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NEGIN AMINI

SCHOOL OF ENGINEERING, DEAKIN UNIVERSITY

Negin is an Associate Research Fellow in the School of Engineering
at Deakin University. She is a chemical engineer and completed her
PhD from Monash University this year. Her research interests include
using 3D printing as a means to produce complex shaped particles for
experimental tests to observe their behaviour and validate the data
computationally using Discrete Element Methods.
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PHOTOELASTIC PROPERTIES OF 3D PRINTED PARTICLES
Negin Amini?, John Long!, Paul Collins?, Jun Zhang?, David

Morton?, Karen Hapgood?
1 School of Engineering, Deakin University, Geelong, Victoria 3216 Australia

E-mail: negin.a@deakin.edu.au

3D printing can be used as a means to unlock new advances in research, particularly
for particle applications. Our project investigates the photoelastic behaviour of
complex 3D printed particle structures, to determine whether 3D printing these
particles can be used for stress visualisation experiments. The internal stress loadings
of a simple spherical disc shape using photoelastic material was initially examined as

a calibration.

Compression experiments were carried out using an Instron at a strain rate of 1 mm/min
and combined with a darkfield configuration to observe the stress fringes. The
structures were created by means of 3D printing, using a Stratasys Objet printer with
VeroClear resin, and compared to a traditional method, using laser cutting with acrylic
polymer. The compression of the particles were video recorded for both methods. It
was found that the 3D printed spherical structures revealed symmetrical stress fringes,
similar to the traditional method. Furthermore, the effect of printing layer was found to
have a minor effect on the photoelastic behaviour of the particle. Finite Element
Analysis is underway to validate the internal stress quantification and visualisation for

the structures.

Micro Xray CT scan of real granular structures that contain irregular features were 3D
printed to test and validate for stress analysis. It was found that complex structures fail
under compression. The complicated facets of the granule produced irregular stress
fringes, particularly around dents or notches. The work demonstrates that visualisation
of stresses in more complex shapes can be successfully conducted using 3D printing

techniques.
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SWARIT DWIVEDI

ScHOOL OF CHEMICAL ENGINEERING, MONASH
UNIVERSITY

I am a PhD student in the Dept of Chemical Engineering at Monash
University. My research interests lie in understanding chemical
behaviour at molecular scales using computational and spectroscopic
methods.
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COMPUTATIONAL INVESTIGATION OF SOLVATION
DYNAMICS AND ITS EFFECT ON HETEROGENEOUS

CATALYSIS
Swarit Dwivedit, Samir H. Mushrif?, Alan Chaffee3, Akshat

Tanksale!*
! Department of Chemical Engineering, Monash University, Melbourne, (Australia)
2 Department of Chemical and Materials Engineering, University of Alberta, 9211-
116 St., Edmonton, Alberta, T6G 1H9, Canada

3 School of Chemistry, Monash University, Melbourne, VIC 3800 (Australia)
E-mail: Akshat.Tanksale@monash.edu

Heterogeneous catalysis reactions have recently gained popularity in the field of
catalysis. An alternative reaction pathway can be achieved in liquid phase that is
otherwise not feasible in gas phase. Our group has recently achieved one step
conversion of syn-gas (CO + H,) into formaldehyde using a Ni-Ru catalyst submerged
in liquid (methanol-water mixtures)!. Classical molecular dynamics simulations were
performed to understand the molecular arrangement of solvent (methanol and water)
around the reaction product (formaldehyde) as shown in Fig. 1. In order to elucidate
the solvation behaviour, the energy of solvation and its relation to the hydrogen
bonding network was studied with varying methanol-water composition. Changing
hydrophilic and hydrophobic interactions between formaldehyde and methanol-water
affects the stability of formaldehyde which may influence the catalytic reaction
equilibrium.

Figure 1: Spatial distribution function of methanol (blue) and water (red) around

solvated formaldehyde (methoxymethanol) when Xmethanot = 0.3.

