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SUMMARY

As part of a research program directed toward the reduction of
airplene noises, an experimental investigation has been made of a serles
of exhaust mufflers installed on a typical six-cylinder light-airplane
engine which wag mounted on a ground dynsmometer stand. The results .
show that engine and propeller noise are about equal for this installa-
tion; therefore, both englne-exhaust and propeller noilses must be
reduced to obtain a sizable reduction in over-all noise. Because most of
the sound energy in the exhaust is found to be concentrated at low
frequencies, methods applicable only to high-frequency sound are of
little value in reducing the over-all sound-pressure level. The loudest
single component of engine-exhaust noise is at the fundamental firing
frequency of the engine. The types of present-day commercial airplane
mufflers investigated are found to produce very little reduction in the
over-all sound-pressure level. From the results of this exploratory
investigation, several conclusions are drawn regarding.the details of
mffler design. For instance, the tail-pipe length is important, but
the cross-sectional shape of the muffler (oval or circular) has no
measurable effect on the muffler characteristics if the cross-sectional
area and all other dimensions are constant.

INTRODUCTION

As part of a general research program directed toward the reduction
of airplane noises, a theoretical and experimental investigation of the
methods of muffler design is being conducted at the Langley full-scale
tunnel. In order to obtain a sizable reduction in over-all noise, the
reduction of both engine-exhaust and propeller noises is necessary.
Consequently, because of the generally noisy propellers, relatively little
attention has been given to airplane-engine-exhaust muffling in theé past.
Increasing interest in airplane quieting has made desirable an attack on
both of these noise sources. The present investigation was undertaken in
order to find a muffler which, in conjunction with a relatively quiet
propeller, would substantially reduce the noise of a light airplane

In the course of this muffler investigation a large number of
exhaust mufflers were installed on a typical six-cylinder light-airplane
engine. The tests were conducted with the engine mounted with the
propeller removed in a ground dynamometer stand. Over-all noise levels
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and noise spectrums were determined over a range of engine speed on the
basic engine and on the engine with various muffler configurations
attached. The results of ground.tests of a low-frequency-pass mnltiple-
resonant-chamber muffler are given in reference 1. This muffler was
installed and flown on a light airplane in conjunction with a relatively
quiet five-blade propeller for a demonstration of a "quiet" airplane
(reference 2). Further experimental results of the muffler investigation
are given in thls paper in order to convey an idea of the relative
performance of a large number of muffler conflgurations. The merits of
a muffler must be based on physlcal size, weight, back pressure, and

the annoysnce of the exhaust nolse. The annoyance depends upon the
intensity and frequency of the noise and upon the particular person
listening. At the present time no way exists to evaluate accurately

the annoyance from objective measurements. In the present paper,
therefore, muffler acoustic performance is given in terms of both the
measured over-all sound-pressure levels and the frequency distribution

of the sound.

v MUFFLERS

The group of mufflers tested was composed of standard commercial
miffilers, a speclal muffler designed for this project by a muffler
manufacturer, a muffler constructed from a drawing shown in reference 3,
and mufflers designed at the Langley Laboratory. The commercial mufflers
were constructed of stainless steel. The mufflers built at the Langley

Laboratory were constructed of mild steel tubing and sheet, since they

were not intended for actual flight use.

) Sketches of these muffiers, all drawn to the same scale, are
included in table II. Unless otherwlse specified, the flow is from
left to right. Three-dimensional sketches showing internal details
of several of these mufflers are given in figure 1 and photographs of
several of the other mufflers are shown in figure 2.

APPARATUS AND TECHNIQUES ’

The test englne is a direct- drive, four-stroke, opposed six-
cylinder engine of 435-cubic-inch displacement rated at 185 horsepower
at 2550 rpm at sea level. This engine develops about 200 horsepower
at 2790 rpm. The englne 18 equipped with two exhaust manifolds, one
on each side of the engine as shown in figure 3. In order to install
the mufflers the exit cones with the longlitudinal slits at the ends of
the exhaust pipes were removed, as shown in figure k4.

.
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A photograph of the dynamometer setup is presented as figure 5. On
the right-hand side of the photograph may be seen the engine and cowling
which were taken as a unlt from a military liasison alrplane. Inasmuch as
the propeller was removed for this investigation, the power from the engine
was absorbed by means of an electric induction motor run as a generator
with the power being fed into a variable-frequency alternator, which was
utilized to absorb the output of the induction motor, feeding it into the
the supply line, and to supply exciting current to the motor. The motor is
rated at 266 horsepower at 3500 rpm and has power-speed characteristics
similar to those of the engine at full-throttle operation. Cooling air
for the cylinders and for the oll cooler was supplied by means of a
blower installed within a duct that guided the flow to the engine and
oil-cooler cooling-air inlets. A frequency analysis of the sound of the
blower showed that the sound-pressure levels were sufficiently low and
the frequencies sufficiently high to cause no interfererice with the
engine sound measurements.

Standard instruments from the airplane were used to check engine
operation except that englne speeds were determined with a combination
of magnetic-drag aircraft tachometer generator and indicator. Thermo-
couples were installed in the spark-plug gaskets of the spark plugs
nearest the exhaust ports-to insure that the engine was not overheated
during the tests. Engine back pressures were determined with a
micromanometer connected to a static-pressure tap which was installed
in the exhaust pipe from the left rear cylinder about 8 inches from the
exhaust port.

A General Radilo Company type 759-A sound-level meter was used to
measure the over-asll sound-pressure levels and a General Radio Company
type 760-A sound ansalyzer to determine the noise spectrums. All noise
levels were measured in declbels of sound intensity referred to the
Acoustical Society of America standard base pressure level of
0.000204 dyne per square centimeter. The measurements of the over-all .
sound-pressure levels appear to be reliable and could be repeated. A
few of the low analyzer readings, however, were lower than would be
expected.

Noise-level measurements and spectrum analyses, with readings taken
at multiples of one-half the flring frequency, were made at a point
50 feet from the ends of the original exhaust stacks on a line 135 to
the right and rear of a line running forward in the plane of symmetry
of the engine. The sound-level meter and the analyzer were placed on
a board which rested directly on the ground. No corrections for ground
reflections have been applied to the data presented in this paper.
Over-all nolse levels and spectrum analyses were measured at one, two,
or all of the following speeds: 1650 2000, and 2790 rpm. Engine
back pressure was measured for many of the configurations
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RESULTS ARD DISCUSSION

The results of this investigation of a large number of mmuffler
configurations are presented in tabular form. Table I gives the results
for tests with the propeller attached to the engine and table II presents
the results for tests with the propeller removed. The over-all sound-
pressure level and the frequency analysis of the sound are given for the
configurations presented. Most of the engine-exhaust sound components
are found at frequencies which are integral multiples of one-half the
fundamental firing frequency of the engine. However, in a few cases,
frequencies were found which did not bear this relationship to the
fundamental. For these cases, and also for those cases in which sounds
are found at frequencies sbove the seventh harmonic of the firing
frequency, extra columns have been provided in table II, headed "Other
gsounds."” The frequency and decibel level of two of these components
are given in this colummn. Where more were found, the two loudest compo-
nents are presented in the table. Back pressures are listed as low,
medium, or high. At 2000 rpm back pressures below 0.8 psi are considered
low, those from 0.8 psi to 1.2 psi are medium, and those above 1.2 psi-
are high. At 2790 rpm the medium-pressure range runs from 1.9 psl to
2.5 psi. In the few cases where back pressure 1s medium at one speed
and high at another it is listed as medium. These back-pressure classi-
ficatlons have been arbitrarily chosen. The measurements indicated that
the horsepower losses due to back pressure are small for the range of
back pressure found in this investigation.

