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FOREWARD

The user is assumed to be Familiar with the following documents:

o National Computer Center - IBM System,

_ "NCC- IBMWYLBURGuide"

o U.S. Environmental Protection Agency,

• "NCC- IBMUser'sGuide"

e IBM, "OS/VS2 TSO Command Language Reference Manual,"

GC28-0646-4

This manual describes the procedures for using the modified flight
.,
. procedures model developed by ORI, Inc. as it existed on the NCC computer

_ system on July, 1981.
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SYMBOLSAND ABBREVIATIONS

Symbol/

Abbreviation Units Description

A/C - Aircraft r"_

ALT feet Airportaltitudeabovesea-level

ARPT Airport

CT ft/sec Speed of sound

CD Aerodynamic drag coefficient

CL Aerodynamicllftcoefficient

D pounds Aircraftdrag

DB feet Horizontaldistancebetweenflight
path section end points

E - Aircraft engine

EAS knots,ft/sec Equivalent air speed

EPR - Engine-Pressure-Ratio

EPA - EnvironmentalProtectionAgency

OF deg Atmospheric temperature in degrees

Fahrenheit _i_.i
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Symbol/

Abbreviation Units Description

FAA FederalAviationAdministration

_n pounds Averagetotalnetthrust

_nl pounds Averagenet thrustperengineat Hi.

_n2 pounds Averagenet thrustperengineat H2

FPM ft/min, Aircraft rate-of-climb or descent

fpm ft/min. Aircraft rate-of-climb

g ft/sec/sec Acceleration of gravity

HAA feet Heightaboveairport

HBPR - High-by-passratio

HPALT feet Geopotentialpressurealtitude

_, HI feet Aircraft'saltitudeabovethe

airport at section end point !

H2 feet Aircraft'saltitudeabovethe

airport at section end point 2

IBM InternationalBusinessMachines

i Corporation

INM Integrated Noise Model computer
program

OK deg. Atmospherictemperatureindegrees
_' kelvin

!

KEAS knots Equivalentairspeed
_i or

keas knots Equivalentairspeed

Klbs pounds Onethousandpounds

KTAS knots.ft/sec True air speed

L pounds Aircraft lift

LBPR - Low-by-passratio

vii



Symbol/

Abbreviation Units Descripti'on

LR °K/foot First-layer standard lapse rate

MACH Machnumber

MCT pounds Maximumclimbthrust

N Numberofenginesoperating

NI rpm Lowpressurefanrotationalspeed

NB Narrowbody

NCC National Computer Center

NOISEMAP NOISEMAPcomputerprogram

ONAC - Officeof NoiseAbatementand
Control

R feet Flighttrackturnradius

Re feet Equivalentearthradius _"

RPM rpm Enginerotationalspeed

Sw sq.feet Referencewingarea

TO °K Sea-levelstandardtemperature

TAPTK OK Airport temperature

TEMP OF Airporttemperature

TEMPF OF Temperature

TEMPK OK. Temperature

THPK OK Non-standard ambient temperature

TOT pounds Total net takeoff thrust per engine

TRAT Ratio between the airport's actual
ambient temperature and the sea-
level standard temperature

TSO - Time Sharing Option

TSTA OK Standard ambient temperature _,i,,.#
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Symbol/

Abbreviation Units Description

tFR sec Flapretractiontime

USAF United States Air Force

V ft/sec Aircraft velocity

ft/sec/sec Aircraft acceleration

Ve ft/sec Equivalent air speed

Vs knots Equivalentairspeedat stall

VT ft/sec True air speed

VTI ft/sec True air speed at HI

VT2 ft/sec True air speed at H2

VZ fpm Rate-of-climb

V2 knots One-engineout takeoffsafety

_,'_ speed

V35 knots Equivalent air speed at 35 feet
HAA

V1 KEAS,KTAS Aircraftair speedat HI

V2 KEAS,KTAS Aircraftair speedat H2

W pounds Aircraftweight

'WB - Wide-body

_: _B degrees Aircraftbodyangleof attack

y degrees Aircraft flight path angle
(

AZ feet Change in vertical altitude from
H1 to H2

i _ Ratio of ambient pressure to sea
level reference pressure of 33,73
inches of mercury

6F degrees Aircraft flap position or setting
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Symbol/

Abbreviation Uni,ts Description

_ AltitudepressureratioatHI

62 Altitude pressure ratio at H2

Altitude pressure ratio at
63 (H1 + H2)/2

Altitudetemperatureratio

_c deg Flight track turn angle

®c radians/sec Aircraft turning rate

_T2 Ratio of the total temperature at
the fan stage face to sea level
reference temperature of 77°F

p Ibs-sec_ Ambientairdensi'ty

ft_ ?_'_

Po Ibs-secz Air densityat sealevel
ft _

- 'Altitude density ratio

$ deg Aircraftbankingangle
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I. INTRODUCTION

BACKGROUND

Under Task 38 of EPA/ONAC Level-of-Effort Contract No. 68-01-6151,

_'_) • ORI, Inc. identified and collected performance and operational data and infor-

mation required to construct flight paths and performance schedules for

selected commercial aircraft types powered by turbofan engines. _ As part of

the task effort, ORI, Inc. also evaluated available flight procedure computer

programs to identify, existing analytical and computer programming work which

could be used in developing a modified computer program model to generate

aircraft flight path and performance schedule data which are compatible with

the input data requirements of the FAA's INM and the USAF's NOISEMAP.2'_

In a follow-on task, ORI, Inc. developed modified analytical al-

gorithms for constructing aircraft flight paths and performance schedules for

speci.fied operational procedures. These algorithms were derived from funda-

mental aircraft and engine performance relationships or from operational

characteristics applicable to specific aircraft types. Based on these al-

gorithms, a computer model was developed and installed on the EPA's IBM 360/

370 computer system (NCC). The program was written in FORTRAN IV language and

executed interactively under TSO.

In developing the modified flight procedures model, it was found

+_'} that little of the existing analytical and computer programming work could be

I-I



utilized. In general, the structure of the existing models and the models _

algorithms were not compatible with the performance and operational data and

information requirements described in Reference i. In addition, the "simplified"

relationships used in most of the existing models to describe the aircraft's

performance and operational characteristics could not provide the specialized

capabilities which were identified as requirements of the modified flight pro-

cedures model. Furthermore, incompatibility between the EPA's computer system

and the systems used to operate many of the existing flight procedures models

prevented the use of much of the existing computer programming work in the

development of the modified flight procedures program.

OBJECTIVES

The objectives of this program effort were to: 1) develop modified

analytical algorithms for constructing aircraft flight path and performance

schedules for specific operational procedures, 2) develop a computer program

model based on these modified analytical algorithms such that the output is

compatible with the input data requirements for FAA's INM and the USAF's

NOISEMAP, 3).install the computer program model on the EPA's.IBM 360/370 com-

puter system and demonstrate the operation of model, and 4) prepare a user's

manual which provides a detailed description of the use and application of the

computer program model. This report describes the work performed in accom-

plishing these objectives.

I-2



II. DESCRIPTION OF THE MODIFIED FLIGHT

PROCEDURES MODEL

The modified flight procedures model can be used to construct air-

craft flight paths and performance schedules for takeoff and for approach and

_=_ . landing operations performed in accordance with specified flight procedures.

The aircraft types considered in the model are representative of all types of

in-service commercial aircarrler aircraft powered by low-by-pass ratio (LBPR)

and high-by-pass ratio (HBPR) turbofan engines, The current fleet of "narrow

body" aircraft types are powered by LBPR engines and the "wide body" aircraft

types are powered by HBPR engines. The following six generic aircraft classes

are represented:

• 2-Engine LBPR-Narrow Body (2E-LBPR-NB)

• 3-Engine LBPR-Narrow Body (3E-LBPR-NB)

• 4-Engine LBPR-Narrow Body (4E-LBPR-NB)

• 2-Engine HBPR-Wide Body (2E-HBPR-WB)

• 3-Engine HBPR-WIde Body (3E-HBPR-WB)

• 4-Engine HBPR-Wode Body (4E-HBPR-WB)

Table 2-I presents a list.ingof specific aircraft types which are representative

of the above generic classes and identifies the aircraft selected to represent

(_ each generic class. The engines used to power the selected aircraft are also
presented on Table 2-1.

2-1



TABLE 2-i

AIRCRAFT/ENGINE IDENTIFICATION AND SELECTION

Generic Representative Aircraft Selected Engine Used to
Aircraft Aircraft To Represent Generic Power Selected

Class Types Class Aircraft

2-Englne LBPR-Narrow Body 737/DC-9/BAC-111 737-200 ADV_ JT8D-15

3-Englne LBPR-Narrow Body 727 727-200 ADV. ,IT8D-15

4-Englne LBPR-Narrow Body 707/DC-8/720 707-300 B JT3D-3B/C

.
r_ 2-Englne BgPR-Wide Body A300/757/767 JT9D-20

3-Englne HBPR-Wide Body DC-IO/L-I011 DC-IO-10 CF6-6D

4-Englne IIBPR-WldeBody 747 747-200 JTgD-7

*A pseudo aircraft has been used to represent the generic class of 2-englne lIBPR-wldebody aircraft
types. Aircraft performance and operational data and information for the pseudo aircraft were based
on actual data and information for the DC-IO-40. The pseudo aircraft is powered by two (2) JTgD-20
engines.



The range of airport, aircraft, and engine operational parameters

for the aircraft types considered in the flight procedures model are shown

on Table 2-2. The maximum operating speed allowed by the model for all air-

craft types is limited to 250 KEAS. The minimum operating speed is con-

sidered to be the aircraft stall speed (Vs). The stall speeds are functions

of flap setting and aircraft weight and can be determined from the operational

data presented in Reference I.

A detailed description of the flight procedures model is presented

in the following sections.

