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FOREWORD

INTRODUCTION

The Centre for Research in Computational and Applied Mechanics, or CERECAM, has
grown into a research centre which currently comprises six full and seven associate
members from five different departments and two faculties.

The Centre for Research in Computational
and Applied Mechanics, or CERECAM,
has been in existence in various forms
since 1981. It has grown during this period
into a research centre comprising thirteen
full-time academic staff members from five
departments and two faculties. Research
areas of interest span a wide range that
includes theoretical, computational and
experimental investigations. A substantial
number of students pursue postgraduate
study through the Centre.

Research areas of interest span a wide range that includes theoretical, computational
and experimental investigations in solid and fluid mechanics. Areas of activity in solid
mechanics include plasticity, structural mechanics and fracture mechanics. In the domain
of fluid mechanics, much activity is motivated by problems in aerodynamics and in the
mining industries. Beyond these traditional areas of interest biomechanics has emerged as
a significant area of activity, and particulate flow characterisation has become established
as a major focus in its own right.
Postgraduate education forms a core part of the objectives of the Centre, which mounts
a suite of five courses at postgraduate level. In addition, members and research staff are
engaged in the supervision of a significant number of postgraduate students.
This report sets out details of the activities of CERECAM during 2009.

Members include staff and students from
the Departments of Mathematics and
Applied Mathematics, Chemical, Civil, and
Mechanical Engineering, and Physics.
Consequently, interdisciplinary thinking
and activity have become firmly embedded
in the objectives of the Centre.
The principal objective of CERECAM is
to provide a coherent focus and point
of interaction at UCT for research and
applications in the general area of nonlinear
mechanics by promoting and supporting
fundamental research, applied research,
and industrial interaction in the mechanics
of structures, solids, and fluids.
A major, but by no means exclusive interest
is in computational mechanics, that is, the
computational simulation of flow, deform
ation and failure in natural processes
and engineering components or artifacts.
Other areas of interest are concerned
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with theoretical studies in solid and fluid
mechanics, computational algorithms, and
experimental studies. Motivation for many
of the projects is derived from problems of
practical interest.

Objectives of the Centre
a) To be a key centre of expertise in
South Africa
by carrying out fundamental research of
an international standard in the general
area of nonlinear mechanics, with the aim
of contributing to mainstream conceptual
developments that are occurring in the
international forum.
b) To provide a link between academia
and industry
by working with national and international
industry on problems of immediate con
cern, with the aims of obtaining funding
and generating practical and industrially
important research topics for both acade
mics and graduate students.
c) To provide postgraduate training
in order to educate students who will be
of immediate benefit to South African
industry when they enter the workplace;
to stimulate interest in mechanics as an
area of intellectual endeavour and practical
importance in the scientific forum; and to
provide for the next generation of experts
in mechanics who would be able to take
up positions in academia and research
institutions.
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CERECAM members and staff 2009
Full members
Prof daya Reddy (Director)
Dr Tirivanhu Chinyoka
Assoc Prof Dave Deglon
Dr Francois Ebobisse
Dr Indresan Govender
Dr Sebastian Skatulla

Mathematics and Applied Mathematics
Mathematics and Applied Mathematics
Chemical Engineering
Mathematics and Applied Mathematics
Physics
Civil Engineering

Associate members
Mr Trevor Cloete
Prof Alison Lewis
Dr Pilate Moyo
Prof Gerald Nurick
Assoc Prof Tony Sayers
Prof Bob Tait
Prof Alphose Zingoni

Mechanical Engineering
Chemical Engineering
Civil Engineering
Mechanical Engineering
Mechanical Engineering
Mechanical Engineering
Civil Engineering

CERECAM enjoys excellent ties with a number of research groups at UCT. Some CERECAM
members are also members of other formally constituted research centres and units at
UCT, and through these multiple memberships have acted to foster strong ties between the
groups. Members holding multiple research group memberships are:

Assoc Prof Dave Deglon
Dr Indresan Govender
Prof Alison Lewis
Prof Gerald Nurick
The staffing complement in 2009 comprised 13 permanent academic staff members,
one research officer, two part-time researchers, one part-time administrative assistant,
one part-time IT administrator, and three post-doctoral fellows, with two post-doctoral
positions currently vacant. There were 26 masters and doctoral students, divided
among PhD and MSc status roughly in the ratio of 1:2 (see pages 28 and 29 for the
full list of students). These students are drawn from all of the member departments.
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Prof Bob Tait

Mr Trevor Cloete

Centre for Minerals Research (CMR)
Cmr
Precipitation and Crystallisation Research
Unit (PCU)
Blast Impact and Survivability Research
Unit (BISRU)
BlSRU
SASOL Advanced Fuels Laboratory (SAFL)
Centre for Materials Engineering
BlSRU
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RESEARCH ACTIVITIES

Research and support staff
Ms Olivia Goodhind
Mr Graham Inggs
Dr Andrew McBride
Dr Chris Meyer
Dr Greg Mitchell

Administrative Assistant (part-time)
IT Linux Administrator (part-time)
Research Officer
Senior Researcher (part-time)
Senior Researcher (part-time)