References

1. Bahmanpour, A. M.; Hoadley, A.; Mushrif, S. H.; and Tanksale, A.; ACS Sustainable
Chemistry & Engineering 2016, 4, 3970.
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ANGGA HERMAN

ScHOOL OF CHEMICAL ENGINEERING, MONASH
UNIVERSITY

Angga completed his Bachelor's degree in 2010 in Chemical
Engineering at the Universiti Teknologi PETRONAS in Malaysia. He
used to work as a plating process engineer and a research engineer
from 2010 to 2018. In 2017, he received his Master's degree in
Chemical Engineering from the Universiti Teknologi PETRONAS.
Currently, he carries his Ph.D. under the supervision of Professor
Aibing Yu and Dr. Jieging Gan, working to understand the complex
mixing behaviour of particles in a convective mixing system. Outside
of research, Angga enjoys nature and sports especially volleyball. He
currently plays volleyball for Monash University Volleyball Club.
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NUMERICAL INVESTIGATION OF PARTICLES FLOW AND
MIXING PERFORMANCE IN VARIOUS SIZES BLADED

MIXER

Angga Pratama Bin Herman?, Jieging Gan'*, Aibing Yu!
! Laboratory for Simulation and Modelling for Particulate System, Department of
Chemical Engineering, Monash University, 3800, Victoria, Australia

E-mail: jieging.gan@monash.edu

Discrete Element Method (DEM) has been widely used to investigate the particles flow
behaviour and mixing performance of a bladed mixer. However, the application of
DEM for scale-up is limited due to the large number of particles DEM needs to handle.
This work employs Graphical Processing Unit based DEM (GPU-based DEM)
simulation to study the particles flow behaviour and mixing performance of large scale
bladed mixer. The simulations provide kinematic and dynamic comparison when
several geometrically similar bladed mixers are operated at a constant 40% fill level
and 20 RPM of rotation speed. The validation result shows the GPU-based DEM model
used in the simulation is in a good agreement with the result from the literature.
Different flow patterns are observed between the small and large scale mixer from 1 to
8 revolutions. The mixing index shows that the mixing performance after 30 seconds
of mixing time for all mixers is comparable. However, the mixing rate decrease when
the mixer becomes larger. In addition to that, the averaged particles velocities, averaged
contact forces and averaged blade torques increase when the mixer becomes larger.
These results indicated that even the kinematic and dynamic components of a mixer
increase when a mixer becomes larger, the mixing performance are comparable when

operated at constant operation condition.
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ERLEI LI

ScHOOL OF CHEMICAL ENGINEERING, MONASH
UNIVERSITY

Erlei Li, nPhD candidate from ARC Research Hub for Computational
Particle Technology. The research is powder scale multi-physic
modelling of selective laser melting (SLM) process. Identifying and
understanding complex underlying physical phenomena determined
by process parameters is expected to provide strategies to optimise
ultimate components quality.
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POWDER SCALE MODELLING OF HEAT TRANSFER AND

MELT PooL DYNAMICS IN SELECTIVE LASER MELTING
Erlei Li', Lin Wang, Ruiping Zou, Aibing Yu, Zongyan Zhou
LARC Research Hub for Computational Particle Technology, Department of
Chemical Engineering, Monash University, Clayton, VIC 3800, Australia

E-mail:

Selective laser melting (SLM), with the advantages in producing complex geometry, is
becoming one of the most promising additive manufacturing (AM) technologies?. In
order to understand the multiple physical phenomena which is crucial for successful
manufacturing during SLM process, different computational models that are less
expensive and time efficient compared with experiments and real-time monitor
technologies have been developed in the past years. In order to investigate powder scale
thermal and hydrodynamics phenomena in SLM process, a three-dimensional model
considering Fresnel reflection is developed based on the volume of fluid (VOF)
approach. Numerical results show that the melt track is broken into several regions to
minimize surface energy because of surface tension. The molten liquid tends to flow
outwards from the laser spot caused by Marangoni force. The solidified surface of
multiple particle diameter powders is much rougher compared with powder bed with
layer thickness of one particle diameter. This developed modelling provides a

comprehensive understanding about physical phenomena during SLM process.

References

2. Markl, Matthias, and Carolin Kérner., "Multiscale modeling of powder bed-based
additive manufacturing." Annual Review of Materials Research, 46 (2016): 93-123.
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XIN LI

ScHOOL OF CHEMICAL ENGINEERING, MONASH
UNIVERSITY

Xin Li is currently a PhD student in ARC Research Hub for
Computational Particle Technology at Monash University. She
obtained her Bachelor’s degree at Nanjing University in 2007 and
Master’s degrees at University of Science and Technology Beijing in
2012. Her research work is focused on the numerical simulation of
screw conveyor systems with different geometries.
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DEM STUDY ON EFFECTS OF FRICTION COEFFICIENT
AND INCLINATION ON SCREW CONVEYOR

PERFORMANCE
Xin Li?, Qinfu Hou?, Jieging Gan?, Ruiping Zou?, Aibing Yu'?2
LARC Research Hub for Computational Particle Technology, Department of
Chemical Engineering, Monash University, Clayton, VIC 3800, Australia
2Centre for simulation and Modelling of Particulate Systems, Southeast University -
Monash University Joint Research Institute, Suzhou 215123. PR China

E-mail: xxx.yyy@monash.edu

Screw conveyors are widely used in many industries to transport bulk materials, such
as agriculture, ironmaking, pharmaceutical and mining industries. Although the
mechanical is simple in principle, the behaviour of material can be complicated due to
the particle movement in the screw conveyor system is affected by many factors
including the particle properties, operation conditions and the geometry of a screw and

container.

