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.Dl'TR0DUCTION 

This report d1$cusses the various noise producing elem= 

onts &~sociated with the Arrow Kircraft and the eff~ct of these on 

personnel.,, equipment and atructure. Sev~ral problems :a.re shown to 

exist ;,_nd m~thods of tr~atmient a.re suggest~do The overall probl!lm~ 

exc@pt for the community r eaction $ ituationj) appears ••lublii with 

little resulting penalty to the aircraft @ 

DATE 

February 58 
DATE 



~wf'.' REPORT No._7,,../:...:EL.AS==..:T..::::IB~· S~/~3~----
~ AVR0 AIRCRAFT LIM/TEO 

TECHNICAAL
0

N otPARTMENT SHEET No. ---
2
--------

r:----~:::..:::..::..:...:...:..::....:=:..==.._~~~~~.!...._---·-r-----------..------~.::..:= 
AIRCRAFT: PREPARED 8 Y DATE 

ARRt»f Mk. 1 & 2 
Februa.ry/ 58 

CHECKED 8Y DATE 

CONTENTS 

Introduction 

1. NoiH Outside th~ Aircraft 

1.1 Fa.r Field Noise 

lo2 . Near Field NoiH 

lo3 Boundary Laye-r Noise 

L4 Shock Noise 

2. NoiH Inside the Aircraft 

2.,1 Structure= Produced Noise , 
' 

2o2 Internal Producer• 
~ 

3o Effect of Noise 

3.1 On '.Pl" rsonnel 

3o2 On Equipment 

3o3 On Structure 

4. Conclusions 

4.1 Equipment 

4 .. 2 Structure 

4.3 P!!lrsonne1 

' , 
! 
' 



A IRCRAFT: 

~ AVR() AIRCRAFT LIM/TEO 
MALTON • ONTARIO 

TECHNICAL DEPARTMENT 

REPORT No. 7 /ELASTICS/3 
3 

SHEET No. 

-- PREPARED SY 

He Naylor 
.ARROW 1 and 2 CHECKED SY 

DISTRTBUTION OF NOISE aJTSIDE THE AIRCRAFT 

Far Field Jet Noise 

The Pratt and Whitney formula (6) es timates the total 

acou~tic power radiated by an engine wh~n the thrust~ 

mass f l ow and nozzle area are known. The J=57 aeri•• 

of engines produce a distribution of noise a.round these 

engines which peaks at 35° from th~ exha.u$t axis at 1r;on 

at a value of approximately 4h db below th~ total 

acoulitic power level . Thi$ pr~sent work compares 

differ9nce in total acoustic power then becom~$ a scaling 

factor which il5 applied to th~ known noiu fi111ld i to 

estimate the Iroquois 2 noiH fieldo The noise fhld of 

th~ Orenda ll=R hu been scalt!!!d up to give estimated 
I . I 

Iroquoi.i 2 l evels ~t 15orr •t 35° to be 136 + 2 dbg 

mea.$urements of ths B=47 Irqquoi~ ~howed 140 db at this 

locationo Total noise comparisons of the scaled up 

engine noise lsv11l~ are shown in figures 1,, 2,i3 9 and 40 

1.2 Near Field Jet Noise 

The noise l=v•l scale £ac~ors dotormins d above also 
' 

apply to the near field dis~ibution but nur field 

di~tances are m9asur~d in nozzle diam~ters to allow 
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for scale eff~ct near the sourcs. The Iroquois 2 near 

noise field is shown in Figur~s 5 and 6 based on Grenda 

ll=R data for one and two engines » aftsrburners on and 

off. The rudder is seen to be in a 148 to 155 db sound 

pressure lev~l field 3 the wing controls are in a 143 db 

field and the ~ting exper i ences 165-170 dbo Th~s• total 

sound pre&sure correspond to maximum engin~ conditions» 

which produce the greatest noise. These noise levels 

are ~hown broken down into fr~qu~ncy distributions for 

comparison with structural natural frequ~ncies~ th~ 

frequency being sea.led by th-~ Strauhal numb~r ratio : • 

comparable to th Or~nda ll=R and th~ Iroquois 2. See 

Boundary Layer Noi$e 

The pr~ssure fluctuations in1~ach eddy of a turbul~nt 

boundary layer are estirn.ted (8) to be l ess than 1% 

of the 5tream stagnation pressure but the total effect 

of a shut of these eddies wuhing a skin panel can 

induce pronounced effecta both in tran•mitted sound t o 

the interior and in direct eff=ct to the skin etructuree 

Thut pressur111 fluctuations a.rl! termed pseudo= 

sound (8) b~cause they cannot be directly heardg they 
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audible nois e. 