TAKEOFF OPERATIONS

The takeoff operations which may be modeled include the following:

e Acceleration from brake release to point of lift-off

with constant flap and thrust settings; landing gear

extended

[_ a Accelerationfrom pointof l'ift-offto 35 feet
height above airport (HAA) with constant flap

and thrust settings; landing gear extended

e Acceleration from 35 feet HAA to 400 feet HAA

with constant flap and thrust settings; initiate

and complete landing gear retraction

a Climb at constant equivalent air speed (EAS),

and constant flap and thrust settings; landing

gear retracted

a Acceleration with changing flap setting, and

with a constant thrust setting; landing gear

retracted

o Acceleration with constant flap and thrust

settings; landing gear retracted

e Acceleration with constant flap setting and

with changing thrust setting; landing gear

,_) retracted

2-3



TABLE 2-2
RANGE OF AIRPORT, AIRCRAFT,. AND ENGINE OPERATIONAL PARAMETERS

FOR THE AIRCRAFT TYPES CONSIDERED IN TIIE FLIGIIT PROCEDURES MODEL

AIRPORT PARAMETERS . AIRCRAFT PARAMETERS
i/

Pressure Temp. Climb Speeds
Flap PositionsI Deqrees_ _-_ Weight Ran_e_ Klbs, WAircraft A1tltude Range, . . Above V2_

Type RanBe_ Feet De_rees, OF Takeoff Approach Takeoff Approach Knots,KEAS

2E-LBPR-NB 0 to'6000 30 to 100 1,2,5,10,15,25 0,I,2,5,10,15 70 to 125 70 to 110 15,20,30
25,25D,300,400

3E-LBPR-NB 0 to 6000 30 to 100 5,15,20,25 0,2,5,15,20,25, 110 to 230 100 to 160 10,20,30
250,30D,40D

4E-LBPR-NB 0 to 6000 30 to 100 14 0,14,25,250 190 to 330 160 to 260 10,20,30
40D,50D

2E-HBPR-WB 0 to 6000 40 to 95 5,15,25 0,5,15,25,35 198.3 to 360 190 to 330 10,20,30
50,35D,600

3E-HBPR-WU 0 to 6000 40 to 95 0,10,20 0,5,10,20,35, 260 to 440 240 to 380 10,20,30
50,35D,500

4E-HBPR-WB 0 to 6000 30 to 100 10,20 0,1,5,10,20 500 to BOO 450 to 650 10,20,30
20D,25D,30D

//Landing gear up for approach flaps except for those designated with a D.



TABLE 2-2 (Continued)

_NGINE PARAMETERS
Maximum Climb Thrust

Engine-Pressure-Ratio (EPR) Setting
.... Total Net Takeoff Thrust (TOT) or Low Pressure Fan Speed Settin9 (N1)

Pressure TrueAir Ambient Pressure Ambient

Aircraft Altitude Speed Range, Temp. Ranged Altitude Temp. Rang_,
Type Range, Feet Knots_ KTAO Degrees_ F Ran_e_ Feet DeoreesI F

2E-LBPR-NB 0 to 6000 100 to 300 0 to 122 0 to 30000 -4 to 122

3E-LBPR-NB 0 to 6000 100 to 300 0 to 100 0 to 30000 -4 to 122
.

4E-LBPR-NB 0 to 6000 0 to 300 -6.5 to 120 0 to 30000 -4 to 113

2E-HBPR-WB 0 to 8000 0 to 300 20 to 100 0 to 30000 -5 to 103

3E-HBPR-WB 0 to 8000 0 to 300 20 to 100 0 to 30000 0 to 100

4E-HBPR-WB 0 to 6000 100 to 300 -6.5 to 103 0 to 30000 -5 to 103



TABLE 2-2 (Continued)

ENGINE PARAMETERS

Referred Low Pressure Fan

Referred Net Thrust, (Fn/4) Speed, (NI/J_-f22),RPM

Aircraft NI/v_2 MACH MACH
Type EPR Range Ran_e_RPM NumberRange EPR Range NumberRange

2E-LBPR-NB 1.05to2.40 0.0to0.5 -

3E-LBPR-NB 1.00 to 2.40 0.0 to 0.5 -
t_
I

4E-LBPR-NB 1.00 to 2.00 0.0 to 0.5 -

2E-IIBPR-WB l.OO to 1.55 0.0 to 0.5 1,00 to 1.65 0.0 to 0,5

3E-NBPR-WB 2060 to 3776 0.0 to 0.5

4E-RBPR-WB 1.00 to 1.75 0.1 to 0.5 1,00 to 1.75 0.1 to 0.5



Climb at constant EAS and constant flap setting,

and with changing thrust setting; landing gear

retracted

e Climb at constant EAS with changing flap setting,

and with constant thrust setting; landing gear

retracted.

These nine takeoff operations can be used to model the takeoff

flight procedures which are currently used or capable of being used in

routine departures.* Each procedure consists of three flight path segments

which are identified by their principal operational activities. The seg-

ments are defined as:

e Ground-roll and inttial:_limb

e Thrust reduction

e Normal climb.

Each of these three segments may be comprised of several sections in which

the aircraft performs various operational activities such.as landing gear

retraction, flap retraction, acceleration, and thrust adjustment. The Io-

cation at which these activities are initiated and the sequence of their

occurrence will depend on the specific flight procedure employed.

The operational procedures performed during the ground-roll

and initial climb to 400 feet HAA are identical for all aircraft types

considered in the model, i.e., constant thrust setting (all-englne takeoff

thrust}, constant flaps, and landing gear retracted by 400 feet HAA. The

only variations to these operational parameters which the model will allow In-

clude the initial takeoff flap setting and initial climb speed. Starting with

the section beginning at 400 feet HAA, eight takeoff operational procedures,

or options, may be used to construct the complete flight path and per-

formance schedule. Each of the eight options may be used to define a

straight or curved flight path section. The following is a brief descrip-

tion of these options.

*A detailed description of these procedures is presented in References 1 and 4.
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Option N_Jmber 1

This option defines a flight operation performed at constant

equivalent speed, constant flap setting, constant thrust setting, and

landing gear retracted. The average flight path angle is computed from

the following flight path and performance variables: (I) height above

airport, (2) true air speed, (3) average total net thrust, (4) flap setting,

and (5) aircraft weight.

Option Number 2

This option defines a flight operation performed at constant

equivalent speed, constant flap setting, constant thrust setting, and

landing gear retracted. The average total net thrust is computed from the

following flight path and performance variables: (I) height above airport,

(2) true air speed, (3) rate-of-climb, (4) flap setting, and (5) aircraft

weight.

Option Number 3 r_.

This option defines a flight operation performed at constant

equivalent speed, constant flap setting, constant thrust setting, and

landing gear retracted. The average total net thrust is computed from the

following flight path and performance variables: (1) height above airport,

(2) true air speed, (3) average flight path angle, (4) flap setting, and

(5) aircraft weight.

Option Number 4

This option defines a fllght operation performed at constant equiva-

lent speed, constant flap setting, constant thrust setting, and landing gear

retracted. The average flight path angle is computed from the following flight

path and performance variables: (1) height above airport, (2) horizontal

distance between flight path section end points, (3) true air speed,

(4) average tdtal net thrust, (5) flap setting, and (6) aircraft weight.

Option Number 5

This option can be used to define the following three (3) flight

operations: a) acceleration with constant flap setting, and constant thrust _i_

setting, b) constant equivalent speed, constant flap setting, and changing

2-8
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thrust setting, c) acceleration with constant flap setting and changing

thrust setting. All three flight operations are performed with the air-

craft's landing gear retracted. The average flight path angle is computed

from the following flight path and performance variables: (I) height above

airport, (2) true air speed, (3) average total net thrust, C4) flap setting,

(5) aircraft weight, and (6) rate-of-climb (optional for flight operations

a and c).

Option Number 6

This option defines a flight operation performed with aircraft

acceleration, constant flap setting, constant thrust setting, and landing

gear retracted. The average flight path angle is computed from the fol-

lowing flight path and performance variables: (a) height above alprort,

(2) true air speed, (3) average total net thrust, (4) flap seeting, (5)

aircraft weight, and (6) rate-of-climb (optional).

Option Number 7

This option defines a flight operation performed at constant

equivalent speed, constant thrust setting, changing flap setting, and

landing gear retracted. The average flight path angle is computed from

the following flight path and performance variables: (I) height above

airport, (2) true air speed, (3} average total net thrust, (4) flap setting,

(5) flap retraction time, and (6) aircraft weight.

Option Number 8

This option defines a flight operation performed with aircraft

acceleration, constant thrust setting, changing flap,settlng, and landing

gear retracted. The average flight path angle is computed from the fol-

lowing flight path and performance variables: (I) height above airport,

(2) true air speed, (3) average total net thrust, (4) flap se_ting, (5)

flap retractlan time, (6) aircraft weight, and (7) rate-of-cllmb.

APPROACH AND LANDING OPERATIONS

The approach and landing flight operations which may be modeled

(_.._..j include the following:

2-9



m Descend at constant EAS, and constant flap and r'-"

thrust settings; landing gear retracted or ex-

tended

• Descend at constant EAS'or deceleration with constant

flap setting and with changing thrust setting; landing

gear retracted or extended

• Level flight at constant EAS, and constant flap and

thrust settings; landing gear retracted or extended

• Level flight deceleration with constant flap setting

and with changing thrust setting; landing gear re-

tracted or extended.

The flight procedures model provides an option for each of the

above approach and landing operations. Each of the four options may be

used to define a straight or curved flight path section. Also, flap settings

can be changed at section end points to represent "flap management" approach

procedures. A description of these options is presented below.

ORtion Number 9

This option defines a flight operation performed at constant

equivalent eir speed, constant flap setting, constant thrust setting,

and landing gear retracted or extended. The average flight path angle is

computed from the following flight path and performance variables: (i)

height above airport, (2) true air speed, (3) total net thrust, (4) flap

setting, and (5) aircraft weight.

Option Number 10

This option defines a flight operation performed at constant

equivalent air speed or aircraft deceleration with constant flap setting,

changing thrust,setting, and landing gear retracted or extended. The

average total net thrust is computed from the following flight path and

performance variables: (I) height above airport, (2) true air speed,

(3) rate-of-descent, (4) flap setting, and (5) aircraft weight.

Option Number 11

This option defines a flight operation performed at constant _.i.i
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equivalent air speed or aircraft deceleration, with constant flap setting,

changing thrust setting, and landing gear retracted or extended. The

average total net thrust is computed from the following flight path and

performance variables: (I) height above airport, (2) true air speed, (3)

flight path angle, (4) flap setting, and (5) aircraft weight.

Option Number 12

This option can be used to define the following two (2) flight

operations: a) level flight at constant equivalent air speed, constant flap

setting, and constant thrust setting, or b) level flight deceleration with

constant flap setting, and changing thrust setting. Both flight operations

can be performed with the landing gear retracted or extended.-The average

total net thrust is computed from the folloiwng flight path and performance

variables: (I) height above airport, (2) true air speed, (3) horizontal

distance traveled during the flight operation, (4) flap setting, and (5)

aircraft weight.

_, . MODEL INPUTS ,

The flight procedures model uses an extensive aircraft and engine

performance data base to construct flight path and performances schedules.

Most of these data are stored internally on data base files which are read

by the main program prior to program execution, The stored input data used

, by the model for both takeoff and approach and landing operational procedures

include the following:

a Aircraft reference wing area

6 All-engine distance from brake release to 35 feet

• HAAand 400feetHAAovera widerangeof aircraft

weights, flap settings, airport temperatures, and

airport pressure altitudes

m Equivalent air speeds for takeoff over a wide range

of aircraft weights and flap settings*

_i._ _These include the all-engine EAS at 35 feet HAA (V35) and the one-engineout takeoff safety EAS (V2).

