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Participants 
 
  The workshop was attended by a total of 32 people. See enclosure 5.1 for a list of participants.  
 
 
1 Introduction 
The WPMPS workshop is intended to increase the acceptance of DEM-codes for simulation of bulk solids 
behavior. This requires the codes to be validated, which in turn needs carefully selected problems with a good 
experimental database for test runs. The workshop shall help to identify a suitable set of problems for the 
quantitative validation and verification of DEM type models in the area of bulk solids handling.  
 
Participants were invited to the workshop through the conference organizers, publications in  the official EFCE 
journal “Chemical Engineering Research and Design” and in various other scientific journals, through email 
distribution lists and by direct invitation. The official announcement can be found in Enclosure 5.2. 
 
The workshop was structured by the chairmen to have an initial session of short presentations by various 
participants, followed by a discussion in the plenum and a subsequent split into three working groups. A wrap up 
session served for the working groups to rapport their findings.  
 
2 Short Presentations 
Prof. Luding started the short presentations with an introduction into the 3 general areas of the themes:  

1. Generic simulation of lab scale experiments 
2. Large scale storage, conveying and handling applications 
3. Multiphase processing of powders and particles 

and an overview of presentations given at the conference related to DEM work. He showed that the main theme 
of these talks had been contact models but also large scale (hybrid) simulations and parameter identification, 
see Enclosure 5.4, page 9. 
 
Dr. Feise introduced the DEM activities at BASF. He listed the identification of DEM model parameters from 
independent bench scale tests and the coupling of fluid – particle flow as the areas most urgently needing to be 
developed for industrial use of DEM tools, see Enclosure 5.5.1, page 11. 
 
Dr. Theuerkauf showed selected samples of DEM work at Dow. So far simulations were run on shear testers, 
storage in silos, screw conveyers, mixers, packing structure, material testing, pneumatic conveying/fluidized 
beds. He posed two main questions. The first dealt with the level of complexity needed to capture the physics of 
the real system in the DEM simulation. For a shear tester they were able to show that various codes give similar 
results. He also called for a User  norm/guide “DEM101” the unique calibration parameters and procedure to 
allow users to get reliable parameters estimates to use in their simulations, See Enclosure 5.5.2, page 14. 
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Prof. Ooi presented slides from Dr. Ramaioli, Nestlé, who was not able to attend. Dr. Ramaioli explains that 
Nestlé sponsors a PhD-project at EPFL with the purpose to generate a tool useable to simulate the behaviour of 
beverage powders in dispensers. He stresses that validation needs to be done not only for shear tests but also 
concerning the effects of vibration and segregation. The limitations of DEM seen by Dr. Ramaioli center around 
the very few real validations, the lack of a procedure to gather grain properties for the simulation and over-
simplified models, see Enclosure 5.5.3, page 18. 
 
Dr. te Kamp introduced the background of the ITASCA company to the workshop. ITASCA is traditionally a 
geotechnical company which focuses their work in chemical engineering on Storage, Conveying, Dosing, 
Agglomeration, Tableting, Sorting and Blending. Dr. te Kamp sees the keys to wider acceptance in industry as 
a) Validation of the DEM: run selected problems with good experimental backup, numerical prove of concepts 
and b) Definition of standards, e.g. influence of model setup. He pleads that researchers and software vendors 
strongly depend on the input from industry and the community needs to identify a few selected problems and 
validate DEM in order to spread the use of this engineering tool, see Enclosure 5.5.4, page 20. 
 
Dr. Favier presented the EDEM software to the workshop. He announced that the EDEM code is available as a 
coupled plug-in to Fluent since June 2006. He stressed that integration with other CAE tools is advancing and 
will widen the use of DEM and this will be the main driver in the near future. To his understanding the 
challenges for industrial application of DEM are in the establishment of benchmarking for DEM codes, meaning 
validation against standard tests, relate DEM model to continuum model benchmarks, relate DEM simulation to 
alternative techniques, and the set-up of reference points for the “layman, see Enclosure 5.5.5, page 27.”In any 
case more than one test will be required to generate the data needed to determine the DEM model parameters. 
 
