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streamlined tubing to reduce drag.

Another common drag culprit on
light airplanes is the outside air tem-
perature (OAT) probe. This often
sticks out perpendicular to the skin
near the top of the windshield. This
is a particularly high drag location
because the air is locally accelerated
as it flows over the crest of the wind-
shield. Putting the OAT probe there
guarantees that the high-drag probe
is sitting in an area of high-speed
airflow, where its drag can be as high
as possible.

Locks are another area where
people get lazy about drag. Many
airplanes have multiple door locks
on cabin doors and baggage doors.
Often, the barrel of the lock sticks up
at least one-quarter inch above the
skin,

Bumps and Blobs

Many of the items projecting from
the airplane surface have relatively
smooth shapes. These bumps include
hinges, lights, fuel filler caps and sim-
ilar items.

The drag penalty of a smoothly
faired bump is relatively small unless
it is placed where the flow over the
bump interferes with the flow over
another part of the airplane. It can
increase if the bump is in a critical
area such as the upper surface of a
wing or any region where laminar
flow is possible. A bump will cause
the boundary layer to become tur-
bulent with an expanding wedge of
turbulent flow behind it. If the bump
is placed in such an area or in any
area where 1t might cause the flow to
separate, the drag penalty might be
quite high.

Some bumps have shapes that are
bluff and resemble hemispheres or

Considering drag, loca-
tion of this OAT probe is
the worst possible.

flattened cylinders. The
drag of these shapes is
higher because the tlow
will separate from the
bluff after-portion of
the bump. This can be
particularly bad if the bump is on
the upper surface of the wing, where
it acts as a small spoiler. A common
culprit in this area is fuel filler caps.
It is quite common for these to pro-
ject above the wing surface and
induce separation aft of the gas cap.
The drag penalty of such a design
can be large.

If it is necessary to put filler caps
in the upper surfaces of wings, they
should be as far aft as possible, and
they should be flush with the wing
surface. Such a cap will still trip lam-
inar flow, but at least it will not cause
a large area of separation on the vital
upper surface of the wing.

If the airplane must have bumps
on its surface, they should be as
smooth and as streamlined as possi-
ble. Bluff shapes should be avoided,
and no bumps should appear on the
upper surface of the wing. Items that
can be mounted flush should be.
Lights are a common culprit. Tip
lights, strobes and rotating beacons
are commonly mounted in cylindrical
bumps on the airplane surface. Many
of these lights can be flush-mounted,
particularly those on the wingtips.

Items like locks and gas caps
should be flush with the skin. If this
is not possible, the area around the
cap or lock barrel should be built
up to form a gradual ramp in front
of and behind it. The same approach
can be used to fair door hinges.

All of this makes common sense:
Keep it smooth and faired, and drag
will be minimized in most cases. KP

Aerodynamic questions of a general
nature should be addressed to

“Wind Tunnel” c/o KITPLANES,
8745 Aero Dr., Ste. 105, San
Diego, CA 92123.
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plane wings are made, despite this
enormous drag penalty. A quick look
at these figures shows what degree of
drag reduction can be achieved by
sensible, conservative design, even
before we add the benefits of laminar
flow and other exotic technology.

A rear-facing step will force the
boundary layer to transition from
laminar to turbulent, and the airfoil
will not have any laminar flow on its
surface aft of the step. If a laminar
flow wing is used, lap joints should
be avoided entirely where laminar
flow is expected.

Gaps and Holes

Gaps and holes in the surface of
the airplane act very much like other
surface blemishes. They produce
some increase in drag and tend to
trip the boundary layer and destroy
laminar flow. As with other surface
imperfections. they should be elimi-
nated or avoided whenever possible.

Any gap that allows air to flow
between two areas of differing air
pressure will cause drag as the air
flows through the gap. Leakage
around poorly sealed doors and
through control surface gaps are
examples of such drag producers.