Discrete element method (DEM) has been extensively used in the past to study granular
flow in screw conveyor. Most of the studies focus on horizontal screw conveyor.
However, screw conveyor can be operated at all angles, from horizontal to the vertical,
to meet the space requirement of industry. Inclination, as one of the major operation
conditions, can significantly affects the flow behaviour of granular materials. This
work examines a simplified screw conveyor system with a hopper, single screw and an
outlet at different inclination angles and how the solid flow is affected by the gravity
feeding method and the inclination is quantified. Furthermore, the effects of rolling
friction and sliding friction of particles on solid flow are studied mainly in term of
flowrate, Kinetic energy, energy dissipation, and velocity profile. The results
demonstrate that gravity feeding method can reduce the filling ratio with the increase
of inclination, and thus reduce the flowrate. Flowrate becomes smaller with increasing

rolling friction and sliding friction.

13
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LINGLING LIU

SCcHOOL OF CHEMICAL ENGINEERING, MONASH
UNIVERSITY

Lingling Liu is currently a PhD candidate in Chemical Engineering at
Monash University. His research interests are multiphase flow and
CFD simulation, with a specific interest in the process modelling of
Blast Furnace that intensively evolved in iron marking process. He
received his master degree from Sichuan University, China in 2016.
During his time at Sichuan University, he worked towards the
mitigation of particulate matter in industrial exhaust through the wet
scrubberss.
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COMPREHENSIVE MODELLING OF BLAST FURNACE
INCLUDING PULVERISED COAL INJECTION AND HOT

METAL TAPPING
Lingling Liu, Baoyu Guo, Shibo Kuang, Aibing Yu

! Department of Chemical Engineering, Monash University, Australia

E-mail: Lingling.liu@monash.edu

Understanding and quantifying the in-furnace states of an ironmaking blast furnace
(BF) are of essential importance to its efficient operations. In this connection,
mathematical modelling is used. Because of its multi-scale and multi-physics
phenomena, BF is often divided into different regions and modelled respectively by
different methods with certain simplifications applied at boundaries. This paper
presents a numerical model of integrating the process model, hearth flow and heat
transfer model, and raceway combustion model for simulating a whole BF. It
eliminates assumptions at boundaries and can be well connected with practical
operations. The prediction reliability of the model has been tested by simulating
experimental and industrial BFs. It is then used to reveal the in-furnace states of a
5000m? industrial BF in the aspects of multiphase flows and thermal behaviours inside
the whole BF. This integrated model offers a cost-effective tool to understand and

control the whole BF process.

Keywords: Blast furnace, integrated model, BF process model, hearth model, raceway
model, CFD.
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XIAOZHEN LIU
CSIRO

I got my bachelor’s degree and master’s degree in 2014 and 2016
from Northeastern University (NEU), China. Then | continue my
study in NEU to research bath flow, bubble behaviours and alumina
concentration in aluminium reduction cells. Currently, with the
scholarship from CSIRO, | work on bubble movements with the
electromagnetic force under anode, and the bubble-induced
turbulence in aluminium reduction cells.
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CFD MODELLING OF ALUMINA DIFFUSION AND

DISTRIBUTION IN ALUMINIUM SMELTING CELLS
Xiaozhen Liu?, Youjian Yang?, Zhaowen Wang'*, Wenju Tao?,

Tuofu Li%, Zhibin Zhao®
! School of Metallurgy, Northeastern University, Shenyang 110819, CHINA
2 CSIRO Mineral Resources, Victoria 3169, AUSTRALIA
3 Shenyang Aluminum & Magnesium Engineering and Research Institute Co. Ltd.
(SAMI), Shenyang 110001, CHINA

