
NRC Publications Archive
Archives des publications du CNRC

Noise propagation tests of a CF-18 aircraft at Ottawa International
Airport / Des essais sur la propagation de bruit d'un aéronef CF-18
l'Aéroport international d'Ottawa
Ball, N. G.

 
For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien
DOI ci-dessous.

Publisher’s version  /   Version de l'éditeur: 
https://doi.org/10.4224/40003546
Controlled Technical Report (National Research Council Canada. Division of
Mechanical Engineering); no. CTR-ENG-015, 1987-11

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=f742ea6c-f166-4a7f-b47c-4bbceb2f7301
https://publications-cnrc.canada.ca/fra/voir/objet/?id=f742ea6c-f166-4a7f-b47c-4bbceb2f7301

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez
la première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous
n’arrivez pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

https://doi.org/10.4224/40003546
https://nrc-publications.canada.ca/eng/view/object/?id=f742ea6c-f166-4a7f-b47c-4bbceb2f7301
https://publications-cnrc.canada.ca/fra/voir/objet/?id=f742ea6c-f166-4a7f-b47c-4bbceb2f7301
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


CONTRÔLÉ
NON CLASSIFIÉ

Rapport technique contrôlé

CTR-ENG-015

CONTROLLED
UNCLASSIFIED

Controlled Technical Report

1987/11

NOISE PROPAGATION TESTS OF A CF-18 AIRCRAFT
AT OTTAWA INTERNATIONAL AIRPORT

N.G. Ball

Division of
Mechanical Engineering

Division de
génie mécanique

National Research Conseil national
Council Canada de recherches Canada Canada

DECLASSIFIED
DÉCLASSIFIÉ



DIVISION OF MECHANICAL ENGINEERING PUBLICATIONS

DM (Division of Mechanical Engineering Report)
Scientific and technical information considered important, complete and a lasting contribu-
tion to existing knowledge.

TR (Technical Report)
Information less broad in scope but a substantial contribution to existing knowledge.

CTR (Controlled/Classified Technical Report)
A Technical Report with controlled distribution for national security, proprietary or other
reasons.

LM (Laboratory Memorandum)
Preliminary or exploratory information with controlled distribution.

CAT (Calibration Analysis and Test Report)
Information on minor laboratory projects or services.

PUBLICATIONS DE LA DIVISION DE GÉNIE MÉCANIQUE

DM (Rapport de la Division de génie mécanique)
Informations scientifiques et techniques jugées importantes, complètes et susceptibles de
contribuer de façon durable à l’avancement des connaissances courantes.

TR (Rapport technique)
Informations de moindre importance, mais pouvant contribuer substantiellement à l’avance-
ment des connaissances actuelles.

CTR (Rapport technique à diffusion contrôlée/classifiée)
Rapport technique à diffusion contrôlée pour des raisons de sécurité nationale, de propriété
intellectuelle et autres.

LM (Mémoire de laboratoire)
Informations préliminaires ou de nature exploratoire à diffusion contrôlée.

CAT (Rapport d’étalonnage d’analyse et d’essai)
Informations sur de petits projets ou des services de laboratoire.



CONTRÔLÉ
NON CLASSIFIÉ

CONTROLLED
UNCLASSIFIED

NOISE PROPAGATION TESTS OF A CF-18 AIRCRAFT
AT OTTAWA INTERNATIONAL AIRPORT

DES ESSAIS SUR LA PROPAGATION DE BRUIT D'UN AÉRONEF CF-18
L'AÉROPORT INTERNATIONAL D'OTTAWA

N. G. Ba i l

Th i s  r epo r t  may not be pub l i shed  who l l y  or in  pa r t  or c i t ed  as a
re fe rence  w i t hou t  the w r i t t en  consen t  of the D i rec to r .

Ce rappo r t  ne do i t  pas ê t re  r ep rodu i t ,  ni en en t i e r  ni en pa r t i e ,  ni
ê t r e  c i t é  en ré fé rence  sans une au to r i sa t i on  éc r i t e  du D i rec teu r .

