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Numerical Photorealistic

Simulation 3D Visualization
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ML ‘ . 3 _ Pictures
ROM Scientific _ Interactive Videos

Visualization ¢ Virtual Process
VR, AR, PC, mobile, or web

Section-by-section, Step-by-step, Integration
Validation & verification

3-D interactive multiple platforms (immersive VR environment,
AR, PC, mobile, or web versions)
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3D SIMULATION AND VISUALIZATION OF
BLAST FURNACE

U Issues:
A Furnace campaign life
A Energy efficiency
A Pollutant emissions
A Furnace downtime
A Training
U Outcome (since 2002):
A Virtual blast furnaces
A Copyrighted software packages
A Multimillion dollars savings

A Significant downtime reductions
A Best Paper awards

Collaborators: AISI, AIST, ArcelorMittal USA, ArcelorMittal Dofasco, AK Steel, Stelco, Tata Steel
U.S. Steel, and Union Gas
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3-D BLAST FURNACE Flux Reaction
M O D E I_ S a Cohesive Zone

Coke Gasification
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Ore Reduction

Comprehensive
3-D Blast Interphase Heat Transfer
Furnace CFD
Models || Raceway & | Fuel Lance/s & Tuyere
Combustion

- 3D CFD software Raceway Size/Shape

packages

Combustion

- Graphic User
Interfaces (GUI)

- VR visualization
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BLAST FURNACE CFD I\/IODELS

U Shaft Model:
A Burden distribution
A Chemical reactions
A Iterative method for cohesive zone shape and location
A Iterative method for coke rate
U  PCI-Raceway Model :
A Multiphase reaction turbulent flow
A Iterative method for raceway shape
A Coal combustion (devolatilization, surface combustion)
A Coke combustion (kinetic/diffusion model)
A Gas combustion (eddy dissipation model)
A P1 radiation model
U Hearth Model:
A Coupled CFD with inverse Heat Transfer for Skull/Erosion Profile
A Conjugate heat transfer
A Real geometry (skulls, refra
A Variable properties
A Liquid Level
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CFD HEARTH MODEL

U Features — =
A GUI preprocessor

A Real geometry including deadman, o i

......

blowing layer, skulls, refractories, ram,
and shell

A Velocity, pressure, species, hot metal
and refectory temperatures

A Inner profile
A Liquid level and tapping
A VR visualization
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METHODOLOGY

Hot face temperature

1-D heat transfer
model

3-D CFD model >

<

Inner profile

Predicted TC Inner profile
temperature

1-D fine tuning
model
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CFD results were compared with the following
measured data:

Velocity and streamlines 1/10t scale water model
at PUC

Species distribution in a 1/50" scale warm water
model at PUWL

Refractory temperatures of the Mittal No. 7 blast
furnace (both old and new geometry)

Refractory temperatures of the US Steel No. 13
blast furnace
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EXAMPLES OF VALIDATIONS
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USE OF CFD HEARTH MODEL

U Visualize flow patterns 10 5%880%

i Predict inner profiles gi;‘ZZi |

(i Design monitoring systems oo
for refractory temperatures o . IR

U Investigate the impacts of — G
condiions on the campaign |l
life of hearth I

U Troubleshooting
U Design new furnaces
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U CFD Raceway Models:
A Lance
A Raceway
A Combustion
U Recommendations :
A Strategies for high PCI & CHa
rate
A Guidance for lance design and
protection
A Solutions for troubleshooting
A Evaluation of new alternative
fuel injections
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METHODOLOGY
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(b) Obtain the raceway shape and size
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Fluent is used
3-dimensional, Turbulent Iiizs:zz

BN 2.60e+03

Heat transfer renc
Multiphase flow i
Multispecies reactions E —
Coal combustion o

Natural gas co-injection I§§Z§§§
Oxygen enrichment

e
Cases studied for

Coal devolatization in the lance; Effects of PCI rate, PCI
carrier gas flow rate, Oxygen lance flow rate, and blast
air temperature, etc; Lance arrangements; Maximize
PCI rate; Lance failure; Tuyere failure, etc.
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Fluent is used
3-D transient gas-particle flow simulations
Eulerian approach

A multi-fluid granular model is used to describe the
flow behavior of the fluid-solid mixture.

Fab 24, 2005

0a-02) ab 24,
FLUENT 6.2 [3d, saqragatkd, eukrian, Bm, urekady)
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RACEWAY COMBUSTION

Main Features of In-House CFD Code

U 3-dimensional

Turbulent

Multiphase flow (gas, pulverized coal, and coke
particles)

Heat transfer

Multispecies reactions

Coke combustion

Coal combustionnoisture evaporation, volatilization,
Char combustion)

Natural gas cenjection

Coke combustion rate

U Natural gas combustion rate
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Issue:

Unstable operation at both full and
low production with high natural gas
Injection.

Outcomes:

Established good practice of natural
gas lance selection to better suit the
furnace production rate.

Stable and controllable operation.

Eliminated production loss caused by
high blast pressure at full production
rate.

Collaborators;:J ohn DOAIl essi o, Uu. S.
Fast Lance Bored Lance Straight Lance
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