E-mail: wangzw@smm.neu.edu.cn

In aluminium smelting cells, alumina distribution and the time needed to reach
concentration equilibrium after feeding are critical to smelting performance. The aim
of this work is to build a numerical model to acquire the alumina distribution from the
feeder to other areas and the time needed to reach the equilibrium. The model contains
four flat anodes and the metal pad is not included. Bubbles are injected into the model
under the whole anode bottom and release at the gas-bath interface. When the bubble-
driven flow field reaches steady state, alumina particles are fed into the model through
the feeder, and dispersed alumina particles transported from the feeding zone to other
areas with the flow field. This model is realized in ANSYS FLUENT. The Volume of
Fluid (VOF) model is used to track the CO, bubbles and the gas-bath interface; the

Discrete Phase Model (DPM) is adopted to simulate the transport of alumina particles.

The DPM concentrations near the feeder first increase and then rapidly decline, while
at other locations first gradually increase and then fluctuate around their average
values. Alumina particles are more likely to accumulate in the anode gaps than
elsewhere, and from there tend to travel to the side channels. Additionally, the alumina
gradient in the transversal direction of the model exceeds that in the longitudinal
direction. It takes more than 20 minutes for the alumina to reach the concentration

equilibrium after feeding.
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LUCAS MASSARO SOUSA

DEPARTMENT OF CHEMICAL ENGINEERING, MONASH
UNIVERSITY
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Mr Lucas Massaro Sousa, a bachelor in Chemical Engineering from
the Federal University of Sdo Carlos (UFSCar/Brazil). Now he is a
PhD candidate at the Drying Center for Pastes, Suspensions and
Seeds of UFSCar. His research focuses on the flowability of biomass
powders and on feeding operations using non-mechanical devices. He
is a PhD visitor at Laboratory for Simulation and Modelling of
Particulate Systems (SIMPAS/Monash) from January to December
2019.
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TWO-FLUID MODEL SIMULATION OF FEEDING SPENT
COFFEE GROUND POWDERS TO A RISER WITH A NON-

MECHANICAL L-VALVE
Lucas Massaro Sousa®?, Maria do Carmo Ferreira?, Qinfu Hou®",
Aibing Yu®3
LARC Research Hub for Computational Particle Technology, Chemical Engineering
Department, Monash University, Clayton, VIC 3800, Australia
2Drying Center for Pastes, Suspensions, and Seeds, Chemical Engineering
Department, Federal University of Sdo Carlos, 13565-905 Séo Carlos, Brazil
3Centre for Simulation and Modelling of Particulate Systems, Southeast
University—Monash University Joint Research Institute, Suzhou 215123, PR China
E-mail: ginfu.hou@monash.edu

L-valves are non-mechanical feeders that use pneumatic actuation to control powders’
flowrate to units operated under atmospheric pressure or to reactors that provide
additional resistance for solids flow (back pressure system). Experimental results have
shown that these feeders might be a robust option to handle biomass residues known
as Spent Coffee Grounds (SCGs), with different particle-size distributions and
moisture contents. Nevertheless, design and scale-up rules for L-valves still need to be
evaluated to facilitate their application on pilot and industrial levels. Two-fluid model
(TFM) simulation is a cost-effective approach to meet these needs. A TFM model with
the properties of the solid phase described by the Kinetic Theory of Granular Flow has
already been validated for feeding SCG powders to the atmosphere with a 21 mm
diameter L-valve. In this study, the model is tested for feeding of dry SCGs (the particle
diameter is 400 pum) to a 2 m high riser (back-pressure system) with the L-valve air
flowrate of 14 L/min and riser air flowrate of 250 and 280 L/min, respectively. The
simulations were performed using Fluent 17.1, and the predictions were compared to
experimental data. The SCGs flowrate and mean void fraction in the riser were
reasonably predicted with mean relative difference to the experimental data less than
25% and 1%, respectively. The simulated solids flowrate reduced 75% in feeding the
riser system than that for the atmospheric one, which agrees to the experimental
measurements. Finally, the solids velocity contours and mean void fraction in the
feeder were obtained. The validated model might be useful for future design and scale-

up studies addressing L-valves operated with SCGs.
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MAHDI NASERI

DEPARTMENT OF CHEMICAL ENGINEERING, MONASH
UNIVERSITY

Mahdi completed his Bachelor and Master of Sciences in Biomedical
Engineering at the Amirkabir University of Technology in Tehran,
Iran. He is currently a PhD candidate at Monash University, working
on a project to develop a paper-based microfluidic device for point-
of-care detection of microbial species.