Table II may be consulted for detailed information on a particular
mffler. The following discussion 18 intended to cover only general
results of this investigation and 1s based on satisfactory muffler
performance at engine speeds between 1650 and 2790 rpm. ZEngine speeds
below crulsing will be encountered in practice only at low engine power
in taxying and for very short periods when opening the throttle for a
take-off and throttling back for a glide; therefore, good attenuation
characteristics may not be necessary below crulsing speed. A muffler
" designed to operate only from crulsing speed to maximum speed could
probably be somewhat smaller than a muffler designed for the wide range
of engine speed used in these tests. -

Base Conditions

The frequency analysis of the first configuration listed in
table I, consisting of the original engine with the propeller operating
at 2000 rpm, full throttle, shows an over-a&ll sound-pressure level of
98 decibels. The loudest component of the propeller noise is found at
the fundsmental frequency of the propeller (66.5 cps) with a level of
92 decibels, and the loudest component of the englne noise is found at
the fundsmental firing frequency of the engine (100 cps) with a level

of 97 decibels. The over-all sound-pressure level of the propeller alone
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mst be at least 92 declibels; therefore, the maximum possible sound
reduction by muffling alone is evidently no more than 6 decibels (from

98 db to 92 db) at this engine speed. At take-off speed (2550 rpm)

the over-all sound-pressure level of the conventional airplane at 300 feet
is 87.5 decibels (reference 2). When corrected to 50 feet, the distance
at which the ground measurements were made, this sound level increases

to 102.5 decibels. (Corrected flight data are used here because the top
speed of the engine and propeller combination in the ground test stand.

iB below 2550 rpm.) At the same engine speed the sound-pressure level

of the conventional engine installation with the propeller removed,
however, is 97.5 decibels (reference 1). Consequently, at some engine
speed between 2000 and 2550 rpm the propeller and engine noises must be

of equal intensity. For airplanes of this type, therefore, both propeller
and engine noise must be reduced to achieve a significant reduction in
over-all noise. In addition, because most of the exhaust sound energy is
concentrated at low frequencies, sound-reduction methods applicable only
to high~frequency sound are of little value in reducing the over-all
sound-pressure level.

Several modifications not involving mufflers were made to the
original exhaust system. When the two exhaust pipes were joined by a
wye and exhausted through a common pipe (configuration 4, table II), a
noticeable noise reduction was observed at the lower speeds. The data’
for this configuration with power off (engine switch off and throttle
closed, engine being driven by the electric motor) give an indication
of the lowest sound-pressure levels which can be obtained by exhaust
mffling without also taking steps to silence the other engine noises.
The wye i1s shown in use, with a typical muffler attached, in figure 6.
The addition of a 90° elbow pointed upward (configuration 6, table II)
resulted in a quite sizable noise reduction at all engine speeds. This
simple upturned elbow proved more effective in reducing the over-all
" nolse level than many of the small mufflers. The reason for this result
is not clear, however, because theoretical considerations indicate that
sound waves 1n this frequency range would have no strong directional

properties after issuing from a 2%-inch unflanged pipe. This fact is

verified by radial surveys made in the plane of a straight horizontal
exhaust pipe (fig. 7) which show that the variation of sound-pressure
level with angular position 18 not large enough to account for the

. sound-level reduction obtained with this upturned elbow. The back
pressure due to the bend and the sound reflections from the bend may
possibly account for the observed sound reduction.

’

Commercial Mufflers

The mufflers discussed in this section were not designed for the
particular engine which was used in this investigation. The airplane
mfflers were, however, designed for other six-cylinder engines in the
same general horsepower and speed range as the test engine; therefore,
the results should be at least indicative of the performance “to be
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expected from these muffler types:. The automobile muffler; on the other
hand, was designed for an eight-cylinder enginé of lower horsepower and
higher speed than the test englne. Because of these fundemental differences,
the results camnnot be considered representative of the performancé that

this muffler would give when used with the automobile engine for which it
was deslgned.

Airplane mufflers.- The commercial airplane mufflers produce véry little
reduction in the over-all sound-pressure level: These mufflers, however,
are designed for and used on present-day light airplanes where; as has
already been pointed out, the propeller noise is so high that no large
reduction in exhaust noilse is practical: These mufflers are shown in
figure 2(a). '

Automobile mufflers.- Most automobile mufflers contain internal
baffles which force the exhaust-gas flow to reverse direction two or more
times in passing through the mufflers. This type of muffler 1s unac-
ceptable to airplane-engine menufacturers because of the high back pressures
resulting from the flow reversals. Some automobile mufflers, however,
are of the "straight-through" type, in which the stream of exhaust gas
flows unobstructed through the muffler, and lower back pressure results.
With an automobile muffler of the straight-through type (configuration 11,
table II and fig. 1) attached to each of the two engine exhaust pipes
meny of the higher harmonics are reduced to below 60 decibels. The
over-all level, however, which is 92 decibels at 2000 rpm, is only
8lightly lower than the level for the alrplene mufflers because the
fundamental note remains strong. A wye was attached to connect the
original exhaust pipes and one of the automobile mufflers of configuration 11
was attached to the outlet of the wye. The results of this test
(configuration 12, table II) show that this configuration produces &a
very marked reduction in the intensity of the fundemental note and
reduces the over-all sound level from 92 décibels with two mufflers
to 85 decibels with one muffler at 2000 rpm. For this installation one
miffler attached to a collector pipe has proved to be more effective
then two i1dentical mufflers attached to separate cylinder banks. This
result may be due, at least in part, to Iincreased back pressure. The
single automoblle muffler, which was designed for a smaller engine, 1is
unable to handle the large volume of exhaust-gés flow from the airplane
engine without excessive back pressure; therefore this particular
arrangement is considered unsatisfactory for the engine used in this
investigation.

Special Commercial Muffler

A special muffler was designed for this engine by a commercial firm.
This straight-through type of muffler, a three-dimensional cutaway view
of which is shown as muffler 13 in figure 1, accomplished a large
reduction in over-all noise. Unfortunately, however, the back pressure
is high. This muffler (muffler 13, teble II) had an over-all sound-pressure

-~
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level of 83.5 decibels at 2000 rpm, with high back pressure. Another, and
supposedly identical, muffler (muffler 14, table II) hed a slightly lower
back pressure and a higher sound level (88.5 db at 2000 rpm) than the first.
Mufflers 13 and 14 and also muffler 12, discussed in the preceding

section, have excessive back pressure even though they are straight-through
types. The back pressure can be reduced by increasing the diameter of the
central tube. The equations presented in reference 1 show, however,

that 1f the central-tube diameter is increased to lower the back pressure,

- the outside diameter of the muffler mmst be increased in approximately

the same proportion to avold loss in attenuation. Consequently, the

lower the required back pressure, the larger the muffler must be.

Burgéss—Farnborough Silencer, Type K

A Burgess-Farnborough silencer, type K (muffler 16 of table II and
fig. 1) was designed to silence one of two banks of cylinders on a .
450-horsepower engine (reference 3). When installed on the engine used
in this investigation it reduced the sound-pressure level to 83 decibels
at 2000 rpm. This muffler is the most effective one so far discussed,
but it is about 8 feet long. Because of the generous proportions of
this muffler the internal velocities are low. The highest internal

dynamic pressure 1s about one-fourth that in the 23-1nch exhaust pipe.

The flow losses in the muffler, consequently, are small and the back
pressure is quite low in splte of the baffle at the rear of the second
chamber. When the rear half of this muffler was used alone (mffler 17,
table IT) the sound level increased from 83 to 92 decibels at 2000 rpm.
The large chamber at the front of the muffler therefore apparently
produces most of the silencing at the lower frequencies. At the lowest
engine speed, 1650 rpm, where the exhaust frequencies are low, more noise
passes through the muffler than at the higher engine speeds.

NACA-Designed Mufflers

Inasmuch as none of the mufflers discussed so far seemed wholly
satisfactory for the test engine, an attempt was made to design & more
suitable muffler. In the course of this investigation & large number
of configurations were tried in order to study the basic characteristics
of resonent-chamber and expansion-chamber mufflers.