There is one situation where the
drag of a hole or skin gap can be
quite large. If the gap or hole allows
a large enough amount of air to leak
through, it can trigger flow separa-
tion. Because separation affects not
only the area of the hole but a large
area downstream of it, the drag it
causes can be quite significant.

Wingwalks and Stripes

Many airplanes have wingwalks
that are deliberately roughened to
improve traction for people walking
over the wing to get into an airplane.
The idea here is to increase the fric-
tion between a shoe and the surface
of the wing. It does this admirably,
but in the process also increases the
friction between the air and the wing
thus increasing parasite drag. If
wingwalks cannot be eliminated
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entirely, they should be made as small
as possible, and the level of rough-
ness used should be the absolute min-
imum that will provide acceptable
traction.

Fancy paint jobs can have an
unexpectedly negative effect on the
drag of an airplane. Many paint
stripes have steps in the paint
between the stripe and the base color.
These “thick” steps can affect the
airflow in much the same way as a
skin lap joint. There are documented
cases of paint stripes on wings trip-
ping the boundary layer and destroy-
ing laminar flow over the entire wing,.
This can double the drag of a lami-
nar-flow wing, which seems a rather
large penalty to pay for pretty paint.

Cylinders

Many airplane components are
cylindrical in cross-section. Among
these are landing gear legs, exhaust
pipes, antennas, boarding steps, prim-
itive bracing struts, bracing wires,
vents and drains. These are very high
drag for their size. A cylinder at 90° to
the flow has approximately 7.5 times
the drag of a turbulent airfoil of the
same thickness. To put this in per-
spective, a tube 1 inch in diameter
has the same drag per foot of length
as an average, turbulent-flow wing
with a chord of 5 feet.

The drag of cylindrical projections
can be minimized three ways. First,
eliminate cylindrical projections or
keep them as small as possible. Sec-
ond, fair the cylinders into a more
streamlined shape, and third, sweep
the cylinder forward or back rela-
tive to the airflow.

For fixed components like struts,
wires and landing gear legs, drag can be
reduced by as much as 90% by adding

A gas cap and filler
neck on top of the wing
act like a spoiler.

relatively simple fairings.
Even a simple straight-
sided fairing mounted on
the back side of the cylin-
der can decrease its drag
by 60%.

Wires are difficult to fair. Stream-
lined bracing wires can be used in
place of cylindrical wire. In the early
days of aviation, the drag of cylinders
was not properly appreciated. Design-
ers did not believe that the drag of the
bracing wires was significant. The
development and acceptance of
streamlined wire did much to
improve the performance of the air-
planes of the 1920s and *30s.

Many ultralights still fly with
what seems to be miles of cylindrical
cross-section wire exposed to the air
stream. This is to minimize cost
and/or to increase drag to remain
below ultralight speed limits. Stream-
lined wire is very expensive and must
be custom made to the desired
length. One company is now offering
a streamlined PVC extrusion that fits
over conventional round wire to give
it a low drag cross section.

Where fairing is impractical,
sweeping can reduce the drag of
cylinders. Exhaust pipes, which tend
to be hot, and antennas that cannot
be covered without losing effective-
ness should be swept as much as pos-
sible to reduce their drag. Exhaust
pipes are a good example. They are
rather large and hot enough to melt
a composite or plastic fairing. Sweep-
ing an exhaust pipe back 45° can
reduce its drag by 65 %, and sweep-
ing it back 60° can reduce its drag by
as much as 85% .

Many production airplanes have
fixed boarding steps. Usually, these
consist of a step mounted on a piece
of cylindrical tubing. Often, the step
itself is also a cylindrical tube. A typ-
ical step can cause as much parasite
drag as several feet of wing. A board-
ing step should be retractable, remov-
able or, at the very least, made of
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streamlined tubing to reduce drag.

