell Surface Side, g 0.54/0.55 Pas®
Liquid Layer Thickness, d, 0.2mm~*

Simulation Parameters:
At: 5.0e-7s Ay: 0.04 mm

*: From CON1D output followed by FDM model runs at z=53mm and at z=54mm
negligible

o7, or,,
oy 0

0.0431 -48020 47683

z

07 (Io_losteel )Eg

-1.0624 N/m3
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%, Pseudo-transient Liquid Flux Layer Flow Model

\tnusas

N (used in CON1D)

“=Onsortium

- The transient term,,oa(;iz , IS proportional to s*f2.
: . oV
- For this typical case: s=7.8mm, f=83.3cpm, o atz
- Therefore, neglecting this transient term yields a pseudo-transient
analytical solution:

<1.5%

V. = - (10_ psteel )gyn+2 + (Vc _Vm) + (10_ losteel )gdl yn+1 +V (11)
z 'us (n + 2)d|n dl 'us(n + 2) dln m

r =Dl V) (07 pas)olln+2)d ~(n+2)y) )
yz d n+2
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Velocity Distribution in Liquid Flux Layers

(comparing pseudo-transient analytical solution

In CON1D with FDM flux model)

i"’i&ﬁf}S&E‘Eiﬁm
(@) n=0, d|:0.2mm (b) n=1.65, d =0.2mm
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V&==,  Schematic of Solid Flux Stress

oscillition'

ferrostatic
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‘&=z ForceBalancein Solid Flux Layer

“=Onsortiun:
Up stroke 00 9 0,0 (Zi ?zb
—+— sz:O
TS/l Tstatic d
T — > S <
0_—> O+ dg +—q Oy T Oy
y y
TS/l TS/|
i ~ o
0,0 (2+A2) 7 y z0 (z+Az)
Down stroke
O-ZO (Z) 020 (Z) c)-Zb
J_ szzo ¢ l
T
-[0 o d Tstatic q
o > v l > T o0, o, > S |+ 0,
Ty Ty
020 (z+Az) 020 (z+Az)
liquid shear stress limits stress friction coefficient limits stress
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q Analytical Solid Flux Stress Model

R
\ “Booe=

\ShSE, (Used iIn CON 1D)

Assume: solid flux stuck to the mold wall

Shear stress at flux solid/liquid interface (evaluating 1., at y=0 in Eqn (12)):

(n+2)V, ~Viia ), (n+1)
‘°’ d, (n+2)

(0 - Paea )ad,

Isy = H
Maximum static solid friction due to mold/shell relative motion:

T yaic = ¢ LPgyoy 9Z o, friction coefficient
Normal stress: 0, = —(,Oﬂuxgho +,0§ee,gZ) h,, liquid flux pool depth

Axial stress component due to ferro-static pressure (ignoring mold/shell relative motion):
o = vV

0, v, Poisson’s ratio

Shear stress component due to ferro-static pressure(ignoring mold/shell relative motion):

Ty = (UZO(MZ) —UZO(Z))E:IS/AZ d,, solid flux layer thickness
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o\ Analytical Solid Flux Stress Model

é‘;é",

e

\éjae:::'t:‘z (Used In CON 1D)

“=Onsortium

Shear stress at mold/solid flux layer interface:
Tm/s = IV“n(rsll + z-0’ Z-static)

Axial stress component due to imbalance in shear stresses of
flux layer interfaces:

Uzb = (TS/| - (Tm/s - TO)) mZ/ ds
Total axial stress in solid flux layer:

az = Uzb + (020(2+Az) - UZO(Z))
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ANSYS Solid Flux Stress Mode
S, Domain & Boundary Conditions

Mold |Solid Flux} Liquid Flux
Side Layer Layer Side

800mm Mold Side ; Liquid Flux Layer Side

N
|

R

N~

Test problem for CON1D model validation — no relative movement of mold and steel shell

Boundary Conditions:
Mold Side: Fixed displacement
Liquid Flux Layer Side: Gradient ferro-static pressure and shear stress (from CON1D)
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Example Application: Case1l &1a &2b
| nput Conditions