A qualitative picture of the boundary layer 11noise u: 

is n~cusary. C0 nsider aach (tddy u a source radiating 

pressure fluctuation$ to the local a.re.a of skin adjacent 

to it.I) like a lfimall piston connected to the sking 

th8re may be hundreds of such eddi1s over a typical skin 

panel~ At one instant of timej the5e eddies are ra.domly 

diiltributed over the panel so that ea.eh element of panel 

uency and phaie from every other element. At the n~xt 

instant of time .ll the whole she•t of eddiu hu moved as 

a body some distance downstream where they may be simply 

a.swmed to have not changed their relative positions 

to each othere The ability of this running load to 

deflect the panel depends on how the eddies art distrib= 

uted over the : panel~ the s~ed :at which the mau of them 

trav@rse it and.ll of c.ourse on the panel charact~ristics., 

The running rippl~s induced in th~ skin panel by the bou= 

ndary layer mov~ along the skin until they reach a dia= 

continuity of the structure 9 $ay a frame or stringerj 

whic~ reflsct@ th5m back into th~ panelo A ieriei of 

auch rcflectio:roJI may s tore up vibrational gnergy in the 

panel in the form of standing wav~s and it is t.heu 
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superaonic flight 11peeds, th(! aformentioned running 

ripple• move supersonically acros~ th t panel and also 

radiate sound energy aliil they doll this adding to the 

nois e from the standing waveso 

This motion of the panel under boundary layer ~xcit a.tion 

is not panel flutterg this phenom~non ariseil from the 

int•raction of the panel with the f lowll while in the 

pres~nt case the boundary layer is assumed independent 

of the panel motion. 

The size ,md associated pres rrnr e of the eddieil dependil 

chiefly on altitud~,, boundary layer thickness and the 

eff ective boundary layer traversing spe ed (about 0.7 of 

the flight s~ed). The boundary layer turbul~nce on a 

db scale plotted against speed and altitude is shown in 

Figure 11. 

It is opportune to compar, the ~ffec ts on a skin panel 

of boundary lay~r pseudo=sound and jet noise. As shown 

above !) the boundary layer induces running ripples in 

the skin vhich tr~vel with the boundary l ayer o 

panel uniformly over its area. The r~sulting deflection& 

bear no r ~l a tionship to each other and therefore the 

r e[iults of panel t ests und~r jet nois;;e condi tieaJ t11.wi•t 

_ _- to be expected te predic t th~ effects on a panel due to 

the same boundary layer pseudo= sound l ~vels. 
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1.4 Shock Noise 

As with boundary layer noise 9 shock noise mm,t be clasa­

ified as ps eud0=~ound as only it£ effect~ can be heardo 

The random oscillations of an unsteady ahock terminating 

at a £urface can a.ppr,ciably deflect that iurface and 

~o radiat~ nois e to the int$rioro Th~ motion of the 

lambda shock on the 1/ 6 scale Arrow 1 intake ramp has 

been broken down into discrste fr~quencies components 9 

Figurel2 9 th~ chief contribu~~on being at low frequen= 

ciei~ quite remote from any natural frequency of the 

sturcturs. The m8asured model frequency was brought to 

full •cai.le-: via the Strauhal Number equality. 

The shock structur, over the canopy is unkown but its 

proximity to the intakes sugg ~sts a complex structure 

with possible instabilities which are energy sources 

tha t excit s the structure and so radiate noi~e into 

the cockpitso This subj ect bear$ furthe.r investigation., 
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NOISE INS'IDE THE AIRCRAFT 

Th~ vibnations of structure and components are the 

sources of internal noise generation. Th• structur 

re5ponds to ext rnal excitation3 from jet noise, 

turbulent boundary layer pseudo=~iOund and shock in= 

stabilities as discussed earlier in s~ction 1~ while 

acce.sories and equipment may t hern.1Hilvu be direct 

.ources of noisee 

2 ol A rough estimate of thil!l ztructure produced noiss can 

be .ma.de by aasuming that the structure attenuates the 

source noise l evel by from 10-20 dbg the order of the 

approximation allows this to be appli •d to both the 

boundary layer and j et source$ of noiseo More acc= 

1.rnate estimates may be ma.de from Refs. 8 and 18.ll 

respec t ivelyj for the above two noise sources and 

Ribner 8 s work may be ~nlarged (19) to include noise 

radiated by shock=induced skin yibrations. 