Research activities in Cerecam are organised into a number of research programmes
which range from those of a fundamental nature to projects having a direct link to industrial
and other applications. The research activities are organised into six broad groupings:
A. Computational solid, structural and particulate mechanics
B. Development, analysis and implementation of new finite elements

postdoctoral researchers
Researcher

Supervisor

Area of Research

C. Biomechanics

Dr Victor Udoewa
Dr Gift Muchatibaya
Dr Sandra Jasinoski

BD Reddy
T Chinyoka
BD Reddy/A Chinsamy

Computational biofluid dynamics
Non-Newtonian flows
Computational palaeontology

D. Fluid dynamics
E. Particulate flow characterisation in industrial and biological systems
F. Computational electromagnetics
Details of activities during 2009 follow. Also given are details of student involvement and
interactions with outside collaborators. The full list of students is given on pages 28 and 29,
while the details of publications cited are on pages 30, 31 and 32.
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A. Computational solid, structural and particulate
mechanics
Strain gradient plasticity
BD Reddy, F Ebobisse, AT McBride
Collaborators: JK Djoko (University
of Pretoria), ME Gurtin (CarnegieMellon University), P Neff (Technische
Universität Darmstadt)
Students: N Richardson (MSc)
The constitutive relations of classical
plasticity do not possess a natural length
scale, and are therefore unable to account
for size effects. Classical theories have
the further drawback that, particularly
in the softening regime, the results of
computational simulations are dependent
on the length scale introduced by the mesh
parameter.
One means of overcoming these limitations
of the classical theory is to incorporate
into the model terms involving gradients
of plastic strain. Recent work has been
devoted to problems for both single- and
polycrystals. The focus has been on the
study of well-posedness of such problems
and on the development, analysis and
implementation of semi- and fullydiscrete approximations. Spatial approx
imations have been achieved using the
discontinuous Galerkin method.
Publications:
Ebobisse and Neff 2009 (In press)
Ebobisse and Reddy 2009
Gurtin and Reddy 2009
McBride and Reddy 2009
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Heterogeneous deformation and
size-scale effects in small-scale
structures

material properties of aggregates and cement
matrix at the mesoscopic level.

S Skatulla (project leader), BD Reddy
Collaborators: C Sansour (Nottingham
University, HM Zbib (Washington State
University)
Student: S Braun (MSc (Eng))

Publications:
Skatulla, Arunachalakasi and Sansour 2009
Sansour and Skatulla 2009 (in press)
Sansour, Skatulla and Arunachalakasi (in press)

Classical continuum theory assumes
homogeneous material behaviour on the
meso- and micro-scales. In this sense
the classical deformation description does
not provide internal length scales and so
does not account for size-scale effects of
heterogeneous material observed in experi
ments. In this context so-called generalized
continuum formulations have been proven
to provide a remedy as they allow for
the incorporation of internal length scale
parameters which reflect the meso or microstructural influence on the macroscopic
material response.
A
generalized
continuum
framework
has been adopted which introduces a
so called micromorphic deformation that
includes additional degrees of freedom
besides displacement. The theory aims
to study the physical characteristics and
mechanical performance of size-dependent
deformation of nano-laminate metallic
structures, composite nano-wires, thin
films and nano-particulate composites,
for use in micromechanical systems,
microelectronics, and medical devices.
Another field of application focuses on
modelling of uniaxial compression testing
of concrete specimens. The approach
separately describes geometrical and

Modelling of natural fibre
reinforced composites
BD Reddy, AT McBride
Collaborator: Hc Bowles
Student: H Morrissey (MSc (Eng))
As a route towards increasing the recycl
ability of interior components in aircraft,
natural fibres are being introduced as
reinforcement in composite materials. The
aim of the project is to model the behaviour
of natural fibre-reinforced composites, and to
use these models in simulations of structural
components. The project is in collaboration
with the Council for Scientific and Industrial
Research (CSIR) and forms part of an
overarching project Natfibio: Development
of a natural fibre/bio-composite cabin interior
component, sponsored jointly by Airbus, the
Department of Science and Technology, and
the Advanced Manufacturing Technology
Strategy. A multiscale methodology has been
adopted. Current work is concerned with the
identification of a suitable representative
volume element, using information such
as scanning electron microscope images
of the non-woven fibres. The model will be
validated using experimental data obtained
by the CSIR.
Publication:
Reddy and McBride 2009 (In press)
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Studies in structural engineering
and mechanics
A Zingoni, P Moyo, S Skatulla
Students: PC Bamu (PhD),
G Mabulumbela (PhD), V French
(MSc (Eng)), J Adams (MSc (Eng)),
M Sulaiman (MSc (Eng))
Research investigations have encom
passed theoretical, numerical and experi
mental studies on the vibration of various
engineering structures, the dynamic
modelling and vibration control of overh ead
high-voltage power transmission lines,
numerical modelling of dish antennae for
ground-based space telescopes (SKA
Project), condition monitoring of bridges,
damage detection of structures using
vibration-based techniques, behaviour
of steel and aluminium joints, modelling
and behaviour of steel-framed structures
in fire, and development of tensegrity
space systems.
Theoretical and numerical investigations of
the behaviour of thin elastic shells are being
carried out, and applied to the analysis and
design of liquid-containment tanks, arch
dams, cooling towers and shell roofs.
On the basis of group and representation
theories, computationally more efficient
algorithms for the analysis of engineering
systems possessing symmetry properties
are being developed, with partic ular
emphasis on vibration analysis.
Research on full-scale structural per
formance monitoring and assessment of
civil engineering struct ures is focused on
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developing vibration techniques for struc
tural assessment of civil infrastructure.
There has been a growing trend to
construct long span, slender floors and
footbridges, which tend to have lower
natural frequencies and reduced damping.
Current work is looking into the effect
of partitions in building structures and
also the effect of walking and jogging on
slender footbridges.
Publications:
Moyo and Tait (In press)
Zingoni 2009a,b
Zingoni and Balden 2009
Zingoni, Mudenda and French 2009

