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PREFACE

. Thanks are due to Mr. E. J. Cruz of the Office of Environmental Quality,
3 . FAA, for his helpful guidance and for his patience while monitoring this
program. '
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given to James F, Schulert and Larry A. Godby, of the Acoustics Department;
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the calculation procedures,for programming for computer operation, and for
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WOMENCLATURE
SYMROL UKITS DESCRIPTION
Engr, FORTRAL |
a ACC  KTAS/SEC Calculated level-~flight acceleratiomn.
a, ACCI  KTAS/SEC Acceleration. An input.
ares ARBA e ST, ML Area enclosed by contour (cumulative vs, x).
- . ATMOZ - An atmosphere subprogram. Eniry is
with a pressure altitude; HP, HTP, or
Frve. Returns include the parameters.
DT, TRAT, DELTIA, SR51G, and Ce‘
¢ C - METSHS/SEC Speed of sourd.
CEpac CBFAC KON-DIM. Torust cutback fuctor. A decimal
between 0. and 1.0. Anr input.
< CLAL® - An input array of CL as a function of
“a wwle of attack (@) for varicus flap
settings.
Cp ch RON-DIMY. Drag coefficient.
‘:E‘PRIH CDOTRIM NOR-DINM, Engine~cut trie drag coefficient.
Ce CE KEAD Spesd of sound.
oL €L NON-BIN. Lift Coefficient. |
- CLCD - . An input avray of ©0 ugz @ functicn of
- {L Ter various {lap settings,
Ctyer  CILAOF HOR-DIM. Lift-off Lift coefilicient.
o TLRE  ROh-DIN. 4 root-memn-squars velue of 1ift
coeeficient. & relurn fros subprograis
ﬁ!s e - &s iuput arrsy of stall Lifd esefPicient
as & funetion orf flap selting.
tﬁ_ , Cu XOfDIN. Enrine-out wotent soerficient.
d B/ L Flyover distance 79 wiick spextre i
BUTRETL to be attenusted.
2 BRAG  Ls. Drag.
Do e phas. Durstion correciicn.
3o Do FT. Distarce for inpet date.
By f L3, Ensipe-onit windnilling dreg.
e 534 K Extra sround atlensation.
] EFST  RON-DIM. ¥neine pregture ratio. An laput aroay.
EPRL 523 N A 3., ) Effertive perceived <rlise level.
FE ¥¥ Xoli-oin. Correction factors jur -220 engises.

viii
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NOMENCIATURE

SYMBOL UNITS DESCRIPTION
Engr. FPORTRAN
- FLAPV DEG. Flap deflection that reflects flap

retraction.

FLAP FLAP DEG. Flap selection for takeoff. An input.

FLATR PIATR DEG, C Engine flat ratinz. A delta temperature
above standard. An input.

FN FN 1B, Engine thrust. (per engine)

FNgq FNEO 1B. Thrust required for level flight with »
wing engine out.

FNTAB FN 18, Thrust required for approach from a
Weight-Thrust table.

grad GRAD NON-DIM, Clizb gradient after gear up.

i H FT. Geometric height above ground.

H Have FT. Average pressure altitude.

iy HP/H FT. Pressure altitude (airport). An input.

HIpp CBHT FT. Engine cutback altitude. An input. A
pressure altitude.,

HTg HIG = FT. Geome*ric heignt or altitude (atove sea
level),

gy GUHL FT. Height or sltitude above sea level for
gear up.

Higy GUHIO P, Height above 35 feet for gear up. A

third degree curva it of flight test
dats. A function of flight path angle
at Liftoft {¥,..).

R% . HTP L. ) Pressure height or altitude {abtove sea
level),

i 1 AH-DIN. 13 octave band nuszber. el is 50 Hz
tand.

128k IZPR EOR-DIM. Engine pressure ratio. Interpolated for

in an EP% table a8 @ funchics of ¥4/8
ard Nach musber.

KX EX XON-DIN, An Snput arrsy of correction fectors
to allow for a mmtch of Flight test
noise profiles with the mmthesatical

sitzslation.
L - 13. Life,
L L as A A - sound level.

ix




MOMENCLATUIE,

SYMBJI, INITS DESCRIPTION
Engr. FURTRAN
Luava; L due Average normalized 1/3 octave nand SPL,
I’c I an Level on centerline.
it L ap# 1/3 octave tand sound pressure level.
Ig ° IS a3 Level on sideline.
A LLL dB Level with Extra Ground Attenuation
Ip LLL dB Level witaout Extra Ground Attenuation.
1200,i L as* 1/3 octave band SPL et 200 ft and
reference conditions.
] MACH NON-DIM, Mach number,
N MAVE NON-DIM.  Average Mach nurber. Ratio of Vave to
B Ce.
!-LL of MLAF NON-DIM. Mach number at liftoff,
My, 'MIOFY  NON-DIM.  Mach numter at liftoff.
NE/IEin NE/MENGO/ Numzer of enzines.
E 0 PERCENT  lormalized fan speed. (1907 is 3900 RE)
CGASPL . GASPL  g3# Ovarall sound pressure level.
OBSPL : . 48% Qctave vand sound pressure level.
03 Qs HON-GIM, Miltiplier., Overspeed {actor.
_ C - 1.05 is 5% overspeed, for eyazple.
] o PRESS INHES Hg  Axbient pressure.
P : Pagaals Asbivat preagure.
PRl B 1 e i Jeremived noige level
e tee X .
q g LE.FDLS Dynasia pragsure, _
- , QETRPE - . A triverigte interpolatisr subprozran.
' : aLry 1% vith 4 preseure altitde,
Hack numier. terperalsrs inorexest. b
TIHET srray. An interpoleted value of
tirust {FR) i3 the relursn.
8 & Fo. Siaat Aigtance %o 'he Tlight paih.
AT AT HOR- DI, ¥injeun computed tihrust cutbeck fector.
T X 7. Jistance to Flight peth with the
N : welteis,y correction.
3 Tasirslent cartk radius. £30%.% ®r or
. Zw\i}'{% {* »

sRelepenney  $.90H2 slicrstar
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NOMENCLATURE

SYMBOL UNITS DESCRIPTION

Engr, FORTRAN

Relative RLTHUM PERCENT Relative humidity.

Humidity

RMS RMS - A subprogram which calculates the root-
zesn-square value of gn initial and final
velocity. The rms velocity is used to
calculate an associated rms value of lift
coefficient, CLrms, which is a return from
the aubprogranm.

R/C or R/D ROC PT./SEC. Rate-of-climb or rate-of-descent. Tepeline.

Ry Rl FT. Dintance to flight path for a given
level without EGA.

Ry R2 FT. Distance to flight path for a given
level with EGA,

S S ?T2 Wirg area. (3456 PT2). An input.

Sa SA FT. Downrange distance during ground
acceleration from sraxe release to
rotation.

Se SC FT. ‘Downrange distance during climb from
liftorf to 35 feet.

Selmb SCEB  PT. Increments]l dowmrange distance during

' gear up cliss.

Sy TSGY FT. Downrange distance for the cliwb
segrent from 33 ft. G0 zoar up.

Steom TOIST  PT. Total dommrange distance.

Sy SR L. Jownrange digtance during ground
scteleration fros rotation to liftoff.

¢t T  pEo, ¥ Anbient tespereture.

T ™ - DES, WLi3., Tespereture or loial thamst.

Toud TANS DEG, ¥ A=zbient temperature at altitude.

'Tu:h‘ TANBE D&ﬁ. ¥ Ashient mirport te:zpen_;mfe. An Lnput.

Tolns LG g, Tite %o climh from liftofr. & third

degree curve it of Flight test datas.
A Tunciion of Iiizht path angle at
1iftoli (Vlof‘\'




HOMENCTATURE
SYMBOL UHITE DECCPTITION

nar. FORTRAN

Telmb TCLMBY 3L, Time increment for c¢limb after fear ur.
A fixed value for all climbs except *iurust

cuttace, wherein a value g ealeula .
T TEX L3, sxcese thrust.

Teac TFAC NOli-DIM. Thrust rultiplier. An input.
3T DEG. X Standard temperature.
TPNL THNL TNdB - Tone corrected perceived noise level.

Tear TRAT NON-DIM, Temperature ratio, TAMB/TSTD. Return
from ATVMRS.

- . THRUST LB, Hngine thrist. An input array of
eigine thrust ag & t™inction of altitude
and dachk number, ,

- THp2 - A bivariste interpolation auhprogras.

‘ Eatry iz with a Sivariate earrey { 5iR;
wl0h TIALY) and two independent
wariables (FNDELTA, Mach number; UL,
Flap getting). An Iaterpolatsd value or
a dependent varimble | IZPH, D, ALPHA)

N . ..
1S Lhe refirn,

(TA) e THOF - MOM-DPIN. Theust to weizit rewio at Liftofr.
T VA¥R B Averase velocity.
e Py : E£ZAE gaivnlent aireprsd.
Yinpie PINLT EERS Initiel welocity.
ov FLoF EAE EEE%a8T gpned.
Yygr WWLWIF BERs LiftorT gpeed,
L k£ SEAS Yeloeil, at rosultion.
‘i-,e. L] RS Stail 3poed,
7, v TS Yelocity for inpet dala of approach.
Ve TAs Lo True alrgtaed.
vl 2} ¥A2} RFAS Alrepecd 4l 35 feet alter etcise Iadlure.
":?iz)*lﬁ el Ra%e “HAS Sliag airspeed alter cear up.
- V. ten Ve ETAS V2 spewd plus 10 KTAS.
3 } ’w?:;( 3} V3 ETAS Three ehzine Yrue ai-gpeed sl I 3 feot
¥ * point.
£
3 % .
¥ Xl




NOMENCIATURE

s SYMBOL UNITS DESCRIPTION
; Engr. FORTRAN
v, W KTAS Adjusted wind velocity.
- v i VI KTAS Wind velocity. Input.
A Vi - = tail wind.
\' + = head wind.
o . W W LB. Airplane takeoff weight. An input.
Wai ds. A-weighting.
W/Woorr ~ W/WCORR LB, Uncorrected (W) or energy corrected
weight (WCORR).
3 X X/Xx FT, X distance along flight path
3 projected to the ground.
3 |
’} X XPJ FT. X intercept of noise level on the
ground on the extended runway centerline.
X" XPPJ FT. X intercept of noise level on the ground
on the gideline.
Zp Zp KM, Pressure altitude.
a ALPHA DEG, Angle of attack.
@i ALPHA dB/1000 1/3 octave band absorption coefficient
T, for the input conditions. Calculated
] by ARP 866,
0oy ALPHAO ds/1000 1/3 octave band absorption coefficient
FY, for the FAR day conditions,
@r, ALPHAR dB/1000 1/3 octave band absorption coefficients
FT, for the reference day conditions.
. B - DEG. Angle of elevation to aircraft along
cone of max. radiation.
Yiof GAMLOF DEG. Flight path angle at liftoff,
8 DELTA NON-DIM, Ambient to ses level pressure ratio,
Pamb /P,
AFN,,  DVCORR L3, Incremental thrust due to
incremental approach speed,
OFN, B¥ LB, Incremental thrust due to wind.
AH DELH FT, Altitude or height increment. Set at an

initial value of 63 ft, in the climb from
35 ft. to gear up climb segment.

xiii




NOMENCILATURE

SYMBOL UNITS DESCRIPTION
Engr. FORTRAN
Ar DELHV FT. An altitude increment for
gear up climb.
ZLHTGU HTGU FT. Calculsted delta height from 3% feet to

gear up. This accounts for an increase
in true airspeed in this segment.

