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Minerals, Metals and Materials Technology (entre (M3T()

The Minerals, metals and Materials Technology Centre (M3TC) is a recently
established centre which commenced operation in April 2007 with the support from
the Singapore Economic Development Board (EDB) and NUS. M3TC('s vision is to
become a world class R&D Centre capable of conducting relevant commercially-
oriented R&D activities, while providing technical support and consultation
services to industries and businesses in the mineral, metal and material processing
sectors in the region. M3TC will address current and strategic engineering R&D
needs of these industry sectors in the region by drawing together internationally-
recognized multi-disciplinary expertise of various industrial sectors as well as major

research and academic institutions from around the world.

Mathematical modeling team

Minerals, Metals & Materials Technology centre (M3TC) is the ideal partner for any
industry sector seeking to improve its processes through the cost-effective means of
mathematical modeling. M3TC's mathematical modeling team is well-equipped with
dedicated facilities and expertise to help industry player develop and study simulation
model of processes, towards improvement of their processes and products. Currently,
the team uses numerical simulations to develop optimal enhancements and innovative
alternative pathways to existing mineral, metal and material process technologies.

(Principal Investigator: Prof Arun S Mujumdar)
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Workshop on Mathematical Modeling in Minerals, Metals
and Materials Processing (WM3P)

Programme Chair: Prof Arun S Mujumdar, Professor of Mechanical Engineering &

Centre Director, M3TC

Co-chairs: Dr. Wu Zhonghua and Dr. Xu Peng

Date: Saturday, 14 March 2009

Time:

8:30 AM-12:50 PM

Venue: EA-02-11, Faculty of Engineering, National University of Singapore
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8:30-8:45 Registration
: : Introduction: Role of mathematical .
8:45-9:00 rdls o m I preesss Prof Arun S. Mujumdar
Flow behavior in tundishes used in
9:00-9:30 steelmaking via CFD modeling 103, VWY At
: ; Innovative designs of hydrocylones:
9:30-9:55 modeling with CFD model Dr. XU Peng
9:55-10:20 | Heat and mass transfer in gels Jundika Candra Kurnia
10:20-10:50 | Mathematical modeling of spray dryers Woo Meng Wai
10:50-11:20 Coffee Break
11:20-11:50 Modeling PEMFCs and new designs via the Poh Hee Joo
CFD approach
11:50-12:20 | Fuel cell stacks-Thermal management Agus Pulung Sasmito
12:20-12:50 | Modeling of Lithium ion battery Karthik Somasundaram

Organized by Minerals, Metals, Materials Technology Centre, NUS




Workshop on Mathematical Modeling in Minerals, Metals and Materials Processing, March 14, 2009

Introduction: Role of mathematical modeling in MMM processing

Arun S. Mujumdar

Minerals, Metals and Materials Technology Centre (M3TC), Faculty of Engineering,
NUS

Abstract: Following a brief introduction to M3TC, this presentation will provide a
brief overview of the objectives and recent accomplishments of the Math Modeling
Group within M3TC as well as his Transport Processes Research (TPR) Group within
ME. It will point out the role of and need for modeling in industrial R&D in general
and in the MMM processing sector in particular. Cost savings and potential to
innovate rapidly at low cost are the main driving forces here. The presentation will

also highlight the contributions of our international collaborators.

Prof. Mujumdar holds PhD in chemical engineering from
McGill University, Montreal, Canada where he served on the
faculty as Professor until mid-2000 when he joined NUS ME
department as Professor. He has over 350 journal papers,
300+ conference papers (including over 60 keynote and
plenary lectures), over 100 book chapters and numerous
technical reports to his credit. He has advised over 50 PhD
students and over 30 postdoctoral fellows at McGill, NUS as
well as several major international universities around the
world. He is Editor-in-Chief of Drying Technology journal
since 1988. He has edited over 60 books in transport
phenomena and drying and authored two books. Winner of
numerous major international awards, recently he was
conferred Doctor Honoris Causa by Lodz Technical
University, Poland.

Although he re-directed his R&D focus to M3TC interest
areas only two years ago, he has published a significant
number of papers in this area as well. For details please
visit http://serve.me.nus.edu.sg/arun.
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Flow behavior in tundishes used in steelmaking via CFD modeling
Wu Zhonghua and Mujumdar A.S

Minerals, Metals and Materials Technology Centre (M3TC), NUS

Abstract: A computational fluid dynamic (CFD) model was developed to study the
fluid flow phenomena taking place in a real industrial facility- a tundish of a capacity
of 30 Mg liquid steel. Numerical results show spatial distributions of the velocity
vectors, fields of turbulence kinetic energy, temperature of steel flowing in the tundish
and the characteristics called RTD (Residence Time Distribution). Selected computer
simulation results were validated with experimental data. The effect of the shape of
tundish, interior dams, overfills and partitions on the hydrodynamics of liquid steel
flow were studied numerically and optimized to reduce the fraction of dead volume
zones and augment nonmetallic inclusions to float into the slag. Also, the vortex
forming mechanisms during the steel drains out are discussed based on the numerical
results. A novel design of a turbo-stopper is proposed and its function to decelerate
the ladle shroud jet and direct the flow back to reduce slag entrapment is discussed
Such numerical results improve our understanding of the hydrodynamics of liquid

steel flow in tundish and contribute to a optimized operation.

