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In 2008, do you still design de-icing systems based on 2D
analysis? Could you, based on the accompanying figure, be
convinced that the flow is indeed 2D inside the wing or nacelle?
Do you, in 2008, use 1980’s methodologies based on empirical
heat transfer correlations? Are these correlations for the exact
geometries you are using, or are they for flat plates? Why is
your Aerodynamics Department relying on 3D CFD analysis, but
your icing department is content with 2D heuristic methods?

In the era of CFD, it is now possible to piggyback on existing
CFD analyses and design hot air anti-icing systems in a
verifiable, reliable manner, totally integrated with
Aerodynamics. A modest investment at design time can lead to
more effective systems that will pass certification faster,
sustain less in-service problems and minimize post-certification adjustments or flight limitations.

In hot-air systems, hot bleed air from the engine is ducted
through perforated tubes to impinge on the inner skin
surface. Several parameters affect the performance of high
velocity jets: number of holes, size of holes, hole pattern,
supply temperature and pressure, internal geometry of the

wing or nacelle and ducting layout. FENSAP-ICE enables the
designer to optimize all the aforementioned parameters, in
order to provide the most cost-effective anti-icing, thus

reducing the demand on bleed air.

FENSAP-ICE comprises 4 interconnected truly 3D modules driven by a highly intuitive Graphical User
Interface: the FENSAP flow solver (accurate CFD, with OptiGrid anisotropic mesh adaptation), the
DROP3D droplet impingement, the ICE3D ice accretion and shape, the CHT3D conjugate heat transfer
modules. The system enables aircraft designers to comprehensively analyze the supercooled water
droplets icing environments of Appendix C, and also SLD.

The FENSAP-ICE anti-icing process starts by solving the external flow field via FENSAP, based on flight
parameters. FAR 23, 25, or 27 Appendix C requirements then guide water-catch studies through
DROP3D, at various altitudes, airspeeds, incidences and droplet sizes, representative of the range of
hold conditions. An energy balance calculation, along with the engine cycle for a given flight condition,
determines the sizing condition, i.e. the largest energy deficit or smallest energy margin. The
impingement limits and locations of maximum collection efficiency help determine the jet impingement
angle in the design of piccolo holes’ pattern.

Once a hole size, number of holes, and pattern are selected, an
internal mesh is generated from a CAD model, and a flow solution is
obtained using FENSAP. CHT3D then links the internal flow to the
external one and ICE3D through the solid skin, to iteratively
determine the skin temperature and heat flux distributions. The
process is based solely on the solution of the exact Navier-Stokes
equations and totally avoids empiricism.

The temperature, water film thickness and ice accretion rate on the
external skin surface, then determine the anti-icing state (iced-up, or
running-wet, or fully-evaporative; for example the figure shows a
region fully evaporative region and an adjacent running-wet one), the
potential for “runback refreeze” on unprotected surfaces, and
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indicate the overall effectiveness of the hot air anti-icing system design. The piccolo holes’ pattern can
then be adjusted for a new design cycle until the desired ice protection is reached.

An example of a recent study for an important jet engine company has blindly compared FENSAP-ICE
with icing tunnel results for anti-icing of a nacelle. The following table gives temperatures, for two
cases, at several locations from the outer barrel to the inner barrel. The mean of all skin temperature
differences is about 5°K.

TEMPERATURE DIFFERENCE (D = Tyum - Texp) °K
Location | 1 2 3 4 5 6 7 8 9 10
-3
-4

Case 1 -2 -7 -13 -9 3 3 0O -4 -4
Case 2 o 3 5 9 -7 -8 -7 -6 -6

Newmerical Technologies’ strategic focus is in-flight icing, and its ongoing fundamental research has
guaranteed its customers a technological edge through a continuous timely generation of new features
and capabilities.

All CFD images produced by FieldView
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