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SOUND EXPOSURE LEVEL VERSUS DISTANCE CURVES

FORCIVILAIRCRAFT

_ I, INTRODUCTION '"
:N

This report provides sound exposure level (SEL) data for civil

. :_ s!.c._t in a _m useful for day/nlgh_ avex,age l_vel _dn / ,_

calculations, The SEL data are presented in tabular form in ,'

this report; the repor_ also briefly summarizes the data sources --L

and technical analyses used in developing the noise data.

Noise data are included for all major current civil transport ,_

and business Jet aircraft and for most general aviation aircraft, :i
Data are also provided for possible retrofit of low bypass Patio

__._ (LBPR) _urbofan aircraft with acoustically lined nacelles. As

i_ In the companion repots which presents effective perceived noise :,;

level versus distance curves for civil aircraft |7" the correlation i

L_ of noise level data with aircraft operations (in terms of air- !
,'L

craft speed and engine operating parameters) varies in detail--

_ from specific curves flop different engine parameters and speeds _i

for major civil transpor_ aircraft, to generalized noise curves

_ for rather broad cagegorles of propeller "aircraft. ,_

i

''_ Section II presents the noise data, Section III describes the '

"_ source of noise data, outlines analysis methods, and discusses

_., some of the technical problems involved in developing the noise
%

-_ Curves,

-_ "References are listed _ogether at the end of the report.

r

._.d
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MI II. NOISE DATA PRESENTATION

The day/night average level (Ldn) procedures for calculating
I_._ the noise environment in the vicinity of an airport .3

ubilize the SEI as a basic noise event descriptor for moving

i_ alr0raft*. In the procedures, noise information is needed

at varying distances from the alrcraft. Thus bhe general

•_I_ input requirement is for a set of SEL values tabulated at
q_

L

..... various distances, typically from 200 ft. to 25,000 ft. or _'

I,__ greater. The Ldn model assumes that, for a given aircraft,
an SEL can be defined from the knowledge of the type of

aircraft, basic engine operating parameters, air speed and
a_mospheric propagation conditions. Two sets of noise vs.

_Ir distance curves are used:

a) air-to-ground propagation;

I_ b) ground-to-ground propagation.

Inthe forthetransitionprogram, algorithms are provided

between alr-to-ground and ground-to-ground curves. The air-

So-ground propagaZioz curves assume atmospheric absorption in
accordance wish "SAE ARP 866 3. The ground-to-ground propagation

i_ curves assume similar atmospheric absorption plus excess

_m, 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 _d_ calculation" procedures follow closely those for
calcula_img noise exposure forecast (NEF) contours as

[ described in References 1 and 2.



Report 2759R Bolt Beranek and Newman Inc.

rather conservative estimates of noise levels for the range

"'_ of temperatures and humidity often" encountered in civil !

airports in this country, i

_. Noise data for both air-to-ground and ground-to-ground pro- :i

_ pagation are presented in tabular form in Table II. Table I

provides a guide to a selection of noise information for both !

l,r_ general aircraft classifications and specific aircraft types.- !

For bhe turbojet and turbofan aircraft, noise curves are

referenced in terms of an aircraft engine operating parameter,

1 _ typically referred net thrust. The _hrust. values to use for "

a particular takeoff or landing profile, taking into account

f_. specific operating procedures, operating weights, air speeds, ,

_:_ flap settings, etc., can be determined from tge calculation '

; l_ procedure and aircrafg data provided in Reference g.

I For most aircraft included in this report, noise data are '2.

i:_I-a_ tabulated for typical _akeoff and approach _hrust settings • ,

However, for the two, three and four engine low bypass ratio

_ _ turbofan transport aircraft, a more complete set of curves is
_ provided. Nor these aircraft typical approach and takeoff

=_ curves are also indicated for use when more detailed information
about specific engine operating parameters is not known. !

In'utilizing the data in Ldn computations, an additional cor-
reetlon is to De applied to the noise data, The SEL values

,., are _o be adjusted .for aircraft altitude on the basis of an ..

acoustic impedance correction, Ape:

• -.{
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AOc --lO log oc = lO log P "T _
PoCo

where: _
z

o = air density at aircraft altitude

c = speed of sound at aircraft altitude :_T = absolute temperatur. _ at aircraft altitude ,_

jI,_ and subscript "o" refers go sea level standard day unless 12,

otherwisespecified.

- . -_ _, _

t,_,.!

-- !.
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IIIDEX TO AIRCRAFT SEL VERSUS DISTANCE CURVE_ !i

_._
_ener_l ALrernft T_pe Sneolfl_ Aircrnft TTpe A_r_rafc Engine Type Refer, co T_ble,, !

4-EnEinc LBPR turbofan Tran_nor_ 9o_in_ 707 _ericm JT3D _ertes Z_-I i

DCUEIaS DC-8 Serle_ JT3_ _er_e_
- _-En_lne LBPR Turbofan Trans_or_ _oeing 707 Serie_ JT3D _erl_= I_-2

With RetroFi_ IJaselles Douglas De-8 Series JT3D _erle_

3-Engln_ LBPR T_r_o_an Transp_rz _oein_ 727 _erlem JTSD I_-3

[_ I-Engine LBP_ Turbofan Transport Boeing 727 Serlss JTSD _eriea ,r
wl_ RetrOfit IIRcellos

_-Eng£ne L_PR T_roofan Tran=p_r_ _ceing 717 JTSD _ertes II-5
Douglas _-9 JTSD 3erie_

_l_n Ret_oF_: Nacelles Dougl_ DC=9 3TSD Serle=

II _-Eng!ne HBPR T_an=ocr: _o.ing _-IOOA 3T9D-3A _T-7
i _oeln_ 7_7-100D,-200B

JT9D-3A_-7

'|_ _-Eng!ne HBPR Transpor= Dougla, DC-IO-10,-30 CF6-6_ _-8

Douglas DC-10-_0 JTgD=2Q

_uslne_s Jet= cessna Cl_ati_n {2) JTISD-I T_r_ofan_ I_-9

_ co_._odcre Jet [2) cj610-5 T_r_o_ets

Cor_m=n_er 1121

Daasa_It Fan Jet _2} C7700-_ Turbofan_ "

[_ Falcon _0_: Oaces Learner 2_/2_ {2) CJ61_-_ T_r_oJet_ Z_-IO:

_aees LesrJe_ 35/36 121TFg7J!-2 Turbofansc

0ru_._n Oul_st_ea_ [l (21 _pey 511-8 Turbojets _-1!

_' Lockheed Je_s_ar 1 (g) JT 12_-6A TarOeJ_t=

llcp_n a=erloan Sabre 80 (2) CJT00-_D-_ TgrDof_ns

_ 3abre 60 121JT 12A-8 Turbojets I_-1_
_m_can

composite A!rcrn£= No_. 1

_-_n_!ne Tu_opro_ Trans¢0r_ Loakheed Hercules Al!lson T5_-15 _eries 1_-13

3_2K, 382n, Ct30_ . I;
Lockhued Electra, Heroule_ All_son T56-7 _ earlier _

_-En_ine Turbopro_ Tr_nspcr_ _alPsh_ld F-27, HS-7_ Rolls Royce Dart _erle_ I!-1_

Degavlllana DHC-6 Twin Otter PT6 _eri_s " ii
_.En_e pIS_O_ Tr_nspor_ DC-6, PC'7. Constellation I;-15 I'

;f

2-En_!ne Piston Transport convair 3_0, _0, DC-_ !i

[_12,500 lb_ max. _rose wolseY;2-_n_Ine Plsto_ Alror_f_ Cessna 310, Cessna 337, !Z-16 ::
_!2,500 Ibs max. _ross weight) Ploer A=_e¢, Beech _uee_ Air ?

$-En_lne P_scon Airerart cessna I@2 IIote _ " _"

*' _omco=Ite Piper Cherokee
Beech Bonan:a

:;o_e ! - The composite D_l_els _eC _OlSe _I blset _pon the r]o_e 2 - The ccmposlte single engLne 81_c_/'f_ Bl$_nu _O_
n_!se chsr_etep sties of thPee _es of b_sl_ess e_ engines opepat_0_l of _ep_f_ _vin_ engines of le_s tha_ 2_0 HP

_._._ straight _upbo _s _u_b_fBns _n_ 3glall _u_bofans [Ceslna and _0_ opopag_cn_ oi' aircraft liav_R engines or _00 _o
,l_ C_t_!O_]), The oompolIge eh_racterist£c_ _Stlme • l'stle 600 }[P*

*£ _eraticns of 701 _rb_Jet 16_ larger :urbofans and l_g
ima!_er :urb_rans,

I
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TABULATIO{I OF Y3I£LVALUES },'Of{DII,'l,_l_fil_N'{' AII_CIIAI."I'

AII_oraft: {,_ol{I_ EnL_no L0{'R 'l'u),bor_rl'[_I'ansg}ortA|r_rafL - 707 _ D0-8
wl_h J'I'3DSerlo_ Eni_rl_a

(}{ore: Sub_raot 2 d{] ro_, DO-8-63 All,oral't)

Op_ra_lon: App_'oaotl Takeoff'
AlrBpeed: 160 Kt 160 Kt 160 {(t ' 160 Kt 160 Kt 180 K_
l_owor: Fn'B {}000 ibs {_n_ 6000 Ib_ Fn = 8000 Ib_ Fn = lO000 ib_ Fn = 12000 ibs Fn u 15000 lba

SELI dB 0ELl,dB SELt d{_ SEL_ dB SELj dB SEL_ d{_

01'ound _roun_{ QI,ound O_'ound ({round Oround

Di_tan_e_ Air to _o Alr to _o Ai_ _o to AI*_ Lu _o ._, _ t_ Alr to _o

ft. ({_oun_ Oround 0|,ound ({_ound Oround O_ound O_,ound OI,ound O_,ound O_ound O_ound Oround