2-11
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• Engine thrust parampters over a full range of takeoff

and approach and landing conditions and thrust require-

ments. These parameters include: (a) all-engine net

thrust as a function of air speed, temperature, and al-

titude (for takeoff operations), (b) referred (or cor-

rected) net thrust (Fn/a) as a function of engine-

pressure-ratio (EPR) and air speed, (c) referred (or

corrected) low pressure fan speed (_I/Gv_2) as a function

of EPR and air speed, and (d) referred (or corrected) net

thrust as a function of low pressure fan speed and air

speed

• Aircraft lift and drag coefficients as a function of

takeoff flap settings and landing gear position.

Input data which are supplied or selected by the program user

includethefollowing: _"

• Airport temperature and pressure altitude

• Aircraft weight

• Engine thrust parameters

• Flap setting

e Climb and descent equivalent air speeds (including

the climb speed above the one-engine out takeoff safety

speed, V2)

m _ap retraction speed schedules and times

• Turn radius (when turning operations are performed).

MODEL OUTPUTS

Each aircraft flight profile consists of a number of flight path

sections. The number of sections comprising each profile will depend upon

the type of flight operation and the procedure used. The output from the

flight procedures model provides aircraft end engine performance data for

each section of the profile. Specific types of data presented depend upon
_,t,"

the aircraft type considered. When turning operations are performed, the

2-12
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flight track turning angle is computed from a specified turn radius and is

presented as part of the output. A complete listing of the model output

data is presented below:

I Total time from brake release (or co touchdown), minutes -

TOT.MIN.

I Horizontal distance from brake release (or touchdown),

feet - DIS.(FT)

• Height above the airport, feet - HAA(FT)

I True air speed, KTAS - VT(KTAS)

a Equivalent air speed, KEAS - VE(KEAS)

I Rate-of-climb (or descent), feet/man. - ROC(FPM)

t Flight track turn angle, degrees - TURN ANG

I Average climb angle, degrees - CLM ANGL

F-_ e Averageangle-of-attack,degrees- ALPHA

I Average aircraft body angle, degrees - BOD ANGL

a Flap setting (at section endpoints), degrees - FLAPI, FLAP2

I Thrust, (at section endpoints), Ibs. - FNI(LBS), FN2(LBS)

I Referred net thrust (at section endpoints) Ibs - FNDEL1, FNDEL2

i Engine-pressure-ratio (at section endpoints) - EPRI, EPR2

m Referred low pressure fan speed (at section endpoints),

RPM - FAN SPDI, FAN SPD2

AIRCRAFT PERFORMANCE ALGORITHMS

The flight procedures model uses the following three aircraft

performance equations to construct flight paths and performance schedules:
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W
Fn cos_B= D +_ V + W siny (2-1)

(L+ Fn sin_B)cos@ = W cosy (2-2)

W _ V cos y (2-3)(L + Fn sin aB) sin @= _ c

where:

Fn = Total net thrust

W : Aircraft weight

g = Acceleration of gravity

D = Aircraft drag
L = Aircraft lift

V = Aircraft velocity along the flight path axis

= Aircraft acceleration

aB : Body angle-of-attack,degrees
y Climb angle,d_grees r"

¢ = Aircraftbankingangle, degrees

Bc Aircraft turning angle in the horizontal plane, degrees

ec = Aircraftturningrate, radiansper second

Equation 2-1 describes the forces acting on the aircraft in a direction along

the flight path axis. Equations2-2 and 2-3 describethe forcesacting normal

to the flight path axis• Equations 2-i, 2-2, and 2-3 are general in that they

are applicable to straight flight paths (¢ = 0) and to curved flight paths

(_ _ 0) which result from turning operations. In deriving equations 2-I, and

2-2, two assumptionswere made: I) the net thrustcan be consideredto act

along the aircraftbody axis, i.e.,the angle between the thrustvectorand

aircraft body axis is approximately equal to 0, and 2) the centrifugal force

component,resultingfrom a changein flight path angle, is small comparedto

the other forcesnormal to the flight pathaxis• Both of these assumptionshave

been shown to be reasonable. Figures2-i and 2-2 identifythe various

forces actingon the aircraftduringa turningoperation• Figure2-i shows

the forces actingnormal to the flight path axis and Figure2-2 shows the (..J

forcesacting in the horizontalplane. From Figure 2-I, it can be seen that

• 2-14
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- Vertical Plane

(L + Fn sin eB) cos @

[L +F n sin _B)

Horizontal Plane
t

r_ _WG V cos y _{L + Fn sin aB) sin ¢
g c

W cos y

FIGURE 2.1. FORCES ACTING ON THE AIRCRAFT DURING TURNING
OPERATIONS (NORMAL.TO THE FLIGHT PATH AXIS)

,©
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Flight Track

Fn cos(_B + y)

W_6 V cos yg c
_c

y

_W 9 cos y ,,--'-
g (L + Fn sin aB) sin @

L sin y

D cos y

FIGURE 2-2. FORCESACTING ON THE AIRCRAFTDURINGTURNING
•OPERATIONS(IN THE HORIZONTALPLANE)
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i

an equation mr the banking angle ¢ can be expressed as:

/ _cv
¢ = arctan iT/ (2-4)

where ec is the aircraft's turning rate in radians per sec. The turning

rate can be expressed asS:

VcosY (2-5)ec = R

where R.is the aircraft's turning radius as measured in the horizontal

plane. Using equation 2-5, the banking angle can also be expressed as:

¢ = arctan V cosy (2-6)
Rg

The aircraft lift and drag forces are defined by the following

equations:

2 2

o : ½_vTSwCo: ½moveSwCg (2-7)
2 2

L: ½ovTSwCL: ½moveSwCL <2-_>

where:

p = ambient air density

Po = air density at sea level

Ve = equivalent air speed of the aircraft

"ii VT = true air speed of the aircraft
i

Sw = aircraft wing area

CD : aircraftdragcoefficient
J_

CL = aircraft lift coefficient

For a given flapsettingand landinggear position,the aircraft

drag coefficient (CD) is calculated as function of the llft coefficientit

(CL). 'For a given flap setting and landing gear position, the aircraft

,_,% lift coefficient {CL) is calculated as a function of the body angle-of-

_--J attack (_B). A description of the CL and CD computational algorithms is3
1

presented in Reference I.
I

2-17
}

!



ATMOSPHERIC PARAMETERS

The atmosphere used with the flight procedures model was con-

structed using algorithms described in References 6 and 7. Sea-level pressure

altitude and 77°F were selected as the reference atmospheric conditions. The

following sections discuss the components of the model atmosphere.

Geopotential Pressure Altitude

The geopotential pressure altitude is computed from:

HPALT : (ALT.Re)/(ALT + Re) (2-9)

where:

HPALT = geopotential pressure altitude, feet

ALT : pressure altitude, feet

Re = equivalent earth radius (20,844,820 feet)

S.tandard.Temperature

The standard ambient temperature is computed from:

TSTA : TO - LR,HPALT (2-10)

where:

TSTA : standard ambient temperature, OK

To : sea-level standard temperature, 298.15°K

LR : first-layer standard lapse rate, 1.9812xi0"3 °K/foot

Conversions from degrees Fahrenheit to degrees Kelvir.were com-

puted from:

TEMPK : (TEMPF + 45g.67)/I.8 (2-11)

where:

TEMPK : temperature in OK

T_MPF _ temperature in oF
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Non-Standard Temperature

The nQn-standard ambient temperature is computed From:

THPK=TRAT-TSTA (2-12)

where:

THPK = non-standard ambient temperature, OK

TRAT : ratio between the airport's actual ambient temperature

and the sea-level standard temperature

Altitude Pressure Ratio

The altitude pressure ratio (6) is computed from:

6 = (TSTA/To)5"2588 (2-13)

Altitude Temperature Ratio

The altitude temperature ratio (e) is computed from:

_,=_, e = (TAPTK/To) (2-14)
where:

TAPTK : airport temperature, OK

Altitude Density Ratio

The altitude density ratio (_) is computed from:

= 6/e (2-I5)

where:

_ altitude pressure ratio

8 - altitude temperature ratio

Speed of Sound

The speed of sound is computed from:

CT = 65.783 _ (2-16)

where:

.._ CT = speed of sound, feet/see

'_ 2-1g
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III. PROGRAM EXECUTION

MODEL DESIGN

The basic structure of the modified flight procedures model is

F_ shown on Figure 3-1. The flight procedures computer model is totally inter-

active, i.e., it is designed to interact with low-speed remdte terminals

during its execution, During program execution, the model user Is prompted

for specific data required to construct the aircraft flight paths and per-

formance schedules.

HOW TO RUN THE FLIGHT PROCEDURES MODEL

After the TSO logon procedure has been completed*, the computer

system responds by displaying "READY". The user is now connected with the

TSO interactive computer system and is ready to execute the flight pro-

cedures model. If the user is signed on under the user-ID EPATFP, the model

is executed by typing:

EXEC FLYPRO(GOMAIN)

If the user is signed on under another user-ln, the model is executed by

typing:

EXEC 'CN.EPATFP.MUSN.FLYPRO.DLIST(GOMAIN)'

"An example TSO logon pr'ocedureis presented in Appendix B,

%.._.,4)
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START

READ AIR- / /'-',

CRAFTENGINE/
DATA BASE/

/

FIGURE 3-i. BASIC STRUCTUREOF THE MODIFIED _':'::;
FLIGHTPROCEDURESMODEL
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YES

REQUEST
TYPEOF

OPERATION

INITIAl
PROCEDURE TAKEOFF

PARAMETERS

NO

INITIALIZE CONSTRt
APPROACH FIRSTT_"
PARAMETERS PROFILE

SECTIONS

SET
SECTION
COUNTER
TO 3

FIGURE3-I. (CONT.)
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CONSTRUCT
SECTION FOR
SELECTED
OPTION

1
f-_,,

OUTPUT
REQUEST NEX"

STEP

YES
PROCEDURE

NO

SET
SECTION
COUNTER

FIGURE 3-:. (CONT.)
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i

RESET >

SECTION
COUNTER

• N .() .

I INITIALIZE

BEGINNING
I OF NEXT

SECTION

/SAVE/OUTPUT

; FIGURE 3-I. CCONT.)
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After the execution command is typed, the system will respond

with the following:

FOR ALL _S: SEPARATOR IS CC_MA, BLANK(S), OR TAB
TWO _ _ NULL ITEM IN LIST, SLASH ENDS LIST
LITERALS ARE LEFr-JUSTIFLED. ABBREVIATIONS ARE NOT _.
_CS MAY COSTfAINSIGN AND/OR DECIMAL _3II_T

qTcL!SPF_DGRAMIS DESI_qED TO HANDr_E_E FO_G AIRCRAFT TYPES:
1 - 2E-LBPR-NB 4 - 2E-HBPR-WB
2 - 3E-LBPR-NB 5 - 3E-HBPR-WB
3 - 4E-LBPR'_NB 6 - 4E-HBPR-WB

_T_CT PLANE TYPE 1-6
?