20




9t Annual Chemical Engineering Postgraduate Association Conference

PARTICLE MIGRATION IN SPIRAL INERTIAL

MICROFLUIDICS: A SIMULATION STUDY

Mahdi Naseri *, George P Simon 2, Warren Batchelor » *
! Bioresource Processing Research Institute of Australia (BioPRIA), Department of
Chemical Engineering, Monash University, Clayton, VIC 3800, Australia.
2 Department of Materials Science and Engineering, Monash University, Clayton,
VIC 3800, Australia.

E-mail: warren.batchelor@monash.edu

Inertial microfluidics has been extensively studied in recent years as a label-free,
particle separating tool with high efficiency and low complexity. Inertial microfluidic
systems with spiral microchannel design have gained considerable interest due to their
compact design and excellent focusing effect. However, their fabrication is often
expensive, time-consuming and requires trial-and-error to prepare a device with the
desired efficiency. Developing a computational model that can predict the trajectory
behaviour of particles in these systems to find optimized design results in saving time
and cost. In this work, we developed a fluid dynamics model built in COMSOL
Multiphysics to simulate the particle motion in spiral inertial microfluidics. The
resultant model was verified against the experimental data obtained from seven
experimental studies. The predicted trajectory behaviour was in good agreement with
the reported results showing that the presented model can be used for a realistic, yet
computationally inexpensive simulation of particle motion in spiral inertial

microfluidics, helping to develop new generations of spiral microfluidic systems.
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ISAAC PINCUS

DEPARTMENT OF CHEMICAL ENGINEERING, MONASH
UNIVERSITY

Isaac completed an undergraduate double degree in Chemical
Engineering and Physics at the University of Queensland in 2017. He
is currently supervised by Ravi Jagadeeshan and Alison Rodger on a
PhD project related to polymer physics with applications in analytical
chemistry. His research interests include polymer rheology, DNA
modelling, computational physics and optical analytical techniques.
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VISCOMETRIC FUNCTIONS AND RHEO-OPTICAL
PROPERTIES OF DILUTE POLYMER SOLUTIONS:
CoMPARISON OF FENE-FRAENKEL DUMBBELLS WITH

RODLIKE MOLECULES

Pincus, Isaac'”, Rodger, Alison?, Prakash, J. Ravi!
1 Monash University Department of Chemical Engineering, Clayton Campus
Melbourne, Australia
2 Macquarie University Department of Molecular Sciences, Sydney, Australia

E-mail: isaac.pincus@monash.edu

The Brownian dynamics (BD) of bead-spring and bead-rod models show fundamental
differences, even in the limit of infinite spring stiffness. For example, rods exhibit an
instantaneous stress jump at the inception of flow and follow a -(1/3) power law scaling
in the viscosity at high shear rates not seen in spring modelst2. However, rodlike BD
simulation algorithms are highly complex and it is difficult or impossible to add
additional effects such as hydrodynamic interaction, excluded volume, bending
potentials and extensibility. This limits the range of polymer molecules which can be

accurately modelled using BD techniques.

Through a spring potential with variable extensibility §Q, stiffness A and a non-zero
natural length ¢ (Eq. 1), the FENE-Fraenkel spring* can model both a rigid, rodlike
molecule and the force-extension behaviour of a longer entropic chain, as shown by
comparisons with rodlike semi-analytical models and experimental data. This makes
the FENE-Fraenkel spring a valuable tool in future modelling of a range of polymer

molecules using BD algorithms.

H(Q-0) Q
FO =% __= 1
1-(Q-0)?/(6Q)?Q @

References
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Liquids - Volume 2: Kinetic Theory, 2nd ed.; John Wiley: New York, 1987.
2. Doyle, P. S.; Shagfeh, E. S. G.; Gast, A. P. Dynamic Simulation of Freely Draining
Flexible Polymers in Steady Linear Flows. J. Fluid Mech. 1997, 334, 251-291.
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Finitely Extensible Nonlmear Elastic-Fraenkel Springs as Approximations to Rods in Bead-Rod
Models. J. Chem. Phys. 2006, 124 (4)

23



mailto:isaac.pincus@monash.edu

9t Annual Chemical Engineering Postgraduate Association Conference

ARITRA SANTRA

DEPARTMENT OF CHEMICAL ENGINEERING, MONASH
UNIVERSITY

I am a chemical engineer by training. | did my undergraduate degree
from Jadavpur University, India and masters from Indian Institute of
Science. Before starting PhD | worked for a brief period of time as a
technologist at Tata Steel Limited. Currently 1 am working on
establishing a nexus between the microscopic topology and
macroscopic viscoelasticity of associative polymer solutions using
Brownian dynamics simulations.
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UNIVERSAL BEHAVIOUR OF ASSOCIATIVE POLYMER

