Leveraging High Fidelity Simulation and Design Space
Exploration to Optimize Pelletizing Kiln Design

This Webinar will begin at 8:00 am Pacific Daylight Time/ 10:00 am Central Daylight Time.

You will be connected to audio using your computer's microphone and speakers (VolP). A headset is recommended. Or you may select “Use
Telephone” after joining the Webinar.

United States: +1 (312) 878-0511
Canada: +1 (647) 497-9429

France: +33 (0) 170 950 597
Germany: +49 (0) 811 8899 7022
United Kingdom: +44 20 7151 1875

Access Code: 814-205-008
Audio PIN: Shown after joining the Webinar
Webinar ID: 866-758-809

System Requirements

PC-based attendees
Required: Windows® 8, 7, Vista, XP or 2003 Server

Mac®-based attendees
Required: Mac OS® X 10.6 or newer

Mobile attendees
Required: iPhone®, iPad®, Android™ phone or Android tablet
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- ATS4i Aero-Thermal Solutions for Industry (Brazil)

Durrell Rittenberg, Ph.D.(speaker)
- Tecplot Inc. (USA)
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Agenda

e Speaker Introduction

* ATS,i Company Overview

* Tecplot Inc.

* Problem overview

* Results and Tecplot Chorus Demo
* Q&A
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ATSA4i — Director-Associate

Guilherme Araujo Lima da Silva, Eng., Ph.D. (SPEAKER)

v' 1994 -1997 - Shell Oil, Air Liquide and Institute for Technological Research of Sao
Paulo State (IPT) - Combustion Laboratory

V' 1997-2007 Embraer - Air Managements Systems, ECS, Bleed Air
Systemes, Ice Protection, Avionics Cooling, CFD Team, Controls Team at AMX, F-5 BR,
Embraer 120, ERJ 145/140/135, Embraer 170/190, Phenom 100/300.

2007-2013 ATS4i — Aerodynamics, Combustion and Thermal consulting engineering

PhD 2008 — Heat and Mass Transfer in Two-Phase Flow in Anti-ice Systems

Current Reviewer of SAE International Journal of Aerospace (USA), IMchE Journal of
Aerospace Engineering (UK), CSIRO CFD Conference (Australia) and various SAE
Congresses (USA), International Journal of CFD
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Principal Engineer - Associate

Francisco Domingues Alves de Sousa (CO-AUTHOR)
V' 1970-80 C.Greco Consulting - Consultant in Industrial Combustion
V' 1980-2010 Institute for Technological Research — Thermal Engineering
Division, Combustion Laboratory, where he leaded laboratories and

research teams and projects with industry

v Petrobras and IPT Innovation Awards on Combustion Control by
Flame Imaging Identification in real-time

v' Several international/U.S. Patents in combustion area

v' Since 2010 at ATS4i as associate
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ATS4i Activities

Engineering

e Pre-design and Conceptual Studies
e Design Definition (JDP, PDR, CDR)

% e Equipment Upgrade and Difficulties Resolution
Y — > o Tests Planning, Execution, Analysis
Il Services

‘ e CFD and Thermal Analysis
f' ,,j%! e Equipment, System, Plant Diagnostics

e Simulation Models Development

Distribution of Licenses in BRAZIL*

e CFD Analysis: CFD++,

e Mesh Generator: MIME

e Aeroacoustics: CAA++ and Stress Analysis: CSM++
" e Visualization: Tecplot 360, Focus, Chorus, RS

(*) For Brazilian Territory Only
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ATS4i Recent Publications about Combustion

Silva, G. A. L., Sousa, F. D. A., Rafael, C.F., Athayde, M., Nunes, S., CFD++ Applied to a New
Burner Design of a Pelletizing Furnace Combustion Chamber, In 3rd Metacomp Users
Symposium, Metacomp Technologies, Universal City, 2013, Oral Presentation.

[more]

Athayde, M., Nunes, S. F., Silva, G.A.L., Sousa, F.D.A. and Arima, M.N., NOVEL BURNER DESIGN SUPPORTED BY
CFD TO MINIMIZE DEPOSITS INSIDE COMBUSTION CHAMBERS OF SAMARCO PELLETIZING FURNACES, In 6th
International Congress on the Science and Technology of Ironmaking - ICSTI, October, 2012, Rio de Janeiro, RJ,
Brazilian Association of Metalurgy - ABM, 2012.

[more]

Arima, M. N., Sousa, F. D. A, Silva, G. A. L., Branco, N. N., Spode, C., Leal, E. M., Choze, S. B., Implementation of a
Multi Zone Radiation Method in a Low NOx Gas Turbine Combustion Chamber Conceptual Simulator, In ASME
Paper GT2011-46380, ASME Turbo Expo, June 6-10, Vancouver, 2011, New York, ASME, pp. 10, 2011.

[more] [link]

More papers at http://www.ats4i.com.br/en/publications/index.asp

(*) For Brazilian Territory Only
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http://www.ats4i.com.br/en/publications/files/WhitePaper_Presentation_Rev1_Final.pdf
http://www.ats4i.com.br/en/publications/files/Athayde_etal_ICSTI _newBurnerDesignWithCFD.pdf
http://www.ats4i.com.br/en/publications/files/ASME Turbo Expo 2011.pdf
http://www.asmeconferences.org/TE2011/ConferenceSchedule.cfm
http://www.ats4i.com.br/en/publications/index.asp

32 Years of Excellence “Tecplot Inc.”

* Incorporated in 1981

— Founded by Mike Peery and Don
Roberts

— Developed CFD Codes

— Located in Bellevue Washington
— 50,000 users world wide

— Over 100 Academic Site licenses

W
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Mission: Help Engineers “See”

We help engineers and scientists analyze and explore data, discover
information, and communicate the results to others.
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Evaluate system performance
communicate your design
make better decisions.

