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ABETRACT

An experimental investigation was conducted on the interior noise cf light
aircraft. The purposes cf the investigaticn were t¢ determinc the relationshipe
between aircraft operating corditions and intericr noise and to determine the
degree to which ground testing can be used in lieu of flight testing for
periorming interior noise research. The resuits of this study show that th.-
noise inside light aircraft is gtrongly influenced by the rotaticnal sprad of the
engine and proneller. In particular, the A-weighted dB levelr increase with

increased engine/propeller rpm for all ground and flight cperations.

Both the overall noise and lcw frequency speetra levels were clserved to decreace
with increasing high speed rym operaticre during flight. This phenomenon and

its significance is not presently understood. Compariscn of spectra obtaired in
flight with srectra obtained or the ground suggests that Identilication of
frequency components and reletive amplitude of propeller and engine noise sources

may be evaluated on staticnary aircraft.




INTERIOK NOISE LEVELE OF TWO PROPELLER-DRIVEN LIGHT AIRCRAFT

By

John J. Catherines und William H. Mayes
Langley Recearch Center
Hampton, Virginlsa

- NTRODUCTION

An assessment of aircraft interior noise technelcgy has been conducted at NASA
Langley Research Center tc determine whether improvements are reedel to control
the noise for the comtort oi crew and passengers. Au part cf this assessment,
interior noise levels of light aircrift and other current types of aircraft

were examined, A sample of these interior noise levels is presented in figure 1,
Interior roise levele of busses, railcers, and sutomcbiles are included for
comparisun. The data shown in figure 1 were cbtained from refe, 1-6, Figure 1
shows that the ncise levels measured inside light aircreft were betweer 8L and
104 dBA. Comperison of these levels with levels found in other vehicles, and
consideration of the response of peopl * tc these levels, leads to the ccnclusion

that substantial berefits can be obtained bty reduction of this noise.

Control of light aircraft interior noise require: kncwledge of such factors as
the noise scurces and paths of entry intc the interior. OCome of these factors
are described in figure 2. Sources of roise include propellers and reciprocating
engines, as well as auxiliary cquipment and flow of air over the sircraft. Noise
can enter through the lightweight fuselage structure, threugh windows (that

conprise a large percentage of the fuselage area!, or through accustic "leaks"
pe
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in the nonpressurized structure. Noise can elso be transmitted directly by
structural vibrations induced by the engine. It can be seen that the many

factors contributing to the interior noise and the complex interactions among
these factors makes it a difticult task to control the noise. The task is made
more 'i1sicult by the need to maintain the performance and economy of the aircraft
wvhile reducing the interior roise. In reviewing the technclogy, it was found

that insufficient information is available on the characteristics of the interior
noise, or on methods for its control, The principel previous work is the studies

by Tobias (refs. 2,3) of the effects of altitude,

As indicated in figure 3, the work descrite¢ irn this paper has two objlectives,
namely, (a) to determine the relationships between aircraft operating corditions
and interior noise and (b) to deterrine the degree tc which ground testing can

be used in lieu of flight testing for pertorming interior ncise research., The
interest in ground testing arices from the thought that intericr noise studies

may be perfcrmed more easily and more systeratically on a st 2ry aircraft
because of the accessibility of instrumentetion, added measurei..:.t capablility, and
a more controlled acoustic envirorment. However, before such studiec can be
performed, the important characterictics of the intericr ncise must be understccd
for both flight and ground test conditlons. Thi:z paper presents results of
interior ncise measurementc obtained for a two passenger, single engine, propeller
driven aircraft for beth ground operationc and for o range of in=flight cperating
conditions. Measurements cbtained in a twin engine, propeller driven tyre sircraft

during normel flight operation:t are also presented.



TECT DESCRIPTION

Test Adrcraft

Interior roice measuremerts were obtairec &t the passenger sgeet locaticn for two
types of light aircraft, The aircraft wvere unmodified erd have specifications
as presented in figure L, The :ingle engine, tvc seat aircraft (1973 model) is
believed to te representative of one of the most popular currently manufactured
models. The .win engine aircraft wac a four seat (1957) model ard had a known

docor seal leak.

Test Instrurentaticn end rocedure

Sound pressure level measurements were cbtained in flight using a (type 1,
precision) scund level meter. The electrical output of the scund level reter
was also recorded on a portable megnetic tepe recorder for csubsequent detailed
frequency analysies. An amplitude modulaticn method was uged '~ -=:z_,. the date
on tape, together with & 7.5 inches per seccrid recorder tape speed allowed for

a frequency analysis of up to 10,000 Hz.

