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Background

When it comes to pow modeling to optimize
performance or to develop solutions for pow-related
problems, a frequent question that industry engineers
ask 1s f\Which is better T a CFD or physical (scale)
pow model?0. The short answer is iillt Dependso.

Computational Fluid Dynamics (CFD) is a method of simulating puid pow
behavior using high speed computers. There are well-known mathematical equations
that deyne how air and gases behave (Conservation of Mass, Momentum, and Energy).
These equations are extremely
complex (differential equations),
and thus can not be solved by
hand calculations except for very
simple geometries such as pow
around a cylinder. As computer
power increased in the 1970s,
the aerospace industry led the
way in developing software to
approximate solutions to these
equations for complicated
pows around air and space craft. Over the past few decades, these software tools
have advanced to a point where accurate solutions can be obtained for complex pows,
including heat transfer, particle tracking, and chemical reactions.

Figure 1 T CFD was yrst developed for the aerospace industry

In a CFD model, the three-dimensional domain is
built in the computer via a CAD model. Acomputational
mesh is then inserted into the domain T this mesh
divides the region where pow travels into many control
volumes, or cells. Itis not uncommon for a CFD model
to contain millions of these cells. The software then
solves the equations of puid motion (Conservation of
Mass, Momentum, and Energy) in every one of these
cells. The results are plotted as color contours to depict
the pow parameters at any location within the domain.
Thus, it is possible to analyze millions of velocities,
pressures, temperatures, species concentrations,
and other values. Computer-generated animations
can also be created that provide pow visualization to
observe the fireal-timeo motion of the pows.

Figure 2 - CFD mesh for an electro-
static precipitator




It is difycult to determine how long physical
pow modeling has been used in engineering
applications. Obviously, full-scale versions of land
and sea vessels were tested via trial-and-error for
centuries to optimize designs. In the early 1900s,
the Wright Brothers tested a scaled version of an
airfoil in a small wind tunnel that led to the age of
pight. Since the 1960s, scale models have been
used to assess pow patterns in power plant duct
systems, pollution control equipment, and boilers. = . —
Today, many of these models are built to a scale of Figure 3. Wright Brotherts wind tunnel
1:8 to 1:16, with 1:12 being a common scale factor.
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Figure 4. Physical pow model
of a power plant dry scrubber
and baghouse system

Once the physical model is constructed, large
fans are used to draw air through the model at a pow
rate that provides similar puid dynamic behavior to the
full scale system. Flow characteristics are measured
over a grid of traverse points with an inserted probe.
Values for velocity and pressure at select locations
are thus obtained. Dust can be injected into a model
to simulate the behavior of particulate in a system (to
assess ash deposition, for example). Of course, the
model is constructed with clear walls or windows so that
pow patterns can be observed via smoke pow, strings, or bubbles. Model results can be
presented as color contours, histograms, or other plotting methods similar to yeld testing.
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Figure 5. Smoke pow through an
SCR physical model

With either type of model, the pow patterns through the system are quantiyed and
the model geometry is iteratively altered in order to optimize the pow. The location and
shape of control devices such as turning vanes, mixers, bafpes, and dampers are thus
determined such that the design objectives are attained.

With the proliferation of high speed computers, the resolution and cell size of
CFD models has improved dramatically over the past few decades. Airpow Sciences
Corporation, which has used both modeling methods since 1975, has made numerous
comparisons between CFD modeling, physical modeling, and yeld testing. Results
indicate that both types of models share the same accuracy when it comes to velocities
and pressures. For more on this please visit ASCis web site (www.airpowsciences.
com) for Conference Proceedings which make this comparison with respect to ESP and
scrubber modeling.
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