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Z. INTRODUCTION

BACKGROUND

Computerprogrammodelsare routinelyusedto predictcommunity

noise exposureproducedby aircraftflightoperations.Amongthe most
important input data common to all aircraft noise exposure models are

descriptions of the flight path and performance schedules of the aircraft

operating in the vicinity of the airport. Flight path is defined as the

set of pointswhich describethepositionof the aircraftin the three

dimensional space and performance schedules are the values of the thrust (or

anotherappropriatemeasureof propulsion),velocity,and flapsettingsof

the aircraftalong the flightpath. An accuratedescriptionof thatinput

is necessaryto determinethe positionof the aircraftrelativeto the

noise receiver locations and to specify its characteristics that relate to

noise generation,

Flightpathwith performancescheduleinformationis generallyan

inputdata requirementwhichmustbe suppliedby the computerprogramuser.

The flight path can be defined in terms of flight track and altitude profile,

and performance schedule in terms of flight track and thrust and velocity

profiles. The flighttrack is theprojectionof the aircraft'sflightpath

onto the groundplane. The altitudeprofiledefinesthe aircraft'sheight

_ above the airporthorizontalreferenceplaneas a functionof distancealong i

1-I
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the flight track from an airport reference point. The reference point is

generallylocatedon the runwayand is the positionof brakereleasefor

departuresand the runwaythresholdfor arrivals.The thrustand velocity

profilesdefinethe aircraftthrustand velocityas a functionof distance

a]ongthe flighttrackfromthe sameairportreferencepoint. The aircraft

flight tracks at a particular airport are determined primarily by local air

traffic pattern requirements and, on the average, do not vary significantly

as a functionof aircrafttype. However,for a particularaircrafttype

operatingin accordancewitha specifiedflightprocedure,the resulting

altitude,thrust,and velocityprofileswilldependon theaircraft's

performanceand operationalcharacteristics,andon a numberof airport-

specific parameters, such as ambient temperature and pressure altitude.'

PURPOSEOFSTUDY

The purposeof this studywas to identifyand collectperformance

and operationaldata and informationrequiredto constructflightpaths and

performanceschedulesfor selectedcommercialalrcarrieraircrafttypes powered

by low-by-passratioand hlgh-by-passratioturbofanengines. The performance

and operationaldataand informationcan be usedto determinethe flight

pathsand performanceschedu]esfor aircraftoperatinginaccordancewith

specifiedflightprocedures,and over a rangeof airporttemperaturesand

airportpressurealtitudes.

In addition,thisstudy effortalso includedan evaluationof

availablef11ghtprocedurescomputerprogramsdeve]opedby variousorganiza-

tionssuchas aircraftmanufacturers,consultants,and the Federalgovernment

(NASA,PAA,etc.). The purposeof evaluatingtheseprogramswas to identify

existinganalyticaland computerprogrammingworkwhichcan be used in devel-

opinga modifiedcomputerprogrammodelto generateaircraftflightpathand

performancescheduledatawhichare compatlblewiththe inputdatarequire-

ments of the FAA'sINM end the USAF'sHOISEMAP.
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R_PORT OVERVIEW

The resultsof this studyare presentedin SectionsIf, Ill,and IV

and in Appendices A, B, and C.

Section II

In thissection,the aircraftand engineperformanceand operational

data and informationrequiredto constructflightpathsand performance

schedulesare identified.Thesedataand informationare identifiedwith respect

to two typesof aircraftflightoperations:(1) takeoffand (2) approachand

landing. Performanceand operationaldataspecificallyrelatedto aircraft

enginesare alsoidentified.

Section Ill

This sectiondescribesthe aircrafttypesselectedfor thisstudy.

A briefdescriptionof the requiredaircraftand engineperformanceand

operationaldataand informationidentifiedin SectionII is also presented

in thissection. Alongwith thesedescriptions,the sourcesand procedures

used to obtainthe requireddataand informationare alsopresented.

S_otlonIV

This sectiondiscussesthe findingsof the evaluationof available

flightprocedurescomputerprogrammodels. In addition,an assessmentis

made of the potentialuse of thesemodelsand theircomputerprogramcoding

for generatingaircraftflightpathand performancescheduledata compatible

with all of the inputrequirementsof the FAA_sINM and the USAF'sROISEMAP

computerprograms.

AppendixA

Thlsappendixpresentsa briefdescriptionof thetakeoffprocedures

which are currentlyusedor capableof being usedin routinedepartures.These

procedureswereused as a basis for identifyingthe performanceand operational

data and informationrequiredto describetakeoffflightpathsand performance

schedules, i

Appendix B

Thisappendixpresentstabulatedlistingsof the requiredaircraft

c_ performanceand operationaldataand informationdescribedin SectionIll.

I-3



These dataand informationare providedfor eachaircrafttypeconsideredin

thls study,

Appendix C

Thisappendixpresentstabulatedlistingsof the requiredaircraft

engine performance and operational data and information described in

Section Ill, These dat_ and information are provided for each aircraft

engine type considered in this study.
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II. PERFORMANCEAND OPERATIONALDATAA_ID
INFORMATION REQUIREME_TS

TAKEOFFPROCEDURES

Aircrafttakeoffprocedurescan be dividedintothreegeneral

operations._ Theseoperationsare:

e Ground-rolland initialclimb

e Thrustreduction

m Normalclimb

The aircraft flight path and performance schedule associated with each of these

three general operations will vary depending upon the specific flight procedure

employed, the aircraft's aerodynamic performance characteristics, and the

performance and operational characteristics of aircraft's engines.

Six takeoff flight procedures have been used as a basis for

identifying the aircraft performance and operational data and information

required to describe takeoff operations. These takeoff flight )rocedures
are:

e FAA AC 91-39

a FAA AC g1-B3

2-I



O ALPA/NWAMaximum?hrustReduction

m ALPA/NWAMinimumThrustReduction

e DCA

a FAR 36

A briefdescriptionof eachof thesetakeoffflightproceduresis presented

in AppendixA. Basedon a reviewof thesesix takeoffprocedures,nineunique

takeoffoperationswereidentified.Thesetakeoffoperationsare:

e Accelerationfrombrakereleaseto pointof lift-off

withconstantflapand thrustsettings*;landinggear

extended

m Accelerationfrompointof lift-offto 3B feetheight

aboveairport(HAA)with constantflapand thrust

settings;landinggearextended

m Accelerationfrom35 feetHAAto 400 feet HAA with

constantflapand thrustsettings;initiatelanding

gearretraction

m Climbat constantequivalentair speed (EA$),and

constantflapand thrustsettings;landinggear

retracted

e Accelerationwithchangingflapsetting,and

wltha constantthrustsetting;landinggear

retracted

e Accelerationwith constantflapand thrustsettings;

landinggearretracted

e Accelerationwithconstantflapsetting:andwith

changingthrustsetting;landinggearretracted

a Climbat constantEAS and constantflapsetting,and

with changingthrustsetting;landinggearretracted

"Takeoff'thrustfrombrakereleaseto pointof'lift;Offis hot actual'lyco'nstant
sincethe finalthrustis not reacheduntilsome timeafter the throttleis set,
The throttlepositionfor takeoffthrustis set staticallyat the pointof brake,_-
release,or at a specifiedground-rollspeed,dependingon the aircraft/engine ._
type,

2-2



e Climb at constant EAS with changing flap setting, and

withconstantthrustsetting;landinggearretracted.

From theabovellstof takeoffoperations,the aircraftperformance

ahd operationa] data and information required to construct takeoff flight paths

and performancescheduleswere identified.Thesedataand informationare:

m All-enginedistancefrombrakerelease(DFBR),

EAS, and net thrust at the point of lift-off

• All-engineDPBR, EAS, and net thrust at 3B feet

HAA

e All-englneDFBR,EAS,and net thrustat 400 feet

HAA

• Enginethrustvaluesoverthe fullrangeof takeoff

flight conditions and thrust requirements

e Aircraft lift and drag coefficientsas a function

oftakeoffflapsettings

e Flapretractionspeedscheduleand retractiontimes.

APPROACHAND LANDINGPROCEDURES

In general,thereis lessvariabilityin aircraftapproachand

landingproceduresas comparedwiththe takeoffprocedures.Typically,the

approachand landingoperationbeginsat the pointwherethe aircraft

initiatesits descentto a finalglidaslopeinterceptaltitudewiththe flaps

set at "maneuver"position. The aircraftmaintainslevelflightat the

interceptoltltudeuntilthe finalglideslopeis intercepted.Priorto inter-

ceptingthe finalglidealope,flapsare extendedto the "approach"position.

Oescentalongthe finalglideslepeis initiatedat the pointof intersection

wlth theinterceptaltitude. As the aircraftdescends,flapsare extended

to the full"landing"position,the landingGear are extended,and the aircraft

continuesalong the fixedglideslopeuntilpointof touchdown.
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Basedon the descriptionof the generalapproachand landing

procedure, four unique operations were identified. These approach and

landingoperationsare:

I Descendat constantEAB,and constantflapand thrust

settings;landinggearretractedorextended

I Descendat constantEAS or decelerationwithconstantflapsetting

and with changingthrustsetting;landinggearretractedor extended

I Levelflightat constantEAS,andconstantflapand

thrust settings; landing gear retracted or extended

e Level flight deceleration with constant flap setting

and with changing thrust setting; landing gear retracted

or extended

From the fourapproachand landingoperationslistedabove,the

aircraft performance and operational data and information required to construct

approachand landingflightpathsand performancescheduleswere identified.

These data and information are:

I EAB as a functionapproachand landingflapsettings

and landing gear position

e Enginethrustvaluesover the fullrangeof approach

and landingconditionsand thrustrequirements

a Aircraft lift and drag coefficientsas a function of

approachand landingflapsettingsand landingBear

position.

OTHERPERFORMANCEAND OPERATIONALDATAREQUIREMENTS

Other performance and operational data and information useful in

definingthe aircraft'sflightpathinclude:

m Referred(or corrected)net thrust(Fn/5)as a function

of engine-pressure-ratio(ERR)andair speed

e Referred{or corrected)low pressurefan speed(NI/_ 2)
as a functionEPRand air speed

e Referred(or corrected)net thrustasa functionof low ....
pressurefan speedand air speed,

2-4
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lie. DEVELOPMENTOF PERFORMANCEAND
FLIGHTOPERATIONSDATABASE

AIRCRAFTAND ENGINETYPESSELECTED

Theaircrafttypesselectedfor thisstudyare representativeof all

of in-servlcecommercialaircarrieraircrafttypes poweredby low-by-pass

ratio(LBPR)and high-by-passratio (HBPR)turbofanengines. The current

fleetof "narrowbody"aircrafttypes'arepoweredby LBPRenginesand the

"wide body" aircraft types awe powered by HBPR engines. The aircraft con-

sideredin thisstudyconsistof the followingsix genericclasses:

m g-Engine LBPR-Narrow Body (2E-LBPR-NB)

¢ B-EngineLBPR-NarrewBody (3E-LBPR-NB)

m 4-Englne LBPR-i!arrowBody (4E-LBPR-NB)

m 2.Engine HBPR-WIde Body (2E-HBPR-WB)

e 3-EnglneHBPR-WIdeBody (3E-HBPR-WB)

a 4-EngineHBPR-WideBody (4E-HBPR-WB)

Table3.1 presentsa listingof specificaircrafttypeswhichare representative

of theabove genericclassesand identifiesthe aircraftselectedto represent

eachgenericclass. The enginesused to powerthe selectedaircraftare also

presentedon Table3.1.
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TABLE3.1

AIRCRAFT/ENGINEIDENTIFICATIONAND SELECTION

Generic Representative AircraFtSelected EngineUsedTo
AircraFt AircraFt To RepresentGeneric PowerSelected
Class Types Class AircraFt

2-EnglneLBPR-NarrowBody 737/DC-9 737-200A_V. JTBD-15

3-EngineLBPR-NarrowBody 727 727-200ADV. JTBD-15

4-EngineLBPR-NarrowBody 707/DC-8 ?07-300B JTgD-3B/C

2-EngineHBPR-NideBody Agoo * JTBD-20

3-EnglneHBPR-WideBody DC-IO/L-IO11 DC-IO-IO CFB-60

4-Enotne HBPR-NideBody 747 747-200 JTgO-7

*A pseudoaircrafthas beenusedto representthe genericclassof R-engineHBPR-wldebodyalr-
crafttypes. AircraFtperformanceand operationaldataand Informationfor the pseudoaircraft
were basedan actualdataand informationFor the DC-I0-40.The pseudoaircraftis poweredby
two (2) JTgD-20engines.



AIRCRAFTPERFORMANCEAND FLIGHTOPERATIONSDATA

Da,taSourcesand CollectionProcedures

The majorportionof the aircraftperformanceand operational

data and informationhas beenobtainedfrom aircraftmanufacturers,These

data and informationwereextractedfrompublishedgovernmentreportsor

obtained through direct communication with manufacturer personnel, Some

data and information were obtained from aircraft operators (airlines) or

estimatedusingfundamentalaircraftand engineperformancere)ationships,

Sea-levelpressurealtitudeand 77°Fhavebeenselectedas the reference

atmospheric conditions.

Aircraft Performance E_uations

When calculations were required to determine performance and

operational data, the following aircraft performance equations were used:

W _+W siny (3-i)"nc°s _B = D +

•""_ L + Fnsin_B = W
C05 Y (3-2)

where:

Fn : Averagetotalnet thrust

W : Aircraftweight

g = Accelerationof gravity

D : Aircraftdrag

L = Aircraft llft

= Aircraftacceleration

y : Climb angle, degrees

aB : Bodyangle-of-attack,degrees

Equations3-1 and 3-2 describethe forcesactingon theaircraftin a direction

along and normalto the flightpathaxis,respectively,A diagramdisplaying

the variousforcesactingon theaircraftduringclimb is shownon Figure3,1

In derivingequations3-i and 3-2, two assumptionsweremade: (I) thenet

thrustcan be consideredto act alongthe aircraftbodyaxis, i.e.,the angle
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betweenthe thrustvectorand aircraftbody axis is equal to O, and (2) the

centrifugalforcecomponent,resultingfrom a changein flightpathangle,

is small compared to the other forces normal te the flight path axis, For

calculationsperformedusingequations3-1 and 3-2,both ef theaboveassump-

tions have been shown to be reasonable.

The aircraft lift and drag forces are defined by the following

equations:

D : _ pVT SwCD :Z PoVeSwCD (3-3)

i _ : _ 2 (3-4)L : _pV T SwCL PoVe SwCL

where:

o ambientair density

Po : air density at sea levelr-,

, Ve = equivalentair speed of the aircraft

VT : trueair speedof the aircraft

Sw : aircraftwing area

CD = aircraftdragcoefficient

CL : aircraft llft coefficient

Theaircraftwingarea (Sw)for eachof the six genericaircrafttypes
consideredin thisstudyare presentedon Table3.2.

TakeoffOperation,s

The elrcraftand engineperformanceand eperatlonaldataand

i informationrequiredto constructtakeoffflightpathsand performance

scheduleshavebeen identifiedin Section The
II. followingpresents a

briefdescriptienof thesedata and _nformatfen.



TABLE3.2

_IINGAREA (Sw)FORSIX GENERICAIRCRAFTTYPES(FromReferences5, 21 and 25)

AircraftTxpe l.lln9 Area.Sq. Ft.

2E-LBPR-NB 980

3E-LBPR-NB 1560

4E-LBRR-NB 2692

2E-HBPR-WB 2798

3E-HBRR-WB 3550

4E-HBPR-WB 5500

f_
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All-EnBineDFBRTo 35 Feet HAA (D35). The all-engineOFBRto 35

, feetHAA is the horizontaldistancefrombrake releaseto a pointwhere the

aircraftis 35 feetabovetheairport(D35). The data presentedin this

reportwere obtaineddirectlyfrompublicationspreparedby the aircraft

manufacturers.",s Over therangeof takeoffflapsettings,D35 distances

can be determinedfor the entireoperationalrangeof brakereleasegross

weight(BRGW)for eachaircrafttype considered.

For the 2-engine,3-engine,and 4-engineLBPRaircraft,and for

the 4-englneHBPR aircraft,D35valuesare presentedas a functionof takeoff

flapsettingand BRGWfor referenceatmosphericconditionsonly (sea-level,

770F). Horizontaldistanceto35 feetHAA for nonraferenceconditionsare

computedusingthe followingprocedure;(1) determinethe appropriate

temperature-altituderatio(TMAL?-g5),(2)multiplythe actualBRGWby the

TMALT-g5value to determinean equivalentBRGW, (3)using the OgB reference

table,computethe D35 valueMr the equivalentBRGW. The D35 value

determinedby thisprocedureisthe actualdistanceto 35 feetHAA for the

'_"_ nonreferenceconditions.

The D35 valuesfor the2-engineand 3-engineHBPRaircraftare

determineddirectlyfromD35 tables. The D35 dataare presentedas a function

of airportpressurealtitude,airporttemperature,BRGW,and takeoffflap

setting.

All EngineOFBRTo 400Feet HAA (D4OO). The all-engineDFBRto 400

feetHAA is the horizontaldistanceto a pointwherethe aircraftis 400 feat

above the airport(O4OO). Thedatapresentedin this reportwereobtained

directly,or estimated,frompublicationspreparedby the aircraft

manufacturers.",s Overthe rangeof takeoffflapsettings,0400distances

can be determinedfor the entireoperationalrangeof BRGW for eachair-

craft typeconsidered.

Datarequiredto determineD400for the 2-engine,3-engine,and 4-

engineLBPRaircraft,and forthe4-engineHBPR aircraftare presentedas a

functionof takeoffflapsetting,BRGW,and takeoffclimb speedfor reference

atmosphericconditionsonly (sea-level,77°F). For theseaircrafttypes,

the data presentedin the referenceO400tablesrepresentthe horizontal
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distancefrom3B feetHAA to 400 feetHAA. The distancefrom 35 feetHA,_to

400 feetHAA for nonreferenceconditionsis determinedby uslnq the same

procedureas usedto detenminethe D35 values. ?emperature-altitutderatio

data(TMALT-400)requiredto computeD400valuesare presentedas a function

of airportpressurealtitude,airporttemperature,_nd takeoffclimbspeed.

For the 2-engineand 3-engineHBPRaircraft,the distanceto 400

feet HAA can be determined directly from the D400 tables. The D400 data are

presented as a function of airport pressure altitude, airport temperature,

takeoffflapsetting,BRGW,and takeoffclimb speed. The D400 distancesfor

takeoffclimbspeedof V2* + 10 wereobtainedfromreference5, Forclimb

speedsof V2 + 20 and V2 + 30, the D400datawere estimatedusingan equation
derived from equations 3-I and 3-2:

_A-Z"__Y - "(vI)2_-_- = f(_Y) : 0 (3-S)

where: AZ changein aircraftaltitude(=365feet)

AY = D400- D35 (changein horizontaldistancefrom3B feetHAA
to 400 feet HAA), feet

+ (bY feet

V2 = aircraftspeedat 400 feetHAA
(V2 + 20 or V2 + 30), feet/sec

VI = aircraftspeedat 35 feetHAA
(V35),feet/sec

-#
E = averagedrag-to-liftratiofrom3B feetHAA

to 400 feetHAA

The coordinatesystemusedto definethe aircraftflightpathand

flighttrackfrom35 feetHAA to 400 feetHAA is presentedin Figure3.2.

