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SQUND EXPOSURE LEVEL VERSUS DISTANCE CURVES
FOR CIVIL AIRCRAFT
I. INTRODUCTION

This report provides sound exposure level (SEL) data fbr elvil

gireraft in a form useful for day/nighl average level (LdnJ

calculations. The SEL data are presented in tabular form in
thls report; the report also briefly summarizes the data scurces
and technical analyses used in developing the nolse data.

. Nolse data are included for z2ll major current eivil transport

and business Jet alreraft and for most general aviation alperaft.
Data are alsc provided for possible fetrofit of low bypass ratilo
(LBPR) turbofan aircraft with acoustically lined nacelles. As

in the companien report which presents effective perceived noise
level versus distance curves for civil aircraft!’#, the correlation
of noise level data with alreraft operatilans (in terms of air-
eraft speed and engine operating parameters) varies in detall-~
from specific curves for different cngine parameters and speeds

for ﬁajor oivil transport alrecraft, to generalized noise curves

for rather broad categories of propeller alrcraft.

Seetion II presents the noise data. Section III describes the
source of nolse data, outlines analysis methods, and discusses
gome of the technical problems involved in developing the neoise

curves.

#References are listed together at the end of the report.
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II. NOISE DATA PRESENTATION

The day/night average level (L, ) procedures for caleulating
the noise environment in the vicinity of an airport!?
utilize the SEL as a basic noise event descriptor for moving
alreraft®, In the procedures, nolse information is needed
at Varying distances from the aireraft. Thus the general
input requirement 1s for a set of SEL values tabulated at
various distances, typically from 200 ft. to 25,000 ft. or
greater, The Ldn model assumes that, for a given aircraft,
an SEL can be defined from the knowledge of the type of
alreraft, basic engine operating parameters, air speed and
atmospheric propagation conditions. Twa sets of nolse vs.
distance curves are used: '

~a) air-to-ground propagation;
b} ground-to-ground prepagation.

In the program, algorithms are provided for the transition

" petween air-to-ground and ground-to-ground curves. The air-

to-ground propagation curves assume atmospheric absorption in

accordance with SAE ARP 866 . The ground-to-ground propagation

curves assume similar atmespheric absorption plus excess
ground attenuation’.

The noise level vs. distance curves data given in this report

are developed for standard day conditions (59°F and 70% relative
humidity.) Data provided for these conditions generally provide

#The E . calculation procedures follow closely those for
calculating nolse exposure forecast (NEF) contours as
described in References 1 and 2.

RPEUEER R R L
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rather conservative estimates of ndise levels for the range
of temperatures and humidity often encountered in civil
alrports in this country.

Noise data for both alr-to-ground and ground-to-ground pro-

pagation are presented in tabular form 1n Table ITI, Table I
provides a guide to a selection of noise information for both
general alrcraft classifications and specific alreraft types.

For the turbojet and turbofan aircraft, nolse curves are
referenced in terms of an aireraft engine operatlng parameter,
typlcally referred net thrust. .The thrust. values to use for
a particular takeoff or landing profile, taking lnto account
specific operating procedures, operating welghts, alr speeds,

‘flap settings, ete., can be determined from the calculation

procedure and aireraft data provided in Reference 4.

For most aireraft included in this report, nolse data are
tabulated for typleal takeoff and approach. thrust settlings.
Howaver, for the two, three and four engine low bypass ratio

‘turboflan transport aircraft, a more complete set of curves is

provided. For these aircraft typical approach and takeoff
curves are also indilcated for use when more detalled information
about specific engine operating parameters 1s not known.

In utilizing the data in Ldn computations, an additional cor-

‘rection 1s to be applied to the noise data. The SEL values

are to be adjusted for alrcraft altitude on the basis of an

~acoustiec impedance correction, A :

pC

o E e
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T
4 = 10 log —£% = 10 ]_og(p_) A
e T Po® Po T

where:

= alr density at aircraft altitude
speed of sound at aircraft altitude
= absolute temperature at alreraft altitude

g 0 D
H

Inc,

and subscript "o!" refers to sea level standard day unless

otherwise specified.

AreTabiated s
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i él INDEY TO AIRGRAPT SEL VERSUS DISTANCE CURVES 'r
1 R i
Nanaral Alperaft Type Speaifis Mprornft Tupe Alpspnft Eneins Type Refar tn 'I'ublla ,,
4=Engine LAPA Turbefan Tranapart Baeing 707 Seplen JT3D Serles IIal
]-’ﬁ Douglas DC-8 Series JT3D Sartes r
e - ueEngine LBPR Tuphofan Transpart Hoeing 707 Serieys JT3D Seples ii-2 i
' with Retrolit Hacelles Douglus DC-B Seriea JT3D Series
f 3 m ' 31-Engine LBPR Turborfan Tranaport Boning 727 Serias Jrép s 1.3
l"_ﬁ 3i=Engine LBPR Turbefan Tranapart Boeing 727 gderies JTAD Serles II-4
i : with Retroflit lncelles ’ 1'
ey 2-Engine LBPA Turbofan Transpart  Besing 737 JTSD Seplas 11-5
ey Deuglas RBC-9 JTED Series it
; = 2etnging LBPFR Turbulan Trandposk Doslng 737 JTED Surise " 1I-6 i
y with Retroflt Hacelles Douglas Ri=3 J78D Serles . . i
: 1
L] 4=Epgine HBPR Tranaport Baning T47-1404 JT9D=3A IT-7 ‘
'\‘ﬂ’ Boaing T47«100D,=-200B JTD=3A,=T h
J-Engine HBPR Transport Douglaa RE-10-10,-38 CF6-6D 1.4 . ;‘f
. Douglas DC-10=40 JTg90=20
) W Susiness Jeta Cessna Cltatisn {2) JT160-1 Turbefana IT-9 3
4 VR Cammodore Jet {2) CJEL+5 Turboleta " ‘ i
! © Commandep 1121 ,'
Dassault Fan Jet {2} CF700-2 Turbafana " 3
Falcon 20 . . g?
Qates Learjet 2425 {2) CJ61La6 Turbojets 1110 3
. i
i gaces Lespjet 35/36 {2) TFETII~2 Turbolfans i o
;'j' Orumman dulfatream LI {2) Spay 511-8 Tupbajets . Ii-1:
& Lackheed Jetatar 1 {4) JT 123-6A Turbcieta "
Hopth Amepican Sabrs 80 (2} €J700-20=2 Turbofana L
Horth Amepican Zabpe 50 (2} JT 1248 Turbojets II-12
K Compoatta Alreralt Hage 1 "
. . i
4=Engine Turbeprop Tranapert Lockheed Hargules Alllsen T56=19 Series 1T-13
382E, 3822, CrioH
Lockheed Elegtra, Hepcules Alllaon THA-T7 & eariler "
B I=Zngine Turbeprsp Transpont Falrchild F=27, HS=748 Rolls Royce Dapt Series TI-14
3 DeHaviliend DHC-6 TWwin Qtter PTG Serles "
: 4=Engine Platon Transport pe-&, PC=7, Constellation A I-18
’4 2=Engine Pilsten Transport Convalr 340, 440, DC-3 "
3 ?. {212,500 1bs nax, grosa welght) |
2-Zngine Piston Alpcraflt Cessna 310, Ceasrna 337, 11416 i
{e12,500 1bs max. gross welght) Fipar Aztsc, Been_h Queen Atlr
. 1-Engine Piston Alrcraft Cesana 18z Note 2 " B
L remgosite - Piper Cherokee

Hote 2 - The compoaite single engine alreraft nssume 30% i
operaticna of aireralft having engines of less than U0 HP +
gng IEHD’: spepationsa of alpcraft having engines of 200 %o w
Q f I

Hots 1 = The composite bBuainesa jet nolse Ly based upon the
notse characteristies of three types of huslness jet enginea
(stpatght turbojets, turbcfans snd amall turbofans [Cesina
ctrationl), The zomposite chappgteristies assume a racie

i
.

Y aow oT srapations of 70% turbojet, 164 larger turborans and L4% ‘
i, smallar turbafans, :
1l rerk '
{ : i
: ! ;
T .