These works determine the response of a panel to the 

diff~rent kind:ii of distµrbances, the responn ·being: 

- -very~depemds-nt on th~ exciting media as well as on the , 

pa.ne 1 s tructura.l pa.ramsters .. For exampl:!. ,, the a tten= 

uation of th~ boundary l ayer noise transmitted through 

a given panel to the interior varies with flight 

-condition ·and position on the aircraft. 

Februa.ry/ 58 
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2.2 The internal noi~e from internal liOurCe$ may b• 

es timated from te~t measurements of the equipment (neg= 

l ecting reverb~ranc e) to give the order of the ~xpect~d 

l evels of t he in~tallsd equipment o 

Discounting ·engine vibration~ the most disturbing 

internal noi$e generator in the Arrow l.i.s tho 

turbo-compressor of the air conditioning unit which 

produces 124 db on® foot from itp the spectum being 

quite flat at 117 db 9 Figure 130 

These l evels wertt mu.aiured -. t th ~ t est rig and -.re 

not for peak perform:rnce where the noi:i;e coul d cone= 

eivably bo 5 or 10 db higheri say from 130=135 db 

t otal pressure levelo Th~ .dr conditioning ducting 

is designed to maintain the f low below M "" • O o4 but this 

sp.ed can be considered a posliible noise sourc9 Ui 

the flow is turbulento Also the outlets to the 

air=condtioned cockpits will radiate any compru:a or 

and turbulenci noise with very l ittle attenuationo 
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3 .. EFFEbT OF NOISE: 

Much rscent discu&liion sum.rna.rized in :ref orenctts 4)) 7 and 

lL. describes the present fee l inga~on the physiol= 

ogical9 p1ychological and legal reactions to noise on 

human beingso Th• effect• are mentioned hu•e 9 Figure 

14 ahowing a tentative display of varying degrees of 

damaging noi~~ levelii and ~uggeatffld protection require= 

men.tile 

The crew and groune support personnel are directly 

exposed for r~lativ~ly long tim~s to the Arrovis 

noise fie ld and require protection against h~aring 

loss . Taking llO db c1.s .i liben.l ro..aximum a llowable 

level for long=tim~ exposure without protection,i 

no one should continually approach closer to t hs Arrow 

than Joou i n front or 1200° of f the rear quadrant 

(baud on R•f~ 11 data. attenuated by R•fo 6 da.ta) o 

I 
The present ~ear cockpit levelm require r eduction to 

protect the crew during taxiing and 1.t t1.kloff .. 

The j~t0 s contribution to-•tho cockpit noiiie ia neg= 

ligibl~ s hortly after take-off when th• air condition.= 

iiag bttcomea the chietf asourcwo Boundary layu• noise 

in the cockpit is expect~d to be tran•mitt•d through 

the aside wall• which are some 10 feet aft of the 

nosei t h~ flow over the canopy being laminar or 
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near so should produce no noi~e @ 

A refin~d ~stimat~ of the boundary layer eff ects has 

not b~en made nor has the &hock structure be~n inve5t= 

igated in theis directiono The wall attenuation char= 

acteristics appear to b~ tho only pr otection as the bou= 

ndary lay~r characteri$tics are not controllable~ Ths 

preu nt 3/41!Q thu0 mal blanket probably exerts an 

attenuation of 10 db be low l kc which increuu to 20 

db at higher f requencie• e 

The noiH level on t h• ground fi•am. a low /flying aircraft 

may be roughly estim•ted by reducing the level• from 

ground run=up by th~ effect of the d~cr~ase in re1= 

ative speed of jet to the surrounding ~iro !ssuming the 

noise output is proportional to t he relative velocity 

to the 9th pow8r(22) 9 the corrsction becomes 

=90 log (1 ii? VF) db 
10 v; 

