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INTRODUCTION

Trhe A-7 aircraft, powered by one Allison TV I I A I enlgine.. is a single-seat tactical fighter of outustao'ii g
target kill capacity. The airfract is manufactured by %'ought Systems D~ivision of' LTV Aerobpact,
Corporation and code named the Corsair 11. Trhe AF32A-19 noise suppressor is manufactured by Koppers
Environmental Elements Corporation. The AI"82A :,'I noise suppressor is made by the E.C. Ile~oung
Company. Both suppressors were designed to pro,,ide noise level reduction for all A-7 aircraft durinig
ground runup operations.

This volume provides measured and extrapolated data defining bioacoustic environments produced by
this aircraft during ground runup operntions in the A:3~2A-19 and AF32A-24 noise suppressors. Such
data are essential to evaluate ear protection requirements, limiting personnel exposure times, voicc
communication capatbilities, and annoyance problems associated with ground runups of the A-7 aircraft.

This volume is one of a series publishe-d bN the Aerospace Medical Research Laboratory (AMRL) under
the same report number (AMR L-TR-7.---tfl as at multi-volume handbook that quantifies the noise
environments produced at flight ground (crew locationis and in surrounding communities by operations of
Air Force aircraft and ground support eq uipment. The far-field, comminunity-type noise data in the
handbook describe the noise product-d during grondn (pvrutionis of aircraft, ground support equipment.
and other ground-based equipment or flacilitie..

Volume I of this handbook discusses flit, object lvi's aind detsign oif the handbook, the types of data
presented, measurement procedures, instrumientation. data processing, definitions of quantities, symbols.
equations, applications, limitations. tc. Volumet 2 provides a method and data for adjusting the
handbook's far-field noise data, which are for standardf int-tforological conditions (15'C temperature, 7W
i-el humidity, 0.760 meters Hg barometric pressurel, it dlerive comparable data for other meteorologi-ai
coinditioins. Refe'r to Volues I rand 2 (referen-es I aiid 2) such information because it is not repeated in
other handbook volumes.

A cumnulative index lists those aerost,;ice sx trii- ilart-l i the' liodbook, and identifies the p'i
volumes c-ontaining each tvpt' of vnvi,oiinant,il ius- daita availale (ie., inflight flight crew ;11-
pa sse'nger noniset' near-field grounrd -rew ist-. tar tie-ld coinu init y noise). Vol ume n umb ers are assignc
st'iut'ntiall v as individual vol umi's - ri puliisfi i-I This index is periodii'allY updated as individw,.
vul's11. art- published and is availale ipon reqiuest troor AMI. BHHE Wright-P~attersotn AF-B. ()I1
1-7033 Organizations oin the distrihiutioin list 1,)r tht- hmndbook wVill automiatically receive n coipy ofcit

oiluted index.

D irect any questions concerninig the technic-al data in this report and o~ther handbook volumets to

AMRL, BHE, Wright-Patterson AFB, 0HI 711 Al 'IN)V( N 7_1 .-qj75 or 78-,53664; C'ommercial ~ i2.".-
367-5 or 1.513) 2 5 37664,

I IC,dlv, John N_. US-AF Biut',ii ir,'ui,,-,fn A"I"- Iiat,, II,,,,,,i,b / *,u'a'I hamza'oion. C'ontet'i apid Appliuirion
AMUT I-t-I'l7,-i . At'rspattt- Meictal Rest,rchLt, utr Wriglii I'aiir Air Fotr, Baise, Oh)lio. ,.

Co-, tJotlt N I USA1F Ii,,tn i,, 'u 'a Xo/ q's'I , l l , io, - Protedur,- to Ev0ala- ffet--s ,,/ Nw
-,tndr, Mct--n h'git-al (',iiidiriri ''?I-i Fa il Ai, A-MRI. I _,M.~2,. AMRI.. WPAIFB, 0HI.17:



NEAR-FIELD NOISE

MEASUREMENTS
AMRL acquired near-field noise data on the AF32A-24 noise suppressor system during ground runup
operations of the A-7 aircraft. For these tests the aircraft was located in the AF32A-24 noise supporessor
at McEntire ANG Base, South Carolina with no significant reflecting surfaces in the vicinity except the
ground plane. Table 1 gives the surface meteorological conditions and the four engine power conditions.
The ground-crew chief selected power conditions and near-field locations generally used during routine
maintenance or engine runup for preflight checks.