200 111.0 ]¸06.0 113.0 lOB,0 115.0 110.0 117.0 112.0 119.0 Ii{{.0 121.0 116.0
250 i09.6 I01}.6 111.6 106.6 113.6 _08.6 119.6 110.6 117.6 112.6 119,6 114.8
318 108.1 103.1 ii0.i 106.1 112.1 107.1 11_.i 109.1 116.1 iii.I 118.1 113.1
I{00 106.5 101.5 I08,9 103.6 110.5 106.5 11_.5 107.5 ii{;.9 109.5 {16.5 111.5
500 10_{.8 99,8 106.9 101.9 108.9 103.9 Iii.0 ]¸06.0 113.0 108.0. 115,0 llO.0

630 io2.9 97.9 105.2 100.2 107.3 102.3 109,3 i0_{.3 111.3 106.3 113,3 108,3
800 101.0 98.0 103.2 98._ 105.5 100.5 107,6 102.6 109.6 i0_$.6 111,8 106.8
1000 99.0 9_.0 I01.5 96.5 10q.O 99.0 106,0 101.0 108.0 _0).0 110.0 i0{_.9
1250 96.7 91.7 99.3 94.3 102.0 97.0 i0{{,i 99.1 106.2 101.1 108.2 103,0
1600 9_J.l 69.1 97.0 92.0 99.8 9{l.8 102.0 96,9 I01$.1 88.9 106,2 iO0,8
2000 91.5 86.1{ 9{J.5 89.1$ 97,5 80.{} 100.0 9_J.8 102.0 86.7 10tJ.8 98.8

2500 89.0 83.8 90,0 86.8 99.0 89,7 97.5 OH,0 99.9 94,3 100.6 96.6
3150 86.3 80.8 89.1 83.6 92.3 86.6 95,0 89,1 97,3 91.2 100.8 9{{,i
*{000 83.5 77.5 86,5 80.5 89.5 83.3 . 92.5 86.0 95.0 88.3 88,5 91.i

5000 80.6 73.8 88,6 76.8 86.7 79.6 89,5 82,2 ' 92._l 81{.8 96,2 87,4
6300 77.6 69.8 80,6 72,8 83.7 75,6 86.7 78,3 89,7 81.0 93,6 83.6
8000 7'*.{_ 65.I{ 77.3 68,3 80,5 71,2 83,{l 73,8 86.8 76.9 90,8 79.6

i0000 71.5 61.3 74,5 61{,3 77,5 67.0 80,5 69.7 84,0 70.9 8_,0 75,6
12500 68.3 86.9 71.5 60.1 74.8 62,6 77,3 65,1 81,0 68.1¢ 85.2 71.5
16000 65.0 52,1 68.0 55,1 71.0 57.6 7_{,0 60.1 77.9 63.0 82.0 66,6
_0000 61.7 _17.0 6{*,8 50,1 67.8 52.I$ 70.6 51{.9 7'h3 57.6 79,0 61.7
85000 58.5 Ili.8 61,5 {{£{.8 64.5 47,0 67,5 {19,3 71,5 50.5 76.0 58.6
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TAOULATTON 0[,' SEL VALI/IES [,'OR DTFFER[_flT AInCI_FT

l_our gnl_lne LBI'R 'Pupbofon Tl,_n'JpOpL A1pep_l'l; - 70'1 & 00-8
AIPcV_t: With a'Ps[)Sepl_s Engines wlth Rotporl_ ],triedOacello_

Op@patlon: Apppoaah Takeol'f
Aivspeed: 160 gt 160 Kt 160 gt 160 gt 160 gt 160 Kt
Power: Fn _ 11000 Ibs Pn _ 6000 Ibs Fn = 8000 ibs Fn - 10000 ibs Iln _ 12000 lb_ FII - 15000 Ibs

SEL, dB SELj dB SEL, dB OELa dO SEL_ . dB SEL, dB
O_ound 0rourld Opound 0Pound 0pound 0_ound

Dlstnnee hip Co to AIP to to OIp to to AlP to to _lP _o to AIP t;o _o
it. Gpound Opound OPOt_r_d ' fpouRd OpouNd Opou_d Opot/nd Gpot_nd GpouRd Gpsur_d OpOllnd Gpound

200 102.0 97.0 i05,O i00,0 108,0 ]03.0 111.0 , i06,0 lltl,5 i09,5 i18,O 115.0

250 100.5 . 99,5 103.5 98.5 I06,7 ]01.7 109.8 iOl_,8 i13,2 118.2 116.9 111.9
315 99.0 94.0 ]02.O 97.0 105.3 100.3 108.5 103.5 111.8 106.8 115.8 110.8
boo 97.3 92.3 100.5 95.5 ]03,8 98.8 107o0 102.0 ]i0,3 105.3 llJl,5 109.5
500 95.8 90,8 99.0 9Jl,O 102.1_ 97.II 105.8 100.8 108,9 103.9 113.2 108.2
630 9Jl.O 89.0 97.3 92.3 ]00.8 95,8 10JI.2 99,2 107.5 i02, tl 112.0 106.9
800 92.2 87.i 95.6 90.5 99,2 9J&,1 102.5 97.tI 105.9 100.7 II0, l& 105.2

1000 90.5 88.3 91_.O 88.8 97.5 92.3 ]01.0 95,8 10_1,5 99.3 i09,O 103,8

1250 88,5 83,2 92.1 86,8 95.7 90.II 99.2 93,9 I02,7 97,_ 107..5 102.2
1600 86.h 81.1 90.0 8{_.7 93,5 88,2 98.0 92,6 i00.7 95,3 105,7 100.2

2000 8_1.5 79.0 86.o 82,5 91.5 88.9 99,0 89,3 99,o 93.3 I0_I,o 98.3
25uu _2.h 76,6 86.0 8o,2 89.t; 83.6 93.0 87.1 97,0 91.1 102,o 96,o
3150 80,2 73.9 83.8 77.5 87,2 80.9 90.8 8_,t_ 911,8 88.11 99.9 93,8
8000 78,0 71.o 81,5 71{.5 85.0 77.9 87.9 80,9 92.5 85.3 97,5 90.2
5000 75.7 67,7 79,1 71.1 82.7 7_1.6 86.1 77,9 90.2 81.8 95,4 86.9
6300 73.2 63.9 76.6 67.5 80.2 70,8 83.8 71_,3 87.9 78.3 93,0 88.3
8000 70.6 60,6 7JI.o 6_LO 77,5 67,ti 81.0 70,8 85,3 78.0 90.5 80.1

i0000 68.0 57,2 71.5 60.7 75,0 611.i 78.9 67.11 83,o 71.7 88,o 76.6
12500 65.0 93,0 68.6 56.6 72.q 60.3 76.0 63.8 80.2 67,9 85.2 72.8
]6000 61.6 I18,2 65.0 51,6 69.2 55,7 73.0 59._I 77,1 63./_ 82,1 68.3
20000 58.3 I_3,3 62,0 {{7.0 66,2 51.0 70.] 5_.8 7{I.I 58.3 79,1 63.1l
25000 55.0 38,1 59.0 I&2.1 63,0 Jl5.9 67.0 89.7 71.0 53.5 76.0 98.3
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TAJIUJ.A'J'IO_J Oi,' _lli{, VAi,Uli_'; [,'Oil JI[J"I,'E[_EIIT MliCilhI,'T

Al_'_l'a['_: 'l*lll'uu I_ui_lne Llli_X 'PLu'Oot'n_L AII,(:I,I_'I_ - y27
W_tll J'l'_Jl) ,_,[e'o ErHJlr_s

Ope r,a t; J,on ; Ai)lll_o_l c h • ']'aheo l'J'
Airspeed: 160 K_ %60 llt 160 lit 160 liL 160 Kt
Powu_,: l,'n _ bOO0 ]b_l Ji'ji _ 6000 lh_ I,'rl _ _lO00 3b_ F_t _ 10000 lb_ l?ll = 1_00_) lba

'JliS_ dB ._EL, dB ¸ SEL, _lfl OEL, _IB SELj dB

(Jl,oin_o LlI,ourlfJ ...... _i'ounll -- Ol'our_'_ Oi,oul_d
DJ.lll;ana_, AI?, _o I_o All' t.o I.o t_ll, t,o I,o All, _o tu A_. t;o t;o

['1_, 0 l.olnld Oi,ol&nd [_l,ound Ol,ol_nd (Jl_oLlrld Ol'ound 0 I.ot&rl{J 0I,o_1%(1 _i'oulld f] _olLr*d

2O0 13)_ .0 99.U 10'/.O 102,0 3_0,0 105.0 1]_.5 108.9 117.0 112.O
250 102.6 97.6 10._, 6 100.6 100.5 103,5 112,_ _0'/.2 116.0 111.O
318 ' 101.1 95.1 10J_ .(I 99,O 3O7.O 102,0 111),8 3O5.8 31_1. fi 109, £;
I&O0 99.9 9h,5 308.9 97,9 1115,8 100,5 109.8 3011.5 133.9 308.5
500 97.9 92,9 1o3.o 96.[) Io_. 2 99,2 ]08,0 Io8.o I]2.2 io`/,I
630 96,1 91,o 99,3 951.2 Io_.7 97,`/ Io6,6 1oi,6 31o.9 1o5.8
_OD 9$h_ 89,2 97.`/ 92,`/ IDI.O 96,0 105.N _00.0 109, $I 1Of&,3
I000 92,9 87,5 96,0 9].0 99.9 9J_,8 103.8 98./_ 108,0 I02,9
1250 90,Jl _5,I_ 93,9 88.9 97.6 92.5 10] .`/ 96.6 ]06,2 101,0

I 1600 80,0 82.9 91.6 86.5 95.9 90.3 99,8 99,6 ]0'I.3 99,0
(30 2000 ' 86.0 80.9 89,5 flZl.J_ 93,5 88,3 98,0 92,6 102.5 97.0
| 2500 83.2 `/8.0 8`/.0 _11,fl 93.0 85.8 95.8 90,2 100,`/ 91&,9