Resonant-chamber types.- The development of muffler 19 (table II
and fig. l; proved especially informative because of the significant
miffler properties demonstrated. This muffler was origlnally expected
to work largely through the absorption of sound-pressure waves by the
steel-wool packing. The results show that i1t reduces the sound-pressure
level to 89 decibels at 2000 rpm and that its effectiveness 18 least at
the lower frequencies. Closing the exit from the outer steel-wool
_chamber (muffler 20, table II) sharply increases the low-frequency



8 A - NACA TN No. 1838

effectiveness of the muffler and reduces the sound-pressure level to

86 decibels at 2000 rpm; therefore, the results indicate that the muffler
acts more as a volume resonator than as a sound-energy absorber. The
results obtained with the steel wool removed (muffler 21, teble II)
strengthen this view, because the low-frequency effectiveness 1is again
-increased. No Increase In the over-all effectiveness occurred, however,

- because the second harmonic intensity increased. Various lengths of

‘tall pipe were attached to this muffler (configurations 22 to 29, table II).
The results show the large effect which the tall pipe may exert on the
exhaust-system noise characteristics. For example, figure 8 shows that

at 2000 rpm the sound-pressure levels of the first three harmonics vary
continuously as the tail-pipe length is varled. At the same time the
over-all level varies from 83 to 86 decibels. In addition, certain
"other sounds" of various frequencies become more or less prominent as

the tall-pipe length 18 altered. These other sounds all occur approximately

at multiples of 16% cycles per second, which is the firing frequency of

one cylinder of the engine at 2000 rpm. Although the tail pipe can

produce conslderable attenuation at certain frequencies, it can also

reduce the muffler effectiveness at other frequencies, so the choice of
tall-pipe length 1s very important in the design of a muffler installation.
Data from configuration 21 are not plotted in figure 8 because of changes
‘in the length of the inlet wye between the tests of muffler 21 and the tests
of configurations 22 to 28. :

Muffler 30 was designed, by using the formulas of -reference 1, to
glve good attenuation over the complete frequency band (up to 1000 cps)
“which would be encountered at 2000 rpm. Asbestos packing was placed
around the outside of the muffler to reduce the noise radistion from'
the muffler shell. (See fig. 1.) Although the muffler is quite
effective it does not meet the original expectations, particularly at
‘the second harmonic. In the design of this muffler the connecting
holes in the large chambers were made smell in an attempt to hold the
chember size required for the chosen value of cut-off frequency to a
minimum. The area of the connecting orifices, however, may have been
8o small as to impalr the silencing characteristics. Additional
comnecting orifices were drilled and the results of the tests (muffler 31,
table IT) support this view, because the second harmonic is reduced
28 decibels by this change. The low-frequency characteristics are ,
slightly impaired, but nevertheless the over-all sound-pressure level
of & decibels at 2000 rpm is the lowest attained by any muffler thus
far discussed. The reduction of the exhaust-pipe diameter to 2 inches
in the design of this muffler results in excessive back pressure. The
over-all sound level of muffler 31 at 2000 rpm is not changed by removing
the asbestos Jacket (muffler 32, table II), nor is it changed by removing
the high-frequency chembers (muffler 33, teble IT). Removal of oné of
.the three large low-frequency chambers results in a 4-decibel noise
increase (muiffler 34, table IT). Removal of all four medium-frequency
chambers results in only a l.5-decibel further noise increase (mufflers 35
and 36, table II). Elimination of one of the two low~frequency chambers



NACA TN No. 1838 ' 9

results in an additional sharp noise increase of 7 decibels (muffler 37,
table II). These characteristics indicate that the noise reduction is
principally due to the low-frequency chambers, so for this engine a
small number of large low-frequency chambers would be much more effective
than a large number of small high-frequency chambers. This result agrees
with the design equations of reference 1, which state that the low-
frequency cut-off of a muffler of this type 1s inversely proportional to
the square root of the chamber volums.

Several sarrangements utilizing two resonant chambers were investigated
and some had excellent muffling capabilities. Included in this group
was the muffler used in the demonstration of light-airplane noise
reduction (muffler 43, table II, fig. 1, and reference 1). In.the
process of this investigation one of the mufflers was received and
tested with the central baffle spot-welded at only four points on the
circumference. The baffle was later seam-welded to eliminate any leakage
between the two chambers and the muffler was retested. The sound-pressure
level for the 1650-rpm condition is reduced more than 10 decibels by this
means, this reduction indicating that there should be no leakage between
the chambers. The back pressures of these straight-through mufflers

with a 2%-1nch-diamater central tube are, in general, lower thanlthose for

the original engine installation at 1650 rpm and 2000 rpm but are highéer
‘at 2790 rpm.

The muffler attenuation curves of reference 1 show that in order to
obtain sufficient noise reduction the cut-off frequency must be chosen
somewhat below the lowest frequency for which attenuation is desired.
An allowance must also be made in the design of a muffler for the
accuracy with which the exhaust-gas temperature, and hence the speed
of ‘sound, is known and for the fact that this temperature is not constant.
The effect of choosing the design cut-off frequency too close to the
engine fundemental frequency, at which high attenuation 1is required, was
demonstrated by the tests of muffler 49, which was designed for a low-
frequency cut-off about 7 percent lower than the fundamental frequency
at 2790 rpm. The performance of this muffler was poor, inasmuch as the
sound-pressure level of the engine fundemental weas 97 decibels at
2790 rpm with this muffler, which is only 4 decibels below that with the
wye slone (configuration 4, table IT). Note that at 2000 rpm the
fundamental, which is lower than the design cut-off frequency, is not
attenuated by muffler 49.

An attempt was made to shape a resonant-chamber muffler to have the
largest volume possible in the available space within the engine cowling
(fig. 2(b)). This particular muffler (muffler 57, table II) was of ‘
1little value as a noilse reducer because the flat sides vibrated with
the exhaust pulses and radiated sound. This muffler was modified by
connecting the resonant chambers (fig. 2(c) and muffler 58, table II)
with the hope that such an alteration might have a beneficlal effect
similar to that obtained by jJoining the two exhaust pipes ghead of the
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muffler. In addition, stiffeners were added to the flat sides of the
muffler. The vibration of the sides was so severe, however, that the
stiffeners broke loose during the test. Mufflers of this type, with
large flat sides, were therefore discarded as impractical.

Expansion-chamber types.- Several expansion-chamber types of mufflers
were investigated and some were very effective, although in general the
back pressures were higher than for the straight-through type of mufflers
due to energy losses in the expansion process. Not only with these
expansion-chamber but also with the resonant-chamber types, the use of an
oval cross section instead of a circular cross section for the outside
shell has no measurable effect on the over-all sound-pressure level,
provided the cross-sectional area is the same in both cases. This result
i1s a check with the theory, which indicates that if only plane pressure
waves need be considered the attenuation will not be a function of the
cross-sectional shape of an expansion chamber. An oval shape is sometimes
preferred because of the particular space requirements in a specific
installation. Tests of a 3~-inch by 12-inch by 24-inch oval muffler with
two different tail-pipe lengths (configurations 64 and 65, table II)
show how the effectiveness of such a muffler can be increased by the proper
choice of tail-pipe length. The over-all sound-pressure level is reduced
from 91.6 to 87 decibels at 2000 rpm by meking the tail pipe long enough
to bring the resonant frequency of the muffler and taill-pipe combination,
considered as a Helmholtz resonator, well below the lowest frequency
present in the exhaust. The longer tail pipe reduces the intensity of
the fundamental frequency component at 2000 rpm from 91 to 80 decibels.

Even with the proper choice of tail-pipe configuration, the over-all
sound-pressure level is 5.5 to 6.5 decibels higher for miffler 65 than for
muffler 62, which has a chamber volume about four times higher than that of
muffler 65. Thus, for expansion-chamber mufflers, as was also discovered
in the case of resonant-chamber mufflers, large chamber volumes are required
for the reduction of low-frequency noise.

