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12272 
Hydrodynamic theory of wet particle systems: 
Modeling, simulation & validation based on microscopic and macroscopic descriptions  
 

Stefan Luding, MSM, CTW, MESA+, UTwente, NL 

+ DFG 

History: 1st contact in 2007 

Proposal 2011 – Accepted 2012 – started … 

•  Freiberg: Prof. R. Schwarze + Team 

•  Dortmund: Prof. S. Turek + Team 

•  Twente: Prof. S. Luding + Team 

 

  

Project           
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-  hydrodynamic description 
-  wet particle systems 
-  constitutive relations (stress-strain) 
-  validation 
-  particle-based modeling 
-  … 

Goals … 

•  Particle Methods (Micro-Details) 

•  Micro-Macro Transition 

•  Continuum Theory (Applications) 

 

  

Single  
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Topics … 

Example: core shooting by R. Schwarze 
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(a) molding material, type A
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(b) molding material, type B

Figure 1: Flow behavior and flow rules based on the Cross model for sand-binder mixture.

(a) granular flow (b) final core (cfd) (c) final core (experiment)

Figure 2: Final state of core-shooting process, results from CFD simulations (left: velocity,
center: contour of the final core) and experiment (right: contour of the final core.

material, particularly for dry powders which had been based on extensions of the well-
known Schaeffer and Tardos models. The main numerical difficulties have been due to
the nonlinear viscosity models, including pressure and shear rates, such that special
linearization techniques had to be applied. Consequently, the following aspects have
been in the center of our research:

1. Development of accurate and robust FEM simulation techniques in space and
time [63, 64] and fast iterative solvers [14]

2. Implementation and validation in the FEATFLOW software and numerical analysis
of Schaeffer-like models [62, 63]

3. Extension and analysis of granular flow models in cooperation with the work
group Tardos [4, 65, 66]

All simulations are based on the open-source software FEATFLOW (www.featflow.de)
which has been developed for a wide class of incompressible and weakly compressible

9

Plan … 

In detail the work packages WP DEF, E1 - E3, D1 - D4 and N1 - N4 will be worked
on, as sketched in Fig. 3. The individual work packages are treated in intensive co-
operation between the three working groups. With each package listed below, it is
noted in parentheses, who of the three partners is essentially involved in the treatment.

Figure 3: General project schedule with experimental (blue colored) and numerical (red
colored) work packages, where N and D indicate continuum and discrete numerics.

DEF - Definition of shear tests [FG, UT]
The behavior of different wet granular media is examined in defined shear experiments.
Due to the experiences of the applicants, a Searl-type ring shear cell (rotating inner
cylinder - fixed outer cylinder) is employed for this purpose. In the rheometer, shear
flows of granular media made of glass beads (diameter Dgb = 0.5 . . . 1.0mm, smooth
surface) and ceramic beads (diameter Dcb = 0.5 . . . 1.0mm, rough surface) will be an-
alyzed. The partners FG and UT specify the selection of the granular media, the
experimental setup and the experimental procedure. Based on these definitions the
experiments are accomplished in FG (see WP E1) and the simulations are carried out
at UT (see WP D1) with exactly matching numbers.

14
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Force-chains 
  experiments - simulations 

2D Exper. Behringer, Duke, USA 

Biaxial box set-up 

•  Top wall: strain controlled 

•  Right wall: stress controlled 

( )z t

! xx = const.
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εzz=9.1% εzz=4.2% εzz=1.1% εzz=0.0% 

Simulation results (closer look) 

Bi-axial box (stress chains) 
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Bi-axial box (stress chains) 

Bi-axial box (kinetic energy) 
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Bi-axial box (kinetic energy) 

Bi-axial box (rotations) 
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Bi-axial box (rotations) 

    

inhomogeneity & anisotropy, rotations instabilities & structures, 

Multiple micro-mechanisms 
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Themes worked on? 

 
-  Particle Simulations vs. Continuum Models 
-  rheology, viscosity, stress measurements 
-  micro-macro transitions, … 
-  experiments for validation, … 

Program: 
13:30 - 13:45  “Introduction to Hydrodynamics of wet particle system ”, 
Stefan Luding, University of Twente, The Netherlands 
Herma van Kranenburg, STW 
13:45 - 13:55  “ Simulation of wet granular materials in split bottom 
shear cell ”, Sudeshna Roy, University of Twente, The Netherlands 
13:55 - 14:05  “ MercuryDPM: Accomplished and future ”,  

 Chris de Jong, University of Twente, The Netherlands 
Short Coffee break 
14:15 - 14:25  “ DEM simulation of weakly wetted granular material ”, 
Anton Gladky, TU Bergakademie Freiberg, Germany 
14:25 - 14:35  “ Efficient FEM-multigrid solver for granular materials”, 
Saptarshi Mandal, TU Dortmund, Germany 
 
(more) Coffee -> UC Meeting 