VF ~ Flight Speed 
VJ "" Jet Exhaus t Speed 

Fir,u:re 15 show.; this corr~ ction f or V,. :c 3000 fps 9 V 

a characteristic velocity f or the Iroquois 2 with 

afterbur ner 9 for various flight spaed~ o From thi$ and 

the contour:. fo r tg;t>Mmtd, running (Figure 2) we ma.y 

eetimate the maximum noi~• l•val of the Arrow flying 

at di fferent h9ight3 and spaods 9 Fi gure 160 
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Thii is rough but quali ta tiv• o 

The noise level inside a building ~y be attenuated 

by 40 db if th~ walls are heavy and th~ opening~ are 

doubl~ and Hale d 9 (hardly a common situation in a 

family dwelling) .. Thess moderatley la.rge level• of 

120 db for the aircraft flying at 1000u occur 

f or only ssveral second~ at a time but the levela are 

above the lillvigorous l@gal .i.ction" r.i.nge (2) and there= 

f or;, a problem exists 9 which must b~i either solvod 

or cir cumvtentedo 

3e2 EFFECT ON EQUIPMEN! 

Electronic equipment i$ prone to failure from acute viba. 

ration by the n'1.turc of thl! delicacy of itii components~ 

Grida and fil am~nts resonate and progr~s&ively 

''microphone 10
9 alter the tube charac t eriitica and comP= 

letely d@ t 8riora t e the tube 9 culminating in plyaical 

fatigu.11 _.fail ure., Litt l e duign recommendation• are 

availa.bl~ but rtferenc~ 17 ha• f ound the ~ubminiature 

vaeuum t ub~a have bee~ unaffected by 140 db at 10 kco 

However ,i :t.f the nofae environment contains a comP= 

onent at the resonant frequency ~f , a component then 

troubl e exists., Vibration i~Glation is mos t import= 

DATE 
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decrease from 10g to 100 cpi t o l . Og at 350 cp&. 

Relays a.nd oth3r fin=clearance equipm~nt can b('l! for= 

cod to close their contacts with thUI! vibration& and 

iuitabl~ protaction ii mandatory for trouble=free 

operation. 

For its succ~ssfu l oper~tion~ the ~rrow relies 

on correct~ continuous oper ation of much electronic and 

r11la ted •quipmu1tg a failure could be disutrous. 

Most of this equipment ii. houied in the dorsal fairing 

juat forward of the fin arid in the ftlectroaic1 equiP"" 

ment bay just ,.ft of th~ nou underc1.:r:rfage well. 

Taking a liberal wall a.tttmuation of 20 db,, the 

~ximum noise l~vels could be 125 db and 120 db from 

ground running in the dorsal and equipment bay compar= 

tm.ent~ rup~ctively 3 and 130 db in both from the 

boundary layer .at 720 knots; flight Bpeedo 

Th~ &ffects of tbts@ noise l eYels is unkown and the 

reli.ablility af the!H compon~nta should t herefore be 

checked under ~~preaentative conditions to eniure t heir 

effective operati@Do 
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3e3 EFFECT ON STRUCTURE 

The defl~c tions of a skin panel in it• responae 

to acoustic excitation produce proportioRal bending 

stra~ses which oscillate about th~ exiating itatic streas 

of the overall structur,1 lo.i.dingo For estimating 

fatigue life.., thl't problem l i~s in d&termining the 

stresa hi~tory of the deflect~d pan&lo Th~ d~flect= 

ions are discuss~d in Section l but the few known 

criteri~ for fatiguffl failure are complsx and are not 

JEI' NOISm 

A simplified trsatment (13) of th~ aft structure of the 

Arrow gives the maximum pr~ssure oscillating at the 

pa.nel0 i firsit naturtil f requrncy that produces th• bending 

str8&1S for infinite life., Th:i.s frequency and preuure 

leval CIIA be comp.rod to the fr~quancy Bp~ct:rum of th8 

port ion conaidered 9 showing the severity of the probl~mi 

ating •ppe-.r. to b~ 20 db overloaded (1 to 10 

minute l ife) 9 the ~..1.gne1ium rudde~ i. 12 db ~verloaded 9 

(1 to 10 mil'l lift11) 9 the elevatu, is marginal aE.d the 
elevator i& freeo 

Th~s• life estimatet& 
1
are ••nlilitively dependent 

upon t~ ~ound=preuure level applied to the pamel and 

may radically chamg~ if the shape of noi•• ~pectrum 
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The response of a typical skin panel to boW¼d~ry layer 

excit•tion has bo~n inv~stigat5d by Ribner (Ref a 19) 

and the stresses arising from th~&e deflections ar• 

shown to be quite &mall ( 100 pi>i) and r(tlativoly un= 

affectr.d by f l ight sp~edo Th~ structural ~ffect of 

boundary layer noiae may then be n~gl~cted .. 