*V2 is the engine-outtakeoffsafetyspeed.
i

3-8



A - AIRCRAFTPOSITION
AT 35 FEET HAA

B - AIRCRAFT POSITION
AT 400 FEET HAA

o_ -_--__ FLIOHTTRACK_ 400FT
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35_IFT / ELEVATION

/

X
FIGURE3.2 COORDINATESYSTEMUSEDTO DEFINEAIRCRAFTFLIGIITPATH

AND FLIGHTTRACKFROM35 FEETHAATO400FEETRAA



The average drag-to-lift ratio was determined by taking the arith-

metic mean of the D/L for the landinggearextendedand the D/L for the

landinggear retracted. The use of the averagedrag-to-liftappearsto be

reasonablesincethe timesrequiredto go from35 footHAA to 400 feetHAA

for a rangeof representativetakeoffweightsare notsignificantlydifferent

froman actuallandinggearretractiontime.2

In deriving equation 3-5, the aircraft body angle-of-attack, _B'

has been assumed to be small, i.e., _B : O, This small angle assumption is
commonly used in deriving the aircraft per_rmance equations of motion, 6'7

and should provide reasonable estimates of the horizontal distance from 35

feet HAA and 400 feet HAA since the change in aircraft altitude (aZ) is

small. However, for changes in aircraft altitude greater than 365 feet, _B
shouldnot be set equalto zero In the aircraftperformanceequations.

All-EngineDFBRAt The Pointof Lift-Off.Theall-engineDFBRat

the point of lift-off is the horizontal distance from brake release to a 9cint

wherethe aircraftliftsoff the runwaysurfaceand becomesairborne. Th_se _.-.
dataare not presentedin thisreportin tabulatedform. However,estimates

of the distanceto the pointof llft-off(DLOF)can be estimatedfromthe

D35 and O400datatablespresentedfor eachaircrafttypeconsidered.Figure3,3

presentsa graphicalrepresentationof theprocedurewhichcan be used to

approximateDLOF, From Figure3.3, it canbe seen thatthe approximate

distanceto the pointof lift-off(DLOF')isgiven by:

35 (3-6)DLOF'= D35 -
tan y'

wherey' is the climbanglefrom 35 feetHAAto 400 feetHAA,

All-EnglneEAS At 3B FeetHAA. Thea11-engineEAS at 35 feetHAA

(V35)will varyas a functionof the aircraft'sBRGWand takeoffflapsetting.

FederalAviationRegulatlonsa requirethatturbinepoweredtransportcategory

aircraftreach the takeoffsafetyspeed,V2, before35 feet HAA. Thisrequire-

ment applysto aircraftoperationswithone-engineinoperative,Therefore,

the speedsat 35 feetHAA withall-engioeoperationaresomewhathigherthan

the V2 engine-outsafetyspeed._
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A - BRAKE RELEASE
B - ACTUAL LIFT-OFF POINT.
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FIGURE3.3 GRAPHICALREPRESENTATIONOF TI_EPROCEDUREUSEDTO
APPROXIMATEDISTANCETO POINTOF LIFT-OFF



The V35 speedspresentedin thisreportwereestimatedusing

.equation3-5. In determiningthe V35 speed,it was assumedthat: (I) the

averagedrag-to-llftratiodeterminedby takingthe arithmeticmean of the
I

D/L for landinggearextendedand the D/L for the landinggearretracted

is representativeoverthe flightpathbetween35 feetHAA and 400 feet HAA,

and (2) the aircraftbodyangle-of-attackcan be approximatedas O.

Usingequation3-5,V35 speedswere determinedfor eachalrcraft

type consideredin thisstudy. Foreach takeoffflap settingand BRGW,V35

speedswere computedfor two takeoffclimbspeeds." The arithmeticmean of

these V35valuesare presentedin the V35 tablesas a functionof aircraft

BRGWand takeoffflapsetting.

Comparisonsof theestimatedtimefrom 35 feetHAA to 400 feet

HAAwith the estimatedtimefrom 35 feetHAA to the landinggearup position**

show that for somecasesthe V3B may be overestimated. However,the

differencesbetweenthe actualand estimatedV35 for all aircrafttypescon-

sideredin thisstudyere withinapproximately2 KEAS. _..

All-EngineEAS at 400 FeetHAA, _y the time theaircrafthas

roached400 feetHAA, it is assumedthatthe landinggearhavebeencompletely

retractedand the initialall-engineclimbspeed has beenreached. Over the

rangeof representativeaircrafttakeoffweights,this assumptionis supported

by cllmboutprofiledata presentedin publicationspreparedby the aircraft

manufacturers,s,9,1°,_I,12,13Therefore,the a11-engineEAS at 400 feetHAA

will be the sameas the selectedall-enginecllmboutspeeds. Dependingon

the takeoFFprocedureused,the all-englneclimboutspeedsgenerallyvary

over a rangeof fromV2 + 10 to V2 + 30, whereV2 is the englne-outtakeoff

safetyspeed. The V2 speedsare presentedin thisreportas a functionof

takeoffflapsettingand takeoffBRGW. The V2 speedswereobtaineddirectly

from publicationspreparedby the aircraftmanufacturers_ or throughdirect

communicationwithmanufacturerpersonnel._

*The takeoffclimbspeedsused to determineV35 speedswereV2 + lO (exceptfor the
2E-LBPR-NBaircraftwhere V2 + 15 was used)and V2 + 30,

**The estimatedtimesfrom35 feetHAA to the landinggearup positionwere determined
f_omanemplricalrelationshipderivedfor th.eLockheedL_lOllTristaraircraft._..

3-12



All-En_ine EAS At The Point of Lift-Off. The all-engine EAS at the

point of lift-off (VLoF) will vary as a function of the aircraft's thrust-to-

weight ratio (TWLOF)at lift-off,2 Over a representativerange of T_ILOPvalues

for all-englne takeoff operations (0.16 to 0.36), VLOF can be approximated by
the following relationship:

VLOF: V2[ 1.074B- (0.3360•_LOF_ (3-7)

where V2 is the engine-out takeoff safety speed in KEAS. Equation 3-7 was

derived from relationships specifying the all-engine VLO F and the engine-out

V2 speed as functions of the aircraft stalling speed (Vs).3 A comparison

of the VLOF speed computed using equation 3-7 with the all-engine VLOF speed
obtained from flight test data shows that equation 3-7 is accurate to within

approximately 0.1 KEAS.2

Equation3-7 isconsideredapplicablefor determiningVLOF speeds
for the selectedaircrafttypesshownon Table3.1 sincethe approximate

thrust-to-weightratios*,overa rangeof representativetakeoffweightsand

all-engine takeoff thrust, are comparable with those used to derive this

equation.

_ All-En_ineTakeoffThrust. All-enginetakeoffthrust(TOT) isa

functionof pressurealtitude,ambienttemperature,and theaircraft'strue

air speed. The all-enginethrustdatapresentedin this reportwere obtained

directlyfrompublicationspreparedby theaircraftmanufacturersW or through

directcommunicationwithmanufacturerpersonnel._ Thesedataare presented

as a functionof airportpressurealtitude,alrporttemperature,and aircraft

trueair speed,

The TOT tablespresentedin thisreportcan be usedto compute

thrustover the rangefromsea-levelpressurealtitudeto 6000feetabove

sea-levelfor the 2E-LBPR-NB,3E-LBPR-NB,4E-LBPR-NB,and 4E.HBPR-WBair-

craft typesand up to 8000feet abovesea-levelfor the 2E-HBPR-WBand

3E-HBPR-WBaircrafttypes, At pressurealtitudeshigherthanthese,a func-

tion describingthe reductionin thrustas a directfunctionof ambient

temperature,or pressurealtitudechangeis required. Table3.3 presentsthese

thrustlapse functionsforthe enginesusedwith the aircrafttypescon-

sideredin thisstudy.

•Oetermlned at 35 feet HAA.
J
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TABLE 3,3

Engine Thrust Lapse as a Functton of Temperature or
Change in Pressure Altitude (From References 4 and 5)

Engine Thrust Lapse Functions

Aircraft Type _ TOTI = ao + aI TM NITHETA = (NITHETA:io[a0 + aI (4 ALT)]

ao aI ao a!

2E-LBPR-NB 4).50 0,10

3E-LBPR-NB 4].50 0.10

4E-LBPR*NR 47.11 0.10

4E-HBPN-WB 120.00 0.00

2E-HBPR-WR 100.08 x I0"2 1.29 x 10-2

3E-HBPR-_IB 99,78 X )0 "2 1.3g x lo "2

Notes:

TOTI = reduction in pounds of thrust per degree change in temperature (OF), per engine

TM m airport temperature (OF)

NITHETA = percent of the reference low pressure fan speed (in RPM) at aircraft
pressure altitude

(NITHETA)o` percent of the reference law pressure fan speed (in RPM) at airport
pressure altitude

ALT = change in pressure altitude, KFt.

Reference RPM for 2E-HBPR-WB = 3600

Reference RPH for 3E-HRPR-_IB= 3433

L , l i



MaximumThrustFor HormalClimb. The maximumapprovedthrustfor

normalclimbis a functionof pressurealtitudeand outsideair temperature

at the aircraft's position (OATPL). The maximum climb thrust is generally

specifiedin termsof engine-pressure-ratio(ERR)or in termsof the fan

speed (N1). The maximpmclimbthrustdata presentedin thisreportwereobtained

throughpersonalcommunicationswithaircraftmanufacturerpersonnel.I"'_'16

Aircraft Lift and Drab Coefficients. For low speed flight opera-

tions, aircraft lift and drag coefficients are specified as functions of

flap setting(6F)and body (orwing)angle-of-attack,Thelandinggearposi-
tion willalso affectthe dragcoefficientsbut has littleaffecton the

lift coefficients.Fora givenflapsetting,llft coefficients(CL)presented
in thisreportare specifiedas linearfunctionsof aircraftbodyangle-of-

attack. The dragcoefficients(CD)for a givenflipsettingare specifiedas

a functionof (CL)2sincethisnonlinearrelationshipprovidedthe highest
correlationbetweenthe two variables.Also, this parabolicrelationshipis

generallyused to describethe variationin CD withCL.S's'l_

For all aircrafttypesConsideredin thisstudy,the relationships

describing CL as a function of flap setting and angle-of-attack, and CD as a

function of flap setting and (CL)2, were derived from data supplied by the

aircraftmanufacturers._'*4'1_'16'_7'_a'z°*21The CD and CL datawereobtained

directlyfrom CL versusangle-of-attackgraphsand dragpolarplots,or by
calculations using equations 3-I, 3-2, 3-3, and 3-4. Required performance

and operational data identified In these equations were obtained from

publications prepared by the aircraft manufacturers. "'5 Figure 3.4 presents

examplesof therelationshipsderivedfromthe datacomputedusingequations

g-l, 3-2, 3-3, and 3-4.

FlapRetractionSpeedScheduleand RetractionTimes. The flap

retractionspeedschedulespecifiestheminimumEAS at which flapretraction

from takeoffground-rollflappositions(andother intermediateflap positions)

may be initiatedto lowerflappositions.The flapretractionspeedschedules

presented in this study cover the range of flap settings from maximum takeoff

to zero flap position. The flap retraction time is the time required to

retract flaps from a given position to lower flap positions,

_j, The flapretractionspeedschedulesand flapretractiontimes pre-

! sentedin thisreportweresuppliedby the aircraftmanufacturers.2_'21
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Approachand Landln9 Operations

The aircraft performance and operational data and information

requiredto constructapproachand landingflightpathsand performance

schedules have been identified in Section II. The following presents a brief

description of these data and information.

Approachand Landin9 EAS. The EAS forapproachand landingoperations

is a function of aircraft weight, flap setting, and for some aircraft types,

landinggear position. Approachand landingoperationsat a givenaircraft

weight and flap setting can be performed at several EAS value_. The range of

EAS values for approach and landing is specified as 1.3 times the certified

stallspeeds(Vs,KEAS)plus x, wherex is equalto 10,20, or 30 knots.

Approach and landing speeds presented in this report are 1.3 Vs speeds given

as a function of aircraft weight, flap setting, and landing gear position.

These data were obtained from publications prepared by the aircraft

manufacturers. W,S

.. OtherPerformanceand OperationalDataRequirements

ReferredNet Thrust(Fn/_). Referrednet thrustis the actualnet

thrust (Pn) that an engine would develop at sea-level pressure altitude under

identicaloperatingconditions(i.e.,the ratioof the ambientto sea-level

pressure(a) = I). The referrednet thrustdatapresentedin thisreportare

specifiedas a functionof EPR and MACHnumberor as a functionof NI/_

and MACHnumber. Thesedataare applicableover the fullrangeof takeoff,and

approach and landing flight conditions and thrust requirements. The referred

net thrustdatapresentedin this reportwere obtainedfrom publicationspre-

paredby the aircraftmanufacturers."'5

"ReferredLow PressureFan SReed(NI/_). Referredlow pressure

fan speedis the actualfan rotor speed(_11)thatan enginewould developat

standardambienttemperatureunder identicaloperatingconditions(i.e.,the

ratioof the totaltemperatureat the fan stage faceto standardtemperature

(eT2) = I). The referredlow pressurefan speeddatapresentedin this
reportare specifiedfor the 2E-HBPR-WB,3E-HBPR-WB,and 4E-HBPR-WBaircraft

typesonly. Thesedataare applicableover a widerangeof takeoff,and

.,_--_ approachand landingflightconditionsand thrustrequirements.The referred
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Iow speed fan speed data presented in this report were obtained from

)ubllcations prepared by the aircraft manufacturers. "'s

/
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IV. EVALUATION OF AVAILABLE FLIGHT
PROCEDURE COMPUTER PROGRAM MODELS

FLIGHTPROCEDUREMODELS

A numberof aircraftflightprocedurecomputermodelshavebeen

developedby aircraftmanufacturers,consultants,and the Federalgovern-

ment.3'"'s'_'22'2)All but one of the flightproceduremodelsconsidered

In this studywere developedspecificallyfor evaluatingnoise exposurere-

sultingfromaircraftflightoperations.Theone exceptionwas a modelde-

velopedby the FederalAvlatlonAdministration(FAA)to examineaircraft

fuelconsumptionundera widevarietyof operationalconditionsand air

trafficcontrolprocedures.23 However,the outputfrommodeldoesprovide

a descriptionof the aircraft'sverticalflightprofile(i.e.,altitude

versusdistancefromthe airport)for takeoff,and approachand landing

operations.

The availabledocumentationdescribingthe structureof the com-

putermodelsconsideredin thisstudy,and the algorithmsusedwiththese

modelsto generateflightpathand performancescheduleswereevaluated.

Fromthis evaluation,it was concludedthatnoneof theavailablemodels

consideredgenerateaircraftflightpath and performancescheduledatawhich

are compatiblewith all of the inputdatarequirementsof the FAA'sINM

and the UaAF's_(OIaEMAPcomputerprograms.
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In general,the structureof thesemodelsand the models'algorithms

are not compatiblewith the performanceand operationaldata and in_rmation

requirementsdescribedin SectionIIof thisreport. In addition,mostof

the availablemodelsevaluateduse "simplified"relationshipsto describethe

aircraft'sperformanceand operationalcharacteristics.Therefore,the

analyticalexpressionsincorporatedin theseavailableflightpraceduree

computermodelswillrequiresomemodificationsbeforetheycan beused to

generateinputdatarequiredby the FAA'sINM and the USAF'sNOISEMAPcom-

puterprograms.

FLIGHTPROCEDURESCOMPUTERPROGRAMLISTINGS

Computerprogramlistingshavebeenobtainedfor all butone of

the flightprocedureemodelsconsideredin thisstudy. However,theprogram

userguidefor thismodel providesan adequatedescriptionof thestructure

of the main programand all of the subroutines,and the inputdataformat

and requlrements.7 The programlistingsfor the othermodelswereobtminad

frompublishedreports3,"or throughpersonalcommunicationswiththe pro-

gramusers._",_5 All of thesecomputerprogramsare writtenin a FORTRANIV

codinglanguage. However,only one programwae writtenfor operationon

an IBMcomputersystem._ The otherprogramswerewrittenfor operationon

a CDC series6000computersystem. Becauseof the systemincompatibility

betweenthe EPA'scomputersystem• and the CDC system,it is likelythat

little,If any,of the existingprogrammingworkcan be usedto generateall

of the inputdatarequirementsof the INM and the NOISEMAPcomputerprograms

wlthoutextensivesourcecodemodifications.

*TheEPA'scomputersystemconsistsof the followingcentralprocessingunits:
IBM 370/1BB,IBM 3032,and UNIVAC1100/44.
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APPENDIXA

TAKEOFFFLIGHTPROCEDURES

Thisappendixpresentsa brief descriptionof sixtakeoffprocedures

whichare currentlyusedor capableof beingused in routinedepartures. Each

procedureconsists of threeflightpath segmentswhichare identifiedby their "_

principaloperatlonalactivities.These segmentsare:

e Ground-rolland initialclimb

e Thrustreduction

o Normalclimb

Eachof thesethreesegmentsmay be comprisedof severalsectionsin which

theaircraftperformsvariousoperationalactivitiessuchas landinggear

retraction,flapretraction,acceleration,and thrustadjustment.The location

at whichtheseactivitiesare initiatedand the sequenceof theiroccurrence

willdependon the specificflightprocedureemployed.
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FAA Advisory Circular (AC) 91-39

The AC 91-3gprocedurewas recommendedby the FAA forcommercial

jet departureprofiles"on January18, 1974. This proceduresspecifiesa re-

ductionin enginepowerfromtakeoffthrustto normalclimbthrustat 1500

"-'_ feet heightaboveairport(HAA)withsubsequentclimband accelerationat

3000 feetHAA with changesin deckangleend flapretraction.The AC 91-39

procedureis outdatedand has beenreplacedby AC 91-53.
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AC gl-3g Takeoff Procedure

A. First Segment(ground roll and initial climb)

A.I Brake release;takeoffgroundrollwith takeoffthrust(TOT);

rotateand climbto 35 feet heightaboveairport(HAA);and

accelerateto V35" KEAS

A.E Retractgear;climb to 400 feetHAA; and accelerateto

V2 + 10 KEAS

A.3 Climbto 1500 feetHAA with thrust= TOT,Speed=

V2 + 10"*KEAS,flaps = takeoff,and gear= retracted

B. SecondSegment(thrustcutback)

B.I At 1500Ft HAA,maintainspeed,reducethrusttomaximumclimb

thrust(MCT)and performpartialflapretractionif speed

permits

B.2 Climb to 3000feet HAA with thrust: MCT, Speed=

V2 + 10"*KEAS,flaps= takeoffor partialretraction

if speed permits,and gear= retracted

*V3Bis the all enginesoperatingspeedat 35 feetHAA

**Indicatesspeed'accelerationbeyondV_ + 10 KEASif pitchattitudeis limited
or to enablea lesserflap settingdupingsecondsegment,or if requiredfor --.
practicalof safetyreasons. ...
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C. Third Segment(normalclimb)

C.l At 3000 feetHAA,maintainMCT,retractflapsper flap

retraction schedule, and accelerate to 250 KEAS with 500

to i000 fpm rate-of-climb.

C.2 Climb and accelerate to 2S0 KEAS with thrust o MCT, speed =

V2 + 10"* KEAS, flaps = retract, and gear = retracted

C.3 When a speed of 2S0 KEAS and flap retraction are achieved,

maintain MCT and initiate normal climb schedule

C.4 Climb to lO,O00 feet HAA with thrust : MCT, speed = 250 KEAS,

flaps = retracted, and gear _ retracted.

0
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FAA AdvisoryCircular(AC)91-53

The AC g1-B3proceduresupersedesthe earlierAC 91-39procedure.

