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PUTTING ASIDE ALL the complicated mathematical
tools used to analyze them, there are four simple

physical causes that account for most airplane noise. All of
them can be controlled.

Best known, of course, is the engine exhaust, which
emits a broad spectrum of sounds. Mainly, these are due to
combustion and turbulence. The lowest frequency is
usually the cylinder-firing rate, and it is accompanied by a
variety of roars, screeches, and whistles up to several
thousand cycles per second.

Often the second most annoying source is the propeller
system of tip vortices. Turbulence associated with the
vortices adds to the racket. Many airplanes produce a
particularly strident snarl on take off.

Less known, but often important, is the propeller blade
loading. Each blade passage is signalled by a pressure pulse
related to the intensity of thrust load on the blade. For a
two-blade propeller on a four-cylinder engine, this noise
and the firing pulses are at the same frequency and may
reinforce each other.

Engine air intake contributes in much the same way as
the exhaust, but generally at a much lower intensity.

There are many other noises from an airplane, many of
them not connected with the engine. Any turbulence in the
airstream, inside or out, may cause an unpleasant sound.
Mechanical noises from the powerplant include clatter,
squeaks, and hydraulic noises. The four major sources listed
above earn most of the antagonism directed at general
aviation operations.

A few broad suggestions for noise control are given in
the following paragraphs. If these are applied with some
judgment and care, they can substantially reduce the most
disturbing sounds from your homebuilt ship. The subject is
a complex one, however, and there is no guarantee that
every case has been adequately covered in this brief
discussion. Some problems will require specific analysis to
obtain a satisfactory result.

Taking the noise sources in the order of the listing, let's
see what is needed to tame the exhaust. Gas pressure at the
discharge end of the pipe is pulsing, and the problem is to
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smooth out that pulsation. Basically, the action is confined
to only two physical properties — volume and flow resist-
ance. True, mufflers do come in a wild variety of shapes
and sizes, but it is still the volume and downstream
resistance that make them effective. Therefore, design
recommendations are simple:
1. Make your muffler large. Baffles are not important, but

it will help to stagger the inlet and outlet a little. A
four-cylinder engine at 2700 rpm should have at least
270 cu. in. (about 6-in. diameter by 10-in. long) for
good attenuation.

2. Locate the muffler as far upstream as possible in your
exhaust system. The portion of the pipe after the
muffler helps to make it work.

Readers with some knowledge of electronics by this
time have recognized analogy to a simple RC network
acting as a filter. It is indeed a low-pass filter, and will
temper everything above its own resonant frequency. That's
why volume helps, lowering the resonant frequency.

Propeller-tip noise reduction is just as basic as the
exhaust problem. The noise arises mostly from the tur-
bulence brought on by excessive tip speed. You can
alleviate it some by a clever choice of blade-section
thickness and shape near the tip, or by leading-edge
sweepback. The basic problem will 'remain, however —
speed! There is only one cure for this; limit the rpm or the
diameter. In a short-field airplane for which propeller
diameter is important rpm reduction is the only choice, and
it may require gearing. Airplanes designed for high speed
often do better with smaller propeller diameters anyway.
The only recommendation: Keep tip speed under 800 ft.
per second.

Blade loading, and the noise level associated with it, are
strictly functions of the thrust, propeller diameter, and the
number of blades. A propeller works most efficiently when
every part of every blade is working at a high lift
coefficient. This is why slender blades are popular. A lower
limit to blade area is set by blade stall during take-off, and
most designs have more blade area than they need for
cruise. Increasing the number of blades will somewhat
increase the blade area, just for practical construction, even
though the aerodynamic need remains about the same. The
quiet propeller won't be quite as efficient. The loss of
efficiency can be held to a minimum by making each blade
as slender as take-off blade stall and strength permit. Since
there is only one design option, the recommendation is: If
your propeller is noisy despite a low tip speed, go to a
design with one blade more.

Engine air intake noise, like the exhaust noise, is
generally caused by turbulence, and to some extent by
combustion. The same kinds of treatment will suppress it.
This time, however, directions are reversed, and the volume
should be as far downstream as possible, close to the
carburetor. Automotive practices are very good on intake
noise reduction, and the typical air filter does provide a
convenient volume. It's worth a little time to examine some
automobile installations. Notice particularly the inlet duct
extended from the filter housing. It provides the necessary
flow resistance. The recommendation: Use a generous air
filter on the intake, house it in about half the same volume
as the exhaust muffler (at least half), and have at least ten
inches of inlet duct. The duct should be about two-thirds
the exhaust pipe diameter.

Sound reduction can impose a small performance loss,
or in some cases will improve performance a little.
Airplanes intended for homebuilding are not usually
designed for extremely high efficiency. Fun is the object,
and this doesn't require high performance. A little sacrifice
of efficiency and performance is a small price to pay for
good community relations. Somehow, the fun flying is
more fun when you know you're not interfering with
others.