At each near-field location a test engineer randomly moved a hand-held microphone in and around each
location, probing all areas where a crew member's head would normally be located. He recorded all the
noise samples on magnetic tape. During analysis of each sample, he determined the one-third octave
band root-mean-square sound pressure using a 4-second integration time to derive a power-averaged level
for each location. Figure 1 shows the four near-field locations where ground crew are usually located for
maintenance and/or preflight checkout operations. Estimates of noise levels at other locations are
difficult in the near-field since the noise source is spatially distributed, i.e., not a point source. The noise "
levels at near-field locations can vary widely depending upon relative distances from each noise source
(intake noise, exhaust noise, panel resonances, internal engine noise through the engine wall, etc.).

Table I lists the numeric/alphabetic designators used on the data pages in this report to identify the
measurement locations and test conditions. For example, the designator I/A means ground crew location
I and test condition A.

RESULTS
The measured data presented in Table 2 define the sound pressure levels (SPL) produced by the A-7
aircraft in the AF32A-24 suppressor at the four ground crew locations. This table includes the overall. 1 :1
octave band, and octave band levels. From these data one can calculate the variety of measures given in
Table :3, which are widely used to assess the effects of noise on personnel and their performance.

I
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TABLE 1

MEASUREMENT LOCATIONS AND TEST CONDITIONS
FOR NEAR-FIELD NOISE MEASUREMENTS

A-7 Aircraft in the AF32A-24 Noise Suppressor
Ground Runup, Test #77.833

Ground Crew Location

I Control Cab

2 Trim Check Adjustment Position

3 Leak Check Position

4 Fire Marshal Position

Aircraft Engine Operation

A Idle Power (54.4% RPM)

B 70,%

C 85.6% RPM

I) Military Power (97.7% RPM)

Meteorology

Temperature 22.2 C
Bar Pressure .757 M Hg
Rel Humidity 35 I
Wind - Speed 2 M SEC (4 KTS)

- Direction 130 I)eg

0V

Figure 1. Near-Field Measurement Locations
AF32A-24 Noise Suppressor
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FAR-FIELD NOISE

MEASUREMENTS
.\MRL acquired far-field data during a 1-2 hours test period for each suppressor, thus keeping ,irA
meteoroh)gical conditions for the duration of each test. Figure 2 shows the ground runup pad. gr
(over, aircraft orientation and the 19 microphone measurement sites on a semicircle for the A-7 z,r, r
in the AF32A-19 noise suppressor at Rickenbacker ANG, Ohio. Figure 3 shows this same informa i,
the A-7 aircraft in the AF32A-24 noise suppressor at McEntire ANG Base, South Carolina. The cn',
ihe 100 meter radius semicircle used in surveying both of these suppressors was on the ground dire,
below the center of the exhaust stack.

Tables 4 and 5 provide cockpit readouts of engine characteristics (% RPM, fuel flow, etc.) for each p,-.
setting used in these far-field tests. Also listed in these tables are the surface meteorological conditi,
during data acquisition.

.\ll microphone measurement sites are in the acoustic far-field of their source where the sound %av'tlr,
-pherically diverge and the noise source may be regarded as a point source.

A portable microphone tape-recorder system was used to sequentially record the noise at each aii i;,r
iocation. The microphone was attached to a hand held pole, pointed at the source (0' angle of icid(n ,
;xid vertically scanned from 0.5 to 3 meters for a period of 5-10 seconds during data acquisition Iit

microphone location. These samples were then time-integrated to derive a root-mean-square ,,t.
pressure level. Vertical scanning and time-integrating together reduce anomalies frequently pres,, ,
data acquired by a fixed height microphone.

