PFAU 9.0 | Johannes Kepler UniversitatLinz | 03 Nov 2014

“Current results of the solidification modelling
In continuous casting”

Dr. Alexander Vakhrushev

S|mulat|on & Modellierung metallurgischer Prozesse, /\ I I

MONTAN
Department Metallurgie, Montanuniversitat Leoben ™= ciristn poppier RHI 1

UNIVERSITAT
sssssssssssssssssssss WWW.UNILEOBEN.AC.AT




OUTLINE

Introduction

Modelling of casting process
Inclusions modelling

Liquid slag model verification

Heat transfer through the refractory
Conclusions & outlook

g S|mulat|on & Modelherung metallurglscher Prozesse, /\ I l

2 MONTAN
UNIVERSITAT
WWW.UNILEOBEN.AC.AT

sssssssssssssssssssss



Processes to simulate: continuous casting
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Results of the thin slab casting simulation
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METALLURGICAL AND MATERIALS TRANSACTIONS B

Numerical Investigation of Shell Formation in Thin Slab Casting
of Funnel-Type Mold

A. VAKHRUSHEV, M. WU, A. LUDWIG, Y. TANG, G. HACKL, and G. NITZL

» We got 10 pages of comments & questions
 Constructive
U Didn’t require a content change

 Some interesting results were added
»Enforced some important improvements:

 Direct usage of T-dependent properties (IDS)

J Reconsider heat fluxes (narrow face)
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Solid fraction f
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Flow / solid shell interaction
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Shell thickness verification: 30% of solid
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Tipp: strong back flow for some designs

Pressure inlet

Velocity outlet
(fixed normal + slip)
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Boundary conditions to suppress backflow

»Pressure inlet:
turbulentintensityKyneticEnergylnlet, 1=4%
turbulentMixingLengthDissipationRatelnlet, d=0.07*D

»Velocity outlet:

fixedNormalSlip with casting velocity

No back flow at all
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DNS flow simulation in a tundish
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DNS vs. RANS flow simulation in a tundish
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Particle flow in a tundish (DNS simulation)
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Motivation: focus on the SEN region

| i

Velocity, U (m/s) Time: 20.0 sec
004 008 01 02 02 02 03

(a) mechanisms of slag entrapment

(b) SEN refractory erosion kinetics

(c) free surface oscillation/waves

(d) patterns of turbulent jet flow

(e) sensitivity of all phenomena to SEN design
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Governing equations of the numerical model

Mixture properties:

Xmelt T Aslag + Qair =:

Pmixture — @melt ° pme'
Umixture = Xmelt pme'

Nmixture = Hmixture / pl

Incompressible turk

V-i=0 -7 ____Standardmodel __ Modified
dpt -~
ot ‘R(l\ﬁ_‘ag)/v (pu ®@u) = —Vp + V- LuegD) + pg + Seurs (6)
g 2 ( v v ) ] _v. (a Va, — a;Va ) (7)
f — O;i Kii \ 0 VO; — O; VO wnere K;; =
surf . JRAIANY ij |O(] Va, — O(lVO(] |
dpk +V-(puk) =V-||u P vk + G — pe (8)
dpe Uy ) €’ 9
+ V- (pue) =V < + Ve | |+ pCic€e — Corp— )
at p ( nu Prt’e ,0 le 26)0@
: da;
Scalar transport of volume fraction: a—t‘ +V-(da) =0 (10)
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Experimental setup and simulation domain

melt slag air
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Water modelling results

1.5 m/min
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Simulation results / comparison with experiment

Flow simulation:
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Comparison with the water modelling results:
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Heat transfer through refractory: motivation

» Estimate heat losses through the SEN

» Can it lead to the solidification at the flow stagnation zones?

Time: 0 sec 1osn 13;?9|a‘.4‘ »
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when ~ 1 K of superheat
Is predicted !!!
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Model development: OGI solidification benchmark

insulated

insulated symmetry
- HTC specified

solidifying shell

symmetry

liquid core

Al
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Model development: OGI solidification benchmark
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2D solidification with the heat transfer in SEN
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Mold: wall heat flu)

Mel / slag interface:
HTC specified
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2D solidification with the heat transfer in SEN
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Shell formation (DNS)

U, m/s Time: 0.1 sec
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Shell thickness: comparison DNS vs. RANS
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f a free surface

loNn O

DNS simulat

Future work

-7 A e
R T R e S

O
@
07z
)

”

.
//ﬂ(é&ﬂiﬁiééﬁiﬂﬂﬂé&éﬁ
N T i

‘{ :

e T T e T i L

N e e A S

g
i
A
¥
A
v
4
4
:{
g

Time

i ———— )
/.a-—-:\t
N

£

%

e
T e e SR

i

D
N
3

li

T

~
S
/
h
x
\
i

A

T ™ e
ety

P i

B
T T e e Y

{

B e e

£

A PR
AL oy

1A

e L
Ptds

R

S d

'
'55?5/

P Ry
e

)

S
Y7
L

’

o

o

;
e

e

S
RS
)

é

I e s i
Sty R T = g

A A
T T,
Pl R SRR
A,

t
+t
44
t
t b
iy
Al
N

&

R atat e e PSS SN
N A A AT A A Yy
L e Y
£ e R —
W e e — A
e — e 8

£ — s

M e e e e e
AR R R R R Ry

A
]

AT T,
)

T T, o e,
A e L

'
4
/
7

R

N

§v9f99¢¢¢¢o*fwryf
;A

N

Voo

s
e e

i:
!
!
!

A T A Y i
[ R
P | T T AT
\/\.Uw, _..t.r.rl.r.\\\\q\\
,

1
)

e e T i e g

K
E
i
:

g T mm— e

v
)
]
]

Camay Do 00T

#34



Particle simulation with 2 phase VOF

Time: 0.05 sec
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THANK YOU FOR YOUR ATTENTION!
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