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INTRODUCTION

This report discusses the various noise producing slem-

ents éssociatgd with the Arrow Aircraft and the effect of these on

personnel, equipment and structure.

Several problems are shown to

exist and methods of treatment are suggested, The overall problem,

except for the community reaction situation, appsars seluble with

little resulting penalty to the aircraft.
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2EN DISTRIBUTION OF NOISE OUTSIDE THE ATIRCRAFT

1.1 Far Field Jet Noise

The Pratt and Whitney formula (6) estimates the total
@coustic power radiated by an engine when the thrust,
mass flow and nozzle area are known. The J-57 series

of engines produce a distribution of noise around these
‘engines which peaks at 359 from the exhaust axis at 150!
at a value of approximately Ll db below the total
acoustic power level. This present work compares
several engines (2,L,6,7) to that of the Iroquois 22(th¢
difference in total acoustic power then becomes a scaling
factor which is applied to the known noise fields to
estimate the Iroquois 2 noise field, The noise field of
the Orenda 11-R has bsen scaled up to give sstimated
I;"oqueis 2 levels at 150¢ & 35° to be 136 + 2 dbs
measurements of the B-L7 Irgquois showed 140 db at this
location. Total noise comparisons of the scaled up
engine noise lsvels are shown in figures 1,2,3, and L,

1.2 Near Field Jet Noise

The noise level scale facpors determined above also
apply to the nsar field distxibution but near field

distances sre measured in nezzle dismeters to allow
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for scale effect near the source. The Iroquois 2 near
noise field is shown in Figures 5 and 6 based on Orenda
11-R data for one and w0 engines, afterburners on and
off. The rudder is seen to be in a 118 to 155 db sound
pressure level field, the wing controls are in a 1L3 db
field and the sting experiences 165-170 db, These total
sound pressure correspond to maximum engine conditions,
which produce the greatest noise. These noise levels
are shown broken down into frequency distributions for
comparison with structural ﬁatural frequencies, the
frequency being scaled by the Strouhal number ratio
comparable to the Orenda 11-R and the Iroquois 2, OSee

Figures 7,8,9 and 10,

Boundary Layer Noise

The pressure fluctuations in.#ach eddy of a turbulent
boundary layer are estimated (8) to be less than 1%

of the stream stagnation pressure but the total effect
of a sheet of these eddies washing a skin panel can
induce pronounced effects both in transmitted sound to
the interior and in direct effect to the skin structure,
These pressure fluctuations are termed pseudo-

sound (8) because they cannot be directly heards; they

musbt first vibrate strusturs which then radiatse
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audible noise,

A gqualitative picture of the boundary layesr ®noise"

is necessary., Opnsider each addy a® a source radiating
pressures fluctuations to the local area of skin adjacent
to it, like a sm#ll piston connected to the sking

there may be hundreds of such eddies over a typical skin
panel, At one instant of time, these eddies are radomly
distributed over the panel so that esach element of panel
is generally being loaded at a different pressure, freg-
uency and phase from every other elsment. At the next
instant of time, the whole sheet of eddies has moved as
& body some distance downstream where they may be simply
assumed to have not changed their relative positions

to each other, The ability of this running load to
deflsct the panel depends on how the eddies are distrib-
uted over the panel, the speed at which the mass of them
traverse it and, of course on thg panel characteristics,
The running ripples induced in the skin panel by the bou-
ndary layer move along the skin until they reach a dis-
continuity of the structure, say a frame or stringer,
which reflects them back into the panel, A series of
such reflections may store up vibrational snergy in the

pansl in the form of étanﬁing waves and 1t is these

waves that radiate the sound energy. Above certain
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supersconic flight spseds, the aformentioned running
ripples move supersonically across the panel and also
radiate sound energy as they do, this adding to the
noise from the standing waves,

This motion of the panel under boundary layer sxcitstion
is not panel flutter: this phenomenon ﬁrisas from the
interaction of the panel with the flow, while in the
present case the boundary layer is assumed independent
of the panel motion,

The size and associated pressure of the eddies depends
chiefly on altitude, boundary layer thickness and the
effective boundary layer traversing speed (about 0.7 of
the flight speed). The boundary layer turbulence on a
db scale plotted against speed and altitude is shown in
Figure 1l.