Dr. Wu Zhonghua is a research fellow in Minerals, Metals
and Materials Technology Centre, NUS from Oct, 2007. He
- .- obtained his mastero0s de
' Y University in 2003 and PhD degree from NUS in 2007. His
- current research interests are computational fluid dynamics,

w heat and mass transfer, math modeling in metal and minerals
" . processing etc. He has published 8 journal papers, 2 book

chapters and over 10 conference papers.
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Innovative designs of hydrocylones: modeling with CFD model

XU Peng

Mechanical Engineering Department, NUS &

School of Physics, Huazhong University of Science and Technology, China
Abstract: Hydrocyclones are density-based separators that convert pressure energy
into rotational momentum. They have been widely used in industry, particularly in
mineral and chemical processing. The computational fluid dynamic (CFD) technique
is gaining popularity for process design and optimization as it provides a good means
of predicting equipment performance of the hydrocyclone under a wide range of
geometric and operating conditions at low cost. Besides the separation efficiency of
the device, the resistance to wearing out is also taken into account as an important
criterion in the design of a hydrocyclone. Effect of feed inlets on the wear-induced
erosion rate of the hydrocyclone wall is analyzed numerically. New designs with
spiral feed inlet, bell-shaped vortex finder and parabolic shaped body are proposed
and investigated numerically for their separation efficiency, pumping power
requirements and erosion characteristics. Our goal is to effect model-based innovation
in equipment design to reduce costs and speed development of innovative solutions to

engineering problems.

Dr. Xu Peng has been a visiting PhD student of Mechanical
Engineering Department in National University of Singapore
since Sep. 2007. He is also PhD candidate in School of
Physics, Huazhong University of Science and Technology.
-- His current research interests are computational fluid

‘1‘“ dynamics, heat and mass transfer, fractal and porous media,
B \‘\!-7 etc. His current research project includes CFD models of
[ ﬂ / { I hydrocyclone and pulsed impinging Jets, heat and mass

transfer of tree-like network, and drying of nanosuspensions.
He has published 9 journal papers and several conference
papers.
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© Heat and Mass Transfer in Gels
Jundika Candra Kurnia
Department of Mechanical Engineering, NUS

Abstract: A hydrogel is essentially a three dimensional polymer network immersed in
an aqueous solution. A stimuli-responsive hydrogel has the ability to undergo large
reversible volume changes up to thousand-fold or more when subjected to change of
the environment: alterations in pH, ionic strength, temperature as well as electric field
and irradiation of light. In recent years, extensive progress has been made in the
technological application of stimuli-responsive hydrogel. Biosensors, micro-actuators
and flow controls, tissue engineering, artificial muscle, drug delivery systems and
other applications use hydrogel due to its autonomous behavior. Hydrogels have also
commonly been used in: bioseparation, disposable diapers, soil irrigation, and contact
lens. The objectives of this study are to develop mathematical models of heat and

mass transfer in gels and to provide design guidelines for gels application.

Jundika Candra Kurnia is currently pursuing his PhD in
Division of Energy and Bio-Thermal System, Department of
Mechanical Engineering, National University of Singapore.
He received his Bachelor Degree in 2006 from Gadjah Mada
University, Yogyakarta, Indonesia. Currently he is working
on transport phenomena and deformation behavior of gels
during swelling, shrinking and drying. He has prepared
several papers for conference and journal publication.
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Mathematical Modelling of Spray Drying
Woo Meng Wai
Chemical and Process Engineering Department,

Universiti Kebangsaan Malaysia, Bangi, Selangor, Malaysia

Abstract: A major component in Computational Fluid Dynamics (CFD) modeling of
spray drying is to accurately model the heat and mass transfer between the atomized
droplets and the drying air. As these droplets contain dissolved solids, moisture
removal and solid formation occur simultaneously, which makes the modeling effort
complicated. This presentation will discuss on the modelling approaches for such
transport phenomena by firstly examining mathematical models of pure droplet
evaporation, to give a basic perspective on the subject. Extension will then be made
by introducing different modeling approaches for droplets containing dissolved solids.
Application of these droplet drying models in CFD simulation of a spray dryer will be
further illustrated with case studies recently undertaken. The advantages, drawbacks

and outlook of these models will be discussed based on the case studies.

Mr. Woo Meng Wai is currently a PhD candidate in the
Department of Chemical and Process Engineering, Universiti
Kebangsaan Malaysia. He obtained his undergraduate degree
from James Cook University, Australia. Prior to pursuing his
postgraduate studies, he was a Process Engineer in the
petrochemical industry in Malaysia. His current PhD
research project is on spray drying and computational fluid
dynamics.