Combinations.- A muffler consisting of a single expansion chamber and
a single resonant chamber in combination as a unit (muffler 67, table II)
produced excellent attenuation with a reasonable value of back pressure,
yet it was only 30 inches long, which is considerably shorter than other
mfflers of similar performance. This result shows that it is possible to
build a much smaller muffler than the one used in the flight demonstration
with 1ittle sacrifice in performence. Inasmich as no concerted effort was
made to obtain a muffler of minimum size, it is quite possible that a
muffler of equal performance even smaller than muffler 67 could be designed
for the same speed range. Another combination consisting of two of the:
best mufflers (mufflers & and 45) placed in series was tested (fig. 2(e)
and muffler 68, table II). The resultant sound-pressure levels are
regarded as the lowest which cen be obtdined with this engine by means of
exhaust muffling alone. For example, the over-all sound-pressure level

at 2000 rpm is reduced to 79.5 decibels. The remaining sound is believed
to consist mostly of engine air intake and clatter noises.’
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CONCLUSIONS

An experimental investigation has been made of the noise of a typical
8ix-cylinder light-airplane engine and propeller combination and of the
exhaust noise of the same engine without the propeller with a series of
68 muffler and tail-pipe configurations. The following conclusions have
been drawn from the results of this investigation:

1. Since engine and propeller noise are about equal for this power-
plent installation, both engine-exhaust and propeller noises must be
reduced to obtain a sizable reduction in the over-all sound-pressure level.

2. Most of the exhaust sound energy is concentrated at low frequencies;
therefore, sound-reduction methods applicable only to high-frequency sound
are of little value in reducing the over-all sound-pressure level. The
loudest component of engine-exhaust noise is at the fundemental firing
frequency of the engine. '

3. The types of present-day commercial airplane mufflers investigated
produced very little reduction in the over-all sound-pressure level.

k. From the results of this exploratory investigation the following
conclusions regarding the detalls of muffler design for light aircraft
may be drawn:

a. Both resonant-chamber and expansion-chamber mufflers require
large chamber volumes to reduce low-frequency noise.

b. If the low-frequency cut-off point is chosen too close to
the fundamental firing frequency of the engine the sound-pressure
reduction will be low.

c. Baffles between muffler chambers must be well sealed to
avold leakage or the muffler characteristics will be altered.

d. Mufflers of a given cross-sectional area of either circular
or oval cross section, with all other dimensions the same, appear
to give equal results.

e. The lower the required back pressure, the larger the muffler
must be.

f. The straight~through or resonant-chamber mifflers have lower
back pressure, in general, than the expansion-chamber mufflers.
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g- The tall-pipe configuration chosen may have a large effect
on the exhaust-system characteristics.

Langley Asronautical Laboratory
National Advisory Commlttee for Aeronautics
Langley Air Force Base, Va., December 29, 1948
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TABLE I.-~ ENGINE AND PROPELLER NOISE

. Engine Propeller Sound-pressure level
Engine |fundemental | fundamental (av)
Configuration ?pee% frequency, F freq_?encg', F'
rpm (cps) cps
P Over-all|F'|F |2F'| 1.5F|2F = 3F'| 2.5F|3F|4F = &'
Original engine ‘ . . :
installation |2000 100 66.5 98 |92i97|& | 76 & (a) |67} (a)
(see fig. 3)
Exhaust . ,
manifold |2000 100 66.5 100 |90]97/8 | 78 87 75 68| 67
removed
8The sound -pressure level was below the range of the analyzer.
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TABLE IT.- RESULTS OF MUFFLER INVESTIGATION MADE WITH PROPELLER REMOVED
Sound-pressure level
. Engine| Fundemsntal (av)
Muffler configuration speed firing Other sounds
(rpm) frsql(xencg, F Back
cps T hod ]
(a) - Over-allf 0.5F|1.0F| 1.5F| 2 .0F | 2,5F| 3.0F | 3.5F| 4 .OF| 4 .5F | 5.0F| 5.5F| 6 .0F|6 .5F | 7 .OF| cpe |ab| cps | ab
o 1650 &.5 970 | 58| 97| 81 K 70| 70 [ 65| 63| 63 { 58| 58
1] Original exheust manifold with tapered exit cones (‘see fig. 3) 2000 100 .0 98.0 68| 98| 72 & | 79! 68| 67| 65| 65| 63 | 6o Madium
- 27% 139.5 975 | TT |97 | BT | 8L |75 T2 75|72 61|65 |63
1650 . 97.5 | 63 4 8 |8 17 |7 (686 |57 (55/(55]55]55] 55]en|-n
2 | Original exhaust manifold with exit cones removed (see fig. i) 2000 100 .0 99.0 65 | 9 5| & |15(718|T12|63)]63|63| 6|58 57 | 57 | ~---|-- Low
2790 139.5 00,0 | 75 (98 [ 90| 887737 [67]66]|65]6 |0 |)](D)]------
1650 8.5 980 |6 |98l |l & il 777|721 72 15]65]| 63|64 ]65] 62963
3 | Exhaust manifold removed 2000 100.0 98.5 61 (971|888 73|15 |87 [70}75 727! 7|70 ~"-e] =] coee-
2790 139.5 020 [ 65199 |8 & [75f72 7 |70 7273|7370 [(b)}(b)]--2]-=
1650 &.5 91.5 150 | & 1 63| 8 [ 67| 75.(7L172]65 6165575555 260[77 743]63
€1650 &.5 78.0 | 6L | 67 | 67 | T4 |59 | €0 | €2 | 58 | b9 | 50 | 52 | 50 |54 | 59| 190(66] 2756k
4 | open wye 2000 100 .0 950 | 551 9L | 6792 67170 | 65| 79]|63]72 627 {57 ]85 [man|er|caclie-| Low
2790 139.5 1020 | 75 ]|101 | 8o | 96 [ & | 8 |8 | 8 | 80 |(b) (b; ) {(BY{(®)] 375 30284
°27% 139.5 815 |6 | 87| 68| 78 |62 |70 |55 5k |52 |(b)|(0)]|(v)|(n)|(b)]| 23012 w771
1650 &.5 93.0 60 193|658 657568 6565|6560 |60 [(B)[(D)]anan]oa|onen]n-
5 | Open wye with 126-inch exhaust pipe 2000 100.0 9k .5 Eb 93678 70|73 [68)|78 (72167 (65165]65 /|67 750 70| ====] ~=| Medium
2790 139.5 104.5 b) {204 |1 80 | 95 (90 |95 |8 | & |8 |72 )77 [ 72 | (D) | (v} 33084 1230|804
1650 &.5 86.0 |45 78 6L B4 |65 |75 |66 |73 |67 |61 |57 |55 (55|53 215{m2| 75|65
6| Open wye with 90° upturned elbow 2000 100.0 88.0 50 | 86163 )8 |70 |8 169 |63|65]63]|57 58|57 58] u6s 70| 80|61 Meaium
. 27% 139.5 97.5 | 60 {96 | 73190 73|73 |75 175 |70 |79 |8 |72 |(b)|()|---2]-=]--=-]--
7 | ™wo commercial airplane mufflers (see fig. 2({a)) 2000 100.0 950 | 77 |90 |8 | 8 |8 |79 |80 [65 (65170165 | 68[(0)}(0)]|-cucfar|fomaafan] ccnees
1650 s | o [mmis|e|m|n|B|er|[6]6|e|6a|ss|w]|s8] cols -
8| One commercial airplene muffler-heater and one muffler (see fig. 2(a))| 2000 100 .0 95.0 e (8|l |88 |76/T0{67|65]/68|65]|& | & 750 |62, Low
2790 ; 139.5 ghoo [ 89 |90 (B |92 (72 |66 |68 73|65 )68 (6360 [()]|(b)]-vm]|en]emnnnn
1650 .5 92.0 | 76 18191 |73 {7k |68 |69163 |62 |60 15 155]|55]|55] 619|55|---]--
9| Two commercial airplene mufflers (see fig. 2(a)) 2000 100.0 96.0 8 (8 |95 8L 18 8 & |71(66 1656565165 |&]| 70{68 a0 631 Low
27% 139.5 98.0 (95193192 |93 |72 7 [68|73 |74 (7372677 |(0)}-mcnfea}ecnnl--
. 1650 &.5 8.0 |8 (8 (687 |8 18 (72 |86 70 [67 |6 |60 |6 |61] 619|ef----|--
10| Two commercial ajrplane muffler-heaters (see fig. 2(a)) 2000 100 .0 93.0 70 18193179 |88 (8 [79]|67 |63 {6 |65]65 65 | 63°} 75065 0|65 Low
2790 139.5 955 |18 18 18179 |70 € |60 |63 (6560 |67 |65 ](b)|(b)]|-ncn|oa|-mmmf-z
. 5 il
n s vl % 2000 100.0 920 |78 Joi | 8y | (v) 8L | (d) |67 [ (®)| (6) |70 | (b) | (b)] (B)[(b) [wmmm[onlommn]mn] row
2 mufflers, one ¢n each bank of cylinders (see fig. 1)
12| 1 muffler, same as 11 2000 100 .0 8.0 155 |77 |60 (8L 160 |8 [59 |58 |55 {61 52 |55 |(b)](b)|====]|=-[-===]|-~] B1gn