Impact dynamics
GN Nurick, T Cloete
Activities in this area are concerned with
the understanding of the physics and
mechanics of material properties at high
strain rates in order to develop constitutive
equations for implementation in predictive
analyses. Currently this work centres
around both experimental and analytical
techniques and is focused on structures
subjected to blast loads, crashworthiness
and comminution. Applications of this
research are in the industrial field where
vessels are operated at large pressures,
in scenarios where there is a threat of
a blast as a result of a fire, in design of
passenger and cargo vehicles, and in the
mining industry.

cerecam 2009

blished the Blast Impact and Survivability
Research Unit (BISRU) at UCT. There is
a close relationship between CERECAM
and BISRU, and Professor Nurick remains
an associate member of CERECAM.
Research activities that fall under the
auspices of BISRU are reported separately
(see also http://www.bisru.uct.ac.za).

Breakage and wear within
comminution devices
A Mainza (project leader), I Govender
Collaborators: M Powell (University of
Queensland)
The objective of the comminution process is
to reduce the size of ore by several orders
of magnitude so that downstream operation
can liberate the valuable minerals. This
process is generally performed by crushers
or mills and is notoriously inefficient and hard
to optimise. The purpose of this project is
to use numerical tools, such as the discrete
element method, to determine the energy
that the comminution devices transfer to
the ore and from that attempt to predict
breakage. The wear of the comminution
device is also modelled. Experimental
testing is performed in order to characterise
the breakage process.
Publications:
Buffler et al 2009

Fracture mechanics
Project Leader: Prof R B Tait
Student: K Rosie (MSc (Eng))
Fracture mechanics fundamentals and
toughness. This includes conventional
measures of elastic and plastic toughness,
including KIc, J integral, COD and R curve
analysis, and also incorporating unusual
specimen configurations (double torsion,
short rod etc) for brittle material toughness
characterisation, as well as the conventional
CT and SENB approach for ship steels.
Fatigue, crack growth and damage deve
lopment. The focus recently has been on
nuclear graphite (for PBMR) and double
torsion controlled crack growth for life
prediction as well as assessment of fracture
process zones.
Non Destructive Testing. Research topics
include development of systems for eddy
current detection of corrosion fatigue cracks
in diamond mining drill pipe; AC potential
drop (PD) and laser based electronic
speckle interferometry (ESPI) detection and
damage assessment of nuclear graphite of
components as used in high temperature
gas cooled reactors
Publication:
Moyo and Tait (in press)

Activities in impact dynamics are lead by
Professor GN Nurick, who in 2003 esta
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B. Development, analysis and implementation of
new finite elements
Team members: BD Reddy, AT McBride
Collaborators: JK Djoko (University of
Pretoria), BP Lamichhane (Australian
National University), B Wohlmuth
(Universität Stuttgart)
Students: A Chama (PhD), B Grieshaber (MSc)
Students graduated: KEW Penzhorn (MSc
(Eng)), EB Ismail (MSc (Eng))
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analyses and to generate novel approaches,
within the context of the Hellinger-Reissner
and Hu-Washizu mixed formulations, and
discontinuous Galerkin formulations.
Related work has been carried out on the
use of the discontinuous Galerkin method in
the context of problems of elastoplasticity.
Some of this work is also reported in
section A.

Research in this area has been directed
towards the development, analysis and
implementation of new low-order finite
elements that are simple but stable and
efficient, particularly in situations involving
small parameters such as those that arise
in situations of near-incompressibility,
and for thin domains in which one or more
dimensions are much smaller than the
others. A key motivation here has been
to make use of analyses to guide the
development of new concepts, and to place
on a firm theoretical footing both existing
and new approaches that are proposed for
use in practical situations.

Smoothed particle hydrodynamics (SPH)
has been a more recent area of activity.
The method has found applicability in a
vast and diverse range of applications
in both solid and fluid mechanics. Yet its
theoretical foundations are not clear, and
questions concerning the properties of the
method - its accuracy and convergence
behaviour in particular – have shaped much
of the current and recent work. Of particular
interest is the behaviour of the method when
applied to convection-diffusion problems
and problems of elastodynamics.

Activities in this area have revolved around
low-order finite element methods. The
focus has been first to undertake detailed

Publications:
Penzhorn, McBride and Reddy (In review)
Ismail and Reddy 2009
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C. Biomechanics
Cardiovascular mechanics
BD Reddy
Collaborators: P Zilla, T Franz
(Cardiovascular Research Unit, UCT),
HC Bowles (FEAS)
Student: R Benjamin (PhD)
Student graduated: S Bartle (MSc(Eng))
Much of the work in this area is carried
out in collaboration with colleagues at the
Cardiovascular Research Unit (CRU) the
Faculty of Health Sciences, at UCT. The
focus of research has been on modelling and
simulation related to the behaviour of soft
tissues such as heart valves and arteries,
prostheses, and devices such as stents.
Links with the CRU have grown significantly
during the period under review, with a former
post-doctoral researcher from CERECAM,
T Franz, serving as biomechanics group
leader at the CRU.
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Earlier work concerned the use of finite
elements and genetic algorithms in the
optimal design of a fabric-reinforced porous
graft for artery prostheses, the effects of
material nonlinearity and anisotropy on
the behaviour of aortic heart valves, finite
element analysis of the behaviour of eSVS™
nitinol support meshes for vein grafts
(currently undergoing clinical assessment in
an international multi-centre trial), and the
use of shell theory in the modelling of thin
soft tissues.
Publications:
Franz et al. (In press)
Koch et al. (In press)
Schiller et al. (In press)
Yeoman et al. 2009
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Biomechanics of the upper airway

