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Flow Through a Catalytic Converter

In this example, FLUENT is used to analyze the flow through a catalytic converter, a device used to

clean automotive exhaust gases. To evaluate the performance of a catalytic converter, the automotive
industry has established standards for several flow parameters. User-defined functions have been
created for FLUENT to automate the process of computing these parameters, making quick work of
assessing design modifications.

Catalytic converters are used t(nlets

)

purify emissions from gasoline
and diesel engines. Under cert
operating conditions, these

engines can release substance
that are environmental hazards
such as carbon monoxide (CO
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passes through the runners, and
enters the substrate inside the
catalytic converter. The substrate
is modeled as a porous media in
FLUENT, where viscous and
inertial losses are specified in
both the streamwise and

transverse directions. By using
the porous media model, the
number of cells in the

nitrogen oxides (NOXx), and
unburned hydrocarbons (also
known as volatile organic
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compounds, or VOCs). To
convert these substances to m
acceptable ones, catalytic

converters force the exhaust gas exhaust system flow. Key design

through a substrate, a ceramic
structure that is coated with a
metal catalyst, such as palladium

or platinum. For gasoline engines,

exhaust gases react with these
metals, causing CO to be
converted to C@and NOx to be

converted to nitrogen and oxygen.

VOCs are also burned in the

converter, leading to the formation

of CO, and water. For diesel
engines, catalytic converters are
primarily used to treat the NOx
compounds.

The nature of the flow in a
catalytic converter is very
important, and CFD can play a
key role in the design of these
devices by allowing the engineer
to visualize and analyze the

criteria, such as uniform flow
distribution across the substrate,
can be easily quantified by CFD,
and design performance can be
judged via special parameters
defined by the automotive
manufacturers. To facilitate the
extraction of these key design
parameters, a special utility has
been developed for FLUENT
through user-defined functions
(UDFs).

To test this utility, a
representative geometry
of an exhaust
system(shown in Figure
1) is used. Heated
exhaust gas enters
through the four inlets of
an exhaust manifold,

computational mesh can be
reduced significantly, since the
small geometric details of the
substrate do not need to be
resolved. After passing through
the catalytic converter, the gas
exits through the tail pipe. The
standard ke model is used for
turbulence, along with the
standard wall function treatment.
The fluid is assumed to be
incompressible air.

Due to the varying complexity of
the geometry, a hybrid mesh
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