SOLUTIONS

Aritra Santra?, J. Ravi Prakash!
! Department of Chemical Engineering, Monash University, Melbourne, VIC 3800,
Australia

E-mail:

Several disparate phenomena, such as: (i) the flow behaviour of paints, coating and
inks, (ii) the treatment of diseases in the posterior segment of the eye, (iii) the
development of food thickeners for people suffering from mastication and swallowing
disorders, (iv) the designing of scaffolds with optimal characteristics for successful
tissue engineering, and (v) the response of hagfish when attacked by predators, have
all got one feature in common - they are based on the unique properties of
supramolecular networks formed by associative (or sticky) polymer solutions.
Associative polymers are macromolecules with attractive groups, and the reason for
their use in such a wide range of applications is because the interaction between the
sticky groups can be tuned by varying their number, strength of association and
location in a polymer chain, which leads to design novel material with customisable

thermomechanical properties for use in a variety of industrial applications.

Gelation due to intra-chain and inter-chain association between the stickers in
associative polymer solutions at a moderate concentration is a well know phenomenon.
But there has always been a long standing debate to identify gelation transition in these
systems because of the different competing definitions of the transition, corresponding
to different signatures of gelation. Scaling relations have been proposed for associative
polymer solutions based on mean field theory and lattice theory to characterise gelation
by correlating the intra-chain and inter-chain interactions between the stickers with the
chain topology and system parameters like spacing between the stickers, monomer
concentration, solution temperature and sticker strength. In this work we have shown
the potency and usefulness of the scaling theory as a framework to establish the
universal behaviour of associative polymeric systems at equilibrium and characterise

gelation transition in terms of chain topology.
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VIDYA SUNDARAM

DEPARTMENT OF CHEMICAL ENGINEERING, MONASH
UNIVERSITY MALAYSIA

With a strong inclination towards (bio)chemical engineering and to
learn further, | procured the covetous Higher Degree by Research
scholarship from Monash University and joined Dr. Ooi Chien Wei’s
team for my doctoral research in 2017. My profound commitment in
research urged me to prioritise the publication outputs and obtain the
prestigious 1ASc-INSA-NASI Summer Research Fellowship, India
during my tenure as an Assistant Professor (2014-2017). Prior to that
I have completed a Masters in Biotechnology, where | gained a Gold
medal, the Mahatma Gandhi Merit Scholarship award and a
distinction.

26




9t Annual Chemical Engineering Postgraduate Association Conference

MODELLING STABILITY AND FLEXIBILITY OF INSULIN

ASPART IN BIOCOMPATIBLE IONIC LIQUIDS

Vidya Sundaram?, Ramakrishnan Nagasundara Ramanant,
Chien Wei Ooi'™
1 Monash University Malaysia, Jalan Lagoon Selatan, 47500 Bandar Sunway,
Malaysia.

E-mail: ooi.chien.wei@monash.edu

Conformational stability is an essential criterion for proteins applied in food,
pharmaceutical, and chemical industriest. Biocompatible cholinium-based ionic
liquids (ILs) have emerged as a promising solvation medium that preserves the native
state of proteins?. To elucidate the underlying mechanism of protein stabilisation in
cholinium-based ILs, we applied molecular dynamics simulation in the study of
structural and dynamic features of a protein-based drug, insulin aspart. The ILs shared
a common cholinium cation and contained anions with different polarity,
kosmotropicity and size. In a pure aqueous environment, insulin aspart was found to
be structurally destabilized in the simulated condition. In the presence of ILs, residue
fluctuations were significantly minimized and trapped near the native conformation of
insulin aspart, denoting a stable structure of protein. The structural stabilisation of
insulin aspart was mainly contributed by the ILs-mediated preferential exclusion of
water from the protein surface. Structural changes in the protein were also significantly
influenced by the polarity of the ionic constituents, with the least atomic deviations
observed in the most hydrophobic ILs. The results also indicated that the
conformational dynamics of insulin aspart was dependent on concentration and type of
ionic constituents in the IL medium. These positive observations highlight the
possibility of utilising “bio-ionic” liquids as the greener and efficient excipient in the

formulation of protein-based products.