Computational palaeontology

BD Reddy, I Govender
Collaborators: Y Saman
Students: J-P Pelteret (PhD), Y Kajee
(MSc(Eng))

S Jasinoski, BD Reddy
Collaborators: A Chinsamy-Turan
(Zoology, UCT), TS Kemp (Oxford)

Work in this area is concerned with the
use of modelling and computational tech
niques to develop a better understanding
of the mechanisms of obstructive sleep
apnea. The initial phase of this work has
involved the development of a model for
the nonlinear anisotropic behaviour of
the tongue, which comprises a number
of muscle groups, as well as of other
relevant soft tissues. The tongue model
takes account of neural activation. Further
work will entail the simulation of fluidstructure interaction involving the tongue
and soft palate, and upper airway flow.
Experimental studies in the form of PEPT
investigations are being carried out by I
Govender (see project G below).
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Work in this area has commenced very
recently, and is concerned with the use
of computational mechanics to assist in
understanding the jaw mechanics and skull
function in cynodonts, an extinct group of
mammal-like reptiles that originated before
the age of the dinosaurs. Such understanding
is important, as mammals arose from within
this group. The cranial function of three
evolutionary grades within cynodonts is being
investigated using the finite element method.
Initial work includes microCT scanning of
four cynodont skulls. Of interest are stress
and strain distributions within the skull during
simulated feeding activities. Profs ChinsamyTuran and Kemp provide background know
ledge, including muscle reconstructions and
qualitative functional comparisons.

17
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D. Fluid dynamics
The research in this area includes theo
retical, computational, and experimental
studies of problems involving fluid flows
of industrial or environmental importance.
Unless otherwise stated, computational
studies have made use of the proprietary
code Fluent.

Aerodynamics, combustion and
free-surface flows
AT Sayers, CJ Meyer
Industrial sponsors: Denel Aviation,
SASOL Advanced Fuels Laboratory
Students: A Barty (MSc (Eng)), A Thiart
(MSc (Eng))
Student graduated: E Smuts (MSc (Eng))
Research in this area is concerned with
industrial aerodynamic problems that occur
in the transport industry (flows around
bluff bodies such as commercial vehicles),
defence (high Mach number separating
flows in missile and aircraft aerodynamics,
determination of aerodynamic coefficients
for wings operating in ground effect),
building and architecture (wind loading),
the leisure industry (sports equipment
manufacture and design), and industrial
applications (air-cooled heat exchangers,
combustion in in-cylinder flows, cavitation
in fuel injectors). The vast majority of
computational investigations have been
accompanied by extensive experimental
studies, much of these in wind tunnels.
Further studies on internal flows have
included low-Reynolds number flows in
gas turbine compressors and turbine
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disc cavities. The main aim has been the
formulation of numerical strategies with
which to accurately resolve the flow fields
through compressor blade cascades as well
as the flow and temperature fields within
turbine disc cavities.

Multi-phase reactive and mixing
flows in complex geometries
DA Deglon, AE Lewis, CJ Meyer
Sponsors: Anglo Platinum, Murrin Murrin
(Australia)
Students: H Appa (PhD), D Olivier (MSc
(Eng)), N Paradza (MSc (Eng))
Student graduated: C Bakker (PhD 2009)
Problems of this nature occur widely in
the chemical process industry (stirredtank reactors, fluidised bed reactors), the
bioprocessing industry (fermenters), and the
mining industry (flotation cells, crystallisers,
metal precipitation). These problems
generally involve a reactor of fairly complex
geometry in which a multi-phase mixture –
generally non-Newtonian – of solids, liquids
and gases is reacting, either chemically or
through the transfer of heat and mass. Flow
is generally turbulent. The projects in this
section have focussed on computational
aspects of flotation, leaching, precipitation
and crystallisation, which are important to
the chemical process industry, the mining
industry and the environmental field. All
have been accompanied by extensive
experimental investigation.
The first problem concerns the modelling
of flotation cells, which are agitated multiphase reactors with complex geometries.
An example would be oscillating baffled-

19

cerecam 2009

column reactors. The second problem
concerns the modelling of hydrodynamics
of leaching and precipitation reactors in
the mineral processing industry. These
are also three-phase (solid-liquid-gas)
reactors with complicated geometry. The
flow ranges from turbulent to laminar, and
is always reactive. One of the challenges
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in modelling these flows is the extremely
dense nature of some of the precipitates,
for example elemental nickel, which is also
present in the reactors to an extremely high
solids concentration.
Publications:
Baker, Meyer and Deglon 2009a,b

10 min

Non-Newtonian fluids
30 min

1 hour

6 hours

y

T Chinyoka, BD Reddy
Collaborators: M Renardy and Y Renardy
(Virginia Tech), D Khismatullin (Tulane
University), MA Hulsen and GWM Peters
(Eindhoven University of Technology),
JK Djoko (University of Pretoria)
Postdoctoral researchers: G Muchatibaya,
V Udoewa
Students: S Abueldahab (PhD), HBH
Mohamed (PhD)
Current work being led by T Chinyoka is
concerned with the mathematical modelling
and computational solution of temperaturedependent flows of non-Newtonian fluids.
Of interest are non-isothermal processes
in polymer (viscoelastic) systems with
applications in engineering (food industry,
lubrication, heat exchangers) and biological
systems (blood flow). Recent activity includes
the development of efficient computational
methods of solution of the highly nonlinear

