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PARTICLE TRACKING OR MULTIPHASE
MODEL FOR SEWER OVERFLOW
by David Burt, Rose Consulting Engineers, UK

Rose Consulting Engineers provides CFD consulting
services to the environmental, wastewater,
chemical, mechanical, building, nuclear and oil &
gas industries.

Urban drainage systems in the UK are made
up of networks of drains, pipes and culverts. In
urban areas these systems often are
combined so that they convey domestic
and industrial effluents along with
rainwater run off to the sewage treatment
works. In order to reduce upstream
flooding during storm events, combined sewer
overflows (CSOs) are placed periodically to
provide capacitance in the system and to
allow for over spill of excess water.

In some cases, the CSO diverts excess flow to
the nearest natural watercourse. A poorly designed
CSO may deliver pollutants into the environment.

High-pressure food processing, using
pressures between 1 and 10 kbar, permits
preservation of aroma and vitamins,
improvement of textural and sensory
properties, and removal of harmful
bacteria.The process must be carefully
monitored, however, as localized
variations in pressure or temperature can
significantly influence the removal of
bacteria.The process must therefore be
uniform, especially in the health-sensitive
field of microbial inactivation.

At TU München’s Chair of Fluid
Mechanics and Process Control, we are
investigating the effect of the fluid
dynamics on bacteria during high-
pressure food processing. Our research
focuses on a 6.3-litre high-pressure
chamber that is used to pressurize liquid
food contained in five packages, placed on
different shelves in the chamber.The
chamber is filled with a pressure
transferring liquid (in our case water)
until the desired pressure level (4 kbar) is

An example of Japanese high-pressure
processed rice.

reached.The pressure is maintained for
about 20 minutes - the time needed to
kill the bacteria.

Since experimental methods for
investigation at very high pressures,
especially for industrial chambers, are not
readily available, we have chosen CFD as a
means to investigate scale-up and non-
uniformity.

The CFD model involves transient
compressible flow with conjugate heat
transfer. Initially, the fluid is isothermal
and at rest. Inflow increases the pressure
and temperature (due to conversion of
external work into internal energy), until
the required compression level is reached.
The pressure increase leads to a volume
reduction of the packages, which increases
the pressure inside.We simulate this by
prescribing a transient grid contraction
that corresponds to the real package
deformation kinematics, although we
know that this is a generic fluid-structure
interaction problem.The package material
is considered as a conducting solid of
finite thickness.

Standard CFD-software requires a
strong customization to this specific
problem; we have to account for an
equation of state valid at high pressures,
pressure-dependent fluid properties,
moving package boundaries, and a scalar
transport equation enhanced by a
pressure-temperature sensitive model of
microbial decay.We have chosen CFX for
this application as its highly developed
user interfaces, robust solution algorithms
and transparent solution process allow the
integration of specific algorithms and thus
represent an excellent tool for research in
this field.

The CFD results have shown that the
concentration of the surviving

microorganisms depends strongly on the
position of the food package in the
chamber. In fact, the rate of bacteria decay
increases with both temperature and
pressure, but as the pressure is spatially
constant, the remaining level of bacteria is
determined by the spatial temperature
distribution.We found higher levels of
bacteria in the packages on the lowest
shelves due to buoyancy-induced lower
temperatures in that area.A low conductive
package material improves the uniformity
of the processing by preserving the elevated
temperature level within the package
throughout the pressurization.This yields a
better process-uniformity and a lower
concentration of surviving bacteria.

With CFX we are currently addressing
many different high-pressure applications,
including convection effects in high
pressure-induced solidification (freezing),
dynamics of bacteria populations and fluid
structure interaction effects.

High-pressure chamber with symmetry plane for
graphical representation of the results.

Average bacteria concentrations in low-conductivity food
packages (above) and high conductivity food packages
(below). Reduced thermal conductivity (e.g. increased
material thickness) increases process uniformity and
reduces the concentration of surviving bacteria.

To assess the ability of a CSO design to retain
pollutants, the hydrodynamic performance of the
chamber under wet weather and storm flow
conditions was studied. The first step was to
represent the side weir boundary condition by
modelling the free surface behaviour of the weir
using CFX. Once the free surface shape was
determined, the retention efficiency of the weir was
predicted using two different CFX models; a
single phase flow calculation coupled
with Lagrangian particle tracking
and an Eulerian multiphase
calculation.

The Lagrangian model used 500 particles for
each group which were uniformly distributed at the
inlet and tracked through the flow domain as a
post-processing operation. The particles were all
the same size but the density varied across the
groups. Keeping particles off of the wall (saltation)
forced them out of the domain where they should
actually be deposited in sediment bed or form
floating debris.

The Eulerian model transports particles
through the flow as volume fraction for each
particle class. Dense solids were predicted to
deposit and ligher particles to float. Once the
buildup of solids was complete, a steady state was
achieved where the solid material entering the CSO
was exactly matched by that exiting.

The results show significant differences
between the two approaches with the Eulerian
multiphase model showing trends consistent with
experimental data. It was concluded that particle
tracking cannot predict retention efficiency in a
sedimenting system because it does not account for
sediment hold up in the chamber.

The first step in modelling a Combined Sewer
Overflow with CFX was to determine the free

surface shape at the overflow. CFX’s homogeneous
mulitphase (VOF) model was used to determine the

free surface shape of a side weir.

A comparison between Lagrangian Particle Tracking and Eulerian
multiphase models for retention efficiency in a sedimenting system
shows that the multiphase model matches more closely with
experiment.

Left: Surface mesh and particle trajectories for light particles
at 500 l/s indicates that some particles are held up in a
surface recirculation.

Right: Solids volume fraction showing sediment deposition in
the invert calculated with CFX-5’s Eulerian two phase model.

Temperature distribution (left) and
bacteria concentration (right) after 20
minutes at 4000 bar. The lowest package
still contains viable bacteria and
presents a potential risk.
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