APPLICATION BRIEFS FROM FLUENT

EX156

Collection Efficiency for Icing Analysis

FLUENT has been used in this example to predict the water droplet impingement on external bodies,
such asthe wing on an aircraft flying in atmospheric clouds under icing conditions. Predictions of the
collection efficiency have been made by two different CFD models. The models generate similar
results, and the results are in good agreement with experimental measurements reported in the

literature.

Thefirst step in every aircraft
icing analysisisto calculate

the droplet collection/
impingement characteristics of the
aircraft body under a given flight
condition. The parameter of
interest in the analysisisthe
collection, or catch efficiency.
This surface quantity represents
the ratio of the mass-flux of the
impinging droplets to the mass-
flux in the free stream. Only after
performing the collection
calculations can subsequent anti-
icing or ice build-up calculations
be undertaken.
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Figure 1: Contours of water volume fraction around

a NACA-0012 airfoil at Mach 0.4

Because the droplet presence in
theair isusually dilute (< 1% by
volume), the impingement
calculation can typically be done
as a post-processing step, after the
completion of the airflow
calculations over the external

body for the given flight .
condition. The gas phase
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airflow providesthe driving
force that convects the
supercooled liquid dropletsin
the atmosphere. These
droplets are also acted upon
by a host of other forces,
most importantly the drag
force and gravity. Smaller
droplets, due to their smaller
inertia, tend to be scattered
more before they hit the body.
Larger droplets, on the other
hand, have trgjectories that are
less affected by the presence of
the body in the
arflow.

An accurate
impingement
calculation will
not only capture
the correct

collection, which

istypically
plotted as afunction of the wrap-
around-distance on the body, but
will also predict the correct peak
value and impingement limits,
locations on the body where the
impingement ends. The present
study shows how CFD can be
used to obtain the impingement
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Figure 2: Collection efficiency as a function of height
on the airfoil, comparing two multiphase methods

distribution of the

data, allowing for possible
reductions in the necessary
experimental teststo determine
icing patternsin various
conditions.

The CFD work focuses on the
collection characteristics of
several external body

Figure 3: Velocity
vectors for the
impinging droplets
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configurations under specified
flight conditions. Results

have been obtained using either
the discrete phase model (DPM)
or the Eulerian multiphase model,
implemented through user-
defined functionsin FLUENT 5.
The DPM approachisa
Lagrangian method for tracking
the trajectories of droplet groups.
Using this method, the fates of
different droplet groups (differing
by size or initial location, for
example) are reported. These
reports indicate which particles
impinge on the body and which
get carried by the air stream
around the body to escape from
thedomain. The Eulerian
approach treats the droplets as a
continuous fluid, separate from
but interacting with the air. Using
separate sets of transport
equations for the droplet and air
fluids, it solvesfor the

momentum and
volume fraction of the
droplet phase
throughout the
solution domain. Both
approaches are valid
in 2D and 3D
domains. The DPM
has the advantage of
being able to model
droplets (or particles)
with arange of sizes.
Whilethisisalso true
of the Eulerian model,
it ismore computa-
tionally demanding to
do, so usually only
one or two droplet
sizes are considered in
any given simulation.

The collection
calculationsin this
study are performed as
follows. First, theair flow field is
calculated, using either the
inviscid or the viscous solution
technique. Theair flow
calculations are then disabled and
the droplet calculations are
performed, using either the DPM
or Eulerian approach. Thisis
done because the air is
lightly loaded with
droplets, and the
impact of the droplets
ontheair isnegligible.
For both approaches,
sufficient mesh
resolution is used near
the stagnation region
to capture accurately
the local impingement
characteristics.

Figure 1 shows a
contour plot of the
volume fraction of 16
micron water droplets

around the NACA-0012 airfoil at
M=0.4 and afive degree angle of
attack. For this example, the gas
phaseis solved as an inviscid
flow and the droplet calculation is
solved using the Eulerian method.
The figure shows that the droplets
impinge near the leading edge of
the airfoil. It alsoillustrates that
the airfoil deflects the droplet
trajectories, resulting in a no-
collection region on the upper
surface aft of the leading edge.

Figure 2 shows the collection
efficiency plotted against the
y-distance (the distance normal to
the chord), obtained using the
DPM and the Eulerian approaches
for 16 micron droplets. The
results are in remarkably good
agreement, suggesting that for
dilute concentrations of droplets,
either method is acceptable to
use.

Figure 3 shows the velocity
vector plot of the droplets as they
impinge on the leading edge of
theairfoil. Thisfigurewas
generated from an Eulerian
simulation, where the velocity
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