It is opportune to compare the effects on a skin panel
of boundary layer pseudo-sound and jot‘noise. As shown
above, the boundary layer induces running-ripplas in
the skin thich travel with the boundary layer,

The jet noise, on the other hand, pounds the whole
panel uniformly over its area, The resulting deflections

bear no relationship to each other and therefore the

 results of panel tests under jet noise cenditiens gamnet

1@ be expected te predict the effects on a panel due to

the same boundary layer pseudo-sound levels.
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1l Shock Noise

As with boundary layer noise, shock noise must be class-
ified as pseudo-sound as only its effects can be heard,
The random oscillations of an unsteady shock terminating
at a surface can appreciably deflect that surface and

80 radiate noise to the interior, The motion of the
lambda shock on thg 1/6 scale Arrow 1 intake ramp has
been broken down into discrete frequencies components,
Figurel2, the chief contribution being at low frequen-
cies, quite remote from any natural frequency of the
sturcture. The measured model frequency was brought to
full scale via the Strouhal Number equality.

The shock structure over the canopy is unkown but its
proximity to the intakes suggests a complex structure
with possible instabilities which are energy sources
that excite the structure and so radiate noise into

the cockpits, This subject bears further investigation.
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NOISE INSTIDE THE ATRCRAFT

The vibmrations of structure and components are the
sources of internal noise generation., The structure
responds to external excitations from jet noise,
turbulent boundary layer pseudo=sound and shock in-
stabilities as discussed earlier in Section 1, while
accessories and equipment may themselves be direct

sources of noise,

A rough e stimate of this structure produced noise can
be made by assuming that tﬁe structure attenuates the
source noise level by from 10-20 dbs; the order of the
approximation allows this to be applisd to both the
boundary layer and j=t sources of noise, Myre acc-
urate estimates may be made from Refs, 8 and 18,
respectively, for the sbove two noise socurces and
Ribner's work may bes enlarged (19) to include noise
radiated by;$hock@inducad skin yibrations,

These works determine the response of & panel to the

different kinds of disturbances; the response being

- .very dependent on the exciting media as well as on the

panel structural parameters, For exampl=, the atten-
vation of the boundary laysr noise transmitted through
a given panel to the interior varies with flight

condition and position on the aircraft.
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estimated from test measurements of the equipment (neg-
lecting reverberance) to give the order of the expected
levels of the installed equipment,

Discounting engine vibration, the most disturbing
internal noise generator in the Arrow 1 is the
turbo-compressor of the air conditioning unit which
produces 12, db one foot from ity the spectum being
guite flat at 117 db, Figupe 13

These levels were measured at the test rig and are

not for psak performasnce where the noise could conc-
eivably be 5 or 10 db higher, say from 130-135 db
total pressure level., The air conditioning ducting

is designed to maintain the flow below M = 0.l but this
speed can bes considered a possible noise source as

the flow is turbulent, Also the outlets to the
air-condtioned cockpits will rediate any comprsssor

and turbulencé noise with very little attenuation.
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3, EFFECT OF NOISE

Much recent discussion summsrized in references li,7 and
1} describes the present feelingscon the physiol-
ogical, psychological and legal reactions to noise on
human beings, The effects are mentioned here, Figure
1l; showing a tentative display of varying degrees of
damaging noise levels and suggested protection require-

merntse

Bel The crew and ground suppoft personnel are directly
sxposed for relatively long times to the Arrows
noise field and require protection against hearing
loss, Taking 110 db ss a2 liberal maximum allowable
level for long-time sxposure without protection,
no one should continually approach closer to the Arrow
than 300! in front or 1200' off the rear quadrant
(vased on Refp 1l data attenuated by Ref, 6 data),
The presnnt}ﬁear cockpit levels require reduction to
protect the crew during taxiing and at takeoff.
The jet's contribution to.the cockpit noise is neg-
ligible shortly after take-off when the air conditien-
iné beccomes the éhiaf source. Boundary layer noise
in the cockpit is expected to be transmitted through‘
the side walls which are some 10 feet aft of the

nose; the flow over the canopy being laminar or
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near £0 should produce no néism