- :

vy -
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TABLE TI-1
PABULATION QF SEL VALUES FOR DIFFERENT AIRCRAMT
Adreraft; Four Engine LEPR Tuprhofan Transpert Alreraft - 707 & DC-8

with JUI'3D Serles Enginea
(Note: Subtpact 2 dB foy DC-8~63 Alreraft)

Operation: Approaeh : ' Taknoftt

Alrapead: 160 Ku 160 Xt 160 Kt . ' 160 Kt 160 Kt 160 Kt
Power: Fn '= 4000 lbs Fn » 6000 s F'n = 8000 1bs Fn = 10000 1lbs Fn = 12000 1bs Fn = 15000 1lbs
SEL, dB 38L, ' dB SEL, dB SEL, df SEL, dB SEL, df

Qround Ground ' {iround . Ground dround Ground

Distance, AMr to to Alpr to to Alr tao to Alr Lo o My to ts Ar to te
; ft. round Qround  Oround Ground Qdround @Oround Opround  Ground Ground Opound Greund  (Fround
200 111.0 106.0  113.0 108.,0 115.0 110,06 117.0 112.0 119.0 14,0 121.0 116.0

250 109.6 1400,6 111,6 106.6 113.6 108,6 115.6 110.6 117.6 112,6 119,6 114.6

315 108,1 103.1 110.1 105.1 112.1 107.1 11,1 109.1 116,1 111.1 118.1 113.1

oo 106.9 101.5 108.5 143.5 110,5 105.5 112.5 107.5 .114.% 109.5 116.5 111.5

500 104.8 99,8 106,9 101.9 108.9 103.9 111.0 106.0 113.0 . 1l08.0- 115.0 110.0

630 102.9 97.49 145.2 100.2 107.3 102,13 109,3 104,3 111.3 106.3 113.3 108.3

8oo 101.0 56.0 103.2 98.2 105.5 100.5 107.6 102.6 109.6 04,6 111.58 106.8

1000 99.0 Th.0 101.5 96.5 . 104.0 99,0 106,0 101.0 108.0 103.0 110.0 104.9

1250 96.7 9L.7 99,3 94,3 102.0 97,0  104,1 85,1  106,2 01,1 108.2 103.0

c‘;\ 1600 g4.1 89,1 97.0 92,0 99.8 gh,8 102,0 96.9  104.1- 98,9  106.2 100,8
i 2000 91.5 B6. b 9h.5 B9.4 97.8 92.4  100.0 94,8 102.0 96,7  10h.5 98.9
2500 89.0 83.8 92,0 86.3 95.0 89.7 7.5 92,0 99.9 9.3 102.6 96.6

3150 86,3 80,8 89.1 83.6 92,3 86.6 95,0 Bg,1 97.3 91,2  100.6 al.l

hooo 83.5 77.5 86.5 80.5 89.5 B3.3 . 92.5 86.0, 95.0 48.3 98,5 9l1.1

5000 80.6 73.8 83.6 76.8 86.7 79.6 8,5 2.2 92.1 a4.8 96,2 BT, 1

6300 77.6 69.8 0.6 72.8 B83.7 75,6 86.7 78,3 89.7 81.0 93,6 83.0

8000 T4 65,4 7T.3 68,3 80.5 71.2 B3.4 73.8 86.8 76.9 96,8 79.6

10000 71.5 61.3 74.5 64.3 77.5 £7.0 B80.5 69.7 a4, o 12,9 B8.0 75.6
12500 68.3 56.9 71.5 60,1 74.48 62.6 7.3 659.1 81.0 GB.4 85.2 71.5.
16000 65.0 52,1 63,0 55,1 71.0 57.6 4.0 60.1 77.5 63.0 8z2.0 66,6
enooaQ 61.7 7.0 64,8 50,1 67.8 52.4 70.6 54,5 7h.3 57.6 79.0 61.7
25000 58,5 1.8 61.5 4.8 64.5 b7.0 67.5 hg,3 71.5 §2,5 76.0 56.5

RS P I
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TARULATTION OF SFL VALUES FOR BTFFERENT ATRCRAR
A rt: Four Engine LBPR Turboefan Tranzport Aiperat't - 707 & DC-8
reraft: . with JPID Seples Englnes with Retpofit Lined Haocelles
Operation: Approach . . Takeolf
Alrapeed; 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt
Power: Fn = H00G lbe Pn = 6000 1lbs Pn = 8000 1lbs Fn = 10000 1lbs Fn = 120400 lba Fry = 15040 1bs
3EL, dai SEL, dB SEL, dB - JEL, dA SEL, . dB SEL, dB
iround Ground Ground ] Ground Ground Graund
bDistonce AMr to to Mre to to AMr to to Alr to to Alr to to Ar to to
ft. Ground Jround Ground - (round. dround Ground dround Ground Ground Ground firound Ground
200 102.0 97.0 105.0 100,0 108.0 103.0 111.0 . 106.0 114.5 109.5 118.0 115.0
250 100.5 , 9§.5 103.5 98.5 106.7 101.7 109.8 104.8 113.2 118.2 116.9 111.9
315 99.0 9,0 102.,0 97.0 105.3 100.3 108.5 103.5 111.8 106.8 115.8 110.8
hoo 9.3 92.3 100.5 95.5 103.8 9i.8 107.0 102.0 110,3 105.3 114.5 109.5
500 95,8 40,8 49 .0 94,0 oz, & 97 105.4 100.8 108,49 103.9 113.2 108.2
630 9i,0 8g9.0 97.3 92.3 100.8 94.8 00,2 99,2 107.5% 102,14 112.0 106,95
800 92.2 87.1 95.6 9G,5 59.2 9h,1 102.5 97.4 105.9 100.7 110,4 165.2
1000 90,5 85.3 9h.0 84,8 97 .5 92.3 01,0 55,8 04,5 . 09.3 109.0 103.8
1250 88.5% 83.2 92.1 B6.B 5.7 90,4 99.2 93.9 02,7 97.4 107,.5 102.2
1600 86,4 B1,1 90.0 85,7 93.5 ga,2 ng.0 92.6 100.7 95.3 105,7 100,2
2000 84.5 79.0 88.0 82.5 91.5 85.9 85.0 89.3 99.0 93.3 104,0 98,3
2500 82 .4 16.6 Bu.0o 8o,z f9.4 83,6 3.0 87.1 97.0 91.1 102.0 96.0
3150 80.2 73.9 83.8 77.5 87.2 Bo.9 90.4 84,4 9,8 88,4 39.9 93.h
hooo 78.0 71,0 81.5 Th.5 85.0 17.0 87.5 80.4 92.5 85,3 97.5 90,2
5000 T5.7 67.7 79.1 .1 82,17 h.6 86,1 7.9 90.2 B1.8 95.4 B6.9
6300 73.2 63.9 76.6 67.5 80.2 70,48 83.8 7h.3 87.9 78.3 93.0 83.3
Booo 70.6 60,6 .0 GY,0 TT.5 67.4 Bl.0 70,8 85.3 75.0 90,5 40,1
10000 68.0 57.2 71.5 60,¢ 75.0 61,1 78.5 67.4 43,0 71.7 88,0 76.6
12500 65.0 53.0 68.6 56.6 T2.4 60,3 76,0 63.8 40.2 67.9 85,2 72.8
16000 61.6 na.2 65.0 51,6 69.2 55,7 73.0 59,k 77,1 63.4 B2.1 68.3
20000 58,3 h3.3 62,0 h1.0 66,2 41.0 0.1 4.8 Th.1 58,3 79.1 63.4
25000 EE.0 38,1 59.0 ha,1 63.0 5.9 67.0 hg.7 1.0 53.5 76, 58.3
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TABLE TI-3
TABULATION OF SEL VALUEYS FOR DEFFERENT ATHCRART
Mrpevalflt: Theee Englne LBIR Turboelan Alreraft - Y27
: wlth 2D Serles Enpglnes
Dperation; Approach Takeoll
Alrapead: 160 Kg 160 K 160 Kt 160 Kt 160 Kt
Powers I'n ® HOOOD 1bxu F'no= 6000 1w ' = HO00 1bs I’ = 104040 1by o= 12000 tbs
BEL, dB §EL, dB - 8EL, dn 8EL, uB SEL, dB
(Tround ayound T tiround around Ground
Mutance, Alr Lo to Alr to Lo AMr tao Le Mrpr Lo to Alr to to
1, Ground dround Ground Uroxnd trownd QAround dround  Grownd Oround QOronrd
200 104.0 0y.,0 107.0 102.0 110.0 105.0 113.5 108.5 117.0 112.0
250. 102.6 97.6 10%.6 100.6 1o8.5 . 103.5 112,2 107.2 116.0 111.0
315 - 101.1 96.1 104.0 90.40 7.0 102.0 110.8 105.8 114.8  109,8
Ao 99,5 ah .5 102.5 97.% 105.5  100.5 109,65 104,85 113.5 108.5
500 97.9 92.9 101.0 06,0 o, 2 99.2 g0 103.6 112.2 107.1
630 96.1 91.0 99,3 0.2 1z, 97.7 106.6  101.6 10,9 105,8
s00 94,2 bg .2 97.7 92.7 101.0 96,0 105,00 100,0 109.4 104.3
1000 92,4 B7.5 96,0 91.0 99.5 9,5 103.5 g8.4  lpd,0  102.9
1250 904 Zh. 4 93.9 B8.9 97 .6 92.4% 101.7 96.6 106,2 101.0
: 1600 Ba.0  H29 9.6  B6.5 95.5 . 90,3 g9.6  gh.6 1003 93.0
o 2000 - HE6.0 80,9 49.5 A 93,5 88,3 al,o 92.6 102.5 97.0
t 2500 §3.2 4.0 HY.0 1.4 g1.2 5.8 95.4 90,2 100, 7 gh, o
3150 #o,v 745.1 4.6 78.0 89.0 83.1 03.6 B7.5% 98,7 92,3
4000 7.4 71.4 g2.0 6.2 B6.5 #o,2 41,5 B, 7 96.% 89.3
5000 5.0 ad.h Ta.4 2.8 .o 76.4 89.1 1.2 04,1 5.6
6300 72,0 64 .4 76.8 6n.2 - -B1.4 73.0 86.7 77:5 21.7 81.7
4000 Ge,y GO & 73.4 65,3 8.1 69,4 di.0 73.8 49,1 7841
10000 G6.0 56.6 71.0 1.6 Th. 0 6.7 B1.5 10,3 86,8 .7
13500 63.0 52.3 64.0 657.3 73.0 Gl.4 78.5 65,9 83,8 70.3
16000 59,5 W, 2 64.5 2.2 69.% 56,3 YET 60.9 Bo. 4 6%.1
20000 T56.2 ha,2 oL.3  h7.3 b, L1, 2.0 55.7 7.3 %9.9
68,5 50,0 .0 R, 3

