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Hub Overview 
The ARC Hub for Computational Particle Technology aims to develop and apply advanced computational particle 
technology to model and optimise complex particulate and multiphase processes in the mineral and metallurgical 
industries. This will be achieved through detailed analysis of the fundamentals governing the fluid flow, heat and 
mass transfer at different time and length scales, facilitated by various novel research techniques. Research outcomes 
including theories, computational models and simulation techniques, as well as well-trained young researchers, will 
generate a significant impact across a range of industries of vital importance to Australia’s economic and 
technological future. It can significantly enhance the productivity and competitiveness of Australia's important 
industries such as minerals, metallurgical, materials, chemical, energy, pharmaceutical and environment. Led by Prof 
Aibing Yu in Monash University, the Hub brings together key industry partners such as JITRI, Rio Tinto, Baosteel and 
Longking, and universities (Monash, UNSW, UQ, UWS, Macquarie University, and a number of overseas universities) 
to drive its research program. 
 
In the past few months, we have had our existing industrial partner, RioTinto, contributed an additional funding of 
$60,000 in order to expand the scope of an existing project with the Hub. In addition to that, Bradken Resources have 
also been onboarded to join the Hub as a new industrial partner. This collaboration has brought to the Hub an 
additional $200,000 in cash contribution, with the aims to establish co-simulation framework of multibody dynamic 
model (MBD) and discrete element method (DEM) to design and control mobile plant and crusher systems in the 
mining and mineral industries. The success and usefulness of this approach will be demonstrated by modelling the 
digging/reclaiming process of an industrial excavator under the conditions specified by Bradken. 
 
In this issue, personnel highlights of 2 out of 5 of our completed students in the past 6 months, Mengmeng Zhou and 
Lulu Jiao, is included, where they have successfully passed their doctoral examinations and moved on to a research 
associate/fellow role. Other students that have completed their PhD in this period are Wenchao Gao, Xin Li and 
Linghui Peng. A couple of recent publications is also highlighted in this issue; including the ‘CFD-DEM study of particle-
fluid flow and retention performance of sand screen’ and ‘Tunable syngas production from two-stage sorption-
enhanced steam gasification of sewage sludge’. We also congratulate our CI, Kejun Dong, on his promotion to 
Associate Professor at Western Sydney University; as well our CI, Wenyi Yan, in securing a new ARC Linkage Project. 
 
Please contact us or visit our website to learn more about our research and engagement activities. 
 

ARC Industrial Transformation Research 
Hub for Computational Particle Technology 

23 Chief Investigators 

16 Partner Investigators 49 Postgraduate Students 

5 Australian Universities 

5 Industry Partners 

30 Postdoctoral Fellows 

6 Overseas Universities 
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Hub Activities 

Second National Conference on Process Modelling and Simulation 

The Second National Conference on Process Modelling and Simulation was held online on 16-17 July 2020. This 

conference is sponsored by Process Simulation and Simulation Committee of China Chemical Industry Society; organised 

by State Key Laboratory of Heavy Oil, China University of Petroleum (Beijing); and co-organized by State Key Laboratory 

of Multiphase Complex Systems, Institute of Process Engineering, Chinese Academy of Sciences and Particuology journal. 

This conference focuses on major topics in the process industry that urgently need modelling and simulation support, 

a wide range of experts and scholars from various universities, scientific research institutes and enterprises are gathered 

to share in-depth discussions on the following aspects: (1) The basic theory of simulation and simulation: principles, 

methods, models, algorithms; (2) Industrial applications of simulation and simulation: design, amplification, 

optimization, control; and (3) Frontier prospects of simulation and simulation: artificial intelligence, big data, virtual 

reality. A number of Hub members are involved with the conference; in particular, Hub student Min Wang has been 

awarded the Best Presentation Award with the presentation titled ‘Numerical simulation study of gas-solid flow in riser 

of high-density circulating fluidized bed’, and another Hub student Noor Ilyana Ismail has been awarded the Best Poster 

Award with the poster titled ‘CFD-DEM study of particle-fluid flow and retention performance of sand screen’. 

 

New Partner Onboard – Bradken Resources 

Bradken Resources, a global leading manufacturer and supplier of differentiated consumable and capital products 

servicing the mining and resources, rail and transit, energy, defence and general industrial market. With its headquarter 

located in Newcastle, Australia, Bradken has a strong interest in the modelling of mobile plant systems in the mining 

and mineral and related industries. 

Bradken will provide the Hub with a cash contribution of $200,000 and an in-kind contribution of $70,000 over the next 

1.5 years, to conduct research of mutual interest, through jointly funding with the other existing industrial partners (e.g 

Rio Tinto and JITRI). Its involvement will significantly enhance the research effort in the Hub and lead to direct industrial 

application in Australia. Dr Wei Chen, Senior Research Engineer, will act as Partner Investigator on behalf of Bradken. 