Dr. Gröger showed how various micro and macro parameters are connected. To get a well defined set of 
parameters, simple experiments  that can easily be simulated need to be developed. This is paramount since 
the determination of parameters though an optimization of the simulation of a complex experiment leads to an 
inverse problem, where no unique solution is available; i.e. the results are never known to be right; see 
Enclosure 5.5.6, page 35. Nevertheless, T. Gröger showed that the concept of validation experiment vs. 
simulation is feasible. He could even show some first successful attempt of using this concept. 
 
Dr. Tijskens showed examples of a successful joined project with DEM and experimental work in agricultural 
engineering. He sees a major difference between DEM and the much more mature FEM in the realism build into 
the tool. He stresses that computational cleverness allowing e.g. large problems to be solved,  is no substitute 
for physics. Therefore efforts need to be made to tackle modeling questions such as shape, contact laws and 
calibration or optimization algorithms, see Enclosure 5.5.7, page 38.  
 
In the discussion following the short presentations several points from the presentations were reinforced. Prof. 
Rotter emphasized the need of good reference experiments. He called for element tests which provide reliable 
and reproducible calibration results. Comparisons were drawn to the Caltech workshops for fluid mechanics in 
the 1970’s which provided a range of good case studies for similar work in CFD. The need to bring fluid and 
particle fluid interaction effects into DEM as specifically stressed by Prof. Levi, see Enclosure 5.5.8. 
 
3 Work Group Results 

3.1 Micro - Testing 
A work group discussed the options concerning testing on the particle scale. The group’s results were reported 
by Roger Place , see Enclosure 5.3.1. A large number of different methods have been used to characterize 
particles with the purpose of using this information in DEM modeling. The paramount parameter is particle size. 
Here compromises are needed. Generally it seems to be more important to represent the width of the particle 
size distribution that the actual size. This is most significant in 2D – modeling. The next  most significant 
parameter is shape which is most often represented by particles made up of overlapping spheres. Some efforts 
are made to represent very irregular particles by triangular sections. 
 
Contact parameters can be measured using atomic force microscopy. The technique can handle particle - 
particle contacts for particles below 30µm. Similar tests are known for large granules (> 500 µm). In any case 
the experimental data does exhibit a huge amount of scatter. The correlation between particle and particle 
interface properties and the DEM contact parameters is know established yet.  
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3.2 Small Bulk Testing 
A work group discussed the options concerning testing on the small bulk scale. The group’s results were 
reported by Jörg Theuerkauf , see Enclosure 5.3.2. The group discussed the various testers available in the 
community. Testers generally fall into two groups: a) more or less well instrumented shear testers and b) testers 
mimicking some particular process. The first can possibly be used to measure the response of the bulk material 
to contact friction dominated motion. Other tests will be needed to supplement them such that all modes of 
interaction of  moving particles with each other and the confining equipment can be captured. 
 
The second area of concern is the reproducibility of bulk tests. Bulk solids experiments generally suffer under a 
large variability with differences of 40% between runs being not uncommon.  

3.3 Multi – Phase Flow 
A work group discussed the options concerning multi phase flow. The group’s results were reported by Avi Levy, 
see Enclosure 5.3.3. Multiphase flows may be observed in many industrial applications. Traditionally the two-
fluid model is being used to simulate the fluid-solid interactions. In the last decade DEM has been developed 
and significantly improved to simulate granular flow where the influence of the fluid phase can be neglected. 
However, neglecting the interstitial fluid effect on the granular phase can't be justified especially when 
transitional granular flow is observed.  
 
Combining CFD & DEM software is an important task; however, some questions about the phases' coupling, 
i.e., the physics coupling verses the software coupling, should be addressed. Points of concern are: grid, 
particle sizes and distribution, particle shape, phase coupling, coupling models, boundary conditions and 
validation. 
 
 
4 Steps forward 
To make the DEM validation effort viable, project funding from outside the participants organizations will be 
needed. Dr. te Kamp suggested that contacts to the project funding body at Jülich could be used. Jülich 
provides a 50% funding and traditionally has a lack of good project proposals. He will initiate contacts. 
 
Dow and BASF have contact people for European Research funding. A meeting shall be organized (e.g. in 
Brussels or in Delft) to evaluate the possibilities of a European funded project with the subject of DEM 
validation. For this an experienced partner will be needed to be able to generate a successful project proposal. 
 