Organized by Minerals, Metals, Materials Technology Centre, NUS Pa ge | 8



Workshop on Mathematical Modeling in Minerals, Metals and Materials Processing, March 14, 2009
Modeling PEMFC and new designs via the CFD approach
Poh Hee Joo

Fluid Dynamics Division, Large Scale Complex System Programme
Institute of High Performance Computing, NUS

Abstract Mathematical modeling plays an important role to understand the fluid
mechanics, thermal, mass, ionic and electronic transport phenomena inside the Proton
Exchange Membrane Fuel Cell (PEMFC), as this data is hardly accessible and
measureable by the standard experimental apparatus. In this Computational Fuel Cell
Dynamics (CFCD) analysis, the model is first validated with close agreement with the
relevant experimental data for both cathode forced and free convection PEMFC. For
forced convection fuel cell, a flow structure which delivers the reactant transversely to
the MEA using an impinging jet configuration at cathode side is proposed and modeled
to examine its effectiveness for enhanced PEMFC performance, especially at high
current densities. A multiple impinging jet design is further suggested as an effective
way to achieve flow and species uniformity with results in more uniform catalyst
utilization. For free convection air breathing PEM fuel cell (ABFC), the effect of
geometry factors (e.g. channel length and width), device orientation (horizontal
placement, alignment with gravity or at an inclined angle), and O, transfer
configuration (channel vs. planar) were investigated. Based on the simulation results,
an optimum design for the enhanced performance for self air breathing PEM Fuel Cells
is derived.

Mr. Poh Hee Joo

Senior Research Engineer,
Computational Fluid Dynamic Division
Institute of High Performance Computing

Mr. Poh Hee Joo obtained his Bachelor and Master in 1997 and 1999, respectively, in
Mechanical Engineering from Nanyang Technological University, Singapore. He has
over 10 years working experience in the CFD research and consultancy jobs, mainly
focusing in building and energy simulation works. He is currently working as a Senior
Research Engineer at the Computational Fluid Dynamic Division at IHPC, and also
pursuing his PhD degree in NUS with the research topic of Computational Modeling in
Proton Electrolyte Membrane Fuel Cell

Mr . Pohdés main research areas are |
heat and fluids, with specialization of CFD application in Computational Fuel Cell
Dynamics, Computational HVAC, Impinging Jet Heat and Mass Transfer, Fire
Simulation, Spray Dryer and Computational Bio-Mechanics..
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Fuel cell stack | Thermal management
Agus Pulung Sasmito
Department of Mechanical Engineering, NUS

Abstract: The design of a polymer electrolyte membrane fuel cell (PEMFC) stack
requires careful consideration. In this work, we aim to develop a mathematical and
numerical framework for PEMFC stacks that serves two main objectives: the first
involves the study of the fundamental aspects of the PEM fuel cell and the associated
transport, electrochemical processes and multiphase flow for both a single cell and
stack. The second objective concerns the development and integration of applied
research for the PEM fuel cell and stack, including management issues, designs, and
optimization to achieve an enhanced fuel cell performance.

To study the impact of these design parameters, a two-phase model accounting for the
conservation of mass, momentum, species, energy, charge, a phenomenological model
for the membrane, and an agglomerate model for the catalyst layer, is developed and
solved. The model is validated for a single cell, both in terms of the local as well as
the global current density, and good agreement is found. It is then employed as a
building block for stack modeling. Three different cooling methods, namely water-
cooling, forced convection air-cooling and natural convection air-cooling, are

investigated.

Agus Pulung Sasmito is a Ph.D. student in Division of
Energy and Bio-Thermal System, Mechanical Engineering
Department, National University of Singapore. He received
his Bachelor Degree in 2005 from Gadjah Mada University,
Indonesia. Currently, he is working on fuel cell modelling,
- two-phase flow and computational fluid dynamics. He has

d - l made several conference presentations and prepared several

journal papers.
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Modeling of Lithium ion battery
Karthik Somasundaram

Department of Mechanical Engineering, NUS

Abstract: Since the invention of the first Voltaic pile in 1800 by Alessandro Volta,
the battery has become a common power source for many household and industrial
applications. Today, rechargeable lithium batteries are generally considered the
battery of choice for many mobile and portable applications. Lithium-ion or rocking-
chair batteries are the newest and have the most well-understood battery chemistry.

We will in this presentation provide an overview of the history and development of
batteries, followed by a discussion of our mathematical multi-scale modeling of these,
which seeks to capture the electrochemistry and transport phenomena that are key to
the performance of the battery. Of special importance is the thermal management of
large battery systems to prevent hot spots or in worst case scenarios thermal runaways.
The latter typically occurs when the reaction rate increases due to an increase in
temperature, causing a further increase in temperature and hence a further increase in
the reaction rate and so forth. We will in addition highlight our current numerical
approach to solving the resulting partial and ordinary differential equations together
with the relevant constitutive relations and boundary conditions. Finally, we will

discuss possible extension to account for stacks of batteries.

Karthik Somasundaram is a PhD student in Division of
Energy and Bio-Thermal Systems, Mechanical Engineering
Department, National University of Singapore. He received
his Bachelor Degree in 2003 from Madurai Kamaraj
University, India and Master degree from Department of
Mechanical Engineering, NUS in 2007. Currently, he is
working on Li-ion battery modelling and thermal
management of Li-ion batteries.
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