RESULTS
T able 6 lists the overall and 1 3 octave band SPL measured at the far-field locati ons it:,
meteorological conditions at the time of the test. Data in all other figures and tables are based a, 'iV

%' t+s. These data were normalized to 100 meters ditance and standard meteorological conditiom (.
,nperature. 70";, relative humidity, 0.760 meter Hg barometric pressure) and used to derive III- gnij

.i,iti in Figure 4 which provides a compact summary of the far-field noise characteristics ot 0,(
iricraft operating in the AF32A-19 and AF32A-24 noise suppressors in a standard format.

6



E~stimte.,t' (If the notise' levels for illtern'ediateC ptWt'r settings o'.g.- 9it) RI'.1 iiui or dll ri
litgiittS Operai'~ting (t'.g., single enlginet call be dletermnditi s explained tin \tlunit I of tis ki;tii-

Flgui'es -) throughl ItI are sets ofI equal noise cotntours des(Tihi rig SCVCen difft-it'ot lI1CIt~Sur'- -'H
Ii Ott tol otf, angle andI distance from li T start for statl(itif , iv tntttrtltg\. Tll,\Y ait' p-

"\tiill1 sound pressure level, (-weviglitti Sod ltvtI1, A weighted soilid level, perce'ive'd ft~ *

ilt ftelte level, perm issibl he x pOs ure t i 01 vs ftor pel-Si ii neInt ot1)d OIV.I ht l Stund preSSr- l-r I-

D atia excessively intflulencted hY spurious biac kgro und elect rt tliv n01ise were eli 01 nateid fitm in 1i I I

Mnid t aies. Not data were acquired at the 170 and 180) locations for thle AF32A-24 supprtcs-'I-
interferenceT Of al Wooded alrea. Values for these locaitions were extra polated front the data at I-indl
160( at each potwer setting.

Test persoinnel performed notise surve s during quiet periods wh-len the background noise )av ill nimr

e.g.. earl , inl the motrning wherlno oiithe'r aircraift or engine test stands~i were ioperating. Da~ta chirjott
bec'iause thev were, near thet backgrotund electronic noise weire genevrally not significant bhecalt. tli.

wecre sit low.

Votluime 2 ttf' ih handbtttk describles the influence ttf mneteotroltgy ttn far-field ntoise etl'irttititit nl ii:z

prt t ides. if' reqired, tilt' tact t rs necessarY t t adjust the h1aniidbotk's standard met eo roItogi cal d i% difti

30 150

E ZICONCRETF
60 120SHORT GR45'

S LONG GRASS
E~ASPHALT

Figure 2. Itriir e(d Meaisuremeint Loa)it ions fotr the
AF32A- 19) Suppresstor tit Hickenhueker AN(G. Ohio
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TABLE 4

TEST CONDITIONS
FOR FAR-FIEII) NOISE MEASUREMENTS

A-7 Aircraft in the AF32A-19 Noise Suppressor
Rickenbacker ANG Base, Ohio

Aircraft Engine Operation

Idle Power Single Engine
55 % RPM

70i RPM Runup Single Engine
70 % RPM

85: RPM Runup Single Engine
85 % RPM

Military Power Single Engine
96 % RPM

Meteorology

Temperature 28.9 C
Bar Pressure .766 M lig
Rel Humidity 28 1
Wind - Speed Calm

- Direction Calm

15



'rABIF 5

TEST ('()NI)ITI()NS
F'O R PAR-FIEII) NOISE MEASUREMENTS

A- 7 Aircraft in the AF32A-24 Noise Suppressor
McEntire ANG Base, South Carolina

Aircraft Engine )peraton

Ihdle ower Single Engine
54.5 1 RPM
• 13,14 C. Exhaust Gas Temperature

1000 ,BS IIR Fuel Flow

7 RINI Runup Single Engine
70,0 ': RPM :

4 I (; C EC'
I 111 IBS 11R, FF

',. RPI Runup Single Engine
S5.'": RPM
.100( C, E(IT

;37xt I.BS fiR, FF

Military P'ower Single Engine
97.7 u RPM
572 C. EGT
w904) LBS liR. FF

['cnpraturc 22 2
Bar I'rvssur 77 i g
RII lhmiditv .5
Wind - Specd 2 NI SEt (. K'IS)

I)irection 1:10O Deg

16=
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