A second workshop will be held during PARTEC 2007 in Nürnberg, Germany. Contacts between Prof. Peukert, 
the PARTEC 2007 chair and Prof. Luding have already been established. 
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Feise, Hermann Hermann.Feise@basf.com BASF AG 
Ghadiri, Mojtaba m.ghadiri@leeds.ac.uk University of Leeds, UK 
Gröger, Torsten groger@cepartec.de CeParTec GmbH, Germany 
Gupta, Govind govind@met.iisc.ernet.in Indian Institute of Science, India 
Horio, Masayuki masa@cc.tuat.ac.jp Tokyo University of Agri & Tech, Japan 

Jones, Mark mark.jones@newcastle.edu.au The University of Newcastle, NSW Australia 
L. Brendel, L. lothar.brendel@uni-due.de University Duesburg-Essen, Germany 
Levi, Avi avi@bgu.ac.il Ben-Gurion University, Beer Sheva, Israel 
Luding, Stefan s.luding@tudelft.nl TU Delft, NL 
Mc Glinchey, Don d.mcglinchey@gcal.ac.uk Glasgow Caledonian University 
McBride, Bill william.mcbride@newcastle.edu.au The University of Newcastle, NSW Australia 
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Paletto, Massimo mpoletto@unisa.it University of Salerno, Italy 
Place, Roger rogerplace@compuserve.com IFPRI 
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Science 
Tan, Hong Sing tan.h.9@pg.com Procter & Gamble 
Tano, Kent kent.tano@lkab.com LKAB, Malmberget, Sweden 
Tatsushi, Matsuyama tatsushi@t.soba.ac.jp Soba University, Japan 
te Kamp, Lothar ltekamp@itasca.de Itasca Consultants GmbH, Germany 
Theuerkauf, Jörg jtheuerkauf@dow.com Dow Chemical, The Netherlands 
Thümmler, Silke silke.thuemmler@mvtat.tu-freiberg.de TU Bergakademie Freiberg, Germany 
Tijskens, Bert engelbert.tijskens@biw.kuleuven.be KU Leuven, Belgium 
Tomas, Jürgen juergen.tomas@vst.uni-magdeburg.de University of Magdeburg, Germany 
Tüzün, Ugur u.tuzun@surrey.ac.uk University of Surrey, UK 
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5.2 Workshop Announcement 
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Micro Testing – DEM Breakout Group (Rapporteur: Roger Place)
Micro = Particle scale 
 
Bulk powder model parameters need to be accessed / developed from individual particle characteristic 
measurements 
• Contact parameters 

o Both particle/particle and particle/wall 
o stiffness 

� Plastic/Elastic/Viscoplastic 
o Damping/Restitution 
o Interparticle forces 

• Roughness 
• Size/Distribution 
• Shape/Distributionn (need to know how this will be used ) 

� ie what properties will be derived  
� collisions 
� moment of inertia 

• Density 
 
Techniques available to measure individual particle characteristics (In increasing order of difficulty) 
• Densities – OK 

o May need to account for distribution of densities and e.g. porous particles 
• Size / size distribution 

o Many techniques 
o If very wide distribution when can fines be neglected 

� with volume diameter they have little mass but present in large numbers 
• Shape / distribution 

o can be measured – both 2D & 3D 
o how to represent in models 
o can already handle sphere/sphere and sphere/plane collisions 
o can track position and orientation of all particles 
o should therefore be able to model particle shape through clumped spheres 

� BUT what if multiple contact sites? 
o handle distribution with radius frequencies function 

� OR library of individual particles? 
o what level of detail required 

� surface asperities (effect on interparticle force) 
� roughness – effect on friction 

 
Contact parameter 

o Friction 
� Use AFM in lateral surface measurements 
� Scatter in results very large even making repeat measurements at same point. 

o Roughness 
� Can measure but do not know how to relate to friction 

o Adhésive forces – (AFM in vertical mode) 
� non reproductible 

o Damping /Coefficient of Restitution 
� Can measure by dropping spherical particle (> 1 mm) on to plane surface 
� Non spherical particles??? 

o Stiffness 
� micro indentation or compression tests can be used to characterise particles down to ca. 