The AC 91-53proceduresspecifiesa reductionfromtakeoffthrustafterclean-

up has beenperformed.The extentof the thrustreductionwilldependupon

the aircrafttype. Thisprocedureailowsfor thrustreductionat intermediate

flapsettingfor aircraftwith slawflapretractiontimes,and for thrust

reductionbelow1000feet HAA.

E_ F
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FAA AC 91-S3TakeoffProcedure

A. FirstSegment(groundrolland initialclimb)

A.I Brake release;takeoffgroundrollwithtakeoffthrust(TOT);

.r,_ rotateand climbto 35 feetheightaboveairport(HAA);a_d

accelerateto V3S KEAS

A.2 Retractgear;climbto 400 feetHAA;and accelerateto an air-

speedof V2 + 10 to 20 KEAS

A.3 Climbto 1000feetHAA with thrust= TOT,speed= V2 + 10 to

20 KEA5,flaps= takeoff,and.gear= retracted

B, SecondSegment(thrustcutback)

B.I At 1000 feetHAA*,lower noseand accelerateto zeroflap

speed (VZF),retractflapsper scheduleandmaintainTOT

B.2 When a speedof VZFand flapretractionare achieved,reduce

thrustconsistentwith the following: (i)airplaneswith

high bypassratioenginesshouldbe reducedto normalclimb

thrust(NCT);(2)airplaneswithlow bypassratioengines

shouldbe reducedbelowNC? but not lowerthenthe following

*Airplanesnot usingwingflapsfortakeoffshouldreducethrustbefore i

:_-_ attaining1000feetHAA butnot beforeBOO feetHAA. )
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positiveclimbgradientsif one engineshouldbecomeinoperative:

two-englneaircraft= 1.2 percent,three-englneaircraft: 1.5

percent,and four-eng!neaircraft= 1.7 percent,and (3)air-

planeswithslow flapretractionratesshouldbe reducedat an

intermediate flap setting.

B.3 Climbto 3000feetHAA with reducedthrust,speed : not greater

than VZF + 10 KEAS, flaps: retracted,and gear = retracted

C. ThirdSegment(normalclimb)

C.I At 3000feetHAA,graduallyincreasethrustto NCT,**if

required,and accelerateto 250 KEAS

C.2 When a speedof 250 KEASand NCT are achieved,initiatenormal

climbschedule

C.3 Climbto 10,000feetHAA With thrust= NCT,speed: 250 KEAS,

flaps- retracted,and gear : retracted

,,, ,, ,,

**Reappllcationof powercan be delayedif thateventwouldoccur overa noise
sensitivearea.
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AirlinePilotsAssociation/NorthwestAirlines;
LargeCutbackAfter Cleanup(ALPA/I_WAMax. C/B)

This procedureis routinelyusedby NWA and,exceptfor miner

differences,is identicalto the procedurerecommendedby ALPA. The pro-

cedurespecifiesa reductionfromtakeoffthrustto a cutbackthrustthat

'j equalstheone engine-outcertificationrequirementfor thrustafterclean-

up is performed.Accelerationand clean-upare initiatedat 1000feetHAA.
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ALPA/NWAFlax,C/B TakeoffProcedure

A. FirstSegment(rolland initialclimb)

A.I Brake release;takeoffrollwithtakeoffthrust(TOT);

rotateand climbto 35 feetHAA;andaccelerateto V35

KEAS

A.2 Retractgear;climbto 400 feetHAA,and accelerate

to an airspeedof V2+10KEAS

A.B Clin_bto 1000feetHAA with thrust: TOT,

speed : V2+10KEAS (greaterif required),
flaps - takeoff,and gear: retracted,

g. SecondSegment(thrustcutback)

B.I At i000feetHAA lowernoseand accelerateto zero flaps

speed (VZF),retractflapsper schedule,maintainTOT and

a pitch attitudewithinone halfthe initialclimbvalue

plus 0 to 3 degreesand a rate-of-climbnotless than500 fpm.

B.2 Climb and accelerateto VZF withthrust: TOT

speed= V2+10to VZF KEAS,flaps= retract,and
gear = retracted.

f_
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B.3 When a speed of VZF and flap retraction are attained,

reduce the thrust to the greater cutback thrust (CBT) that

will give a rate-of-climb of 1000 fpm er the following posi-

tive climb gradients if one engine should become inoperative:

two-engine aircraft = 1.2 percent, three-engine aircraft =

1.5 percent, and four-englne aircraft = 1.7 percent.

B.4 Climb to 4000 feet HAA with thrust : CBT,

speed = VZF KEAS, flaps = retracted, and gear = retracted.

C. Third Segment(normalclimb)

C.I At 4000 feet HAA, gradually increase thrust to maximum

climbthrust(MCT)and accelerateto 250 KEASwith 500

to 1000fpm rate-of-climb.

C.2 Climband accelerateto 250 KEASwith thrust= CBT to MCT,

speed = VZF to 250 KEAS, flaps = retracted, and gear =

retracted.

0.3 When a speedof 250 KEASand a thrustof MCT are

achieved initiate nermal climb schedule.

C.4 Climbto 10,000feetHAA with thrust= MCT,

speed: 250 KEAS,flaps= retracted,and gear= retracted.

P
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AirlinePilotsAssociation/NorthwestAirlines;
Small CutbackAfterCleanup(ALPA/NWAMin.C/B)

ThisprocedureIs,similarto ALPA/NWAMax.C/B exceptthatthe

takeoffthrustis reducedto a cutbackthrustequalto the maximumclimb

thrustaftercleanupis performed. _-"

t
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ALPA/NNA Min. C/B Takeoff Procedure

A. FirstSegment (roll and initial climb)

A.I Brake release; takeoff roll with takeoff thrust (TOT);

Rotate and climb to 35 feet HAA and accelerate to V35

P'_ KEAS.

A.2 Retract gear; climb to 400 feet HAA; and accelerate to

V2+Iq KEAS.

A.B Climb to I000 feet HAA with thrust = TOT, speed = V2+I0

KEAS (greater if required), flaps : takeoff, and gear =

retracted.

B. SecondSegment (thrust cutbacK)

B.I At 1000 feet HAA, lower nose and accelerate to zero flap

speed (VZF), retract flaps per schedule, maintain TOT and

a pitch attitude within one half the initial climb value

plus 0 to _ degrees, and a rate-of-climb not less than 500 fpm.

B.2 Climb and accelerate to VZF with thrust = TOT,

speed: V2+10 to VZF KEAS, flaps = retract, and gear :
retracted.

©
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B.3 Nhen a speed of VZF and flap retraction are achieved,

reduce thrust to maximum climb thrust (MCT).

B.4 Climb to 4000 feet HAA with thrust : MCT, speed = VZF KEAS,

flaps = retracted, and gear = retracted.

C. ThirdSegment(normalclimb)

C.1 At 4000 feet HAA, maintain MCT and accelerate to 250 KEAS

with 500 to 1000fpm rate-of-climb.

C.2 Climband accelerateto 250 KEASwiththrust= MCT,

speed= VZF to 250 KEAS,flaps= retracted,and

gear = retracted.

C.3 When a speed of 250 KEAS is achieved, maintain MCT and

initiate normal climb schedule.

C.4 Clin_)to 10,000feetHAA with thrust= MCT,speed=

250 KEAS, flaps : retracted, and gear = retracted.

C"
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Washington National Airport (DCA)

The DCA procedureis a specificprocedureused as a noiseabatement

measureat WashingtonNationalAirport. Thisprocedurespecifiesa reduc.

tionfromtakeoffthrustto a cutbackthrustthatgivesapproximatelya 500

feetper minuterate-of-cllmbbeforecleanup.

O
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DCA Takeoff Procedure

A. FirstSegment(rolland initialclimb)

A.I Brakerelease;takeoffroll withtakeoffthrust(TOT);

rotateand climbto 35 feet HAA;and accelerateto V35

KEAS. ""

A.2 Retractgear;climbto 400 feetHAA and accelerateto

V2+I0KEAS.

A.3 Climbto 1500 feetHAA with thrust= TOT,speed=

V2+I0KEAS (orgreaterif required),flaps= takeoff,
and gear_ retracted.

B. SecondSegment(thrustcutback)

B.I At 1500feetHAA,maintainspeedand reducethe thrust

to a cutbackthrust(CBT)computedfor hot day conditions

at max.grosstakeoffweightto giveapproximatelySO0 fpm

rate-of-climb.

B.2 Climbto not lessthanthe HAA requiredto reachten

nauticalmilesdistancefrom brakerelease(DFBR)with

thrust= CBT,speed= V2+IOKEAS,flaps= takeoff,and
gear= retracted.
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0. Third Segment (normal climb)

C.I At ten nautical miles DFBR,maintain speed and gradually
increase thrust to achieve maximumclimb thrust (MCT)
at not less than 4000 feet HAA.

C.2 Climb to the HAArequired to achieve MCTwith thrust =

CBTto MCT,speed = V2+IO, flaps = takeoff, and gear :
retracted,

C.3 At the HAA required to achieve MCT, retract flaps per

schedule and accelerate to 250 KEAS with 500 to 1000 fpm

rate-of-climb.

C.4 Climb and accelerate to 250 KEAS with thrust = MCT,

speed= V2+I0to 250 KEAS,flaps= retract,and gear=
retracted.

C.5 When a speedof 250 KEASand flapretractionare achieved_

maintain MCT and initiate normal climb schedule.

C,6 Climb to I0,000feetHAA with thrust= MCT_speed:

250 KEAS, flaps : retracted, and gear : retracted.

©
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FAR 36

The FAR 36 procedure Is not generally used in routine airport

operations. This procedure specifies a reduction from takeoff thrust

(before cleanup) to s cutback thrust that is equal to the thrust required

for a one engineoutlevelflightor for a fourpercentclimbgradient, r-

whicheveris greater.

I
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FAR 36 Takeoff Procedure

A. First Segment(roll and initialclimb)

A.1 Brakerelease;takeoffrollwith takeoffthrust(TOT);

rotate and climb to 35 feet HAA and accelerate to V35.

A.2 Retract gear; climb to 400 feet HAA; and accelerate to

V2+I0KEAS.

A.3 Climb to 1000 feet HAA with thrust = TOT, speed = V2+I0
KEAS (greater if required), flaps = takeoff, and gear =

retracted.

B. Second Segment(thrustcutback)

B.1 At 1000 feet HAA, maintain speed and reduce thrust to

the cutback thrust (CBT) which will give level flight

with one engine inoperative or a 4 percent climb

gradient, whichever thrust is greater.

B.2 Climb to 3000 feet HAAwith thrust = CBT, speed =

V2+10 KEAS, flaps = takeoff, and gear = retracted.

C. ThirdSegment(normalclimb)

C.I At 3000 feet HAA, maintain speed and gradually increase

thrust to achieve maximum climb thrust {MCT) at not

less than 4000 feet HAA.
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C.2 Climb to the HAA required to achieve MCT with thrust =

CBT to MCT, speed = V2+IO KEAS, flaps = takeoff, and
gear = retracted.

C.3 At the HAA required to achieve MCT, retract flaps per

schedule and accelerate to 250 KEAS with 500 to 1000

fpm rate-of-climb.

C.4 Climband accelerateto 250 KEASwith thrust= MCT,

speed : V2+IO to 250 KEAS, flaps = retract, and gear =
retracted.

C.5 Climb to I0,000 feet HAA with thrust = MCT,"speed :

250 KEAS, flaps : retracted, and gear = retracted.
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APPEh!DIXB

AIRCRAFTPERFORMANCEAND OPERATIONAL
DATAAND INFORMATION

Thisappendixpresentstabulatedlistingsof theaircraftperformance

andoperationaldata and informationrequiredto constructtakeoff,and

approachand landingfllghtpathsand performanceschedulesfor selected

commercialalrcarrieraircrafttypespoweredby low-by-passratio (LBPR)

and high-by-passratio(HBPR)turbofanengines. Dataand informationare

providedfor the followingsix genericaircrafttypes:

m 2-EngineLBPR-NarrowBody (YE-LBPR-NB)

a 3-£ngineLBPR-NarrowBody (3£*LBPR-NB)

'= 4-EngineLBPR-_IarrowBody (4E-LBPR-NB)

a 2-EngineHBRR-WideDody (2E-HBPR-WB)

• 3-EnglneHBPR-WideBody (3E-HBPR-WB)

= 4-EngineHBPR-WideBody (4E-HBPR-WB)

Dataand informationpresentedin thisappendixinclude=

= All-enginehorizontaldistancefrombrakerelease(DFBR)

to 35 feet(D3B)heightaboveairport(HAA)for reference

atmospheric conditions (sea-level, 77°F)*

•Datapresentedfor the 2E-HBPR-WBand the 3E-HBPR-WBaircrafttypesare given ....
fora rangeof pressurealtitudesand ambienttemperatures. _,,
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• All-engineD35temperature-altituderatios(TMALT-35)

to determine equivalent brake release gross weight

(BRGW) for nonreference atmospheric conditions (for

2E-LBPR-NB, 3E-LBPR-NB, 4E-LBPR-NB, and 4E-HBPR-WB

aircraft types only).

m All-engine horizontaldistance from 3B feet HAA to 400

feet (D40O) HAA for reference atmospheric conditions

(sea-level,770F)"

i All-engineD400temperature-altituderatios(TMALT-_00)

to determineequivalentBROW for nonreferenceatmospheric

conditions(for2E-LBPR-NB,3E-LBPR-NB,4E-LBPR-NB,and

4E-HBPR-WBaircrafttypesonly).

o All-englneequivalentair speed(EAS)at 35 feetHAA

(V3S)

a One-engineout takeoffsafetyEAS (V2)'
f"_L

m Aircraftliftanddrag coefficients(CL and CD)

as a functionof flapsetting(OF)and landing
gear position

a Flap retractionspeedscheduleand times

m EA$ for approachand landing operations (1.3 Vs)

*Datapresentedfor the 2E-HBPR-WBand the 3E*HBPR-WBaircrafttypesare
the horizontalDFBRto 400 ftHAA. Thesedataare givenfor a rangeof
pressurealtitudesand ambienttemperatures.
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TABLE8.1.1

ALL-ENGINEHORIZONTALDFBRTO 35 FEET(D3S)HAA FOR
REFERENCEATMOSPHERICCONDITIONSISEA-LEVEL,770F);2E-LBPR-NB

Flap AircraftWeight,Klbs
Betting._F
Degrees 70 80 90 100 110 120 125

1 2607 328g 4061 5004 6082 7310 8980

2 2443 3085 378g 4657 5646 6770 7350

B 234729313631 44s3538_644770oo
10 2179 2718 3388 4139 5044 6083 8258"

15 2069 2577 8180 3928 4789 5781 5944*

2B 2007 2501 3091 3813 4643 5598 5761"

* These values have been obtained by extrapolation.

J
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TABLEB,I.3

ALL-ENGINEHORIZONTALDISTANCEFROM 35 FEETHAA TO 400 FEET(D400)
MAA FOR REFERENCEATMOSPHERICCONDITIONS(SEA-LEVEL,77OF);2E-LBPR-NB F--

Flap AircraftWeight,Klbs

Setting, _
Degrees 70 80 90' 100 110 120

TAKEOFFCLIMBSPEED- V2 + 15

1 1261 1573 1906 2269 2676 3131

2 128! 1603 1950 2330 2760 3242

5 1292 1617 1969 2358 2798 3291

10 1337 1680 2060 2481 2964 3514

15 1358 1711 2104 2542 3094 3629

25 1405 1780 2202 2680 3243 3898

TAKEOFFCLIMBSPEED- V2 + 20

I 1448 1813 2207 2639 3123 3665

2 1464 1841 2248 2697 3205 3775 _-

5 1474 1851 2264 2721 3238 3820

10 1516 1913 2354 2846 3412 4057

15 1536 1941 2396 2906 3497 4175

25 1584 2014 2501 3066 3708 4470

TAKEOFFCLIMBSPEED- V2 + 30

1 1842 2317 2836 3408 4052 4773

2 1851 2336 2869 3459 4127 4877

5 1857 2345 2880 3477 4154 4918

10 1897 2404 2972 3612 4347 5189

15 1912 2428 3010 3670 4434 5313

25 1967 2512 3132 3847 4686 5669
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TABLE B.I.4

ALL-ENGINE 0400 TEMPERATURE-ALTITUDE RATIOS
(TMALT-400) ; 26-LBPR-NB

Airport Temperature.Degrees.OFPressure
Altitude.

,ee, 30io,,i481L168 7,184i10O
TAKEOFFCLIMBSPEED- V2+ 15

0 0.998 0,998 0.998 0.999 0.999 1.000 l.O00 1.073

1000 0".993 01994 01999 I'.016 1.017 1.017 1.036 1.113

2000 0'.992 1.031 1.038' 1.038 1.040 1.054 I_'076 1.154

3000 1.029 1.073 1.078 1.078 1.078 1.093 1.119 1.198

4000 1.036 1.111 1.118 1.119 1.121 1.136 i.'162 1.252

'"5000 i'.105 I.153 I.162 I.163 I.164 1.180 I.207 1.307

, , 1.254',1
6000 1.155 1.198 1.207 1.208 1.211 1.227 1.369

TAKEOFF CLIMB SPEED - V2 + 20

0 0.996 0.997 0.998 0.998 0.998 0.999 1.000 1.068

1000 0.993 0.993 0.999 1.016 1.017 1.018 1'.038 1.108

2000 0.991 1.030 1,03B 1,038 1.039 1.05'I 1.076 1.149
HI , ,

'"300'0 1.031 1.068 1.077 1.078 1.079 1.092 1.117 1.197

4000 1.064 1.109 1.118 1,118 1.121 1.133! 1.159 i'.246

5000 1.10 1.150 1.159 1.159 1.162 1.176 1.206 1.303
I

6000 1.153 1.196,I 1.204 1.205 1.208 1.221 1.252 1.364I

TAKEOFF CLIMB SPEED - V2 + 30,.i l

0 0.993 0.995 01996 0.997 0.998 0,999 1.001 1.072

1000 0.990 0.993 11000 1.014 1.016 1.018 1.038 1.113

...... _156'2000 0.899 1.031 1.038 1.039 1,040 1.083 1.080 I

3000 1.031 1.070 1.078 1.079 1.081 1.094 1,122 1.202
.i

4000 1.059 1.109 1.119 1.121 1.123 1.138 1'.166' 1.255
,i ,

5000 1.104 1.192 I.153 1.164 I'.168 1.182 1.212 1.310

6000 1.156 1.200 1.208 1.211 1.216 1.230 1,263 1.372
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TABLE B.I,E

EQUIVALENT AIR SPEEDS FOR TAKEOFF AND APPROACH AND

LANDINGOPERATIONS(V35,V2, 1.3 Vs); 2E-LBPR-NB

Flap AircraftWeight,Klbs
Setting,at
Degrees

!