The procedure for the flight tests of the cingle engine, prepeller driven aircraft
involved cruise engine rpm settings of 2,000, 2,200, and ¢,5CC. Noise measurement
vere cbtained for each of the rpm settings at flight altitudes cf 1000, 2000,

and 3000 feet and for cune condition cf idle descent. The flight conditions were
identified on tape by the use of a three-digit, dial-set, battery operated
encoder triggered by the cbrerver. The coding device imparted a binary digital
code to the tape which was used to identify the varicus flight events. A more

complete description of coding device is given in ref. 7.
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A seccnd part of the study involved intericor rnoise measuremerts on a staticnery
aircraft based on the cbjectives mentiocned earlier. In order to investigate
ground reflective effects, the aircrart was operated on both concrete and

grassy surfaces for engine speeds of 1,200, 2,000, and 2,400 rpm. Measurements
wvere also obtained with windows open and windcws closed for the engine operating

at 1200 rpm to cbtain infcermation on noise path identification.

For the twin engine eircrart, which haa a krown deor seal leak, data were

obtained cn a noninterference basis during a normal pussenger carrying flight.

Datn Analysis

The data recorded on magnetic tepe was played tack to obtain an coscillogrerh
record cf the noise data, the three-digit birary code, and a VASA=3€ bit time
code., The time code was added to the taje in the initial cata reduction process
to identify the digitizing times. The data shown in this paper were reduced
from S-second segments that were selected fcr each aircraft condition., The data
vere digiti:e& at a rate of 20,000 samples per second. Eased on the Nyquist
requirement of two samples per cycle, ‘his uarple rate yielded valid resulte

up to 10,000 Hz., Before digitizing, the cata were filtered with an enalog low
pass filter having a cuteff frequency of 1C,00C Hz, in order to elimirate the

protlems of folding or aliasing (see ref. 8),

Lastly, the data were reduceé cr. a CDC 6€0C series computer using a Fast Fourier
Transform (FFT) program (ref. 9) to cbtain the desired outputs. The outputs
of this program were OACFL, dBA, and sound pressure spectra in the form of

constant band (2C Hz bands), 1/2 octave and octeve band analysis.



RECULTS AND DICCULESION

Erfecte of RPM in Flight

found prescure spectra cbtaired ir the single engine vircraft are shown in
figure 5 for three different engine-prope.  er rym settings meusured at a flight
altitude of 1000 feet. 1Ir adciticn, the indicated airspeed, overall 4B, arnd dPA
values are given for each engine-propeller rpr condition. It can be seen that
the predominant pe'k of the gpectra, for all rpm conditionc, occurs below 100 Hz,
The fundamentul propeller-engine firing frequencies varied from 67 tc £3 Hz
during the increase of engine rpm from 2000 rpm to 295CC rpm, vrespectively; these
frequencies correspond to the dominant pesks chown telow 1CC Ez, For thie
frequency range, which controls the overall €PL, the spectral levels decreasc
with increasing engine rpm and efrspeed., The reuson for the obeerved decrease
is not fully understocd. Possiltle reascns are different prcpeller inflow
conditions, uffects cf forward speed, and luselage ctructurnl responsec. However,
at frequencies greater than 1C0 Hz, whick conticls the dBA level, the spectral
levels in rease with engine rpm as would be expected with the corresponding
increw. ed airspeed and ergine power. The peaks in the spectra esbove 100 lHz

are ascociated with propeller-engine tiring frequency harmcnics.

Comparison of Flight with Cround Tests

Ncice specira for both ground and flight cornditicns are shown in figure €. Thecse
data were obtained for an engine-propeller sgetting of 2000 rpm, with the flight

condition at an altitude of 1000 ft &n2 un 1AS of TZ knots. It is seen that the



dominant low frequencies (below 170 Hz) and most of the high frequency peaks
measured in flight are in good agreement with those measured in the stationary
aircraft. In the midfrequency range (100-2000 Hz), the noise leve's are higher
during ground tests by up to 6 dB and are believed to be due primarily to
ground reflection. However, for frequencies above about 2000 Hz, the flight
spectrum levels are higher than those measured on the ground. This result is
believed to be due to acrodynamic noise associated with flight. The above
results would suggest that identification of frequeucy components and relative
amplitude effects of noise sources related to the propeller and engine may be

stud‘ed on stationary aircraft.

A summary of the noise levels measured for all flight and ground test conditions
are shown in figure 7. Overall and A-weighted levels are plotted as a function

of propeller-engine rpm. Included in the data are results from ground tests on
both concrete and grass surfaces and also flight data for each of three altitudes,
including engine idle descent. The eungine idle descent data are given by the

two open circle data points at 1200 rpm. Curves are drawn through the data points

for comparative purposes.

Several observations can be made from this figure. For all conditions tested,

the dBA levels increase with increasing engine-propeller rpm. The values of dBA
associated with ground runup are seen to be about 6 dBA higher than those

measured during flight. It should be noted that the slopes of the curves

associated with the dBA levels for both ground and flight conditions are approxi-
mately the same. This result would imply that dBA levels are indevendent of

forward speed for this aircraft over the operating range of the study. Caution, how-

ever, should be used for this interpretation, since ground reflection and airspeed were




uncortrolled variablee ané may have self=compensating effects. The effects of
altitude on both the overall und dEA levels are s--n to be small (within 1 4B)

as would be expected from the test results repcrted in reference 2, For higher
rpm settings, the overall OPL ure seen to decrcase with incrcasing rym particularly

for all the in-tlight test ccrditions.