the sketches of the configurations, all dimensions are in inches and all cross sections are circular, except where otherwise indicated.

2Tn
bThe sound-pressure level was below the range of the analyzer.
CPower off.
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TABIE IT.- RESULTS OF MUFFLER INVESTIGATION MADE WITH PROFELLER REMOVED - Continved

8";81' *ON NI VOVN

o Fundamental Sound-pressure level
Muffler configuration 511811“1 firing (an} Other sounds
(pe ) frequency, F - Back
T, (cps) 5 - pressure
(a) Over-alli0.5F|1.0F| 1.5F|2 .OF|2.5F |3.0F [3.5F 4 .OF |4 .5F|5.0F |5.5F | 6 .0F{6.5F |7 .0F| cps |ab|cps | ab
5/
: 1650 &.5 83.0 W8 | 83 60 8L |59 |65 6 |67 |55]55 |53 ] 5 {50]|50] eenjsy| 707 17
13 I l'—34——l',5£ o 2000 100.0 83.5 |50 (83|60 | 79|70 |8 [63 |6 |60 ]|56|55 | 53|50 |48 [meejou]|omad =] mign
= . 2790 1395 8.5 | 5518|7518 |78 [8& 73|69 |6 1586 | () (b)](b)]-mmefmn]|-ond -
f /-az' k74 Z'ZL © (eee fig. 1)
i 2000 100 .0 L B I R B el el Rl SLE Ll e L EERod EETT ETURN ETEES PO ) PR Sy R o
| seme as 13 210 | 1395 oho |57 ok )0 |93 |73 |8 |70 65|57 | 58|58 | (6)|(b)](b)[-encfmnfomced--| i8R
1650 &.5 86.5 (50 |8 |62 |83 |62 [66[65]70 [58]55 155|855 153]50 |~ancfecfoucden
15 13 reversed 2000 100 .0 8.5 |0 |8) 58173166 |8& {6560 ]57]|5 ]531}50 High
2790 139.5 92.0 158 9| 62786 65 63)|6 (6]35]5 |(b)
k& 35%—4——2!4[5..*._20_.1 *
16 : oTFoToTe e CIFIIri: i 00 100 83.0 81 & 6
—tt R y—$ eoeee] 53 20 0 3. 55 50 | 1 7155|6555 [53] 5 | ()] u35]@@[~-~d--| Low
18~ F—is— 3F (oes rig. 1)
I
; xfixx. > zo_-l 1650 ;-5 960 | 661 96| 761 86| 0 |17 {761 8 | 75{ 76| 70| 65 | ()| (b) [-mme}en]anad -
11 & E/\_—:: 2000 {  100.0 2o |[6B3]anléslw|e8|r|[|o|8]| |66 Low
4. 7EIrIIT 2790 139.5 L2 B e e By e e e R B R k] e
—18— 33
18 1650 | &.5 T I I e I L R B e EE ] I (e e
2000° 100 .0 oho (o) | oui(v)]| 86| 75 | 78 [ (B)| (b) | ()] ()] (v) Medium
L E /g 27% | 1395 B I e R et R R R B ] Rk R R
A6 8 {2 (see fig. 1)
Steel wool 3 3 ’
- i 22
¥ _—L T T 5= ;— 2000 | 10040 8.0 | 55| 8 (p) | 831 (b)| 60| ()} BLYI(D)| 65 () | (B) | (d)] (D) |-mnn|~=|m=e] == | Mod1um
6tt—] 2—te———m— 4 § —————c-8 (see fig. 1)
Stee| woo!
S AL PS 23 ’ :
20 [ btttk ~ 1650 &.5 8.0 62| 8¢ 60| 68) (v)] 681 (b){ (D) [ ()| 60§ (B[ (B[ (v)](D)
| Siels Vo A 2000 10040 8.0 | 55| &) 561 & | 581 67| 53| 75| 56| 601 55 571 (b) 1 (b) Medium
kG dd2p——— 48—k

B‘In the sketches of the configurations, ell dimsnsions are in inches and all cross sections are circular,

brne sound-pressure level was below the range of the analyzer.

except where otherwise indicated.
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TABLE II.- RESULTS OF MUEFLER INVESTIGATION MAIE WITE PROPELLER REMOVED - Continued

{
Fundamental Sound-pressure level
Muffler configuration apeed firing (av) Other sounds
= (rpm) frequency, F . . Back
cps) - pressure
(a) Over-all|0.5F|1.0F|1.5F|2.0F |2.5F |3.0F 3.5F |4 .OF | b .5F| 5.0F| 5:5F(6 .OF |6 .5F |7 .OF fops | db|cps |ab
L
22
21 B“ _J::'_::; S 2000 | 100.0 Bro |45 | 72| 611 87 | 60 | 635 | 67|58 585357/ 52 (b)]| 35 66]--nv--| Meatum
l-64-—|2~*-——48——*84
2 g ——--- — jfg 1650 &.5 8.0 |53[8 |58155({55 (7|6 |58]| 6] 72|} (b)) [cacd afecaef-- Medtum
e_r s —7 2000 100 .0 8.5 60 [ B 60| 60 |58 68|68 | & | 65] 6 |55]66| (v))(v)]| 330| 77| 26565
B~ 2 48 ""g ' .
23| Seme as 22 except 16%-inch tall pipe 1650 | &5 8.5 |53 |8 |56| 6|6 |6 |76 || 68]m]|wm]|Mm|w)f-ade]oaaal-a] o
- 8 2000 | 100.0 &0 |60 |85 15|16 75]6 |57 6|6 | ()] ()] 3% | 1506 Meitwm
1 1650 &.5 b0 |(b)[T2 |43 |57 |6 [66]55 |52 & | 70| (BIND) | (B) | (B) f=one| o= |unm]--
24| Seme a8 22 except 32f-inch tail pipe 2000 | 1000 8.0 |56 |73 (58 |8 |6 (737 (83|61 |60 | & |€@ | )| 60 [--oefon]ommn]-m] Mottim
25( Seme as 22 except 50-inch tail pipe 2000 | 100.0 8.5 (63| |[mn]o]|e 5T | 57 |57 | (0) [ (o) | 335] 77 [-~=- -~ | Modtum
26| Same as 22 except 60-inch tail pipe 2000 | 100.0 83.0 1557395571266 766 [77]63[58] 6 [58](b)](v)]267[77]--~=[-] Moatem
27| Same as 22 except 70-inch tail pipe. 2000 100 .0 8.5 ST (e} 55 | 13]6 [73 {74 [65) 60| 6 | 58)65 (b)|(b)| 3688 |-~=c(--| Modtum
28| Sams 6 22 excopt P0X-inch tall pipe 2000 | 100.0 65 [stl@|st|16]63|m|]|a|6e]e|sr]|]®]|66 ] 33072]-|-~] Modiun
29 Muffler 22 reversed with 32-inch tail pipe 2000 100 .0 83.0 6 (726316567 TT[8f70]| 6 |58[55][57](b)][(b)[---]=]~=]-] Meatum
2 eHoles—i—diom] 10 Holes~{diam. )
A 1 T ll.l } .
? 8 5 — 3
kY] [ L—— l J 465 2000 | 100.0 8.0 156|756 (8|6 7369 67| 6L|58]55([55](b)}60 [33.3/60-~--}--| mign
— 20 20
. Asbezs‘ros 20— (see fig. 1),
P -Ldi 4O Holes~ Iduom .
| L BHotes zdlamy8 Holes-Z diam. g 1650 | &5 @0 (0] 8 | 5| 6315355 |2 () (d) ()] (6)[()|(B) | () fumefomfoumnlet
98 T-‘—-:—-‘—ﬁ—;n——‘rw 2000 | 1000 2.0 [(®)|77]53|58]55 {67153 |(0)| o)) (0| (e)|(o)|(®) | (b) Joonc| - F=o2 || Bien
e 1 l 11 .q_§_ .
27 {10104 <'465
r— 20 ——20 ——a|-——2o .
Asbes-f_oj -