Next, the user selects the aircraft type be considered by the

model and the airport temperature (OF) and pressure altitude (feet). The

I'_3 user is then asked if the program execution is to "continue as is" using the
selected aircraft type and airport parameters. If the user responds with

"YES", the type of operational procedure, either a takeoff or an approach

(and landing), is then selected. If a response of "NO" is given, the user

is given the opportunity to select new airport parameters (with the same

aircraft type), or new airport parameters and new aircraft type. An example

of the interaction between the User and the computer system during the

selection of the aircraft type, airport parameters, and type of operational

procedure is shown below:

_k'_YCTPLANE TYPE i-6
?
6

'AIRPORT TEMP(DEG-F),ALT(FT)
?

59,0
PLA_ TYPE 6 IS 4E HBPR WB
AIP/ORT TEMP(DEG.F) = 59.0 ALTITUDE(FT) = 0.0
DO YOU 9_%NT TO CCNTINUE AS IS ? YES OR NO

YES
PROFILE TYPES ARE TAKEOFF OR APPROACH
DO YOU _%NT TAKEOFF PROFILE ? YES OR NO

YES

LJ
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Takeoff Procedures

If the takeoff procedure is selected, the user is asked to select

or provide the following information:

o Aircraft weight

a Initial takeoff flap setting

o Climb speed above the one-e_gine out takeoff safety

speed (V2).

Based on these data, the aircraft's flight path and performance schedule

for the ground-roll section and the initial climb sections (to 400 feet

HAA) are determined." From point of lift-off to 400 feet HAA, the following

operational procedures are used for all aircraft considered in the model:

i) constant thrust setting (all-englne takeoff thrust), 2) constant flaps,

and 3) at 400 feet HAA, ]anding gear retraction completed and final first

segment climb speed achieved. An example of the interaction between the user
C"

and the computer system in constructing,the first _hree sections of a take-

off flight procedure is shown below:

E_TAI_FIJ_ _rIDIG_I_EX
INDEX FI_rr_G, DEG

i i0.000
2 20.000

?
1

tK-¢_'aaAT.RCIRAFI'WT(RLt_) :_ _ _ OF 500,0 TO 8OO.O
?
700

_TOEX C_.T_ SPK_ABCA/EV2

1 i0.000

2 20.000 i
3 30.000 '

?
1
INDEX OF 1 G_ CLIMB SPEED ABOVE V2 = I0.000000

*Three sections are used 'todeflne'_e operation of the aircraft from brake

release to 400 feet HAA. These sections are: i) brake release to point _.;.)
of lift-off, 2) llft-off to 35 feet HAA, and 3) 35 feet HAA to 400 feet HAA.
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Starting at 400 feet HAA, eight takeoff operational procedures,

or options, may be used to construct the complete flight path and performance

schedule Mr an aircraft operating in accordance with a specified takeoff

procedure. The complete flight path and performance schedule is comprised

of a number of individual sections in which the aircraft performs various

operational activities. The eight takeoff options considered in the flight

procedures model represent the operational activities associated with the

procedures currently used or capable of being used in routine departures.

Figure 3-2 presents a generalized flight path and flight track

section and defines the section input and output parameters. Table 3-I pre-

sents a brief description of each of the eight takeoff options and identifies

specific input and output parameters associated with each option.

The specific form of the inputs required to exercise each option

is defined for the user during the program execution. However, to facilitate

a better understanding of the use of each option, a brief description of the

key input parameters is presented below:

Thrust Setting.Index. Engine thrust may be specified In;terms of:

1) net pounds of thrust per engine, 2) all-engine takeoff thrust setting

(TAKEOFF THR), 3) maximum or normal climb thrust setting (MAX CLIMB TR),

4) referred (or corrected) low pressure fan speed (REF FAN SPD) or, 5)

engine-pressure-ratio (ENG PR RATIO). An example of the interaction be-

tween the user and the computer system in selecting the thrust setting is

shown below:

I_'r_ BEG]I'E_I.NGT_LRUSTSh_lq'_qGINDEX
FORM INDEX

LBSI_NsI_E 1
TAKEOFF THR 2
Y_%XCLLMB TR 3

' REF.FAN SPD 4
EC4GP_ _'_ATIO 5

?
2

O
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FLIGHT TRACK

©

. _)v_, HI, TP_. OC2

FLIGHT pATH

VI, _l, T_, OC1 I' Og

(_,(_ • Flight path and _tght _rack s_ction and wtnts

V1, V2 - Aircraf_ speed, KE_, KT_

H1, H2 • Aircraft altitude _bove airport, fe_t

TF1Tp z . Thrust parameter (Fn, Fn/6. EPR, N1/v_T_

DCl. 0¢2 " Oreo configuration (_ap setttng and landing 9e_r position)
y * Average flight path an91e, deg.

OS - Horizontal dl=_nce between _|ght paChsectton end points, fse_

g - Aircraft weight, lbs

_z - R_te-of-c_tmb, FP_
t •Ttme to travel between qltght path sec_ton end points, see.

e= " Flightt_k tur_ angle, deg.

R • F11_ht track turn radius, feet

FIGURE 3-2, GENERALIZED FLIGHT PATH AND FLIGHT TRACK SECTION
AND DEFINITION OF INPUT AND OUTPUT PARAMETERS _;
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TABLE 3-I

TAKEOFF FLIGIIT PROCEDURE OPTIONS

OPTION OESCRIPTIUN OF OpERATIUg IUPUT PARAMETERS OUTPUT PARA_aETER_

[ Ci|mb at constant equivalent speed, constant IIO, TP, PC, RI-] _, D, _Z, t, OB, _, Oc_/VI (KTA5),
flap setting, and constant thrust _ettln9;

landing gear retracted V2 (KTAS)

2 Climb at constant equivalent speed= HO. OC. VZ' gl_J _. O. t. _B' _U"

!/
constant il_p setting, and censtant Oc. VI (KTAS).
thrust settln9; landing gear retracted V2 (KTAS). TPi. TP2

_
O Climb at constant equivalent speed. O2. DE. _. O1-] U. VZ. t. Ou. aO. OC. VI (KTAS).

constant flap setting, and constant thrust

setting; landing gear retracted v 2 {KTAO). TPT. TP2 :

RI/ i/4 Climb at constant equivalent speed, constant 112. O. TP. PC. -- _' _Z' t. _U* ap.-- OC, V! (KTA$);
flap setting, and constant thrust setttno_

mc_ landing gear retracted V2 (KTA$)

I/ tl

5 a) Acceleration with constant flap setting, and TP. OC. Vo(_CAS). R_" _. O. t. ON. aO' O_ Vi (KTAS).
constant thrust settingl ldndlng gear

retracted V Z (optional), I1._ V_ (KTA5), IIg 2"J

b) Climb at constant equlvalent speed, constant TPO. OC. V2(KEAS), RI,-/ _, P, L, _O' °_'B' a_ VI {KTAS),
flap settlno, and changing thrust setting;
landing gear retracted II2 V2 (KTAS). VZ

c) Acceleration with constant flap setting TP2. OC. V_(KEAS). fi_ / T.D.t. _O' n"g' 0_. Vt (KTAS).
and channing thrust setting; landing gear

retracted _Z (eptlon,1). ll22-/ V_ (KTA5). 1122-I

NOtes;

1--/Denotes input and output parameters for curved flight tracks

UG " Average pitch attitude of the aircraft, degrees

_U " Aircraft body angle-of-attick, degrees

Z-a_lf VZ is an input. II2 Is an output parameter; If Vz is not an input. H2 is an input parameter

_-_lf _ Z is an Input, VZ (KEA$) is an output para_lleter; if _Z is not an Input, Vo(KEAS ) is an Input para=lieter



TABLE 3-I (Cont.)

TAKEOFF FLIGHT PROCEDURE OPTIONS

OPTION DESCRIPTION OF OPERATION INPUT PARAMETERS OUTPUT PARAMETERS

6 Acce]eratlon wlth constant flap setting, and II2, TP, OC, R,_ T. D, t._"R, I/_R' Oc' VI(KTAS)'
constant thrust setting; landing 9ear

retracted _Z (eptlonal). VE(KEAS) 3-/ V2 (RTAS), V2 (KEAS)_/

7 C]imb at coflstdnt equivalent s eeg, constant OC|, OCR, TP, tfR,
thrust setting, and changing f_ap setLing;
landln R gear retracted

_._ Vi (KTAS), V2 (KTAS)

8 Acceleration with constant thrust setting and DC_, D(:2,TP, tER, _, D, R2, _B. _B, OC, VI (KTAS),
changlnQ flap setting; landing gear

retracted VZ' R]-/ Y2 (RTAS)

_otes:

4_/ tER. flap retraction time In seconds



All of the above thrust setting options are not available for all aircraft

types considered in the model.

Aircraft Velocity. The aircraft input velocities in the direction

of flight are specified in knots, equivalent air speed (KEAS). The rate-

of-climb is specified in feet per minute (FPM).

Flap Setting Index and Retraction Time. The user selects an index

number to specify a desired flap setting. A minus sign is used to indicate

that the landing gear is extended. The flap retraction time is specified in

seconds. An example of the interaction between the user and the computer

system in selecting the flap setting is shown below:

E_'o._._ FLAP SEIT_qG
MINUS SIGN INDICATES LANDING GEAR DCWN

INPUT _ _ _'i'l'I1_,DEG

1 0.0
2 14.000
3 25.000

( ] 4 -25. go0
5 -40.000
6 -50.000

?
3

An example of the use of each of these options is presented in

the following sections.

Option Number 1

EhTER 0_TION NO. 1 THRU 8
?
1
DO YOU _ CL_"v'EDPATH(NO=STR)? YES OR NO

NO
_NTER END HEI(_T (ST) ::: WITHIN RANGE OF 400.0 TO 1.000E+06

?
i000
ENYER BEGINNING THRUST S_'I'/Z_GINDEX
FORM INDEX

1
TAKEOFF THR 2
MAX CT,TMBTR 2

L,_._.) REF FAN SPD 4D_G PR RATIO 5
?
2
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Option Number 2

ENA'_U_OPTION NO. 1 THRU 8
?
2
DO YOU WANT CURVED PATH (NO=STR)?YES OR NO

NO

ENTER _qD HEIGHT (FY) :: _['I_INRANGE OF i000. TO 1.000E+04
?
1500

ENTER CL_ SPEFD (Fr/MINWITHIN RANGE OF .0 TO 1.000E+04
?
i000

Option Number 3

oPtioN NO. i THRH 8
?
3
DO YOU WANT CURVED PATH(NO=STR)? YES OR NO

NO ,I.,.,,
E_rY_R END HEIGHT (F_) :: WITP_IWRANGE OF 1500, TO 1.000E_04

?
2000
_NTER CTIHB ANGLE (DEG) : WITHIN RANGE OF .0 TO 90.00

?
3

Option Number 4

I_ra_ OPTION NO. 1 THRU 8
?
4

DO YOU _%NT _ PATH(NO=_±_)? YES OR NO
NO

EN-'_ SECTION L!_GTH (_T)WITHIN RANGE OF .0 TO 1.000E+05
?
i0000

ENTER END HEIGHT (FT) ::: WITHIN RANGE OF 1500. TO 1.000E+06
?
2000
_A'_ BEGINNING TH_ST _h','l'J_O INDEX
FORM
_/ENG:INE 1
_F.OFF THR 2
MAX C_ TR 3
REF FAN SPD 4

• _NG PR RATIO 5 _.,_!
?
2
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Option Number 5a (Rate-of-Climb Not Specified)

ENTER OPTION NO. 1 THRU 8
?
5

DO YOU WANT CURVED PATH(NO=STR)? YES OR NO
NO
DO YOU WANT TO SPECIFY VZ ? YES OR NO

NO
_lNTER ESTIMATE OF _ hT. WI_{IN RANGE OF 400.0 TO 1,04OE+O4

?