3150 80.`/ 7_.1 8II,6 79.0 89,0 83.1 93,6 87,5 98,`/ 92,3
*$000 77,fi '/1.9 8_.0 76.1 86.5 80.2 91.5 8J{,̀ / 96,5 89,9
5000 75.o 68,4 79,_ '/_,B _i.o '/6.8 89.1 81,_ 9_.1 85,5
6300 7_.0 61+._ 76,8 69.2 .ill,II 73.0 86.7 '/7,5 93,7 81.7
0000 6_,9 60.4 73,8 65.3 78,`/ 69,9 li_l,0 73.8 flg,] `/8,]

i0000 66,0 96.6 7],0 61,6 ?6,0 6_,7 81,5 `/0,3 86.8 711.7
1_500 63.0 52.3 68.0 57,3 `/3.0 61,I_ 78,5 65,9 83,8 70.3
16000 59,9 9_,2 6_.8 52.2 69._ 56.3 75,2 60.9 80,/_ 69,i
20000 86.2 /12.0 61.3 *I`/.3 66,3 51,2 72,0 55.'/ '/'/,3 99.9
25000 53.0 37.0 56,0 /12.0 63,0 _9.8 66.5 50,0 ?_l,O 5/I,9
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']'ABU[,ATION Oi,' SE], VA[,UI':S FOIl D[I.'IOEI_EU']' A[fICRAVT

Al,"erafL= 'JlJlI,_e I_rlglne LSPII rl'ul'bol'_lll _ll'cl'l_(% " 7_7
with ,]'[_80 _L',I']eS 8I'I_JrlDS wll;h 8eLl'ol'lt. Lll}ed ll_l(_elle'J

Opera] lonl L"-ndlng Takeoff
A_rsp_ed: 160 K_. 160 Kt. 160 Hr. 160 Kt, 160 8L.
Power: Fn = 40_0 ibs. ],'n= 6000 Ibs, I_n = 8000 ibs. l,'n_ 10000 ibs. ]'_n= 12000 lbs.

SEL= dB SF_L_ dB SELI dB 081,I dO SELI dB

OI,ound Gi,ound Qi_ound (II,oLlnd GI_ound

D1s_anQe, Alr to to Ai_, to _o Air _o _o A]I, _o to All' Lo 0o
rt, Opnqnd (]l,oq_ (]I'_il_(lnr_und q]'nqD(I _rgH0d o_r_iln4 qr,_ll_l (Irollnd Oroilnd

200 98.5 93.9 108.O .97.0 IO6,9 i01.9 111,5 106,5 116,5 111.9
250 97.2 92.2 100.7 95.7 105.2 100.2 110.2 105,2 115,3 110.3
315 95.8 90.8 99.3 9_1.3 103,8 98.8 108,8 103.8 IZlh2 ]09,2
tlO0 911.5 89.5 98.0 9),0 102.8 97.5 I07,5 ]02.9 119.0 i08,0
500 93.1 88.1 96.8 91,8 101.2 96.2 106,3 101,3 111.8 106.7
630 91.8 86.8 98.9 90,5 i00.0 99.0 ]08.0 100.0 110,9 105.11
800 90.II 85._I 94.2 89.0 98.8 93.8 103.8 98,8 lOg.2 10_I.1

i000 89.0 83.9 93.0 87.9 97.5 98.5 102.5 97,II 108.0 100.9
1250 87.3 82.1 91.3 _6.1 95.8 90.'/ ]01.0 99.9 106.2 101,0

I 1600 85.3 80.0 89.7 8q.ll 94.2 89.0 99,5 911,3 lOIh3 99,0

I 8000 83.5 78.0 88.0 82.5 92,5 87,3 98,0 92.6 102.5 97.0
2500 81.I 79J1 85.7 80,0 90.3 811.9 95.8 90,2 100.7 911.9
3150 78,6 72,3 83,3 77,0 88.0 88.3 93,6 87,5 98.? 92.3

6 81.0 86.0 8II,7 96.5 89.3I1000 76.0 69. 711.0 79.7 91.5
80o0 73.3 65,3 78.'/ 70,7 83,7 76.5 89.1 8],2 911.i 85.6
63oo 70.7 61.7 76,0 67,0 81,2 78.8 86.7 77,5 91,7 81.7
8000 67.8 57.8 73,1 63,1 78.9 69.2 81;,0 73.8 89.1 78,1

I0000 65,0 53,8 70,5 59,3 76,0 69.7 81,5 70,8 86,9 ?h.1
18800 62.0 I19.6 67.8 811.9 73.0 61._I 78,5 65,9 83.7 70.2
16000 58.9 q4,5 6_I.0 50,0 69,9 96.2 78.2 60.9 80,]I 65.1
00000 55.2 39.5 60.8 I15,i 66.3 81,2 70.0 55.7 77.3 59.9
25000 52,0 311.3 57,5 39.8 63.0 _19.8 68.5 5o.o 711.0 9_1.3



TAI_ULA'JL']IONOle _EL VALUES I,_OR DII_I_EHI_.N_ /_IRCrlAle'l'

Alz,az,a£_: q'wo l,:nl_lno [,[3Pil 'l'ln,bofan All,ora|'t - 737 & [1C-9
wlth Jq'_D S_rlos _n_lnes

• Ooel_al;Ion : ApllrN_(_ h r#18k-oo IPi_
6_tr_pe_d: . 160 Kt. 160 K_ ]60 K_ 160 KL 160 :Kt
Power: Fn _ _000 tbu _'n u 6000 lbs I,_n i flO00 ]bs l_'n _ 10000 lbs I_n a ]2000 lb_

S_L I d_ SF.X,_ dB _EL I dB S_L_ dB 3EL I dB

(]round Om_ound (]_ound flI,ound OrounO
Dlstancol Al_' to t;o 611, tb _o Jt_ to t;o All' t;o to AJI' t.o 0o

ft. O_ound O_'ound flround Oround Clround (]_,onn(I around (]l'ound Qround Ground

200 102.0 9'/,0 105.0 ]00.0 108,0 103.0 111.5 110.5 115.0 110.0
_qO 100.6 95.6 103,6 98.6 _06.5 101.9 ]10._ 105.2 111;,0 109.O
_15 99.1 9Jl.1 102.0 97.O 105.0 ]00.0 108._ 103.8 112.6 107.8
I_00 97.5 92,5 100,5 95.5 10].5 98.5 107.5 ]02.9 iii.5 106.5
500 95.9 90.9 99.0 9_.0 102.2 97,0 ]06,0 101.0 110.2 105.1
630 9t&.l 89.0 97.3 92,2 ]o0.y 95.Y lOl& .6 99.6 ]o8.9 ]o3.8
800 92.2 87,2 95.7 90.7 99.0 911.o lo3.o 98.0 lo'/. II 102.3

1000 90.5 85.5 911,0 85,0 97.5 92.5 101.5 96,II i06.0 I00,9
1,".50 8fl.ll 83.J& 91.5 86.9 95.6 90,5 99.7 51J,6 lOII.2 99.0

I 1600 86.0 80.9 89,6 811.9 93.6 88.3 97,8 92.6 102.3 97.0
2000 811.0 ?8,9 "87.5 82.11 91.5 86,3 96,0 90,6 100.5 95.0

o 2500 81.0 76.0 85,0 79,8 B�._n 83,8 93.8 88.2 98.7 92.9
m 3150 78.? 73.1 82.6 77.0 87.0 81,] 91,6 85,5 96.7 9o.3

I1000 76.0 70,] 80,0 71_,1 fltl.5 78,2 89,5 80.7 9_1.5 87.3
5000 73.0 66,11 77,_ 70,8 82,0 711,8 87,1 79.2 90.1 83.6
6300 70,0 60,/; 711.8 67.2 79.11 71.0 8J$.7 75.5 89.? 75.7
8000 66.9 5fl,l_ 71,8 6],3 16,7 67,t; fl_,O 71,8 87.1 76.1

i0000 611.0 51_.6 69.0 59.6 7_I.0 63.? 79,5 68.3 ' 8_,5 72.11

12500 61.0 90,3 66,0 55.3 71.0 59.tI 76,5 63.9 81.8 68,3
16000 .57.5 115,0 62,5 50,0 67.5 511,2 73.2 58.9 78._ 63.1

20000 • 5t1.2 1_0,0 59.3 _5,3 611.3 I&9.2 70,0 53,7 75.3 57.9
25000 51,0 35.0 56.0 tlO.O 61,0 63,8 66,5 I_8.0 70.0 50.5



_r.....