Another common drag culprit on
light airplanes is the outside air tem-
perature (OAT) probe. This often
sticks out perpendicular to the skin
near the top of the windshield. This
is a particularly high drag location
because the air is locally accelerated
as it flows over the crest of the wind-
shield. Putting the OAT probe there
guarantees that the high-drag probe
is sitting in an area of high-speed
airflow, where its drag can be as high
as possible.

Locks are another area where
people get lazy about drag. Many
airplanes have multiple door locks
on cabin doors and baggage doors.
Often, the barrel of the lock sticks up
at least one-quarter inch above the
skin.

Bumps and Blobs

Many of the items projecting from
the airplane surface have relatively
smooth shapes. These bumps include
hinges, lights, fuel filler caps and sim-
ilar items.

The drag penalty of a smoothly
faired bump is relatively small unless
it is placed where the flow over the
bump interferes with the flow over
another part of the airplane. It can
increase if the bump is in a critical
area such as the upper surface of a
wing or any region where laminar
flow is possible. A bump will cause
the boundary layer to become tur-
bulent with an expanding wedge of
turbulent flow behind it. If the bump
is placed in such an area or in any
area where it might cause the flow to
separate, the drag penalty might be
quite high.

Some bumps have shapes that are
bluff and resemble hemispheres or

Considering drag, loca-
tion of this OAT probe is
the worst possible.

flattened cylinders. The
drag of these shapes is
higher because the flow
will separate from the
bluff after-portion of
the bump. This can be
particularly bad if the bump is on
the upper surface of the wing, where
it acts as a small spoiler. A common
culprit in this area is fuel filler caps.
It is quite common for these to pro-
ject above the wing surface and
induce separation aft of the gas cap.
The drag penalty of such a design
can be large.

If it is necessary to put filler caps
in the upper surfaces of wings, they
should be as far aft as possible, and
they should be flush with the wing
surface. Such a cap will still trip lam-
inar flow, but at least it will not cause
a large area of separation on the vital
upper surface of the wing.

If the airplane must have bumps
on its surface, they should be as
smooth and as streamlined as possi-
ble. Bluff shapes should be avoided,
and no bumps should appear on the
upper surface of the wing. Items that
can be mounted flush should be.
Lights are a common culprit. Tip
lights, strobes and rotating beacons
are commonly mounted in cylindrical
bumps on the airplane surface. Many
of these lights can be flush-mounted,
particularly those on the wingtips.

Items like locks and gas caps
should be flush with the skin. If this
is not possible, the area around the
cap or lock barrel should be built
up to form a gradual ramp in front
of and behind it. The same approach
can be used to fair door hinges.

All of this makes common sense:
Keep it smooth and faired, and drag
will be minimized in most cases. KP

Aerodynamic questions of a general
nature should be addressed to
“Wind Tunnel” c/o KITPLANES,
8745 Aero Dr., Ste. 105, San
Diego, CA 92123.
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Authorized Kodiak
Service Center For:

ROTAX.

AIRCRAFT ENGINES
CATALOG g

$60_Q y DO l
($20% Overseas) by
$6% refundable
on your first
$100® order

Includes: Rotax
troubleshooting
guide, performance
specs, & reference
manual for engine T = -
repair; “How & Why" technical sections; eng. &
flt. instruments; AN hardware; tubing, wheels,
videos; props; chutes; and more! 400 pages.

Celebrate with us
25 years of service
to the aircraft
community

Orders: BOO-LEAF-INC
Info: 718-683-5323
e-Mail: info@leadingedge-airfoils.com
www.leadingedge-airfoils.com

AIR TO BREATHE-
AIR TO PAINT

Some tools are essential for every home-
builder: Two of them are: An HVLP Paint
Sprayer and a Supplied-Air Respirator

Shown above are:

The famous HOBBYAIR supplied-
air respirator

The AXIS HVLP SPRAYER
system

The CITATION HVLP system that
combines the two

Call Jan or Don at 1-888-458-1322 for
your nearest distributor, or for more
information.

Our website is www.axispro.com
Your satisfaction is guaranteed!
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