3549

DO YOU WANT CONSTANT EQ. VEL. ? YES OR NO
NO

I_ END EQ. VEL IN KNOT WITHIN RANGE OF 177.9 TO 250.0
@
207 •93

THRUST Sb-I'_J_IGCAN BE CC_ST_
DO YOU WAN_ IT TO BE CC_STANT ? YES OR NO

YES
I_'r_ BEGINNING THRUST SEITING INDEX
FORM INDEX

LBS/ENG_TE l
_ ] 'I_%KEOFF_ 2

MAX CLIMB TR 3
REF FAN SPD 4
_G PR RATIO 5

?
2
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Option Number 5a (Rate-of-Climb Specifie,d.)

E_ OPTIONNO. 1 _ 8
?
5
DO YOU Z_%NT CURVED PATH(N_-STR)? YES OR

NO
DO YOU WANT TO SPECIFY VZ ? YES OR NO

YES

I_v-FERCL/_B SPEED FT/MIN WITHIN RANGE OF .0 TO 3000.
?
i000

ESTIMATE OF IKqDHT, W-_ RA_ OF 2893. TO 1.289E+04
?
3000
DO YOU _ CX3NST_q_EQ. VEL, ? YES OR NO

NO
I_ END EQ. V_ IN K_ _ RANGE OF 177.9 TO 250.0

?
207.93
qI_RUSTSk-_!lqG CAN BE CONSTANT

DOYOU_%NT ITTOBECONSTA_ ? YESORNO _',
YES

I_ BEGINNING T_ST _I_IUIqG INDEX
FOI_4 INDEX
LBS/E_GINE 1
TAKEOFF THR 2
_AX c_TMB TR 3
REF FAN SPD 4
_G PR PATIO 5

?
2
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Option Number 5b

I_I_ER OPTION NO. i THRU 8
?
5

[30 v_ WANT CURVED PATI_(NO=STR)? YES OR NO
NO

EO YOU %_%_f _0 SPECIFY" VZ ? YES OR NO
NO

F-NTER F-_T/u_I_TEOF _D HT. WITHIN RAi_G,EOF 3549. TO 1.355E+04
?

4000
DO YCU _ CO_STA_ EQ. VEL. ? YES OR NO

YES

F/_TER BEGIN_I.NG T_IKUST SKTTI_]G I/_]3_
FOPS4 INDEX

£/BS/_GI_ 1
_FF _n_ 2
5_ crT_ TR 3

REF FAN SPD 4
_G PR RATIO 5

?
2

_Nq'ER _ TI_>,USTS_'J.'_'II'_GI.NDh._X
FOKM I±_DEX

Lk%S/IilNGL_!E 1
TAKEOFF TLJ_R. 2

MAX CLI_[B TR 3
REF FALq SPD 4
KING PR RATIO 5

?

3
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Option Number 5c (Rate-of-Climb Not Specified)

ELNTER OPTION NO. 1 THRU 8
?

5

DO YOU WANT CURVED PATH(NO=STR)? YES OR NO
_D
DO YOU W_T TO SPECIFY VZ ? YES OR N3

NO

EI_TER ESTIMATE OF END HT. WITHTN RANGE OF 4500.. TO 1.450E+04
?
4600

DO YOU WA_f CC_STA_'T EQ. VEL. ? YES OR NO
NO

_NTER EhD EQ. VEL IN _ WITHIN RANCE OF 222.7 TO 250.0
?

227.93
TILRUST SEI_ING CA_ BE CONSTANT

DO YOU h_i_'r IT TO BE CONSTAS;? ? YES OR NO
NO

_ BEGI_I4LNG _IRUST S_-_PI'INGI_DEX"

MAX crLMB TR 3
R5_ FA_ SPD 4
_G PR RATIO 5

?
2

H_VgER F._D _{RUST Sh_f_21NGIiqDF.X
FOF_I INDEX

"r,_q / _iGL",_ i
TAKEDFF THR 2
t4AX CLIb_ TR 3
RE2 FAN SPD 4

_G PR RATIO 5
?

3
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Option Number 5c_(Rate-of-Climb Specified,)

_TER 0PTIc_ NO. 1 THRU 8
?
5

DO YOU %49_f CURVED PATH(NO:=STR)? YES OR NO
NO
DO YCO V,_Z_//DTO SPECIFY VZ ? YES OR _O

YES

'_'TER CLIMB SPF,ED 5T/M/I_ WITHIN RAdiXeSOF .0 TO 3000,
?
i000

ENTER ESTLMATE OF END I-IT.WITHIN RALNGE OF 400.0 TO 1.040E+04
?

i000
DO YOU _mi'4T CONSTANT EQ. VEL. ? YES OR NO

._O

_-NTER ESID EQ. VEL IN _NOT WITHII_ RANGE OF 177.9 TO 250.0
?

207.93
_RUST SkTI'LNG CA_W BE CC_N$"_"._T
DO YOU _LA_'_TIT TO BE CC_NSTANT ? YF,5OR NO

NO

_NTER SEGII_,_LNG'fHRUST S5"IT//_;GI_;DEX

L_3S/E,_GLNE 1 ." ",
'ridq_OFF THR 2
b_X cr,_U3 TR 3
REF FAN SPD 4
E_NG PR L_%TIO 5

?
2

ENTER END T_IRUST SS"ITING LNDEX
FORM LND_

LaS/E_4GL_E 1
TAKEOFF _R 2
_4AX cLySU3 TR 3
REF FALl SPD 4
_;G PR RATIO 5

?
3

&
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Opt.ion Number, 6 (Rate-of-Climb Not Speci.,fied)

ENTER OPTION NO. i THI_J 8
?
6
DO YOU WANT CURVED PATH (NO=STR)? YES OR NO

NO
DO YOU _%NT TO SPECIFY.VZ ? YES OR NO

NO
ENTER END HEI(_D (FT) ::: WITHSIq RANGE OF 2407. TO 1.241E+04

?
3000
_l_Th_ ESTIMATE END EQ,VEL %_±'l_tT/_RANGE OF 177.9 TO 250.0

?
215
_I_I'_ BEGIk_q/IqG THRUST _I'I'ING INDEX

FOR4 INDEX
LBS/ENGD_ l
TAKEOFF THR 2
MAX CT,TMB TR 3

REF FAN SPD 4

ENG _R RATIO 5

? C"
2

Option Number,6 (Rate-of-Climb Specified )

OPTION NO. I THRU 8
?
6

DO YOU ',,IA_I_ CURVEDPA_T_I(_NO=STR)?YES OR hO
_0
DO YOU _A_T q_DSPECIFY VZ ? YES OR NO

YES
_TF__ CT2_,BSPEED FT/MI/q WITHIN RANGE OF .0 TO 3000.

?
i000

_NTER _'4D HEIGHT (_) ::; WITH.LM RANGE 05" 4141. TO 1.414E+04
?
4500
'Eh'I_R ESTIMATE END EQ.VEL WITHIN RAS_E OF 207.9 'DO ,250.0

?
215

ENTER BEGII_ING THRUST Siq'_IlqG INDEX

FO_! LNDEX

LSS/_'_GIL_E i
_0_ THK 2

KEF FA_ SBD 4
@ Z.NGPR RATIO 5
) ?

2
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Option Number 7

I_vl'_OPTION NO. 1 THRU 8
?
7
DO YOU WANT CURVED PATH (NO=_TR)? YES OR NO

NO
MINUS SI_I INDICATES LANDING (_ DOWN
ENTER FLAP _C_'r!NG1

I_PUT INDEX FLAP SETTING, DEG

1 0.0
2 1.000
3 5.000
4 i0.000
5 20.000
6 -20.000
7 -25.000
8 -.3O.000

?
4
ENTER FLAP S_i'r.[NG2

I'NDEX FLAP _i'rflqG,DEG

1 O0
2 1.000
3 5000
4 i0.000
5 20.000
6 -20.000
7 -25.000
8 -30.000

?
3
EI_ EST.OF _ND h'T(PT)::: W±'l_i_lqRANGE OF 2407. _0 1.241E+04

?
4200

FLAP _b'_4kC'f.TIME WITHIN RANGE OF .0 TO I00.0
?
4.7
_'l'_i_BEGINNING THRUST _%_jr4G INDEX

FORM IhDEX

LBS/_GINE 1
TAKEOFF THR 2
MAX _r7_B TR 3
REF FAN SPD 4
ENG PR RATIO
?

_ .2
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O,pti,on Number 8

E_Z'_.LROPTIC_ NO. 1 TH_J 8
?
8

DO YOU WANT CURVED PATH(NO=STR)? YES OR NO
NO

MINUS SI_'_IIq21CATESLANDING GEAR DOWN
ENTER FLAP SETIU_G 1

INPUT INDEX FLAP _'_'/NG, DEG
1 0.0
2 1.000
3 5.000
4 i0.000
5 20.000
6 -20.000
7 -25.000
8 -30.000

?
3
EN'rEIRFLAP SEITING 2

]!_PUTINDEX FLAP _'-'±'ING,DEG

1 0.0
2 1.000
3 5.000
4 10.000
5 20.000
6 -20.000
7 -25.000
8 -30.000

?
2

cr._ Sp_='r.(ST/IMINWI'L'H_II',IRAI,K_OF .0 TO 3000.0
?
i000

FLAP R_'_ACT. _ _ F4_NGEOF .0 TO I00.0
?
30.6

EN_'_ ESTIMATE END _.VEL. W_IN RANGE OF 177.9 TO 250.0
?
245
_ BEGInnING THRUST _'±'_G _DEX
POP.M I_
LBS/ENGn_E l
_I_I_C_"PTHR 2
MAX CLIS_ TR 3
_/:'FAN SPD 4

?_
2
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Option Number I (With Curved Plight Path)

_NTER OPTION NO. 1 THPU 8
?
1
DO YOU WANT CURVED PA-n_(NO=STR)?YES OR NO

YES
E_k_ END HEI6_£r (FT) ::: WI_{IN R_/_GEOF 400.0 TO 1.000E÷06

?
i000
_'¢z'l:_ BEGII_R_/NGTHRUST _'z'kINGINDEX
FORM INDEX
LBS,,'ENGINE 1
TAKEOFF THR 2
MAX CLIMB TR 3
REF FAN SPD 4
_G PR RATIO 5
?
2
ENTER RADIUS OF CURVE (FT NITHIN RANGE OF 500.0 TO 5.000E+04

?
20000

Approach and Landing Procedures

If the approach (and landing) procedure is selected, the user is

asked to select or provide the following information:

m Aircraft weight

m Initial approach height above the airport

m Initial approach air speed

m Initial approach flap setting

After the above data have been entered, the user is asked to select one of

the four available approach and landing procedure options. These procedure

options can be used to model the operational activities associated with

typical approach and landing operational procedures. An example of the

interaction between the user and the computer system during the initializa-

tion of the approach and landing parameters is shown below:

0
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PROFILE TYPES ARE TAKEOFF OR APPROACH

DO YOU WANT _KEOFF PROFILE ? YES OR NO
NO

STAI_ OF APPRDACH

AIRCRAFT WT (KLBS)::WITHIN F_.NGEOF 450.0 TO 650.0
?

