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INTRODUCTION

igh L/D laminar flow airfoils, which have become
H common in competition sailplanes over the past iwo

decades, are extremely sensitive to surface contami-
nation in the form of insects, water or icc. In order for these
airfoils to operate within the low drag “laminar bucket™, a
laminar (smooth) boundary layer must be maintained over a
substantial fraction of the wing chord. Any significant irreg-
ularity or protuberance from the surface causes the bound-
ary layer to become (urbulent in a wedge-shaped region
downstream of the irregularity. If the turbulent boundary
region becomes substantial, the drag on the airfoil will in-
crease, reducing the L/D. In addition the turbulent bound-
ary layer may be susceptible (o premature scparation,
resulting in an increase in stall speed. The size at which an
irregularity or roughness element becomes significant is, at
present, not well understood; however, some investigators
have suggested that laminar-to-turbulent transition will oc-
cur when the Reynolds number, based on the roughness
height and the velocity at the top of the roughness, exceeds
some critical value. Critical values from 50 to 600 have been
quoted.!

The two primary contamination mechanisms which affect
sailplane operations are insect impingement, where the in-
sect residue cxceeds the critical roughness height, and water
contamination during flight though rain. A brief” discussion
of cach of these mechanisms follows.

INSECT CONTAMINATION

Performance degradation due Lo insect contamination has
heen a major area of concern to competition pilots Tor the
past decade. The magnitude of the inseet contaminalion
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problem depends primarily on the insect population density,
which is a function of metcorological and entomological fac-
tors. [n a typical environment, the density of insecls decays
rapidly with altitude, as is shown in Figure 1 [rom the early
work on insect contamination by Coleman.2 The insect pop-
ulation density is often anomalously high in thermals, be-
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Figure 1: Typical insect distribution with altitude.



cause the insects tend to be advected up from the surface by
the circulation pattern within the thermal, As a result, sail-
planes, which spend a significant fraction of time in ther-
mals, tend to be more prone to insect contamination than
other types.

When an insect impinges an aircraft component, the col-
lection of insect debris will result if the impact velocity is
sutficiently large (o cause rupture of the insect. Coleman
experimentally investigated ruplure velocities and found
then to vary from 10 m/s for Aphides to 20 m/s for Mor-
moniella, with a mean value of 11 m/s.2 The typical residue
pattern for an airfoil consists of a narrow region around the
stagnation streamline where the insccts adhere essentially
intact. Further aft, the residue consists mainly of shallow

fluid deposits which decrease in density to the aft limit of

impingement. Boermans and Selan3 conducted flight mea-
surements of insect impingement patterns in the Nether-
lunds and Tound that 55% of the ruptures oceurred in the first
2.5% of the chord while 35% of the events occurred in the
first 1% of the chord. For Standard Class sailplanes, the
insecls were evenly distributed on the upper and lower sur-
laces. For Napped airfoils, they lound that the insect debris
tended to collect on the upper surface. Boermans and Sclan
took the insect pattern accumulated in flight on an AS-W
19B in the wind tunnel. Measurements indicated an increase
in drag of 20% or greater at angles of attack of 5 degrees or
more and a reduction in the width of the drag bucket. Lift
was not signiticantly affected.

One surprising result was that, for fow angles of attuck,
there was little increase in the drag. This is consistent with
results from the NASA Langley Research Center by
Holmes et al? who observed, by chemical techniques, the
transition from a laminar lo turbulent boundary layer down-
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Figure 2: Insect contamination pattern on Bellanca Skyrocket Il.

stream of insects accreted at low level by a Bellanca Sky-
rocket 1. The results, shown in Figure 2, indicate that near
the stagnation point even very-large inscel remains did not
cause transition. Further aft, insects greater than the critical
excrescence height produced turbulent wakes, Typical tur-
bulent wedge patterns are shown in Figure 3.

[nscet impingement trajectories have been modeled by
Coleman2, Bragg! and Hansman® in order to attempt to
assess the sensitivity o contamination of particular airfoils.
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Figure 3: Turbulent wake geometries observed in flight on Skyrocket Il
laminar wing.

An example of a typical trajectory pattern is shown in Figure
4 for a hall body at 0 degrees incidence. Because of the wide
range of conditions under which insect contamination oc-
curs, it is difficult to make general conclusions on airfoil
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Figure 4: Insect impingement trajectories for 7 cm halbody

sensitivity. However, for low-density populations of massive
insects, thinner airfoils will be less susceplible to contamina-
tion. Conversely, lor high-density populations of light in-
sects, the lower collection efficiency of thick airfoils makes
them less sensitive.

CONTAMINATION BY RAIN

Performance degradation in rain has been reported, quali-
tatively, by sailplane pilots. In addition, degradation of air-
foil performance in rain is thought to cause changes in the
longitudinal stability of canard-type aircralt®, and also
thought to be a contributing cause in several major wind-
shear accidents?. Wind-tunnel experiments have been con-
ducted in simulated rain at the NASA Langley Research
Center on typical transport and eanard-type airfoils. in ad-
dition, tests have been conducted at MIT on a typical sail-
plane airfoil to study the effects of surface wettability in
rain, 10

A schematic of the experimental set-up used in the MIT
tests is shown in Figure 5. Water was injected from rain
simulation nozzles 1.5 m upstream of a 6-inch chord Wort-
mann FX-67-K-170 (Nimbus I1) airfoil. Extremely heavy
riin rates of 440 mm/hr were simulated, at the operating
Reynolds number of 330,000, The airfoil surface was pre-
parcd with ditferent degrees of wetlubility, The nominal sur-
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Figure 5: Schematic view of setup for simulated rain experiments

face was a clean cpoxy gel coal, carclully sanded with 600
grit sandpaper prior to testing. The air/water contact angle
of this partiallv-wettuble surface wus 53 degrees. A non-wet-
tuble surface with a 90-degree contact angle was obtained by
waxing the airfoil surface. In addition, a soap-coated surface
with a low contact angle was tested.

! The results are shown in Figure 6. A significant loss of

performance was observed flor each surface wing, the non-
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Figure 6: Lift to drag ratio vs. angle of attack for the surfaces tested.
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wettable, waxed surface being the most degraded (75% re-
duction in maximum L/D) and the incompletely-wettable
cpoxy gel coal being the least degraded (45% reduction).
Accompanying the L/D loss was an effective reduction in
angle of attack of up to 2 degrees resulting from a downward
translation of the Lft polar. In photographic observations,
the runback water layer was found to bead on the wax sur-
face, and shect on the wettable surfaces. The strong depen-
dence on surface wettability of both the airfoil performance
and the water behavior indicates that the degradation due to
rain is primarily a result of the roughening of the surface,
causing premature transition from a laminar to turbulent
boundary laver.

Similar, but less extreme, results have been observed at
higher Reynolds numbers by Yip et al? in tests on canard
airfoils and by Dunham et al8 on transport airfoils. One as-
pect of the performance degradation in rain, which does not
oceur lor insect contamination and cannot be explained by
simple transition of the boundary layer, is the downward
translation in the lift polar. The loss in lift implies an effec-
tive reduction ol the airfoil camber and may be a result ol a
differential transition behavior between the upper and lower
surfaces. Because of difficulties in scaling, small scale mod-
els will shows a greater sensitivity to rain. Therefore, some
caution must be exercised in extrapolating the low Reynolds
numther results to full scale. It is, however, clear that rain
does degrade the airfoil performance and that surface wetta-
bility is an important effect. Waxing, therefore, should be
avoided on sailplanes which require high performance and
may be required to penetrate rain.
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