Rappo r t  t echn ique
con t rô l é

CTR-ENG-015

Con t ro l l ed
Techn i ca l  Repor t

1987 /11

D.M. Rudn i t sk i ,  Head/Chef
Engine Labo ra to r y /
Labo ra to i r e  des mo teu rs

J.  Ploeg
Di r ec to r /
Di r ec teu r

Copy/Cop ie

DECLASSIFIED
DÉCLASSIFIÉ



CTR-ENG-015

ABSTRACT

Noise l eve l s  in the commun i t i es  su r round ing  Ottawa
In te rna t iona l  A i r po r t  were monitored during s ta t i c  engine runups of a
CF-18 a i r c ra f t  parked on an a i r po r t  taxiway. The tests were designed
to va l i da te  an acoustic propagation model developed for a proposed
outdoor engine test f ac i l i t y  to be located adjacent to the a i r po r t .
The resu l t s  support the model but show the strong inf luence of the
atmosphere on the propagation of sound. The noise of the a i r c ra f t
engine exceeded background levels at downwind s i tes at distances of 2
and 4 km.

RÉSUMÉ

On a contrô lé les niveaux de b ru i t  dans les co l l ec t i v i t és
voisines de l ' aé ropo r t  in te rna t iona l  d'Ottawa pendant la marche des
réacteurs d'un CF-18 garé sur une voie de c i r cu la t i on  de l 'aérodrome.
Les essais  ava ien t  pour but de va l i de r  un modèle de propagation
acoustique élaboré en vue de l ' imp lan ta t i on  proposée d'un banc d'essai
ex té r i eu r  pour réacteurs à proximi té de l ' aé ropo r t .  Les résu l ta ts
confirment le modèle mais mettent en évidence la for te  inf luence de
l'atmosphère sur la propagation du b ru i t .  Le b ru i t  p rodu i t  par les
réacteurs du chasseur a dépassé les niveaux du b ru i t  de fond à des
points sous le vent à des distances de 2 km et 4 km.

- i i  -
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NOISE PROPAGATION TESTS OF A CF-18 AIRCRAFT
AT OTTAWA INTERNATIONAL AIRPORT

1.0 INTRODUCTION

On June 30, 1987 the Engine Labora to ry  of the D i v i s i on  of
Mechan i ca l  Eng inee r i ng  measured the noise r ad ia t i on  from a CF-18
a i r c ra f t  du r i ng  s t a t i c  engine runups at Ottawa I n te rna t i ona l  A i r po r t .
The tes t s  were performed to aid in the assessment of the noise impact
from a proposed outdoor  gas t u rb i ne  engine tes t  f ac i l i t y  to be bu i l t
ad jacen t  to the a i r po r t .  The p r ima ry  purpose was to con f i rm  the
theo re t i ca l  p red i c t i ons  of the no i se  l eve l s  in the su r round ing
communi ty  made by Dav is  Eng inee r i ng  L im i t ed ,  1987. A secondary
purpose of the tes t  was to note the community response to the noise of
these t es t s .

Add i t i ona l  s t ud ies  of the near and f a r - f i e l d  noise of the
GE-404-400 eng ine ,  the type used in the CF-18 a i r c ra f t ,  can be found in
Re fe rences  F rank l i n  et a l . ,  1979, General E l ec t r i c  A i r c ra f t  Engine
Group, 1975, and Powell 1979.

2.0 DESCRIPTION OF TESTS

2.1 Noise Source

The CF-18 a i r c ra f t  was parked on the tax iway  of the Uplands
A i rpo r t ,  as shown in F igure  1, w i th  the nose of the a i r c ra f t  po in t i ng
in to  the west wind which a l i gned  the a i r c ra f t  at approx imate ly  20
degrees to the t ax iway .  The pos i t i on  and o r i en ta t i on  of the a i r c ra f t
remained f i xed  th roughout  a l l  of the t es t s .

The tes t s  were designed to measure the noise r ad ia t i on  from a
s i ng le  eng ine  at two power l eve l s ,  m i l i t a r y  power and wi th  f u l l
a f t e rbu rne r ,  but the ope ra t i ona l  procedures for  the a i r c ra f t  r equ i red
that  the second engine remain at i d l e  power at a l l  t imes .  The small
increment  to the t o ta l  noise from the i d l i ng  second engine was not
cons idered s i gn i f i can t .  The engine runup sequence was as f o l l ows :  5
m inu tes  at  an i d l e  power se t t i ng ,  5 minutes  at m i l i t a r y  power, 3
m inu tes  w i t h  f u l l  a f t e rbu rne r ,  10 m inu tes  at i d l e ,  5 minu tes  at
m i l i t a r y  power, 3 minutes  wi th  a f t e rbu rne r ,  and a f i na l  5 minutes  at
i d l e .  The f i r s t  sequence ran the r i gh t  engine at the h igher  t h ro t t l e
se t t i ngs  and the l e f t  engine for  the second. The second runup sequence
was t e rm ina ted  90 seconds a f t e r  the s ta r t  of the f i na l  pe r i od  of
a f t e rbu rne r  because of fuel  shor tage onboard the a i r c ra f t .  The one
hour i n t e r va l  between tes t s  was used to move the noise measurement
equipment to new l oca t i ons  for  the second engine runup sequence.
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2.2 Far -F ie ld  Noise Measurements

