
METHODOLOGY

ü Section-by-section, Step-by-step, Integration

ü Validation & verification

ü 3-D interactive multiple platforms (immersive VR environment, 

AR, PC, mobile, or web versions)

Sensors

ML

ROM

Texts

Pictures

Videos

VR, AR, PC, mobile, or web

CFD, FEAé.



3D SIMULATION AND VISUALIZATION OF 

BLAST FURNACE
ü Issues: 

ÅFurnace campaign life

ÅEnergy efficiency

ÅPollutant emissions

ÅFurnace downtime

ÅTraining

ü Outcome (since 2002): 

ÅVirtual blast furnaces 

ÅCopyrighted software packages

ÅMultimillion dollars savings

ÅSignificant downtime reductions
ÅBest Paper awards

Collaborators: AISI, AIST, ArcelorMittal USA, ArcelorMittal Dofasco, AK Steel, Stelco, Tata Steel

U.S. Steel, and Union Gas



COMPUTATIONAL FLUID DYNAMICS (CFD)



Comprehensive 
3-D Blast 

Furnace CFD 
Models

- 3D CFD software 
packages

- Graphic User 
Interfaces (GUI)

- VR visualization
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3-D BLAST FURNACE 

MODELS



ü Shaft Model: 

Å Burden distribution

Å Chemical reactions

Å Iterative method for cohesive zone shape and location

Å Iterative method for coke rate

ü PCI-Raceway Model : 

ÅMultiphase reaction turbulent flow

Å Iterative method for raceway shape

Å Coal combustion (devolatilization, surface combustion)

Å Coke combustion (kinetic/diffusion model)

Å Gas combustion (eddy dissipation model)

Å P1 radiation model

ü Hearth Model: 

ÅCoupled CFD with inverse Heat Transfer for Skull/Erosion Profile 

ÅConjugate heat transfer

ÅReal geometry (skulls, refractories, ram, shellé)

Å Variable properties

Å Liquid Level

BLAST FURNACE CFD MODELS



üFeatures

ÅGUI preprocessor

Å3-D

ÅReal geometry including deadman, 

blowing layer, skulls, refractories, ram, 

and shell

ÅVelocity, pressure, species, hot metal 

and refectory temperatures

ÅInner profile

ÅLiquid level and tapping

ÅVR visualization

CFD HEARTH MODEL



METHODOLOGY

3-D CFD model
1-D heat transfer 

model

Hot face temperature

Inner profile

1-D fine tuning 

model

Inner profilePredicted TC 

temperature



VALIDATIONS

ü CFD results were compared with the following 
measured data:

ÅVelocity and streamlines 1/10th scale water model 
at PUC 

ÅSpecies distribution in a 1/50th scale warm water 
model at PUWL

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

ÅRefractory temperatures of the US Steel No. 13 
blast furnace



EXAMPLES OF VALIDATIONS
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ü Visualize flow patterns

ü Predict inner profiles

ü Design monitoring systems 

for refractory temperatures

ü Investigate the impacts of 

operating and geometrical 

conditions on the campaign 

life of hearth

ü Troubleshooting 

ü Design new furnaces

USE OF CFD HEARTH MODEL
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üCFD Raceway Models:

ÅLance

ÅRaceway

ÅCombustion

üRecommendations :

ÅStrategies for high PCI & CH4

rate

ÅGuidance for lance design and 

protection

ÅSolutions for troubleshooting

ÅEvaluation of new alternative 

fuel injections

BF RACEWAY CFD MODEL



METHODOLOGY

(a) Simulation of NG+Coal inside a tuyere

Cohesive 

Zones

Tuyeres

Dripping Zone

Chimney

Coke Bed

Dead man

Liquid level

NG lance

Coal lance

Blowpipe

Tuyere

Oxygen 

pipe

(b)  Obtain the raceway shape and size

(c) Schematic of 

Raceway combustion



LANCE AND TUYERE

üFluent is used

Å3-dimensional, Turbulent

ÅHeat transfer

ÅMultiphase flow

ÅMultispecies reactions

ÅCoal combustion

ÅNatural gas co-injection

ÅOxygen enrichment

üCases studied for 

ÅCoal 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.



RACEWAY FORMATION KINETICS

üFluent is used

Å3-D transient gas-particle flow simulations

ÅEulerian approach

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



Main Features of In-House CFD Code
ü 3-dimensional

ü Turbulent

ü Multiphase flow (gas, pulverized coal, and coke 

particles)

ü Heat transfer

ü Multispecies reactions

ü Coke combustion

ü Coal combustion (moisture evaporation, volatilization, 

Char combustion)

ü Natural gas co-injection

ü Coke combustion rate

ü Natural gas combustion rate

RACEWAY COMBUSTION



VALIDATION

Measured Raceway as per Hiroshi 

Nogami et al

CFD

×ñRaceway design for the Innovative Blast Furnaceò, Hiroshi Nogami, Hideyki Yamaoka, Kouji

Takayani, ISIJ 2004.



Example: High Rate Natural Gas Injection 

in Blast Furnace

ü Issue:
Á Unstable operation at both full and 

low production with high natural gas 
injection.

üOutcomes:
Á Established good practice of natural 

gas lance selection to better suit the 
furnace production rate.

Á Stable and controllable operation. 

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

Collaborators: John DôAlessio, U.S. Steel Canada
Fast Lance Straight LanceBored Lance



Fast Lance

Straight Lance

Tuyere 

outlet

NG lance tip

Pressure Drop Across Tuyere

HighProduction Low Production

Fast Lance Unsuitable
Á Pressuredrop too 

high for stable 
operation

Á Plant cannot supply 
enough wind to 
maintain high 
production

Suitable
Á Increased

combustion 
provides higher 
tuyere velocity

Á Helps to avoid  
the practice of 
tuyere plugging

Straight or 
Bored 
Lance

Suitable
Á Plant can supply

enough wind due 
to the lower
pressure drop 

Unsuitable
Á Tuyere velocity 

too low due to 
reduced 
combustion