25000 %3.0 37.0 55.@ h2.0 3.0 .8
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TABRLE TL-4
PTABULATTON OF SEL VALUES FOR DIFPERENT ATRCRAFY
Mreralt: Mhree Englne LAPR Purborfan Adreraly - 727
with JTHD Serjes Englnes with Retroflt Lined Hacelles
Opeprationt Landing ' Takeall
Alropeed; 160 Kt. 160 Kt. 160 K, 160 Ke, 160 K.
Powern: Fn = 4000 lba. Fn = 6000 1lhs, Fn = 8000 lba. i'n o= 10000 lba. PFn o= 12000 1ba.
QEL, adi SBL, 4B SEL, dB SEL, A8 SEL, dB
Ground drround Ground tiraund ’ Uround
Distance, Alr to Lo Al Lo Lo Alr te Lo Alr to ta Alr te t.a
L Ground (ot fpound Oround Opound Ground Gpround Ground apound {round
200 98,5 93.5 102.0 |, 97.0 106.% 101.5 111.5  106.5 116,5 111.5
250 97.2 92.2 lo0.7 95.7 10%.2  100.2 11n.2  14s,2 116.3 110.3
315 95.8 90.8 59.3 94,3  103.8 98 .8 108,8 1013.8 114.2 109,22
oo 9I.5 89.5 98.0 93.0 102.5 57.5 107.5 102.5 113.0 108.0
500 93.1 8.1 96.8 91,8 101,2 96.2 106,3 101.3 "111.8 106.7
630 g1.8 B6.8 95.5% 90,5 100.0 95.0 105.0 100.0 110.% 105.4
fon 90 .4 85,4 94,2 B9.2 58.8 93.8 103.8 08,8 106.2 104.1
1000 Bg.0 43.9 93.0 87.% 97.5 92.5 102,5 9t.4 . 108.0 102.9
1250 87.3 B2.1 91.3 HG.1 95.8 g0.7 101.0 95.9 106.2 01,0
1600 85.3 fc.o0 89.7 B4 gl.2 89.0 99.5 a9l 3 104.3 59.0
2000 - 83.5 78.0 88.0 Ba2.5 92.5 87.3 98,0 92.6 102.5 g97.0
2500 81.1 5.4 85.7 Bo.0 - 90,3 Bh.9 95.8 90.2 100.7 94,9
3150 78,6 72.8 £3.3 17.0 B8.2 82.3 93.6 a7.5 98.7 92.3
Hlenli 76.0 69, 81.0 Th.q 86.0 T9. 7 91,5 ay, v 96.5 8g.3
5000 73.3  65.3 78.7 70,7 B3.7  76.5 8.1  81.2 94,1 , 85.6
6300 70,7 6.7 76.0 67.0 81,2 72.8 86.7 77.5 91.7 Bl.7
8000 67.8 57.8 73.1 3.1 78.5 60.2 8.0 73.8 B9.1 74.1
10000 65,0 53.8 70.5 59.3 76.0 65.7 81.5 70.3 86,5 74.1
12500 62,0 49,6 07.3 5H.9 73.0 6.4 78.5 65,9 83.7 70.2
16000 58.5 .5 64,0 50.0 69,5 56.2 79.2 60.9 ©80.4 65.1
20000 55.2 39.5 60,8 05,1 66.3 5.2 72.0 55.7 7.3 59.9
25000 52.0 3.3 7.5 39.8 63.0 45,8 68.5 50.0 4.0 Gh.3
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TABULATION OF SEL VALUES FOR DIFFEHENT ATRCRAFT

Alrcraft: Two Engine LBPR Purbofan Alveraft - 737 & DC-Y
with J18D Series Englnes
Opavation: Approach Takent
Alrspeed: - 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt
Power: Fn ® 4000 1bs Fn # 6000 1ha Fn = BODO lba 'n = 10000 1ba  Fn = 12000 1lbs
SEL, a3 SEL, di3 SiL, dB SEL, dBi SEL, dB
around Ground round Uround Ground
Distance, Alr to to Ar o to Alr to tao Alr to to Alr to to
re., dround draound dround Ground Ground @Groeund Qround {Qround fround Ground
200 102.0 97.0 105.0 100.0 108.0 103.0 111.5 110.5% 115,0 110.0
250, 100,6 95.6 103.6 98,6 106.5 101.5 110,2 109.2 11,0 109.0
14 99.1 99,1 102,0 97.0 105,0 100.0 108,8 103.8 112,8  107.8
400 97.5 92,5 100.5 95.5 103.5 98.5 107.5 102.5 111.5 106.5 ‘
500 95.9 90,9 99.0 9h.0 102.2 97,0 106.0 101.0 116.2 105.1
630 gl 1 89.0 97.3 . 92.2 100.7¢ 95,7 104.6 99,6 108.9 103.8
oo 92,2 87.2 95.1 0.7 a91.0 94.0 103.0 8.0 107 102.3
1000 50.5 B5.5 94,0 89.0 97.5 92.5 101.5% 96.4 106.0 100.9
1250 8a.4 83.4 91.9 86.9 95.4 50.5 99.7 94,6 104.2 99.0
1 1600 86.0 40,9 89,6 81,5 93,9 88,3 97.8 92.6 102.3 91.0
[ 2000 8.0 78,9 *87.5 ga.} 91.5 86,3 96.0 90,6 100.5 95.0
[ 2500 g1.2 76.0 85.0 79.8 89,2 83.8 93.8 48.2 98.7 92.9
1 3150 78,7 731 82,6 77.0 a7.0 81,1 91.6 85,5 96.7 90. 3
hoon 76.0 T go.n Th,a an,5 78.2 89.5 f2.7 9l .5 87.3
5000 73.0 66.4 174 70,8 B2.0 7h.8 a7.1 79.2 92,1 83.6
6300 70.0 62,4 7h.e 67.2 79. 4 71.0 an,7 75.% 89.7 19.%
8000 66.9 58,4 71,48 63,3 6.7 67,4 fi2.0 71.8 87.1 76.1
10000 64.0 54.6 69.0 59,6 Th.o 63.7 79.5 68.3 * BU.5 72.4
12500 61.0 . 50.3 66.0 55.3 Tl.0 9.4 16.5 63.9 81.8 68,3
16000 .87.5 I5,2 62,5 50,2 67,45 50,2 73.2 58.9 Th.% 63.1
20000 « 54,2 ho.2 59.3 hs, 3 64,3 ho.2 70.0 %3.7 759.3 57.9
ho.o 6.0 h3.8 66.5 hg.n 72.0 52.3

25000 51.0 3.0 56.0
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TABLE 1T-6
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TABULATTON OF SEL VALUES IFOR DIFFERENT ATRCRANT

Alrcraft: Three Engine LBPH Turbolan Alrerart - 737
with JPBD Serles Englnes with Jietrofit Lined lacelles