2.2.1 Measurement Sites

The f a r - f i e l d  noise levels were monitored at eight locat ions
equal ly spaced around a c i r c l e  of 2 km radius during the f i r s t  engine
runup sequence. The radius was increased to 4 km for the second
sequence. When the measurement s i tes were selected, i t  was assumed
that the a i r c ra f t  would be al igned with the taxiway and si tes were
chosen at 45 degree i n te r va l s  from the taxiway. However, for the tests
the a i r c ra f t  was parked at 20 degrees to the taxiway to face the
a i r c ra f t  into the wind with the consequence that no measurement si tes
were l oca ted  on the je t  ax i s .  The p rec i se  l oca t i ons  of the
measurements are shown on Figure 1. In general ,  the s i tes were on
f l a t ,  open, grass-covered t e r ra i n  with the microphones set 1.8 metres
above the ground.

Two types of measurements were made in the acoust ic f a r - f i e l d
of the engine. The A-weighted average sound pressure levels  (Leq) were
measured at a l l  s ixteen s i t es ,  and at six of the s i tes the noise was
recorded for subsequent spectral  analysis for comparison with the
assumptions of the theore t ica l  model.

2.2.2 Instrumentat ion

At a l l  of the l oca t i ons  the noise levels  were monitored
throughout an en t i re  engine runup sequence, at 2 km distance during the
f i r s t  and 4 km during the second. The instrumentat ion (Metrosonics
Met ro loggers  model dB-301) stored the average sound pressure level
(A-weighted Leq) for one minute i n t e r va l s .  By coordinat ing the
s ta r t i ng  time of the data acqu is i t i on  and the time of the engine
running, the noise leve ls  for each of the engine power se t t ings  was
determined. The operators at each of the s i tes noted the subject ive
leve l  of the engine noise re l a t i ve  to the background noise. Any
s ign i f i can t  acous t i c  events that  occurred during the measurement
period were logged so that data contaminated by extraneous noise could
be e l iminated.

At six of the si tes (A90, A135, A225, B90, B135, and B225)
[shown on Figure 1] the sound of the engine was recorded with sound
level meters and tape recorders (Bruel and Kjaer types 2209 and 7003).
These tapes were la te r  analyzed for spectral  content with an octave
band rea l - t ime analyzer (Bruel and Kjaer type 2131).

2.3 Near-Field Measurements

Noise measurements c lose to the a i r c ra f t  were made by
R. Westley of the National Aeronautical Establishment. These values
were used to ensure that the sound power of the engine during the tests
was the same as that used in the theore t ica l  p red ic t ions .  The overa l l
sound pressure levels were measured along a l ine normal to the jet  axis
in the plane of the exhaust nozzle,  at a height of approximately 1.8
metres.
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2.4 Atmospheric Conditions

The propagation of sound through air can be greatly affected
by the atmosphere. Meteorological conditions during the test were
provided by the weather of f ice of Ottawa International Airport .  The
f i r s t  runup sequence started at 10:44 and the second sequence ended at
12:58. At 11:00 the temperature was 23° C, the winds were from the
west at 22 kph gusting to 40 kph, and the humidity was 57%. At 13:00
the temperature and wind were unchanged but the humidity had dropped to
44%. During the period of the test the weather of f ice reported a
'normal 1 temperature p ro f i l e  (adiabatic lapse rate).

3.0 OBSERVATIONS

3.1 Near-Field Sound Pressure Levels

The sound pressure levels of the engine measured close to the
a i r c ra f t  are shown in Figure 2 and are compared with data given by the
engine manufacturer [General Electr ic Ai rcraf t  Engine Group, 1975].
While i t  is recognized that the sound pressure levels change with the
angle from the jet axis, the good agreement at this one angle indicates
that the sound power of the engines during the tests was close to the
sound power stated by the manufacturer.