References

1. Zhang, D.; Lazim, R., Application of conventional molecular dynamics simulation in
evaluating the stability of apomyoglobm in urea solution. Scientific Reports 2017, 7, 44651.
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SHIBANI VEERANGAVAN

MECHANICAL AND AEROSPACE ENGINEERING,
MONASH UNIVERSITY

I am a Chemical Engineering graduate from Monash University
(Malaysia campus). | started my PhD at Monash University (Clayton)
in April 2019, shortly after my Bachelor’s degree, under the
supervision of Dr Prabhakar Ranganathan and Dr Reza Nosrati in the
Department of Mechanical and Aerospace Engineering. My project
involves the use of simulations to understand the mechanisms behind
sperm motility near surfaces.
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UNDERSTANDING SPERM MOTILITY NEAR SURFACES

Shibani Veeraragavan'*, Reza Nosrati', Ranganathan Prabhakar*
! Mechanical and Aerospace Engineering, Monash University, VIC 3800, Australia

E-mail: Shibani.veeraragavan@monash.edu

The motion of mammalian sperm through the female reproductive tract is a complex
biological process vital to natural fertilization. Understanding how sperm move
through the viscous oviductal environment has been an area of research interest for
many decades; yet, many questions about the mechanism behind sperm propulsion and
the factors controlling it remain open'. One factor that plays a major role is the
interaction between the actively beating flagellum of sperm and the motion of fluid
surrounding the cell. A recent study has shown that human and bull sperm exhibiting
well-known three-dimensional beating patterns in bulk fluid switch to planar beating
as they approach a wall?. It is possible that this transition is due to hydrodynamic
interactions of sperm with walls®. We aim to use simulations to uncover the role of
hydrodynamic interactions on flagellar propulsion and sperm swimming patterns near
walls. The sperm flagellum will be modelled as a slender, elastic filament with an
internal driving mechanism as proposed by Camalet and Jilicher®. Hydrodynamic
interactions will be modelled using regularized Stokeslets with an image system?® to
account for the presence of an infinite plane wall. We propose to investigate if
hydrodynamic interactions lead to a transition in beating patterns near walls by
comparing flows, propulsive forces, power and swimming trajectories in simulations

with and without hydrodynamic interactions near walls.
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I am a PhD student in Chemical Engineering of Monash. My previous
work during bachelor and master study in China was on metallurgy
and numerical particle packing. The current work is on particle-based
study on powder packing and flow in Additive Manufacturing.
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PARTICLE BASED SIMULATION OF POWDER SPREADING

IN SELECTIVE LASER MELTING
Lin Wang*, Erlei Li, Ruiping Zou, Aibing Yu, Zongyan Zhou*
ARC research Hub for Computational particle Technology, Department of Chemical
Engineering, Monash University, Clayton VIC 3800, Australia
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Selective laser melting is a rapidly developing and advanced manufacturing method
for fabricating metal parts. Powder spreading process in selective laser melting aims to
spread layers of metal powders by a recoater onto the previous part for the subsequent
melting. The packing density and homogeneity of the powder bed are important for the
melting efficiency, and affect the fabrication efficiency and part quality. Particle-based
numerical studies are required for identifying the powder bed structure which is
affected by particle adhesion such as van der Waals force. In this work, discrete element
method is used to examine the powder spreading process, focusing on the effects of
van der Waals force on powder packing properties. Effects of different recoater types,
adhesion magnitudes and particle size distributions are analysed. The results indicate

the formation mechanism of different powder bed structures.
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Figure 1: Simulation of powder spreading and powder bed properties.
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Hui Wu is a second-year PhD student in the Department of
Mechanical and Aerospace Engineering at Monash University. Hui
Wu’s interests are in the structure and the dynamics of the high speed

jets using direct numerical simulation.
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PROPERTIES OF THE TURBULENT/NON-TURBULENT

INTERFACE IN A TURBULENT COMPRESSIBLE ROUND JET

Hui Wu, Shahram Karami, Julio Soria*
Department of Mechanical and Aerospace Engineering, Monash University,
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Momentum, mass and energy transfer occur across the turbulent/non turbulent(T/NT)
interface by turbulent entrainment. However, the turbulent entrainment mechanism has
been not well understood. In this work, a direct simulation resolving the compressible
Navier-Stokes equations was conducted. The direct numerical simulation of a turbulent
round jet at Mach number 0.5 and Reynolds number of 5000 was performed to study
the properties on the distance of T/NT interface in self-similar region to shed light on
the turbulent entrainment mechanism. The normalized vorticity magnitude was used as
criterion to detect the T/NT interface. The invariant of velocity gradient and the
invariant of the rate of strain tensor were also investigated. Averaging properties
conditioned on the distance from the T/NT interface were used to analyse the effect of
the T/NT interface on the geometry and dynamics of the vorticity structures and show
that the grow of the jump in the conditional enstrophy profile in the self-similar region