AN AB) DA PERCENT Increment to N,/AfG.
DNE subscripts
alt - due to asircraft pressure alt.
EPR - due to engine pressure ratio.

AT DT DEG. C Temperature increment, Difference
between current and standard-day
tempergture at altitude. A return from
ATMOS.

At DTIME SEC. Incremental time to climb.

AV DELV KTAS Incremental approach speed above 1.3 V.

4] PITCH DEG, Vehicle pitch angle with respect to the
ground.,

e THETA DEG, Assumed angle of radiation measured from
inlet.

T MUR NON~DIM., Coefficient of rolling friction. Set at
0.015.

p RHO KG/M3 Atmospheric density.

pe RHOC MKS rayles Characteristic impedence.

Jo SRSIG NON~DIM. The square root oi density ratio. A
return from subprogram ATMOS. Establishes
an equivalence between true airspeed and

equivalent airspeed.

@ SIOPE RADTANS Airport runway slope.
-Down, + Up., An input.

Abbreviations
BR Brake velease
RIOHY Rotation
WF or lof Liftoff
35 35 foot point
il Gear up

Xiv
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SECTION 1

INTRODUCTION

of aircraft size and of air traffic. This growth tends to aggravate the noise
: intrusion into the communities in the vicinity of airports unless an effort is
3 ‘ made to halt or modify the growth of noise. As part of this effort, the

: E * Federal Aviation iministration has established the aircraft noise iimits of
FAR Part 36 (Reference 1), and the demonstrated noise levels, at FAR Part 36
conditions, of new airplane types are included in the airplane flight manual.

The need to provide.adequate air transportation service results in the growth
q

For more detailed descriptions of airplane noise over a range of operating
conditions and procedures and for general analyses of the totality of noise
exposure due to all airplane operations at a given airport, extensive infor-
mation ca the acoustical and performance characteristics of airplanes is
required. '

The study of commercial aircraft noise definition reported here has involved

the organization oi the calculation procedures for developing the data needed

to describe in detail the airplane noise patterns during takeoff and approach
nperations in the vicinity of an airport. The calculations have been programed
for batch operations on a large digital computer and the program has been
exercised to produce performance and noise data for the Lockheed L-1011-1
Tristar, and to compute and plot constant noise contours, "noise footprints,"
for a sampling of airplane operations. The output data have been presented

in the form of graphs and nomographs which may be used for L-101l noise analyses,
where the detail and precision ¢ a computer run is not needed. The computer
program can be adapted to determine flyover noise characteristics of any air-
plane when appropriate noise, power-plant, and aerodynamic noise data are
available.

. The aircraft noise definition procedure is divided into several.calculation
routines:

o Noise Propagation - Measured or predicted far-field noise spectra
| are normalized to a reference distance on a FAR Purt 36 reference
day of sea level, T7° ¥, 70% reiative humidity. By applying

T T

1-1
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proper attenuation and correction factors to the normalized spectra,
notse spectra at other distances, airport elevations and atmospherin
éonditions are determined. From the spectra at each set of distances
and conditions, calculations produce the overall sound pressure levels,
A-weighted noise levels, perceived noigse levels, and effective per-
;eived noise levels.

n
o Airplane Performance - FAA approved L-10ll aerodyanmic data, speed

relationships, and engine thrust characteristics are used in con-
junction with performance equations to generate takeoff and approach
flight patlh information. The primary takeoff flight path involves

a three-e: ;ine takeoff and a climbout at constant equivalent air-
spead; the two takeoil options provide for a thrust reduction or

an acceleration after gear-up. The approach flight path mey be

a’ yng any constant giide slope between 3O and 6° at constant cali-

brated airspeed, with a two segment option allowed.

o Noise Foctorints - Acousticel data in the Torm of noige versus
distance and flight path information from the performsnce calcula-
tion above, or from some other source, are utilized to calculate
noise undzr the flight path, noise along a sideline parallel to
flight path projection on the ground, and the coordinates of points
of any specified noise level. Points of equal noise level deter-
mine constant noise cortour footprints which may be plotted by
hand or by means of a machine plotting routine.

L-1011-1 data computed by the above procedures are included in Volum IT

of this report. The computation uti.izes the results of the acoustica! and

performance measurements conducte.’ during the airplane flight test program

and the FAA certirication demonctrations. These reported data are for opera-

tions at elevations between sea level ard o000 feet and at ambient temperatures ’
between 30o F and lOOo F, The noise propagation data fre in the form of noise

versus dlstance curves for effective perceived n.ise level and A-nolse level. ’
The periormance section includes takeo™ and approach nomographs which may be

used to obtain approximate noise levels under the flight path for a range of
temperatures, airport elevations and operational parameters. No takeoff thrust

cutback data are shown, Lul, as noted above, the computer program does include

1-2




& cutback capability. A number of footprint plots illustrate the effect of
‘overational parameters on areas exposed to noise.

Volume III, "Model User's Manual,” presents the logic behind the noise and
performance calculation routines and ocutlines the computation procedures.
Volumes IV srd V, "Program Design Specification” and "Computer Programmer's

Manual" respectively, document the computer program developed to perform the
noise definition calculations.
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SECTION 2
TAKECFF AND APPROACH NOISE

The noise heard on the ground during takeoff or approach operations of an
airplane is a function of the airplane performance and of the nolse generated
at the airplane. The airplane performence determines the engine thrust re-
quired for the operation and the propagation distance of the sound. Although
there is indication that aerodynamic noise generated by the airframe motion
through the air contributes to the total noise at low-thrust approach opera-
tions of the new relatively quiet wide-bodied jet transports (Reference 2),

the power plant's acoustic output is generelly the major source of airplane
flyover noise.

For the airplane noise definition study of this report the physical noise
characteristics are described, as is common, in terms of one-third octave-
band sound pressure levels in decibels (dB) re 0.0002 microbar. Subjective
noise characteristics are reported as effective perceived noise level (EPNL)
in EPNdB and A-noise level (LA) in dBA, EPNL is the prescribed noise measure
for the transport aircraft noise certirfication of FAR Part 36 (Reference 1),
while I‘A is the common measure for industrial and highway noise description
and regulation and is often used for airport noise monitoring. Noise calcula-
tions are performed with sound pressure level spectrs, and then the associated
subjective levels are determined. Effective perceived noise level is deter-
mined by the procedures of FAR Part 36 and A-noise level is determined by the
spectrum weighting of IEC 179 (Reference 3). To ensure far field conditions,
airplane noise is considered only st distances of 200 feet and greater.




2.1 AIRPLANE NOISE CHARACTERISTICS

Aircraft nolse analysis requires information on noise at various engine
operational thrust settingsand at various distances from the aircraft. Ncige
versus distance data are designated here as noise propegation characteristics.
Since. noise information, either predicted or measured, is usually available ’
initially, for very limited conditions and distances, the calculation pro-
cedure developed, and programmed for a digital computer, first normalizes

the availahble spectral noise information to reference conditions and a refer-
ence distance. The normalized deta are called the airplane noise signature
and are the starting point for the propagation calculations.

2.1.1 DNoise Signatures

An aircraft noise signature is defined here as the one-third octave-band
spectrum for the maximum noise at any engine power setting at a distance of
200 foot linear (the maximum noise anywhere on & line 200 feet from the air-

craft) for the FAR Part 36 reference conditions of sea level, ambient temper-
ature of 77° F, and relative humidity of 70 percent. Spectral noise data at
other distances and other conditions are normalized to noise signatures. The
nortalization to 200 feet includes the effects of sphericel spreading (in-
verse square law), extra air attemuation (References b and 5), charecteristic
impedance (Reverence €), and any change in nushor of engines between tke input
and the normalized daca. The exire air etteauation correction from the
temperdture and humidity ror the ipput date to the reference dsy conditions
iy performed 43 in Appendix A of PAE Part 30, neglecting elevation effects
(Reference 7). I radial distance from the airplare is given, then lirear
distance for the atmospherie¢ attemustsion cosrectien is obtained by wultiplyine
the radisl distance by the sine of the noise rediation mngel with respec’ to
shic flight path, The characteristic irpedance (ve) adtustment, i 43, is 10

Ly =~ *
g 2-", where 10 M5 reayle 5 the characteristic izpedance of air et 790 ¥

ve
&t <s8 level ant? po iz the characterietic izpedance for the input soize dala

coniltions. This correction is gmell for the usual tezpereture rance at a
given elevetion. oyt gorevhat larger for the renze of elevatlons considvred.

The coupleie calculation for & ope-third octave-baud sound precsure level, L.,

&=2



is represented by:
L, (aormalized) = L, (input) 4B (2.1-1)
D
[«]
+ 20 loglo 560 . inverse square

va, (D_ - 200);+ 8in 6
° , extra alr attenuation
+ (200/1000 sin @) (a:l -001)

0
+10 10310 h—;‘; impedance

. +10 108, (&out /min) nuzber of engines

When more than one spectrum is available for any given engine sett.ing, then
the normalized spectra are averaged by

/10)

n .
L ( » ‘ )
I, (ave) = 10 log,, & i: 1’k a8 (2.1-2)

= 1
where { is the band number, k the spectrum number, and n is the total mumber
of spectra to be averaged.