TMIM,'. I l-G

TA_ULATTOtl Ol,_ SI_I, VALIIES I"OH DIF|"EIIEWI' A Jr]CRAFT

Alrc_,afL: L_hree Engine LBPII '['ul,bot'au A]_-cral't - 737
wILh JTSD Serles Englne_ wlth _etz.oI'ILLined lJaae]]es

Opez'at;Ion: I,atldln_ , Takeof'f
A:_r_"p_cd: 160 K_. 160 Kt. ]60 Y._.. 160 gt:. 160 Y.t.
Power'; Fn = I1000 ibs. Fn - 6000 Ibs. Pn " 8000 ibs. ],'n " I0000 Ibs. Fn., 12000 ]bs,

=_SEL I dl] SELr dB SEL. dB SEL_ dB SEL I dD

Ground Gx.ound Oz.ouJ1(_ C_round Oz,ound
Dlst;anco. A'tz • t;o t;o Aii. t;o t:o All, to to Air to t;o AIr. t;o t;o

ft. Gr.ound O|,ound Or.ound Oround f]l,ound (]round Ground Oround fll,ound auound

200 96.5 91.8 100.0 95.0 ]0_&.8 99.5 109.9 IOI&.5 ]iJ4.9 IO9,5
250 99.2 90.2 98.7 93.7 103.2 98.2 108.2 103.2 113.3 108.3
315 93.8 88.8 97.3 92.3 io].8 96.8 lO6.8 ]01,8 110.2 lO7.2
JlO0 92.5 87,5 96,0 91.0 ]00.9 99,9 105.5 100.5 111.0 106.0

500 91.1 86.1 91h8 89.8 99,2 9_1,2 I01_:3 99.3 109.8 104.7
630 89.8 84.8 93.8 88.5 98.0 93,0 i03,0 98,0 108.9 I03._I
800 88.1_ 83.4 92.2 87.2 96,8 91,8 101,8 96.8 107.2 102.1

1000 87.0 81.9 91,0 85.9 98,5 90,5 100.8 95.4 106.0 100.9

1250 85.3 80.1 89.3 84.1 93.8 88.7 99.0 93.9 I04.2 99.0
16oo 83.3 78.0 87.7 82.4 92.2 87,0 97.9 92.3 102.8 97.0
2000 81.5 76.o 86.0 80.5 90,5 89.3 96.0 90.6 lOO,5 95.0

2500 79.1 73,4 83.7 78.0 88.3 82.9 93.8 88.2 98.7 92.9
3150 76.6 70.3 81,3 75,0 86,2 8o,3 91.6 85,7 96.7 90.3

Jlo8o 74.0 67.o 79.0 72.0 84.0 77.7 89.5 82,7 9J_.5 87.3
5000 71.3 63.3 76.7 68,7 81.7 71_,9 87.] 79.2 92.1 83.6
6300 68.7 59.7 74,0 65.0 79,2 70.8 84,7 75.5 89.7 79.7
8000 65.8 55.8 71,I 61.1 76,5 67,2 82.0 71.8 87.1 76.1

I0000 63.0 51.8 68.5 57.3 74.o 63,7 79,9 68.3 8J_.5 72.1

12500 60.0 I;7,6 65.3 52.9 71,0 59,11 76.5 63,9 81.7 68.2
16000 56,5 42.5 62,0 *;8.0 67.9 54,_ 73,2 58,9 78.4 63.1
20000 53.2 37.5 58.8 {13.1 611.3 _19,2 70.0 53,7 79,3 57.9
25000 50.0 32,3 55.5 37.8 61.0 I13,8 66,5 48,0 72.0 52.3



'J'ABLE II-7

'_ABULA'PIOII OV SF_L VALUSS FOIl DIFI,I_III_IT AIRCHAP'|'

FOUl' _llg_lle HBP_ 'l*uz,bol'an Q'l'_J1sI_O_,_ Alrel, a£1_

A1r_I,att: l_oeln_ 'J_IT-IOOA l_oeln_ 747-1006 8o_ing yJ_?-IOOD BoelnL_ 71&7-1OOD
B1ow-_ii-Door B]ow-ln-laoo_, Flxed Lip P1xe_l Lip

IIaeelluu 8acelles Ilaeel]e_ Nae_lle'J
J'_9D Engln_s 3'PgD Englne_ J'I'gD E_ll;Ines J'fgD l_ngll_s

Opep_lon: Takeol'|' AI)pZ'oa(:h 'rak_oJ'l _ App_"o_oh
A1z._peed: 160 K_ 160 K_ 160 Kt 160 Kt;

I_°w_r ; _;I _300 _!i _JIO0 81 _50 HI 280_

. SEL l dB _EL t dI_ SELI dlJ SI_L_ dO
Oz,ouild O_'ound Oround Oround

D_._tan(:_, AI_ _o t_o . Alz, to _o 61_, _o to Ai_ to _o
f_. Oi.ound OI,o_and O_oLanll Oround Oz,ound Oz.ound 0_ound Oz._und

_00 118.0 113.0 111.9 106,9 115.O 110,0 106.5 101.9.
_50 I17.0 ]12.0 110.3 105.3 11_.O 109.0 105.1 100.1
315 115.8 110.8 109,0 10h,0 112,8 I07.8 103.8 98.5
_I00 11_,5 109.9 I07.5 102.5 111.¸5 106.5 I02,0 97.O
900 113.0 IO8._ 106.8 i01._ 110.2 105.1 ]o0.J_ 9_._
630 111.9 106.9 10_l.? 99.7 I09,0 109.9 98.9 99,8

• 800 110.3 105.8 103.1 98,3 i07,5 I00.8 97.1 92.1
I000 i09.0 103.9 101.9 96.J& 106,0 I00,8 95.5 90,11

I 3250 I07.8 108.2 99.9 9h.9 108.5 99.3 93.7 86.6

1600 105.3 i00.0 98.0 93.0 lO3.O 9'/,5 91.6 86.Q
I 2000 109,5 98,1 96.0 91.0 i01,3 95.7 89.8 811,5

2500 301.7 96.0 93.7 88.5 99.6 93.6 87.9 82.8
3150 99.7 93.5 9].8 85.9 97.8 91.3 85.8 7g.9
J_000 97.5 90.8 88.5 83.0 96.0 88.6 83.5 76.8
5000 95.D 86.7. 88.7 79.8 9lJ.O 85.11 81.3 73.7

6300 98.2 82.6 82.6 . 76.1 91.7 81.7 79.0 70.2
8000 89.5 78.9 Y9.5 72.2 89.1 78.2 y6.5 6?.0

I0000 87.0 75.3 76.5 68.1 87.0 76.0 7'1.0 63.6
12900 8J;.5 71.6 73.Q 63.J_ 88.5 7] .2 71.2 59.6
16000 81.5 67.0 69.9 57.9 81.5 66.7 68.1 55.2
20000 78,9 62.6 66.5 52.J_ 78.9 60.8 65:1 90.5
28000 76.0 57.7 63.9 _J7.1 ?6.0 5?.I 62.0 {{5.5

....... . ,jH._:,,,rJ • _, , . . . • • _ i̧ ,. ,, :i• /., > •,;, ..,)_ _ L_ ...... •. ,:. • : , L :. _;_ H ,,u • •?i• _



'PABLE I]-8

_'ABULA!['IOIJOi'_gEL VALIJEE FOG DIFPE88N_' AIGCRA['_I'

All,graPh: ThI'oe EnGine lISP8 '_urbol'an TranspoI,_ Alrcl,art

DO-10-10 DC-10-10 DO-IO-IO DO-IO-II0 DG-IO-_0

CF6 Series CF6 S_pIeB OF6 Ser_es J_'�D Series JT�D Serles

Engines Engines Engines Englneq ErlElnes
(50 ° Flaps) (35 _ Plap_)

Operation: r/'akeoff Approneh Approa=h Takeol'l' Approach
Al_speod: 160 St 160 Et 160 R_ 160 E_ ]60 K_

Power: NI • 31;00 N I • 2600 N I = 2300 81 = 3350 N 1 = 20100

SEL I dB ,RF_T*I dR RI_T,I dg ,qRl, I dR RF_I., tH_
Oround Ground Ground Ground Oround

Distance, gi_" to to Air _o ?Go Alr to to Air to to Air to 0o
ft. Ground ground Gt_ound Oround Ground ground Ground O_,ound ground Ground

gOD 109.0 108.0 105.5 100.5 I02.0 97.0 110.0 105.0 lOCi.5 99.5

E�O 108.0 i0).0 i04.0 99.0 100.5 95.5 109.0 lOJJ.O 103.0 98.0

_5 106.8 101.8 108.5 97.5 89.0 98.0 107.8 I00.8 101.5 96.5]05.5 100.5 i0] .0 96.0 97.5 92.5 106.5 101.5 I00.O 95.O
500 108.2 99.1 99._ 911.?I 95.9 90.9 109.2 i00.i 98;4. 93.JI
_30 103.0 97.9 97.7 90.7 911.S 89.2 10thO 98.9 96.7 91.7
800 101.5 96.15 96.0 91.0 92.5 87.5 102.9 97._ 95.0 90.0

iO00 100.0 911.8 971.9 89.JI 91.0 85.9 I01.0 95.B 93.9 88.JJ

1290 98.6 93.3 92.6 87.5 89.1 88.0 99.6 9;h9 91.6 86.5
1600 97.0 91.5 90.5 85.11 87.0 81.8 98.0 90;5 89.5 8_I._I

I SO00 95.3 89.7 88.8 83.5 65.3 80.0 96.3 90.7 87.8 88.5

_500 93.7 87.7 86.8 81.3 83.3 77.8 9_.7 88.? 85.8 80.3
3150 91.9 85._ 84.7 78.8 81._ 75.3 9_.0 86.q 83.7 77.8
8000 80.0 82.6 88.5 79.8 79.Q 72.3 91.0 89.6 81.5 78.8
5000 88.0 79.8 80.2 70.6 76.7 69.1 89.0 80.11 79.8 71.6

6300 85.8 75.8 78.0 69.2 7h.5 65.7 86.8 76.8 77.0 68.2
8000 83.3 7_._I 75.z1 69.9 71.9 62.II 811.8 73.11 7_;.I_ 6q.9

i0000 81.0 69.0 73.0 62.6 69.5 59.1 8_.0 70.0 72.0 61.6

12500 78.5 65.2 70.8 58.7 66.8 55._ Y9.5 65.9 69.1 57.5
16000 75.5 60.7 67.2 5Jh3 63.8 90.9 Y6.5 6].7 66.2 53.3

20000 72.9 56.2 611._ _19.6 60.7 I16.1 73.9 97.8 63._ I18.6
25000 70.0 81_i 61.0 II_.8 _7.5 ?11.0 7].0 52.1 60. 0 I19.5

_.r_,_,_!_..._._-!=;'!_i'__:iS;_i_!:;.L_'_._/_' ................c. :'_:•: .........................._i Ļ ._ .:_ ._/_ _.__ i:r_ : _ _ ..... --i _ ....= =. ........- _. : .........H ............... _..:_..: .._ . _...: _ .;/_..c i •



_--3"i F-7,=-'3

'PABI_F+ It-9

I+ABULA9+IOIIOF 8EL VALUF.S FOR DII_PI_III_I'I'J'A18CRAFT

8uslness Jet. Aip_'uI+t

A_p_I_aft: Ce_$sn_ Oessn_ Col,modol.e Jet. COMl_OdOre Je_ D_ss_ult FaN Jet DQssat_1_ [_'aN_e_
Cit_Lion C1ta_lon Commander 1121 Colnmander 1121 I_al_on. Two Palcon. _o

Two J_'15 D-I Two J'P 15 D-I Two CJ610-5 'Pwo OJ 610-8 OJTO0-_D CJ700-28
TupboP_in En_. Turbofan ENg. TllrboJe_ J!IIE. _urboJet EnE. TLn.bofan EnE. _'u_boPan EnE+

Ope_.a_on: 'Pllkeo_'f Approach Tnkeo_'P . A _pl+oa_h 'P_keoCf Approach
A_rspeed: 115 K_ 118 K_ I115 K_ iiio Kt I_10 K_ 1J10 Kt
Power: Fn - 1550 ]bs. Fn - 510 ibm. Pn - 2_170tbs. Fn - 1170 Ibs.

