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Introduction 1

Slag door

\

Insufficient process conditions induce EAF explosion

! Source%/www.youtube.com/
-

tch?v=zTKodUpErR8

Superheating of melt and slag
A Formation of FeO and C nests with insufficient mixing
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Introduction i Strategies for process design

Plant test Physical simulation Numerical simulation

120t EAF Water model of 120 t EAF (1:4) HPC, 384 cores, 1.5 TB RAM
A FEA - PTC Creo, Marc Mentat
A CFD - ANSYS, OpenFOAM
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Design & optimization of plant
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1. Pre
Meshing CAD model of 120 t EAF
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EAF i Injector

120 t EAF, transformer rating 150 MVA
Spec. energy consumption © 350 KWh/tsieel

> D

Lower / upper furnace shell (A 8 m)

>\

Roof swinging system with off gas elbow

>\

3 supporting arms for graphite electrodes

>\

Tilting platform

>

4 x Burner / injector system

Burner mode: 6 MW
Injector mode: 3000 Nm®/h
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EAF i Injector

A Pilot mode

Ve

A Burner mode
A Injector mode

Shroud jet —°

Supersonic O, jet
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EAF T Injector: O, + CO, entering hot furnace environment (LES)

time = 0.02180 s

Vop =3000 Nmé/h
Vo2 = 190 Nm#/h

Melt level

oxygen content [ - ] velocity [m/s]
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A Shrouding gas protects oxygen jet; jet remains concentrated and narrow
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EAF T Injector: O, + CO, entering hot furnace environment (LES)

Standard injector t = 0.00050 s

- © 2019 SMS group GmbH

0.00 0.15 0.60 1.35 2.40

Animation

A Shrouding gas protects oxygen jet; jet remains concentrated and narrow
A Oxygen jet impacts melt level at u ®© 150 m/s (M ° 0.4); supersonic jet length L* = + 35 %
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EAF i 120 t: Velocity distribution (URANS)
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Animation

A Slag layer displaced, surface oscillation, splashing
A Stable oxygen jets, unstable blowing cavities

A Depth of penetration 0.2 m, melt velocity © 0.1 m/s
A Air flows out of via slag door

d
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EAF 7 120 t: Temperature distribution (URANS)

t=0.020 s

~wall [K]

8773
1403
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663
293

Hot spots

Animation
A Oxygen jets penetrate slag layer which is temporarily pushed away from the arcs
A Arcs radiate heat against the furnace wall and create hot spots
A Numerical Refractory Wear Index:

7

RWInum = a1twall,normal + a2twall,tangential + a3Twall + €

12
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A BOF converter
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BOF converter T Phenomenolo RWTHAACHEN
gy e Gwe
Top blowing i~

A Compressible supersonic oxygen jets

A | Jets penetrate slag/melt domain and induce
foaming (slag-metal-gas emulsion)

A ' Splashing, skulling, slopping

Chemical reactions
Heat transfer
Species transfer
Mixing

v v v

Bottom stirring

A Compressible inert gas bubbles

A Interaction of adjacent gas plumes

A Bubble break-up, coalescence, growth
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BOF converter i 335 t: Combined blowing (URANS)

6 hole lance V., = 1100 Nm?/min

melt/slag velog
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10 stirrers V,, = 560 Nm3/h
Animation 0.00 =
A Surface oscillation, splashing, initial lance skulling
A Stable oxygen jets inducing oscillating blowing cavities; depth of penetration © 0.4 m; melt velocity < 2 m/s
A Fundamental layout rules for basic engineering
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Ladle i 320 t: Tracer concentration distribution (URANS); V,, = 6.5 NI/(min t)

—_—

Case A

e ——
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Ladle i 320 t: Tracer concentration distribution (URANS); V,, = 6.5 NI/(min t)

Case A B C D

- C
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A Metal atomization plant
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Metal atomlzatlon plant I Stainless, Ni-based, maraglng steels

Requirements
A Grain size 15 - 45 pum; distribution > 40 %
A Low rate of over- and undersized particles
A Sphencal satellite-free, no gas |ncIu3|on

group GmbH

- @2619
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p—q Example for an austenitic steel
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Metal atomization plant i Simulation aim

Primary nozzle
Secondary nozzle
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Metal atomization plant i Laboratory test-rig (water / air)

Gas phase

Secondary coaxial nozzle

Under-expanded jet Wall film (lick-back)

Recirculation

Large droplets
Stagnation point

Primary atomiza

Expansion waves
Shock waves

Small droplets

Animation
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