Duration corrections for effective perceived nolse level coxputation (EPNL -
PNLT ) are mormalized to 160 knots true airspeed on the basis of ten times
the logarithm of the velocity ratics and are normalized to 200 foot linear on
the basis of ten tiwes the logarithm of the distance ratios. Coxbining the
two norgalization terms gives the expression

10 log,, 12355 dB (2.1-3)
o

If & nuzmber of durtition correction values result, froz the input dsts, then the
noroalized velues are wi~vaged arithmetically.

From the normalized spectr., caleulations may be mmde of any type of weighted
level desired. The cozputer progres dsveloped unde: the nofse definition
study detersines overall ani octave-ban? sound pressure levels in dB re 0.0062
microber; perceived nofse level and tone-corrected perceived noize level in
Pids; effective perceived noise level, in EPSdB, using the norsalized duration
corrections; and A weighted noise levels in dBA, vhich will be referred to
subseguently as A-noise levels,

If noraalized levels at a sufficient nusber of sngine thrust settings ave
available, then noise versus thrust sotting curves or relaticaships w2y be

2-3
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destermined, as illustrated in Figure 2,1 -1. ligwever, no curve fitting procedure
te do this hasz been iacluded fn.the computer program. The normalized spectra
and time durations are projected to other distances tu generate the noise
versus distance propsgation characteristics.

€.1.2 Noise Propagation

Koige calculations may be gade for noise propagation rrom the airplane to the
ground, assuming only air absurption, amd for noise propagation alongz the
ground, introducing extra ground attenuction. The latter is needed to deter-
min: the nolse »¢ large distances to the side of the airplane's flight path.
2.1.2.1 Air to Ground Propagation

The normelized ons-third octave-band sound pressure levels are adjusted to
ouer distances, and to other atmospheric conditions and elevations, in the
same maaner that input noise data were normalized, above. The propagated
sound prescure level, L., is csleulated by '

i
-Li a Li (1ormalized) i3 (2.1-4}

-20 log, o i‘—iﬁ inverse sguace

- F-20) 000 sin 0

ry extre air atienuntion
+{200/:00 sinf) oo - @ )
' 4 Y
* 29 lﬁé’lo LEL% irpedance

A% each distance for vhich a spectrys {3 -etarmined, the spectral valwes sre
used to culewlats the Jverail oo’ actave-band sowd presswee levels, masimus
perceived nolae level, offectise perecived #iise level, and Arofze level.
To got the dwretics correction for effective perceived sofse level, tha aore
maiized duration correction i3 adjusted to tne appruprisie distance ant
veloeity as in 2.5L.]1 sbove on the Msis of tes tices the laguritism of the
distance ratio and o¥ the vwlosity ratio.

Nolse versus distance propagations curves may be plotied for amy one of the
levels eslouiated. A exazple of BIML versme distance propagatisn curves at
2 amusher Of corvected fan spevds for the L-10Lli-l wilh taree RE.211-37%
engines is shown &3 Pigure 212, Topreduoe zush curves it Las beer found

2-%




convenient to calculate mnoise levels at 200, 370, 800, 1600, 3200, . . . etc.
feet, -

2.1.2.2 Ground to Ground Propegation

The extrs ground attenuation is derived from SAB AIR $23 (Refacence 8). This
Accusent assumes & 10 knot headwind and a ground roughness parameter corre-

- sponding to a ene-foot high grass ground cover. Although the epplicability of
the assumpticns and data to typical airport commnities has not been verified,
this AIR provides the most complete procedure ior estimating ground attenuation.
For introduction into the computer program, extra ground attenuation (8GA) is
calculated by means af a mathematical model of tke zero degree angle of eleva-
tion condition of Figure & of AIR 923. The extra ground atteruation is a
function of the two variables, frequency and propagation distance. The vari-
ation with frequency is taken as linear vith the logarithm of the frequency
with the slope of the relationship dependent on the distance frox the scurce.

As with air absarption, use of extrs ground attenuation requires a sound
pressure level spectrum of the nofse. When only efrective perceived noise
level or A-poise level versus distance, for air to ground propsgation,is

known and no spectrum is available,then approximate corrections for ground
stteruation msy be tade from the curves of Figure 2.1-3. The high-bypaszs engire
curves sre based on L-l011 data, reparted in Volume IX. The current & engine
and 3/2 cogine lov-bypass englne curves are bssad on iaformetion in Reference 9.

For over-the-ground propagation, the nofse fron the fer-side engimes fa lkely
to be shielded by the airplase and by the turbtlent exhaust fron the searer
ergines. The shielding adjusteent of § log,, (suzber of englmes) from
‘Referencell is appiled in the cslculation of ground-to-groumd propsgation.

The cosplete calvulation from the air-to-ground levels calculated fiyst is

L, (ground) = L, {str] - BGA, - 5 log,, (mm) a5 (2.1-3)

2.1.3 L-i031-1 Noise Characteristics

The calculatiset procedurcs described above kave been applied to L-1011-1/R8.211-275
masured noise dots and the resultant nolse propagatiosn curves are shown, o detadl,
i{n Volume IX.




The basic data for this noise analysis are from the acourt! al measurcments

of the FAR Mart 36 certificetion program (Reference 10) conducted by the
Lockheed-California Company Commercial Engineering Flight Test orsanization.
fwventy-three rlights were recorded, riiiesn apprecach and sight takeoff Jiights.
The instrumentation and the measurement and date reduction procedwres cumplied
with .the regyuirements of FAR Part 36. Two microphiones were used at tre toxe-
off point and four at the approach point. The takeoff me&surements were mde
at 3.5 nautical miles from brake release. A range of eirplane vakeort welights
provided a range of noise path distances of ebout 1200 to 1800 feet. Tue
approach measurements were made at 1 noutical mile from Lhe threshold, reculting
in a flyover height of about 350 feet. A range of landing welights providet a
range of engime thrust settings. Bxperience wt!f!z both to: - stand axnd riigat
nolse measurements had showed that tiae fun was tie major contrisuter ta L
tota) noise. Consequently, fan speed was the wort agpropiate parweter
against which to correlate noise. Corrected f8a speed, E:}_Afo, expressed ar o
percentage of maxipun design 2peed, was selected as correlating parazefer.

The takeo!l measurements, at wawimur takeofy thrust, were in e taenge of &0
Lo 95 percent NA; the epprosch measuremcnts spanned & rauge of absut 0
percent to 55 p;rcent.

The one-~-third octave-kand sourd pressure levels, the angies of ndfay radintion,
and tie nolse duretions betuwecen the 10 35 down pointe of the toug-.grv eeted
perceived nofsc level tiome histories, Dor eich maguremgnt coaditisn aud fucl
sicroptione, wore asorsaiized &g feseribed fn Z.L1.5 shove. ALl nortiized
spectys at o glven fnn speed were aversged. e redistion sagle? at tase
and ui apyrodck conditions were averaged dtpirately; tite spprovch averses wuas
then Uged Yor She propugaticn calculnticnz at DAs speeds up te 7% aéz&% , Hwd
the Lsieoff sverage at mgssez-' on speeds. The dlfVerende ir awise reosultlas
fron the angle differeccr smg 0bt considered swticiently grest to swurrant
verylng the angls et fstersediaie fan speeds. Tue swernsed ~orpaiized dwra-
tion corrcctions were essentiilly renstant for the aporoach conditiong bud
about & 45 miger Yor tasediT vonditions, A Liscer lncrease in duralion
carrectios asewe 70% a_::’k'/'e was used.

The effective percelved noise levels and Lhe A-poise lovels, at porgdaiized
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conditions, were alsc averaged at the various corracted far speeds for which
data existed. Curves of noise lsvel versus nl/Jb were then fitted to this
200 foot distance, reference day, data, as shown o Pigure 2-1. Similarly

- curves were filted to the data points for each of the one-third octave-band
sound pressure levels, and interpolated spectrs were determined at steps or
5 perceut in N /J'a betveen 55 sud 95 percent. In addition & spectrum was
interpolated at 67.4 percent, the corrected fan spred for L-1011-1 maximum
design landing weight operation at sea level on & FABR Part 36 reference day.

- These {rterpolated noise sigrature spectra are tabulated oa Tsble 2-I.

- These Mse signature spectra wvere then adjvsted 1o other distances and con-

dftions as described in 2.1.2 sbove, %o provide L-1011-1 noise propagation
characteristics in the form of noise level versus distance. When only the
§:rtances and air-to-ground propagation ere involved and the sea-level 77° B/
70% reiriive humidity conditions vaintained, the results are reference-day
uoiee propagation and are illustrated, for effective perceived noise level,
on Pigure 2-2. £&n ertensive set of air-to-ground propsgation plots are
‘imclwied in Volume IX. I the calculation process, distances of less than
‘200 feet were avoided, as the far-field assumptions of the calculation pro-
cﬁdm wight not hold, Propagation salculatinas were carried out to 12300
feet, although it is generally recognizsd that for “real" atmospheres, the
atmospheric absorption values at ambient airport conditions cannot be espected
o give reasonsbly accurate results beyond two- to‘t:me-mm feet. PFre
uze in the more detailed nolse exposurs analysis to be deseribed in o later
sestian, noise propegation calculations vere also conducted with extre grousd
sttomuasion sided.

From the L. G1i-) propegation data “correction” curves have been developad o
perelt cosversion of effective perceived usise leveis and A-soise levels st
reference toniitisae to other tenperature snd elevation conditicns without the
sove detatied and sore eccurate use of spectrs. Thoes cusrves are Shov &s
Pigures 217 through 2-23 in Voluse II "L-101i-1 Data.”
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2.1.4 Date Accuracy

Appendix A of FAR Part 36 (Reference 1) requires that for noise certirication
data one must "establish statistically . . . a 90% confidence lmit not
exceeding + 1.5 EPNdB." This same requirement has been applied to the nolse
definition study and a statistical analysis has been conducted to verify the
accm:acy of the L-1011-1 noise data submitted with this report. This analysis
is an extension of that performed for the L-1011-1 noise certification results
. (Reference 11).