coupled systems as well as comparative
studies of the response to thermal loading
of elastic versus inelastic fluids in flows of
industrial interest.
Further work, led by BD Reddy, is concerned
with models of viscoelastic fluids arising in
biomedical applications, and in industry. Of
current interest are thermomechanical models
which incorporate shear-thinning as well as
multiple reference states. These are applicable
to the modeling of blood, and of melt phases
of polymer fibre spinning processes. Key
questions concern existence of solutions, and
stability with respect to relevant definitions
of energy. Recently completed work also
includes the modelling of multiphase flows in
fractured petroleum reservoirs.
Publications:
Chinyoka 2009a,b
Udoewa 2009a,b,c,d
Hattingh and Reddy 2009

r
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E. Particulate flow characterisation in industrial
and biological systems
I Govender
Collaborators: A Buffler (Physics, UCT),
SM Wheaton (Physics, UCT), AN Mainza
(CMR, UCT)
Students: L Bbosa (PhD), A Morrison
(MSc), M Hromnik (MSc), D Kallon (MSc)
K Sichalwe (MSc), N Mangensana (MSc)
Industrial systems such as tumbling mills
are typified by rotational and axial flows of
rock, steel balls and slurry. The tortuous,
porous network created by the non-uniform
packing of rock and steel balls form the
channels through which the viscous slurry
flows. A multi-pronged approach employing
non-invasive nuclear techniques (PEPT,
X-ray) and computational modelling (DEM,
CFD, SPH) has formed the key ingredients
for mechanistic modelling of such industrial
systems. Biological processes such as
breathing are characterised by non-linear
deformation of the tissue and musculature
in the human upper airway. PEPT and
X-ray imaging are employed to elucidate
the mechanisms responsible for conditions
such as obstructive sleep apnoea. The
associated airflow that provides the
stimulus for the final deformation is also
tracked experimentally using PEPT. These
measurements complement coupled FEMCFD modelling of the upper airway.

iThemba LABS national cyclotron centre
near Faure, Cape Town, and was set up by
Dr Indresan Govender and Assoc Prof Andy
Buffler. PEPT is a technique for the tracking
of a single tracer particle within the field
of view of a PET camera (typically used in
medical imaging), and provides a means
for the characterisation and visualisation
of flow within a range of contexts, including
aggressive industrial systems such as
tumbling mills, flotation cells and powder
mixers. The establishment of the new PEPT
laboratory was significantly advanced by
the donation by Imperial College London of
the ECAD ‘EXACT3D’ PET camera which
features 27 648 individual detector elements.
Publications:
Buffler et al 2009
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F. Computational electromagnetics and mechanics
Electro-mechanical coupling of
electro-active polymers
S Skatulla
Collaborators: C Sansour (Nottingham
University), A Arockiarajan (IIT Madras)
In recent years, functional or active
materials have played an increasingly
important role in the design of advanced
and smart structures as well as intelligent
and
micro-electromechanical systems
(MEMS). Examples of these materials are
smart hydrogels and various polymers:
ferroelectric, piezoelectric, electrostatic,
and electroactive polymers (EAP). The
properties of EAP have been intensively
studied in experiments. This work seeks
to address nonlinear electro-mechanical
coupling using a continuum mechanical
approach which links electric and deforma
tion fields on the kinematics rather than on
the constitutive level.
Publications:
Skatulla, Arunachalakasi and Sansour 2009
Sansour, Skatulla and Arunachalakasi 2009

DC plasma arcs and eddy currents
BD Reddy
Collaborators: A Wilkinson (Electrical
Engineering, UCT), Mintek
Students: L Adams (MSc (Eng))
Student graduated: Q Reynolds (PhD 2009)
DC Plasma arcs. This work has formed
the basis of the PhD thesis by Q Reynolds.
Activities have been concerned with the
problem of direct-current plasma arc
dynamics in the context of metallurgical DC
furnace applications. The strongly coupled
problem has been approached using a finite
difference method with a special focus on
stable, high resolution, and high perform
ance modelling, making it possible to study
the effects of process and design variables
on the behaviour of single and multiple
arc systems.
Eddy currents. The aim of this work, which
forms the basis of the Masters thesis by L
Adams, is to develop a finite element code
using curl-conforming elements, the numerical
solution of eddy current problems. The work
is linked to experimental investigations in
Electrical Engineering.
Publication
Reynolds, Jones and Reddy (In review)

The world’s second positron emission
particle tracking facility, PEPT Cape Town,
was officially opened on 4 August 2009.
The new laboratory is situated at the

22
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VISITORS
The Centre runs active seminar and visitors
programmes. In addition to internal seminars,
presented by staff members and postgraduate
students, visitors present seminars on a
regular basis. Visitors to the Centre during
2009 were:
Dr O Oxtoby CSIR (Defence, Peace, Safety
and Security) 11-15 May
Prof A Malan CSIR (Defence, Peace, Safety
and Security) 11-15 May
Prof KR Rajagopal Texas A&M University,
USA 27 August
Dr JK Djoko University of Pretoria 16-24
September
D Legner Universität Karlsruhe (TH) - Institut
für Baustatik 13 Oct – 15 December

