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airport according to a monthl y or a yearly scheme. The method offers 
suf fi c ient fl exibi lity in so far as spec ial applications of the method 
can easily be designed for the purpose. In our opinion the underlying 
rating of the noise caused by movements by indi vidua l types of aircraft 
serves furt l1 ~r d5 a useful tool to dist inguish proper ly between air
craft types in respect of no ise. 
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COHPI'u'U30ll BE':",ieEN 1'1l~OI\E'l'IC1,L f:OD~l. l<ESU~'l'S AND FIELD 01\TII FO~ All\CAAF'l' !lOISE 

G. Cerratv, G. Eli4 

::OOOLC U~O l\coustlc41 Englr.eerlng ~nd Cc.nsul t6nt&, 

')U, C.so VIttor io E.m4nuole • 10121 TORINO (ITM.V) 

INTnOOUCTlON 

:'rom a iJ&Mr41 polr.t of view, t he acoustical ~t of an ail'J)o)rt on Its surrvur.dlr.gs 

•t.cul.:l bo ovaluate<l with respect to two tt.aln fact<>rs, n,....,ly lar.clln,) Md toko ->ff 

.;perati.;ns ond airerott engine run· up tests on the ground. 

rhos• probl ems 41'0 to te Investigated according to two dlffbront thecretlcol 

opproa.::he3, sin.;e in tna f o:rrner cesa tho .sources c:<Or~sidared aro rnovebla and hi ghi:'r thar, 

the receiver ond In t ho l atter one they are steady on the ground. As for l Mdir,gs Md 

t6l<e .;ffs, iMIIY co;"''uta r naodels have boon dovel oped In order t o define contour levels in 

t6rns vf suet. quantities os the Day··Nioht Leva! or tha Noi se Exposure Forecast. The ;oalr. 

prc.blu.~ is t-> cho<>So the more •ulto.ble model and to eolibrate It so as to obtain a g.:>Gd 

appro~lmation of the actual situation. 

For tha eng!no run·up tes t s on the ground, t he nu.T.ber of e~-perlrnontal data is ~moller 

so:; thAt a computer program WllS developed on the basi s of noist: levels wo m,e;tt.sured . 

EVM.UII'!'lO.'l 0~ troiS!: L£.\'£~ DUE TO 1\I l\CIW'T 'flliJ'FlC 

tvnor.V~ 811 tho av~ i lnblo computer m.xto l.s wo have chvson the Ir.togrcte.d Noise l1odol, 

dcvolo>Fed in 1?78 by tho FeJerol J,viation J\dnunlstrotlon on tho besis of noise dato 

~o>l le~t.;d by Bolt, BorMok and Newmor.r, ( l,l) n,nd 110 have applied It to the Naples alrp.:.r< 

vf Cay.XH.:hir~o. l·le hove also ca.rried ..,ut noise meosure.rr.tmts ot 26 l ocotior,s, most .:>f the.1 

at 1. 5 m abvve oround """"' ott.er at 15 tt., clurlno a peri.:..:! of n11nal weeks. For Gac~. 

aacr6ft considered tho JH:l was then calibrated accordln9 to field data. Tho e>o-per!Jr.er.tal 

vot uo• fit to><! fairly woll t he theorotlcol ones f or thr<>s~<old points (~orrespondir,q t< 

locat!.-r.s c '<Or. l, 7 , :11. ~~, 25 . 7.6 l n t abl a l), not for l ocat io>n.s latoral to th< 
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runways (points a, 9, 10, 11 in tabla 1, .::orrespon~lng to measurir.~ posi tions at ab<.ut 15 

m ab<.ve ground). In order to ir.prove tho approxlr..etlon one s hould olther com>Ute tho 

-&xcess atter.uotion !II.S a (unction of t.ho 11sourco·t·eceivar system" geometry or, which iJ M 

&asler way, ~.oditv tho value of some parameters. Flg. 1 an~ 2 respectively show tho LoN 

contour Jeveh due to 5 landings of a Booing 737 ond 5 landings of a He~nnel Oouglos DC 

?, with a rovoue thrust of 7500 lbs/enq ar.d wnr. a reverse thrust of 15000 lbs/eng. 

Fr.:>rr. Tabla 2 one can see the de~reo of a)>pro:.L"r.atl.:>r. which hu been achieved at 

critical locations by reputing the proceduu descrl..bad above !or oil Hoe rele\'ant 

;:.arar.eters and for 411 types of aircraft conddued< l). 

d 
/#;; 
~ Ji~~/ 

{~y 

flO. 1 C.:>ntmn· levoll for S lor.dlr.gs of a D737 an~ f<-r 5 landJr,qs of a DC? with reverse 

n . .-.st • 75()) lbs/er.g 

!'03l'rJON 1 5 7 s ~ 10 1: 21 2·1 2$ :r, 

L::l~J :r.4asured so.~ 56.2 53.5 56.3 4~.1 45.7 41.2 1'>6.3 (,~.1 55.') 55.') 

~0:1 theoreticol GJ .O 50.0 50.0 J').O 37.0 33.0 29.0 (,$.0 ()2 .0 w.o ss.o 

":'AI:olo 

rosrr:oN a ') 10 11 

:.CN ji,c;asurG:d %.3 4').1 ~5.7 -~l. '2 

~en t~uor6tical ss.o 4?.0 ·15.0 n.o 

T~l6 2 
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I'IC. 2 Co>nt~ur lavols for 5 lw;dir.~s of o 0737 and of a OC9, roverse 'thrust • 15000 

lbs/cng 

::!'IIJ.UATIOX OF NOISE LEVZW DU~ TO Eo\'OINE RUN·UP Te:;TS 011 GROUND 

:1oiso rr..cc..survr.cnts: hove boen mudo Al dlfforer,t distances o.nd alono different axes, 

during eng1r.e te.sts of two types of military olr.;roft, a )Ct Mid. a. propoller, on o surm~r 

cloy (wlr.d velocity loss thon 2 ms ') . ~'ho micror.hones woro lo~oted ot l. f." m ebove ground, 

dong four axes (0 ', ·15 ' , ')0', 1)5 • with res~e.:t to the tho front o f tho aircraft), from 

:'.5 up to JOO m Cr¢m tho center of the oireraft . An oxa..-nple of tho <a>:co.rs attenuation 

values u.easured b shown In fig. 3. 