The 90% confidence limits have been calculated for polynomial fite to the
EPNL and L, versus N,/ data calculated from the measured noise certification
spectra by the procedures of Section 2.1.2. Polynomial curves were fitted to
the data by .le method of least squares at each of the distances 200, 300,
800, 1600, 3200, 6400, and 12800 feet. The standard error of estimate
(Reference 12) is found by

n 2
)X (Li -1, )
- S5 (2.1-6)
sLl:il[\!% N~k -1 2.1-

vhere SL;H.,N’G is the standard error of estimste of
L oa :ilj\f‘e

Li is the level of nofise fnput to curve i,

L'i is the fitted lewel,

i §5 the nunber of inputted poiuts to the
- curve Dit,

k i5 the order of the fit,

Tae upper 90% confidente Limit for the true oean of L is
L+ 4 E \/*/a (2.1-7)
“. ﬁ‘k’}l y ! 3.2’0'-3 N *
wiere t,, fig.y L5 cvtained froz a table of Student t distribution for 100 (1-a)

percent and li-k-1 degrees of

“5

o

“yi1,2,...% is the standard error of estimate,

29
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For N = 23 points (the mmber of L-1011-1 noise certification flights) and
k = 2nd order fit, t = 1.325 and tA/N = 0.2762. Using these values Teble
2-1IT results,

TABIE 2-IT

90% Confidence Limits of L-1011-1 Noise ata
from Curve Fits to EPNL and L, Values

A
EPNL~ EPNGB L, ~dBA
Digtapce l
Feet sy, 1,2 90% C.L. sy! 1,2 90% C.L.
200 4329 .120 8048 .222
370 Ll 122 8521 .235
8co 4908 .136 .Qu2y 260
1600 5393 .1h9 1.03468 28
3200 L7798 215 1.0972 .303
6400 .8961 248 1.1227 280
12800 1.0677 .295 1.16851 .323

Since it wes convenient to use spectra at given values of Nl/Jb, second order
polynomial curves were fitted to the spectral band levels versus Nl/\/'e . The
resulting spectra are shown on Table 2-I. The 90% confidence limits for each
band were then determined and the EPNL's and LA's found for the fitted spectra
and for spectra with the 90% confidence limits added to each level. Taking
the differences between these pairs of EPNL's and ot L,'s, gives the 90%

A
confidence limits versus distance of Table 2-II.
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TABIE 2-III

90% Confidence Iimits of L-1011-1 Noise Data
from Curve Fits to One-Third Octave-Band Spectra

. 90% C.L.

Distance ' EPNL~ A
Feet EPNGB dBA
200 0.31 0.30
370 0.32 0.30
800 0.32 0.31
1600 0.32 0.33
3200 0.36 0.35
6300 0.38 0.37

12800 0.39 0.38

Considering both ot' these statigtical analyses, the fit of the acoustical data
is seen to be good for the measurement range, showing a 90% confidence limit
less than 0.5 EPNGB or dBA. This, of course, is only a test of the measured
data and of the calculation procedure, becauge no statistical analysis is per-
formed on the atmospheric absorption values which are fundamental to the propa-
gation calculations.

Further flight noise measurements to improve the accuracy of the acoustical

data over the range of conditions already demonstrated cannot be justified.
Measurements at much larger distances would be valuable., However, flight test
experience (Reference 11) has shown that even at distances of 1000 to 2000

feet, the dynamic range and background noise of the best available instrumenta-
tion is not adequate to measure the very low L-1011l-1 noise levels at higher
frequencies. At greater distances, this problem would be aggravated, eliminating
even greater portions of the spectrum, and making EPNL and FA calculation less
accurate. Attempts to improve the accuracy of the atmospheric sbsorption data

of ARP 866 (References 4 and 5) have encountered similer dynamic range and

instrumentation background noise problems (Reference 13). The only additional

2-11
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date acquisition that might be warranbed would be that aimed at filling in

the gap in flyover noise measurements between 70% and 90% Nl/J'é . Previous
experience with static test stand and flight noise measurements of earlier
versions of the RB.211-22B engines powering the L-1011 would indicate, however,
that no appreciable change in the shape of the nolse versus fan-speed curve is
likely from additional data.

2-12
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FIGURE 2,1-1 L-1011-1/RB211-22B NORMALIZED THREE ENGINE
NOISE IEVELS ON 200 FT, SIIE LINE

FOR 8.L., 77°F, 70% REIATIVE HUMIDITY
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2.2 'AIRPIANE PERFORMANCE

Section 2.2 presents a technical discussion of airplane performance in terms
of takeoff and apﬁu_:asch. It is necessary to celculate takeoff and appruach
trajectories or flight paths to facilitate the calculation of noise beneath
these paths. Figure 2.2-1 presents & general schematic or flow dlagram of
the noise definition program. It is the mathematics of the two parallel
branches, takeoff and approach, which is discussed here. The end result is
the calculation of takeoff trajectories, such as the sample of Figure 2.2-2,
and/or approach trajectories, similar to the sgmple of Figure 2,2-3. The
parameters NllJ 6 , altitude, Mach mmber, and downrenge distance, at appro-
priate points in the trajectory, are saved and transferred to the noise foot-
print subroutine of the program.

2.2.1 Takeoff

Thiz section describes the subroutine which calculates the takeoff fMight
path from brake release {BR) to about 9500 feet above sea level (ASL) for
tiree different flight paths. All flight paths reflect all engine operation
and FAA approved aerodymmmic data, thrust characteristics and speed relation-
ships. The all engine distance to 35 feet is5 actual and does not include the
15 percent factor associated with FAR {ield lengths.

The primary flight path is a 3 engine takeoff and climbout at constant equiv-
alent airspeed after gear up. Arother path 45 a 3 engine takeoff and climbout
to gear up with the option of a thrust reduction at any proint afier gear up,

" During accelorated fiight after gear up, normal clesamup procedures (f{lap
retraction) are followed. ‘

The 1962 Standard Atmospiiere {Referonce 14) i3 used tarougicut for all cal-
culations.

Thie progras uses equations and wethods developad by Flight Test (Reference 11
that describe s taieoff and cliambout from brake releaze to 4 point :hore She
sircraft is at about 9500 feet above sea level (Pigure 2.2-4). Using FAA
approved thrust, drag, and speed relationships, the aircraft is accelerated
from B to rotation (ROT), ROT to 1iftofs (LOF) and LOF to 8 point where the

2-1b6




aireraft is at 35 feet (AGL). Then the aircraft is accelerated from the
velocity at the 35 foot point (v2 (3 engine)) to a speed equivalent to the
engine out speed (V, (2 engine)) plus 10 knots at gear up. After gear up
this speed is maintained to about 9500 feet (ASL) with the flap setting used
for takeoff, At gear up, any flight acceleration between that corrasponding
£0 maximum clinmb gradient to the maximum acceleration corresponding to level
‘flight may be selected (Figure 2.2-5). Use of the accelerated flight path
- requires an explanation of the speed schedule after gear up. The sketch
belo shos the speed-altitude relationship required to meet FAR Part 25
(Reference +), vhich limits airspeed below 10000 feet to 250 knots.

10000 O—o ACCELERATE
i TO CLIMB SPEED
PRESSURE
ALTITUDE
~ T
GEAR ACCELERATED
up FLIGHT PATH
0 va«Mo 250
VELOCITY AavKEAS

Also, if clizb speed is alloved to increase, normal cleanup procedure (flap
retraction) is foliowed. Successive fncremental retraction of tle flaps will
tak: place at the airplane speeds specified in the FAA Approved Flight Manual
(Reference 16). The stepywise retraction is instantaneous, slthough the accel-
eration will be continucus during the cleanup.

After gear up any cutback thrust level Lkay be chosen between Null thrust and
that corresponding to the thrust required for level flight with a ving engine
inoperative (Figure 2.2-6). After gear up, the aircraft fsiolished at constant
eguivalent eirspeed, corresponding to v2 + 10 KEAS, to the predeterwined cut-
back altitule. At this sltitude, the throttles are set to an EiR (Bugine
Pressure Ratio) corresponding to & percent of eaximun takeoff thrust ans a
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new clizb gredient is establisled. The climb is continued at constant speed
to about 9500 feet (ASL).

Head and tailwinds and the possibility of positive or negative rumvay slope
are accounted ror in the mathemtical model.

»




2.2,1.1 Input Variables and Preliminary Calculations

The takeoff subroutine is a self contained program whichk means that, awong
other things, except for input veriables, the program contains all of the

FAA approved aerodynamic and propulsion data necessary to run takeoff and
climpout paths within the physical limits of L-10i1-1 Tri-Star and the con-
tract requirements described in Reference 16. This section lists and des-
cribes the stored aerodynamic and propulsion data. In addition, input
varisbles are moted, and seiected preliminary-type calculations are explained.
The progran is then in a state to calculate a takeoff trajectory f{rom brake
release through termination (about 9500 ft. (AGL)).

'« Internally Stored Date
| Internslly stored L-1011-1 aerodynamic and propulsioa data includes:

e Fropulsion Dats

RE211-22C ECS Bleed On Flatrated to STD +3.8%C
RE2)1-22C ECS Bleed Off Flatrated to §T0 +3.8%
RB211-228 ECS Bleed Cn Flatrated to STD +13.9%
RE2)1-22B BCS Bleed Off Flatrated to S0 +13.9°%C

F,; vs. Mach Mo. froz SL to 10000 (Press) ft.
Temperature range 0°F to nDOP

Engine Ratinz (FLATR)
The First velus in Thrust Tadle

e Drag Foiare
C; vs. G, for flap settings &, 10, 18, 22, and 27 degrees

: “ g
K Ci Ve O

CL & C‘Gf-l’?o Nic. Pover On
a

€, for Flap Settisgs 0, &, 10, 18, &2, 27, 33* and L% degrees
[ ]

Yppreach Fisp Settings .

e E¥F211 BPR Nap {58014)

B¥R vs. ¥ /p Tor Mack Wo. .1, .2, .3, .4, asd 5
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g R e i 4 Y ook
S e AN AN A S Y e s e e Apems arweeond

e C! ~Stall CEI
8

C, vs. Flap Sattings 4, 10, 18, 22, and 27 Degrees

S

® "K” Factor's For Use In Ground Run Distance Equations

e L-1011-1 ¥ing Area

5 = 3ug6 £t
e Rolling Coefficient

By = .015

e Takeoff Speed Retios

Ve’f" s? VIDP/VS’ snd VB/ ¥s  for (T/‘H)m? from .1k to .31 (cover: ail
engine aud engine out aperation)
o Windmiliing Drag

Jecurs in the program ia the form of & third order curve fit of PUM/S
v, Machk numberiMi,

e Zime o Ciimh fram Lifteff %o 35 ft.