Oparatfan: Landing + Takeoll
Alrcneed: 160 K, . 160 Kt. 160 Ky, 16C Ku. 160 Kt
Power; Fn = 000 lbs. Fn = 6000 1bs. Fpn = 8000 lba, ¥ = 10000 1lbs, Fn = 12000 lbs,
SEL, aB SEL, dB SEL, dfi SEL, dB SEL, dd
Ground Ground Ground Ground (round
pistance, Aip to Lo My to to Mr to Lo Alr to to Alp to tao
ft. Ground Oround dyound Oround Ground Ground Ground (Qroupnd Oround Ground
200 96.5 91.5 100,40 95,0 10h.5 99.5 109.5 104,5 114.5 109.5
250 95.2 90.2 08,7 93.7 103.2 98,2 108,2 103.2 112.3  108.3
315 93.8 88.8 97.3 92.3 101.8 96,8 106.8 101.8 ll2.2 107.2
400 92.5 87.5% 96.0 91.0 100.5 95,5 105.5 100,5 . 111.6 106.0
500 91.1 B6.1 ol 8 89.8 99,2 gi,2 1003 99.3 109.8 10%.7
630 8.8 84,8 93.5 88.5 98.0 93.0 103.0 98,0 108.5 103.4
Boo g8.4 83.4 g2,2 "B7.2 96,8 91,48 101.8 6.8 107.2  1o2,1
i 1000 87.0 81.9 91.0 85.9 95,8 90.5 l00.% 5.4 106.0 100.9
= 1250 85.3 go.1 89.3 84,1 93.8 88.7 99.0 93.9 104.2 96.0
— 1600 - 83.3 78.0 87.7 B2.4 na.2 g7.0 97.% 92,3 102.3 97.0
I 2000 B1.5 76.0 86.0 8o0.5 00.5 85.3 56.0 90.6 100,56 95.0
2500 79.1 73.4 . B3,y 78.0 88.3 82.9 3.4 88.2 98.7 92.9
3150 76.6 70.3 81.3 75.40 86,2 80,3 91.6 85,7 96.7 40.3%
Jopo 74.0 67.0 79.0 72.0 8k.0 7.1 89.5 82.7 9.5 87.3
5000 11.3 63.3 76.7 68.7 81.7 74.8 87.1 79.2 92.1 B3.6
6300 68.7 59.7 Th,0 65.0 9.2 70,8 Bh,7 75.% 89.7 9.7
BooO 65.8 55,8 71.1 61.1 16.5 67.2 ga.o 71.8 ar.1 76.1
10000 63,0 51.8 68.5 57.3 4.0 63.7 79.5 68.3 ah, 5 72.1
12500 60.0 47.6 65.3 52.9 71.0 59. 1 76.5 63.9 8.7 68.2
16000 56,5 h2.5 62.0 48,0 67.5 5h,2 73.2 58.9 78.4 63.1
20000 53.2 37.5 58.8 3.1 6h, 3 9.2 0.0 53.7 75.3 57.9
25000 50.0 32.3 55.5 37.8 61,0 W38 66,5 n8,0 fa.a a2.3
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TABULATION O SEL VALUES FOR DIFPERENT ALRCHARY

Four Engine HBPR Turbolfan Transport Alreraflt

Mrporaflt: Boelng T47-100A Boeing 7H7-100A Booing T47-1000 Hoelng THT-100D

Blow=1n-Door RBlow=1n-lloor Flxed Lip Flxed Lip
Rucelles Hocelles Hacelles Nacelles
: 479D Engines JT9D Englney J19D Englnes JT9D Bnglnes
Operatlon: Takgof't® Approaeh . Takeol'r Approush
Alrspeed: 160 Kt 160 Kt 160 Kt 160 Kt
Povar: r:l = 3300 !.'1 m 3lpg l-ll = 3350 H = Phon
X SEL, dB “SEL, di SEL, dH SEL, di
Ground Ground Giround Ground
Diatance, Adr to Lo - Al Lo to My to to AMr Lo to
L. Qround Gground Ground Oround Oround Graund Oround Ground
ano 118.0  113.0 111.5 106.5% 115.0  110,0 106,565 L, 5.
. 250 117.6  112,0 110,3 105.3 114, 0 109.0 105.1 100.1
315 11%.8 110.8 109.0 104.0 112.8 107.8 103.5 58.5
lloo 114,%  109.5 107.5 102,58 111.5 106.5 102.0 a97.0
500 113.2  108.2 106.2 101.2 110.2 165,11 100, 4 66.4
630 111.9 106.9 104,7 99.1 109.0 103.9 98.9 93.8
+ -+ Bpo 110.3 10%.2 103.1 98,1 1n7.5 102.% g7.1 92,1
1000 109.0 :03.9 101.5% 96.4% . 106.0 100,8 95.5 0.4
._'_, 1250 107.4  102.2 09.9 gll.g 104.5 99,3 93.7 88.0
I 1600 105.31 100,0 8.0 93.0 103.0 9.5 91,6 86.4
] 2000 103,5 08.1 96,0 1.0 101.3 95.7 89.8 B4.5
2500 101, 7 96.0 93.7 88.5 99.6 93.6 87.9 Ba.h
3150 99.7 93.5 91.2 85.9 97.8 91.3 85. 79.9
4000 97.5 90,4 88.5 83,8 96.0 88.6 83.5 76.8
5000 95.0 86.7. 45.7 79.48 9.0 5.4 81.3 73.7
: 6300 92.2 82.6 82.6 , 176.1 91 B1.7 79.0 70,2
' Bono 89.4 78.9 5.5 72,2 fg.1 8.2 76.5 67.0
10000 87.0 5.3 76.5 6.1 87.9 75.0 7h.0 63.6.
12500 84,5 71.6 3.0 63.4 Bhi.5 7.2 71.2 59,6
16000 H1.5 67.0 69.9 57.9 81.% 66.7 68.1 55,2
20000 78.9 62.6 66,5 52.4 78.9 62.2 65.1 50.5
25000 76.0 57.7 63.5 7.1 76.0 67,1 62.0 5.5
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PABLE 1I1-8

TABULATION OF SEL VALUES WOR DIFFERENT AIRCRART

Alveraft: Three Englne HBPR Purbefan Transport Alrcraflt
nc-10-10 DC=-10-10 nc-10-10 nC-10=40 . bt-10-40
CP6 Series CF6 Series CF6 Series JT9D Series JT9D Series
Engines Engines Engines Englnen ' Englnes
(50° Rapa) (35° Flapsa)
Operation: Takeorf Apnproaoch Approach Takeoff Approach
Alrspeod: 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt
Power: Ny = 320 Nl » 2600 N:l = 2300 nl = 3350 Nl = 2100
SEL, db SEl., R SRI, AR SR, AR SRI., A
{dround Oround ' Ground Ground Opround
Distance, Alr to te Alr to to AMr to to Aly to to Alr to ta
i ft, Oround Oround Oround QOreund Oround. QOround Growund Ground Oround dround
200 109.0 10hi.0 105.5 100,56 102.,0 97.0 10,0 105.0 104,5 99.5
250 108,0 103.0 104.0 99,0 100.5 95.5 109.¢  104.0 103.0 98.0
15 106.8 101.8 102.5% 97.5 99.0 9k, 0 17,8 102.8 101.5 96,5
100 108.,% 100.5 101.0 96,0 91.5 92.5 106,5 101.5 100.0 95.0
500 104,2 95.1 99,4 i 95.9 90,9 105.2 100,1 98,4, 93.4
630 103.0 97.9 97.7 32.7 94.2 49,2 100.0 98.9 96,7 91.7
. Boo 101.5 96 4 96,0 91,0 §2.5 87.5 102.5 97.4 85,0 90,0
f 1000 100,0 4.8 gl .45 89.4 91.0 85.9 101.0 95.0 93.5 88,1}
= 1250 98,6 93.3 92.6 B7.5 89,1 84,0 99,6 94,3 91.6 B&. 5
[¥Y) 1600 97.0 9.5 90.5% B5. 4 87.0 81.8 68.0 92.5 89,5 84,4
1 2000 95.3 89.7 88.8 83,5 45,3 80.0 86,3 90,7 87.8 B2.5
2500 93.7 87.7 86, 81.3 43.3 77.8 a7 a8.7 85.8 B0.3 v
3150 91.9 85 .4 an.p 78.8 B1.2 75.3 92.9 86 .4 a3.7 77.8
o00 9a.0 82.6 gz2.5 75.8 79.4Q 12,3 51.0 3.6 81.5 .8
5000 48.0 T9.4 8o.2 72.6 76.7 69.1 89.0 go.4 19.2 71.6
6300 45.8 75.8 78.0 69.2 4.5 65.7 86.8 76,8 7.0 68,2
B80oo 83.3 T2 75.4 65,9 71.9 62,4 8.3 13.4 Tho [
10000 1.0 69.0 73.0 62,6 69.5 59,1 Ba.0 70,0 T2.0 6l.6
12500 78.5 65.2 70,3 SR.7 66.8 55.2 9.9 65,9 69.1 7.5
16000 15.5 60.7 67.2 5h.3 63.8 50,9 76,5 61.7 66.2 53.3
20000 72.9 h6.2 6i.2 9.6 60,7 6,1 73.9 57.2 63.2 i8.6
25000 70.0 51.1 6.0 .5 57.5 1.0 71.0 52.1 60.0 3.5
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Alreraft: Ceusna
Clration
Two JT15 D-1
Turbefan Eng.
Operation: Takeol'l
Alrspeed: 115 Kt
Power: Fn = 1550 1bs.
el dB
Ground
Distange, Alr to to
rt. Oround Oround
. 200 97.2"° 9a.z
250 96,0 91,0
315 a4.9 89.9
Loo 93.7 88.7
500 92.5 B7.4
630 91.2 B6.1
800 89.9 4.8
1000 88,5 83.3
1250 87.1 81,7
1600 85.5 fo.1
2000 83.9 78.3
2500 82.2 76.2
3150 0.4 73.7
looo 78.5 10.8
5000 76.4 67.4
6300 .2 64,0
fooan 71.8 60,3
10000 9.3  56.7
12500 66.5 52.6
16000 63.5 48,1
20000 60,3 h3.0
25000 56.9 37.5