Sh'_l_ d_B___ SEL i dB SEL I dB _EL. dB S_I._ dB _ SF.I.I dB

_ound . _ _.o_nd Gr_L£nd GT.ound Qi.ound O rou_d

[}_stan_el AI_' to _o A_T' to _ Ai_. _o to A_P _o _o All" _o _o All_ _o _(_

Pt. QI.ound Or_und _ound _ound fl_ound _i.nund Oi.ound Ql.ound Qpound Oround (]round O_ound

.200 97.2" 92.2 86.9 81.9 121.6 116.6 I08.D ]09.0 107.0 I0_.0 10D.I_ 99._I
250 96.0 91.0 85.7 80.7 120._I ]15.11 106.9 I01.9 105.5 100.5 99.1 98. $&
315 911,9 89.9 8h+8 79.5 ]19.1 llIl,l 109.7 100,7 103,9 98,9 97.6 92.6
_00 93.7 88.7 83.2 78.2 137.7 ]12.7 IOt$,5 99.5 102,3 97.3 96.1 91,1
500 92.5 87._I 81.9 76.9 116.3 I11,3 i03,3 98.3 100,7 95,7 91L5 89+5
630 91.2 86.1 80.6 75,9 ]I_1.9 i09,9 i02,0 97,0 99.1 911*l 92,7 87,[
800 89.9 8ti.8 79.2 7*LI 113.3 I08,3 I00,7 98,6 97.9 92.5 90,8 85,_

I i000 88.5 83.3 77,8 72.6 iii,7 106.7 99.3 9JI.2 95,9 90,8 BB,8' 83.8
p._ 1280 87,i 81,7 76,3 71.0 ii0.0 I(}9.9 97,8 92,7 91h2 89.1 86.7 81,6
._: 1600 85.5 80.1 7/I,7 69,3 I08._ 103.1 96,2 91.1 92.9 87,2 8_I,5 79._
I 2000 83,9 78.3 73.1 67,6 106.3 101.1 9_h5 89,3 90.7 85.3 8_,3 76,8

_500 82.2 76*2 71.5 65,II 10_;._ 98.8 92,7 87,3 88;7 83.1 60.0 7£I,_

3180 80._ 73.7 69,? 62.9 108.0 96,3 90.7 85,1 86.6 80.6 77,9 71,8
IlO00 78,9 70.8 67.9 60,2 99.7 93,3 88,6 82.5 89,9 77.6 75.7 69,1

5000 76._I 67._I 66.0 57,O 97.1 89.8 86,9 79._I 82,0 711.1 73,5 66,0
6300 751,_ 611.0 63,9 53,9 9_I._I 85+8 83,9 76.0 79,9 70.1 '71,2 6_,6
9000 71,8 60.3 61.8 50.5 91,1{ 82,1 81,2 7_.7 76.9 66,_I 68,8 59._

_oo00 69.9 56,7 59.5 _17,2 88.2 "[7,9 78,9 69.1 73,6 6_.2 66,2 5_,8
12500 66,9 82,6 57.1 153,9 811.7 73,3 75,3 69.o 70.5 57.8 63.6 51,7
16000 69.5 _18.1 911.9 39,5 81,0 68,1 ?1.9 60.5 67,P. 92.3 60.8 117,2
20000 60.3 '13.o 8].7 35.2 76.9 62.2 68,_I 88.11 63,7 _;6.6 97,8 Jl_,2
25000 56.9 37.8 II_].6 30,_I 72.11 55.7 6_1.6 I19,7 60.0 4O,Jl 511,7 36,7

i



+r- • ., . .

TAIJI,I,; H-10

TABIH,A'J']Ot+ O1.' _+EL VALIIE+; FOR [+]FI,+EI(F:H'P AIRC]tAI,'T

Bus[llos:_ ,lel_ AIpcpii]'t

AI_,e_.llft+: O_l_es Leal, Jet Oi1t_s Leaf.Jilt Gnt+es l,et*pJet Oat, es l.eal,Jet
2_I _.;:5 . 21+ & 25 35 & 36 39 & 36

Two 0J610-6 Two (:J6]0-6 Two 'I'FE731-2 TWO TFI':731-0

'Put'bo,le_ ErH_. TupboJot En[{. TurboFan En£_. 'l'uPt_ofall Enid.
OperaLlon: 'Pllkeoff AI}pPoIlch 'PId¢eoFf Appl'oach
AtI'sl)eed: 155 8_ 150 KL 160 K_ 150 Kt
l'owoP:. FIL = 2500 ib_. P,i - 1050 Ib_ Fn _ ._630 Ib_ i;n = 99? ib_

dB SEL_ dB ._ELI 00 SI'_L= dB

Opotlnd {_pOLIIld 0 I'oulld Opotmd
Dlstanee+ AlP to to h[l' tO Co AiP to to AIP _0 to

l't , 0 i,ound 0 Pn tilld OPound Opoun(I 0 l,oun(I f] i.ountl (h+ound Opound

200 121.6 116.6 105.9 100.9 I07._ i02.0 90.8 85.8
250 120.II 115.JI lOll.B 99.8 105.9 100.9 89.6 8JI.6
315 119.1 ll_hl . ]03.6 98.6 ]01h5 99.5 88.9 83.II

900 I17.I 1J2.l 107./I 97.11 103.1 98.i 8?+i 82.i
500 116.3 iii.3 101.2 96.2 101.7 96.7 85.7 80.7
630 11_h9 109.9 99.9 9JI.9 100+2 95.1 89+3 79.3
800 113.3 108.3 98.6 93.5 90.6 93.6 (]:2.8 77.8

iO00 111.7 106.7 97.0 92.1 97.0 91+9 [Jl.3 76.1
1250 110.0 1011.9 95.7 90.6 95.3 90.0 79.7 7Jh9
1600 108.2 103.1 911.1 89.o 93.6 88.3 77.9 72.6
2000 ]06.3 iO1.I 92.11 87.2 91.7 86.3 76.2 70.7
8500 101+._ 98.8 90.6 85.2 89.7 8_I.0 7Jh3 68.5
3150 I0_.0 96.3 88.6 83.0 87.6 81.II 72.11 66.1
4000 99.7 93.3 86.5 80,11 89.1+ 78,tl 7o,II 68.3

5000 97.] 89.8 8JI.3 77.3 82.9 71h8 68.11 60.2
6300 9_I.II 85.8 81.8 73.9 80.3 70.7 66._ 56.7
8000 91.11 8_.i 79.] 70.6 77.9 66.9 611.0 53.8

i0000 88.0 77.9 76.3 67.o 7*h5 68.7 61.6 50.1
i_800 811.7 73.3 73.2 62.9 71.3 58.0 59.0 116.2
16000 81.0 68.2 69.8 88.11 67.8 58.8 96.6 112,0
_o000 76.9 62.0 66.3 53.3 611.0 _17.0 83.9 37.5
_500o 72 ' _I 5_9 r,# 62 , 5 _+7.6 60.0 II0,7 51.1 32.9



'I'ABLI_ 11-11

TAIIUbATION ]IF O_L VAIIIES POll DIFI;E0_IJ'P AIIIORAI_T

B11sIi1ess Jel; AII'cr_f_

A1_'cpnI'_: ilpumm_n Grt_i_iman ho_l_he_d Lo0_lleed [_opth Amep_can Nol_h hrneP1aan
GiIll_s_.eam I11 Oul_'s_ream I] Jets_a_. I/C-I_&O Jet,tar I/C-180 Sabl'e 80 Snbr_ 80
TWO SPB7 511-8 _o SPEY 511-8 Fou_ J_' 120-60 Four J'1' ]20-60 Two CP700-2D-2 Two 0l_700-2D-2
Turbojet Enl_. TurboJe_ Enl_. 1'urboJet Eng. Turbojet EriE. Turbofan Enid. Turbofan En_.

Ope_'a_ion : Tal_eo_f A_proaoh Takeol_f Approl_ah Takoof_ App_.oaeh
Al_speed: 175 kt 155 k_ ]J_5 Kt ]35 K_ ill0 k_. i_;0 kt.
Power: Fn'- 9300 ibs. I_, = 3200 ibm. l_n - 2800 ibm. 1_n _ ]_70 Ib_. _n - 3_80 Ib_. ]_n - 865 ibs.