He will coordinate the collaborative activities and support of other Bradken researchers. 

The ultimate aim of this project aims to establish co-simulation framework of multibody dynamic model (MBD) and 

discrete element method (DEM) to design and control mobile plant and crusher systems in the mining and mineral 

industries. The success and usefulness of this approach will be demonstrated by modelling the digging/reclaiming 

process of an industrial excavator under the conditions specified by Bradken. 

Bradken and the Hub both wish to develop a long-term industry-academia collaboration. The current project, while 

fitting in the current ARC Hub scope well, is to establish a solid basis for the next steps of development in this direction. 

 

RioTinto Expanding Scope of Existing Project with Additional Funding 

With the satisfactory research progress made on their existing project with the Hub, ‘DEM simulation of degradation of 

iron ore during handling and transportation’, RioTinto has expanded the research scope while injecting additional 

funding of $60,000 to the Hub. This new scope aims to: (1) Model lump distribution in blast furnace and its effects on 

permeability in the shaft and cohesive zone; (2) Understand the behaviour of lump ratio and lump size placement of 

the BF upper and cohesive zones; (3) Simulate blast furnace burden distributions with two different lump sizes (5 to 

20mm and 20 to 50mm); and (4) Based on simulation and modelling optimise lump distribution to achieve better blast 

furnace permeability and gas distribution.   
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Hub Activities (Continued) 

5 Hub PhD Students Completion and 8 new PhD Students 

It is delightful that we have graduated 5 PhD students despite the current global circumstances. We congratulate the 
following students on their completion of PhD degree this year: 

Mengmeng Zhou Thesis title: CFD-DEM modelling and analysis of hydraulic conveying 

Lulu Jiao  Thesis title: Development and applications of a comprehensive three-dimensional (3D) blast 
furnace process model 

Wenchao Gao  Thesis title: Development and application of integrated multiscale model for electrostatic 
precipitation 

Xin Li   Thesis title: Simulation of solid flow in single screw conveyors 

Linghui Peng  Thesis title: Design and preparation of controllable thermal management textiles by functional 
metal oxides 

In addition, we have also recruited 8 new PhD students in the same period, these include: Yechen Tang, Guangsi Shi, 
Hao Miao, Yi Zou, Xudong Zhou, Xinyu Liu, Renjie Li, Patricio Jacobs Capdeville, and Xueshuo Li. We welcome them to 
our Hub and hope that they will have a wonderful chapter of their lives studying with us. 

 

CI Kejun Dong Promotion to Associate Professor 

We express our warmest congratulations to CI, Kejun Dong, for his promotion to Associate Professor at Western Sydney 

University. A/Prof Dong's research interests and technical expertise lies within simulation and modelling of particulate 

systems, particularly in particle packing, particle flow, and physical separation of particles. He has developed a software 

package for modelling particulate systems based on discrete element method (DEM) that has been applied to the 

studies of various industrial processes. 

 

CI Wenyi Yan Securing ARC Linkage Project 

We also congratulate CI, Wenyi Yan at Monash University, in securing an ARC Linkage Project LP200100110 

($482,000). This project aims to develop a damage tolerance approach in designing and maintaining truck trailers. 

Combined with field test and computational simulation, machine learning will be used to generate loading spectrums. 

Following the damage tolerance philosophy, a mature approach in aerospace industry, the fatigue crack growth and 

the fatigue life will be predicted. In addition, structural optimisation will be applied in trailer design. This project 

expects to revolutionize the design and maintenance practices in Australian truck trailer industry. It should provide 

significant benefits, such as prolonging the life cycle of truck trailers, reducing the tare weight and increasing 

operating profit, to both trailer producers and users. 
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Annual Meeting 2020 for the ARC Hub for Computational Particle Technology 

18 Dec, Friday 

Online through Zoom 

Further details TBC 

Personnel Highlights 

 

Mengmeng Zhou 

Dr Mengmeng Zhou earned her PhD from Department of Chemical Engineering, Monash University in 

October, 2020. She obtained her Master’s degree in Management form University of Southampton, UK in 

2015 and Bachelor’s degree in Mechanical Engineering from University of Sussex, UK in 2014. During her 

PhD study, her doctoral research is focussed on modelling and analysis of hydraulic conveying using CFD-

DEM method. Her research, firstly, focused on developing and validating a CFD-DEM model to describe the 

complex liquid-solid flow and performance of hydraulic conveying. Then, using the developed model to 

understand the fundamentals governing the flow and performance under various conditions in terms of 

particle-particle, particle-fluid and particle-wall interactions, and also applied to investigate the flow regimes and their 

transition, pressure drop and pipe wear under different geometrical, operational and material conditions. In the future, she 

will continue to pursue a research career and try to obtain more knowledge on different areas. She enjoys travelling and 

spending time with her family members.  