TABLE. T1-9

PTABULATION OF BEL VALUES IPQR DTFFERENY ALRCRAFT

Buginess Jet Atrcraft

Pussault ¥an Jet

el s B s i e el

Dassault Fan Jel

Ceasna Commodore Jel Commodareg Jet
citation Commander 1121 Commander 1121 Palecon, Two Faleon, Two
Two JT 15 D=1 Two CJ510-5 Iwo Cd 610-5 CJ700-2D cJyon-2B
Turbofan Eng, Turbajet Eng. Turbojet Eng. Turbofan Eng. Turbolan Eng.
Approach Takeolt'l . Appraoceh Takeofl T Approceh
115 Kt 145 Kt ‘1ho K 10 Kt 10 Kt
Fn = 510 1lbu. Pn = 2370 1hs, I'n = 1170 1lbs.
SEL, dB SEL, dp SEL, dB SEL, dB SEL, 4B
+ Uround Ground Ground Orourd Ground
Alr to tao AMr to ta . Alpr Eo to Alp Lo Lo Alr to te
Oround (round QOpound 4dround  Ground fround Ground Qround Gdround Oround
86.9 B1.9 121.6 116,68 08,0 103.0 107.0 102.0 100, 4 95,4
85.7 80.7 120.4 15,4 106.9 101,9 105.5 100.5 99.1 95,0
8.5 79.5 115.1 14,1 10,7 100.7 103.9 08,9 97.6 92,6
83.2 78,2 117.7 a2, 104.5 99.5 102.3 97.3 96.1 91,1
A1.9 76.9 116.3  111.3 103.3 08,3 100.7 95.7 9l,5 89,5
8o0.6 755 114.9 109.9 02,0 97.0 9%.1 ok, 1 92.7 87.;
79.2 7h.1 113.3 108.3 100,7 94,6 97.5 92.5 90,8 85,
77.4 72.4 111.7 106,7 99.3 g4.2 95.9 90,8 88,8 83.8
76.3 71.0 110.0 160.9 97.8 92.7 9,2 89.1 86,7 81.6
.7 69,3 108.2 103.1 96,2 91.1 92,5 87.2 8h.5 79.2
73.1 67,6 106.3 101.2 5.5 89,3 90,7 85.3 82.3 76.8
71.5 65,4 10k.2 98.8 02,7 87.3 88,7 B3.1 fo.0 744
69.7 62.9 102.0 96,3 50.7 85,1 86.6 80,6 77.9 1.8
67.9 60,2 99.7 93.3 88.6 B2.5 Bt 4 17.6 5.7 69.1
66,0 57.0 97.1 85.8 86,4 79.4 B2,0 7h.1 73.5 66.0
63.9 53.5 94,4 05,8 83.9 76.0 79,4 70.1 '71.2 62,6
61.8 50.5 91.4 2.1 8L.2 72.7 T6.5 6b, 1l 68,8 5G.4
59.5 hy.2 88.2 7.9 78,4 69,1 73.0 G2.2 66.2 55.8
57.1 43.5 84.7 73.3 75.3 65.0 70.5 57.5 63.6 51.7
5h.5 39,5 81,0 68, 1.9 60,5 67.2 52.3 60,48 .2
51,7 35.2 76.9 L2.2 68,4 55.4 63.7 h6. 6 87.8 ya.2
8.6 30.4 72.h Be.T 6.6 h9.,7 60.0 o, 4 50,7 36,1
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TABULATION OFF 8EL VALUES FOR DIFPERERT ALRCRAND
Bus fneas Jew AlpepalL
Alropaft: Gintey Learjel (intey LeaprJel Gotes. Learfel Gates Leapjet
2h & 2y . 24 & 2% 35 & 36 35 & 36
Tvo CJ610-6 Two CdG10=-6 Two TFE T31-2 'wa TFE T731-2
Turbojet Eng. TurboJet Eng. Turbolan Eng. Turbofan Eng. .
Operntlon: Tukeolr Appraach Takeoll Approach
Alpspeed: 155 Ko 158 Kt 160 Ku 150 Kt
Power:. Frpo= 2500 ibd,  Fno- 1054 lbas Fn & 2630 1lba n = 957 Ibs
SEL, dn . SEL, di aEL, di} SEL, dB
' Ground Ground Ground Ground
Distance, Alr to Cto ALy to Lo AMp to Lo Alr to ko
L, Ground  Ground Ground Ground  (round Ground  Oround dround
200 121,6 116.6 105.9 100.9 107.2 102,27 90,8 85,8
250 120.4 115,4 10h.8 99,8 105,9  100.9 49,6 84.6
314 11%.1 114.1 . 103.4 8.6 0.5 99.5 a8, 83.4
00 117.,1 2.1 2. 914 103.1 98.1 B87.1 82,1
500 116.3 111,3 101.2 96,2 101.7 96,7 85,7 80,7
630 114.9 109.9 99.9 94.9 100.2 95.1 8n,3 79.3
800 113.3 108,3 98.6 93.5 49.6 93.6 82.8 T7.B
| 1000 111.7 106.7 97.2 92,1 87.0 91.9 01,3 6.1
i 1250 110.,0 104,49 95.7 90.46 95.3 90,2 9.7 Thed
%7 1600 108,2 Lo3.1 9.1 89,0 53.6 a4.3 77.9 72.6
4 2000 106.3 101.1 92,1 47.2 a9k.7 86.3 76.2 70.7
2500 104,2 98.8 © 90,6 85,2 89,7 84.0 74.3 68.5
3150 102.0. 96.3 88.6 83.0 a7.6 a1, 72.4 66.1
4000 99.7 93.3 86.5 Bo, 4 Bg .4 T8.4 70,0 63.3
5000 9711 89.8 84,3 773 82.9 7h.8 68,1 §0.2
6300 o4 85.8 81,8 73.9 B0.3 T0.7 66.7 56.7
Boo0D 91,1 4z2.1 79.1 70.6 17.5 66,9 64.0 53.5
1ao000 88,2 T77.9 76.3 67.0 Th.5 62,7 £1.6 50.1
12500 8l 7 73.3 73.2 62,9 7.3 58.0 59,2 6,2
16000 81.0 68.1 69.8 58,4 67.0 52,8 56.6 h2.0
20000 76,9 62.2 66,3 53.3 6h.0 4.0 53.9 37.5
25000 T2k 55,7 62,5 h7.6 60,0 0.7 51.1 j2.%
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TABULATION OF SEL VALUES FOR DIFFERENT ATRCRAPT

Businesa Jel Adraraft

Mroraflt: Grumman Grumman Loekheed Lockheed Napth American North Amerlean
Gulfatream IT  Gulfstream II Jetatar I/C-140. Jetitar I/C-110 Sabre 80 Sabre B0
Two SPEY 511-8 wo SPEY 511-8 - Foupr JT 135=-6A Four JI 12A-6A o GF700-2D-2 Two CRTN0-2D-2
Turbojet Eng. Turbojet Eng. Turbojel Eng, Turbhojet Eng. Turbofan Eng, Purberfan Eng.
Operatlon: Takeoll Approach Takeo Approach Takecoll Approach
Mrapeed: 175 kt 155 kt 145 Kt 135 Kt 150 ki, 140 kt,
Power: Fn’®» 9300 lba, Fn = 3200 lbs. Fn =» 2800 1lbs. I'n = 1270 iba. Pn o= 3450 lba, - Fn = BGS 1lbs,
. SEL, dB __8FL, _di SEL, 4B SEL, _dB SEL,  dB SEL, dB
Oround dround Opround (round Ground Uround
Distanas, AMr to e Alr to te Atr tn tn Alr to to Adr to to AlrT to Lo
ft. Ground Around 8round Oraound Ground QOround dround Gpraund Ground QOround round Qround
200 120.1 115.% 99,6 94.4 121.1  116.1 108,31 103.3 112.0 107.0 96.5% 91.5%
250 119.0 11l.0 58.5 93.5 119.9 1lk.9 107.2  102.2 110.5  105.5 95,2 0.2
315 117.9  112.9 97.3 92.3 118.7 113.7 1w6.0 101.0 108,9  103.9 93.7 8.7
oo 116.8 111.8 96,1 9l.1 117.4 12,4 104.8 . 99.8 107.3  102.3 92,2 47.2
500 115.6 110.6 a4, 9 89.9 116.1 111,21 103.6 9B6.6 105.7  100.7 90,6 5.6
630 10,5  109.%  93.7 88.7 14,7  109.7 02,3  97.3 100,12 99.1 B88.8 3.8
goa 113,3 108,31 92.h - B87.3  113.2  108.2 100,93 95.9 102.5  97.5 86,9  81.9
logo 112.0 106.7 91,1 85.9 111.7 106.6 99.5 9il.5 100.9 95, Bii,9 79.9
1250 110,7  105.3% 89.6 8 110.1 lo4,9 98.0 92,9 99,2 Gii,1 82.8 7.7
1600 109.3 103.7 gh, 2 82.9 108.3  103.1 96,3 91,2 97.5 92.2 80.6 15.3
2000 107.8 102.0 86,6 81.2 106.5 t01.2 9k, 5 B9. 4 95.7 90.3 78.4 72.9
2500 106.3 100.0 85,0 79.3 10,5 9B.,9 9?,6 B7.4 93.7 88.1 76.1 70.5
3150 104.6  97.6 . B3.2 77,0 1o2.h 96.3 90.5  B5,1 91.6  B5.6 7H.0  6%.9
4ieoo 02,8 94,8  Bl.3  7h.5 100,12  93.3 RB.1 82,5 Bg.h  82.6 1.8 65.2
5000 100,9 91.5 79.3 71.5 97.6 89,7 85,0 79.5 a7.0 79.1 69,6 62,1
6300 56.9 87.9 77.1 68,2 05.0 85,7 B2.8 76.1 8h .4 75.1 67.3 58,7
Booo 96, gh.g  74.8 65.2 92.1 81.9 79.8  712.% 81,6 7L Gh, 55.5
10000 94,2 81.5 72.3 61.9 89.0 7.7 76.6 68.5 78.6 67.2 62,3 51.9
12500 91.6  77.7  69.6 58,1 65,8 73,1 73.6 64,2 75,5 62.5 59.7 k7,8
16000 B&.8 734 66,7 3.9 82.2 67.8 69.7 59,1 72.2 57.3 56.9 k3.3
20000 B85.8 68,6 63.6 hg,2 7804 62.1 66,2 n3.7 68,7 51.6 53.9 36.3
25000 Ba2,5 63.3 60,13 .0 Th.3 55,7 62.5 47,9 65.0 h5,0 50. 32.8
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TARLE I1-12