A refined estimate of the boundary layer effects has

not been made nor has the shock structure been invest-
igated in theis direction, The wall attenuation char-
acteristice appear to be the only protection as the bous
ndary layer characteristics are not controllable., The
present 3/L% thermal blanket probably exerts an
attenuation of 10 db below 1 kc which increases to 20

db at higher frequencies,

The noise lesvel on the ground frem a low flying aircraft
may be roughly estimated by reducing the levels from
ground run-up by the effect of the decrease in rel-
ative speed of jet to the surrounding air. Assuming the
noise output is proportional to the relative velocity

to the 9th power(22), the correction becomes

=90 leg (1# 229 db Vp = Flight Speed

10 Vs Vy; = Jet Exhaust Speed

Figure 15 shows this correction for V; = 3000 fps,

a characteristic velocity for the Iroguois 2 with
afterburner, for various flight spseds. From this and
the contours for groumd running (Figure 2) we may
estimate the maximum noise level of the Arrow flyiﬁ@

at different heights and spesds, Figure 16,
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3.2

This is rough but qualitative.

The noise lavel inside a building may be attenuated
by 4O db if the walls are heavy and the openings are
double and sealed, (hardly a common situation in a
family dwedling), These moderatley large levels of
120 db for the aircraft flying at 1000°' occur

for only several seconds at a time but the levels are
above the ®vigorous legal action® range (2) and there-
fc?é a problem exists, which must be either solved

or circumvented.

EFFECT ON EQUIFMENT

Electronic equipment is prone to failure from acute vib-
ration by the nature of the delicacy of its components.
Grids and filaments rescnate and progressively
Wmicrophone®, alter the tube characteristics and comp-
letely detericrate the tube, culminmating in plysical
fatigue fasilure. Ijttle designm recommendations are
available but reference 17 has found the subminiature
vaecuum tubes have been unaffected by 140 db at 10 kce
However, if the noise environment contains a comp=
onent at the resonant frequercy of a component then
trouble exists., Vibration ;&gliﬁion is most import-

ant to subrminature tubes; maximum allowable acceleratioms
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decrease from 10g to 100 cps to 1l.0g at 350 cps.

Relays and . other fin-clearance squipment can be for-
csd to close their contacts with these vibrations and
suitable protection is mandatory for trouble-free
operation,

For its successful operation, the Arrow relies

on correct, continuous cperation of much electronic and
related wguipments a failure could be disastrouso
Most of this equipment is housed in the dorsal fairing
just ferward of the fin and in the electronics equip-
ment bay just aft of the nose undercarrisge well,’
Taking a liberal wall attenuation of 20 db, the
maximum noise levels could be 125 db and 120 db from
ground running in the dorsal and equipment bay compar-
tments respectively, and 130 db in both from the
boundary layer at 720 knots flight speed,

The effects of these noise levels is unkown and the
reliablility of these components should therefore be
checked under rapresentative conditions to ensure their

effective operation.
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33 FFFRECT ON STRUCTURE

The deflections of a skin panel in its response

tc acoustic excitation produce propertional bending
stresses which oscillate about the existing static stress
of the overall structurgl leading. For estimating
fatigue life, the problem lies in determining the

stress history of the deflectsd panel. The deflect-

ions are discussed in Section 1 but the few known
criteria for fatigue failure are complex and are not

discussed here and simpl@‘approaches are used,

JET NOISE
A simplified treatment (13) of the aft structuie of the
Arrow gives the maximum pressure oscillating at the
panel's first natural frequency that preduces the bending
stress for infinite life, This frequency and pressure
level can be compared to the frequency spectrum of the
engine jet noise level on the particular structural
portion considered, showing the severity of the problems
figures 7,8,9 and 10 show this, The stainless steel
sting &ppears to be 20 db overloaded (1 to 10
minute life), the magnesium rudder is 12 db everleaded,
(1 te 10 min 1life), the elevater is marginal and the
elevater is free,
These life estimates are sensitively dependent
upon the soundapressﬁre level applied toc the panel and

may radically change if the shape of noise spectrum
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(frequency distribution) changes.