SELt dB SEL, dB SEL, _B SEI._ dB SE]. I dB SEL_ dB
Opoun--_ Groulld Opound apound O_.ound Opound

DIG_II_._ A_I" _.o _: ._!_ t_ to _I_ tn I;_ A]_" to to AIp t:o _O _Ir to _O
ft. Opound 0_ound O_nund Opnund O_ound O_ound _r'ollnd Opound Oi.ound O_ound 0_ound Oround

200 120.1 115.1 99.6 9J_.6 121.1 116.1 108.3 103.3 ]12.O 107.0 96.5 91.¸5

250 119.O llJ1.0 98.5 93.5 ].19.9 lltl.9 107.2 102.2 110.5 105.5 95.2 _0.2315 117.9 112.9 97,3 92,] 118.7 113.7 Io6,0 101.o I08,9 Io3.9 93,7 8.7
400 116.8 111.8 96.1 91.I 117._i 112. I_ 10_1.8 . 99.8 107.3 102,3 92.2 87,2

500 115.6 110.6 99.9 89.9 116.1 iii,i 1o3.6 98.6 105.7 lO0.7 9o.6 85,6
630 lll_.5 I09 .I; 93.7 88.7 118,7 I09,7 i02,3 97,3 lOJl.l 99,1 88,8 83,8

800 113.3 i08,1 92.ti 87.3 113.2 108.2 ]00.9 95.9 103.5 97.5 86.9 81.9
i000 112.0 ]06.7 91.1 85.9 Iii,7 ]06.6 99.5 9JI.5 100.9 98.8 8Jh9 79.9
1250 110.7 105.3 89.6 8_. J_ ii0.I loll,9 98,0 92,9 99,2 9J_,l 82.8 77.7
1600 109.3 i03.7 88.2 82.9 ]08.3 103.1 96,3 91.2 97.5 92.2 80.6 75.3
2000 107.8 102.0 86,6 81.2 106.5 I01.2 9JC.9 89.9 95.7 90.3 78._ 72,9
2500 106.3 i00.0 85.0 79.3 I0_1.5 98.9 9P,6 87.{l 93,7 88.1 76.1 70,5
3150 104.6 97.6 * 83.2 77,1 102. II 96.3 90.5 85,1 91.6 85.6 78,0 67.9
8000 102.8 9th8 8].3 7_h8 i00,I 93.3 88.1 82,5 89,*I 82.6 71.8 65.2
5000 100.9 91.8 79.3 71.5 97.6 89.7 85.6 79.5 87,0 79.1 '69.6 62,1
6300 98.9 87.9 77.1 68.2 95.0 85.7 82.8 76,1 8tl,I_ 75.1 67.3 58.7
8008 96,6 89.9 7_1.8 65,2 92.1 81.9 79.8 72.5 81,6 71,14 6_.9 55.5

i0000 98.2 81.5 72.3 61.9 89.0 77.7 76.6 68.5 78.6 67.8 62.3 51,9
12500 91.6 77.7 69,6 58,1 85.8 73.1 73.6 6_&.2 75,5 62.5 59.7 I17,8
16009 88.8 73.tI 66.7 53.9 82,2 67,8 69.7 59.1 72.2 57,3 56,9 _3.3
20000 88.8 68.6 63.6 I19,2 , 78.1_ 62,1 66.2 53.7 68,7 81.6 53.9 38.3
25000 82.5 63.3 60.3 MI.O 7_1.3 55,7 62.5 _7,9 65.0 _5 ,JI 50.8 ' 32,8



TABb_ ]J-12

TAI3IJI,ATIOI/ OI._ SSL VALIJI_S FOR DI[,'I*'I'_IiI_NT AlflcllAl,"l'

Bustnc_s_l Jet 011,_rsl't

AlI,_,afL: North AIIlel, loan rlol,th Am_I'icaN ' Col;IPo,J_c,i ComposIte m
Sabz_e 60 _bB'e 60 Ituslness Je_ _u_l_e_ JeL

Two ,]T12_-8 Two JT12A-_
TLl_boJeL Eng, TurboJeL En_.

OPeX*a_lor_ : Takeo_£ Appl,oaah Tal(eoPP App_,o_eh

Power: 1"11= 2800 lbs. _n = 800 lbs,

s_,I, I dB S_L I dB SEI,_ dl_ s_I, I dB

Q*,oulld fz, ound 0_ound Orou0d
DIStance_ AIz, t_o I;o All* to _o _lr _o _o AI_ to tO

2oo llg,1 1]l_,l 103.3 98,3 120,1 115.1 10_h8 99,JI
250 117,9 112.9 102.2 97,2 118.9 113,9 ].o3,3 98,3
319 116.7 111,7 101,0 96,o 117,6 112,6 102,1 97,1
_100 115,8 ll0._l 99,8 94,8 115,6 1]O,6 100.9 95,9
500 118.1 109.1 98,6 93.6 118.8 109.8 99.7 91h?
630 112.7 107.7 97,3 92,3 I13.11 ]08.8 98.8 93,JJ
800 iii.2 106.2 95.9 90,9 111,8 106,8 87.1 92.0

i000 109.7 1011.6 811.5 89.5 110.2 108.2 95.7 90.6
1290 108.1 102.9 93.0 87.9 108.5 ]03. I} gI{.2 89,1
1600 106.3 101.1 91,3 86.2 106.7 101,6 90.6 87.5
2000 10'_.5 99.2 89.5 88.8 108,8 99,6 90.9 85.7
2500 102.5 96.9 87.6 82.h I02.7 97.3 89.1 83.7

3190 I00,8 91_.3 . 85.5 80.1 100,5 9fl.8 87.1 81.5
llO00 98.1 91.3 83.1 77.5 98.2. 91.8 85,0 78.9
5000 95.6 87.7 80.6 7JI.5 95.6 88.3 82.8 75.8
6300 93.0 fl3.7 77,8 7] ,1 90.9 8{,,3 80,3 72,8
8000 80.i 79.9 7{l.8 67.5 89.9 80.6 77.6 69,1

i0000 87.0 75.7 71.6 63,5 86,7 '16.Sl 7_l.8 65.5
12500 83.8 71.1 68,6 59.2 88,2 71,8 71,7 61.Jl
16000 80°2 65.8 6JI.7 511.i 79.5 66.6 68,3 56.9
20000 76.2 60.1 61.2 88.7 75.8 6o.7 6{I.9 51,8
25000 72.3 53.1 57.5 I12.9 71,0 59.2 61,I 86.1

_'i'he composl_:e business Jet noise ls based upon the noise ehal,ae_el.is_les oi'
"_h'Pee b_.pell oP b_siness Jet; engines (st_a11_b_ t;urboJet.s, tupboP_ns and s_all
_ul_l)oPans [Cessna Ol_bl_n]), The composite ehal*Se_e_Is_Ics _ssunlu a _at;_o
o_ Olle._abions of 70_ tllrbo,{e_ 16_ ]ai,Mel. bul,boPan:l and 1{1_ smalle_ tul.boPasu.

.:.; u-_;_ ..,%• ; , ,. •:.:-- _.-- _ _ , ': ....... "



TAIH,8 11-13

'I'ABULA+IqOII O1+'+;El, VA[,UI':_ ["OR OIFI,'[_HI+I+T A] 8CllA],'I'

A11.uraPt: 8-l_nlIlne ']'llpbOpl.C_prl_ra_IlPol'1., ll-_]n[_II)o1'urbnpl.ol)q'I'I_fl_poI'5
l.o_kheed llerm*les, Lo_Iiheed ElecLra
382E, 3820, 01301] Lookheed 8ereules

3820, C_30E

Oporat_ on : .rakeofr Ap raaeh q'al¢eoi'r Approach
Alrfspe_1(]; 1115 KL l_lO 8t , 185 KL 180 81;
power :

SF, L, dB 8EL, dB 81_1,, d13 _EI,, dB

Oround Oround" Gr,ound (]round

D1stnnae, AIP I_o to All. t;o to Air I:o to Air I;o I;o
ft. Ground Ground ,_rnund Oround Of,outed Ground Oround _r.oun8

_00 108.1 99.1 98.11 93.JI 99.1 911.I 96.11 91._
250 I03,0 98.0 97.3 92,3 98.0 93.0 95.3 90.3
3]9 101.8 96.8 96.1 91.I 96.8 91.8 91&.1 89.!
800 1OO.7 95.7 9J_.9 89.9 95.7 90.7 9_.9 87.9
500 99.5 99.8 93.7 88.6 8Jl._J 89.8 91.7 88.6
630 98.3 93,2 92,JI 87.3 93.3 88,2 90,N 85.3

800 _:_ 9t.9 91.] 86,0 98.l 86.9 89.1 88.0lOOO 90.9 88.7 88.8 90.8 85.5 87.7 82.5
l 1290 914,8 89,0 88.2 8_.9 89, tl 811.0 86.2 80.9

1600 " 93.0 87,8 86.7 81.3 88.0 82.8 8h.7 79.3

20oo 91.9 85.6 85.] 79.5 86.5 80.6 83.1 77.5
2500 89.9 83.7 83.5 77.5 811.9 78.7 8] .5 75.5
3150 88,2 81,5 81.7 75.3 83.2 76,5 79.7 73.3
tlO00 88.5 79.O 79.8 72,7 81.5 7JI.O 77.8 70.7
5000 88.8 76.1 77.8 69.7 '19.t_ 'II.I 79.8 67.7
6300 80,6 78.0 75,7 66.q 77.6 68,0 73,7 88.11
8000 80.5 69.8 73.8 63.3 ?5.9 61t,8 71.h 81.3

I0000 78,3 66,8 71.1 59,8 73.3 81,8 6%1 5?,8
]2500 76.o 6_.6 68.6 55.9 'II.O 97.6 66.8 53.9
16o0o 73.7 98.1 66,0 91.6 88.7 93,] 611.o tl9,6
20000 71,2 58.6 83.q N6.8 66,2 118.6 61.8 11J1,8
25000 68,7 t18.7 60.5 Ill.8 68.7 113.7 58,9 39.8

I



TA[ILE If-] Jl

'PABULA'I'IONOE,_SEI. VALUES I,'(]RDIFFERE0rl' AIRCRAFT

AIpe_-a_t: 2-Engln_ 91ui"bopl.op']'_a_pop_ 2-[_/_ll]efl_urbop_op Al_.e_ft
wlth Dar_ En_l_les wlth P_I'6 En[_Ines