Oecurs i the progren io the form of & third order curve fit of "E‘”H@
I B v
V8. (H‘ - i

gear Up Hedpht

Oceurs in the progras tn the fore of o third order curve T4t of m‘w

‘."‘s——om
¥ L.

User Sugplied Ingut Dets

e input varisbies that the progran meeds &u order 9 calculete werives toXe-
off emd clismbout trajectiorfes, plus their noveml ogorations) limits, fnslude:
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TR

- {08) Overspeed Factu:

A multiplier on.Vn, V. ops 80d v,

o Remarks

1.0 Zero Overspeed
. 1.025 2#% Overspeed

1.05 5 Overspeed
(Y, Airport Wind Velocity

i
V,,i is the airport reparted vind at 50 feet above the rurway

' (Tanb ) Alrport Acbient Texperatures in Degrees P
i

TPAC) Thrust Factor

TPAC = 1 This factor can be used to run degraded engine data for
-228-10% (TPAC - 0.9)

{a,) Accelerstion
Desired accelerstion along the flight path (KTAS/SEC) above gear up.

e | Resarks
0 Zero Acceleration
1 1 Kr/SEC
3 3 KT/SEC

E?}:..B) Cutback leight

Predetersined pressure altitude (72) vhere cutback will ococur
{CB., ) Cutvack Factor
Predotornined percent of takeaff pover

:a?&': Resaris
1.9 F:ll Dakeoff Fower
2.9 Q0% of Tekeorf Power
0.5 50% of Takpof¥ Pover
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o {FIAP) Takeoff Flap Settings

Tekeoff (-22€) 4, 10, 18, 22°
(-22B) 4, 10, 18, 22, 27

Approach 33, 45°

. ‘H)Z Rumway Slope

Slope of the rumay in percent (decimal)

.t

U W

Slope Remsrks
-.02 2% Down Slope
0 No Slope

+.02 2% Up Slope

"o Q_gp)_f._i_rgan Pressure Altitude

Airport Pressure Altitude (It)

k_!g feparks
¢ Sea level
2000 2000 Pressure Alt. (ft)
6000 6200 Pressure Alt. (f%)

G000 feet is the upper limit for the program. Ligher sltisudes can be

run, but extrapolation of propulsion data would result.
aed Tioelly,

Takeof? gross velght is the veight st brake release. The noresl range
of takrofl wvelghts for use vith the progrec are:

{(Lower) 282,300 1b.
(Upper) 30,250 1b.

The use of wiads in the prograx needs Vwrither explasmation,
tions, wini used in takeof? calowlatisns st be 50% of the reported Besduwind

Az per FAR resulne

-

7.

2 1835 oF toe vreported tailsind. Thererure, the ectyal wind velocity used in 2
f distastoe calculations sust be fuctored in the following menner:

& eadidzd 0.3 =V,

| i

- Tatidied 1.5 %V,

’.' §: i

B




In addition, the reported wind at a height of 50 feet must be corrected 4o the
height of the airplane MAC for calculations from brake release (BR) to rotation
(ROT). The wind shear correction is described below.

REFORTED WIND AT S0!

]
50! VMAC
i ‘1";7 ] : GROWND LEVEL

Height of Airplane MAC""J
Wind Shear Correction *(—-—).%
15 )*}
\ 50
= .42 NON-DiX. (2.2-1)

Therefore, for all distance calculaticns up to and includ.ins rotation the
Tollowing wind factors apply.

Vw = Reported Wind at 50 feet

i
V., = Adjustad Wind Velocity

v
(82) (19) 4,

<2
H

KIAS (2.2-2)

<3
[

= 1.263 V, (Taflvind}
, $

v L2y Yy (tioaduing)

i
All enzine and engine out speed 8t the 35 Loot polut, called V2(3) and vg,(z),
are reguired. Such inforsmtion is provided by flight test and is presested
fin Pigure 2.2-9. The veriation of V fvs with thrust to welight et liftosy i3
livesr,

£

<3
)
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A 2.2,1.2 Brake Release to Rotation

The pertineut equations end data used in calculating ground roll performance
from brake release to rotation are presented here. Figure 2,2-4 shows a
general echematic of & nominal (normal) 3 engine climb to altitude, including,
of course, the ground roll as defined here. Values of normelized rotation
speed (VR/VS) as & function of thrust to weight at liftoff have been deter-
mined from measured flight test date and are shown in Figure 2.2-9. These
date apply at e2ll flap settings. A first degree or linear curve fit-of this .
data yields &n expression of the form ‘
VR

s 1,282-0.45 %,-)1 NON-DIM, ( 2,2-3 )
S of

Stall speed is determined from

Vg = 295.37 W KEAS (c.o-b )

CLS S
The incremental ground distance cuvered from BR to ROT is
_ .Okkat (VRQ-VWQ)
& TN -p. <P - KK
r c

L
ras

FT. { 2.2-5 )

fquation 2.2-% is derived from the application of an elersntary force

halance wherein runway slope and winds are accounted for in addition te the
customary aerodynamic and ground roll forces. Section 9.3 of Reference 17
provides a detailed development of thig and other distance equations. It

snould be noted that al) velecities used in this and subsequent distance equations
are equivalent airspeeds, The equivalence hetween true and equivalent air-

speed is the standard relationship:

o KEAS
o4




- o

et e o o e Bt A

Geometric altitude (HTG) at the -end of the segment (rotation) ig calculated
in a manner which reflects runway slope. and indirectly, winda. Thus,

HIg = H x Do #fx8, L. . ( 2.2-7)
Incremental time ( At) from BR to ROT is calculated from

S .. N .
At = 2 SEC, : (2.2-8)
VR' :

-a-w - Yw 1.6878
Equation 2,2-8 is essentiaily the ratio of distance covered to average
velocity, with due regard for wind and units.

At segment end, rotation, an interpolation is made for NJ_/ ﬁ using appropriate
calculated values of EFR, Mach number, and pressure altitude. These para-
meters; plue downrange distance,are passed to the footprint routine for use

in celculating noise along the flight path.
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2,2.1.3 _Rotation to Liftoff

The pertormance from rotation to liftoff is described in the same manner as
for the previous segment, The liftoff gpeed ig obtained from Figure 2,2-9
An acceleration from Vg to Vior is made. The incremental distance covered

is .

Ohl27 I(vlcf - Vw)2 - (Vg - vw)a] FT,  (2.2-9)
= ‘T/w-“r~¢- XK ,

I’ms

Equation (2.2-9) is the generalized ground roll equation which is derived
using simple force balance mathematics, A detailed derivation is given in
Reference 17, Section 9.3 (Takeoff Distances).

Geometric altitude (HTG) at the segment end point (1liftoff) is given by the
expressioh

=H xT._. R -
HIG =B xTop + 8 % Spon (o8 to ROT) T (2.2410)

where runway slope is zccounted for by the ¢ x STOT term,

Incremental time ( At) from rotation to liftoff is celculated from

a

O SEC. (2.2-11)
(vg _+V.) -V
ﬁof R) w 1.6878

2 \]?

which is essentially a distancg divided by an ivernge velocity with due

At =

regard for wind and units,

At segment end point (1liftoff) an interpolation iz made for Nl/\fsiusing
appropriate valuegs of EFR, Mach number, and pressure altitude. Thesge para-

meters, plus downrange distance, are passed to the footprint routine for uge
in calculating noise along the flight path.




2.2,1.4 Liftoff to 35 Feet

This segment begins at liftoff and. covers the distance traveled during tran-
sition from ground run to a point where the aircraft has climbed to a height
of 35 feet (AGL)., The time for this transition (Tojm,) ig described as a
function of gradient at liftoff (Viof) as shown in Figure 2.2-7. This

* curve results from measured flight test data and is supplied by the Lockheed
Flight Test organization. A third degree curve fit of this data yields a
time equation of the form

2 3 _
Toam = 877 -49.5 Yios * 107.8 v 0 * 544 Yo SEC. (2.2-12 )

Ground distance covered during the ¢limb (Sc) ig derived from the elementary
equation

s= VAt FT. : (2,2-13 )

Therefore,

§ = [(V2(3) +v1of) - v] 1.6878 T FT.  (2.2-14 )
2yo
The incrementel altitude is set to 35 feet. Geometric asltitude (HTG) at the

end of the segment is calculated in a manner which reflects runway slope.
Accordingly,

HIG = B x Tpyp + 8 (sa +8_ + sc) + 35 FT. (2.2-15 )

At segment end, the nominal 35 foot point, an interpolation is made for
Nl/\Jg using appropriate calculated values of EPR, Mach number, and pressure

altitude. These parameters, plus downrange distance, are passed to the foot-
print routine for use in calculating noise along the flight path.




"Om auliy
roduced 1% oy,
2.2,1.5 Climb from 35 Feet to Gear Up bea avaliable

This segment describes the airplane flight path from a point where the air-
plane is 35 feet above ground level (AGL) to a point where the landing gear
is fully retracted. It should be noted that the calculated path i{s linear,
vheregs the actual path has curvature.

GEAR UP

GEOMETRIC T V,(2)+10
ALTITUDE o7 Caleulated
~~FT GU Path 7\ ctual Path

35!

29 S

DOWNRANGE DISTANCE ~FT

Along the flight path the airplane is accelerated from the velocity at the
35 foot point (V2 (3 engine)) to a speed at gear up equivalent to the engine
out speed (V:2 (2 engine)) plus 10 knots.

Incremental diatance to gear up is

Sy = L6378 Bty oo GU[.(_vé(e)wo) + V(3 _ Vw] FT.  (2,2-16)

~
L

Total time from liftoff to gear retraction is fixed at 17.5 sec (14.5 + 3)

(Reference 10). Time from IOF to 35 feet is a function of (%— - %) as shown
LOF
in Figure 2,2-7. The data of Figure 2.2-7 evolves {rom measured flight test data

and is provided by the Lockheed Flight Test organization. Delte time from 35
feet to gear up is given by the equation

=2 - A /. .
B350 4o qu = 1743 TclmbLOF o 38" SEC. (2.2-17)
Therefore,
(v.(2) +10) + (vV.(3))
- = —2 -V | (175 =T
8y 1.6878[ : w1 ol o 33')
FT. (2,2-18)
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The effect of wind on ground distance is accounted for in equation 2,2-18 by use
of & modified wind velocity (V ~KIAS)., For mathematical simulation, the
measured (fixed) head or tailwind(which is 1nput)is decreased (headwind) or
increased (tailwind) by 50 £ ¢to Yield an appropriate valve of modified wind
velocity, This particular simulation is valid for flight above the 35 foot
point and is further justified in Section 2.2.1.1.