CONFERENCE PRESENTATIONS
The following are details of conference
presentations by Cerecam members or
students.
1st African Conference on Computational
Mechanics,
Sun City, 7 – 10 January 2009
T Chinyoka Comparative computational study
of 2D channel flow of chemically reactive
Newtonian and non-Newtonian fluids
AT McBride Computational aspects of rateindependent single-crystal gradient plasticity
at small strains
J-P Pelteret Modelling of the human tongue
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BD Reddy Variational and computational
aspects of problems in single- and
polycrystal gradient plasticity (plenary
lecture)
Symposium on Computer Simulation in
Biomechanics,
Cape Town, 3-4 July 2009
BD
Reddy
Mathematical
modelling,
scientific computation, and biomechanics
(keynote lecture)
XXIInd Congress of the International
Society of Biomechanics,
Cape Town, 5 – 9 July 2009
J-P Pelteret Modelling of the human tongue
SC Jasinoski Cranial mechanics of Lystro
saurus and the generalised Dicynodont
Oudenoden
Southern African Institute of Mining
and Metallurgy: Mineral Processing
Conference,
Cape Town, 6-7 August 2009
CW Bakker, DA Deglon and CJ Meyer
CFD modelling of cavern formation in a
mechanical flotation cell

Annual Congress of the South African
Mathematical Society, Johannesburg,
2 – 4 November 2009
A Chama Study and implementation of
moving finite element method in 2D
T Chinyoka Temperature effects in flowing
polymeric liquids
HBH Mohamed Stability of viscoelastic
flows
B Grieshaber Discontinuous Galerkin finite
element methods for convection-diffusion
equations
KEW Penzhorn Consistency and conver
gence of SPH approximations
BD Reddy Properties of predictor-corrector
algorithms for variational inequalities
International Conference on ParticleBased Methods: Fundamentals and
Applications, Barcelona,
Spain, 25- 27 November 2009
EB Ismail SPH for nonlinear elastic
modelling without matrix inversion

N Paradza and AE Lewis Investigating the
concept of ‘just suspended’ impeller speed
for a nickel reduction autoclave
Twelfth International Conference on
Civil, Structural and Environmental
Engineering Computing, Madeira,
Portugal, 1-4 September 2009
A Zingoni Buckling strength of concrete
arch dams of single curvature
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TEACHING ACTIVITIES AND
POSTGRADUATE TRAINING
Postgraduate courses
CERECAM offers at postgraduate level a
suite of courses which provide students
with the requisite core background in
theoretical and computational mechanics.
The six courses are offered at the Masters
level in engineering, and at the fourth-year
or honours level in applied mathematics
and physics. A number of students other
than those located in CERECAM typically
register for one or more of the courses
on offer.
The courses comprise three lectures per
week, over a semester. Courses have been
taught by a combination of CERECAM
members and research officers, PhD
students, and postdoctoral researchers.
Details of the courses follow; lectures and
numbers of students enrolled are indicated
in parentheses.
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Programming
for
Scientists
and
Engineers (AT McBride, M Theobald) (9)
The objective of this course is to
prepare students for the development,
implementation and management of
engineering software for research and/
or professional purposes. Such software
is characterised by reliable, efficient and
user-friendly programmes. Topics covered
include fundamentals of C++; program
design and implementation; project man
agement strategies; and algorithms and
data structures. C++ will be used to
demonstrate features and usage of modern
object-oriented programming languages. A
substantial project component is included.
Continuum Mechanics (BD Reddy, R
Govender, T Chinyoka) (10)
Introduction to tensors. Kinematics of
continuous media. Balance of mass,
linear and angular momentum, stress, and
Cauchy’s equations of motion. Constitutive
theory. Linear elasticity. Ideal and New
tonian fluids.

An introduction to finite elements (AT
McBride, GP Mitchell, V Udoewa) (27)
Formulation of the finite element method, in
one and two space dimensions. Problemsolving techniques, and coding using
Matlab. Applications to problems in
elasticity, heat transfer, and fluid flow.

Nonlinear Material Behaviour (BD Reddy,
J-P Pelteret, T Chinyoka) (6)
Topics in nonlinear mechanics: nonlinear
elasticity; elastoplasticity, viscoplasticity
and creep, non-Newtonian fluids, biological
materials.

Finite Element Analysis (AT McBride, GP
Mitchell, V Udoewa) (11)
Further topics, algorithmic and coding
aspects, in finite element analysis: time
integration in elastodynamics, nonlinear
problems, and the treatment of constraints
such as incompressibility.

Computational Fluid Dynamics: A First
Course (CJ Meyer) (2)
The course is primarily an introduction to
the Finite Volume method for problems of
heat conduction, potential and convectiondiffusion flows, and the Navier-Stokes
equations. An emphasis is placed on the
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implementation of the theory covered during
the course. The student will be required to
write a number of computer programmes
in a computer language of his/her choice.
Topics include: discretisation, interpolation,
boundary conditions, solution procedures,
complex geometries.
Advanced Mechanics of Materials (6)
Students registered for this course complete
the courses in Continuum Mechanics and
Nonlinear Material Behaviour, with the
exception of the sections in these courses
dealing with fluids.

Fourth-year engineering and
applied mathematics honours
projects
Members of CERECAM supervise a number
of final year engineering and applied
mathematics honours projects on topics
in computational mechanics. many of the
students engaged in senior undergraduate
projects have gone on to postgraduate
study at CERECAM.