 

 

Lulu Jiao 

Dr. Lulu Jiao is a research fellow at SIMPAS (Laboratory for Simulation and Modelling of Particulate Systems) 

in Monash University (Suzhou Campus) since July 2020. He obtained his PhD from the Department of 

Chemical Engineering, Monash University in 2020. Before joining Monash University, he earned his Master’s 

degree in Thermal Engineering by research in 2016 and Bachelor’s degree in Thermal Energy and Power 

Engineering in 2013 from the University of Science and Technology Beijing. Dr. Jiao’s research interest is to 

design and optimize the chemical reactors in order to improve its operational efficiency and save energy 

via the method of simulation and modelling. As a representative, promoted by the real-world problems 

from iron and steel industries, he has developed a world-leading 3D parallel blast furnace process model 

based on Computational Fluid Dynamics (CFD) during his PhD project. This model can help to provide optimization strategies 

for blast furnace operation and avoid its operational instabilities. Currently, he is devoted to applying the well-developed 3D 

blast furnace model into real practice of blast furnace via continuous contact with industrial collaborators in China. Outside 

of academic life, he likes to play basketball, badminton, hiking, and other outdoor activities. 

 

Upcoming Event  
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Research Output Highlight 

CFD-DEM study of particle-fluid flow and retention performance of sand screen 

Noor Ilyana Ismail, Shibo Kuang, Aibing Yu 

Sand screens are widely used to control sand production in unconsolidated reservoirs. Because of the lack of insightful understanding of this 

process, to date, reliably optimizing screen size is still a challenge. This paper presents a numerical study of the sand retention and production 

behaviors for widely used wire-wrapped screens by means of the combined approach of computational fluid dynamic (CFD) and discrete element 

method (DEM). The validity of the model has been verified by comparing the predicted critical slot sizes and sand production with published 

experimental results. On this basis, the effects of slot width-particle size ratios and wetting fluids, including gas and crude oil, are studied. The 

numerical results show that the increase in size ratio increases sand production, and the presence of fluid flow enhances sand production and 

causes unstable sand retention, which is more significant for crude oil 

compared to gas. Also, three mechanisms that allow the sand retention over 

a screen are identified, including stable bridging, bridging with intermittent 

collapse, and bridging with continuous collapse. Wetting fluids play an 

essential role in the sand production and bridging when the particle-fluid 

forces exerted on the particles near the slot are significant. Such forces 

induce strong localized particle-particle interactions in the nearby region 

over the slot, which accounts for the unstable bridging behavior.  

Cite: Ismail, N.I., Kuang, S. and Yu, A., 2020. CFD-DEM study of particle-fluid flow and retention performance of sand screen. Powder Technology. 

Tunable syngas production from two-stage sorption-enhanced steam gasification of sewage sludge 

Xiaoxia Yang, Tao Kan, Amanj Kheradmand, Haimei Xu, Vladimir Strezov, Aibing Yu, Yijiao Jiang 

Syngas, a mixture of hydrogen (H2) and 

carbon monoxide (CO), has attracted 

increasing attention since it is a versatile 

and flexible platform feedstock for the 

production of value-added chemicals and 

fuels via Fischer-Tropsch synthesis. Syngas 

production from biomass gasification has 

been widely investigated, while the lack of 

tunable H2/CO ratio in the syngas limits 

the direct industrial application of 

biomass-derived syngas. By incorporation of steam gasification into the first stage of the two-stage sorption-enhanced steam gasification (SESG) 

of sewage sludge (SS), the H2/CO ratio of produced syngas is tunable from 0.9 to 4.7 by controlling the CaO and steam contents. The SS sample 

with a CaO/SS mass ratio of 3:7 produces an H2-rich gas stream (72.2 vol% purity) at the first stage (550 °C) and CO-rich gas stream (60.5 vol% 

purity) at the subsequent second stage (750 °C), providing a new promising approach to directly integrate the two-stage SESG of biomass with the 

syngas application where H2 and CO could be mixed in desirable ratios for the downstream synthesis of value-added chemicals and fuels. The high 

distribution of carbon and hydrogen in the tar indicates that the two-stage SESG has a great potential to promote the decomposition of tar for 

enhanced syngas production.  

Cite: Yang, X., Kan, T., Kheradmand, A., Xu, H., Strezov, V., Yu, A. and Jiang, Y., Tunable syngas production from two-stage sorption-enhanced steam gasification of 

sewage sludge. Chemical Engineering Journal, 404, p.126069. 

Contact us  
Dr Teck Ching, Hub Coordinator 
ARC Hub for Computational Particle Technology (CPT) 
Ph: + 61 3 9905 0848, Email: Teck.Ching1@monash.edu 
Twitter: @ARC_CPTHub 
Hub Website: www.monash.edu/comparticletech 

Location 
The Research Hub is located at Monash University (Clayton 

Campus) within the Lab for Simulation and Modelling of Particulate 

Systems (SIMPAS) (24 Research Way, Monash University). 
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