®In the sketches of the configurations, all dimensions are in inches and all crogs sections are circular, except where otherwise indicated.

b'l‘he sound-pressure level was below the rangs of the analyzer.
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TABLE IT.- RESULTS OF MUFFLER INVESTIGATION MAIE WITH PROPELLER REMOVED - Continusd

g€gT °ON NI VOVN

Engine Fundemental Sound-pressure level
Muffler configuration spoed | firing (av) Other sounds
(xm) frequancg, H Back
(cps pressure
(a) - Over-alli 0 .5F|1.0F|1.5F| 2 .OF| 2 .5F| 3.0F| 3.5F| 4.0F|4.5F|5 .0F| 5.5F| 6.0F | 6.5F| 7.0F| cps | db{cps | ab|
8 Holes-Ldiam.; La:
2 2 [BHoles—gdiam. .16 Hotes-Iaiam.
I T Y S
h?':,— 465 1650 8.5 HE T e Rt e B B s ISt I (S [N PR PN (B .
32 10-+10 2I4F 1te 2000 1000 ®.0 150|720 6)55|6] 5|55/} @®{(®]|®|@®]® High
F_zo ' 20 26 21% I I e R B e e R ) Rty El Et S PReet B B
10410
8 Holes-% diam.; g Holes - § djam.
LU b 1650 &.5 8T Ut S USRS YRS RO |y R Py iy S R (o SR DY SO
3 i 2000 100.0 @0 | (o) 77|50 | 59|50 | 60| 50|50 |50 (6] (6] (B (B)] () |-mme|mmfomenf -] FlR
tﬁ)d-lo . 25 F
20 20—+—20
10
,g-Holes,—édiam.]rB Hglesf';& diam.
EH] | t =xuvy: ) 2000 2000 860 54 1866 | 785871159 € |57 5755 |59 (b)]| (v)] 13360 ---f--| mie1
b—20—4—20—125
104
8Holes—% diam.; -8 Holes-§ diam.
35 %-';tl::bL—‘QDE 2000 100 0 810 57 |87 |6k |76 64| 68| 64 | 13062 64|59 |59 |59 |57 |36567 ] @057| mign
<
20—+—20—1 3
8Holes—4 diam8 Holes-4 diam.
36 2: E 2000 100 .0 8.5 | 48|67 (57 (7753|6858 |60 | 58| 48| 48 |48 {53 |60 feev|-e foue|-- | E1gn
f—20—4+—20—1
®In the sketches of the configurations, all dimensions are in inches and all cross sections are circular, except where otherwise indicated. N
Brhe sound-pressure level was below the range of the analyzer.
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TABLE II.- RESULTS OF MOFFLER INVESTIGATTION MADE WITH PROPELLER REMOVED - Continued

Sound-pressure level
Fundamsntal, db)
Muffler configuration mﬁ"‘? firing . . Other eounds
?pee) frequency, F Back
R (cps) pressure
(a) Over-all|0 .5F{1.0F}1.5F|2.0F|2.5F} 3.0F} 3.5F| 4 .OF} 4 .5F| 5.0F| 5.5F| 6 .OF | 6.5F |7 .OF|cps |&b|cps |db
8Holesdiamy-8Holes-f diam.
37 2 g_ 2000, 100 .0 bS5 | (b)] 93| 68| 8 | Th| &) 70| 74| 68 63| 65| 62 | (b) | (b)[| 425/{76| B00|TL! Eigh
L — .
p—20—i
T 2 1650 & .5 o [ ||l 72| 6|75 59 2]ul|sn| us|ur|ugf-mmnleafm-mn]--
38 g2 Ll J-‘-i 2000 100.0 83.5 |45 | 66| 48| 6| 69| 76| 6 |53|57]53]%| 50| 5 |U5|-anfn[-nen|-| Meatum
T--=TIIEIIIEs ™ 2790 139.5 875 |50 | By 67| 77| 6|6 [ TO| 65| 55|55} ()| (b)] ()| (p)|-===]"=(""""|""
p———-s50— '
23 v _
L [ 154 1650 &.5 78,5 |43 |72 {5770 |51 |57 |53|55]57{50|55]% |Uu5| 5012865 5557
9] 12 iagandudimiriuiguipel . 2000 |. 100.0 83.0 (45|76 155 |60 (55|71 |6 55|60 |55 |51 5| (b)(v)-===-=]====|--] Medtum
£1 [ . 27%0. 139.5 8.0 |62 |88 |78 (8 |77 |73|69)63)358]|55]58¢56]|(b)]|(b){===={="|===~|"-
p—25—4—25—
T T ‘3 . .
12 N O Y A B : 1650 &.5 7945 78 16 |49 lu7 [ 52|47 |52]|55(53)50 |50 |48 | 4B |amumimm -
%o R St A G 2000 100 .0 8.5 {(b)|66 | () (®)]50 |72 {53 |57 (57 %2 [(b)](p) Med lum
4 T H 2790 139.5 87.0 & |65 |67 |65 |60 358616365
2 5 ,1.__25_,| (see fig. 1)
? - o Z . 1650 &.5 83.0 |48 |8 [50 |50 {5050 {47 |u8[5 |55 |60 605050 |~===[==|-===]"-
1 —8: .__J'B_—L:_ 2000 100 .0 83.0 (50 |70 |48 |5 |55 |7 |57 |57 |67 |62)58] 585350 |=o==f==|====|==| Medium
.L:T l ] 27% 139.5 880 (6 [85 [60 |75 & [ 79|78 69 (6 |58][()[(b)](b)] ()] 390]69)~--~]--
f—24—t—24—
_EL?A . | e ®.5 880 152 |86 66]os|er | |65|70|63]58|62]568]55]5e]| 685 660|s2
L2 T 2000 1000 88.0 |55 {87 [66 |8 [T |74 |66 | 63|68 |68 |6 |58 58] 58] T50[57)-=~=[+-| Medium
J'— 279 |. 1395 99.0 |63 |97 |77 |94 |8 |86 |79 |72 |6 [681]70 |67 |(b)}(d)[--=m]|-]-="=]""
k—25— '

®In the sketches of the configurations, all dimonaions are in inches and all cross sections are circular, except where ctherwise indicated.
hI‘lm sound-pressure level was below the range of the analyzer.
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TABIE IT.- RESULTS OF MUFFLER INVESTIGATION MADE WITH PROPELLER REMOVED - Continued