Since the program accounts for runvay slope, the determination of altitude

at gear up (HI,;) is of interest. Uo(3)
)
]
HGU
1
i
HIgy = Hy X Tpap + OXSpp oo 500 + 35 +aHy, - 8H FT.  (2.2-19)

The height at gear up (AHGU) as shown in Figure 2.2-8 has been described by
Lockheed Flight Test as & function of gradient at liftoff. This height does
not account for the increase in airspeed when accelerating from v, (3) to .
v, (2) + 10 KEAS, Accordingly, &n incremental correction a.ltitude » called

Ah, is introduced.

The terms AHGU and AH of equation 2.2-19 are caloulated as follows:

A = (AH a Umccelerutad climb to gear up is & function oi

ou NO n
(See Figure 2.2-8),

ACCEL (w

AH = The incremental altitude difference between an unaccelerated climb
from 1iftoff to gear up and a climb that cccounts for an accelera-
tion from V,(3), the 3 engine speed at 35 feet, to v,(2) * 10,
which {s the 2 engine speed at 35 feet plus 10 knot.,.
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(AH,,) = Qi) - AaH FT. 12,2-20)
H‘wm 'yo

ACCEL
AH = ) - ) FT. (2.2=21)
Wiy ACCEL gy N0
ACCEL
Since gitl = tapeline rate of climb (ft/sec)
and g—“% = 1.6878 V), [(T/w - D/L) - 3-’%%3- vy ] ¥, /33C.
K3 (2.2-22)
s0 %l = ﬁo (1 6818) FT./3EC.
CCEL o= (2.2-23)
Substituting and approximating,
AR, AH
u _ Sgy , 2 . -
E—)ACCEL = AT o - {1.6878) Vrﬁ FT./SEC.
8 at (2,2-24)
ACCEL
- T,
or AHGU)AC AH.U)‘{O §1,368282 Vy OV, F
(2.2-25)
ACCEL
s0 AHGU)A,.@L =4 )NO - (2.6676)° (v,(2)+ 10) + v2(3)]
ACCRL g 2 .
x | (v,(2) + 10) - V2(3)] (o p=ry
Finally, A:{w}&m - AE{GU)._O -Louh2T [(va(e) +10)? - v2(3)‘2]
ACCBL {r 7.
“tare on s ouer o) e 0% - @ F e

The program has an iterative routine-sich will determine AH by maki:ng un
initial guess snd then calculating a value using equation 2.2-28 until such

tize as the gueas and he calculatlon are sufiincicutlly close.
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At gear up an interpolation is made for Nllwfé- using tppropria.fely calculated
values ri EFR, Mach mmber, and pressure altitude. These parameters, plus
downrange distance, are passed to the footprint routine for use in calculating
noise along the flight paj:h.

- .




' 2.2.1.6 3 §ngine Climb After Gear Up

The 3 climd options after gear up include: a constant velocity climd

(ve(a) + 10) with flaps extended (Figure 2.2-4); an accelerated climb after
gear up with normal flap cleanup procedures followed (Figure 2.2-5); and a con-
stant_veloeity climb with the option of a thrust cut back after gear up

(Pigure 2.2-6).

2.2.1.6.1 Constant V2(2) + 10 XEAS Climb After Gear Up

For noise analysis a constant equivalent airspeed (BAS) climb i5 considered
the normal climb option after gear ur since it results in the highest altituls
at any given downrange point. Climb is established at a constant EAS

{va(a) +10 KEAS) and continued, at the flap setting for takeoff, to about
9500 feet above sea level (ASL).

To establish the method for calculating incremental distance and height after
gear up, tize increment is fixed at 5 seconds and & grephical type integratioa
is established. The iacremental heights over 5 second intervals are summed
until the pressure altitude exceeds 9500 feet (ASL).

9500 £t(ASL)
V310

ALTITUDS
AH

JISTANCE

For cii=d at & constant equivalent airspeed, true alrspsed incresses bécsuse
of the altitude dopenfence of density ratic (o) wiore by definiticn

V,=Vox Jo HEAS

-3




This rmeans, of course, that acceleration as used in the program is not equal
to zero for a constant EAS climd. The increase in true airspeed is accounted
for in the Rate-of-Clizb (R/C) equation in the following mamner:

Blae LI D
GADo acc °# - T NOS-DIN.  (2.2-29)

(T-D)v
(AVT = 0) R/cw ACC ® 1.6878 ¥~ ~ "7 ¢

= PT./sBC. (2.2-30)

(r- D)V,
(avy, # 0) B/C, ., = 1.6878 — % FL/SEC.  (2.2-31)
WL+ g Y

For a constant equivalent climd

1+§9-v- 1+.567u‘°'

dh ~
Therefore
B/Cpg = 1.6878 -0 Y FrT./sBC. (2.2-32)
CLDG W (1+.567 1)
or
6678
BfCoys ° LOOm8 ¥y (’f ;B) FT./SEC.  (2.2-33)
ane (1 + .s67 1) |
Fﬁr “]."gflisbtliew
Then

Blog, = MO%8 Yy

- (s‘ A 'ﬂ.fssc. 12.2-3%)
CLIs (L + .567 i) )

FP./s80.  {2.2-35)
CLDE (1 + .567 i)

Equation 2.2-35 accounts for the increass in trw airspeed during a constant
cquivalent eirspeed clizh. The eguation does not account for acceleration

along the flight path dve to a change ia flight path ungle. A discussion of

the equations for acceleration slong the flight path appesrs in Section 2.2.1.4.2
herein,




Using Equation 2,2-35, the incremental height is & function of the instan-
taneous rate of climd

A =5 (BC)ys  pr. (2.2-36)
CLDG

The incremental ground distance travelled during each 5 second interval is a
fuiction of the aversge velocity

FT. (2.2-37)

Sorap © 16818 T, o ;ir
Sinex

Toim ° 2 €. (2.2-38)
Then -

S ° 8439 Vg FT. (2.2-35)

Bouations 2.2-25, 2.2-39, 2.2-3, apd 2.2-~39 are the baslc equations used in
each 5 second integration interval to calculate EAS climb performance.

At each celcuisted end point in the -iimb an interpolatiocn is made for 81
using sppropriately calculated values of EFR, Mach number, and pressure

altitude, These paremeters, plus downrange distance, are passed to the foot-

print routine for use 4n calculating noise along the flight path,

2.2.1.6.2 Accelerated Climk After Gear Up

The accelersted climb peth option starts at gesr up, and contisues until eitber

& 9500 foot pressure altitude is reached or wirspeed reaches 250 KBAS. Ir
250 KEAS is reached before 9500 feet (ASL), the clisd s continued at <hat

sgeed to 9500 feet (ASL}. The sket:h st the top of the following pege illus-

trates the soundaries for accelereting to slititude,



c ' / E 9500 £t(ASL)

ALTITUDE

AV = 0

. B
V2+Ol

L
Vo

VELOCITY
Path BC is a constant V, (EAS) clizd from gear up. Path BDE is a level flight

sccelerstion to 250 XBAS followed by & constant 250 XBAS climb. Feth BGE
represents an intervediate clind vhere totel thrust availadle is divided
betveen ciimd and acceleration. The basic logic for the sccelerstion option
assumes that the total thrust after gear up can be divided betusen clizmb and
scceleration. This is sccoaplished in the followisg mamner. '

e §

Y

b
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A sixple force balance ylelds, for level flight,

- P = ¥

P =k (2.2-40)

r-pata (2.2-41)
) a T - D IR

-g- = g (2.2-k2)

For “1" g fight L = W

% {g’ - %)-%CC. (2.2‘&3)

An equation similar to 2.2-43 has already been defined as a gradient ters (se.
Equation 2.2-29, 8 zero acceleration clich gredient).

let
= acceleretion gradient for level flight

a
& (zero ciien)

Row that a (zero climbd) acceleration gradient and (zero scceleration) clich
gradient are defined, the total gredient avuilable is sssumed by definition

to be the sum of the tvo gradients

(z. ] ?..) (z ] .e) .(z. ] 9.) (2.2-44)
¥ Vhan, ¥ Yewe ¥ Moo
(§ . PII) e(g . fg) .2 (2.2.45)
AVALL. cLne 8
" ::. - Qa) g(E - g-) - & (2 2.&2
("' Ve W Y. ¢
Stace aie o HETE (T D)V
e ,
16878 ¥, (; - i) T jg5C. {.7-0)
CLG
Gr ) ] a
a;c . B L-é&?& vﬁ ( = -") - - ?ﬁ.j’w.
ATE 3 LI N

g

1

q
’[‘
o

!
!
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So 1
. _ 1.68 8 e
RfCpoq = 1-6870 Vp (GRAD, - =575 ) pe./sc,

(2 .2"&9)

vhere the input acceleration, a ,is in KTAS/SEC.

i’

ALTITUDZ

DISTANCE
Incremental height and ground distance covered during each 5 secord iategration
iatervel are

Ak = 5x R/C, . . PD. {2.2-50)
V. & the average velocity over each 5 second iaterval

w —

Cimb FT. (2.2-%2)

Bgustions 2.2-40 thru 2.2-5) are the Yaslc equations used in each H second
tategreifon intervel t0 calsulate scoclersted cliish performance,

At each calculated end point ia the clismb an interpolaticn §s sade Tar ai;_
usicg appropriately calewisted values of EFR, Machk snuttber, snd pressure
aititunde. Those parsdeters, pius dowgmrasge distasnce, wre passed %o ke loot-
grist routine for use fn caleulstismg nolse along the Ilight poth.