3.2 Far-Field Noise Levels

The noise levels at both 2 and 4 km distance from the
a i rc ra f t  showed a strong angular dependence. Jet noise characterist i-
cally has the highest sound pressure levels at approximately 40 degrees
from the jet axis. While this trend is apparent in the data, i t  is
also clear that the atmospheric conditions and ground properties
greatly affected the sound propagation.

Table 1 shows the average A-weighted noise levels for both
mi l i t a ry  and afterburner power settings for a 2 and 4 km radius, based
on the one minute equivalent sound level readings. At 2 and 4 km, the
observed levels were as high as 70 dBA and 61 dBA respectively. Care
was taken, when examining the one minute levels, to exclude any data
which was contaminated by extraneous noise sources. Figure 3 shows a
sample of the output from the noise monitors. Each of the values is
the one minute average of the A-weighted noise at the si te.  A clear
correlation is evident between the engine power setting and the noise
level at this s i te.  At some of the si tes, the observers reported that
the engine noise was inaudible or below the background noise levels.
For these sites no estimate of the engine noise was possible. The
background noise level varied greatly between sites and because of the
short duration of the sampling, no accurate estimates of average noise
levels for the community are possible from this data. The scant data
that were available show levels in the range of 45-55 dBA typical of
residential areas.

Table 2 shows a comparison of the noise levels observed at
the m i l i t a ry  power setting with those predicted by Davis Engineering
Limited, 1987. The theoretical values include only the effects of
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geometrical spreading and molecular absorption and do not include the
e f fec ts  of wind, ground impedance or temperature gradients. These
values were interpolated from the noise level contours of Figure 5-6
from Davis Engineering Limited, 1987 and correspond to the values
expected for the same angles as the measurement sites re lat ive to the
a i r c ra f t .

3.3 Engine Noise Spectra

The spectrum of the engine noise g rea t l y  a f f ec t s  the
propagation of sound through the atmosphere. The A-weighted octave
band spectra of the recorded engine noise at m i l i t a ry  and afterburner
power set t ings from si tes A135 and B135 are shown in Figure 4.
Included in the same Figure are three of the spectra for a typical
aero engine as defined by Davis Engineering Limited, 1987 [Figure 5-3].

3.4 Community Response

The noise level and durat ion of these tests would be
comparable to the noise of a typical engine test program. The airport
au tho r i t i es  occasional ly receive noise complaints from the normal
operat ion of the a i rpor t  but no complaints were received from the
res iden t ia l  communities during the stat ic running of the a i r c ra f t
engines.

4.0 INTERPRETATION OF TEST DATA

4.1 Atmospheric Influences

The Fa r - f i e l d  noise levels are s t rongly  inf luenced by
atmospheric conditions. The 'normal' vert ical  temperature p ro f i l e
causes the sound rays to be refracted upwards, away from the surface of
the earth. This effect reduces the sound pressure levels observed
close to the ground. Simi lar ly,  sound rays propagating upwind tend to
be refracted upwards and away from the ground by the velocity gradients
near the surface. Both of these effects tend to create an acoustic
'shadow region 1 near the surface of the ground where the sound levels
are much lower than would be expected in calm air with no temperature
gradients. I t  must be noted that these favourable temperature prof i les
typ ica l ly  do not exist at night or during thermal inversions. Sound
rays propagating downwind tend to be refracted downward toward the
surface of the earth. This downwind effect would tend to negate the
favourable effects of a 'normal' temperature p ro f i l e .

Additional reduction of the sound pressure levels near the
ground can arise from the acoustic properties of the surface of the
earth.

4.2 Comparison of Predicted and Observed Far-Field Levels

In general, the f a r - f i e l d  levels were 15 to 20 dBA below
those predicted by the theory of Davis Engineering Limited, 1987 which
included only molecular absorption and geometrical spreading. This
difference is reasonable when allowance is made for the effects of wind
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and thermal gradients. This report asserts that attenuations as high
as 20 to 30 dBA are possible with favourable atmospheric conditions.
The only locations where this large difference was not observed are at
the si tes downwind of the a i r c ra f t .  For two of these sites the
observed levels were only 1 to 2 dBA below theoretical predictions.
For these sites there was a cancellation of the favourable thermal
effects by the adverse downwind propagation ef fects.

The great difference between the theoretical and experimental
values shows the importance of the atmospheric effects on the propaga-
tion of sound and the d i f f i cu l t y  of accurately predicting outdoor sound
propagation.