5O0

_N'TER _FI'TIAL HEIGHT (_'T)WITHIN RANGE OF .0 TO 2.000E+04
?
5000

EINTERI'NITEQ. VEL. (EN):: WITHIN RANGE OF .0 TO 250.0
?
214

ENI_ FLAP SE'IT/_G
MINUS SIGN I_DI_ LANDING GEAR

II%_UT II_3EX FLAP _'±'±'ING,DEG
1 0.0

2 1.000
3 5.000
4 i0.000
5 20.000
6 -20.000
7 -2S.000

8 -30.000 ,.".
?
1

Table 3-2 presents a brief description of each of the four ap-

proach and landing options (number 9 thru 12) and identifies specific in-

put and output parameters associated with each option. An example of the

use of each of these options is presented in the following sections.
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I/dli I 3-?
APPIII,ACJI AI411tArlDINI; Pl iGJIT I,IIIJCIJ]IIR£ (II'I ](Itl_

U.P_IIIf._I II[.Sc)__Ip'I]OI!{I__F(I._l,llI.AJl_(ll) ]l]l'lit PA,_tEr_, • Odtput patrollers
U ............ 27 4 _4/, ,,es_o°d,too,,ot°,,t°,,°i_.lo,,,'.,,.,,_. ,,,.,,_,,..o:(._:g-' _._,,_,t. _.g.,_.,o_.g,(_'_l,

COII_[dI_[ |'lllp s_tti/l_ elfin CllllS[dnt [hI'U_[
setting; l_mding gear r_tracted or extunflud Vg(KTAS)

,o ,e.o°nd.t.o.o,.°,o,,,,,.i..to,,eo,or "g' 'Pi"P""fleceleratiot, with constant flap setting and

¢hang|ng tllrust setting; landing) (.lear re- 1/ 3/ 4_ Vi(KTAS),Vg(KTA5 }
tracted or extended VI(KEA$)_ V2(KEAS)-' g-

L/ 21 4/

l! gescend at constant equiva]_nt spl:_d or Ill, 112, flC(LG)_ _. TPI, TPg. _Z" t, 0_. _B' DC'deceleration with COIIStLtnt flap setting arid

changing thrust settlnu; larldlng gear re- II 31 41 V](KTAS). V?(KTAS)
tracted or extended VI(_EAS). VZ(;<EA5_', R-

z_ (_)'L_e_n,gt,t_tco.st_nte,_.Ivalo,,__peod. OC(LG)-.O.V](_.EAS)-. tP|.tPz,% VZ't._iu,_e'0c'4/
co,lstant flap setting _nd O0115[_tnt tritest

setting; landing gear retracted or ex- 41 V i (KTA5). V2 (KTAS)tended R-

]__51 gl 51 _ _./
(b) Level flight d_celeratlun wlth constant II . llC(L_)- . II. V](KEA_)- . Tl'l,Tp2, y. Vz, t. _B, _, {'C'

[_dp setting _rld Ch_llg_ng thrust 5ett|ng;

landin 9 gear retracted or uxtel,d_d V2(I¢£A$). R4-I V].(KTAS). V2 (KTAS)

ffotes:

_/Denotes input parameter if tills optin,i is tile lnitial section of tile flight profile.

_/Denotes flap setting and landing gear i)os_timh

_/Denotes input paran_eter for deceleratlon.operaLioel.

_/Denotes input and ouLput p_r_nleters _or Curved Pi_ght tracks,

5111 • Ill - I1_



0ption Number 9

ENTER OPTION NO. " 9 THRU 12
?
9
DO YOU _ CURVED PATH (_D=STR)? YES OR NO

NO
E_±_ END HEI(_T (FT) : : : Wzr_!N RANr:mOF .0 TO 5000.

?
3000

FLAP SE-_ING
MINUS SI_'_IEDIC/_A'r._LANDING GEAR DOWN

INPUT INDEX FLAP SEE'PING,DEG

1 0.0
2 1.000
3 5.000
4 I0.000
5 20.000
6 -20.000
7 -25.000
8 --30.000

4 °.

BErG THRusT :_,-J.'zINGINDEX
FORM INDEX
um/m_cm_ 1

FANSPD 4
ENG PR RATIO 5
?
5
ENTER EPR _'2J-NG W'/2HXNRANG_ OF 1.000 TO 1.750

1.0

Option Number i0

I_OPTION NO. 9 _ 12
?
I0
DO YOU _ CURV_ PATK(NO=STR)? YES OR NO

NO
Exr:_ _ P_I(_T (FT) ::: WITHIN RANGE OF .0 TO i000.

?
50
DO YOU _'AhF_'CONSTANT EQ. VEL. ::7 YES OR NO

15w_a DESC_qT SP_D FT/MIN WlTBXN RANCm OF .0 TO 3000.

'? ¢i.)
720
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• Option Number 11

ElVz'_< OPTION NO. 9 THRU 12
?
11

DO YOU WANT CI/RVEDPA_-I(N0=STR)? YES OR NO
NO
ENTER END HEI6_IT(_T) :::WITHIN RANGEOF .0 TO 3000.
?
i000

DO YOU WANT CONSTANT EQ. VEL. ::? YES OR NO
NO
ENTEREND EQ VEL (KN) WITH.INRANGEOF .0 TO 153.0
?
137
ENTER FLAP :i_'_'r/lqG
MINUS SI(_ IINDICA.TESLANDING GEAR DOWN

INPUT I_DEX FLAP SETYING, DEG

1 0.0
2 1.000
3 5.000
4 10.000
5 20.000
6 -20.000

" 7 -25.000
8 -30.000

?
7
_J._:_ DESC_ ANGLE (DEG): WI_H-INRANGEOF .0 TO 90.00

?
3
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Option Number 12a,

OPTION NO. 9 TIIIRH12
-?
12

DO YOU _ CURVED PATHCNO=STR)? YES OR NO
NO

ENTER SECTIC_ DIST CF_) : W.L'rn._NRANGE OF .0 TO 2.000E+04
?
15000
DO YOU I_NT CONSTANT EQ. VEL. :? YES OR .NO

ENTER FLAP S_iY2L-NG
MXlqUSSIGN INDICATES LAND_I_GGEAR

IIqPUT11qD_X FLAP bb'l'rJ-_G,DEG.

1 0.0
2 1.000
3 5.000
4 i0.000
5 20.000
6 -20.000
7 -25.000
s -3o.ooo

?
4
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Option Number 12b

ESrI_ROPTION NO. 9 THRU 12
?
12

DO YOU _NT CURVHD PATH (NO=STR)?YES OR NO
NO

ENTER SECTION DIST (FT) : WITHIN RANGE OF .0 TO 2.000E+04
?
3-5000
DO YOU WANT CC_STANT EQ. VEL. :? YES OR NO

NO

ENTER END EQ.VEL. (EN) WITHISNRANGE OF .0 TO 173.0
?
153
ENTER FLAP S_'_'_'ING
MINUS SIgN INDICATES LANDING GEAR DOWN

LNPUT INDEX FLAP SETTING, DEG
1 0.0
2 1.000
3 5.000
4 i0.000

: 5 20.000
6 -20.000

"-_' 7 -25.000
_ 8 -30.000

?

i 7

Option Number I0 (with Curved Flii_ht_P,ath)

ENTER OPTION NO. 9 THRU 12
?
i0
DO YOU RAN_ _ PATHCNO=ST_? YES:O_ NO

YF,q
I_:I'_._IKNDHEIG_ _'Ti ::: _ RANGE OF .0 TO !000,

?
SC

DO Y_J _nLNTCONSTANT EQ. VEL. ::? YES OR NO
YwR

_In_ DESC_ SP_ FT/MIIqWITH_ RANGE OF -O TO 3000
?
720

RADIUS OF CURVE (FT Wl'rt_INRANGE OF 500.0 TO 5.000E+04
9

,'_h 30000.
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Example Takeoff Fl!ght Procedure

Figure 3-3 describes the flight profile and operational activities

for the ALPA/NWA minimum thrust reduction takeoff procedure. Using the

flight procedures model, the flight path and performance schedule for a

4-engine, HBPR-wide body aircraft type was constructed. The complete out-

put from the flight procedures model is shown on Table 3-3, The operational

parameters used in developing the flight path and performance schedule data

presented on Table 3-3 are listed below:

• Airport ambient temperature - 5g°F

• Airport pressure altitude - mean sea level

• Aircraft weight - 700,000 Ibs.

• Initial takeoff flap setting - 10 degrees

e Climb speed above the one-engine out takeoff safety

speed (V2) - I0 KEAS l--

Example Approach and Landing Flight.Procedure ".

Figure 3-4 describes the flight profile and the operational

activities associated in a typical approach and landing operational procedure,

The flight procedures model was used to construct the flight path and per-

formance schedule for a 4-engine, HBPR-wide body aircraft type. The com-

plete output from the flight procedures model is shown on Table 3-4. The

operational parameters used in developing the flight path and performance

schedule data presented on Table 3-4 are listed below:

• Aircraft weight - 500,000 lbs.