~Lonsortium

Case 1&la Case2b Unit
e Casting Speed: 1.0 m/min
e Pour Temperature: 1550 °oC
e Slab Geometry: 1500*230 mm?
e Nozzle Submergence depth: 265 mm
e Working Mold Length: 800 mm
e Time Step: dt=0.001 S
e Mesh Size: dx=0.5 mm

Fraction Solid for Shell Thickness location: 0.3

e Carbon Content: 0.05 %
e Mold Powder Solidification Temperature: 1080 °oC
e Mold Powder Conductivity (solid/liquid): 1.5/1.5 W/mK
e Mold Powder Density: 2500 2700 kg/m?3
e Mold Powder Viscosity at 1300 °C: 8.72 1.06 poise
e Exponent for temperature dependency of viscosity: 1.65 5
e Mold Powder Consumption Rate: 0.45/0.27 (1/1a) 0.287 kg/m?
e Solid Flux Velocity: 0 (stuck to mold wall)
e Oscillation Mark Geometry (depth*width): 0.45*4.5 mm?
e Mold Oscillation Frequency: 83.3 cpm
e Oscillation Stroke: 7.8 mm
e Mold Thickness (including water channel): 51 mm
e Initial Cooling Water Temperature: 30 °C
e Water Channel Geometry (depth*width*distance): 25*5*29 mm?3
e Cooling Water Flow rate: 7.8 m/s
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\_asting

Shear Stress on Mold Side (Pa)

B Comparison of CON1D & ANSYS:
Sgsns  Shear Stresson Mold Side (Case 1)

—

2000

S ‘ ‘ (D besessersssonssssssssnsssssssarsssassermivs
1500 L ——ANSYSup [ i I

L CON1D up

F —— ANSYS down ; : : : 1 L ‘
1000? --------- CONLD down |~ 717 N i —— ANSYS up

‘ ‘ | 1 ! ‘ I CONI1D up
—— ANSYS down

----- CON1D down

-500!
20000 N | |
i -1.510 T Close-up near mold exit
“1500 f : i 1
2000 210%
0O 01 02 03 04 05 06 0.7 0.8 0.78 0.785 0.79 0.795 0.8
Distance Below Meniscus (m) Distance Below Meniscus (m)
- CON1D model matches ANSYS (except within 20mm near mold exit).
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N Comparison of CON1D & ANSYS:
N, Axial Stressin Solid Flux

5000+ e e

—— ANSYS Left side !
—— ANSYS Middle layer ] !
| ——ANSYSRight side [ :
CON1D

(Pa)
o

Axial Stress in Solid Flux

-1 107 ‘ \ ‘ U SO UUTS SOURUOTOROOE
—— ANSYS Left side
—— ANSYS Middle layer 3 : : r
—— ANSYS Right side ] =~ > : ‘ 1
4 CON1D 3 ? i ] | ‘ )
-1.5107 ‘ A " Close-up near mold exit
2100 I R I B
0O 01 02 03 04 05 06 0.7 0.8 0.78 0.785 0.79 0.795 0.8
Distance Below Meniscus (m) Distance Below Meniscus (m)

- Casel at maximum up stroke.
- CON1D model matches ANSYS (except within 20mm near mold exit).

- Solid flux layer is in compression almost everywhere so a stable solid flux

layer is present, no failure is possible.
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Example Application: Case1 & 1la & 2b
Output Results

Liquidus Temperature:
Solidus Temperature:

Negative Strip Time:

Positive Strip Time:

Negative Strip Ratio of Velocity:

Velocity Amplitude of Mold Oscillation:
Pitch (spacing between oscillation marks):

Maximum Mold Hot Face Temperature:
Maximum Mold Cold Face Temperature:
Mold Cooling Water Temperature Increase:
Mean Heat Flux in Mold:

Basic Consumption Rate, CONS,_ ;.
Shear Stress in Mold at Maximum Up-stroke:

Shear Stress in Mold at Maximum Down-stroke:

Variables Calculated at Mold Exit:
Shell Surface Temperature:

Mold Hot Face Temperature:
Shell Thickness:

Liquid Flux Film Thickness:
Solid Flux Film Thickness:
Heat Flux:

Casel
1529
1509

0.24
0.48
0.3
34.03
12

248.03
114.16
4.90

1.0159

0.23906
0.3943
-0.1803

1223.18
144.12
17.67
0.3469
2.0795
0.6751

Casela
1529
1509

0.24
0.48
0.3
34.03
12

406.99
175.38
6.19

1.2816

0.05914
7.8437
-2.71254

1133.24
153.74
20.84
0.0863
1.9129
0.7263

Case2b
1529
1509

0.24
0.48
0.3
34.03
12

338.81
148.73
5.73

1.1895

0.07599
8.0472
-2.8659

1163.02
151.31
19.77
0.1531
1.9508
0.7141

Unit
oC
oC

mm/s
mm

oC
oC
oC
MW/m?

kg/m?
KPa
KPa

°oC

°oC

mm
mm
mm
MW/m?
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‘&=s  Flux Layers Thickness

S =Oonsortium

2.5 o

N
T ‘ T T T
\

mm-—1 - ;—’!:

=
ol

~ liquid layer =0.345

=

Case 1 Solid Layer [
----- Casel Total 1
Case la Solid Layer | 1
----- Case la Total )

oL . T
O 100 200 300 400 500 600 700 800
Distance Below Meniscus (mm)

©
o

Flux Layer Thickness (mm)
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Shear Stress on Mold Side

“=Onsortium

Shear Stress on Mold Side (Pa)

- Decreasing flux consumption rate - thinner flux layers thickness

1.5 10"

110%

5000

-5000

| == Case 1 maximum down-stroke

:-—iiﬁiiiiii;iiiiiip---_-- ---------------------------

T ‘ T T T T ‘ T T T T ! T T T T 1 T T T T
Case 1 maximum up-stroke

Case la maximum up-stroke
----- Case la maximum down-stroke

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

-
-
-
- -
-
-
-
-
----------
. ' ' St mame
-
-
-
-y
LT
---
_-

0

100 200 300 400 500 600 700 800
Distance Below Meniscus (mm)

—> higher shear stress

University of Illinoisat Urbana-Champaign « Metals Processing Simulation Lab « Ya Meng

22



Shear Stress (Pa)
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How Does Axial Stress Build up near Meniscus?

(Case 1a)

4000 e

3000 i«

2000 -
1000 A" A ‘ —
L up, sol/liq interface
up, mold side
L === down, sollliq interface
0 R BE T down, mold side —|
Naee - === Maximum Static Friction on Mold Wall
L "\. -----------
L S, TR m——el,
-1000 7'”"'”””"”\'"'\' """"" ”-’-’----"-’.___’-’- """"""" ]
D T
: N ’
r | Y |
2000 Lo e T
0 50 100

Distance Below Meniscus (mm)

Axial Stress in Solid Flux (Pa)

810% __flux fracture strength: 80KPa

610" | [
410" -
210
| | : Maximun‘1 Up Str(;ke
= Maximum Down Stroke § -
0 e bt e R B s i 7
-210* -

0O 100 200 300 400 500 600 700 800
Distance Below Meniscus (mm)

- Only when liquid shear stress exceeds maximum static solid friction,

does axial stress build up

* Akira Yamauchi, Heat Transfer Phenomena and Mold Flux Lubrication in Continuous
Casting of Steel, Doctoral Thesis, Royal Institute of Technology, Sweden, March 2001
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‘== Powder Flux Consumption Rate

CONS, . = Total Consumption Rate — ACONS (kg/m?)

where,

CONS, . IS the minimum consumption rate without
oscillation marks

ACONS Is the component of consumption rate due to
filling the oscillation marks:

0.500sc. depth LIOsc. width o
pitch

ACONS=

Critical CONS, ;.. The minimum basic consumption rate
to keep solid flux attached to mold wall
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Vg Parametric Study

e Lower flux consumption rate leads to higher shear stress in
liquid/solid flux interface.

e If friction on mold side can not compensate the shear stress
on solid/liquid interface, tensile axial stress builds up in solid
flux layer.

e When axial stress in solid flux exceeds the flux fracture
strength, solid flux breaks and is dragged down the mold wall.

» FIind the critical powder consumption rate, CONS, _...
> What effect critical CONS,_;.?