4.3 Far-Field Spectral Shape

The spectra of the noise measured in the f a r - f i e l d  d i f fe r
from those of the typical aero engine presented by Davis Engineering
Limited, 1987. The marked difference in overall levels is probably the
resu l t  of the atmospheric e f fec t s  which are not included in the
predicted levels. The measured spectra have peaks in the 500 or 1000
Hz octave band and are f l a t t e r  than the theoretical curves above these
spectral  peaks. A d i rec t  comparison of the spectral shapes is
d i f f i cu l t  because the spectral shape of the engine noise varies with
the angle relat ive to the engine axis and the simpli f ied model of
Davis Engineering Limited, 1987 does not include this e f fec t .  However
the d i f fe rence between the measured and theoretical engine noise
spectral  shape would not great ly  affect the overall noise levels
observed in the community.

5.0 CONCLUSIONS

The tests with the CF-18 a i r c ra f t  confirmed that the model of
the F404 engine noise used in the noise pred ic t ions by Davis
Engineering Limited, 1987 accurately represent the noise of the engine.
Furthermore, the pred ic t ions of the noise propagation into the
community are valid under the assumed atmospheric conditions. However,
the tests clearly show the strong influence of the atmosphere on the
observed noise levels in the surrounding community.

The observed levels of 70 dBA in the downwind direction at
2 km distance, are well above the background noise levels and, with
less favourable atmospheric conditions, the levels observed in other
directions could have been as much as 10 to 20 dBA above the measured
leve l s .  Running the outdoor engine test f ac i l i t y  with an engine
equivalent to the GE-404-400 wi l l  generate noise levels in excess of
the ex i s t i ng  background l eve l s .  While no complaints from the
residential communities were received by the a i rpor t  during the tests
with the CF-18 a i r c ra f t ,  the elevated noise levels could easily
produce complaints, pa r t i cu l a r l y  during prolonged test ing, under
adverse atmospheric conditions or, during periods when the existing
background noise is low.
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53 Power Se t t i ng
53

55
56 OFF

59
59 __________________

54
56

59 IDLE
54
54 ___________________

70
70
73 MILITARY
72

67 ______________
71
71 AFTERBURNER
71 _____________

58
57
58
57
58 IDLE
57
59
57

54
62 _______________

72
71
71 MILITARY
69

68 _____________
69
68 AFTERBURNER

70 ____________
63

52
58 IDLE

67
66 ______________

83
79

71 OFF
71

Time

10:45

10:50

10:55

10:58

11:08

11:13

11:16

11 :21

Outpu t  is  t ime h i s t o r y  of 1 m inu te  equ i va len t  no ise  l eve l s  from
s i t e  A225. H ighe r  l eve l s  are d i sp laced  to the r i gh t  to resemble
a s t r i p  cha r t  r eco rd ing .

NOTE:

F igu re  3: Sample Ou tpu t  of  Noise Mon i t o r
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□ --------o S i te  B135, (4 km) M i l i t a r y  Power

F igu re  4: Engine Noise Spect ra



MEASUREMENT SITE

2 km D is tance AO A45 A90 A135 A180 A225 A270 A315

M i l i t a r y  Power - - 55 66 69 70 68 58

A f te rbu rne r - 57 58 76 71 70 77 62

4 km D is tance AO A45 A90 A135 A180 A225 A270 A315

M i l i t a r y  Power - - - 55 53 61 55 -

A f t e rbu rne r - - 50 63 55 65 64 -
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( - )  Eng ine  no i se  be low backg round  l eve l s

Tab le  1:  Fan -F ie l d  A -We igh ted  Sound P ressu re  Leve l s  (dBA)
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2 km Measurement Si te AO A4 5 A90 A135 A180 A225 A270 A315

Observat ion - - 55 66 69 70 68 58

Theory 82 77 81 85 70 80 87 78

D i f f e rence - - -16 -19 -1 -10 -19 -20

4 km Measurement S i te AO A45 A90 A135 A180 A225 A270 A315

Observat ion - - - 55 53 61 55 -

Theory 64 64 60 73 55 70 72 57

D i f f e rence - - - -18 -2 -9 -17 -

Theory is that  developed by Davis Engineer ing L td . ,  1987.

Measurements are based on the average of 2 engine runups.

Table 2: Comparison of Theo re t i ca l  and Observed Sound Pressure Levels  (dBA) at M i l i t a r y  Power Se t t i ng
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