The rcsaarch program we are working on Is concerned with the development of a 

thcoro tical i!IO<Iel to prodlct t~o propagation of sourod ;;avas during engine test's: 'l'he 

orucnt study elms to doflne the sot of paroroeters necessary to spocify tha noho 

characteristics of tho source end to soloct tho most suitable sot of equations t o 

doscrlbe tho sound propagation over a finite l.rnpedence terre1n. As for n,e first object 

of the research , the field deta ellow to describe the noise source as a sot of el.,..ntary 

$ources, ucn one doflneo oy 1ts gecmetrlcal position, its &0111\d power level o.nd 

,1h·ect1vlty. 7ho sound po,;er level and the directivity are co~uted on the basis of tho 

lovols measured 50 • aoo m f rom tho ~·rcreft, boina difficult to corry out measurements 

lr. the "r.elll' field" end, 3S oth~r nuthou have outlined( 4 ), lovels moosured at .shortor 

d!stnnccs also effected by the soil surface. 

:'Jecvr.Jly, our roaeo.r-:h program is concerned with co~utinQ tho excess a.tton\lati.:.n of 

sound waves as e function of both the resistivity of the terrain and tho "source 

receiver syst•m" qe01110try, I 5 ' 5 ) 
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·I!>J .: ..... 2oo., 

t2~ z'o 60<'1 c" 2r< ~.c 'Hi 
,. l'S~ 50~ i ll.. 2.: ,&,.-: Mz 

fJC . l (a ) Jet typo · engine speed 100\: attenuation alor,g dlfferor.t axos. 

(b) Pr~pellor typo ·engine sp .. ed take·of!: attenuation along differ~nt axes , 

(.:) Jet typo • engine speed 100'• • d!rectlor. 'JO 
0

• 

(d) Prvp6llor typo or.glna speed take·off · dlr•ctlon 90' 
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As e a r ly as 1963 the Comml ttee on the problem o f llol se (l ) f ound 
that. the noise from vehicles would have to be reduced to about 80 dB(A) 
for the noisc to be .Judgod to h<' on the bnrcler bctwPcn acceptabl e and 
n<>lsy . A Slll'V<'Y coutluctc<l in 1960 f ount! Lhnt 12 pc1•ccn t of t hc a<lu l I 

populati on o f Gr••n t 111'1 tnln wor e bothorcd ut home by the no i se o f l or'ri• 
using tho r or,d <)Utsi de (2) . The some survey showed Lhat vehicle no i se 
heard Indoors ·~us ut l t>ast os lmpor' tanL 11 caust! o f nuisan~e as noise 
heard out of doors . 1 

Tn 1980 the Armitage I nqui r y i n to lorri es , poople 11nd the environ
men t (3) f ouna thal, after sa fety and gc:ncr•al i n trusion , no ise was the 
most impor tan t aspect of nuisance fr•om lorries . It was suggested tha t 
lClrry noise had increased by 6 t o 8 dll(A ) o ver 20 years a nd tha t the 
noisiest lorri es the n in service (built before 197U ) had noise levels of 
up to 96 dB(/\). 

THE TRRL QU I ET HE/IVY VEHICLE (QHV) 

In 1971 the TRRL l aunch e d lts quiet heavy vehicle (Q HV) proj ect ( 4: 
The principa l. object ive of \.he p r o j ec t was to produce 2 d emonstration ff 
ror-tic ul<oted vehic l e trnctors . 'rho i rnp liod noi se limits lor t h e major 
component s (all at 7 . :> m) were engin e (including gearbox) 77 dB( /\), 
cooling syst em 69 dO(A) , o ir In take ti9 dB(/\), exh~ust 6g dB( A). An 
atlditi onul low fr~qunncy limit of 90 dU( C) wns o l so set lor the exhousL . 
Rnsc:arch pr·o t o typcs of the so ?. vdr l c .los we r'c built by Ley land Vehicl"s 
:mel Fn <l•·n/R<>I 1 u Jl,.y,.,. r<>:<P<•c l. l vo I y , nntl AChlc vucl tll'i vc-by noise l <>vc1s 
o f 79.5 dti(A) nnot A:J.f> dO( A). II demonst.r.,t.l<)n trnetol' l.hen was bui l t b) 
Fo<1en/Jlolls Jlnycc (!> ). 11116 was powered by an RR Eagl e 3?.0 Engine r·atl' < 
nt 238 kW and wos built t.o production standDI'ds. It achieved a drive- b) 
noise level o f 81.'/ dO(A) . Subjective l y , the QHV sounds smooth a nd non· 
aggress i ve . 

The noise f rom the engine was r e duced by turbocharging and 
rt!dueing the rattd speed f r om 2100 r e v/min t o 1950 rcv/min , and t he 
engine cooling syste m and gearbox wo re surrounded by a tunne l encl os ure 
(Pi gure l ) . A large e xhaust silencer was f itted. The e Cfect o f var.iou> 
dcgr·ees o f cnclo.n"'" • ond of Lhe c ooling f un, ()II the drive- by noise Is 
shown i n Table 1. 
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