• Initial approach height above the airport - 5000 feet

• Initial approach air speed - 173 KEAS

• Maneuver flaps - i0 degrees

• Approach and landing flaps - 25 degrees

Program Termination

After the flight path and performance schedule data have been ¢'_i_

determined for each section, the user is asked if the flight profile is

• 3-30
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_ tO000 FT

(3048 m )

GMI[NT

• THRUSTINCR_A_¢ (MCT)

• ACCI_LERATION TO 2_0 KT

• NORMAl* CLIMB

o 4000 FT

:;ECONO _EGtaENT

( 1219 rn ] • FI.Ap RETI_ACTION• ACCI;I.ERATIQN
• TH_IUST R£DUCTION [CMT)

c I000 FT----

[305m ] FmSTSeGMeNT
J' 400 FT (122m1 * ROLL

• INITIAL CLIMII (TOTP

°C ,_ s 35 FT (lira) • aeAR_eTRAC'nON

ALPA/NWA MINIMUM THRUST
REDUCTION PROCEDURE

First Segment (roll and InitialcJImb)

O/_B Brake release; takeoff ro_ with takeoff thrust (TOT); rotate and climb to
35 It (11 m) height above airpo_ (HA,a,); and accelerate tO U2 keas

BB' Retract gear, climb to 400 (t (122 ra) Ha.A; and accelerate to V2 + 10
keas

B'C CIIrab to I000 it (g0S m] H.c_A with thrust = TOT, speed = V2 + I0 keas
(or greater if required), gaps = takeoff, and gear = relcacted

Second Segment (thfu_ cutback)

C At 1000 ft (305 re) HAA, [ower nose and accelerate [o zero flap speed

(VZF), reb"act flaps per schedule, maintain TOTand a pitch a_tude within
I/2 Initial value plus 0 to 3 deg. and a rate of cIim b nol less than 500 fpm

(152 me[Tes per minute)

CC' C]]mbandacceleratetoUZFwiththrust= TOT, speed =V2 + lOtoUZF
kea_, flaps = retract, and gear :. retracted

C' When a speed of U"ZF and flap retrac_on arc achieved, reduce thrust to
maximum climb thnJst (MCT)

C'D C[lmb to 4000 ff (1219 m) HA.'_ with thrust = MCT, speed = UZF keas,

/laps : rea'acted, and gear = retracted

Third Segment (normal dlrab]

D At 4000 it (1219 ra) HAA, maintain MCT and accelerate to 250 keas with

SO0 to I000 fpra (1S2 to 30S metres pet minute) rate of climb

DE C_mb and accelerate to 250 keas wgh Lhr,_st := MCT, _peed : _ to

250 keas, flaps = retracted, and gear =. retracted

E Whenaspeedo_2SOkea_lsachieved, raaintalnHCTandiniflatenormal
dlmb schedule

EF CllmbtolO, OOOit(3048ra)HAAwiththrust=MCT, speed=250keas,
flaps _ re_'amed, and (]ear _ retracIed

F At I 0,000 ft (3048 m) H._. condnue climb at 250 keas or reduce lhrust

(_ and proceed In horizontal 01ght al 250 keas

FIGURE 3-3. TAKEOFFFLIGHT PROFILE AND PROCEDUREDESCRIPTION FOR THE
ALPA/NWA MIN. PROCEDURE
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TABLE 3-3

TAKEOFF FLIGIIT PATH AND PERFORMANCESCItEDULE FOR A 4-ENGINE,
HIGH-BY-PASS RATIO WIDE BODY AIRCRAFT TYPE; ALPA/NWA MIN. PROCEDURE

Profile End
Points A B B' C C' D E F

3[C[lOr( ))iiqFEH | 2 3 4 • & I q 'J 10 II 12 l)
rgl.r[I;. _*hN 0*9| 1.21 t,_6 _ * C¢ 2*1_ ;!._4 2.q5 l*03 _*2D Se&7 ]*57 I*XK

FLAP2 IO*_G IO*O3 |3.00 l_*OO _O.£O 5,OO ' _*0_ I*:O hOO 0.0 O,_ O*O d*O

NOTE:

Values of -999.00 Indlca_e no data available for ouLput parameter.



S R 5(]COFT

OESCEIIOT(] GLIOESLOPE
/ itlTERCEPT ALTITUDE

a Constant Speed

• M_neuver Flaps

E (] m Constant Thrust

* geceldratJon

m _aneuver to Approac_ Flaps

_(1_ * Landfng _ear Extension

l(](](]PT m fnltlal 0escent

r 5m) (]CSCCIIOALONG GLIOESLOPC

, (]eceleratlon

, Approach to Landltlg Flaps

(] 5(]FT
I

AIRPORT 5LEVATI(]fl

TYPICAL APPROACHAND LMIDIgG
FLIGHT PR(]CEDURE

Oescand to GltdesIope intercept Altitude

k8 Level fflignt _t 9(]]0(]ft (1524 m) HAA; maneuver flaps and
_peed; t_rust as required; gear retracted

8C (]ascend to 30(]0 ft (91_ m) HAA; maneuver flaps and _peed;

thrust as required; gear retracted

Lewl Fl_gnt and (]ascent

C At 30(]0 ft (gi4 m) HAA, begin level flight; maneuver
flags and speed; thrust as required; gear retractecl

C(] Level flight at 3000 ft (gl4 m) HAA; maneuver flaps and
_peed; thrust as required; gear retracted

(] Reqln deceleration; set approach flaps; lower gear;
thrush aS i'equ_r_d

95 Level flight at 3000 ft (914 m) HAA; appraocn flaps
and speed; thrust as required; gear extended

CF Descend to IO(]O ft (305 m) HAA at a glidestope of 3
d_grees; approach flaps and speed; thrust as required; gear
extelld=d

DesCend Along Glfdeslope

P At 10(](] ft (305 m) HAA, begin deceleration; set landing
flaps; thrust as required; gear extended

F6 Descend to gO ft (I5 mJ HAA at a glldeCcope of 3 degrees;
landing flaps and speed; thrust as required; gear extended

... J ,

(._ FIGURE 3-4. FLIGHT PROFILE AND PROCEDUREDESCRIPTIONFORA TYPICAL APPROACHAND LANDING OPERATION
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TABLE 3-4

APPROACII AND LANDING FLIBIIT PATH AND PERFORMANCE SCIIEDULE FOR A 4-ENGINE,
BIG_I-BY-PASS RATIO WIDE BODY AIRCRAFT TYPE; TYPICAL PROCEDURE

Profile End
Points B C D E F B

sF/C TTDII hl._'IFcSR l ? , _ _ &

l)I_.IF'I) .;'.L ¢i3,111q.] _ _A 7_.q.l 2 7 ;_62"_•06 ]l;'/'Jl._] 12_q1_.37
HAA(FT) L_ H_.,'.} Z.,J_.(,C _cl_.,..,,,_,..;!',_t'=,'.O IR {_.(:¢ _°C, _.
VT(KTA$) }(_2°75 177.57 i _7.52 ]5_.(_L 13_.FI 154.7 r.
V E (Y.EA._:} 173. 0:_ 173oUil I;3.0L 15_°_0 137./}_ I ZT.Q'_

Rr_C/FPII) D,Z -89C_.lII :!,_ ll.u -77R.]4 -719*24

ZLbl _I)GL O. _) -"'*P,_ '.u _ .q _.¢'r 3.rip
ALPHA 6, 7F: t_*PL: ;"*7h _.] 3 9 .r,_ 7.5:
ILqO h(IGL G.7C 4.b} _.7(, _°13 _._2 4.5S

FLAPI IB. _G l_ °Z_i. I ).Cb -2E. (,0 -_5.( F -.?_.{1/_
FLAF"_ Ib. _I' l'I°_J I.',•C_i -_F.C3 -_5.fO -?¢).r_9

Ft:DEL1 12d_}_.21 _," 1¢.7S 2]223.13 11273.]3 c'_':'k. F; _SZ::._,?

EPR2 i._.!a I.:tn ! ,u6 I,14 l,_r I.;_ .
Fatl ,s_:n 1 P.._40._l tt,i_:.n.; _2, _.15 :2t_ .13 :_:, r,').._ p 19_, .ll t,
Fit;':Sprt;_ 2._l{}.qv ]7;_1.I ] 22cz.73 E_:D_..Sq P "F .]P IqZF..77

NOTE:

_s sign for flap setting indicate that landing gear Is extended.

_"_i_ I'"_ ¢....



to be ended. If the user wishes to terminate the flight profile develop-

ment, a "YES" response should be typed. The computer system will then

allow the user to continue program execution by selecting one of the

following changes:

o New flight profile using the same airport parameters

and aircraft type, or

I New airport parameters with the same aircraft type, or

o New airport parameters and new aircraft type.

If the user wishes to terminate program execution, none of the above changes

should be selected. When the computer system responds with "ready", the

user can then disconnect from the system by typing "LOGOFF". An example

of the interaction between the user and the computer system for program

termination is shown below:

DDYOU _AI_ TO_D PI_FILE ? Trf.SOR_

DO _DU _'e'_ NEW PROFTtE _Y ? YES OR
'.NO

DO YCU %,_T NT_'_;AI.'_,PRT,OLDPLANE.? YES OR _
NO
DDYOU _,AL'_TNEW PLANE& AIRPORT?YES OR _

NO
_D

RF.ADY
LCC._FF

Program Limitations

The aircraft, engine, and airport operational limitations _r the

flight procedures model are identified on Table 2-2. During program execu-

tion, the user will be required to select or provide input data which_are

within the limits of the operational parameters shown on Table 2-2. Other

program limitations which the user should keep in mind include the following:

• The equivalent air speed cannot exceed 250 KEAS

o The user can repeat sections of a flight procedure.

However, only the last completed section can be repeated.

For takeoff procedures, the first section which can be

"-_ repeatedis sectionnumberfour.
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m Flap and landing gear extentions performed during ap-

proach and landing operations are assumed to occur in-

stantaneously.

Proqram Execution Errors

There are two general types of errors which can occur during pro-

gram execution. The first type of error will result in the rejection of

the section under consideration, but the results from previous sections are

unaffected. The second type of error will result in the termination of the

program execution.* Both types of errors are generally caused by incorrect

or improper input data entry. For example, the user may specify input data

which are not within the operational limits of the model (see Table 2-2)

or are not consistent with the physical capabilities of the aircraft type

being considered. If either error type occurs during program execution, the

user can retrieve all section results up to the point of termination. These

data, along with the results from most of the computational algorithms, are

stored on a file during program execution. The file name is CN.EPATFP.MUSN.

FLYPRO.TEXT. With the listing of this file, the user can determine the

location and source of the error.** It is recommended that the user clear

the FLYPRO.TEXT file before each new run. Clearing this file can be done

by typing "FREE ALL" after the "READY" response is given by the computer

system.

*if the program is termlnated, the system will respond with "READY".

**A listing of the FLYPRO.TEXT file is obtained using the IBM WYLBUR system.
The logon procedures for accessing WYLBUR are discussed in Appendix B.

3-36



REFERENCES

I. Rank, L.A., et al, "Aircraft Flight Procedures Program: Data
Base Development," ORI Technical Report No. 1799, March 1981.

2. Conner, T,, R. Hinckley, et al, "INM, Integrated Noise Model,
Version 2 - User's Guide," Federal Aviation Administration

Report FAA-EE-79-09, September 1979.

3. Beckmann, J. M. and M. Seidman, "NOISEMAP 3.4 Computer Program
Operator's Manual," Aerospace Medical Research Laboratory Re-
port AMRL-TR-78-109, December 1978.

