
The DEM aspect of the cycle is itself a multi-scale process. In most industrial
operations, the system needs to operate for some initial period to reach steady state
and a single full-scale DEM model is typically required to determine what the steady-
state conditions are for input to the PBM model. Once steady-state operation has
been identified, smaller representative compartmental models can be utilised.
Where applicable, these models can be used for further coupling cycles to reduce the
computational cost, allowing many cycles to be carried out more efficiently.

A variation of the multiscale approach is to run
several simulations with initially varied
parameters (size distribution, feed rate, etc.)
which provides a library of results for the PBM
to interpolate from. In this case, the PBM will
launch a look-up of values rather than a new
DEM and post-process task. This offline
coupling method may be more suited to cases
where smaller compartmental models cannot
be utilised.

In certain cases, micro-scale DEM results may be converted to macro-scale quantities
such as stress or momentum to provide further information for the PBM.

Modelling a wet granulation process is not straightforward, but may be achieved
using techniques such as Population Balance Modelling (PBM) and Discrete Element
Method (DEM). This study presents a hybrid approach to modelling twin screw
granulation via coupled DEM-PBM simulations. The multi-scale particle approach will
use DEM to provide particle level physics and inform the PBM model, thereby
providing a scale-up methodology for full scale industrial processes.

A bi-directional coupling framework is implemented with information shared
between the two simulation tools. The DEM simulation is conducted using the
commercial code while the PBM simulation is carried out with the
commercial code g|FORMULATE which is built on top on the advanced modelling
platform .

Introduction PBM vs. DEM – Complimentary Allies
Wet granulation is used to create larger stable
agglomerates (granules) from fine powders. It
is commonly employed in the food,
pharmaceutical, detergent, and fertilizer
industries. It has many desirable benefits such
as improving flowability, compactibility, and
homogeneity.

Initialisation
Within the initialisation phase there are three distinct operations that need to be
carried out: creating the CAD model, setting up the PBM and setting up the DEM.

Due the self-cleaning nature of intermeshing, co-rotating screws the cohesionless
Hertz-Mindlin (no slip) contact model is used for particle-geometry contacts.

DEM Informing PBM
Based on experimental studies, customized breakage kernels for chipping and
fragmentation on conveying and kneading elements were developed for the
g|FORMULATE TSG model.

Residence times for each compartment of the model, obtained from the DEM
simulations, via the post-processing module and used as the input for the PBM model
in a one-way coupling cycle.
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Advantages
PBM Simulations:

• Groups particles into different classes
based on their properties

• Computationally inexpensive
– Uses empirically derived differential

equations to describe key processes
such as aggregation or breakage.

DEM Simulations:
• Track individual particles using laws of

physics, allowing phenomena such as
mixing/segregation to be studied.

• Can provide particle scale data such as
collisions data or impact energy

• Consider the effect of the equipment
geometry and its dynamics on the system

Disadvantages
PBM Simulations:

• While PBM tracks the size and
number of particles over time,
it cannot account for the
distribution of the particles and
the effect of this local variability.

• Many, many empirical parameters
which must be estimated from
experimental data

DEM Simulations:
• Simulations of fine materials can

be computationally prohibitive
• Complexity of wet, cohesive solids
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Considering the complimentary advantages and disadvantages of both the DEM and
PBM methods, it is possible to describe a framework for coupling the respective
approaches that can be either one-way or two-way, depending on the problem. The
framework can be separated into the initialisation phase and the coupled cycle.

Multiscale DEM

In the coupling framework g|FORMULATE operates as the master process and
controls the coupling cycle, calling the DEM solver and post-processing module as
required.
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Information such as material
properties, class definitions and
process parameters are defined
in the PBM Flowsheet.
Screw configuration is specified
as per the created CAD model.

CAD geometries are imported and
geometry kinematic are defined.

Particle Size distribution and
parameters such as material feed
rate and screw speed are imported
to the DEM model.
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