_-27. HS-7_I8 D8C-6 'l_wlnO_ter

Opera_ion_ Takeoff Appr.oa_h Tak_ol_£ Apppo_ch
A_rsp_ed: lifoKt 120 K_ 70 Kt 69 Kt
Power- :

SES, dB SEL, 06 SI_L, dO SELj dB

Oround O_'oL_nd 0round Or.ou_d
DI_nae _Ir to _o AI_ to _o Air _o to _ _b to

_'_. O_ouNd O_'ound 01.oun_i (]round O_.ound 0_.ound O_ound Oround

_O0 101.7 96.7 g9.6 9if.6 91&.8 89.8 91.8 86.8
250 100.6 95.6 98.2 93.8 93.6 88.6 90.5 85.5
315 99.6 9_.6 96.8 91.8 92._ 87._ 89.1 811.I
I100 98.5 93.5 95.2 90.2 91.] 66.1 87.7 82.7

900 97.JI 92.J_ 93.6 88.6 89,8 6_;.7 66.3 81.2
630 96.3 91.1 91.7 86.7 88.9 83.3 81_.7 79.7

800 99.1 90.0 89.8 89.7 86.9 81.7 83.0 78.0
1000 9_.0 88.7 67.7 82.6 85.9 BO.I 81.3 76.2
1050 92.8 87.3 85.9 80.3 83.8 78.3 79._ 7_.3

16OO 91.5 85.7 83.2 77.7 83.1 76.*l 77._ 72.3
2000 90.3 81{._ 80.8 75.0 80.9 7{_.3 75.3 70.1

i 0500 89.0 81.7 78.5 78.1i 78.5 .70.0 73.1 67.8

3150 87.6 78.8 76.9 69._ 76.6 69.5 70.7 65.0
l _000 86.1 75._ 7_1.3 66,0 . 7_.7 66.6 68.2 62.3

5000 89.6 71.8 72.3 63.0 70.7 63.9 69.2 59.0
6300 8_.9 68.8 70.3 59.9 70.8 59.8 6_.8 55.3
8000 81.] 65.6 68.3 56.6 68.8 96.9 60.1 51.6

1000O 79.1 60.8 66.3 53.1 66.8 9_.7 57.3 97.6
10500 77.0 60.0 611.2 *19.1 6'1.7 '18.7 5_1.5 93.2
16000 75_.6 56.9 60.1 _15.1 62.6 {II{.5 51.7 38._I
_0000 73.1 53._I 59.9 I_o.8 60._ _0.2 _19.0 33.3
_51}00 69.3 _19.5 57.7 36.9 57.9 35.9 96.1 27.8



_ _ r'_ r_'lr'1 C'_ r-I r-_lF--]F-] U-l L--]T-] _.-I,--I
'I'A O[,L_ Zl-]5

LPABULATTOI'I 0],' ._EL VAI.UE_ J'_Oll DII,'I.'_SEUT AI[IC]IAI_T

A1_eraCt: _l-l_ni{Ine P1s_on 2-Enable }qs_all
TraT_poi,I. 'Jh,_Ii_ por t

(>12,500 lb'J. Max. 0ross We.)

0perot Ion: Takeo 1'I' Appl,_ach l'a]{ _o l'l' Approach
Airspeed: 1JI0 Kt, 120 K_. ]JI0 KL, 1_0 K_.
l_owoI. :

SI_Gv dB --SEL_ d8 _L_ dB SI,.'L_ dB
Gr,ound {_round 0z,ound 0round

Dlstllnoe, Atr to _o A_I. to to AII' _o Lo AII, to L;Q

200 106.6 ].01,6 96,8 91,II 103.6 98.6 93.4 88.Z_
250 105.5 I00,5 95,3 90,3 102.9 97.9 92,3 87.3
315 I0'I.II 59,N 9N.2 89.2 i01 ,II 96.ri 91.2 86,2
llO0 103.2 98.2 53,1 88,I 100.2 95.2 90.1 85,1
500 i02,0 57.0 92.0 87.0 99.0 9_&.O 89.0 8_.0
630 i00,8 95.6 90.8 85,6 97,8 92.6 87.6 82.6
800 99,5 91h2 89.6 8_.2 96,5 91.2 86,6 81.2

i000 98.2 92.6 88,t_ 82.7 95,2 89%6 85, tl 79,7
1250 96,8 91.0 87.1 81,I 93.8 88.0 811,i 78.1

1600 95.11 89.2 85,8 79,h 92.1_ 86.2 82.8 76.N
,2000 9'1.0 87.3 83,9 77,6 91.0 8_.3 81,_I 711.6

2500 92.5 85.2 82,9 75,5 89.5 82.2 75,9 72.9
3150 90.9 82.8 81.*$ 73,0 87,9 79.8 78,4 70,0

_000 89,3 80.0 79+9 70,3 86,3 77,0 76.9 67.3
5000 87.6 76,8 78.e 67.8 8_.6 73.9 75.2 6_;.2
6300 85.9 78.6 76,5 6_t.] 82.3 70,6 73,5 61,1
8000 8_.0 70.5 7_.7 60,8 81.0 67.5 71.7 57.8

10000 82,0 67.*I 72,8 57.7 79.0 611,$I 69,8 9_4.7
12500 79.9 6*1.9 70.7 5_{,2 78,9 61.9 67,7 51.2
16000 77.7 60,1 68,5 50.5 711,7 57.i 68.5 h7.5
20000 79.2 86.0 66.2 *{6.5 70.-_ 53,0 63.2 I_3.8
25000 72.6 51.6 63.6 h2.3 69.6 _18,6 60.6 39.3



,;-,.;._ y_z -+ _ ,, :-•, .........,_. +. .... . •

' TABLE I]-]5

'rABIILATIOt] OF EEl, VALU_ PO8 D'[FPE8EST A;RCSAFI'

Ail, f_rart ; 2-8n_lne Pl_t ol]
Alrerzirt 1-5'ngl ne Plu_onAircraft

(<12,500 lbn. Max. cro._ Wt.) Oompo_Iten

Operation: '1'ak_off Approach Takeoff Approach
Airspeed: 110 Kt. 80 Kt. 110 Y,t, 90 KL.
Power:

Rt_I._ <IR ART.. fir _l_I,. dl_ SRI,+ +in
OroUlld Grclun(I (]round Oround

Dlstnnce, Alr to to Air to to Air to to Alr to to
f_ , Orot3nd 0rnund 0 potmd (]round Grotmd 0i.ound orotmd Ground

2O0 93.3 88.3 86,9 81,9 91.3 05.3 79,3 7q.3
250 92.2 87.2 85,7 80.7 90,2 88.2 78,1 72,3
315 91.1 85,i 8/1.6 79.6 89.1 82.1 77.0 70,0
_I00 90,1 85.0 83,11 78.q 88.1 80.0 75.8 67+6
500 89,0 83,9 82.2 77.2 87.0 77.9 7q.6 65.6
630 87.5 82,6 81,0 75.8 85.9 75.6 73.q 63,2
800 . 86,7 81,3 79.7 7Jl,h 811.7 7q.3 72.1 61.8

lO0O 85.5 79.9 78.8 72,9 83.5 72.9 70.8 6o,3
1250 8q.3 78.11 77,1 71.2 82.8 71._1 69,5 53.6
1600 83.0 76,7 75.7 69.11 81,0 69.7 68.1 56.8
2000 81.7 75.0 7q,3 67.5 79.7 68.0 66.7 5JI.9
2500 80.3 72.8 72.8 65.3 78.3 65.9 65.2 58.7
315o 78,9 70.5 71.3 62,8 76.9 63,5 63.6 50.2
_10oo 77.q 67,3 69.6 59.9 75,11 60.6 62.0 87.3
5000 75.8 61hll 68,0 56.6 73.8 57.8 60.8 8Jl.O
6300 7q,l 61,I 66.3 93+1 72,1 53 7 58.7 q0.5
8000 72,3 58.3 6q.5 50.2 70+3 51.3 56.9 37,6

10000 70,3 55.11 62.6 87.0 58.3 I18._ 58,0 311.q
12500 58,2 52.1 60.6 q3,6 66,8 _+5,1 53.0 31.0
16000 65,9 48.5 58,8 39.9 63.9 41.5 50.8 . 27.3
20000 53JI fill.5 56.1 36.1 61._1 37,5 J18.5 23.5
25000 5o,7 II0,2 53.6 32,] 58.7 33,2 I16,0 18,5

IThe col_po_llJo_lnt_le on(_lnealrcz'_fta_ulne_ 80_ o]ior_t.lonsoP alr_r_I't
hnvlnE enEtl_es of les_ thnn 800 HP alld 20_ oper+lttorm of _rcr_ft hnvin_
enElnos of 200 to _00 liP.
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III. TECHNICAL BACKGROUND

A. Basic SEI Definition
The sound exposure level (SEL), in dB, as defined in Reference 18

is the level of the time-integrated mean square A-weighted soundpressure for an event, with a reference time of one second:

_ AL

SEL = l0 log J iO dt

For purposes of aircraft noise evaluation, SEL is usually com-
puted from A-levels sampled at discrete intervals of 0.5 seconds

_I [_ or less. Thus the working expression for SEL becomes:
d'

k=--

•IX
i: _ lO
_ li_ SEL= i0log lO + 1O logAt

_: k = 0

_] where d is the time interval during which AL(k) is within
!_ l0 dB of the maximum A-level, and At is the time interval

_ between noise level samples.

The SEL is identical to the single event noise exposure level

(SENEL), in dB, as defined in Reference 19 except that the

SENEL i_ defined in terms of integration(summation) from a i
threshold noise level approximately 30 dB below the maximum

level, while, in this report, SEL is defined in terms of
integration over noise levels within l0 dB or more of the i

_ maximum value. Integration over only the upper i0 dB yields !_acceptable values that typically differ by 0.3 dB or less .

-22-
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-i
from values based on integration over 30 dB.