1 mm. 
� Need to check if properties are isotropic. 

• Conclusion 
o There are big gaps  in the ability to  

� measure and represent relevant individual particle characteristics 
� relate micro properties to bulk powder flow parameters 

Afterthoughts 
The group did not include fluid particle interactions. 
Peukert plenary indicates understanding in micro to macroscales is developing. 

 

5.3 Work Group Results 

5.3.1 Standard calibration methods – Micro Properties (Roger Place)   
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5.3.2 Standard calibration methods – Bulk Properties (Jörg Theuerkauf) 
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5.3.3 Multi phase systems (Avi Levy) 

 

Comments on CFD-DEM coupling that rose during the DEM workshop in CHoPS 2006, Sorrento Italy. 
 
Multiphase flows may be observed in many industrial applications. Traditionally the two-fluid model is being 
used to simulate the fluid-solid interactions. In the last decade DEM has been developed and significantly 
improved to simulate granular flow where the influence of the fluid phase can be neglected. This simplifies the 
modeling and simulations of many processes. However, neglecting the interstitial fluid effect on the granular 
phase can't be justified especially when transitional granular flow is observed.  
 
Combining CFD & DEM software is an important task; however, some questions about the phases' coupling, 
i.e., the physics coupling verses the software coupling, should be addressed. In the following sections, some 
of the questions, which were raised by the multiphase subgroup, are presented.   
 
• Grid 
The mesh size of the computational domain has a very important role in CFD software. Coarse grid usually 
engulfs some physic's phenomena and the code convergence might become questionable. Therefore, in many 
CFD applications very fine grid is used especially to describe boundary layers and flow areas with large 
gradients. This contradicts the basic DEM assumption, where each computational cell should include at least 
few particles. This question needs, yet, to be answered.  How coarse the computational grid can be without 
altering the characteristics of the flow fields, i.e., fluid & solid flows behaviors. 
 
• Particle sizes and distribution. 
Particle sizes and distribution might be an important parameter for choosing the optimal grid size, and 
modeling interaction terms between the particles and the fluid phase (e.g., mass, momentum and heat 
transfer). 
 
• Particle shapes. 
Particle shapes have a major effect of the flow characteristics and the interaction between the different 
phases. How can one calculate a drag force, or particle rotation for non-spherical particle in a specified grid? 
Using various shape factors, as it is often used in the two-fluid model, is simple but it is also questionable.  
Doesn’t it alter the flow behavior? 
 
• Phases coupling. 
Coupling between the phases, in addition to the particle-particle & particle-wall interactions, results in higher 
computational efforts. This should be considered while developing software.  
What is the right order for solving the conservation equations and implying the transfer terms? 
 
• Coupling models. 
What is considered to be the right or the best way to describe the forces between the phases? Which forces, 
except drag, should be considered? How does it influence the turbulence? Can it be neglected? How to 
overcome the influences of the coarse grid on the turbulence models? How to implement heat and mass 
transfer between the phases? 
 
• Boundary conditions. 
What are considered to be the proper boundary conditions for CFD-DEM simulations? 
 
• Validation. 
Validating the predictions of a numerical simulation is a very hard task. The simulation always produces more 
data then any one can get out of an experimental study. Standard test cases should be defined for validating 
multiphase flow problems. These cases should be validated experimentally, and later on, they should be used 
as a testing point for all the developed software. 
 
In conclusion, the multiphase discussion group believes that the open questions mentioned above, together 
with many others questions, should be addressed and might be used as a starting point for many 
investigations in the near future. 
 
Noted by: Avi Levy
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5.4 Introduction by S. Luding, TU Delft 
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5.5 Short Presentations 

5.5.1 H.J. Feise, BASF 
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5.5.2 J. Theuerkauf, Dow Chemicals 
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5.5.3 M. Ramaioli, Nestlé 
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5.5.4 L. te Kamp, ITASCA Consultants 
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5.5.5 J. Favier, DEM Solutions 
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5.5.6 T. Gröger, CeParTec 
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5.5.7 E. Tijskens, KU Leuven 
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5.5.8 Avi Levy, Ben Gurion University 
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