70 80 90 100 11D 120

TAKEOFFSPEEDAT 35 FEETHEIGHTABOVEAIRPORT V35,KEAS

I 131,49 138.78 146,07 153.09 160,12" 167,14'

2 127.04 134.01 140.97 147,72 154.47 161.31
, ,: ,, ,

5 124,24 131,14 138'.03 144.63 151.23 157,82

10 120,09 126.19 132.28 139.10 145.92' 152.73

15 120.02 125.49 130.97 136.43 141.91 147.38

25 120.37 125,25 130.13 135.01 139.89 144.77

TAKEOFFSAFETYSPEED,V2, KEAS

1 119.2 127.6 135.2 142.5 149.8 157.2
i L - ...... ,

2 115.1 123.2 130.7 137,8 144.g 152.0

5 112.5 120,6 127.8 134,8 141.7 148.6
I , I,

10 108.5 115.2 122.3 129.3 136,3 143.5

15 108.5 111.8 118.9 125.6 132.4 139.2"

25 108.5 109.7 116.2 122.9 129.5 136.1"

APPROACHSPEED,1,3Vs, KEAS

15 103.3 128,6 143.8

25 lll.O 125.8 140.5

2S E 111.0 125.8 140.S

30 E 108.0 122.8 138.0

40 E 105,3 l_g.7 134.3

*Thesevalueshavebeenobtainedby extrapolation.

Note: Landinggear retractedexceptfor flapsettingdesignatedwith an B,
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TABLEB.I.6

AIRCRAFTLIFTAND DRAG COEFFICIENTS(CL, CD);2E-LBPR-NB

f- LIFTCOEFFICIENTAS A FUNCTIONOF AIRCRAFTBODYANGLE GF ATTACK

Flap Landing CL=ao+al"_B

1 :Setting,_F Gear
Degrees Position ao al

O Up 0.0743 0.0782

I Up O.lOB6 0.0921

2 Up 0.1394 0.0936

5 Up 0.2269 0.0962

I0 Up 0.3229 0.0938

15 Up 0.4489 0.1045

25 Up 0.5597 0.1042

25 Down 0.5941 0.1084

30 Down 0.7860 0.1092

40 Down 1.1095 0.1024

DRAG COEFFICIENTAS A FUNCTIONOF LIFT COEFFICIENT°

Flap Landing CD = ao + al "(CL)=
Setting,_F Gear
Degrees Position a0 aI

0 Up 0.0197 0.0491

1 Up 0.027B 0.0405

2 Up 0.0297 0.0423

5 Up 0.0335 0.040B

10 Up 0.0435 0.0411

15 Up 0.0523 0.0360

25 Up 0.0575 loi _4_3

25 Down 0.0764 0.0410

30 Down O,091g O.041B
.,....

f"_ 4G Down 0.1397 0.0411
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TABLEB.1.7

FLAPRETRACTIONSPEED SCHEDULEAND TIMES;2E-LBPR-NB

T/O Roll Selected MinimumInitiationSpeed
Flap Flap ForSelectedFlap Pos.,KEAS

_osition,6F!POs_tion,6
Deg. Deg. All AircraftWeights

25 15 V2 + 15

5 150

I 170

0 190

I0 or IS 5 V2 + 15

I 170

0 190

2 or S I V2 + 15

0 190

1 0 190

MinimumZeroFlapSpeed 210

Initial Selected Flap
Flap Flap Retraction

Setting,6F Setting,_F Time
Deg. Deg. Sec.

25 15 1.2

15 I0 1.9

I0 5 5.i

5 2 S.l

2 1 11.2

1 0 5.3
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TABLEB.9.1

ALL-ENGINEHORIZONTALDFBR TO 35 FEET(D3_)NAA FOR
REFERENCEATMOSPHERICCONDITIONS(SEA-LEVEL,77_F);3E-LBPR-NB

Flap AircraftWeight,Ribs

Settlng,_F_
Degrees 110 130 140 150 I 160 170 180 190 800 210 230

I ....
5 2908 4051 4893 5385 5132 6936 7804 8775 9824 10964 13551

I- 15 2584 3595 4158 47_8 5404 6098 6842 7669 8559, 9521 11689,

20 2456 3420 3956 4532 8150 5815 6589 7824 8181 9109 11209i

25 2340 3263 3775 4327 4921 5559 6245 7010 7837 8734 10769

J
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TABLE B.2.2

ALL-ENGINE 035 TEMPERATURE-ALTITUDE
RATIOS (TMALT-35); 3E-LBPR-NB

Airport
Pressure Temperature, DeGrees, oF
A1tltude, I |

Feet 30 46 I 48 53 66 74 04 94 100
!

m 0 .9592 ,_733 i .9750 .9704 .9906 ,9974 1.0060 1.0373 1.0572
',t,
,.,= 1000 ,9736 .9882 .9915 1.0040 1.0164 1.0236 1.043111.0758 1.0964

20DO .0886 1.0250 1.0299 1.0343 1.0460 1.0617 1.0819 1.1158 1.1374

4000 1.0680 1.1039 1.1006 1.1135 1.1261 .1430 1.1647 1.2013 1.2245

6000 1.1510 1.1898 1.1948 1.2000 1.2135 .2317 1.2553 1.2470 1.3220

v,) q' "l



TABLE B.2.3

ALL-ENGINE HORIZONTAL DISTANCE FROM 35 FEET HAA TO 400 FEET

_-- (D400) HAA FOR REFERENCE ATHOSPHERIC CONDITIONS (SEA-LEVEL,77°F); 3E-LBPR-NB

Flap AircraftWeight,Klbs

Setting,_ F I
Degrees

llO 130 ISO I 170 190 BID 230
I

TAKEOFF CLIMB SPEED - V2 + 10

B 1753 209¢ 2564 3172 3931 4857 5969

15 1763 2122 2617 3263 4076 5086 6324

20 1810 2207 2764 3478 4410 5605 7127

25 1856 2294 2909 3730 4821 6270 8238

TAKEOFF CLIMB SPEED V2 + 20

B 2200 2711 3384 4238 5294 6584 8142

15 2196 2722 3416 4310 5426 6812 8521

20 2247 2818 3578 4566 5832 7458 9540

25 2298 2915 3754 4861 6325 8269 10915
f_

TAKEOFFCLIMB SPEED- V2 ÷ 30

5 2686 3375 4262 5369 6734 8399 10414

15 2669 3373 4283 5435 6867 8647 10840

20 2728 3485 4475 5746 7373 9457 12139

25 2785 3599 4682 6093 7962 10440 13815

.J
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TABLE B.2.4

ALL-EBGI_IE 0400 TEMPERATURE-ALTITUDE RATIOS
(TMALT-400);3E-LBPR-RB

Airport
Pressure Temperature,Degrees,OF

IA1titude,

Feet3014614slB31B°[741 'Ig41100
TAKEOFFCLIMBSPEED- V2 + I0

0 0.9955 0.0970 0.9972 0.9977 0.9989 0.9997 1.0005 1.0436 1.0714

1000 0.9041 0.9958 0.9989 1.0155 1.0174 1.0189 1.0385 1.0835 1.1125

2000 0.9939 1.0345 1.0395 1.0404 1.0,20 1.0579 1.0754 1.1254 1.1556

4000 1.0791 1.1167 1.1216 1.1223 1.1241 1.1413 1,1634 1.2142 1.2470

6000 1.1642 1.2054 1.2108 1.2118 1.2145 1.2335 1.2573 1.3150 1.3504

TAKEOFFCLIMBSPEED- V2 + 20

0 0.9907 0.9938 0.9942 0.9952 0.0978 0.9994 1.0012 1.0448 1.0728

lO00 0.9906 0.9939 0.9972 1.0150 1.0175 1.0199 1.0402 1.0557 1.1149

2000 0.9920 1.0335 1.0390 1.0403 1.0435 1.0601 1.0810 1.1286 I.I589

4000 1.0790 1.1170 1.1229 1.1243 1,1280 1.1460 1.1687 1.2203 ,1.2533 r'"_

6000 1.1663 1.2089 1.2145 1.2164 1.2216 1.2414 1.2663 1.3230 1.3608

TAKEOFFCLIMBSPEED- VB + 30

0 0.9863 0.9909 0.9914 0.9929 0.9967 0.9991 1.0018 1.0463 1.0747

I000 0.9873 0.9920 0.9956 1.0145 1.0178 1.021011.0421 1.0884 I.I178

2000 .9902 1.0331 1.0387 1.0405 1.0451 1,0623 1.0845 1.1325 1.1629

4000 1.0795 1.1198 1.1250 1.1270 1.1323 1.1511 1.1750 1.2274 1.2607

6000 1.1694 1.2133 1.2190 1.2217 1.2288 1.2493 ,2761 1,3350 1,3720
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TABLE B,2.5

EQUIVALENTAIR SPEEDSFOR TAKEOFFAND APPROACHAND

LANDINGOPERATIONS(V35,V2, 1,3 Vs);8E-LBPR-NB

Flap AircraftWeight,Klbs
Setting,6F i

Degrees 120 140 160 180 200 210i
_AKEOFFSPEEDAT 35 FEETHEIGHTABOVEAIRPORT,V35,KEAS

5 138.11 149.21 160.30 169.44 178.57 183.14

15 130.07 140.S5 151.03 lS9.68 168.33 172,66

20 126.46 137.19 147.91 IST.IO 166.29 170.88

25 128.74 132.80 148.84 151.43 160,02 164.31

TAKEOFFSAFETYSPEED,V2, KEAS

'-"! 5 134.8 144.5 153.6 162.2 170.8 174.g

15 127.4 136.6 145.1 153.2 161.4 165,3

20 123.2 132.4 140.9 149.0 157,2 161,3"

25 120.0 128.6 136.7 144.3 1Bl.9 155,7'

* These valueshave beenobtainedby extrapolation.
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TABLE.B.2.5 t-
(continued)

APPROACHSPEED.1.3 Vs, KEAS

Flap AircraftWeight,Klbs
Settlng,_F
Degrees 100 110 12D 130 140 150 160

15 116.3 121.9 127.7 133.5 139.2 144.5 149.8

25 108.7 114.1 119.4 124.6 129.8 134.8 139.7

25 E 108.7 114.1 119.4 124.6 12g.8 134.B 139.7

30 E 106.7 111.9 117.2 122.5 127.6 132.7 137.6

40 E 102.9 107.8 113.2 118.9 124.5 130.2 135.g

Note: Landinggearretractedexceptfor flapsettingsdesignated
withan E.

B-16



TABLEB,2,6

AIRCRAFTLIFT AND DRAGCOEFFICIENTSICL,Co); 3E-LBPR-NB

LIFTCOEFFICIENTAS A FUNCTIONOF AIRCRAFTBODYANGLEOF ATTACK

Flap Landing CL = ao + al ' aB

Setting,6F Gear eo alDegrees Position

0 Up 0.177E 0.06g0

2 Up 0.2005 0.0759

B Up 0,162i 0.0924

15 Up 0.3566 o.OgBB

20 Up 0.4859 0,0952

25 Up 0.6411 O.10ll

25 Down 0,6574 O.1002

30 Down 0.8339 o,oggo

40 Down 1.1251 0.0929

DRAG COEFFICIENTAS A FUNCTIONOF LIFTCOEFFICIENT

Flap Lending CD = ao + al "(CL)2

Betting,6c Gear ao alDegrees" Position

0 Up 0.0187 0.0490

2 Up 0.0328 0.0589

5 Up 0.0448 0.0455

15 Up 0,0523 0.0418

20 Up 0.0676 0.0409
l,

25 Up 0,0751 0.0416

25 Down 0.0888 0.0441

30 Down 0.1155 0.0411

40 Down 0.1822 0.0371
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TABLEB.2.7

FLAPRETRACTIONSPEEDSCHEDULEAND TIMES;3E-LBPR-NB

T/O Roll Selected MinimumInitiationSpeed
Flap _ap For Selected Flap Poa., KEAS

Posltion,6 Position,_F
AircraftGrossWeight,KLB.

120.0 154.5+ 176.0+ 191.0+

TO TO TO TO

Deg. Deg. 154,5 176.0 lgl.O 210.0

2B 15 V2 + IO V2 + I0 V2 + 10 V2÷ 10

5 150 160 170 180

2 160 170 180 IgO

0 190 200 210 225

20 IS V2 + IO V2 + 10 V2 + IO V2+ 10

E 150 160 170 180

2 160 170 lEO IgO '

0 IgO 200 210 225

IB 5 V2 + I0 V2 + 10 V2 + 10 V2+ IO

2 IEO 170 IBO 190

0 190 200 210 225

S 2 V2 + 30 V2 + 30 V2 + 30 V2 + 30

0 190 200 210 225 .

MinimumZero Flap Speed 200 210 220 235

Initial Selected Flap
Flap Flap Retraction

Setting,6F Setting,_F Tlme
Deg. Deg. Sec.

25 20 1.8

20 15 1.7

15 5 3.7

5 E 8.7

2 0 7.1 ,"
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TABLEB.3.1

ALL-EffGINEHORIZONTALDFBRTO 35 FEET(D3_)HAA FOR
REFERENCEATMOSPHERICCONDITIONS(SEA-LEVEL,77_F);4E-LBPR-NB

Flap AircraftWeight,Klbs 4
Setting,_F -,,
Degrees 180 248 250 270 290 310 330 350

14 6000 5000 5080 6006 7028 8146 9383 10784
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TABLE0,3.2

ALL-ENGINED35 TEMPERATURE-ALTITUDE
RATIOS(TMALT-35);4E-LBPR-NB

Airport Temperature,Degrees,OFPressure
Altitude,
Feet 30 37 48 59 84 100

0 0.9635 0.9690 0.9778 0.9862 1.0052 1.0602

1000 0.9743 0.9810 1.0029 1.0222 1.0413 1.0984

2000 0.9852 0.9982 1.0290 1.0604 1.0798 1.1385

4000 1.0596 1.0770 1.1080 1.1409 1,1618 1.2244

6000 1.1431 1.1620 1.1940 1.2314 1.2535 1,3212

P

Lo.J
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TABLE B.3,3

ALL-ENGINEHORIZONTALDISTANCEFROM35 FEETHAATO 4_0 FEET
(D400)HAA FOR REFERENCEATMOSPHERICCONDITIONS(SEA-LEVEL,77 F); 4E-LBPR-HB

Flap ..... AircraftWeight,Klbs

Setting.6F

Degrees igo i 210 1 230 j zso 1 270 1 2go j 310 1 330 l 350
TAKEOFF CLIMB SPEED - V2 + I0

I I I f I I I I

......_4 _oggi _72 i 26s4i 3o47i _4s5i 39o_] _4o2i 4968i s6_o
TAKEOFFCLIMB SPEED- V2 + 20

TAKEOFFCLIMBSPEED - V2 + 30



TABLEB,3.4

ALL-ENGINED400TEMPERATURE-ALTITUDERATIOS
(TMALT-40O);4E-LBPR-NB

Afrport IPressure Temperature,Degrees,oF
Altltude,

Feet 30 I 37 I 45 I 48 I 5g I 04 I 100

TAKEOFFCLIMBSPEED- V2 + 10

O 0.9990 D.OBD 0.9990 0,9990 o,BgBg 1.0004 1.0698

1000 0,9918 1.0010 1,0130 1,016] 1.0340 1.0359 1,I077

2000 0.9843 O.@g70 1,0240 1.0350 1.0737 1.0741 1.1481

4000 l.OBOg 1.0780 1.1037 1.1120 1.1546 1,1577 1.2349

6000 1,1475 1.1670 1.1931 1.2030 1.2466 1.240E 1.3330

I•. , i , .

TAKEOFFCLIMBSPEED- V2 + 20

0 D.9938 0.0040 0.ggBO 0.9958 0.9972 1.0010 l.0703

lOOO 0,98'83 D,9970 1,0080 1,0141 1.0339 1.0378 1.1095 _"
i

" 2000 0.9827 o.ggsg 1.0230 1.0330 1.0374 7.0773 1.1512

4000 1,0613 1.0700 1,1002 1.1130 1.1567 1.1640 1.2413

6000 1.1504 1,1710 1.1974 1.2080 1.2516 1.2B84 1.3431

TAKEOFFCLIMBSPEED- V2 + 30

0 0.9893 0.9910 0.9930 0.9930 0.9957 I.0017 1,0712

1000 0.9853 O,ggEO 1,0070 1,012S 1,0332 1,039E 1.1116,,
2000 0.9812 0.9950 1.0230 1.0340 1.0735 1.0804 1.1547

4000 1.0619 1.0800 1.1070 1.1170 1.1093 1.1701 1.2480

6000 _.1537 1.1730 1.2020 1.2130 1.2573 1.2681 1,3536
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TABLEB.3.5

EQUIVALENTAIR SPEEDSFORTAKEOFFAND APPROACHAND

LANDINGOPERATIONS{V35,V2, 1.3 Vs);4E-LBPR-NB

TAKEOFF SPEED AT 35 FEET HEIGHT ABOVE AIRPORT, V3B, KEAS

Flap AircraftWeight,Klbs
Setting, _F

Degrees IgO 210 230 250 270 290 310 330

14 134.11 139.69 145.28 150.86156.44(162.03 167.61 173.20
I

TAKEOFFSAF£TYSPEED,V2,KEAS

S Flap AircraftWeight,Klhs
ettlng, _F
Degrees igO 210 230 250 270 290 310 330 340

14 130.0 136.1 141.9 147.4 152.9 15B.I 163.2 168.1 170.6



TABLEB.3.5
(continued)

APPROACHSPEED,1.3 Vs KEAS

Flap AircraftWeight.Klbs
Setting._F
Degrees 160 180 200 220 240 260

25 113.4 120.7 127.6 134.3 140.7 147.0

25E 113.4 120.7 127.6 134.3 140.7 147.0

4DE 111.3 118.2 124.7 130.9 136.8 142.6
, , ,,,,

BDE 110.2 117,0 123.2 129.2 134,g 140.4

*Thesevalueshavebeenobtainedby extrapolation.

Note: Landinggear retractedexceptfor flapsettingsdesignatedwith an E.
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TABLE 0.3.6

AIRCRAFTLIFTAND DRAGCOEFFICIENTS(CL,CD);4E-LBPR-NB

LIFT COEFFICIENTAS A FUNCTIONOF AIRCRAFTBODYANGLE OF ATTACK

Flap• Landing CL = ao + al '_B
Setting._F Gear
Degrees Position aO a1

O Up 0.0664 0.0786

14 Up 0.2262 0.0925

25 .Up 0.4948 0.0862

25 Down 0.4146 0.0871

40 Down 0.6731 0.0838

50 Down 0.7707 0.0855

DRAGCOEFFICIENTAS A FUNCTIONOF LIFTCOEFFICIENT

Flap Landing CD= a0 + aI .(CL)=
Setting,ap Gear
Degrees Position aO aI

o up o.oi01 0.0425
14 up 0.0_03 0.048g
25 Up 0.044g 0.0627

25 Down 0.0534 0.0537

40 Down 0.0843 0.0513

BO Down 0.1057 0.0521
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TABLEB.3.7

FLAPRETRACTIONSPEEDSCHEDULEAND TIMES;4E-LBPR-NB

T/O Roll Selected MinimumInitiationSpeed
Flap Flap For SelectedFlapPos.,KEAS

Position,_F iP°siti°n'5F
Deg. Deg, All AircraftWeights

14 O V2 + 30

MinimumZero FlapSpeed V2 + 50

Initial Selected Flap
Flap Flap Retraction

Betting,_ Setting,6F Time
neg. " Deg. Sec.