A tone-corrected sound exposure level (BELT), in dB, can also

_"_ be defined for a noise event as follows:

ALT

BELT = i0 log I i0 l0 dt.q

M_| -; <

_ For purposes of aircraft noise evaluation, SELT can be computed

frc_ tone-corrected A-levels'sampled at discrete time intervals

of 0.5 seconds or less, as follows:

d ,

- ALT(k) _i

i0 ,:
BELT = i0 log i0 + i0 log At

k = 0 ,_

where d Is the time interval during which ALT (k) is within

l0 dB of ALTM. and _t is the time interval between noise level

samples.

The tone correctlon applied to the A-level in the above

expressions is that used in calculating the tone-corrected

"perceived the calculation of the BELT is
noise level. Thus

similar to the calculation of the effective perceived noise

I_ level, except for the use of the A-welghting network, and

i reference to a one.second duration in SELT computations.

L'I

,--l -23-
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,5

_'f B. General Approach

For Ldn calculations, SEL values are needed over a wide range .i

of distances. The field noise data for any particular aircraft i
and operating condition are typically available only at one or,

at most, a few distances, Thus, to generate curves, there is

"_.I need for both:

_ s) accurate n_'_ levels measurements at one or
i

more distancesj

Z
b) an analytic model for generating tEL values as

_ a function of distance,

I_ Analytic models of varying complexity can be developed for
predicting aircraft noise• The more complex models often

require more complete noise information than is generally
available from most field measurements. The basic approach

_._ for this study has been to utilize a relatively simple ._
} _ analytic model to generate sets of SEL curves from selected :

noise data. Where available, noise data from different sources

I_ have been use_ particularly in developing the noise curves

for major _ranspor_ aircraft. The resulting noise vs. distance

I_ curves 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.

I_ Because the amount of noise data and the number of checkpoints

r_ varies considerably with the type of aircraft, the degree of
cross checking and comparison varies oonsiderabl_ among the

different a_rcraft,

Because the tEL is a relatively new noise measure, many
_L

-24-
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"" 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 !

L_ uncertainties in the SEL curves, as compared to EPNL or

_. perceived noise level curves.

C. Analytical Noise Model

_ The model assumed for developing SEL values at the different

..... ulstances assumes uhat the SEL at any distance is equal to the

maximum A-level, ALM, plus a "duration factor," D:

_j

eEL°ALM+0

If the quantities in the above equation are known at one

distance, Xo, and the ALM can be estimated for another distance,

x, the duration adjustment, AD, is assumed _o be simply i0 _:
times the logarithm of the ratio of the two distances: ._

-- ,£

AD= l0logxo

The worNing equations can be developed in more compiete form

with _eference to Figure i. For simplicity of discussion weassume level flight noise data has been obtained at position P

(see Figure I) with all data adjusted to standard day conditions

and the desired aircraft altitude and reference air speed."

At F, the distance of closest approach, xo, is known. Also,

!_ correcb_d values of the sound exposure level, SEL x , and the

band spectra at the time of ALM, _PLix o, are
one-third octave

NReference 6 outlines _he calculation s_eps for correcting
_'_ level flight data to reference conditions.

...2

-25-
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known The angle of radiation from the aircraft that produced

SPLiXo, S, is also _nown _.

At any distance x, it is assumed that the ALM at x can be

_, calculated from the corresponding one-third OCtave band levels:
t_J

SPLix= SPLiXo" _o (i)sine(X'Xe)- 20 logx
b_S

where a_ "are _h_ _ne-thlrd octav_ band atmospheric absorption

_,_ coefficients at standard day conditions.

,___ With _LMx known, SEL x is given by:

_m SEL = SEL + ALx - ALxo + l0 log _o (2)I_ . . M X O •

_' This model, then, requires knowledge of the one-third octave

band spectrum observed at the time of the maximum A-level, and

{_.. the angle of radiation, either known or assumed. In applying

t%_ the model so available data, values of e were often not known,

and estimates of e were than used.

i,

D. Sources of Noise Data

_ A number of sources of noise data have been used in developing

SEL versus distance curves. The sources of data, with ref-

erence _o the general type of measurement condition, can be

classified as (a) controlled tests and (b) airport measurements

(uncontrolled). The use of the w6rd "controlled" implies

_'_ _For mos_ of. the data utilized in this study, the e and

accompanying noise spectra were based upon PNLTM or PNLM,
ra_ner than ALM. As discussed in Reference 6, use of the

_"_ PNLT_ spectra can lead to underestimation of SEL values
__ at larger distances for some aircraft. However, fo_ most

aircraft, it is believed that this error is small compared

_-i _o other uncertainties.

-- -27-
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control, and/or knowledge of aircraft performance and engine
operating parameters. The quality of the noise data in terms

of accuracy of the acoustic measurements often is not slgni- _'

_':_ ficantly different between the controlled or airport tests,

but aircraft information is less detailed in the latter,

Data from airport measurements serve well in obtaining typical

shapes of SEL versus dlstanee curve_. However, to peg the SEL

curve as a fun3_ion of known engine parameters_ the controlled

tests are often most useful. _ Table Ill provides a brief

summary of the sources of the data for different major alrcraf_

uypes. BBN-supplled data includes airport measurements obtained

ac airports such as Los Angeles _nternational Airport, San

Jose Municipal 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 aircraft measurements were airport measurements;

I_ however, results from some controlled measurements were also

utilized.

D
The data from the aircraft manufacturers includes noise spectra

_ information furnished informally by Boeing and Douglas. The

data also includes noise curves and spectral information con-

rained in a number of draft reports prepared for the FAA 7-{_

and data reported $0 NASA *_. Other sources of information

(_ include studies conducted for the FAA :_-*e, 22,2a.

_4

_Even here, the airport data serves as a check upon controlled
_es_s where data may net have been obtained during realistic

,.,,_ aircraft operating conditions.

..._3
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•., TABLE!II

_'_" SUMMARY OF AIRCRAFT NOISE DATA SOURCES

_mm

'_n Airframe
Al_cz.af_Type SBN Manufacturer Other

_ g-Englne LBPR (.707 DC-8) Airport Controlled Controlled
Transport

g-EnglneLBPR (707,DC-8) - Controlled --
Transpor=

I Retrofit

I i_ 2, 3-Engine LBPR Airport Controlled Controlled
Transport (737, DC-9,

727)
i g-EnglneHBPR (747) Airport Controlled --

I _ 3-Engine HBPR (DC-lO) Airport Controlled --

I "_,,_._ Business Jet Aircraft Controlled , ....

Airpor_

Propeller Aircraft Airport, -- Controlled

I _ Contr°lled_

T_

_,m *Controlled includes noise certification tests (FAR 36) as well as
other formal aircraft flight test measurements.

._, -29-
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As noted earlier, because of the relatively recent introduction

-_ of the SEL noise measure, most aircraft noise reports do not

provide SEL values even where spectrum and EFNL information. j

_:_ may be reported. Thus, even when spectrum data were available

to permit the determination of the variation of SEL values

!._ with distance (using the analytic model described earlier),

the lack of any measured SEL value at the reference condition

i_._ 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 differences

"_ between EPNL and SEL values obtained from other measurements.

_ Particularly useful werethe EPNL and SEL dlffe_ences available

_a from data of References 20 and 21.

E. Comparison of Noise Curves

_z_ In contrast to the EPNL curves where it is often found that

I_I relatively small differences in spectrum shape can result in
_ sizable differences in the EPML vs. distance curves:_, the

shape of the SEL vs. distance curves is quite tolerant of

Thusthereismuchgreaterdlfferenoes in spectrum shape.

i consistency among SEL vs. distance curves derived from noise
I_ data from different sources than is the case for the EPNL
mm

curves derived from the same information, Part of this

_:_ greater consistency results from the omission of any tone

adjustments in the basic SEL 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 sZo_ rate of decrease with distance

than the EPNL values, Figures 2 and 3 illustrate this general

characteristic which Js observed for most Jet-powered

-30-
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aircraft, Figure 2 shows EPNL and SEL curves for typical "'

takeoff and approach thrusts for four-englne LBPR transport

aircraft (707 and DC-8 aircraft with JT3D series engines). '
Figure 3 shows EPNL and SEL curves for typical takeoff and i.

approach thrusts for a three-englne HBPR aircraft (Douglas

DC-10-10with CF6 seriesenglnes). ,:'

, ,. F. Composite Business Jet Noise Curves

,q Tables II-9 to 12, present noise data for specific business Jet L_.

_ aircraft. Noise data for a "composite" business Jet aircraft '

are presented in Table II-12 and Figure' 4, The noise curves for

I_ the composite noise aircraft were established by considering the :
noise vs distance characteristics for three classes of business

Jet engines (straight turbojet engines, lar_er turbofan engines

and smaller turbofan engines [specifically those for the Cessna

Citation]). The curves assume a ratio of operations of 70N
_'_ turbojet, 16% larger turbofans and I_% Citation type aircraft.

This is representative of the business Jet fleet anticipated for

_he U.S. in the United States at the end of 1976. m Infommatlon

for adjusting the composite noise characteristics for different

flees oharaoteristlos are given in Reference 23.

I'_ .eAt She end of 1974, the business Jet fleet was composed of
_,_ approximately 75_ turboJeb powered aircraft, 15% larger burbofan

powered aircraft and i0% Citation type aircraft.

-33-
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G. Composite Single Engine Propeller Noise Curves

Tables II-16 and Figure 5 present noise data for a composite single .

engine propeller powered aircraft This composite curve is based _._$

upon review of the noise characteristics of singl e engine propeller

"_" aircraft of varying horsepower and review of the fleet composition

in the United States 23. The composite curve assumes a 80%

-,- operations of aircraft having engines of less than 200 HP and 20%

......... _ of larger oDerations of aircraft having _ngine_ w_th 200 to 600 HP.

_,_ For operations of only smaller aircraft (less than 200 HP) the

noise curves may be adjusted downward by 1.5'dB for takeoffs and

3 dB for approaches.

,1

}

.- -35- •
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