Turbecharge
your results
and master the
possibilities.
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Improve confidence in_

reservoir simulation
models with interacti

grid comparisons. =
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“Simulation Analytics” is the union of
visualization, data management, statistics,
and data mining to sets of CFD solutions

project
-Meta Data
-Styte and Macros

visualization
-CFD Data
-Style Templates

analytics
-Meta Data
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SAMARCO X

{
L

Industrial Problem

Samarco Study Goals

To reduce emissions of
pollutants that cause the
greenhouse effect the
mining company SAMARCO
replaced the liquid heavy
fuel oil (FO) with natural gas
(NG) in the pelletizing
furnace.
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Consequences:

It increased deposition of material on
the bottom of the chamber, which were
melted and syntherized;

It eventually leaded to partial blockage
of combustion chamber and increased
the maintenance frequency;

Significant increase in the diameter of
the combustion flame, touching the
bottom and heating up your walls;
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Overview of the combustion chamber

Synterized/Melted FeO

@ 1340

Mean center flame distance to
lower refractorywall l
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Physical Drivers

* High momentum unbalance streams the flame is deflected and became closer to the wall;
— Higher upstream pressure of air when using liquid fuel than the NG upstream pressure;
— Heavy oil sprays mass density higher than natural gas density;

*  Momentum depends on: pressure, velocity, density and area of the stream

* According to Lefebvre, the deflection of the jet depends of ratio of momentum flux
between the jet and mainstream cross flow, which is defined as J:

«wev |IN the case of the free jet, the trajectory can be
described by a semi-empirical one-dimensional
correlation: v ¢ x N\©
—_ A B
&

ret

d
jet

For cross flow : A=0.85, b=0.5and c=0.33
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Solution Objective and Methods

Objective Methodology:

* Find a new burner design which .
minimizes the operational difficulties
caused by the melting and synthering
of FeO in the combustion chamber. .

— CRITERIA: to increase the distance from
flame to the bottom wall and,
therefore, decreasing the temperature
in the bottom region where particles
accumulate or accrete;

— HOW: Increase the momentum flux
ratio between the burner jet and the
downcomer duct AND increase the jet
tilt angle;

tecplot” ...........

To solve the problem with CFD++
application;

To simulate 5 nozzles with different
diameters (3 new diameters and 2
original as baseline), and each nozzle
tilt angles in the range: 0 (original

baseline), 0.5, 7.5, 10, 12.5 and 15
degrees.
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Nozzle Configurations

* The dimensions and operational parameters for configurations A, B, C, D and E chosen. The
parameters shown on table below calculated on the previous model.

Momentum Flux Jet

Nozzle Config. Diameter [mm] rho [kg/m3®] Discharge Velocity [m/s] Ratio Momentum (Jet/Duct)

[Pa]
A 24 0.769 236 42830 132
B 18.8 0.812 341 94420 290
C 27 0.757 194 28490 87
D 21 0.789 291 66813  mar 205
E 14 0.867 431 160756  Tar 494

™ Air stream
MAir
«  Momentum Flux Duct = 325,55 Pa. NG e ) NG sream
PNG an

mp Air stream
V DAir

tecploty ATS. i 2ereTherma sotutions



Results Analysis with Tecplot Chorus

Solution Collection Details Chorus Analysis Goals
* Solver: CFD++ e Evaluate design space to
— Compressible Real Gas Solver identify optimal design and

— No combustion .
angular settin
— K-epsilon-Realizable & &

— Fully Turbulent  Determine the physical drivers

— Specie CH4 at T, . impacting system performance
— SpeciesN2,02 at T,

e Solution Space
— 5 Nozzle configurations
— 6 Angles

* Create system views to
communicate results to
customer
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Evaluate Nozzle and Angle Design

Space

CH4_0.3isosurface 2 Slice CH4 at Sym Plane

Streamtraces

B e
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Tecplot Chorus Demo
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Nozzle B vs. Nozzle C Baseline

v’ Jet Center in relation the geometry (1)

v" For maximum mass fraction, position in Z in
relation to the distance from the wall of the

chamber (2)

v For a mass fraction of 3% position in Z in
relation to the distance from the wall of the

chamber (3)
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Nozzle Selected for Operation

Nozzle B — 10° inclination

* 10° presented improved results in relation to 0°

* For 10°, ATS4i developed only an insert to modify the burner duct
lance (quick and cheap) - patented by Samarco

* Nozzle B at 15° presented improvement, however, it would require
a new burner duct lance (non-economical)

 Gain with 15 degrees is small when compared with 10 degrees

* Nozzle E is the mathematical optimum but actual solution would
require a new spring in pressure regulator valve (non-economical)
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Samarco Operational Results

Original Nozzle C New Nozzle B
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Conclusion

 CFD can be used to Optimize complex designs as
Pelletizing Kiln Burners

e Using “Design Space Exploration” engineers can
evaluate results in context and determine
physical drivers

 CFD++ and Tecplot Chorus can be used together
to address engineering challenges
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Questions?

If you are interested in testing this technology, please
contact us:

Durrell (d.rittenberg@tecplot.com)
Guilherme (gasilva@ats4i.com.br))

=
S
M

tecplot”™

* Aero-Thermal Solutions
aster the View ATS4’ for Industry


mailto:d.rittenberg@tecplot.com
mailto:gasilva@ats4i.com.br