- flux Poisson’s ratio, v - liquid flux pool depth, h,

- fracture strength, o - mold thickness, d_ 4

- casting speed, V, - oscillation marks geometry
- mold/flux friction coefficient, ¢ - flux viscosity curve
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.17, up-stroke

Axial Stress in Solid Flux Layer (Pa)

v=0.1

4 ¢ - | m===- v=0.17, down-stroke |
2100 L=0.34, up-stroke 7
| A v=0.34, down-stroke | 7
0 r--’i;—'_’-’.'.’;3'.'.';;'_;'_'”3 """""" """""" """""" """"" .
4 D e T
210 SRR e S R SRR .

410% L | i | i ]

O 100 200 300 400 500 600 7700 800

Distance Below Meniscus (mm)

- For v=0.34, critical CONS, . decreases 0.5% (comparing to v=0.17)

—> Poisson’s ratio is not important on critical CONS,__;.
University of Illinoisat Urbana-Champaign « Metals Processing Simulation Lab « Ya Meng

" €CONS,,,,=0.05914kg/m?

1 €CONS, ,.;.=0.05884kg/m?

26



Vs Effect of Liquid Flux Pool Depth, h,

O nsorticmne

— I | 75 85 97 | |
g 310" YV ¥ |
a 810 | — — _
— L : ! : .
°>), |
®© : :
—l 4 | : | : |
x 610" - e S EREETTE —
= i s | s 1
T |
E | : |
[e) 4 | | | ? |
n 410 - M) Rt SR R REERESSEEEE SRR N
= i f f f 1
0 2
N i | h =0mm, CONS_ =0.06129kg/m® | |
QJ 4 ! 0 basic
s 210 4/ - L 1
N I | ~ h_,=10mm, CONS__ =0.05914kg/m" | |
© :
g 3 h =20mm, CONS__ =0.05730kg/m”
i 0 basic

< |

O | | | | ‘ | | | | ‘ | | | | ‘ | | | |

0 50 100 150 200

Distance Below Meniscus (mm)
- Decreasing 10mm h,,, the critical CONS, ;. increases 3.5% and the maximum
axial stress position shifts to the meniscus about 10mm; vice versa.

—>Liquid flux pool depth is not important on critical CONS,__;.
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“ao.. Effect of Fracture Strength, o

o SSsting

< 1.6 10% | | '

£ f

5 1.4 10°F t51mm 1

c>6\ i

2 1.210% ]

>< -

= 5t

o 1107 ]

o i

S 810%F ]

N K

£ 6107 ]

n R

N A

£ 4107 1 -

p) i CONS,___ =0.05914kg/m

— 4_

-‘;5 210% CONSbasiC:O.05532kg/m2 7

< O- R R T S
0] 50 100 150 200

Distance Below Meniscus (mm)

Doubling flux fracture strength, o:
- allows critical CONS, . to decrease by 6.8%,
- moves the critical fracture position from 85mm to 151mm below meniscus.
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Vs Effect of Mold Thickness on Mold Temperature

_aSsting
“=Onsortiuvm

[ T ‘ T T T T ! T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
i 'V =1.0m/min | —d__ =51mm, Hot face
400 o\ - ° | =——d__ =51mm, Cold face

d =34mm, Hot face
mold

350

300 If
250 |

200

Mold Temperature (°C)

150 |

100

0O 100 200 300 400 500 600

Cl
700 800
Distance Below Meniscus (mm)

- Decreasing mold thickness decreases mold hot face temperature.

University of Illinoisat Urbana-Champaign « Metals Processing Simulation Lab « Ya Meng 29



\tnusus

N asting

Axial Stress in Solid Flux Layer (Pa)