Fundamental Sound-pressure level .
Muffler configuration Englne| ~ p4rqng db) Other soundas Back
(52.;;‘;' frequenci F pressure
Cpa
(a) Over-all|0.5F 1.0F |1.5F |2 OF [2.5F |3.0F|3.5F |4 OF |4 .5F |5 .OF |5.5F {6.0F| 6..5F | 7.0F| cpa | db]cps [ av
2
ke 124
I ) | R L 1650 &.5 gs.o 1o gs se (52|46 |50 |47 |5k (52) (50 15 (ho) (ho)
43 2000 100 0 30 150 | 8315 [5 [(v){52 |5 [5 |5 |(b)](b)](b)](D)[(®)]|-=-A Medium
' Mute 25__*__25"_" 2790 139.5 e R R funad RETT CEEEY EERER SR PEEEY FEEY PRI PR (R FntA) s Nt PRSI
er attached to 126-inch exhaust pipe and terminated with
upturned elbow (see fig. 1)
e Lo 1] | |
: - Rsb—-] 1650 &.5 91.0 (b) 45| 83 f 6|52 52 45 |53[53 (5 |5
W . 2000 100 .0 - 845 66 | 47 155 | €0 |BL ] 63| 63|70 |67 |60 Medium
2790 139.5 91.0 (b) 88165 (7017218 |8 |65 64 | 60 |(b)
In—z 5—k—25— <|
Baffle welded at 4 spots on circumfersnce
)} 1650 &.5 .5 T [73[0 (51 {(d)|0 [52]% |51 ]5 |59
45| Baffle seam welded; otherwise same as L4 (see fig. 2(e)) 2000 100 .0 83.0 0 16515 195 |5 {8 {66]66|63]6 (@) Medium
279 139.5 8.0 |58 |8 58 |60 |65 |8y 72|63 66 |66 (p)
23
24 "14"' 178 1650 &.5 770 |35 | 68165 [u8 {55 57 |50 |56 6 |70 f65]50]53]%]2uo0|63] 75|55
ug| ! T —TF 2000 100 .0 285 [ ()67 [ 45 |50 [ Sk [69 |58 |69 |59 |53 |50 |uB | Lo | 51| koo|7h|115|60 | Iow
g 2790 139.5 86.0 54 | 84 [ 58 (73163 {78 {71 |60 [6L |67 [69 |67 () | (b) | 750|77| 380{69
P—zs—»#—zs—’l
23 :
£ e 14 1650 &.5 8.5 | (b)) 71 U5 |63 145 |45 |53 [€ [59 |53 |50 [u5]|se]| 513606160055
br|lg T & ) 2000 100.0 .5 |45 (69 (45 |62 |48 60 |60 |G [55 |53 |55 |53 )6 |57 ]|30{67|750[60 ! Low
2790 13945 935 |55 |90 |60 [79 |68 (T2 (65169 |75 [T2 [79 |65 | ()] (b) {37581 3%|ML
k—es 25
2
8 ,3 .
4 1650 &.5 8o | ()75 63 |8 |67 |70 {TL 73|63 |63 |6 |57 56/ 58] 7melee|783l65
48|12 — 2000 100 0 8.0 45 |78 {6 (8 |72 |8 |69 [71 (72 (62 |63 |60 | 58| 58 |390(73 | @00 (67 Low
; i—%ﬁ' 2790 139.5 ]201.5 (64 |96 179 195 |86 |95 & |8 |13 172 [77 |76 | 77 | 70 h2%0 |72 koo [73
2
L_z (see fig. 1) N

®In the eketches of the conﬁgurations, all dimensions are in inches and all cross sections are circular, except where otherwise indicated.
he sound-pressure level was below the range of the analyzer.
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TABLE II.- RESULTS OF MUFFLER INVESTIGATION MADE WITH

PROPELLFR REMOVED - Continued

Engine Fundamental 3ound-pressure level
Muffler configuration spesd firing (av) Other sounds
(rpm) frequency, F . Back
(eps) T Ppressure
(a) : Over-all| 0.5F|1.0F|1.5F [2.0F |2 .5F | 3.0F| 3.5F &.0F| 4 .5F 5.5F| 6.0F | 6.5F|7 .OF db
T LB : Eé '
kB kA FEx 1S
ygl 12 10 Q.?' _8_?' 4 2000 100.0 2.0 | 60 6 |72 | (®)f & | ()| (v)] (b) (%) | (0) [(b) | (b) --
£ —— * 2790 | 139.5 910 | 65 | 97|75 |67 | 65| 8L | 6 | 65 (b () | (o) | (0) | (») - | Medim
: 15 4—I5—%—15
: . l:_——45
T 23
1 ‘1'8_" 'B'"-"—l?_-_ 4 . 1650 &.5 790 | 45177 158 | 73 150 | sk |51} 531 50| 50| 47|50 | 50)5 55
50 ET R R 2000 100.0 8.5 | 45168 154 169 155 70| | u| k5] 5050|535 5 =-| Medtum
r—l5 60 PSS 27% 139.5 87.5 [ 53|87 164 |83 |6h 62 |57]|63| 6| 68727 [(6(b -
105
02
I; 1. "-'{%:'1_5 e 1650 &.5 B el el el Ll e Ry el ECE T BTN el el el it -
su § 1 x 2000 100.0 88.0° | 64 |87 | Te |8 |57 |57 |61 65 57 52 | 5715759 63| 1low
36- 5 2790 | 1395 R e B el Rt St RN PRGN B N ) P! R o
P
52| Muffier 51 reversed 2000 100 .0 87.5 | 46 | 87 Sk {7 {61 [ BL | 64| 70| 59 51 (59 | 61} 6 68| ILow
3
g =& p— —3%
53| e 22 |2-—-L||-’|41T 2000 100.0 925 [(p) | 92 [(p).| 72 [ () | €0 { (b} (b} (D) o) [ @ [ )] @) [--- --| Low
ot
54| Muffler 53 reversed . ’ 2000 | 100.0 8.5 [ e8| |wm|w| w3 m w [ o) | )] ) - -] Meatum
23
el e ——— 1650 &.5 0.5 |60 |88|63 |65 |e|65] 6|6 (o) | (v { (v} -
55| 8 i —mey 2000 100.0 87.5 155 (|87 |57 |65 |59 |68 65| 63|55 50 | 50 | (v) 56| Medium
[V, y: ya——— Y w4 2790 | 139.5 TR R ol e e e P I B Sl CLont L i -
‘[:-—Sl—ﬁ
: 1650 &.5 2.0 {5 [8 15 [65 (50 |63|6 [58]| & b) | (b) | (b -
56| Muffler 55 reversed o 2000 100 0 8.0 55 | 89 s7 |6 {78 61|58 55 (50) (50 Eb; B Medium

ﬁn the sketches of the configurations, all dimensions are in inches and all croes sections are circular,
h‘l‘he sound-pressure level was below the range of the analyzer.

except whers otherwise indicated.
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TABLE II.- RESULTS OF MUFFLER INVESTIGATION MADE WITH PROPELLER REMOVED - Continued