of the jet.
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Dr. Jun Zhang is currently an associate research fellow working with
Prof. Karen Hapgood in School of Engineering, Deakin University.
Her work focus on lab-based 3D printing of particles and
agglomerates for various studies including agglomerate breakage,
powder flow and liquid imbibition in porous substrates. With a PhD
background on investigation of silk particles in 3D printing of bio-
scaffolds, her research interest lies on 3D printing of particle related
applications including bio-scaffolding and drug delivery, etc.
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3D PRINTING OF TUNEABLE COLOURED

AGGLOMERATES AND STRAIN DISTRIBUTION STUDY

Jun Zhang?, Negin Amini, David Morton', Karen Hapgood*
1 School of Engineering, Deakin University, Geelong, Victoria 3216, Australia

E-mail: j.zhang@deakin.edu.au

The current study presents a novel and reliable method for producing 3D printed
agglomerates with different colour distributions and material properties with 2-fold
aims: providing feasible and accurate control on compression of agglomerates under
different compression angles, and better tracking of individual particle positions after
agglomerate breakage. Multi-coloured agglomerates in cubic tetrahedral and random
sphere shapes were printed. The printed agglomerates were analysed thoroughly of
their surface and structural properties including surface roughness and printing
accuracy. The agglomerate breakage behaviours under static compression were
analysed as a function of bond strength (soft and rigid), loading rate (0.02 to 1 mm/s)
and loading directions (0°, 45°, 90°, 135° and 180°), with strain distribution plotted
over the random sphere agglomerate structure (Figure 1). In addition, agglomerate
structures with designed internal macro-voids in different positions and sizes were also
created for breakage study, in an effort to better understand parameters governing the
mechanical properties of agglomerates with cavities and voids which is inevitable in
particle industry but poorly understood at present.
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Figure 1: Schematic describing the 3D printing agglomerate breakage study
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Maha Al-Ali is a PhD candidate in the Chemical Engineering
Discipline, Engineering School at RMIT University. Maha has
submitted her thesis, and she is expecting the results in Oct-Nov 2019.
During her PhD study, she published nine journal articles, six from
her PhD project and 3 with other groups. Currently, she has four
papers under review; one of these papers is in Nature. She is interested
in research related to particle technology, advanced materials and
engineering processing, kinetics and modelling. Since 2015, she is
working as a tutor and lab demonstrator in the Chemical Engineering
at Curtin University and RMIT University.
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MODELLING AND KINETICS OF DRUG RELEASE OF
MULTI-COMPONENTS NAPROXEN SODIUM

FORMULATION
Maha Al-Ali **, Rajarathinam Parthasarathy?

12 Chemical and Environmental Engineering, School of Engineering, RMIT
University, Melbourne, Australia, 3001

E-mail: maha.al-ali@rmit.edu.au

Kinetic study of drug release is an essential demand to examine the capability of the

new drug formulation to modulate with the typical drug release profile.

In the present work, a formulation of naproxen sodium drug was moisturised and then
dried using microwave drying and conventional drying methods: freeze drying,
vacuum drying, and convective drying. The major objective of this study was to
examine the Kinetics of the drug release of the new microwave dried multi-components
tablets to ensure that their releases are on appropriate behaviour. This work explored
the best kinetic model, which defined the release mechanism of the prepared tablets.
Therefore, Zero-Order, First-Order, Hixson-Crowell, Higuchi, and Korsmeyer-Peppas

models were selected to examine the mechanism of drug release of those tablets.

The results showed that Higuchi, Korsmeyer-Peppas and Hixon-Crowell were the best
models fit all types of tablets. Non-Fickian diffusion was the dominant mechanism of
release for the reference tablet, microwave tablets, convective tablets and vacuum
tablets Nevertheless, the release kinetics of freeze drying tablets was controlled by the
Fickian diffusion. Thus, the kinetics of the drug release from microwave dried multi-
component tablets was governed by the naproxen sodium diffusion and the
microcrystalline and povidone relaxation and erosion.

Additionally, new modified semi-empirical models were created, which found to be
more convenient to represent the release of the prepared tablets, especially for the

microwave tablets.
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