Effect of Mold Thickness

“=onsortium
"85 96| T
I § — 8omm g =51mm, o= 80KPa|
I T R e T - L e B e =
L e_/ L
— CONS__ =0.05914kg/m” | |
o
i E‘ i CONSbaSIC:O.06288kg/m2 i
6 10% 1% 610 T
L S L CONSbaS‘C:O.06878kg/m i
a |
o 54mm
I © I : d _=34mm, 0= 40KPa
4A0% 1 2 g0t —— =
i £ i
(%)
o
L (-7') r d i 34mm, o= 20KPa|
210 1 g 20— ————— =
L dmuld:51mm, CONShaSIC:O.OS':)ng/m2 ; L
d_ =34mm, CONSbasm:o.osszztkg/m2 < 33mm
ol S ol A B
0 50 100 150 0 50 100 150
Distance Below Meniscus (mm) Distance Below Meniscus (mm)
- Decreasing mold thickness by 33% decreases CONS, .. by 1.5%, which is negligible
- Lower mold temperature may cause glass transition in solid flux - lower fracture
strength, higher possibility of flux fracture - increase critical CONS, ;.
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Effect of Casting Speed, V.,

NSasting, (no oscillation mar ks)

8 10% |

6 10° |

Axial Stress in Solid Flux Layer (Pa)

L iIce K _ . _ 2 -
4 104 ', ','.'. Vc—l.Om/mln, CONSbasiC—O.O7015kg/m
T ] [ L Y T ST
,' ,'," B V =1.3m/min, CONS_ :0.07467kg/m2
r ’ ".' ! c basic i
o | mm— V =1.6m/min, CONS, _ =0.07923kg/m’
M ! c basic
[ 2 l.l : -
4 h'-' ;
210" ~@f ]
lé' !
1 ' i
It/ !
7.’ N V =4.8m/min, CONS _ :O.12501kg/m2
! c basic
O \\\\\\\\\ i \\\\\\\\\ ‘ | | | | | | | | |

Distance Below Meniscus (mm)
- Assume constant pitch (increasing mold oscillation frequency proportionally)

- Increasing casting speed, V,, from 1.0 to 1.6m/min:
» requires that critical CONS, ;. increases by 12.9%
> moves the critical fracture position from 91mm to 51mm.
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Effect of Oscillation Marks