14 0 15.6

0
B-26



TABLE5.4.1

ALL-ENGINEH0RIZONTALDFBRTO 35 FEET(D35)HAA FOR
REFERENCEATMOSPHERICCONDITIONS(SEA-LEVEL,77°F);4E-HBPR-WB

Flap
Setting,_F AircraftWeight,Klbs
Degrees

500 550 600 625 650 675 70'0 725 750 I 775 800
I

10 4060 4843 5774 6293 6877 7513 8206 8954 9751 _10612 11500

' I20 3820 4446 5299 5774 6307 6894 7531 8225 8967 ,9766 10600
IDO

I
N
"4



TABLEB.4.2

ALL-ENGIMED35TEMPERATURE-ALTITUDE
RATIOS(TMALT-3S);4E-HBPR-WB

Airport
Pressure Temperature,Degrees,OF
A]titude,
Feet 30 45 59 66 73 80 87 94 10O

0 0,9630 0.g751 0.9860 0.9913 0.g969 1.0023 1.0186 1.0362 1.0523

m 2000 1.0184 1.0308 1.0421 1.0479 1.0537 1.0707 1.0885 1.1073 1.1246
I

=' 4000 1.0779 1.0911 1.1033 1.1099 1.1274 1,1454 1.1646 1,lBBO 1.2039

6000 1.1434 1.1567 1.1697 1.1878 1.2065 1.2261 1.2463 1.2650 1.2825

__.l...........



TABLEB.4.3

ALL-ENGINEHORIZONTALDISTAMCEFROM38 FEETHAA TO 400 FEET
(D4OG)HAA FOR REFERENCEATMOSPHERICCONDITIONS(SEA-LEVEL,770F);4E-HBPR-WB

Flap
Setting,6c AircraftWeioht,KIDs
Degrees"

500 J 550 575 600(6261650(67817001725 760 775 800
TAKEOFFCLIMBSPEED- V8 + IO

' 4255
10 268?* 3307 3617 393l 4572 4901 5244 5608 6601 6414 6827*

m 20 2689* 3349 36?9 4020 '4373 4723 5096 5488 5909 6367 6865 7363*

,= TAKEOFFCLINBSPEEDV2 + 20

10 3397_ 4209 46i5 5034 5471 5911 6373 { 6860 '7382 7947 8547 9147.

I20 3392* 4252 4682 8127 5607 6093 6605 7157 7760 8403 0112 9821"

TAKEOFFCLIMBSPEEDV2 + 30

10 4148" 5160 5666 6194 6748 7314 '7914 8551 J 9230 9974 10764 11554*

20 J.....4138" I 6212 5749 6315 6915 7539 8202 8919 I 9696 10549 11479 12409*

*These valueswereobtainedby extrapolation.



TABLEB.4.4

ALL-ENGINED4OOTEMPERATURE-ALTITUDERATI0S
(TMALT-400); 4E-HBPR-_IB

Airport
Pressure Temperature,Degrees,°F
Altitude,

Foot30I45I58I66I73I60I87I94 i00
TAKEOFFCLIMBSPEED - V2 + 10

0 0.9987 0.9990 0.9992 0.9997 0.9999 1.O00l 1.0218 1.0456 1.0677

2000 1.0508 1.0514 I.0521 1.0527 1.0533 1.0756 1.0993 1.1245 1.1485

4000 I.I095 1.1099 1.1106 1.1121 1.1346 1.1584 1.1834 1.2109 1.2364
W

6000 1.1721 1.1731 1.1754 1.1982 1.2222 1.2477 1.2742 1.3040 1.3280

TAKEOFFCLIMBSPEED- V2 + 20

0 0.9931 0.9951 0.9970 0.9985 0.9994 1.0004 1.0218 1.0453 1.0669

2000 1.0457 1.0485 1 .0514 1.0531 1.0647 1.0768 1.1001 1.1247 1.1480

4000 1.1065 1.1092 1.1121 1.1144 1.1370 1.1606 1.1854 1.2122 1.2369

6000 1.1707 1.1746 1.1797 1.2024 1.2264 1.2516 1.2776 1.3090 1.3330

TAKEOFFCLIMBSPEED-V2 + 30

0 0.9884 0.9919 0.9952 0.9974 0.9991 1.0007 1.0222 1.0455 1.0668

2000 1.0420 1.0466 1 .0513 1.0538 1.0562 1.0783 1.1014 1.1258 1.1486

4000 1.1049 1.1094 1.1142 1,1173 1.1400 1.1636 1.1883 1.2148 1,2389

6000 1.1706 1.1771 1 .1844 1.2071 1.2311 1.2560 1.2816 1.3120 1.3360



TABLEB.4,5

EQUIVALENTAIR SPEEDSFOR TAKEOFFAND APPROACHAND

LANDINGOPERATIONS(V36,V2, 1.3 Vs);4E-HBPR-WB

Flap

Settln_F AircraftWeight,Klbs .
Degrees

500 575 650 725 BOO

TAKEOFFSPEEDAT 35 FEETHEIGHTABOVEAIRPORT,V35, KEAS

10 138.89 151.12 163,35 175,58 187,81

20 132.70 144.43 156.15 167,87 179.60

TAKEOFFSAFETYSPEED,V2, KBAS

lO 137.9 149.5 160.6 171.6 182.2

20 131.6 142.9 153.7 164.5 174.9

APPROACHSPEED,1.3 Vs, NEAS

460 SOD 6BO 600 650

20 134.3 142.7 150.9 ISB.9 166.8

20 E 136.1 143.6 151.8 159,8 167.8

25 E 130.8 138.8 146,5 154.0 161,3

30 E 112s.6 132.7 159.6 146.8 155,0

Note: Landinggear retractedexceptfor flapsettingsdesignated
with an E.
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TABLEB.4.6

AIRCRAFTLIFTAND DRAGCOEFFICIENTS(CL,C0); 4E-HBPR-WB ._

LIFTCOEFFICIENTAS A FUNCTIONOF AIRCRAFTBODY ANGLEOR ATTACK

CL = a0 + aI • eB
Flap Landing

Setting,6F Gear "'ao alDegrees Position

0 Up 0.2037 0.0628

l Up 0.1748 0.0685

6 Up 0.1069 0.0864

10 Up 0.2414 0.0849

20 Up 0.4459 0.0921
, .,. ..,.,

20 Down 0.4719 0.0921
m,

26 Down 0.6647 0.0856

30 Down 0,8334 0.0971

r'--',

DRAGCOEFFICIENTAS A FUNCTIONOF LIFT COEFFICIENT

Co = a0 + aI .(CL)=
Flap Landing

Setting,6F Gear So alDegrees Position

0 Up 0.0182 0.05t7

1 Up 0.0208 0.0472

5 Up 0.0328 ' 0.0442

lO Up 0.0254 0.0611

20 Up 0.0344 0.0654

BO Down 0.0539 0.0542

25 Down 0.0610 0.0549

30 Down 0.0918 0.0546
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TABLEB.4.7

FLAPRETRACTIONSPEEDSCHEDULEAND TIMES;4E-HBPR-WB

T/O Ro11 Selected MinimumInitiationSpeed
Flap Flap ForSelectedFlapPos.,KEAS

Posltion,_F Position,_F
Deg. Oeg. All Aircraftl./eights

20 lO V2+20

S V2+40

] V2 + EO

0 VB + 80

10 5 V2 + 40

l V2 + 60

0 V2 + 80

MinimumFlapSpeed V2 + 80

Initial Selected Flap
Flap Flap Retraction

Setting,6F Setting,6F Time
Deg. Deg. Sec.

20 10 6.1

10 B 4.7

5 ] 30.6
ml.i

1 0 10.0
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TABLEB.5.1

ALL-ENGINEHORIZONTALDFBRTO 35 FEET(035)HAA;
2E-HBPR-WB

AIRPORTPRESSUREALTITUDE SEA LEVEL

Airport AircraftWeight,Klbs
Temperature,

Degree,OF 203.8I 233.]I 262.41 291.81 321.]I OSO.51379.8 I 394.5

TAKEOFFFLAPSETTING- 5 DEGREES,°F

40 3431 4429 5000 6000 7318 0750 10500 11180

60 3637 4643 5200 6133 7453 9028 10780 11530

77 3775 4714 5333 6267 7657 9167 10990 11879

85 3912 4929 5400 6467 7792 9444 11270 12228

95 4118 5000 5600 6667 8131 9931 I1830 12578

TAKEOFFFLAPSETTING- 15 DEGREES,6F

40 3294 4286 4667 5667 6911 8403 10080 10831

60 3431 4429 4867 5800 7047 8542 10220 11040

77 3500 4500 5000 6000 7250 8750 10500 11250

85 3706 4643 5200 6200 7453 8958 10780 11460

95 3775 4857 5400 6400 7792 9444 11200 12158

TAKEOFFFLAPSETTING- 25 DEGREES,_F

40 3020 4000 4600 5400 6708 8264 9870 10761

60 3157 4143 4667 5533 6911 8472 10080 10971
,,,,,

77 3363 4286 4867 5733 7114 8681 10360 11180

85 3500 4429 5000 5933 7318 8958 10570 11530

95 3637 4643 5267 6333 7724 9514 11410 12439
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TABLE B.5.1
(continued)

AIRPORT PRESSURE ALTITUDE 3000 FT

Airport AircraftWeight,Klbs
Temperature,

Degrees OF 203.81 233.11 262.41 291.81 321.1 I 350"51 379.8 I 394.5

TAKEOFF FLAP SETTING - 5 DEGREES, 6F

40 4250 5250 6321 7500 8860 10858 13000 14000

60 4322 5321 6392 7640 9070 11071 13212 14210

77 4538 5534 6676 7850 9349 11355 13495 14700

85 4682 5747 6589 8131 9698 11852 14130 15400

95 5042 6030 7457 8762 10465 12774 15190 16520

TAKEOFF FLAP SETTING - 15 DEGREES, 6F

40 4034 4966 5966 7079 8512 10361 12364 13090

60 4178 5037 6108 7290 0721 10645 12647 13510

77 4250 5250 6250 7500 9000 11000 13000 14000

85 5114 _92 6534 7780 9349 11426 13636 14770

95 5331 5676 6960 8271 9837 12206 14625 15890

TAKEOFFFLAPSETTING- 25 DEGREES,_F

40 3890 4753 5824 7009 8372 10290 12364 13300

60 3962 4895 6037 7220 8651 10574 12717 13650

77 4106 5037 6179 7430 8860 10929 13071 14210

85 4250 5321 6463 7710 9279 11668 13848 15190

95 4466 5605 6818 8131 9837 12277 14908 16310
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TABLE B.6.I
(continued)

AIRPORT PRESSURE ALTITUDE 6000 FT

Airport AircraftWeight,Klbs
Temperature,

BosreesOF293.81233.11262.4129 .1321.,1850.51379.81394.5
TAKEOFF FLAP SETTING - 5 DEGREES, _F

40 4479 5860 7560 8900 10758 13045 15694 17362

60 4750 5930 7430 9110 10969 13397 16046 17717

77 5021 6279 7850 9600 11672 14314 17313 19212

85 5157 6488 8061 9951 12094 14878 18087 20065

95 5429 6907 8622 10511 12797 15795 19284 21488

TAKEOFFFLAPSETTING- 15 DEGREES,6F _'_'

40 4343 5581 6939 8479 10336 12622 15202 17006

60 4479 5721 7150 '8830 10617 12833 15483 17290

77 4750 6000 7500 9250 11250 13750 16750 18500

85 4954 6279 7921 9670 11742 14385 17172 19425

95 5089 6628 8131 10091 12305 15231 18791 21062

TAKEOFFFLAPSETTING- 25 DEGREES,6F

40 4139 5372 6659 8339 10195 12692 15342 17148

60 4343 5512 6939 8619 10547 12904 15624 17504

77 4546 5930 7430 9180 11180 13821 16891 18972

85 4750 6140 7710 9530 11672 14526 17946 20279

95 502I I 6419 8061 10021 12305 15513 19424 21844

B-36 __,,



TABLPR.5.P

ALL-ENGINEHORIZONTALDFBRTO 400 FEET(D40O)

HAA FOR INITIALCLINBSPEEDAT V2 + 10 KEAS; 2E-HBPR-WB

AIRPORTPRESSUREALTITUDE SEA LEVEL

Airport AircraftWeight,Klbs
Temperature,

DeDreosOF ',6.31225.012S2.9)2aO.Rl307.5J334.91362.2) 37S.0
TAKEOFFFLAP SETTING- 5 DEGREES,_F

40 5000 6200 7500 9000 10800 12600 15000 16000

60 5300 6500 7800 9200 11000 13000 15400 16500

77 5500 6600 8000 9400' 11300 13200 15700 17000
..

85 5700 6900 8100 9700 11500 13600 16100 17500

95 6000 7000 8400 10000 12000 14300 16900 18000

TAKEOFFFLAPSETTING- 15 DEGREES,_F

40 4800 6000 7000 BSO0 10200 121'00 14400 15500

60 5000 6200 7300 8700 10400 12300 14600 ]5800

77 5100 6300 7500 9000 10700 12600 15000 16100

86 64oo 65oo 78oo 9300'i_000129o01640o 164oo
98 650068008100960011500136001600017400

TAKEOFFFLAPSETTING-25 DEGREES,6F

40 4400660069008100990011900141001s400
60 i600 6800 7000 8300 10200 12200 14460 16i00

77 4900 6000 7300 8600 lOBO0 12500 14800 16000

85 5100 6200 7500 8900 10800 12900 15100 16500

96 530o66oo7900"9500114oo137oo_63D01780o

B-37



TABLEB.6.2
(continued)

AIRPORTPRESSUREALTITUDE 3000FT

Airport AircraftWeight,Klbs
Temperature,

DegreesOF 198.3[ 225.6I 262.9I 280.21307.5 I 334.9 I 362'21375'9

TAKEOFFFLAPSETTING- S DEGREES,_F

40 5900 7400 Bgoo 10700 12700 15300 18400 20000

60 6000 7500 9000 10900 13000 15600 18700 20300

77 6300 7800 9400 11200 13400 16000 19100 21000

86 6500 8100 9700 11600 13900 16700 20000 22000

95 7000 8500 10500 12500 15000 18000 21500 23600

TAKEOFFFLAPSETTING- 15 DEGREES,_p

40 5600 7000 8400 10100 12200 14600 17500 18700

60 5800 71D0 8600 10400 12500 15000 17900 19300

77 5900 7400! 8800 10700 12900 15500 18400 20000

85 7100 7600 9200 11100 13400 16100 19300 21100

95 7400' 8000 9800 11800 14100 17200 20700 22700

TAKEOFF FLAP SETTING - 25 DEGREES, 6F

40 5400 6700 8200 10000 12000 14500 17500 19000

60 5500 6900 8500 10300 1240D 14900 18000 19500

77 6700 7100 8700 10600 12700 15400 18500 20300

86 5900 7500 9100 11000 13300 16300 19600 21700

95 6200 7900 9600 11600 14100 17300 21100 23300
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TABLEB.5.2
(continued)

AIRPORTPRESSUREALTITUDE 6000FT

Airport AircraFtWeight,Klbs
Temperature,

OeoreesOp,903122501252,12602r307.51334.,I36221376,
TAKE0FF FLAP SETTING - 5 DEGREES, 6F

40 6600 8400 10500 12700 15300 18500 22300 24400

60 7000 8500 10600 13000 15600 19000 22800 24900

77 7400 9000 11200 13700 16600 20300 24600 27000

85 7600 9300 11500 14200 17200 21100 25700 28200

95 8000 9900 12300 15000 18200 22400 27400 30200

TAKEOFF FLAP SETTING - 15 DEGREES, 6F

40 6400 8000 9900 12100 14700 17900 21600 23900

60 6600 8200 10200 12600 15100 18200 22000 24300

77 7000 8600 10700 13200 16000 19500 23800 26000

85 7300 gO00 11300 13800 16700 20400 24400 27300

95 7500 9600 11600 14400 17500 21600 26700 29600

TAKEOFF FLAP SETTING - 25 DEGREES, 6F

40 6100 7700 9500 11900 14500 18000 21800 24100

60 6400 7900 9900 12300 15000 18300 22200 24600

77 6700 8500 10600 13100 15900 19600 24000 26600

85 7000 8800 11000 13600 16600 20600 25500 28500

95 7400 9200 11500 14300 17500 22000 27600 30700
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TABLEB.5.3

ALL-ENGINEHORIZONTALDFBRTO 400 FEET(D400)HAA FOR

INITIALCLIMBSPEEDAT V2 + 20 KEAS;2E-HBPR-WB

AIRPORTPRESSUREALTITUDE SEA LEVEL

Airport AircraftWeight,Klbs
Temperature,

°°gr°es°F1gs.3122s.o1262.9128o.213OT.SI334.91362.21375.9
TAKEOFFFLAP SETTING- 5 DEGREES,_F

40 5461 7009 8079 9974 11807 114112 16918 17927

60 5789 7348 8403 10195 12026 114560 17369 18487

77 6007,1, 7461 8618 10417 12354 14784 17707 19047
85 6225 7800 8726 10749 12573 15232 18158 19607

95 6553 7913 9049 11082 13119 16016 19060 20167

TAKEOFFFLAPSETTING- 15 DEGREES,6F

40 5272 6776 7600 9452 11240 13644 16379 17546

60 5492 7002 7926 9674 11460 13870 16606 17885

77 5602 7115 8143 10008 11791 14208 17061 18225

85 8932 7341 8489 10342 12122 14546 17516 18565

98 6041 7880 8794 10675 12673 15336 18198 19697

TAKEOFFFLAPSETTING- 25 DEGREES,_F

40 4850 6365 7576 9096 11291 14014 17020 18813

60 5070 6593 7686 9321 11633 14368 17382 19180

77 5401 6820 8015 9658 11975 14721 17865 19546

85 5621 7047 8235 9995 12317 15192 18227 20157

95 5842 7388 8674 10669 13001 16134 19676 21745
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TABLE8.5,3
(continued)

AIRPORT PRESSURE ALTITUDE 3000 FT

Airport AircraftWeight,Ribs
Temperature,

Degrees °F j 198;3 I 225.6 I 252,9 I 280.2 I 307.5 I 334.9 1"352,2 i375.9

TAKEOFFFLAPSETTING- 5 DEGREES,6F

40 6444 8366 9587 11858 13885 I7136 20753 22409

60 6553 8479 9695 12080 14213 17472 21091 22745

77 6881 8818 10126 12412 i4650 17920 21542 23529

85 7099 9157 •10449 12855 15197 18704 22557 24649

.... 95 "7646 96D9 11311 13853 16399 20160 24249 26442

TAKEOFFFLAPSETTING 15 DEGREES, 6F'

40 6151 7905 9210 11231 13444 16463 19904 21168

60 6371 8018 9337 11564 13774 16914 20359 21848

77 6461 8357 9554 11898 14215 17476 20928 22640

85 7799 8583 9988 12343 14766 18155 21952 23885

95'" 8i29 9035 1064'0 13121 15531 19395 23544 25696

TAKEOFFFLAPSETTING- 25 DEGREES,_F

40 5952 7615 9003 11230 13686 17076 21124 23211

60 8063 7843 9332 11567 14142 17547 21727 23822

77 6283 8070 9552 11904 14484 18136 22331 24799

85 6503 8525 9991 12353 15168 19196 123659 26509

95 6834 8979 10540 13027 16081 20374 25469 28464
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T_BLEB.6.3
(continued)