. PAGULATION Ol SEL VALUES FOR DIFFERENT ALGCRAMY

Business Jet Adpepaft

Afrerat't: Horth Amerlean Horth American *° Composite® Compoulte®

Sabre 60 Sabre 60 Bustness Jet . fusiness Jet
Two JT124-8 Two JT12A-8
Turbojet Eng, 'urbojJet Eng.
Gperation: Takealfl Approach Takeo Approach
A rapeed: 148 Kt 1367 Kr
Powar: ¥H = 2800 lbs. Fn = B00 1lhs.
SEL, dB SEL, dB SEL, [1)E} JHEL, dB
raund Oround Qround Qround
Dlatance, Alr to Lo Alp to Lo Al to to Mr to to
., Ground {fround Cround dpound dround (Ground Oround Groupd
200 119.1 11k, 103.3 98,3 120.,1 115.1 1oh.4 99.4
250 117.9 112.9 inz2.2 97.2 118.9  113.9 103.3 98.3
318 116.7 111.7 101.0 96.0 117.6 112.6 102.1 97.1
100 116.4 110.4 99.8 94.8 115,6 110.6 100.9 05.9
500 14,1 109.1 08.6 93.6 14,8 109.8 9.7 ah.7
630 12,7 107.% 97.3 92,3 113.4  108.4 98. 4 93.4
¢ foa 111.2 106.2 95.9 90,9 111,8 106.8 97.1 92,0
= 1000 109.7  104.6 9h.5 89,5  110.2 105.2 95,7  90.6
| 1280 108.1 102.9 93.0 87.9 108.5 103.0 gh, 2 89,1
1600 106.3 101.1 91.3 86,2 106.7 101.6 92.6 87.5
2000 04,5 59,2 bg.5 g, 104.8 99,6 90.9 85,7
2500 102.5 96.9 87.6 82,4 lo2.7 97.3 85,1 83.7
3150 100. 4 9h.3 | 85.5 8o.1 100.5 94 .8 87.1 81,5
hoao 58,1 1.3 B3.1 77.5 08.2. 91.8 85,0 78.9
5000 95.6 87.7 Bo.6 7h.5 95,6 68,3 82.8 75.8
6300 93.0 3.7 77.8 71.1 92,9 84,3 80.3 72.8
8000 90,1 79.9 74h.8 67.5 89.9 fo.6 77.6 69,1
too10000 87.0 5.7 71.6 63,5 B6.7 T6.4 7h.8 65.5
12500 83,8 71.1 68.6 59,2 83.2 71.8 1.7 61.1
16000 40,2 (5.8 6.7 54,1 79.% - 66.6 68,3 56.9
20000 76.2 60,1 .61.2 hWe,7 T5.4 (0.7 64.9 51.8
25000 72.3 63.1 57.5% 42,9 71.0 59,2 61.1 6,1

"Tha compouslle buainess Jet nolse ls based upon the nolae characltertatles of
three types of business jet engines (straight turbojets, turbofans and small
tupbolfans [Cesana Cltatlen])., The composlte churaciepintics assume a ratio
of operationa of 70% turbojet, 16% larger turbofans and 14% amaller turbolans.
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PABLEE 11-13
PABULATION O SEL VALUES FOR DIFFERENT ATRCRAFD

Alrerafl: N-Englne Tarboprop Transport t-Engine Turboprop I'raniport
lLackheed lercules, Loelkheed lleclira

382K, 382G, cl3on Lockheed llerculen
‘ 3828, Cl30F

dperation: Takeorf inmach Takeot'l Approach
Alrspend: 5 Ke 1ho Re | s Kt 1ho Kt
fower:
SEL, dB SEL, dB 3EL, di . 3EL, dB
firound iround Ground tiround
DMatance, Air Lo Lo Alr to to Alyr fo Lo Alr Lo to
L. Grountt Ground Ground fround fpround  Grownd dround Oround
200 1a4.1 . 99.1 g98. 4 03.4 99,1 o1 96.4 H1.4
2450 103,10 08.0 97.3 2.3 98.0 3.0 a5.,3 0.3
NG 101.8 96.8 96.1 9].1 96.8 51.8 al.l a9,]
oo 100.7 85.7  9h.9 89,9 95,7 80.7 92.9 87.9
500 59,5 . 94.% 931.7 Bl.6 94.49 9.5 91,7 BG6.6
630 y8.3 93.2 92.4 B7.3 93.3 Bg.2 0,4 85.3
800 g1.1 9L 9 91,1 86.0 3.1 B6.9 gu.1 an.o
1000 9%, 8 90,5 8u.7 BH.G 90.8 05.5 BY.7 8z2.5
L 1250 gi.h 89.0 88,2 8z2.0  89.M aii.0 6.2 80.9
o 1600 " 93.0 87.4 86.7 1.3 B8.0 2.4 By.7 79.3
] 2000 91,5 85.6 85.1 9.5 B6i.9 80.6 83,1 7745
2500 B9.9 83.7 81,5 175 B4,9 76.7 - 81.5 5.5
3150 8a.2 81.5 B1.7 75.1 B3.2 76,5 9.7 73.3
hooo 86 .4 79.0 79.8 72,7 81.5 .0 71.8 70.7
5000 an.6 76.1 77.8 69.7 79,4 71.1 75.8 6.7
6300 g2.6 73.0 5.7 G6.4 1.6 68,0 73.7 ah.Y .
Booo 80,5 69.8 73.4 63.3 15.9 Gn.8 1. 61.3
10000 78.3 66.4 71.1 59.48 73.3 G104 69,1 57.8
12500 76.0 G62.6 68.6 55,0 71.0 57.6 #8b.6 . 53.9
16000 73.7 58,1 66,0 51.6 68,7 53,1 6h.0 9.6
20000 7l.2 53.6 63,1 he. b 66.2 8,6 6il.% 4u,8
26000 68,7 HH.7 - 60.5% 1.4 63.7 3.1 58.5 32.8
I
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TABULATION OF SEI. VALUEZ FOR DIFFERENT AITRCRAFT

ez B e Bl oo I ve M ve

2-Engine Turboprop Aireraft

Mreraflt: A=Englne Turboprop Tranaport
with Part Englnes with PP 6 Englnes
r=27, HS-T48 nic-6 Pwin OLter .
Cperatlon: Takeoll Approach Takeots Approach
Alpaspeed: 140 Kt 120 Kk 70 Ko 65 Ku
Power: .
SEL, dB SEL, dB SEL, db SEL, dB
Graund Qround Ground Ground
Dlstance Alr Lo ta Ap to to AT to to Mr Lo to
fi. Ground QGround Oround {round {lround Ground dround Ground
20N 101,71 96.7 99,6 9,6 94.8 9.8 91,8 86.8
250 100.,6 95.6 98,2 93.2 93.6 48.6 90.5 85.5
315 99.6 94.6 96.8 91.8 ga.h 87.4 9.1 84,1
100 8.4 93.% 95.2 90,2 91.1] 86.1 87.7 82.7
500 07.4 92.4 93.6 88.6 89, an,7 86.3 g81.2
630 96.3 91,1 . 1.7 BG.7 BB.4% 83.3 8.7 79.7
800 95,1 90,0 B9, B B, 7 86.9 B1.7 83.0 78.0
1000 4.0 ga.7 . Br.7 82.6 B5.0 Bo, 1 81,3 76.2
1250 93,8 87.3 B5.5 80.3 83.8 78.3 79.4 T4.3
1600 91.5 5.7 i3.2 7.7 82.1 76.4 7.4 72.3
2000 90.3 84,2 80.8 75.0 Bo.4 .3 75.3 70,1
2500 B9.O 81,7 78.5 72.4 78.5 2.0 73.1 67.8
3150 87.6 78.8 16,4 69.2 76.6 69.5 70.7 65,2
hooo 6.1 5.4 T™.3 66,0 . Th.T 66,6 &8,2 62.3
5000 B4 .6 71.8 72.3 653.0 T2.7 63.4 65,2 59.0
6300 82.9 6d.8 70.3 59.9 70.8 59.8 62.8 55.3
gono 81,1 65,68 6B.3 56.6 66.8 56,4 60.1 51.6
1an00 79.1 62.8 66,3 53.1 66.8 52,7 57.3 h7.6
12500 77.0 60.0 ah,2 h9.1 64.7 48,7 5h.5 43,2
16000 Th.6 56,9 62,1 5,1 62.6 b5 51.7 38.4
20000 72,1 53,0 59.9 ho.8 60.4 in,2 9.0 33.3
25000 69,3 19.5 5T.7 36.5 57.0 35.9 46.1 27.8
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TARLE [1-15