Engine Fundamental Sound -pressure level
Muffler configuration spoed firing (dv) Other sounds
(rmm) frequpnci, b3 Back
(cps pressure
(a) Over-a)l {0 .5F |1 .0F|1.5F|2 OF | 2.5F | 3.0F |3.5F | 4 .0F |4 .5F |5 .0F [5.5F | 6 .OF | 6 .5F| 7 .OF| cps |db{cps |db
2000 100 .0 91.0. 60 | 8167 8708 17h| 75 7065|7265 ]|(b)| ()| 233]77| 53376
51| (See fig. 2(v)) 2190 | 139.5 12020 (b} |9k | ()| & |75 | & | u)| 75 | (®)](b) | )] ()| (v)|(v)]| 233|@0[-2c|om | -moom-
1650 &.5 85.5 160 | 77| 55| 65| 56 | 70 {(d)| 76 | ()| (®) [ (b) ] () (v)](®)] 36075 B0O[55
58( (see £ig. 2(c)) 2000 1000 RS il e il St el St niend Sl SECR] EECEY LR EREY RS ERES! [N Phe) SR pisd) Jpmes
. 2790 13945 . L I R R e e R B Sy E ) Eaded RN IILAY PRRNEY PN PN PN
) 24
% 2 2% aé 2
O T gl -] ) .
‘ 1650 &.5 Bho (58 | 8| 62 | 681 (d) | (b){ (b (D) (B} 72 | (b)[(D)|(B)|(D)| 56|é0] 225|60
59 @ Al e — 2000 | 100.0 870 |55 | & | 58| 64|53 (55|77 |8 |64 |57 |5 |58]6 %») ey g M pnel S
4L |
1101251 | N
34——>{ ° (see fig. 1)
’-—24
2, 2z 12 . )
& ‘é*".— E = 1650 &.5 85.0 66| 8| 59 6856|571 60 g) 69 | (b) | (v) | (b)] 66 | (V) | 700]66] ERO|65 Lo
- . 2000 100.0 8.0 63181 67| 1258 6! 72 66 | T2 :60 & | (b) [ (b) | 720 |7k [~=nn|-= v
33 _J
——-—34 .
1650 &.5 “94.0 Rl Dl Raietel el Rt el el moael Dl LY [
61| Muffler 60 reversed 2000 1000 88.0 50 [ 67 {50 | 55 [ (b)Y ]| (B)] (B)}] (B) |==== |-~ [-==~f== | Modtum
210 [ 1395 9k.5 i e o] R R Rt R e B e S I
T 282 B Rsneeyizzizlaalalelnme se
00 100 . 1) b 5 1 () | (b) | (b) ] () | (D) | 470 115(55 | Med
N R 2790 139.5 88.0 |(b) | 68|50 |60 |65 |66 |64 | B0 |68 & |(b)] (b) Ebg () lexo 72| 330]73 |, 4=
24— 33# | (see fig. 2(e))

®In the sketches of the configurations, all dimensions are in inches and all croes sections are circular, except where otherwise indicated.

he sound-pressure level was below the range of the enalyzer.
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TABLE II.- RESULTS OF MUFFLER INVESTIGATION MADE WITH PROPELLER REMOVED - Concluded

: o Fundamental Sound-pressure level
Muffler configuration mf;‘: firing (ab) Other sounds
(Bf_pm) frequency, F Back
~ (cps) pressure
(a) Over-alli0.5F|1.0F[1.5F|2 .OF |2.5F |3.OF [3.5F |1 .OF {4 .5F| 5.0F | 5.5F |6 .0F [6 .5F] 7 .OF | cps | ab] cps | db
. 23
24 ?: 1650 &.5 79.0 | b | 68|50 6215153168165 15853157 |61 [55]58]( 61955 115}55
63 2000 100 .0 8.5 |(b)| 5815 [ 53150 |65 ]5519% [50{51[53]57].5] 53] 79|50|-=-=|-2| Medtm
l J ' 2790 139.5 .o |50 |8 |55 7565 61|66 |65]78] 67|70 |63 [(b)f (v)] 120|60[ 33|55 .
|‘_24_;4k.36 Ls.l (seo f1g. 2(a))
3 i
T 1% 1650 | @5 [0 [55]90|6|86|63j65 |65 |6 lss]|ss] 5|55 @) |-anefon]nn|i
[ N A AL T LA S AR e
. B . 7 5 RN (IO DRSO D
~ kel 1} ~ , SIS
3
¥ g4 1650 &®.5 8.5 |45 |83 |6L|78]|@ [70|58]56 |67 |66|6|6]ss]|2esn| eols3 ,
65 2 £ 2000 100.0 810 018 15918 (& |76|60]67 716 |[58]55 |55][57 ] 24|83 75058 High
-+ l-l 2790 139.5 93.5 | 57|90 | 68 (6L 16 |77 |79 6868|7065 |6 |(b) ()] 2b0[75]~"en]o-
f—-24—s ks
| 1 49 1650 &.5 8.5 ) 7616378567560 5551|665 |6 |55 |6ase| eo|ss
66] 12 2000 100.0 DO | 45179157 | 7518|7769 66|70 |68] 6 |60 6157|4072 80{58| High
Enk 1 : J 2790 139.5 &5 | 5587|698 |67 |73[8 (6871|6767 (63 [(v)](v)]2b5{73] 18|55
24—k A2k—24—4514 1 k3. (s00 r1g. 2(a))
B 3 ‘ . A
I I T b1 1650 ®.5 a5 | 45| 19050 50| usfss|u8]|s3]0|u5|us]se|se|ts [-oacfacteaan]--
67| 12 bl 2000 | 100.0 8.5 [ 451 718852153 |76 |58]53]5 |53]55 |5 |50]50 |-me|=n|-menlo-| Moatum
1 27% 139.5 870 | 53] 83|58 (781 66 )67 66|65 .| ST (b)](b)] (B () [=mnfom]meme]--
f—15—fe—15—
. . 1650 &.5 T7e5 | M0 | 66| 5650 | 4553 15 [s7]6k|en]|s7]55 (%% [----
68| Mufflers 45 and & in series (see fig. 2(e)) 2000 1000 -|.79.5 { M i56f50tu4fst |77 6|6 73] 78] ()| (v)]Lso Meddum
2790 139.5 8.0 |(b)f 63 (b)| 62 6 [62|6s|6L|66f65]|(b)|(b)[(b)f(b)] 680 '

2In the sketches of the configurations, all dimensions are in inches and all cross sections are circular, except where otherwise indicated.
he sound-pressure level was below the range of the analyzer.
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13,14,15

Figure l.— Sketches illustrating some details of typical mufflers shown in table II.
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Figure 1l.— Continued. -
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Asbestos

Flgure l.— Continued.
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Figure l.— Continued.
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NACA TN No. 1838 .27

OO0O00000000000O0

1/16" thick perforated sheet

f ————— 3/16" on centers .

1/8" diameter holes

.'\_o
— 7/32" on centers

Perforated sheet steel used in mufflers I8, I9, 40, 43.

48

Figure 1l.— Concluded.
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(a) Commercial aircraft mufflers and muffler—heaters.

Figure 2.— Photographs of typical mufflers shown in table II.
listed in table II.

Numbers correspond to configurations
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(v) Configuration 57.

Figure 2.— Continued.
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(c) Configuration 58.

Figure 2.— Continued.
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(d) Expansion—chamber mufflers with elliptical cross section.

Figure 2.— Continued.
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(e) Configuration 68, which consists of configurations 45 and 62 in combination.

Figure 2.- Concluded.
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NACA TN No. 1838 39

L-5253%2

Figure 3.— Original engine—exhaust installation.

NACA

L-53877
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NACA TN No. 1838

Figure 4.— Engine with exhaust exit cones removed. (Propeller was
removed for configuration 2, table II.)
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O6-horsepower electric inducti

motor

Cooling—
air
inlet

Figure 5.— Side view of dynamometer setup at the Langley full-scale tunnel.
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Figure 6.— View of engine with wye connecting exhausts of the two
a single muffler.

- NACA

VA !

L-52528 §

cylinder banks and emptying into
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NACA TN No. 1838 . Y ¢

270°

1/0

/80°

' Figure 7.- Radial survey of sound field 2 feet from the end of the
tail pipe. Engine speed, 1650 rpm.



Sound-pressure level, db

®
{F
b oy
f
i
!
/
\
\
\

70

604

50 | I R | I N R
o /0 20 30 40 50 &0 - 70 . 80 90

Tail-pipe length, in.

~

Figure 8.- Effect of tail-pipe length on sound level. Muffler configurations 22 to 28; engine
speed, 2000 rpmj fundamental frequency F, 100 cps. '
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