AIRPORT PRESSURE ALTITUDE 6000 FT

Airport AircraftWeight,Klbs
Temperature,

DegreesOF 198.3 225.6 252.9 280.2 307.5 334.9 362.2 375.9

TAKEOFFFLAPSETTING- 5 DEGREES,6F

40 7208 9496 11311 14074 16727 20720 25151 27338

60 7645 9609 11419 14406 17055 21280 25715 27898

77 8082 10174 12065 15182 18148 22736 27745 30251

85 8300 10513 12385 15736 18804 23632 28986 !31595

95 8738 11191 13250 16623 19597 25088 30903 33836
fl

TAKEOFFFLAP SETTING- 15 DEGREES,6F

40 7030 9035 10748 13455 15198 20185 24588 27055

60 7250 9261 11074 14011 16639 20523 25023 :27505

77 7689 9713 11617 14678 17631 21989 27070 29432

85 8019 10165 12268 15345 18402 23004 27752 130904

95 8238 10729 12594 16012 19284 24357 30368 33507

TAKEOFFFLAPSETTING- 26 DEGREES,_F

40 6724 8753 10430 13364 16637 21199 26314 29441

60 7054 8980 10869 :13814 17108 21552 26787 30052

77 7385 9662 11638 14712 18134 23083 28970 32495

85 7716 10003 12077 15274 18932 24261 30781 34816

95 8157 10458 12626 16060 19959 25909 33316 37504I
i

r
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_-" TABLEB.5.4

ALL-EHGINEHORIZONTALDFBRTO 400 FEET(D400)HAA FOR

I_IITIALCLIMB SPEED AT V2 + 30 KEAS; 2E-HBPR-WB

AIRPORTPRESSUREALTITUDE SEA LEVEL

Airport AircraftWeight,Klbs
Temperature,

Oegreos°F 98.3(225.6J252.91280.1307.21374.91362.21375.9
TAKEOFFFLAPSETTING- 5 DEGREES,6F

40 5953 7647 8867 11005 13033 15622 18781 19942

60 6310 8017 9222 11249 13274 16118 i9281 20565

77 6548 8140 9458 11494 13636 16366 19657 21188

85 8786 8510 9576 11861 13877 16862 20158 21811

99 7143 8633 9931 12228' 14481 17730 21159 22434

_" TAKEOFFFLAPSETTING- 15DEGREES,_F

40 6769 7412 8379 10475 12478 !15198' 18311 19687

60 6010 7659 8739 10721 12723 _15449 18565 20068

77 6130 7783 8978 11091 13090 15826 19074 20449

85 6491 8030 9337 11461 13457 16203 19583 20830

95 6611 8401 9696 11830 14069 17082 20346 22100

TAKEOFFFLAP SETTING- 25 DEGREES,BF

40 5837 7014 8411 10149 12634 15736 19206 21299

60 5579 7265 8533 10400 13017 16132 19614 21714

77 5943 7515 8899 10776 13400 16529 20159 22129

85 6187' '7765 9143 11152 13783 17058 20568 22821

1 '95 6428 8141 9630 11904 14549 18116 22202 24619
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TABLEB.5.4

continued)

AIRPORT PRESSURE ALTITUDE 3000 FT

Airport AircraftWeight,Klbs
Temperature,

oogroe o,1,8..31'225.01252.9 80.21307.5I; 4.91302.21375.9
TAKE0FF FLAP SETTING - 5 DEGREES, aF

40 7024 9127 10522 13084 15325 18970 23038 24927

60 7143 9250 10640 13328 15687 19342 23413 25301

77 7500 9620 11113 13695 16170 19838 23914 26173
1, i

85 7738 9900 11468 14184 16773 20706 25041 27419

'95 8333 10483 12413 15285 18101 22318 26919 129413

TAKEOFFFLAP SETTING- 15 DEGREES,_F

40 6731 8648 10055 12447 14925 18338 22253 23751

60 6972 8771 10295 12816 15292 18840 22761 24513

77" 7092 9142 10534 13186 15781 19468 23397 25402

85 8534 9389" 11013 13679' 16393 20222 24541 26799

95 8895 9883 11731 14542 17249 21603 26322 2B831
I

TAKEOFFFLAP SETTING- 25 DEGREES,_F
,,,,,,

40 6549 8392 9996 12530 15315 19175 i23837 26278
60 6670 8542 10362 12906 15825 19704 i24518 26970

77 6913 8893 10606 13282 i6208 20364 25199 28076

85 7156 9394 i11094 13783 16974 21555 26697 30012

95 7519 9895 ,11703 14535 17995 22878 28740 ]2225

B-44



TABLE B.5.4
(continued)

AIRPORT PRESSURE ALTITUDE 6000 FT

Airport AircraftWeight,Klbs
Temperature,

oogroo,OFi,.312256125291260.2130751334.91362.21376.9
TAKEOFF FLAP SETTING - 5 DEGREES, _F

40 7858 10360 12413 15529 18463 22937 27920 30411

60 8334 10483 12532 15896 18825 23557 28546 31035

77 8810 11100 13241 16762 20032 25169 30800 33652

86 9048 11470 13596 17363 20756 26161 32177 35148

95 9524 12210 14541 18342 21963 27773 34306 37640

TAKEOFF FLAP SETTING - 15 DEGREES, _F

40 7693 9883 11851 14911 17984 22483 27466 30356

60 7933 10130 12210 15528 18473 22860 27975 30864

77 8414 10624 12809 16267 19574 24493 30264 33023 :

85 8776 11118 13527 17006 20430 25623 31027 34674

95 9015 11736 13886 17746 21409 27131 33952 37595

TAKEOFF FLAP SETTING - 25 DEGREES, 6F

40 7398 9644 11581 14911 18504 23801 29693 33331

60 7762 9895 12069 15413 19142 24198 30238 34023 :

77 8126 10646 12922 16415 20291 25917 32690 36789

85 8490 11022 13410 17042 21184 27239 34733 39417

95 8975 11623 14019 17919 22333 29091 37594 42459
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TABLEB.B.B

EQUIVALENTAIR SPEEDSFOR TAKEOFFAND APPROACHAND

LANDING OPERATIONS (V3B, V2, 1.3 Vs); 2E-HBPR-WB

TAKEOFFSPEEDAT 35 FEETHEIGHTABOVE AIRPORT,V3E,KEAS

Flap

Setting,_F AircraftWeightKlbs
Degrees 200.0 220.0 240.0 260,0 280.0 300.0 320.0 340.0 350.0

E 127.2 131.7 136.2 140.6 145.i 149.6 154.1 158.6 163.0

1B 124.0 128.3 132.6 136.9 141.2 145.5 149.8 154.1 1E8.4

25 122.6 126,B 130.4 134.3 138.3 142.2 146.1 150.0 153.9

TAKEOFFSAFETYSPEED,V2, KEAS

Flap AircraftWeightKlbs

6ettlng,_F
Degrees 200.0 220.0 240.0 260.0 280.0 300.0 320.0 340.0 360.0

5 130.1 134.1 138.2 142.2 146.3 150.4 154.5 158.6 152.6

1B 123.8 127.7 131.6 135.6 139.5 143.4 147.3 151.2 155.1

25 117.8 121.6 125.4 129.2 133.0 136.8 140.6 144.4 148.1

APPROACHSPEED,1.3 Vs. KEA5

Flap AircraftWeightKlbs
$etting,_F

Degrees
Igo.o 210.0 230,0 250.0 270.0 290.0 310.0 330.0

35 109.2 113.2 117.1 121.1 125.0 129.0 132.9 136.9

50 104.7 108.5 112.5 116.5 120.4 124.4 138.3 132.3
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TABLEB.S.6

AIRCRAFTLIFTAND DRAGCOEFFICIENTS(CL,CD); 2E-HBPR-I,$B

LIFTCOEFFICIENTAS A FUNCTIONOF AIRCRAFTBODYANGLEOF ATTACK

Flap ' Landing CL = ao ÷ al ' _B

Setting,_F Gear Sla't ao aI
Degrees Position Position

D Up Retracted O.1511 O.05?5

0 Up Extended O,02]7 0'.0758

S Up Extended O.09]7 O.0772

15 Up Extended O.2Sl1 O.0783
,i ,

25 Up Extended O.4011 O.0780

35 Up Extended O.5l 13 O.0831"

50 Up Extended O.6620 O.0780

35 Down Extended 0.8l13 0.0831

_ 50 Down Extended O.5620 O.0780

DRAGCOEFFICIENTAS A FUNCTIONOF LIFT COEFFICIENT

Flap Landing CD = ao + al '(CL)z

Setting,(_r Gear Slat ao aI
Degrees- Position Posltlon

0 Up Retracted 0.0140 O.OBgO

0 Up Extended 0.0217 0.0591

5 Up Extended 0.0237 0.0582

15 Up Extended 0.0312 0.0547

25 Up Extended 0,0453 0.0533

35 Up Extended 0.07SI "0,0521

50 Up Extended 0.1294 0.0814

35 Oown Extended 0.0917 O.0521

"-") BO Down Extended 0.i419 '0.051,_=
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TABLEB,5,7

FLAP/SLATRETRACTIDNSPEEDSCHEDULEAND TIMES;2E-HBPR-_IB

FLAP/SLATRETRACTIONSPEEDSCHEDULE,KEAS

INITIAL SELECT
FLAPSSLATS FLAPS/SLATS FLAPRETRACTIONINITIATIONSPEED

Takeoff O°/Extended V2 + TakeoffFlapSetting

De/Extended 0°/Retracted (FlapRetractionSpeed)
+ {TakeoffWeight/]O,OOO),
or finalsegmentc]Imbspeed,
whicheveris lower

MinimumZero Flaps/Slats I18 + {TakeoffWeight/B,400),
or 260,whicheveris lower

Initial Selected Flap/Slat
Flap/Slap Flap/Slap Retraction

.Settlng,_F Setting,_F Time

Deg. Deg, Sec,
,i

2B/Extended 20/Extended 2•1

2D/Extended IS/Extended 2.0

IS/Extended ]D/Extended 2.2

lO/Extended !/Extended 2.l
B/Extended D/Extended 2.2

D/Extended D/Retracted 12.O
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TABLEB,6,I

ALL-ENGINE HORIZONTAL DFBR TO 35 FEET (D36) HAA;
3E-HBPR-WB

AIRPORT'PRESSURE ALTITUDE SEA LEVEL

Airport
Temperature, Aircraft,Weight,K1bs
Degrees °F

250 300 340 380 420 440

TAKEOFFFLAPSETTING- 0 DEGREES,
F

40 3100 3933 5000 6126 7552 8418

60 3238 4066 5267 5321 7746 8677

77 3376 4133 5400 6517 8004 8807

85 3445 4266 5533 6582 8133 8937

95 3514 4400 5667 6778 I 8456 9325 "

TAKEOFFFLAPSETTING- 10 DEGREES_F

40 !2893 3600 4600 6539 6777 7511

60 3031 3733 4733 5735 7035 7770

77 ;3100 3800 4800 5800 7100 7900

85 3169 3933 4933 5930 7229 8094

95 3307 4000 5200 6321 7810 8612

TAKEOFFFLAPSETTING- 20 DEGREES 6p

40 2617 3334 4267 5214 6454 7123

60 2755 3534 4467 5474 6712 7447

77 2893 3667 4667 5670 6906 7706

85 3031 3734 4800 5800 7100 7900

95 3159 3800 5000 6126 7487 8418

_J
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TABLEB.6.1
(continued)

AIRPORTPRESSUREALTITUDE3000FT

Airport
Temperature,I Aircraft,Weight,K]bs
DegreesOF -

2503001540'135014201440
TAKEOFFFLAPSETTING- O'DEGREES,_F

40 3912 5114 6438 7850 9008 10911

60 4117 5319 6706 8177 10135 11240

77 4186 5455 6840 8308 10331 11503

'5'5 4323 5591 7041 8_04 10893 11897

gS 4666 5725 7511 9158 11639 13081

TAKE0FFFLAPSETTING- 10 DEGREES,6F

40 3363 4227 5365 6542 8238 9071

60 3431 4432 B566 6869 8369 9203

77 3500 4500 5700 7000 8500 9400

85 3637 4636 5901 7262 8958 9992'

95 3912 5114' 6438 7981 I0069 11241

TAKEOFFFLAPSETTING- 20 DEGREES,_F

40 3088 4091 5097 I 6215 7323 8809
60 3226 4228 5298 5542 8173 9006

77 3363 4364 5432 6738 8369 9203

85 3500 4569 5767 '7261 8761 9860

95 3843 5046 6304 7755 9807 11044
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TABLE B.6.I
(continued)

AIRPORT PRESSURE ALTITUDE 6000 FT

Airport
Temperature, Aircraft,Weight,K1bs
Degrees OF

260 300 340 380 420 440

TAKEOFFFLAPSETTING- 0 DEGREES,_F

40 4403 6078 7631 9263 11455 12479

60 4674 6352 8096 9727 11913 12929

77 5013 6693 8361 10322 12764 13894

65 5148 6898 8759 lOgl8 13484 14988

95 5487 7444 9356 11844 14728 15146

TAKEOFFFLAPSETTING- 10 DEGREES,6F

40 3861 5122 6304 7940 9687 10614

60 4065 5395 6702 0271 10060 11064

77 4200 5600 710O 8800 10800 11900

85 4403 5805 7498 9263 11455 12736

95 4742 6488 8294 10322 12960 14473

TAKEOFFFLAPSETTING- 20 DEGREES,_F

40 3658 478] 5972 7477 9032 10034

60 3794 5122 6238 7780 9491 10485

77 3929 5327 6636 8469 10407 11578

86 4132 5600 7300 9064 11258 12479

95 4471 6147 8030 10255 13156 14858
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TABLE B.6.2

ALL-ENGINEHORIZONTALDFBRTO 400 FEET(D400)HAA FOR

INITIAL CLIMB SPEED AT V2 + 10 KEAS; 3E-HBPR-WB

AIRPORT PRESSURE ALTITUDE SEA LEVEL

Airport
Temperature, AircraftWeight,K]bs
DegreesOF

260 300 340 380 420 440

TAKEOFF FLAP SETTING - 0 DEGREES, 6 F

40 4500 5900 7500 9400 I1700 13000

60 4700 61O0 7900 9700 12000 13400

77 4900 6200 8100 10000 12400 13500

86 6000 6400 8300 lOlO0 12600 13600

'96 51'00" 6600 8500 10400 131O0 14400

TAKEOFF FLAP SETTING - I0 DEGREES,_F

40 4200 5400 6500 8500 lOBOO If600
, , ,,.

60 4400 5600 7100 8800 lOgO0 12000

77 4500 5700 7200 8900 11000' 12200

85 4600 8900 7400 91D0 11200 12600

96 4800 "6000' 7800 9700 121O0 13300

TAKEOFFFLAPSETTING- 20 DEGREES,(_F

40 3800 5000 6400 8000 10000 I1000
, L

60 4000 5300 6700 8400 10400 I1600

77 4200 5500 7000 B?O0 10700 11go0

85 4400 5600 7200 0900 1]000 12200

96 4600 5700 7S00 9400 11600 13000
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TABLE B.6.2
(continued)

AIRPORT PRESSURE ALTITUDE 3000 FT

Airport
Aircraft Weigh't, K1bsFemperature,

DegreesOF 260 300 340 380 420 440

TAKEOFFFLAPSETTING- 0 DEGREES,_F

40 5700 7500 9600 12000 ]5000 16600

60 6000 7800 10000 12500 16600 17100

77 6100 8000 10200 12/00 16800 17500

86 6300 8200 10500 13000 16300 18100

95 6800 8400 ] 11200 14000 17800 19900
i

TAKEOFFFLAPSETTING- I0 DEGREES,_F

40 4900 6200 8000 10000 12600 13800

60 5000 6500 8300 ]0500 12500 14000

77 5100 6600 8500 10700 13000 14300

85 :5300 6800 8800 III00 13700 16200

95 5700 7500 9600 12200 15400 17100

TAKEOFFFLAPSETTING- 20 DEGREES,_F

40 4500 6000 7600 9500 12000 13400

60 4700 6200 7900 10000 12500 13700

77 4900 6400 8100 10300 12800 14000

85 6100 6700 8600 11100 13400 16000

95 5600 7400 9400 11900 15000 16800
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TABLE B.6.2
(continued)

AIRPORT PRESSURE ALTITUDE 6000 FT

Airport AircraftWeight,Klbs
Temperature,

o.r.,°P E50f 300I 340I 380142014,0
TAKEOFFFLAPSETTING- 0 DEGREES,_F

40 6500 8900 11500 ]4000 17500 19400

50 6900 9300 12200 14700 18200 20100

77 7400 9800 12600 15600 19500 21600

85 7600 10100 13200 16500 80600 23300

95 8100 I0900 14100 17900 22500 25400

TAKEOFFFLAPSETTING- 10 DEGREES,_p

40 5700 7500 3500 12000 14800 16500

60 6000 7900 10100 12500 15400 17200

77 6200 8200 10700 13300 16500 18500

85 6500 8500 11000 14000 17500 19800

95 7000 g500 12500 15600 19800 22500

TAKEOPFFLAPSETTING- 20 DEGREES,6F

40 5400 7000 9000 11300 13800 15600

° iiiioooooooooo77 7800 10000 12800 15go0 18000

88 8200 11000 13700 17200 19400

95 9000 12100 15500 20100 23100
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TABLEB.6.3

ALL-ENGINEHORIZONTALDFBRTO 400 FEET(D400)HAA FOR
INITIALCLIMBSPEEDAT VB + 20 KEAS;3E-HBPR-WB

AIRPORTPRESSUREALTITUDE SEA LEVEL

Airport AircraftWeight,Klbs
Temperature,

DegreesVF 260 300 340 I 380 1 420 440
I

TAKEOFFFLAPSETTING- O DEGREES,6F

40 4978 6831 8275 10400 IBgGO 14421

60 5199 5762 8716 10732 13292 14866

77 5420 6863 8937 11064 13735 15087

85 5531 7084 9158 11178 13957 15309

95 5641 7306 9378 11507 14510 15974

TAKEOFFFLAPSETTING• 10 DEGREES,6F

40 4626 5965 7634 9425 11645 12891

60 4846 6186 7855 9758 11755 13336

77 4956 6296 7966 9869 12199 13558

85 5066 6517 8187 10091 12421 13891

95 5286 6627 8630 10756 13419 14780

TAKEOFFFLAPSETTING- 20 DEGREES,6F

40 4226 5517 7137 8951 11246 12409

60 4449 5848 7471 9348 11696 12973

77 4671 6069 7806 9734 12033 13424

85 4893 6179 8029 9958 12370 13762

95 5116 6290 8364 10517 13045 14665
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TABLE B.6.3

(continued)

AIRPORTPRESSUREALTITUDE 3000 FT

Airport
Temperature, AircraftNelght,Klbs

DegreesOF 260 I 300 340 380 420. 440

TAKEOFFFLAPSETTING- 0 DEGREES,6F

40 6303 8302 10592 13277 16615 18415

60 6636 8534 11033 13830 1716i 18969

77 6747 8855 11254 14051 17501 19413

85 5968 9076 11585 14383 180SS 20079.