TABULATION OFF SEL VALUES POk DIFFERENT ATRCRART

Alrerat't: | 4-Englne Piston 2=Engine Platan

'ranaport ransport
{*12,500 lbgs, Max. Oress Wt.)
Operat lon: Takeo 1t Appraonch Takeol'f Approach
Mrspeed; 1o Kt, 120 K. 1o Kt, 120 Kt.
Power; :
SEL, dB SEL, d SEL, dB SEL, dB
tiraunsd Ground Ground Ground
Distanee, Alr Lo to Alr Lo Lo Ay Lo to Adr to Lo
fe. Oround Ground Qround UOround Ground deound Growud Grudipl
200 106.6 101.6 96, 4 91,4 103.6 98.6 93.4 a8.4
250 105.5 100.5% 95.3 90.3 102.5 57.5 92.3 87.3
315 1044 99,4 o, 2 5.2 101,14 96,1 91,2 86.2
oo 103.2 98.2 93.1 88,1 100.2 95.2 90.1 85.1
500 l02.n q97.0 92.0 87.0 99.0 9.0 89,0 a4.0
630 100.8 95.6 90. 8 85.6 97.8 g92.6 87.8 82.6
8no 99.5 k.2 89.6 84,2 96,5 g1.2 86,6 81.2
1000 98.2 92,6 88,4 B82.7 95,2 89.6 B85.4 T9.7
1250 96,8 91.0 87.1 81.1 93.8 88.0 8.1 18,1
1600 954 89.2 85,8 79.4 92.4 86.2 B2.48 6.0
2000 gh.0 7.3 B83.4 77.6 ’ a1.0 84h.3 g1.4 T4h.6
| 2500 2.5 85.2 82,9 7%.5 89.5 82.2 79.9 72.5
n 3150 90.9 Ba.a 1.4 73.0 87.9 79.8 78,4 70,0
? hooo 89.3 B0.0 79.9 70.3 86,3 77.0 76.9 67.3
5000 B7.6 76.8 78.2 67.2 84,4 73.9 75.2 64,2
6300 B5.9 73.6 16.5 64,1 f2.9 0.0 73.% 61.1
o000 By.o T0.5 TH.7 60,8 Bl1.0 6.5 71.1 57.8
10000 B2.0 67.4 72,8 5.7 79.0 6il, 4 66,8 54.7
12500 79.9 6h.9 70.7 sh,2 Th.9 61,9 67.7 51.2
16000 77.7 60.1 68.5 50.5 7.7 57.1 65.5 hy.5
20000 5.2 56,0 66,2 6.5 72.2 53.0 63.2 h3.5%
25000 12.6 51.6 63.6 ha,3 69,6 48.6 60,6 39.3
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. ' PABLE T1-16
TABULATICH OF SEL VALUES FOR DTFFERENT AFRGRAFT

Alrcralt: 2-Engine Platon 1-Engine Piston

. Alreraft Alrepaft
(<12,500 1bha. Max. Uppss Wt.) Compositek
Operation: Takeall Approach Takeafl Appronch
Mrapecd: 110 K=, 90 Kt. 110 K, 90 Kt.
Pawer:
RRT.. 4R SRl 1R SBEL. 4RI, Aan
dround Ground Ground Ground
biatance, Alir to Lo Mr to ta Alr to ta Ar to to
ft. dround Ground fironind  Oraund Ground fOpound Gpround Ground
200 93.3 84,3 86,9 81,9 91,3 86.3 79.3 .3
250 92,2 87.2 B5.7 0.7 90,2 BL.2 78.1 72.3
315 91,1 B6.1 Bl.6 79.6 89.1 Bz.1 7.0 70.0
4oo 90,1 85.0 B3.4 Ta.4 88.1 Bo.a 75.8 67.8
500 89.0 83.9 . 42,2 7.2 87.0 7.9 .6 65.6
630 87.6 B2.6 41,0 75.8 85,9 75.6 3.4 63.2
800 6.7 81,3 19,7 T4. 4 ah.7 .3 72.1 61.8
1000 85.5 79.9 78,4 72,9 83.5 72.9 70.8 60,3
1250 B4.3 780 77.1 1.2 82,3 71.4 49,5 63.4
1600 83.0 76,7 75.7 69.4 81.0  69.7 68.1 56.8
2000 81.7 75.0 4.3 67.5 79.7 68,0 66,7 54.9
2500 80.3 Te.9 72.8 66.3 78. 65,9 hh.2 52.7
3150 78.9 T0.5 71.2 62.8 76.9 63.5 63.6 50,2
4000 77.4 67.3 69,6 59,9 75,4 60,6 62,0 ht.3
5000 75.8 &41,1 68,0 56.6 73.8 57,4 60 .4 .o
6300 74,1 61.1 (6.3 63.1 72,1 53 7 58.7 0.5
8nno T2.3 58.3 6l1,5 50.2 T0.3 51,3 66,9 37.46
10000 70.3 55.4 62,6 k7.0 68,3 ha. 4 55.0 3.4
12500 60,2 2,1 60.6 n3.6 66,2 5,1 53.0 1.0
16000 65,9 48.5 8.4 39.9 63.9 §1.5 50.8 27.3
20000 a3.4 .5 56,1 36,1 61.4 37.5 hB,5 231.5
25000 60,7 10,2 53.6 32,1 5B8.7 i3.2 16.0 19.5

"The composite aingle engine alreraft asaumen B80% operat lona of alreralt
having engines of less than 200 HP and 20% operationa of ajpcraft having
engines of 200 te GO0 HP..

4

i

S R D i D Lt



Report 2759R Bolt Beranek and Newman Inc,

o |

IIZ, TECHNICAL BACKGROUND

K_"’]

ik I
tEfe: B

A, Basic SEL Definition

The sound exposure level (SEL), in dB, as defined in Reference 18
1s the level of the time-integrated mean square A-weighted sound
pressure for an event, with a reference time of one second:

@

AL
‘ [ 10
TrEm Ty SEL = 10 log j 10 dat

-

For purposes of airceraft nolse evaluation, SEL is usually com=-
puted from A-levels sampled at discrete intervals of 0.5 geconds
or less. Thus the working expression for SEL becomes:

BE RE

- g
i x k At
ﬁ . ' AL(k)
E 10
'g‘ Fﬂ- SEL = 10 leg . 10 + 10 log At
g £ | ' k=0
B ' .
‘ g E: where d is the time interval during which AL(k) is within
!
i 10 @B of the maximum A-level, and At 1s the time interval
' tﬁ between noilse level samples.

Elaeto: 4

JThe SEL 1s identical to the single event nolse exposure level
{SENEL), in dB, as defined in Reference 19 except that the
SENEL is defined in terms of integration (summation) from a
threshold noise level approXimately 30 éB below the maximum
level, while, in this report, SEL is defined in terms of

nees
EE

I
]

T LU LT A e ey

i

% L” integration over noise levels within 10 dB or more of the

5 ful ' maximum value. Integration over only the upper 10 dB ylelds
Pl acceptable values that typleally differ by 0.3 dB or less
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Report 2759R . ‘ Bolt Beranek and Newman Inc.
from values based on integration over 30 dB,
A tone-corrected socund exposure level (SELT), in dB, can also

be defined for a nolse event as follows:

SELT = 10 log f 10 *0 ¢

For purpeses of alreraf't nolse evaluation, SELT can be computed
from tone-corrected A-levels sampled at discrste time intervals
of 0.5 seconds or less, as follows:

d_
k = At
) ALT{l)
10
SELT = 10 log 10 + 10 log At
k=20

where d 1s the time interval during which ALT (k} i1s within
10 4B of ALTM, and At 1s the time interval between nolse lavel

samples,

The tone correction applied to the A~level in the above
expressions is that used in calculating the tone-corrected

—perceived nolse level. Thus the calculation of the SELT is

similar to the caleculation of the effective perceived noise
level, except for the use of the A-welghting network, and
reference to a2 one-second duraticn in SELT computations.