a\"’iagggqrtium

01072 [ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T } T T T T ‘ T T T T
0078 | |

~~~
N

£ 0.068 |

(kg

» 0.066 '

bas

TN -
o2 ~_
0.06 | | ‘

Critical CONS

0.058 |

0.056 ool
0 10 20 30 40 50 60 70

Oscillation Marks Area per Mold Length (mmz)

- Decreasing oscillation marks area - less resistance in gap - higher heat flux, lower shell
surface temperature - higher flux viscosity - higher shear stress - higher possibility of
flux fracture = increasing critical CONS, ;.

-The 0.45*4.5mm oscillation marks decreases CONS, ... by 18.6% relative to no oscillation
marks.
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Effect of Casting Speed, V.

(with oscillation marks)

o
o

ol
[ Hamagami
| CON1D

0.7F
0.6 F =
05 :_ VC:l:)m/min _:

o
N

o
w

chl.Sm/min
|

Maximum Depth of Osc. Mark (mm)
o
N

0.15 0.18 0.21 0.24 0.27
Negative Strip Time (S)
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Increasing casting speed from 1.0 to 1.6m/min (constant
pitch, higher frequency, lower negative strip time, shallower

oscillation marks, higher heat flux):

> increases CONS, .. by 30.6%,
> moves critical fracture position from 85mm to 61mm.
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Powder Consumption Rate
i (with oscillation marks)
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* M. Inagaki etc., CAMP-IS1J, 1989, 2, p309

** B, Ho, Master thesis, University of Illinois,1992
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CON1D with Critical CONS pasic (no oscillation marks)

L — Wolf fitted Eqn for oil casting: 9.5%(s) °° [2] f
4 *\ —_ Brimacombe fitted Eqgn: 2.68—0.222t(s)°'5 [4] !
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3 r \ Other Sources- Slab? B

®
° [
o N . " . I
) B CONI1D with Critical CONS basic (with oscillation marks)
A

L N |
N
L P s.. o\' CONL1D with conventional consumption rate (with oscillation marks) |
2 ..'o. )

L *. b ° ° 4
L o) — ® i
o— ¢ . . |
© o

A

1 + X ————

Average Heat Flux (MW/mZ)

O I I I I I | I I I I | I I I I | I I I I | I I I I | I I I I | ]
0 10 20 30 40 50 60

Dwell Time (s)

[1] Kapaj N., Pavlicevic M. and Poloni A., 84th Steelmaking Conf. Proc., Baltimore, MD, ISS, p67

[2] Wolf M.M., 1&SM, V.23, Feb., 1996, p47

[3] Park J.K., Samarasekera |.V., and Thomas B.G. et al, 83th Steelmaking Conf. Proc., Warrendale, PA, ISS, p13
[4] Brimacombe J.K., Canadian Metallurgical Quarterly, V.15, N.2, 1976, p17

[5] Li C. and Thomas B.G. Brimacombe Memorial Symposium, Vancouver, Canada, 2000, p17

[6] Lorento D.P. unpublished paper

- Average heat flux in mold increases with casting speed
- Casting with low consumption rate (approaching critical CONS, ., leads to higher average heat flux in mold
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Axial Stress in Solid Flux Layer (Pa)

e EffECt Of Friction Coefficient, @
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- Keep same CONS,_ ., ¢=0.2 case will break at 29mm, ¢=0.3 case will break at 37mm.
- Decreasing friction coefficient, @, from 0.4 to 0.2:

> increases critical CONS,__. by 29.4%,

> moves the critical fracture position from 85mm to 139mm below meniscus.
- Maintaining high friction coefficient is important to keep solid flux attached to mold wall

University of Illinoisat Urbana-Champaign « Metals Processing Simulation Lab « Ya Meng 36



o\
e\

M Viscosity of Flux
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* D. Larson, Industrial Heating, 1986, 53, p16
** From Amoco Inc., measured in Germany
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Flux Layer Thickness

\ QUocus

NS (Case 2b, CONS,,,=0.07599kg/n’)
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_ How Does Axial Stress Build up near Mold Exit?
stne (Case 2b)
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- Case 2b: using M622/G3C flux, critical CONS, _.;.=0.07599kg/m?.
- Only when liquid shear stress exceeds maximum static solid friction,

does axial stress build up.
- Critical fracture position is near to the mold exit.
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N Flux Viscosity Curve
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“am=  High Temperature Tribometer (HTT)
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Continuous Rotation
or

Oscillatory Motion

Measure detailed friction data on material test specimens up to 1000°C
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> Flux Poisson’s ratio, v is negligible (doubling v decreases CONS

Vg Conclusions

When friction on mold side can not compensate the shear stress on flux
solid/liquid interface, axial stress builds up in solid flux layer. If the axial
stress exceeds the flux fracture strength, solid flux breaks and moves
from the mold wall.

Parametric study reveals the variables which increases the difference
of shear stresses between both sides of solid flux, increases axial
stress and critical CONS, .., and also increases the likelihood of
fracture, the effect of:

by 0.5%).

basic

> Liquid flux pool depth, h, is not important (decreasing h, 10mm increases

> Doubling fracture strength, o, decreases CONS

CONS, __._by 3.5%).

basic

6.8%.

basic

> Mold thickness d_ 4 IS negligible, but thinner mold with lower mold temperature

may make flux more brittle, therefore increases the possibility of fracture.

Increasing casting speed V,from 1.0 to 1.6m/min increases CONS,_.,. 30%, in

which 18% is due to the shallower oscillation marks.

Maintaining high mold/flux coefficient, ¢, is important (decreasing @from 0.4 to
0.2 increases CONS, . ... by 29.4%).

basic
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e Conclusions

e Flux temperature-viscosity curve decides the shear stress
along mold wall and affects both the critical consumption
rate and the possible position where solid flux breaks.

> Glassy fluxes 1b & 2b (with low low-temperature viscosity) tend to
fracture near mold exit easily (higher critical CONS, _.;.).

> Crystalline fluxes l1la & 2a (with sharp viscosity curve) tend to fracture
near meniscus, but less easily (lower critical CONS, _.,.) and these
fluxes also likely have higher friction coefficient.

» Comparing two crystalline fluxes (Case la & 2a), higher melting
temperature and lower high-temperature viscosity flux (Case 2a) has
lower critical CONS, ;. and is less easily fractured.
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Vg Future Work

e Measure flux viscosity and friction coefficient
at low temperature using HTT.

e Study flux behavior after it breaks.

e Calculate friction force due to mismatch taper
using normal stress calculation from CONZ2D.
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