95 752I 9298 12357 16489 19716 22075

TAKEOFFFLAP'SETTING- 10 DEGREES,SF "-

40 5397 6848" 8851 11089 13973 16665

60 5507 7180 9183 11643 14196 15559

77 5617 7290 9404 11865 14417 15892

85 5837 7511 9736 12309 i5193 16892

95 6278 8284 10621 13528 17079 19004

TAKEOFFFLAPSETTING- 20 DEGREES,GF
, ,, ,,

40 5005 6621 8475 I0629 13495 I 15116

,, . 1''

60 52'28 6841 8810 11188 1'4068 15455

7i 5450 7062 9033 11584 14398 15703

85 8672 7393 9581 18419 18070 16971

95 6289 8155 10483 13314 16869 18957

f
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TABLEB.6,3
(continued)

AIRPORTPRESSUREALTITUDE 6000 FT

Airport
Temperature, Aircraft_teight,Klbs

DegreesOF 260 I 300 i 340 i 380 1 420 I 440

TAKEOFF FLAP SETTING - 0 DEGREES, _F

40 7190 9862 12688 15480 19384 21521

" 60 7632 10298 13461 15264 20159 22298

77 8185 10848 13902 17260 21599 23962

86 8405 11180 14564 18256 22817 25848

'95 8959 12068 15557 19805 24922 28178

TAKEOFFFLAPSETTING- I0 DEGREES,_F

40 6277 8598 10810 13306 16414 18396

60 6608 8726 11174 13861 17079 19114

77 6828 9057 11838 14748 18299 20559

85 7158 9388 12602 15524 19408 22004

95 7709 10493 13828 17298 21959 25004

TAKEOFFFLAPSETTING- 20 DEGREES,6F..,
40 6005 7724 10035 12643 15519 17598

60 6228 8276 10482 13202 16307' 18387

77 6450 8607 11151 14321 17881 20305

85 6784 9048 12266 15328 19343 21884

95 7340 9931 13493 17342 " 22604 26058
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TABLEB.6.4

ALL-ENGINEHORIZONTALDFBRTO 400 FEET(D400)HAA FOR

INITIALCLIMBSPEED AT V2 + 30 KEAS;3E-HBPR-WB

AIRPORTPRESSUREALTITUDE SEA LEVEL

Airport
Temperature, AircraftWeight,Klbs

DegreesOF BBO 300 340 3BO 420 440

TAKEOFFFLAPSETTING- 0 DEGREES,6F

40 5472 7317 9114 11471 I 14291 15930

60 5715 7443 9600 11837 14857 16420

77 5958 7565 9843 12203 15146 16665

85 6080 7809 10086 12326 15390 16910

9B 62QI 8053 'I03'29 12565 16001 17645

TAKEOFFFLAPSETTING- I0 DEGREES,6F _""
..,m ,,

40 5083 6570 84'24 10408 12879 14269
....

60 5325 6813 8668 10776 13369 14751

77 5446 i935 87'90 10898 13492 14997

85 5567 7178 9034 11143 13737 15336
,,

95 5809 7300 9522 11878 14841 16349

... TAKEOFFFLAPSETTING- 20 DEGREES, 6FL

40 4745 6164 7929 9978 12594 13923

60 4994 6533 8300 ii477' 13098 14S56

77 5244 6780 8672 IOBSl i'3476 15062

85 5494 6903 8920 lllOO 13854 15442

9i 5743 7027 9291 11724 14609 16454
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TABLEB.6.4
(continued)

AIRPORTPRESSUREALTITUDE 3000 FT

Airport
Temperature, AircraftWeight,Klba

DegreesOF 260 300 340 380 420 440

TAKEOFFFLAPSETTING- 0 DEGREES,_F

40 6931 9151 11656 14644 18322 20341

GO 7295' 9517 12152 15254 18933 20964

77 7417 9761 12395 15498 19299 21444
_

85 7660 10005 12750 15854 19910 22179

"96 8268 '10249 13810 17084 21742 24385

TAKEOFFFLAPSETTIIJG- I0 DEGREES,_F

40 5930 7543 9767 12245 15454 16963

60 6051 7908 10133 12857 15700 17209

77 6172 8030 10377 13102 15945 17578

85 8414 8273 10743 13592 16804 18684

95 6898 9125 11720 14939 18889 21020

TAKEOFFFLAPSETTING- 20 DEGREES,aF

40 5619 7396 9416 11849 15113 16961

60 5868 7642 9787 18473 15743 17340

77 6118 7889 10035 12847 16121 17720

85 6368 8259 10654 13845 16877 18986

95 6992 9122 11646 14843 18892 21264

/"_I
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TABLE B.6.4
(continued)

i

AIRPORT PRESSURE ALTITUDE 6000 FT

Airport
Temperature, AircraftWeight,Klbs

DegreesOF 260 I 300 340 380 420 440

TAKEOFFFLAPSETTING- 0 DEGREES,8F

40 7904 10860 13974 17084 21375 23772
m,,

60 8390 11348 14825 17939 22230 24630

77 8998 11958 15311 19037 23818 26468
--1

85 9241 12324 16040 20135 25162 28551

95 9849 13300 17134 21844' 27482 31124

TAKEOFFFLAPSETTING- 10 DEGREES,6F ,-'"

40 6898 9125 11598 14694 18153 20283

60 7261 9612 12330 15306 18889 21143

77 7503 9977 13063 16286 20238 22741

86 7866 10342 13796 17143 21465 24339

95 8471 11559 15261 19102 24286 27658

TAKEOFFFLAPSETTING- 20 DEGREES,6F

" 40 6743 8629 11150 14094 17380 19745
60 6992 9245 11646 14718 18262 20631

77 7242 9615 12389 15965 20025 22783
....

86 7617 10108 13628 I7088 21662 24555

95 8241 11094 14991 19333 25315 29238
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TABLEB.6.S

'' EQUIVALEIITAIR SPEEDSFORTAKEOFFAND APPROACHAND

LANDINGOPERATIONS(V35,V2, 1,3Vs); 3E-HBPR-WB

TAKEOFFSPEEDAT 35 FEETHEIGHTABOVEAIRPORT,V35, KEAS

Flap Weight(Klbs)
Setting,_F
Degrees 260 300 340 380 428 440

0 145,0 153.5 161.4 168,1 174.9 179.9

lO 132.0 139.2 147.8 153.4 ISg.2 163.2

20 129.7 135.4 143.2 149.0 156.4 160.3

TAKEOFFSAFETYSPEED,v2, KEAS

Flap Weight(Klbs)
._. Setting,_F

Degrees 260 300 340 380 400 440

143.0 153.5 163.0 171.5 175.5 184,0

10 128.0 137.5 146.5 154.0 157.5 165.0

20 121.0 130.0 138.0 146.0 148.5 157.3"

*Thisvaluehas beenobtainedby extrapolation

APPROACHSPEED,1.3 Vs,KEAS

Flap Weight(Klbs)
Setting,_F
Degrees 240 260 280 '300 340 380

35 I14,6 llg.O 123.5 128.0 136.3 143.0

50 111.0 115,8 120.0 124.1 131.8 138,0

I
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TABLEB.6.6

AIRCRAFT LIFT AND DRAG COEFFICIENTS (CL, CD); 3E-HBPR-WB

LIFT COEFFICIENT AS A FUNCTI0N OF AIRCRAFT BODY ANGLE OF ATTACK

Flap Landing CL = a0 + al.%
Setting,_F Gear Slat
Degrees Position Position ao a1

0 Up Retracted 0.1542 0.0638

0 Up Extended 0.0638 D.D786

5 Up Extended 0.1495 0.0775

10 Up Extended 0.2248 0.0795

20 Up Extended 0.3762 0.0826

35 Up Extended 0.7656 0.0471

50 Up Extended 0.8991 0.0448

35 Down Extended 0.7656 0.0471
,,.,,

90 Down Extended 0.8991 D'.D448
/

DRAGCOEFFICIENTASA FUNCTIONOF LIFT COEFFICIENT

Flap Landing CO : ao + al . (CL)Z
Settings6F Gear Slat
Degrees Position Position ao al

0 Up Retracted D.Ol41 0.0637

0 Up Extended 0.0208 D.0641

B Up Extended 0.0225 0.D630

10 Up Extended 0.0247 0.D630

20 Up Extended 0.0347 0.0624

35 Up Extended 0.0687 0,0498

90 Up Extended 0.1349 0.0491 '

T
35 Down Extended 0.0805 0.0498 _

50 Down Extended 0.1425 0.0491
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TABLEB.S.7

FLAP/SLATRETRACTIONSPEEDSCHEDULEAND TIMES;3E-HBPR-WB

FLAP/SLATRETRACTIONSCHEDULE,KEAS

INITIAL SELECT
FLAP/SLATS FLAPS/SLATS FLAPRETRACTIONINITIATIONSPEED

Takeoff OO/Extended V2 + TakeoffFlapSetting(TFS)*

OO/Extended O°/Retracted V2 + 3S + TFS

MinimumZero Flaps/Slats V2 + 90 or 240,whicheveris lower

*Takeoff Flaps 100 or less use TPS= lO

I

Initial Selected I Flap/Slat

PlapTSlap Flap/Slap J Retraction

Setting,_F Setting,_F Time
Deg. Deg. Sec.

20/Extended 1S/Extended 2,0

15/Extended lO/Extended 2.2

lO/Extended B/Extended 2.1
t

S/Extended O/Extended 2.2

O/Extended O/Retracted ]0.3

9
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APPENDIXC

ENGINEPERFORMANCEAND OPERATIONAL
DATAAND INFORMATION

This appendixpresentstabulatedlistingsof aircraftengineper-

formanceandoperationaldataand informationrequiredtoconstructtakeoff,

and approachand landingflightpathsand performanceschedulesfor selected _"

commercialaircarrieraircrafttypespoweredby low-by-passratio (LBPR)and

hlgh-by-passratio (HBPR)turbofanengines. Dataand informationare pre-
;

sentedforengineswhich powerthe followingsix genericaircrafttypes:
!

m B-EngineLBPR-NarrowBody (2E-LBPR-NB)

¢ 3-EngineLBPR-NarrowBody (3E-LBPR-NB)

m 4-EngineLBPR-NarrowDody (4E-LBPR-NB)

e 2-EngineHBPR-WideBody (2E-HBPR-WB)

a 3-EngineHBPR-WideBody (3E-HBPR-WB)

o 4-EnglneHBPR-WideBody (4E-HBPR-WB)

Data and informationpresentedin thisappendixinclude:

a Total net takeoffthrust(TOT)as a function

of pressurealtitude,trueair speedandambient

temperature,per engine

c2
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e Maximum(normal)climb thrust(MCT)engine-pressure-

ratio (EPR)settingor low pressurefan speed(_11)

settingas a functionof pressurealtitudeand ambient

temperature,per engine

a Referrednet thrust(Fn/_)as a functionof EPRand

MACH number,per engine(forall aircrafttypes

exceptthe 3E-HBPR-L4B)

o Referredlow pressurefan speed(NI//-'_-'_--2 ) as
a functionof EPR and MACHnumber,per engine

(forthe 2E.HBPR-NBend 4E.HBPR-WBaircraft

types only)

a Referrednet thrust(Fn/_)as a functionof referred

low pressurefan speedand MACH number,per

engine(forthe 3E-HBPR-WBaircraftonly).

4.

©
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?ABLE C.I.I

TOTAL NET TAKEOFF THRUST (TOT) PER ENGINE, Pounds (lb_};
2E-LBPR-_B

Airport AircraftSpeed,VT, KTAS
Temperature,

DegreesOF 100 150 200 250

AIRPORT PRESSURE ALTITUDE - SEA LEVEL

0 13892 13481 13166 12983

59 13931 13501 13134 12877

84 13934 13612 13127 12847

100 13056 12584 12139 11797

122 11795 11316 10855 10475

AIRPORTPRESSUREALTITUDE- 1000FT

0 13984 13596 13297 13135

46 14012 13610 13286 13057

53 13711 13304 12960 12725

74 13708 13303 12947 12691

84 13444 13037 12666 12397

100 12598 12142 11713 11383

122 11410 10920 10474 10108
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TABLEC.I.I
(CONTINUED)

Airport AircraftSpeed.VT. KTAS
Temperature.

DegreesOF 100 150 200 250

AIRPORT PRESSURE ALTITUDE - 2000 FT

0 14058 13686 13406 13271

29 14060 13682 13377 13205

40 18715 13331 13014 12816

--_ 48 13420 13031 12706 12490

66 13426 13038 12702 12467

84 12969 12577 12219 11960

100 12153 11714 11300 10982

122 11008 10536 10106 9753

AIRPORT PRESSURE ALTITUDE - 3000 FT

0 14092 13737 13482 13365

10 14098 13742 13478 13351

20 13833 13472 13191 13047

40 13226 12856 12561 12359

48 12942 12567 12254 12045

66 12948 12573 12250 12023

84 12508 12129 11785 11534

._ 93 12056 11649 11272 10986
L

122 10617 10162 9748 9407
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TABLEC,I .I
(CONT1NU_ i

Airport AircraftSpeed,VT, KTAS
Temperature,

DegreesOF 100 150 200 250

AIRPORTPRESSUREALTITUDE- 4000FT

0 13802' 13464 13225 13110

20 13337 12990 12720 12580

40 12753 12396 17174 i1918'
48 12479 12118 11816 11615

66 112486 12124 11812 I1594 l

84 12061 11696 11364 11123

100 I1303 10794 i0510 10215

........ 9073122 10239 9800 9400

AIRPORTPRESSUREALTITUDE- 6000FT

0 12582 12509 12286 12180

20 12391 12068 11818 11689

40 11649 li518 11245 11074

48 11595 11260 10980 10793

66 11600 11265 10976 10773
,, _ ,,

84 1120'6 10868 10560 10336

100 10503 10124 9768 9494
,i , i i • , ,

122 9516 9109 8739 8434

C-6



TABLE C.l.2

MAXIMUM(NORMAL)CLIMBTHRUST(MCT)EPR SETTINGPER ENGINE;

2E-LBPR-NB

Pressure Temperature,DegreesOF, (OATPL) I
Altitude, , I
Feet -4,00 14.00 32 41 59 68 77 86 95 104 113 122

0 2.07 2.07 2,07 2.03 1.93 1.88 1,84 1.79 1.75 1.72 1.68 1.64

100D 2,13 2,13 2.08 2.03 1.93 1.88 1,84 1.79 1.75 1.72 1.66 1,64
I

200D 2.19' 2.18 2'.08 2.03 1.93 1.88 1,84 1.79 1,75 1,72 ].60 1,64

3000 2.23 2.17 2.08 2.02 1.92 1,88 1,83 1.79 1.75 1.71 . 1.67 1.63

4000 2.23 2.17 2'.08 2.02 1.92 1,87 1.83 1,79 1.75 1.71 1.67 1,63

5000 2.23 2.17 2.08 2.02 1.92 1,87 1,83 1.79 1.75 1.71 1,67 1,63

10000 2.22' 2.16 2.07 2.01 I'.91 1.86 1,82 1.78 1.74 1.70 1,66 1.62

20000 2.21 2.15 2,05 2.00 1.90 1.85 1,81 1.76 1.72 1,69 1.65 1,61

30000 2.19 2.13 2.04 1.98 1.88 1.03 1,79 1.75 1,71 1,67 1.63 1.59



TABLE C.I.3
REFERRED NET THRUST (Fn/6) PER ENGINE,Pounds (Ibs);

2E-LBPR-NB

Engtne
Pressure MACHNumber
Rat|o,
EPR 0.0 0.1 0.2. 0.3 0.4 0.9

1.05 1166" ........ 1449'

1.10 2035 1752" 1679" I710' 1853" 2048

1.15 2904 2527 2378 2368 2463 2647

1.20 3774 3302 3077 3026 3073 3246

1.25 4574 4069 3776 3648 3683 3844

1.30 6349 4764 4433 4313 4286 4433

1,35 6110 5458 5070 4916 4881 5018

1.40 6795 6141 5707 5512 5476 5602

1.45 7479 6782 6331 6120 6071 6188

1,50 9156 " I 7423 6945 6723 6663 6776
iii

1.65 8809 8061 7558 7325 7254 7365

1.60 9455 0567 8163 7928 7846 7953

1.65 10099 9273 8744 8486 8411 8523

1.7'0 10686 9878 9326 9039 8967 9091 F-_

1.75 11278 10447 9907 9591 9522 9659

1.80 11870 11000 10447 10139 10076 10225

1.85 12424 11556 10979 10674 10616 10787

1.90 12957 12105 11511 11209 11157 11348

1.95 15911 12628 12042 11743 11697 11910

2.00 14053 13152 12563 12274 12239 12469

2.05 14586 13675 13083 12800 12793 13028

2.10 15123 14198 13604 13326 13326 13587

2.15 15698 14719 14124 13853 13870 14148

2.20 16593" 15240 14642 34377 14415 14715

2.25 .- 15750 15161 14901 14962 15284

2.30 .- 15281* 15679 15424 15608 15852

2.35 .... 16397t 15948 15055* 16420"

2.40 ...... 18471_ ....

_Thesevalueshavebeenobcalnedby exCrapo|e_iofl. ,.-.
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TABLE C.2.1

TOTAL NET TAKEOFF THRUST (TOT) PER ENGINE; Pounds (Ibs);
3E-LBPR-NB

Airport AircraftSpeed,VT,KTAS
Temperature,

Degrees oF 100 150 200 250

AIRPORTPRESSUREALTITUDE- SEALEVEL

0 13950 13530 13190 12980

--'I 48 13980 13550 13170 12900

84 13980 13570 13160 12860

100 13100 12630 12170 11820

AIRPORTPRESSUREALTITUDE- 1000 FT

0 14010 13610 13290 13100

46 14040 13630 13270 13020

53 13750 13340 12970 12710

74 13740 13340 12960 12690

84 13490 13080 12690 12400

100 12630 12180 11740 11400
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TABLE C.2.1
(CONTINUED)

Airport AircraftSpeed,VT,KTAS
Temperature, --

DegreesoF 100 I 150 200 250
I

AIRPORTPRESSUREALTITUDE- 2000FT

30 14040 13670 13360 13200
.,,

48 13440 13050 12700 12470

66 13450 ] 3050 12?00 12450

84 13010 12610 12230 I]960

lO0 12180 11740 12320 10990

AIRPORTPRESSUREALTITUDE- 4000 FT

0 13760 13420 13140 13000

48 12490 12120 12800 11570

66 12490 12130 12800 11550

84 12080 11720 12370 11110

I00 1'1310 I0010 10520 10200

C-10



TABLE C.2.1
(CONTINUED)

Airport AircraftSpeed,VTo KTAS
Tempera ture,

Degrees OF 180 1SO ( 200
250

m

AIRPORTPRESSUREALTITUDE- 6000 FT

0 12770 12450 12200 12070

48 11590 11240 10950 10740

66 I1590 11250 10950 10720

. 84 I1218 10870 10880 I 10300

108 10490 10138 9750 I g470
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TABLE C.B.2

MAXIMUM(NORMAL)CLIMBTHRUST(MCT)EPR SETTINGPER ENGINE;
3E-LBPR-NB

n

Pressure Temperature,DegreesOF. {OATPL)A1tltude,

Feet -4.00 14.00 32 41 59 68 77 86 95 104 I 113 122
0 2,07 2.07 2.07 2.03 1.93 I.88 1.84 1.7g 1,75 I.72 1.68 1.64

1000 2.13 2.13 2. OB:' 2.03 1.g3 1.88 1.84 1.79 1.75 l .72 1.68 1.04

2000 2.19 2.18 2.08 2.03 l.g3 1.88' 1.84 1.79, 1.75 1.72 _.60 1,64

3000 2.23 2.1"7 2.08 2.02 1.92 1.88 1.83 1.79 1.75 1.71 1.67 1,63I

4000 2.23 2.ll 2.08 2.02 1.92 1.87 1.83 1.7g 1.75 1.71 ].67 I.63

5000 2.23 2.17 2.08 2.02 1,92 1.87 1.83 ].7g 1.75 1.71 ] .67 ] .63

10000 2.22 2.16 2.07 2.01 1.91 1.86 1.82 1.78 1.74 I.70 1.65 l.62

20000 2,21 2.lB 2.05 2.00 1.gO 1.85 1.81 1.76 1.72 1,69 I.65 1.61

30000 2.1g 2.13 2.04 1.98 1.88 1.83 139 1.75 1.7'1 1.67 1.63 1.59

( p
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TABLE C,2,3

REFERREDNET THRUST(Fn/6)PER ENGINE,Pounds(Ibs);
3E-LBPR-NB

Engine
Pressure MACHNumber
Ratio,
_PR 0.0 0.I 0.2 0.3 0,4 0.5

1 .00 ............

l.OB 1257" ........ 1413"

1.10 8083 1899" 1851" 1674" 1815" 2012

l,IB 2909 2884 2350 2327 2432 2611

1.20 3736 3469 3049 2980 3049 3210

1.25 4523 4248 3748 3634 3667 3808
,i

1.30 5292 4870 4410 4267 4269 4393

1.35 6055 5491 6051 4873 4854 4971

1.40 6745 6115 .5692 5479 5439 5549

1.45 7434 8756 6331 6084 6024 6129

1.50 8116 7397 6968 6687 6615 6718

1.55 8761 8036 7605 7289 7207 7306
J,

1.60 9406 8639 8211 7892 7799 7894

1.68 10048 9241 8767 8453 8363 8463

1.70 10651 9843 9322 9006 8912 9028

1.75 . 11253 10413 9878 9558 9462 9593

1.80 11855 10972 10417 10106 lOOll 10156
,,,,,,

1.85 12413 11531 10952 10638 lOBS1 10711

1.90 12957 12083 11487 11170 11092 11267

1.95 3500 12604 12021 11702 11632 11822

2.00 14042 13125 12542 12229 12172 12382
,,

2.05 14563 13646 13063 12750 12710 12944
J, ,,, , ,, ,

2.10 15083 14165 13583 13271 13247 13506
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TABLE C.Z.3

{CONTZNUED)

Engine
Pressure MACH Number (cont.)
Ratio,
EPR 0.0 0.1 0.2 0.3 0,4 O.B

2,15 15604 14680 14104 13792 13785 14067

2.20 16125* 15196 14622 14316 14326 14629

2.2S -- 15711 15140 14842 14870 lBlgl

2.30 -- 16226" 15658 15368 15413 15753

2.35 .... 16176* 15895 15957 16315*

2.40 ...... 16422* 16501* --

*These values have been obtained by extrapolation
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TABLE C.3.1

TOTAL NET TAKEOFF THRUST (TOT) PER ENGI_IE,Pounds (Ibs);
4E-LBPR-NB

f

AirpQrt AircraftSpeed,VT,KTAS
Temperature,
Degrees OF 0 I00 160 200 250 300

AIRPORT PRESSURE ALTITUDE - SEA LEVEL

-6.5 17210 15340 14470 13690 12900 12360

59 17310 15630 14850 14130 13450 12850

84 17330 15700 14910 14230 13570 12960

120 14880 13200 12500 11880 11320 10840

AIRPORT PRESSURE ALTITUDE - 2000 F.T

-6.5 17210 15620 14880 14230 13600 13280

38 17290 15830 15'160 14600 13990 13460

59 16060 14560 13810 13170 12490 11910
,. , ,,..