Durigg the sccelerstian, successive fnoremental recraction of the fiaps wiil
occur &t the Pollowirg minfwirm Tlap retractiosn speeds:
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" MINIMUM FIAP

FIAP RETRACTION SPEED
o7 v, + 10
22 oV, +10
18 v, +10
10 v; + 10
V, +20
0 V, + 60 (CIEAN)

The stepwisge retraction is instantaneous, 'although the acceleration will be .

continuous. )
30 FLAP RETRACTION SCHEDULE
r o7 == ACCELERATION

!

22 } {

FLAP > -
DEFLECTION €0 18 |

~ DG “‘l e i
i

. 10 10 -i

Y

o R 0 v,+10 V,+20 V) + g0

o VELOCITY ~ KT

’ 2,2.1.6.3 Thrust Cutback After Gear Up

= ATter gear up, ary cutback thrust level. may be chosen between full takeoff
thrust aad that corresponding tu the thruet required (DRAG) for level flight
with a wing engine Lnoperative (Pigure2.2~6)After gear up, the aircraft is

R FANF oy A

) climbed at constant equivalent airspeed, corresponding to V2 + 10 KEAS, to

R the predetermined (input) cut back altitude. At this altitude, the throttles
are set to an EPR (Engine Pressure Ratio) corresponding to a percent of maximum

- - takeof'f thrust and a new climb gridient established. The climb is continued

at constant speed to about 9500 feet (ASL).
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S .. | CUTBACK
TAKEQFF ' -« PHRUST
_THRUST ' -

PRESSURE
ALTITUDE v
-~ Fr !
3 SECONDS ALLOWED
FOR THRUST D&ECAY
GEAR
Up

DOWNRANGE DISTANCE~ FT

Thrust cutback can be initiasted at any point after gear up by inputting a
cutback altitude (HT CB) and a percent of thrust available (CBFA ). At HTCB’

the thrust required for level flight with a wing engine out is calculated
using the following equations:

(Windni 1Ling Drag)D, /6 = .57 + 1038 M + 8570 0% + 333316 1 (2.2-53)

b(wing span)=15% FT
moment arm d=35.5 FT

a/b=0,229




Flight Test (Reference 18 ) describes ;}:he out of trim moment coefficient as

wm .
. - - 2.2-54
Cy = 229 (Fy + =) NON-DIM. (2.2-54)
and the engine out trim drag as
- - 2 2.,2-55
_ . CDyppy = --00013 + .0226 Gy + 4.197 Cy (2.2-55)
(2nd degree fit of Figure 2.2-11).
With FNEo = thrust required with a wing engine
inoperative
D
= %} 2.2-56
P = (D + CDpy,) (@) + R (5) ( )

When CBFAC is léss than FNE}Q’ CBFAC is set equal to FNEO.

The integration interval here is altitude based. The basic equations used
to calculate climb at each altitude increment include

R - 2690 & - B) ¥y FT. /SEC. (2.2-57)
W (1 + .567 ME)
Where T =T (CBy,,) ' 1B. (2.2-58)
Vp = (V, +10) /Jo FT. /SEC. (2.2-59)
Tt = 200/(R/C) SEC. (2.2-50)
Soqm = 26878 Vo Toypy, FT. (2.2-61)

At each calculated end point in the climb an interpolation is made for Nl /\/‘é"
using appropriately calculated values of EPR, Mach number, and pressure
altitﬁde. These parameters, plus downrange distance, are pagsed to the foot-
print routine for use in calculating noise along the flight path.
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2.2.2 Approach

This section describes in technical detail the equations that are used to
calculate the basic engine thrust requirements that are the aerodynamic input
necessary for the approach noise program. The basic aerodynamic data such as
the airplane drag polars (Cy, Cp), Direct Lift Control drag increment, and
stall characteristics of the airplane are all based on FAA approved results
such as those published in the FAA Type Certification Report (Reference 18)
and the Airplane FAA Approved Flight Manual (Reference '6 ). The effect of
Direct Lift Control on drag and speed is assumed to be the same for the 33
degree flap as for the 42 degree flap configuration. The 33 degree flap
drag polar is also based on FAA approved results.

The basic aerodynamic and performance equations used to generate engine

thrust required for constant glide slope and constant calibrated airspeed

D

For a constant calibrated airspeed approach with flaps and gear down, the

are as follows:

GROUND

foilowing trigonometric relationship relative to ground reference can be
shown:

-sin@ = —grad = RO NON-DIM. (2,2-62)

VGROUND

The rate of descent (R/D) can be derived from the total energy concept of
the airplane in 1 'g' flight:

]

Total Energy
E

Potential Energy + Kinetic Energy
PE + KE FT,-LB,

Bt

Y

Potential Energy = Welght x height = Wh

Kinctlc Buergy — sm V, . %-E v, 2 x 2.856
T g T
where 2,856 = conversion factor, knotg to feet per second

squared,
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Total energy is expressed in foot-pounds.,
Therefore, the equation: '

2
E = W +2.85% 3 ‘_’,g_,. FI.-LB,

The rate of change of total energy per pound of airplane weight is:

a(BM) _ db o, Vo dVp FT./SEC.
dt dt g 3t
dvT
The acceleration term of T ey be written as
dt dh dt

and from substitution

av,
a(E/W) _ gh, ear vy, L &

dt at dh  at
_ gh o, avr FT, /SEC.

The total energy can change only as the result of the net increment between

FN and drag vectors acting on the airplane and is expressed by the following:
Energy = Fcrce x Distance = (FN-D) x Distance

The rate of change of total energy per pound of airplane weight is:

d (B/W) _ (FN-D) y Distance x 1.69 FT,./SEC.
dt W dt
where Distance = true veliocity
dt
1.69 = conversion factor knots to feet per second

Setting this equal to the first equation of Q%%[El s

1.69 (FN-D) V. =32 (1 + ,0886 v jd-\-,?i)
= T qt T ~dh
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and if 2= R/D

at
then
' R/D in feet per minute = ~—J0L.3 (.HLD.)_dI‘T—.. FT. MIN, (2.2-63)
W (1 + .,0886 Vi ;
dh
) Substituting this in the gradient equation,
v,
- grad = {FN-D) 'T - NON-DIM,  (2.2-6h)
W(l+.0886VpdT) Vepomm
dh
For zero wind condition, Vé = VCROUND
- grad = KF;N-D)’ - NON-DIM.  (2.2-65)
W (1 + .0886 vy, T )
In case of head or tail winds, Vj £ v GROUID
(FN-D) VT NON-DIM.,  (2.2-66)
- grad = oV
W (1 + .0886 Vi ) VeroumD

In determining the engine thrust required for a predetermined gradient, air-
plane weight and approach speed, it can be seen that the airplane drag must
be calculated. The aircraft is assumed to be approaching at a constant cali-
brated airspeed which for altitudes near sea level is practically identical
to equivalent airspeed. With the assumption that calibrated is equivalent
airspeed, the drag of the airplare can be calculated as follows:

=M NON- DIM.
CL q5
D = CD qS LB,
2
. Vi 2
3 where q = dynamic pressure = _€_ LB./FT.
c 295
’ . 8 = wing area = 3456 e ., ft,.

Since V is constant and independent of ultitude, the airplane drag is inde-
pendent of altitude. The kinetic energy term (1 + .0836 vp T Vg ) is dependent
dh
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on altitude, dut by Investigation, considering the range of altitude of this
analysis, this factor will vary by less than 1 tenth of 1 percent. This
factor is generally of the magnitude or 1.03.

By solving the gradient equation for FN, knowing the speed and configuration,
the p.erformnnce input for thrust required is determined for the footprint
subroutine of the noise definition program.

A single segment or & two-segment approach may be calculated. Glide slope
angle for a single-segment approach may be any value between 3 and 6 degrees,
inclusive. If a second segment is added, its glide slope is fixed at 3
degrees. Input required to compute approach includes glide slopes, transi-
tion height, direct lift control flag, weight, plus thrust and drag in tabular
form. Threshold altitude is fixed at 50 feet. Winds may be accounted for.
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2.é;3 ‘The dtmosphere

Several scoustic and performance parameters are derived from stmospheric
parameters, These are obtained from a mathematical model of the atmosphere.
The;information presented on the following pages explains this model in terms
cof wbat it is, where it comes from, and how it is used in the two noise

 programs.

2020301 Deriv&tion

The atmosphere employed in the noise definition program and the noise propa-
gation program was constructed by using appropriate equations from the 1962
U. S. Standard Atmosphere (Reference 13). Normally, pressure altitude is

given and other conventional atmospheric quantities are required.
First, pressure altitude is converted to geopotential pressure altitude.

Hp = zP X Re/(Zp + Re)- (2.2-67)

where Hp is the geopotential pressure altitude.
ZP is the pressure altitude.
R, is the equivalent earth radius. (6353.5 KM or 20,844,820 FT,)

If pressure altitude (H) is given in feet, it is converted to KM. by

7 (KM,) = ,0003048 H (¥FT.) (2,2-68)

with

H = 6353.5 Zp/ (zp + 6353.5) KM (2.2-69)

Combining these equations,
Hp (KM, ) = 0003048 [?o88h820 H (FT,)/(H(FT) + eosuu8eoﬂ (2,2=70)

Next the standard terperature can be found from

Or) . oRE 14, 2,0.71)
T (K) = 280.15-6.5 HP(KM.) (2.2-71)

where Tstd is the standard temperature in degrees Kelvin.-6.5oK/KM 1s the
first-layer standard lapse rate.

288,15 % is the S.L. standard temperature.
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If the atmospheric temperature (t) is given in degrees Fahrenheit, it can be

converted to degrecs Kelvin by the equation

I

(4 (°F) -32)/1.8 + 273,15 (2.2-72)
‘t (°F) + 1459.67)/1.8 (2.2-73)

T (%)

or T (OK)

[l

The temperature increment from standard is given by

AT =T ST : (2.2-7h4)

If the atmospheric temperature is given as the increment AT in degrees
. o
Celsius {or K)

0. [e] "
= 2,0~
T (K) = ) pa ¥ AT (2.2-75)
and
t (°F) = 1.8 T{%k) -459.67 (2.2-76)
Knowing the ambient temperature T(°K) the pressure ratio § = P/P can be

calculated, where P with sea level standard pressure of 101325 Pascals
(Newtons/meter?), 2116 LB/FT or 29.92 inches of mercury. The equation for

§ is

G M /6.
8 = (T/Tyiq) (G, My/~6:5 By) NON=DIM. (2,2=77)

where GO is the sea level acceleration of gravity

" (9.80665 m/secz).
M, is the sea level molecular weight of air (28,9644 gm/mole).

