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The Euler/Lagrange approach is a method for numerical calculations of dispersed multiphase
flows on a macroscopic level. As such, this approach is limited to dispersed particle-laden
flows and may be combined with any type of fluid flow modelling, i.e. laminar flow, DNS,
LES and RANS, which determines the level of flow and turbulence resolution and turbulence
modelling requirements.

An essential feature of the Euler/Lagrange approach is the consideration of individual
particles or numerical particle groups (so-called parcels) as point-masses which are moved
through the before-hand simulated flow field. In contrary to continuum formulations (or
multi-fluid methods), where the particles are represented by cell-based averaged properties,
this method features the discrete nature of the particles. Nevertheless, both methods are
complementary.

A fundamental assumption of the Euler/Lagrange method is the treatment of the particles as
point-masses which should be also much smaller than the dimension of the numerical grid.
Note, there are also approaches, which relax this quite restrictive demand by using for
example spatially distributed coupling (see e.g. Reichardt and Sommerfeld 2007).
Consequently, particles are moved through the flow field based on all relevant forces acting
on them (Sommerfeld et al. 2008) by using appropriate resistance coefficients also valid for
larger particle Reynolds numbers. The major advantages of the Euler/Lagrange approach
compared to multi-fluid formulations are the simple consideration of particle size distributions
and the descriptive way of incorporating elementary processes occurring on the particle scale,
such as, wall collisions, inter-particle collisions and coalescence or agglomeration. It should
be emphasized that there exists no limitation on the volume fraction of the dispersed phase in
applying this method as long as all physical effects are modelled properly, consider for
example the vast literature on the hybrid CFD-DEM method.

Very important for this hybrid approach is the way of coupling continuum fluid flow
simulations on a fixed Eulerian grid with Lagrangian discrete particle simulations. In any case
when considering two-way coupling (i.e. considering the influence of particles on fluid flow
and turbulence) fluid and particle phase have to be simulated sequentially until a convergent
solution is obtained. Depending on the problem of consideration, the flow may be simulated
for a steady-state condition or it is necessary to run a fully unsteady simulation. For steady-
state simulations particles may be tracked sequentially or simultaneously and the source terms
have to be evaluated for each computational cell from tracking a huge number of particles.
When considering unsteady flows different time steps may be used for flow simulations and
particle tracking. Normally the time steps for particle tracking are much smaller than those for
the fluid flow simulations being determined by the temporal resolution of the flow field
(Sommerfeld 2017). In any case, a dynamic Lagrangian particle time step is suggested for
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efficiency, which is determined by the local relevant time scales, such as, particle response
time, integral time scale of turbulence and inter-particle collision time scale.

The lecture will summarise the main features of the Euler/Lagrange approach and introduce
some applications to particle dispersion in stirred vessel, unsteady swirling flows as well as
pneumatic conveying. For the latter also different effects on bend erosion will be highlighted.
Other applications are particle separation in cyclones, particle dispersion in an oscillating
mixer and hydrodynamics of bubble columns accounting for bubble dynamics behaviour.
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