84 16080 14620 13940 13260 12620 •12020

'" 120 13770 12360' 11660 11070 10510 10050'

AIRPORT PRESSURE ALTITUDE - 4000 FT

20 16650 15100 14420 13870 13340 12990

40 15820 14380 13720 13150 12570 12080

59 15050 13530 12040 12260 11630 11080'

84 16070 13620 12920 12300 11720 11160

120 12910 11600 10900 10340' 9810 9320

AIRPORT PRESSURE ALTITUDE - 6000 PT

20 15290 13990 13320 12790 12350 12050'

40 14630 13340 12670 12140 11640 11250

59 13850 12510 11900 11360 10770 10260

84 13870 12590 11960 11410 10850 10330

120 11840 10650 10090 9560 9060 8630

0-15



TABLE C.3.2

MAXIMUM(rlORMAL)CLIMBTIIRUST(MCT)EPR SETTINGPER EHGINE;
4E-LBPR-NB

!

Pressure Telnperature,DegreesOF, (OATPL) I
A]tltude, l

Feet -4.0 14.0 32 41 59 68 77 86 95 104 113

0 1.79 1.79 1.79 1.74 1.67 1.63 1.60 1.56 1.53 1.49 1.46

1000 1.86 1.86 1.78 1.74 1.67 1.63 1.60 1.56 1.53 1.49 1.46

2000 1.90 1.86 1.78 1.74 1.67 1.63 1.60 1.56 1.53 1.49 1.46

3000 1.94 1.86 1.78 1.74 1.67 1.63 1.60 1.56 I;53 1.44 1.46

4000 1.94 1.86 1.78 1.74 1.67 1.63 1.60 1.56 I 1.53 1.44 1.46

5000 11.94 1.86 1.78 1.74 1.67 1.63 1.60 1.56 1.53 1.44 1.46

20000 I.g4 1.86 1.78 1.74 1.67 1.63 1.60 1,56 -

25000 1.94 1.86 1.79 1.76 1.71 1.67 1.64 1,60 -

30000 1.93 1.87 1.81 1.77 1.70 1.66 1.63 1.59
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TABLE C.3.3

_- REFERREDNET THRUST(Fnl_)PER EHGINE,Pounds(]bs);
4E-LBPR-NB

Engine MACHNumber
Pressure
Ratio, .... .
EPR 0.0 0.1 0.2 0,3 0.4

1.00 1120" 1207' 1386"

1.05 1968" 1951" 2120 2108 2263

1.10 3491 3190 3120 3009 3140

1.15 6014 4429 4122 3910 4018

1.20 6386 6619 5143 4833 4919

1.25 7590 6708 6145 5759 5820

1.30 8688' 7750 7055 6661 6661

1.35 9729 8704 7965 7554 7487

11'40 10698 9630 8842 8400 8288

_"_ 1.45 11642 10500 9719 9200 9045

1.50 12504 11333 10519 10000 9803

1.55 13317 12148 "i1282 10730 10525

1.60 14119 12889 12041 11460 11234

1.65 14859 13630 12726 12172 11943

1.70 15600 14338 13411 12834 12590

1.75 16341 15014 14089 13497 13231

1,80 17082* 15689 14726 14150 13872
• , ,,,.

1,85 16364* 15363 14775 14526

1',90 15000 15400 15184
,_ ,,,,

1.95 16637* 16025* 1584i"

2,00 16500*

_. *Thesevalueshavebeenobtainedby extrapolation.
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TABLEC,4.1

TOTALNET TAKEOFFTHRUST(TOT)PER ENGINE,Pounds(Ibe);
4E-HBPR-WB

Airport
Temperature, AircraftSpeed,VT, KTAS
Degrees°F

]O0 150 20D 250

AIRPORTPRESSUREALTITUDE- SEA LEVEL

-6.5 36741 34039 31787 29887

59 37455 35006 32094 31043

77 37538 35124 33036 31192

80 37552 35143 33057 31216

90 36359 34017 31954 30089
100 35036 32778 30740 28862

AIRPORTPRESSUREALTITUTDE- 2000 FT

-6:5 34969 32440 30352 28638

52 3561l 33297 31330 29622

70 35691 33410 31457 29758

73 35704 33428 31477 29779

83 34604 32302 _0_1.... 28729

93 33458 31301 29389 27651

103 32209 30132 28244 29498

0-18



TABLEC.4.1

(Continued)

Airport
Temperature, AircraftSpeed,VT, KTAS
DegreesOF

100 ]80 200 250

AIRPORTPRESSUREALTITUDE- 4000FT

-6.5 I 33188 30844 28910 27356

46 33769 31596 29763 28193

66 33859 31719 29902 28337

76 32879 30778 28970 27387

86 31859 29810 28019 28417

_'_ 96 30760 28775 27006 25388

100 29583 27673 28927 24306

AIRPORTPRESSUREALTITUDE- 6000FT

-6.5 31439 29253 27476 26052

38 31942 29908 28212 26770

59 32026 30023 28341 26904

69 31161 29185 27499 26043

79 30230 28293 26619 25146

89 29281 27396 25739 24247

100 28230 26409 24773 23269

0-19



. TABLE C.4.2

MAXIMUM(NORHALCLIMBTHRUST(MCT)EPR SETTINGPERENGINE;
4E-HBPR-WB

Pressure
Altitude, Temperature,DegreesOF, {OATPL)
Feet

-S 13 31 49 67 85 103

0 1.2B 1.28 1.28 1,2B I.28 1.29 1.24

1000 1.29 1.29 1.29 1.29 1.29 1.29 I.24
¢-}
IN 2000 1.30 1.30 1.30 1.30 1.30 1.28 1.23

5000 1.33 1.33 1.33 1.33 1.33 1.27 1.22

gOOO 1.37 1.37 1.37 1.37 1.32 1.26 1.21

10000 1.33 1.33 1.33 1.33 1.31 1.24 1.18,,
19000 1.43 1.43 1.43 1.39 1.31 ....

20000 1.44 1.44 1.44 1.39 1.31 ....

24000 1.47 1.47 1.45 1.39 1.31 ....

25000 1.47 1.47 1.45 1.39 1.31 ....

29000 1.49 1.49 1.44 1.38 1.30 ....

30000 1.50 1.50 1.45 1.39 1.31 ....



f

TABLE C.4.3

REFERREDNET THRUST(Fn/6)PER ENGINE.Pounds(Ibs);
46-HBPR-WB

Engine
Pressure MACH Number
Ratio
EPR 0.1 0.2 0.3 0.4

1.00 1742 3361 5406 7231

1.05 7371 7953 9280 10982

1.10 13000 12545 13154 14475

1.15 18000 16894 16889 17864

1.20 22320 20960 20414 20909

1.25 26291 24596 23688 23778

-,, 1.30 29927 27875 26722 26488

1.35 33213 30889 29600 28927

1.40 36269 33667 31976 31217

1.45 39012 36120 34317 33391

1.50 41755* 38411 36297 35321

1.55 -- 40280 38233 37156

1.50 -- 42077* 39900 38812

1.65 .... 41567 40316

1.70 .... 43234* 41820

1.76 ...... 43324*

*Thesevalueshavebeenobtainedby extrapolation.

C
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TABLEC.4.4

REFERREDLOW PRESSUR£FAN SPEED(Nl/d_2);RPM;

4E-HBPR-WB

Engine
Pressure MACH Number
Ratio
EPR 0.1 0.2 0.3 0.4

1.00 1264" 1548" 1848" 2074

1.05 1703 1897 2119 2331

1.10 2142 2246 2390 2551

1.15 2458 2525 2624 2748

1.20 2573 2739 2810 2904

1.25 2841 2896 2958 3032

1.30 2980 3023 3080 3140 '_'_'

1.35 3099 3132 3182 3230

1.40 3206 3228 3268 3311

1.45 3298 3310 3347 3385

1.50 3390* 3386 3410 3450

1 .$5 -- 3446 3471 3511

1.60 -- 3506* 3524 3564

1.65 .... 3576 3609

1.70 .... 3628* 3655

1.75 ...... 3701*
,,m

•Thesevalueshavebeenobtainedby extrapolation
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TABLEC,5,I

TOTALNET TAKEOFFTHRUST(TOT)PERENGINE,Pounds(Ibs);
2E-HBPR-I_B

Airport AircraftSpeed,VT, KTA8
Temperature,
Degrees OF O 100 150 200 250

AIRPORTPRESSUREALTITUDE- SEALEVEL

20 43352 37148 35284 34136 33711

40 43352 37294 35407 34191 33751

60 43352 37383 35495 34225 33795

_-_ 80 43352 37471 35565 34253 33834

100 40856 35332 33581 32453 32165

AIRPORTPRESSUREALTITUDE- 2000 FT

20 41283 35273 33478 32429 31988
,.,-

40 41283 35422 33589 32486 32032

60 41283 35511 33668 32523 32077

80 40837 35290 33474 32238 31817
..

100 37988 32852 31224 30175 29907
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TABLEC.5.1

(Continued)

Airport Aircraft Speed, VT, KTAS
Temperature,
Degrees OF O 100 150 200 250

AIRPORTPRESSUREALTITUDE- 4000 FT

20 39125 33278 31490 30662 30231

40 39126 33430 31662 30718 30274 ""

50 39126 33520 31728 30752 30319

80 37934 32781 31094 29946 29555

100 35287 30516 29004 28030 27781

AIRPORTPRESSUREALTITUDE- 6000 FT

20 37025 31354 29726 28950 28531

40 37025 31506 29804 29904 ; 28573

60 37025 31598 29860 29036 28617

80 35197 30416 28851 27786 27423

100 32742 28315 26912 26008 25777
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TABLEC.5.I

(Continued)

Airport . AircraftSpeed,VT, KTASTemperature, ...
Degrees OF 0 100 1SO 200 2B0

i,

AIRPORTPRESSUREALTITUDE- 8000 FT

20 34935 29467 27923 27259 26854

40 34935 29618 27988 27311 26896

60 34050 29104 27B21 26727 26345

"_' 80 32624 28192 26742 25821 25418

100 30348 26245 24944 24106 23892

,9
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TABLEC.5.2

MAXIHUH(NORHAL)CLIMBTHRUST(MCT)EPR SETTINGPER'ENGInE;
2E-HBPR-I(B

Pressure Temperature, OegreesOF, (OATPL)
Altitude,

Feet -5 13 31 49 67 85 103

0 1130 1,30 1.30 1.30 1.30 1.30 1.26

I000 1.31 1.31 1.31 1.31 1.31 1.30 1.26

,_ 2000 1.32 1.32 1.32 1.32 1.32 1.30 1.26
f_

5000 1.34 1.34 1.34 1.34 1.34 1.30 1.26

gO00 1.38 1.38 1.38 1.38 1.34 1.30 1.26

10000 1.35 1.35 1.35 1.35 1.32 1.29 1.2_

12000 1.37 1.37 1.37 1.37 1.32 1.29 1.24

15000 1.40 1.40 1.40 1.39 1.32 1.29 1.24

20000 1.45 1.45 1.45 1.39 1.32 1.29 1.24

25000 1.49 1.49 1.46 1.39 1.32 1.2g 1.24

30000 1.53 1.52 1.46 1.39 1.32 1.29 1.24
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TABLEC,5.3

RSFERREDNETTHRUST(Fn/6) PERENGINE,Pounds(lbs);
2E-HBPR-W8

Engine
Pressure MACHNumber
Ratio,
EPR 0.0 O.l 0.2 0.3 0.4 O.S

1. O0 1400 1000 2200 3700 5600 7900

l , 05 7800 6600 7000 01O0 9600 11600

1.10 14200 12300 11800 12400 13400 15200

1.15 20000 17300 16100 16300 17200 18800

1.20 24600 21600 20300 20000 20700 22200
m_

= 1.25 29200 25800 24000 23400 23900 25100

1 •30 33400 29500 27500 26500 26800 27600

1.36 37000 33000 30700 29600 29400' 29900
,, ,,,,,

1.40 40600 36400 33700 32200 31900 321O0
• , ,... •

1.45 43800 39400 36400 34600 34000 341O0

1•50 46800 42000 3BOO0 36700 36000 36000

1.55 49700* 44500* 39500* 38700* 37900* 37800*

*Thesevalueshavebeenobtainedby extrapolatlon.

,3
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TABLEC.6.4

REFERREDLOW PRESSUREFAN SPEED(Nl/V"e'r2),RPM;
EE;HBPR-WB

Engine
Pressure MACHNumber
Ratio,
EPR O.O 0.1 0.2 0.3 0.4 0,5

1.00 .... 1170 1566 1908 2304

1.05 1530 1584 1764 1998 2250 2502

1.10 2034 2052 2178 2358 2538 2725

1.15 2394 2412 2493 2610 2754 2898'

1.20 2628 2646 2718 2808 2916 3024

1.25 2826 2826 2880 2952 3042 3132

1.30 2970 2988 3020 3078 3159 3215

3.35 3096 3134 3132 3186 3231 3294

1.40 3204 3204 3240 3276 3312 3348

1.45 3312 3312 3321 3348 3375 3402

1.50 3402 3402 3402 3420 3438 3456

1.55 3492* 3492* 3483* 3492* 3492 3510

1.60 ........ 3546 3564

*Thesevalueshavebeenobtainedby extrapolation.
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TABLE C.6.1

TOTALNET TAKEOFFTHRUST(TOT)PER EHGINE,Pounds(Ibs);

3E-HBPR-_.I8

Airport AircraftSpeed,VT,KTAS
Temperature,
Degrees_F 0 I00 160 200 250

AIRPORTPRESSUREALTITUDE- SEA LEVEL

20 36156 30732 28773 27158 25848

40 38116 32752 30760 29077 27747

60 40124 34736 32700 30935 29608

80 42164 36741 34613 32781 31458

lO0 41654 36352 34254 32472 31148
l,...,

AIRPORT PRESSURE ALTITUDE - 2000 FT

20 34620 30235 28369 26798 85553

40 36454 32128 30211 28586 27321 !

60 38445 33899 31924 30234 28974

80 40247 35768 33705 31962 30696 i

_00 II 38730 34426' 32443 30767 29525
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TABLEC.6.i

(Continued)

Airport AircraftSpeed,VT,KTAS

Temperature, 1
Degrees_F 0 lOO ISO 200 250

AIRPORTPRESSUREALTITUDE- 4000FT

20 33090 29473 27687 26178 24999

40 34743 31245 29393 27842 26644

60 36681 33059 31144 29527 28331

80 37650 34027 32083 30493 29379

100 35977 32560 30687 29112 27950

AIRPORTPRESSUREALTITUDE- 6000 FT
i

20 31501 28718 26993 25553 24438

40 33136 30368 28580 27099 25965

60 34771 31939 30122 28680 27648

80 34935 32094 30271 28822 27822

100 33382 30212 28985 27507 26420

AIRPORTPRESSUREALTITUDE- 8000 FT

20 29956 27748 26093 24725 23674

40 31471 29391 27696 26367 25376

60 33200 30841 29120 27847 26973
,m,,

80 32380 30299 28590 27274 26383

I t
lO0 30941 28991 27333 25975 24 86 ,.._
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TABLEC.6.2

HAXIHUH(NORHAL)CLIHBTHRUST(HCT)

LOW PRESSUREFAR SPEED (NI)SETTI_IGPER ENGIHE,RPM;

3E-HBPR-WB

Pressure
Altitude_ Temperature,DegreesOF, (OATPL)

Feet O 20 1 40 60 80 100

0 3083 3145 3206 3275 3330 3344

5000 3176 .3244 3306 3375 3436 3344

10000 3234 3303 3364 3436 3447 3344
I

-- 15000 3282 3351 3416 3488 3447 3344
=,,,, •

80000 3337 3406 3474 3526 3447 3344

25000 3402 3467 3539 3526 3447 3344

30000 3474 3543 3'577 3526 3447 3344

©
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TABLE C.6,3

REFERREDNETTHRUST(Fnl6)PER ENGINE,Pounds(IBs);

3E-HBPR-WB

Referred Low

PressurePan MACHNumber
Speed,

(N1//®T2 )
RPM '"0.0 O.l O.2 0.3 0.4 O.B

2060 llO00 9500 8100 6900 5900 4900

2231 13300 11500 9900 8600 7500 6500

2403 16000 13900 11900 10400 9300 8300

2575 19000 16300 14200 12600 11400 10500

2746 21900 19000 16900 15200 14000 13000

2918 25400 22300 20000 18200 16900 15900

3090 29400 26000 23500 21700 20200 19200
,m

3261 34000 30400 27600 25600 24000 22900

3433 38900 35100 32300 30000 28300 27200

3605 44000 40100 36900 34400 32600 31600

3776 49800 45000 41300 39100 37700 36900
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