Rg is the Universal Gas Constant
(8.31432 joules/ K-mole).

T, 1s sea level standard temperature (288,15 oK)

Substituting gives

-5.25588
= (288.15/1 ) ~2*5% (2.2-78)




The pressure is found from the relationship

P=3sP (2.2-79)

Knowing the ambient temperature (T) and the pressure ratio 5 we can find the
g, where ¢ is the density ratio p/p.,. Or knowing the pressure P, we can
find the density p.

o= \[288.15 57'1' (2.2~-80)

Also, p = M, P/1000 R T = P/287.053 T KG/METERS (2.2-81)

The speed of sound is needed to calculate the characteristic impedance (pc )
of the air or the Mach number of the aircraft. The speed of sound is found

from the equation

¢ = J 1000 v R T ) veTERS /SEC (2,2-82)

M
0

where vy is the ratio of specific heats (1.4 for air).

Substituting for the constants

¢ = \Iu01.87u T METERS/SEC (2.2-83)

For convenience in calculating the Mach number we use the equivalent speed of
sound in knots.
C . =29,044934J1,8 T ¢ KNOTS (2,2-84)

To convert from pressurve altitude H to geometric altitude Hé, the following

approximation is used:

Hg =HT (2,2-85)

where  Tp,. = T/tl?std

The temperature ratio <TRAT) is assumed independent of altituda. In additioa,

the ratio
2-56
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R
is assumed sufficiently close to 1.000, These assumptions gre good engineer-

ing approximations for low altitudes, say less than 10000 f€., with modest
temperature excursions from standard day, say STD + 40 %,

2.2.3,2 Application

The relationships shown were used in different ways in the performance routines

and the noise propagation program.

For the performance routine,

(1) Hp = ,0003048 [?088u82o H/(H + 208&4820i] (2,2-86)
(2) Ty, =288.15 -6.5 H (2.2-87)
If the altitude H is the airport elevation
(3) T =(t - 32)/1.8 +273.15  (2.2-89)
and (4) ar =TT, . (2.2-89)
(5) Tpr = T/T g, (2.2=90)
(6) 5=(r,,/n) °EPF (2.2-91)
(7)4fo = J2BET5 o/t (2.2-92)
(8) ¢, =29.04k93 YI.B T g (2.2-93)
(9) t =1.8T - k59,67 (2,2-94)

If the altitude is other than the airport elevation set (3) T = TS ta AT,
then do (5) through (9).

The atmosphere subroutine in the noise propagation program is used to calculate
the characteristic impedance (pc) and the temperature (t). If pressure alti-
tude (H) and the incremental temperature (AT) are known:

(1) Z_ = .0003048 H (2.2~95)
(2) H, = 635345 zp/(zP + 6353.5) (2.2-96)
= - 2,2-97)
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(L) T =T, +AT (2,2-98)
(6) P = 101325 (288.15/1_, ) -5.25588 (2.2-100)
" (7)) p =P [287.053 T Ka/M3 (2.2-101)

(8) o =/W0L.874 T  METERS/SEC (2.2-102)

I the temperature (t) and the pressure (p) in inches of mercury are known:

(1) T =1t + 459.67/1.8 ; (2.2-102)
(2) P =3386.39 p (2.2-103)
(3) p =p/287.053 T Ka/M3 (2,2-10k)
(4) o =4f4OL.874 T  METERsS/SEC (2.2-105)
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‘ : SECTION 3
COMMUNITY NOISE CONTOURS

For aircreft noise certification FAR Part 36 (Reference 1) requires the
deterpination of noise at three points - 3.5 nmautical miles from brake release
and the maximum noise point along an 0.25 or 0.35 nautical mile sideline for
takeoff, and 1.0 nautical miles from threshold for approach. The L-1011-1
measured noise data used in Section 2.1.3 above were accumulated primarily to
demonstrate the noise levels at the three certification points. The more
general airplane noise characteristics as developed by the calculation pro-
cedures of Section 2.1 may be used for more detailed analysis of noise exposure
during takeoff and landing approasch operations. Constant noise contours--
often referred to as noise "footprints" because of their shape--provide such
noise exposure information in a convenient form.
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3.1 FOOTPRINT CALCULATIONS

The eirplane performence-results and the airplane noise characteristics of
Section 2 provide the: information that, with appropriate geometrical relations,
determine the noise at any point on the ground during takeoff and aprroach
maneuvers. The- calculation, which has been programmed for the computer, pro-
vides noise under the flight path and along a quarter nautical mile sideline
and the coordinates of points where any specified maximum noise level is
reached. Through these points constant maximum-noise contours may be drawn

by hand or by means of a computer plotting routine.

The airplane performance information may be obtained directly from the per-
formance subroutine or may be inputted from other tabulated performance data.
The performance date are in the form of alrplane height above the ground along
the takeoff or approach path, airplane speed, and corrected fan speed (Nl/JG)
For the engine thrust setting in use., These data are at distances, from brake
release or from threshold, determined at equal time intervals of 10 seconds.
To obtain the resolution needed for contour plotting, the light profile height
versus distance data from the performance subroutine must be augmented with
additional points, by interpolating linearly between the provided profile
points.

The airplane noire characteristics are entered iu tabular form as nolse level
at various distances for a number of corrected fan speeds bracketing takeoft
and approach engine thrust settings. One set of nolse levels is for air-to-
ground propagation and the second set is for ground-to-ground propagation,
including the extra ground attenuation of Reference 8., A typical input noise
tabulation is shown as Table 3-1. A separate noise table must be prepered for
each combination of airpart elevation, temperature, and relative humidity to
be considered. The tabulated sirplane noise characteristics may be ohtained
from the results of a calculation as described in Section 2.1.2 or from any
other appropriate source of measured or predicted noise characteristics and
may be in terms of any physical or subjective noise lewvel desired.

The detailed calculation procedure is outlined in Volume III "Model User's
Manuwal" of this report. In general the procedure involves determining,
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geometrically, the maximum noise intercept on the projection of the flight
path and on the sideline for each selected airplane position. The distances
to the positions on the ground for a specific maximum noise level are cbtained
by logarithmic interpolation in the tables of noise level versus distance,
without extra ground attenuation and with extra ground attenuation. To take
into ‘account the dependence of extra ground attenuation on the angle of the
noise path with the ground, the distance is modified by the exponential factor

e Vien 3p from Reference 9, P is the angle of elevation of the noise path.

When effective perceived noise level is the measure for which footprints are

to be obtained, then a velocity correction must be applied to accourt for the
difference between the airplane's actusl velocity and the normalized 160 knot
velocity of the input tables.

Since the community area exposed to some given noise level may be of interest,
the areas enclosed by the contours are calculated, using trapezoidal rule
quadrature. The computer determines accumulated area in square miles encloused
by the contour up to each individual coordinate point. When the contour closes
the total area is provided.
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3.2 L-1011-1 FOOTPRINTS

“he computationel procedure for constant maximum-noise contour generation has
been exercised on the 1-1011-1/RB.211-22B performance and noise of Sections
2.1 and 2.2 above. Effective perceived noise level and A-noise level contour
plots, included in Volume II of this report, have been prepared for the
following reference-condition cases:
Takeoff Maximm takeoff gross weight (430,000 1b.),
10" flaps, takeoff thrust

Reduced takeoff gross weight (350,000 1b.),
10° flaps, takeoff thrust

Maximum takeoff gross weight (430,000 1b.),
220 f1aps, tekeoff thrust

Naximum takeoff gross weight (430,000 1b.),
10° f1aps, FAR Part 36 thrust cutback at
3.5 nautical miles

" Approach  Maxiounm landing veight (358,000 1v.),
42° 11aps, 3” glide slope

Reduced landing weight (300,000 b.),
42° flaps, 3° glide slope

aximum landing welght (398,000 w.),
33" flaps, 3° glide slope

Maxioum landing weight (358,200 1b.),
529 finps, 69/3° two gegment glide
slope with transition at 1000 V.
altitude

Note: All epproaches with DIC (direct 1ift comtrol),

An exazple of contour Dlots is shown as Figure 3,2-1, Contours are drawn for
80, 90, 100, 110, and 120 BFH4B. A corresponiing A-noise level set would
norwally include 70, 60, 90, 100, and 110 &BA contours. The set of centour
piots produced is by no means a couplete coverage of alrplans operational
variations. Howewer, £t serves to illustrate souwe of the effects of opera-
tional paremetors,

There is, for instance, only little effect close to the airport for a chaige
in takeofT flups but the higher flap setting does extend the ubise exposure
farther. Where takeoff field length is not restrictimy, the lower fiaps
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should be considered for noise sxposure reduction. The takeoff thrust-
cutback procedure reduces noise civse to the &irpirt, as miy be seéen froz e
90 EFidB contour, but increases the exposure area to an 80 EPNAB contour.

For approach, reduced flaps are seen to be effective in reducing noise cxjo-
sure and should be considered for noise abetesent when sveilslis rumwvay
lengths permit. The dramatic impact of a two-segment approech mey be szen
clearly from the greatly reduced nolse contour areas, The desirabilit; .0
developing operational safeguards to permit two-segment approach mensuvers
is obvious.

Similar analyses of operaticmal variable: may be made for any alrerait by
using its performmnce end noise characteristics in the footprint caleculastioe
end plotting routine.
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SECTION L4

SUMMARY

The Commexrcial Aircraft Noise Definition for the Lockheed L-1011-1 Trister,
condug:ted for the Federal Aviation Administration in compliance with Contract
DOT-FA/T3WA-3300 dated June 6, 1973, is documented in the five volumes of this

report. This volume, I, presents a technicel discussion of the caiculation

e e e AR drms e s
-

procedures developed, and programmed for batch operation on a digital computer,
to determine an airplane's performance and noise cheracteristics during take-
off and apnroach operations and to produce constant maximum-noise contour
footprints for noise exposure analyses. The programmed procedures have been
applied to L-1011-1 flight data and the results are contained in Volume II,
titled "L-1011-1 Data." The logic behind the calculation procedure and the
capabilities and limitations of the procedure are reviewed in the "Mcdel User's
Manual" of Volum: IIT. The detailed information required for operation of

the compubter program is presented in Volumes IV and V.
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