Postgraduate supervision
By definition, CERECAM students are
those whose supervisors are members of
CERECAM. A number of students share
communal space at the Centre’s offices,
where they are able to benefit from an
environment that comprises research
staff, postdoctoral researchers and fellow
students. Research staff are actively involved
in developing proposals for postgraduate
projects, and in supervision of postgraduate
students. Postdoctoral researchers also
engage in limited supervision, in those
cases where the projects fall within their
areas of expertise.
A list of current CERECAM students and of
those who graduated in 2009 is given on
pages 28 and 29.
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CHE
CIV
HUB

Chemical
Engineering
Civil Engineering
Human Biology

MAM
MEC

Mathematics and
Applied
Mathematics
Mechanical
Engineering
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PHY
SUR

Physics
Surgery
(Cardiovascular
Research Unit)

Current PhD students

DVV Kallon

I Govender

CHE

Circulation rate modelling in tumbling mills using
PEPT

N Mangensana

I Govender

PHY

In-situ characterisation of viscosity profiles in
tumbling mills

A Morrison

I Govender

PHY

DEM validation using positron emission particle
tracking and X-ray tomography

H Morrissey

BD Reddy/
AT McBride

MEC

Modelling of natural fibre-reinforced
composites

D Olivier

DA Deglon/
CJ Meyer

MEC

Analysing the possibility of creation of frothless
bubble removal

N Paradza

AE Lewis

CHE

Measuring fundamental aspects of crystallizing
systems

N Richardson

BD Reddy/
AT McBride

MAM

Crystal plasticity

K Rosie

RB Tait

MEC

Microstructural crack behaviour studies of
nuclear graphite

Student

Supervisor

Dept.

Title of thesis

H Appa

DA Deglon/
CJ Meyer

CHE

Numerical modelling of hydrodynamics, gas
dispersion and mass transfer in an autoclave

S Abueldahab

T Chinyoka

MAM

Computational analysis of thermal response of
elastic and inelastic liquids in simple flow

PC Bamu

A ZIngoni

CIV

A mathematical model for the long-term behaviour
of concrete cooling tower shells

L Bbosa

I Govender

PHY

Validating numerical simulations of tumbling mills
with PEPT

R Benjamin

BD Reddy

HUB

Non-maximum entropy polymer elasticity theory,
viscoelasticity, and the lattice Boltzmann method

A Chama

BD Reddy

MAM

Mixed finite element methods

K Sichalwe

I Govender

CHE

Characterisation of porosity in tumbling mills

G Mabulumbela

P Moyo

CIV

Behaviour of RC beams

M Sulaiman

A Zingoni

CIV

Mechanics of tensegrity space grids

HBH Mohamed

BD Reddy

MAM

Analysis of models for viscoelastic fluids

A Thiart

CJ Meyer

MEC

J-P Pelteret

BD Reddy

MEC

Biomechanics of the human upper airway

The influence of fuel evaporation on octane
sensitivity

Student

Supervisor

Dept.

Title of thesis

CW Bakker

DA Deglon/
CJ Meyer

CHE

Numerical modelling of non-Newtonian slurries
in a mechanical flotation cell

Q Reynolds

BD Reddy

MAM

Mathematical modelling of the behaviour of DC
plasma arcs

PhD graduates
Current Masters students
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Student

Supervisor

Dept.

Title of thesis

J Adams

A Zingoni

CIV

Buckling behaviour of concrete arch dams in
the form of shell surfaces of double curvature

L Adams

BD Reddy/
A Wilkinson

EEE

Finite element analysis of eddy current
problems

A Barty

CJ Meyer/
A Mainza

CHE

CFD modelling of a hydrocyclone

S Braun

S Skatulla

CIV

A multi-scale approach based on a
micromorphic continuum

V French

A Zingoni

CIV

Moment-rotation behaviour of aluminium joints

B Grieshaber

BD Reddy

MAM

Discontinuous Galerkin methods for advectiondiffusion

M Hromnik

I Govender

PHY

Radiation transport in discrete particulate
system

Y Kajee

BD Reddy

MEC

Biomechanics of the human tongue

Masters graduates
Student

Supervisor

Dept.