BOUNDARY LAYER NOISE

The response of a typical skin panel to boundary layer
excitation has been investigated by Ribner (Ref. 19)
and the stresses arising from these deflections are
shown to be quite small (100 psi) and relatively un-
affected by flight speed, The structural affect of

boundary layer noise may then be neglected,

SHOCK NOISE

The oscillations of an uﬂ;teady shé@k terminating at

a skin panel set up an ecscillating gcnding moment in the
skin which gives rise tc bending stresees whose magni-
tude depends upon the response of the panel to this
excitation, The unsteady lambda sh@gk on the

intake ramp of the Arrow gives rise to moderate

stresses only because the natural frequency of the

panal is sc far above the dominant frequency of the
shock motion (9), Howsever if resonance had cccurined,

the stresses could have quickly failed the skin,
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CONCIUSIONS

The sources of neise and their effect en persennel,
equipment and structure have been discussed, and some
metheds of alleviating each situatien have been put
ferward, The whele preblem will new be discussed te
ascertain the pessiblility and magnitude of these
selutiens,

Equipment

The electrenic equipment must functien faithfully te
make the aircraft successful, The estimated overall
noise levels (from the béundary layer) reach 130 db
in these cquipmemt compartments but the effect eof
these levels is met kmewn., Therefore enly adhec test-
ing e¢f this delicate equipment under the true neise
field is acceptable., The delicate équipment in the
air conditiening cempartment will be subjected te 130
db freom the turbe-cempresser and a seurce of treouble
may alse exist here,

Structure

The structure is affected selely by greund ruhning ef
the unmuffled engines, The stainless steel sting is
20 db everleaded giving it a life ef 1 te 10 minutes,
the magnesium rudder is 12 db overleaded alse having
a 1 to 10 minute life, the elevater is margimal and
the elevater 1&g free, The situatien is cemparable

te that
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of the CF-100 Mk. 6 which was solved by careful
re-design and therefore the Arrow problem appears

quite soluble,

The boundary layer noise, while preducing high interior

levels, does not heavily stress the skin 'and does not
appear as structural problem,

The oscillating shock ‘em the intake ramp reduces low
stresses in the ramp skin and this particular problem
dees not appear., However, ctper shocks over the
structure of the aircraft may meet a structure which
will rescnate at the léw,fyaqu&néies of the sheck's
oscillation which can cuase rapid f#ilureo All-in-
2ll, the structural problems are soluble with a
probably small penalty.

It should be noted here that any testing must be done
in the true enviromment thatJthg part meets in
service due to the variety of ways each environment
excites the part: i.e., compare the running load of
the boundary layer, the pounding uniform lead from

the jet doise and the local oscillating bending

moment applied by an unsteady shock wave,
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Personnel

The protection of the flying crew is achieved by dir-
ectly muffling the air conditioner and its coskpit
outlets, Engine noise will be negligible at all
flying speeds and bounday layer noise levels will be
attenuated 20-35 db by the wall and insulating blank-
et and another 20-40 db by the crews®' headgears;
giving a net reduction of from L0-75 db. Any

shock noise will be chiefly of low frequency and
though inaudible may intreduce uhpleasant vibrations
which are difficult to remove.

The ground support personnel may be protected by
well sealed run-up mifflers (1L db atté%uatien)

and good ear protectors (20-LO db), These attenuate
the high frequencies but the chest-surging, low
frequencies still exist and danger areas around the
A/C exist and must be clearly marked.

The response of the community is based on annoyance
rather than on physical damage, the level for
vigoro;s legal action being about L0-50 db belew

the level for pain, The object of the problem

is now reversed and it is the aircraft which now

mist be protected from the listeners,
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