Effects o! VWirdows

Ac mentioned earlier, winic. g sre considered to be au important trauncmies on path
for noise to enter the interior ¢ light aircraft. OSince to the authors'
kuowledge no quantitative Informution ig available on window effects, some
preliminary infcrmation was obtained or the effect of windows on the measured
interior roise. The single engine aircralt was operited at o constant 1200 rpe
on the ground and noise measursmertrs were obtained with the windo.s open and with
the windows closed. The results of these meavurementis are presented in figure 8,
It can be seen that in general the cpectra cttained for thece two conditions have
the same shape, E£lightly higher ampiitudus nesociated with the window cpen
condition were measured over the frequency range of about 20C to €000 Kz, It
should be noted thut the cvers)ll UFL and i)\ level increased 2 and € 4B, respectively
with the windows open. This result indicates thut windows do provide some noise
reduction for the aircraft cabin and thet the relative contributicn of windows ac

a ncise transmicssion path for lighkt aircraft should be further investigated.

Effects cf Door feu. Leak

Arother factor that may contribute tc the irtericr noise of light alreraft are

seal leeks that may occur arcund cpenings of windows and drors of slder aircreft,
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Come noise data pertuining to a seal leak vere obtained and are shown in figure 9,
Noise spectra were measured at a pussenger seat location in a twin «gine, four
passenger aircraft for two flight conditions, namely, lift-off and ' ruise., The
speed of the aircraft during lift-off wars asproximately 87 knots cc pared tc

161 knots measured for cruise., The specetra’ date has a peak at ot ut 125 Hz
which corresponde to the propeller und engine firing frequencies Furttrermore,

at the highur frequencien abtove 1000 Hz, the noise levelr are b gher during cruise
ana, since the engine rypm is less but the rpeed has increazed , the source of

this noise is believed tc be mercdynamic ir nature. Further evidence of this
wbservation is shown by the third spectrun which wes meurared near the door senl
leak. The spectrum level at the higher frequencies ies about 1% 4B higher vhen
rieasured near the door leuk ec compared tc *he geat lccaticn and is approximetely

25 dE higher when compared to the lift-oft condition.

CONCLUDING FIMARKC

The results of this study show that the noice levele inside light aireraft ere
strongly influenced by the rotationel gpeed of the engine and propeller, In parti-
cular, the A-weighted dE levels increase with increased engine-propeller rpm for

ell ground and flight operationc.

Poth the overall noise and low frequency uspectra levels were obcerved to decrease
with increasing high speed rym operaticns auring flight. This phenomencn and

its significance is not presently understood.
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Comparison of spectra obtained In flight with spectra obtained on th: i :ound
suggests that identification of frequency components and relative amplitude of

propeller and engine noise sources may be evaluated on stationary aircraft.

Closing of the aircraft windows provided approximately 6 dBA of interior noise
reduction under static conditions. Door seal leaks provided a source/path for

aerodynamically generated in-flight noise.
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AIRCRAFT STUDIED

CONTRIBUTING FACTORS

® PROPELLERS
® RECIPROCATING ENGINES

® LIGHT WEIGHT CONSTRUCTION

® LARGE % WINDOW AREA

@ NOT ACOUSTICALLY SEALED
(NON-PRESSURIZED)

® PROXIMITY OF OCCUPANTS
TO SOURCES

Figure 2.- Factors affecting interior noise cf light aircraft.
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® OBJECTIVES
TO DETERMINE INTERIOR NOISE CHARACTERISTICS WITH FLIGHT PARAMETERS

TO DETERMINE ADEQUACY OF GROUND TEST REPRESENTATION OF IN-FLIGHT
INTERIOR NOISE

@ TEST PLAN
SINGLE ENGINE AIRCRAFT TWIN ENGINE AIRCRAFT
ELIGHT TEST SPECIAL TEST
RPM NORMAL FLIGHT CONDITIONS
ALTITUDE WITH KNOV/N DOOR SEAL
GROUND TEST LEAK
RPM

SPECIAL TESTS
GROUND SURFACE EFFECTS
WINDOW EFFECTS

Figure 3.~ Objectives and test plan of light aircreft ncise ctudy.
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SINGLE ENGINE

TWIN ENGINE

CYLINDERS
HORSEPOWER

GROSS WEIGHT, 'O

CRUISE SPEED, 1AS

PROPEL.ER DIAMETER

PASSENGER CAPACITY

ENGINE/ PROPELLER
RPM RATIO

4

3¢ @ 2600 rpm
1600 (725.8 kg)

104 knots (193 km/hr)

5ft, 9in. (1.75 m)

2

6
240/ ENGINE @ 2600 rpm

4830 (2190.9 kg)

161 knots (298 km/hr)

6ft, 9in. (2.06 m)

Figure L.- General

specificaticn of light eircraft studi
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Figure 8.~
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- ———WINDOW OPEN 103 90

— WINDOW CLOSED 100

1000 10000
FREQUENCY, Hz

Effects of windows on roise spectra messured in s staticnary single engine

aircraft operating st 1200 rpm.
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