Title of thesis

S Bartle

BD Reddy/
AT McBride

MEC

Shell finite elements with applications in
biomechanics

EB Ismail

BD Reddy/
GN Nurick

MEC

Smoothed particle hydrodynamics for nonlinear
solid mechanics

K Penzhorn

BD Reddy/
AT McBride

MEC

Smoothed particle hydrodynamics

E Smuts

AT Sayers

MEC

A computational study of a lifting wing in close
proximity to a moving ground plane
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PUBLICATIONS
Journal articles and publications in review
Bakker, C.W., Meyer, C.J. and Deglon, D.A. 2009a. Numerical modelling of non-Newtonian
slurry in a mechanical flotation cell, Progress in Computational Fluid Dynamics, 9: 308-315.
Bakker, C., Meyer, C.J. and Deglon, D.A. 2009b. Numerical modelling of non-newtonian slurry
in a mechanical flotation cell, Minerals Engineering, 22: 944-950.
Chinyoka, T. 2009a. Modelling of cross-flow heat exchangers with viscoelastic fluids, Nonlinear
Analysis: Real World Applications, 10: 3353-3359.
Chinyoka, T. 2009b. Viscoelastic effects in double-pipe single-pass counterflow heat
exchangers, International Journal for Numerical Methods in Fluids, 59: 677-690.
Ebobisse, F. and Neff, P. in press. Existence and uniqueness for rate-independent infinitesimal
gradient plasticity with isotropic hardening and plastic spin, Mathematics and Mechanics
of Solids.
Franz, T., Reddy, B.D., Human, P. and Zilla, P. In press. A mathematical method for constraintbased cluster analysis towards optimized constrictive diameter smoothing of saphenous vein
grafts. Medical and Biological Engineering and Computing.
Franz, T., Human, P., Reddy, B.D., Moodley, L. and Zilla, P. In review. Theoretically optimised
sizing of constrictive external meshes for the elimination of diameter irregularities in vein grafts.
Gurtin, M.E. and Reddy, B.D. 2009. Alternative formulations of isotropic hardening for Mises
materials, and associated variational inequalities. Continuum Mechanics and Thermodynamics,
21: 237-250.
Hattingh, S.K.F. and Reddy, B.D. 2009. A finite element approach for modelling single
phase compressible flow in dual porosity systems. Journal of Petroleum Science and
Engineering, 69: 1-24.
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Moyo, P. and Tait, R.B. In press. Structural performance assessment and fatigue analysis
of a railway bridge, Structure and Infrastructure Engineering.
Penzhorn, K. E. W., McBride, A. T. and Reddy, B. D. In review. Consistency and convergence
of SPH derivative approximations.
Reynolds, Q.G., Jones, R.T. and Reddy, B.D. In review. Mathematical and computational
modelling of the dynamic behaviour of direct current plasma arcs.
Sansour, C. and Skatulla, S. 2009. A strain gradient generalised continuum approach for
modelling elastic scale-effects. Computer Methods in Applied Mechanics and Engineering,
198: 1401-1412.
Sansour C. and Skatulla, S. in press. A micromorphic continuum-based formulation for
inelastic deformations at finite strains. Application to shear band formation. International
Journal of Solids and Structures.
Schiller, N.K., Weerasekara, N.S., Franz, T. and Reddy, B.D. In press. Numerical comparison
of the anastomotic mechanics of vascular grafts incorporating blood flow and fluid-structure
interaction. Computer Methods in Biomechanics and Biomedical Engineering.
Skatulla, S., Arunachalakasi, A., and Sansour, C. 2009. A nonlinear generalized continuum
framework for electro-elasticity. Theoretical and Computational Aspects, Journal of the
Mechanics and Physics of Solids, 57: 137-160.
Udoewa, V. 2009a. Slip formulation for numerical simulations of jumping paratroopers.
African Journal of Mathematics and Computer Science Research, 2: 142-156.
Udoewa, V. 2009b. FOIST: Fluid Object Interaction Subcomputation Technique.
Communications in Numerical Methods in Engineering, 25:972–990.
Udoewa, V. 2009c. Three-dimensional aerodynamic simulations of jumping paratroopers
and falling cargo payloads. AIAA Journal of Aircraft, 46: 1727-1739.

Koch, T., Reddy, B.D., Zilla, P. and Franz, T. In press. Comparison of linear and non-linear
constitutive models for aortic valve leaflets in a finite element analysis of the aortic valve.
Computer Methods in Biomechanics and Biomedical Engineering.

Udoewa, V. 2009d. Mesh update and projection techniques for 3D aerodynamic simulations.
International journal for computational Fluid Dynamics, 23(7): 533-552.

McBride, A.T. and Reddy, B.D. 2009. A discontinuous Galerkin formulation for
gradient plasticity at finite strains. Computer Methods in Applied Mechanics and
Engineering, 198: 1805-1820.

Yeoman, M.S., Reddy, B.D., Bowles, H.C., Zilla, P., Bezuidenhout, D. and Franz, T. 2009.
The use of finite element methods and genetic algorithms in search of an optimal fabric
reinforced porous graft system. Annals of Biomedical Engineering, 37: 2266-2287.
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Zingoni A. 2009a. Simplification of the derivation of influence coefficients for symmetric
frustra of shells of revolution. Thin-Walled Structures, 47: 912-918.
Zingoni A. 2009b. Group-theoretic exploitations of symmetry in computational
solid and structural mechanics. International Journal for Numerical Methods in
Engineering, 79: 253-289.
Zingoni A. and Balden V. 2009. On the buckling strength of stiffened elliptic paraboloidal
steel panels. Thin-Walled Structures, 47: 661-667.
Publications in peer-reviewed books and conference proceedings
Buffler, A., and Govender, I. et al. PEPT Cape Town: A new positron emission particle
tracking facility at iThemba LABS. Proceedings of International Topical Meeting on Nuclear
Research Applications and Utilization of Accelerators, 4-8 May 2009, Vienna (IAEA,
Vienna, 2010) STI/PUB/1433. ISBN 978-92-0-150410-4, ISSN 1991-2374.
Ebobisse, F. and Reddy, B.D. 2009. Mathematical Aspects of Elastoplasticity. In Multiple
Scales Problems in Biomathematics, Mechanics, Physics and Numerics (Proceedings of
CIMPA School, Cape Town, August 2007, (Abdulle, A., Banasiak, J., Damlamian, A. and
Sango, M., eds.) Gakkotosho, Tokyo, 185-220.
Ismail, E. B. and Reddy, B. D. 2009. SPH for nonlinear elastic modelling, without matrix
inversion. In Particle-Based Methods - Fundamentals and Applications (Oñate, E. and
Owen, D. R. J, eds), CIMNE, Barcelona, 406-409.
Reddy, B.D. and McBride, A.T. In press. Introduction to finite element analysis and
recent developments. Chapter 1 in Modeling and Simulation in Fibrous Materials: Techniques
and Applications (Patanaik A. and Anandjiwala R.D., eds), Nova Science Publishers, New York.
Sansour, C., Skatulla, S. and Arunachalakasi A. In press. A generalised framework and a
multiplicative formulation of electromechanical coupling. in: (Maugin G., ed.), Proceedings
of EUROMECH 510, Paris.
Zingoni A., Mudenda K. and French V. 2009. Buckling strength of concrete arch dams of
single curvature. In Proceedings of the Twelfth International Conference on Civil, Structural
and Environmental Engineering Computing (Topping B.H.V., Costa Neves L.F., Barros R.C.
and Tsompanakis Y., eds), Civil-Comp Press, Stirling (Scotland). CD-ROM.
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