SHCCK NOISE 

! 
The oscilla.t ions of an unsteady sh~k termin .. ting at 

'<'•( 

a skin p:mf!;l set up an Oi>Cillating bending mom':"nt in t h e 
I 

tudo depend$ upon the re&poRie of tht pa~el to this 

excitationo The tmateady lambda •hoGk o~ the 

intake ramp of the Arrow gives riliile t9 moderat• 

&trei~8i only b8cau8e the natural frequency ef the 

panel is 10 far abovs the dominant frequsncy of the 

ahock motion (9), However,, if ruonanc~ had occu••d 9 

the stress~s could have quickly failed the skins 
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C0NCIDSI0NS 

equipment and structure have been discussed~ and some 

methods of alleviating each situation have been put 

ferwardo The whole pr~blem will n~w be discussed to 

ascertain the poseiblil ity and magnitude 0f these 

S©lutienso 

Equipmen.t 

Th~ =lectronic equipment must fU11l.ction faithfully to 

make the aircraft successfulo The ~-timated overall 

noi~e levels (from the bo1mdary layer) reach 130 db 

in these equipment cGmpartments but the effect ef 

these level.a is net kn@wn o Therefore only adhoc te&t= 

ing •f this delicate equipment under the true noise 

field is acceptableo The delicate equipm~nt in the 

air condit ioning c0mpa.rtmemt will be .subjected t• 130 

db .from the ; turb0=compressor and a source of trouble 

may ali6 exist hereo 

4o2 S.tructure 

Tht structure is affected 10lejl.y by ground ruhning of 

the! unmu.ffled engin@Hio The stainless stul sting i1 

20 db overloaded giving it a life @f 1t010 minute•~ 

the magnHium rudder is 12 db overloaded alli0 having 

a 1 to 10 minute l if•~ the elevat0r is marginal and 

-ths elfflV/il.t0r 1S f:NHlo The situation is comparabl e 

to that 
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of the CF= lOO Mko 6 which was solved by careful 

re=design and th~r8fors the Arrow problem appears 

quite s olublito 

The boundary l~yer noise~ while producing high interior 

level s ~ dou not heavily strei.:. the skin ·and does not 

apptar u structural p,roblern., 

s treHe:i in the ramp akin and this p.ir t icuL..r problem 

does not appeal;'., However~ other shockii over the 
' 

structure of the drcraf -l:_ may mset a s·tr.uc~ure which 

will resonate at the low f requ~nGie~ of the iheck0 ii 

oscillation wM.ch c ... n cu.an rapi d f• ilure., All=in= 

all ~ the structural proble~ are soluble with a 

probably small penaltyo 

It should be noted here th ... t any test[ng must be dmae 

in the true enviro:run~nt th~t the part meete in 

Sl!trvice due ;to tht! variety of ways each environmsnt 

excites the partg i.,eo compare the running load of 

the boundary layer~ the pounding uniform lo~d from 

the j et rtoise and t h~ local oscillating bending 

mom~nt appl ied by an unst~ady shock waveo 

DATE 

L 

,-------'------------------c. ====------------~ -



AIRCRAFT: 

EK AVR(J AIRCRAFT LIM/TEO 
MA LT QN • ONTARIO 

REPORT No._7-'-/_E_LA_S_T_I_C-'S/'--3 ___ _ 

SHEET No. ___ 1_8 ______ _ 
• TECHNICAL DEPARTMENT 

PREPARED ev DATE 

Arrow Mk'., 1 and 2 • 
Ho Naylor <'ebruary75t3 

CHECKED BY 

4e3 Per Bonnel 

The protsction of the flying crew ii achieved by dir= 

ectly muffling the air conditioner and iti c5~kpit 

outlet•. E.ngine noise will be negligible at all 

flying speedi and bounday layer noiae levttls will be 

attenuated 20=35 db by thff wall and insulating blank= 
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