~23=
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B. General Approach

For Ldn calculatlions, SEL values are needed over a wide range
of distances. The fleld noilse data for any particular aireraft
and operating condition are typleally available only at one or,
at mest, a few distances, Thus, to generate curves, there 1s
need for hoth:

a) accurete noise levels measurements at one or
more distances;

b) an analytic model for generating SEL values as
a funetlon of distance,

Analytic models of varying complexity can be developed for
predicting aireraft noise, The more complex models often
require more complete noise informaticon than 1s generally
available from most field measurements. The basic approach
for this study has been to utilize a relatively simple

analytlc model %o generate sets of SEL curves from selected
noise data. Where available, noise data from different sources
have been used, particularly in developing the nolse curves

for major transport aircraft. The resulting noilse va. distance

" eurves have then been compared with noise curves from other

studies. Engineering Judgment has been used to select what

is believed to be the most representative set of curves.
Because the amount of noise data and the number of checkpointsa
varies considerably with the type of alrcraft, the degree of
cross checking and comparison varies considerably among the
different alreraft.

Because the SEL 1s & relatively new noise measure, many

-24-
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Report 2759R Bolt Beranek and Newman Inc.

available sources of noise data do not report SEL values even
where complete spectrum information and EPNL values are '
reported, Thus, in general, at this time there are greater
uncertainties in the SEL curves, as compared to EPNL or
perceived noilse level curves.

C. Analytical Noise Medel

The model assumed for developing SEL values at the differént
alstances'assumes that the 3EL at any distance is equal to the
maximum A-level, ALM, plus & "duration factor," D:

SEL = ALM # D

If the quantities in the above equation are known at one

- distance, Xos and the ALM can be estimated for another distance,

¥, the dupration adjustment, AD, 1s assumed to be simply 10
times the leogarithm of the ratio of the two dlstances:

AD = 10 log i‘—
o]

The working equations can be developed in more complete form
with peference to Figure 1. For simpliclty of dlscussion we

 assume level flight nolse data has been obtained at position P

(see Figure 1) with all data adjusted to standard day conditlons
and the desired aipcraft altitude and reference alr speed.®

At P, the distance of closest approach, X is known. Also,
corrected values of the sound exposure level, SEL-x , and the
one-th;rd octave band spectra at the time of ALM, gPLixo, are

— A ——
#Raferesnce 6 outlines the calculation steps for correcting

level flight data to reference conditions,

25
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known, The angle of radiation from the aircraft that preduced
SPLix s B, is also known®,

o
At any distance x, it 1is assumed that the ALM at x can be
calculated from the corresponding one-third cctave band levels:

%y X
= SPLiX - 3TnE (x—xo) - 20 105 g (1)

SPLix

where 4y care the une-=third cctave band atmospheric absorption
coeffleients at standard day conditions.

With ALMx known, SELx is glven by:

- SEL, = SEon + AL, - ALXO + 10 103.;—; (2)
This model, then, requires knowledge of the one-third octave
band sﬁectrum cbserved at the time of the maximum A-level, and
the angle of radiatlon, either known or assumed. In applying
the model to avallable data, values of 8 were often not known,
and estimates of & were then used.

D. Sources of Noise Data

. A number of sources of noise ddta have been used in developing

SEL versus distance curves. The gsources of data, with ref-
erence to the general type of measurement condition, can be
classifled as (a) controlled tests and (b) airport measurements
(uncontrolled). The use of the word "controlled" implies

#For most of the data utilized in this study, the 8 and
accompanying noise spectra were based upon PNLTM or PNLM,
rather than ALM. As discussed in Reference 6, use of the
PNLTM spectra can lead to underestimation of SEL values
at larger distances for some alreraft, However, for most
aircraft, it is believed that this error is small compared
to other uncertainties,

27
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¢control, and/or knowlédge of" aireraft performance and engine
cperating parameters. The quality of the neoise data in terms
of accuracy of the acoustlc measurements often is not signi-
ficantly different between the controlled or alrport tests,
but aireraft information 1s less detailed in the latter.

Data from airport measurements serve well in obtaining typical
shapes of SEL versus distance curves, Howsver, Lo peg the SEL
curve as a function of known engine parameters, the controlled
tests are often most useful. ¥ Table III provides a brief

summary of the sources of the data for different major alreraft

- types. BBN-supplied data includes alrport measurements obtained

at airports such as Los Angeles International Airpert, San

Jose Munieipal Airport, Orange County Airport and Anchorage,
Alaska, among others. The business Jet information provided

by BBN came largely from certification tests conducted in full
accordance with FAR 36, plus other controlled and airport tests.
Most propeller airbraft megsurements were alrport measurements;
however, results from some controlled measurements were also
utilized. '

The data from. the alreraft manufacturers includes nolse spectra
information furnished informally by Boeing and Douglas. ‘The
data also inecludes noise curves and spectral Iinformation con-
tained in a number of draft reports prepared for the PAA 7=12
and data reported to NASA!?, Other sources of information
include studies conducted for the FAA !4=16, 22,23

#Evyen here, the alrport data serves &as a check upon controlled
tests where data may not have been obtained during reallstic
alreraft operating conditions.

“28=
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TABLE III

SUMMARY OF AIRCRAFT NOISE DATA SOURCES

, Atrframe
Alrcerylt Type BBN Manufacturer Other
4-Engine LBPR (707, DC-8) Alrport Controlled Controlled
Transport :
h=Engine LBPR (707, DC-8) - Coentrolled -
Transport
Retrofit
2, 3-Ehgine LBPR Alrport Controlled Controlled
Transport (737, DC-9,
727) ‘
H-Engine HBPR (T47) Alrport Centrolled -
3-Englne HBPR (DC-10)" Alrport Controlled -
: #
Business Jet Alrcraft . Controlled , . - -
: Alrport
Propeller Ailreraft Alrport, — Controlled
Controlled®

#0ontrolled includes noise certification tests (FAR 36) as well as
other formal alrcraft flight test measurements.
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As noted earlier, because of the relatively recent introduction
of the SEL noise measure, most alreraft noise reportsz do not
provide SEL values even where spectrum and EPNL information

may he reported. Thus, even when spectrum data were availlable
to perm;t the determination of the varlation of SEL values

with distance (using the analytiec model described earlier),

the lack of any measured SEL value at the reference condltion
introduces a potential error in pegging the SEL curve to
absolute levels. Where SEL information at reference conditions
was lacking but EPNL values were known, differences between
EPNL and SEL values were estimated using measured ditfferences
between EPNL and SEL values obtained from other measurements.
Particularly useful were the EPNL and SEL differences avallable
from data of References 20 and 21. .

E. Comparisen of Noise Curves

In contrast to the EPNL curves where 1t is often found that
relatively small diff'erences in spectrum shape can result in
sizable differences in the EPNL vs. distance curves'’, the
shape of the SEL vs. distance curves 1s quite tolerant of
differences in spectrum shape. Thus there 1is much greater
consistency among SEL vs., distance curves derived from nolse
data from different sources than 1s the case for the EPNL
curves derived from the same information. Part of this
greater consistency results from the omlszslon of any tone
adjustments in the basic 3EL computations.

Another trend of SEL curves, compared with the EPNL curves
generated from the same basic data, is that the SEL values
will generally show a slower rate of decrease with distance
ti1an the EPNL values. Flgures 2 and 3 illustrate this general
characteristie which s ohserved for most Jet-powered

-30=
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aireraft. Figure 2 shows EPNL and SEL curves for typical
takeoff and approach thrusts for four-engine LBPR transport
aireraft (707 and DC-8 aireraft with JT3D series engines).
Figure 3 shows EPNL and SEL curves for typical takeoff and
approach thrusts for a three-engine HBPR aircraft {Douglas
DC-10-10 with CF6 series engines).

F. Composite Business Jet Noise Curveg

Tables II-9 to 12, present nolse data for specific businessz Jet
aireraft. Noise data for a "composite" business jet aireraft
are presented in Table II-12 and Figure 4, The noise curves for
the composite noise aiperarft were established by ceonsidering the
noise vs distance characteristics for three classes of business
Jet engines (straight turbojet engines, larger turbofan engilnes
and smaller turbofan engines [specifically those for the Cessna
Citation]). The curves assume a ratio of operations of 70%
turbofet, 16% larger turbofans and 14% Citation type alrcraft.
This is representative of the business Jet fleet anticipated for
the U.S. in the United States at the end of 1976.% Information
for adjusting the composite nolse eharacteristics for different
fleet characteristies are given in Reference 23,

"#At the end of 1974, the business jet fleet was composed of
approximately 75% turbojet powered alreraft, 15%% laprger turbofan
powered aireraf't and 10% Citation type ailreraft.
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G. Composite Single Engine Propeller Noise Curves

Tables II-16 and Figure 5 present nolse data for a composite single
engine propeller powered aircraft. This composite curve is based
upon review of the nolse characteristies of single englne propeller
aireraft of varying horsepower and review of the fleet composition
in the United States??, - The composite curve assumes a 80%
operations of alrcraft having engines of less than 200 HP and 20%
of larger operations of aircraft having engines wikh 200 to 600 HP,
For operatlions of only smaller aircraft {(less than 200 HP)} the
nolse curves may be adjusted downward by 1.5 dB for takeoffs and

'3 dB for approaches,
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