4. Sperry, W. C., "Effectiveness of Aircraft Takeoff Procedures
for Noise Abatement," Noise Control Engineering, Vol. !2, (No. 3),
May-June 1979.

B. Stewart, E. C. and T. M. Carson, "Optimal Guidance and Control
for Investigating Aircraft Noise - Impact Reduction," National
Aeronautics and Space Administration Report NASA TP 1237,
May 1978.

f_"_ 6. Bhapiro, N., et al, "Commercial Aircraft Noise Definition.,
L-1011 Triatar-Volume V, Computer. Programmer's Manual," Federal
Aviation Administration Report No. FAA-EQ-73-6_ V, September 1974.

7. Bhatia, K., et al, "Boeing Airplane/Noise Performance Computer
Programs; Programmer's Manual," Federal Aviation Administration
Report No. FAA-EQ-73-7, 7, December 1973.

R-I

h

I



F'_

APPENDIX A

T

COMPUTATIONAL ALGORITHMS USED

BY THE FLIGHT PROCEDURES MODEL

A-I



APPENDIX A

COMPUTATIONAL ALGORITHMS USED BY

THE FLIGHT PROCEDURES MODEL

s.

TAKEOFF OPERATIONS

The computational algorithms used to compute the first three

sections for takeoff operations are described in Reference I. Most of the

flight path and performance schedule data for these sections are obtained

from the internal aircraft and engine data base files stored on the computer

system. Starting with section number four, eight takeoff options may be

used to construct the complete flight path and performance schedule. A

description of the key computational algorithms used with each of these options

is presented in the following sections.

Option Number 1

The flight path angle, y, is computed from:

where: _)
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Tn : averagetotalnet thrust,pounds

VT2 = true air speed at altitude H2, feet/sec

VTI = true air speed at altitude HI, feet/sec

AZ = change in aircraft altitude (H2-H1), feet

The other variables shown in equation A-I are defined in Section 2. Equation

A-1 was derived from equation 2-I using the relationship:

2 Z

= VT2 -VTI siny (A-2)2_Z

Equation A-2 can also be expressed as:

= (VT2-VTI)VZ (A-3)
sin y

where VZ is the aircraft rate-of-climb.

Option Number 2

_, The average total net thrust,_n' is computedfrom:

I il_n i (A-4)= D + W + I) VZ + sin y cos o-----'_

The flight path angle is computed from:
m _

The average total net thrust per engine at aircraft altitudes HI and N2 is

expressed as:

--_ _ z (A-6)
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and [i I2_n T "
="T (A-7)

_2 " _I ]

where:

_n_ : average net thrust per engine at HI, pounds

_nz : average net thrust per engine at H2, pounds

N = number of engines operating

= altitude pressure ratio at H1
z

= altitude pressure ratio at H2

= altitude pressure ratio at (HI + H2)/2
3

Option Number3 _/'_,

The average total net thrust, _n' is computed from:

The average total net thrust per engine at aircraft altitudes HI

and H2 is computed using equations A-6 and A-7, respectively.

Option Number

The flight path angle is computed using equation A-I. The initial

guess for the aircraft's final altitude, H2, i_ an input parameter provided

by the moeel user. An interation procedure is used to compute the value

for I12which satisfies the following equation:

H2= (OStan¥) + HI (A-9}

where DS is the horizontal distance between flight path section end points.
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Option Number 5

If the rate-of-climb is an input parameter specified by the model

user, the flight path angle is computed using equation A-I. The initial guess

for the aircraft's final altitude, H2, is an input parameter provided by the

model user. An iteration procedure is used to compute the value for H2 which

satisfies the following equation:

H2= VZ(VT2- VT1) + HI (A-tO)

W - sin"

If the rate-of-climb is not specified as an input parameter, the

user selects a final aircraft altitude, and the flight path angle is also

computed using equation A-I.

Option Number 6

If the rate-of-climb is an input parameter specified by the model

user, the flight path angle is computed using equation A-I. The initial guess

for the aircraft's final equivalent air speed is an input parameter provided

by the model user. An iteration procedure is used to compute the value for

true air sgeed, VT2, which satisfies the following equation:

VT2: W - sin +VTI (A-If)

If the rate-of-climb is not specified as an input parameter, the

user selects the aircraft's final equivalent air speed, and the flight path

angle is also computed using.equation A-I.

Option Number 7

The flight path angle is computed using equation A-I. The initial

guess for the aircraft's final altitude, H2, is an input parameter provided

by the model user, An iteration procedure is used to compute the value for

H2 which satisfies the following equation:

0
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F 1

H2 : 0.5 [tFR (VT2 + VT1)sin y] (A-12)

where tFR is the flap retraction time.

Option Number. B

The flight path angle is computed using equation A-I. The initial

guess for the aircraft's final equivalent air speed is a0 input parameter

provided by the model user. An iteration procedure is used to computer

the value for true air speed, VT2, which satisfies the following equation:

W - siny + VTI (A-13)

APPRQACH AND LANDING PROCEDURES

A description of the key computational algorithms used with the f".

four approach and landing procedure options is presented in°the fol]o_ing

sections.

Option Number 9

The flight path angle is computed from:

y = arosin . a (A-14)

LW ((VT_ ZvTl
g[ -

_quation A-_4 was derived from equation 2-I by replacing sin y with - sin y.

Option Number I0

The average total net thrust, _n' is computed from:

: A-6
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r_

The average net thrust per engine at aircraft altitudes HI and H2

is computed from equations A-6 and A-7, respectively,

Option Number II

The average total net thrust, _n' is computed from:

= _ " cos aB (A-16)

The average net thrust per engine at aircraft altitudes Hi and

H2 is computedfrom equationsA-6 and A-7, respectively.

Option Number 12

The averagetotal net thrust,_n' is computedfrom:

7,o o*_ (vr2_ vTl_) cos_

where DS'is the horizontal distance between flight path section end points.

©
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APPENDIX B

LOGON AND LOGOFP PROCEDURES FOR

THG EPA'SIBM COMPUTERSYSTEMAT NCC f--,

LOGON PROCEDURES

The following steps describe the LOGON procedures for interactive

access to the IBM computer system at NCC:

I. Turn the terminal on and set its switches for remote

session.

2, Dial the appropriate telephone access number and wait

for ringing, an answer, and a data tone.

3. Couple the terminal to the telephone line:

a. For terminals with acoustic couplers, place

the telephone handset firmly in the coupler,

orienting it as marked on the coupler.

b. For modems (Bell 1_3, 113, 212A), depress the

DATAbutton. (_i'

B-2
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I 4. The followingmessagewill appearat your terminal

J (although it will appear garbled at speeds other

than 3_ or 12_ bps):

PLEASE TYPE YOUR TERHINAL IDENTIFIER

5. Type your terminal identifying character (type the letter A).

6. The computer system will then display:

-XXXX-YYY-
PLEASE LOG IN:

(XXXX is a code for the node to which you are
connected, and YYY is the port on that node.)

NOTE: This message sent from the system has no parity.

If your terminal is checking for parity, this message

may be garbled.

Respond by typing IBMPEAI, followed by a carriage return.

_"_ To suppressechoingof inputcharacters,a CONTROLH is

typed before entering IBMEPA1.

7. The computer system will prompt for the password associated

with IBMPEAI:

PASSWORD:

Respond by typing the correct password, followed by

a carriage return. (Passwords are not echoed.)

The password for IBMEPAI is:

NCC

8. Once the connection is made to the computer, you will receive:

P### (### is a code for the computer port) and:

IBM IS ON LINE

CONNECTING TO TSO

The following steps describe the procedure for connecting with TSO:

--_ 1. After receiving the message IBM IS ON LINE, the user must enter:
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TSO followed by a carriage return)

2. After receiving the message "enter LOGON for TSO or

Wylbur terminal type", the user must enter:

LOGON

or

LOGON userid/password

to initiate a TSO session.

An example of the TSO connecting procedure is presented below:

1 _please type your terminal identifier_-1011-000-

3 t_Pplease3log in:_I_MEPA1;NCC _ 24
5 IBM1 IS ON LIllE
TSO_ 6

7 enter LOGON r-_
LOGO_ B

9 I_J56700A ENTER USEP/D -

ii E_fER CURRES_ PASS_DRD FOR F_L_D:_'_-
:_XX . 12

13 READY

Notes for TS0 Example Steps

I. Compute_ prompt/response

Z. User selects terminal identifier

3. Computer prompt/response

4. User keys in CTRL H immediately followed by IBMEPA1; NCC

to select IBM system

5. Computer response

6. User selects TSO

7. Computer prompt

8. User keys in LOGON to start TSO session qi__

g. Computer prompt
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10. User "enters EPA user-ID

11. Computer prompt

12. User enter a password

13. Computer responds with READY

CONN£CTING TO WYLBUR

The following steps describe the procedure for connecting with

WYLBUR:

1. After receiving the message IBM IS ON LINE, the user

must enter:

WYL (followed by a carriage return)

2. Afterreceivingthe message"enterLOGONfor TSO or

Wylburterminaltype",the user must enterthe appropriate

WYLBUR terminal type. A single carriage return will
r/"-_

provide, as a default, MODEL 37/38 TELETYPE.

An example of the WYLBUR connecting" procedure is presented below:

! _please type your terminal identifier__
 -io-o12- 2
Cplease log _n.:iI_it_'._.;N_3
(P24 4
5 IBM1 IS ONLINE
WYL-- 6

7 enter wylbur temninal type
38 -, 8

IYDm_7.37/38 %_'_x_,YPE9

_WVT_nURAT EPA NCC-I_M PORT 66 T[_-_'_f 07/28/81 12:23:36 P.M.

'U_ ? EPATFP}

P_I_?
'SPECII_'%' GLOBAL FO_ FOR SAVE CC_VI_NDS

12. REPLY - DEFAULT, EDIT, TSO, CARD, OR PItINT
FORMA%_.CARD_ 13

14 F"LOGON" NOT FOUND _i_"WYLIB" ON USER60
?<)
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Notes for WYLBUR Example Steps

I. Computer prompt

2. User selects terminal identifier

3. Computer prompt/response

4. User keys in CTRL H immediately followed by IBMEPAI;

NCC to select IBM system

5. Computer response

6. User selects WYL (WYLBUR)

7. Computer response

8. User selects WYLBUR terminal type

9. Computer response

10. Computer prompt

11. User keys in EPA user-ID, account, and password

12. Computer response/prompt

13. User selects save format

14. Computer response/prompt

LOGOFF PROCEDURES

After a terminal session is completed under TSO or WYLBUR, the user

initiates logoff procedures by typing "LOGOFF". If the user is in WYLBUB,

the user must also clear the workspace prior to terminating a terminal

session. Thereoff, the complete logoff command under WYLBUR is "LOGOFF

CLEAR",

After a TSO or WYLBUR LOGOFF, the user may simply hand up or

initiate a new TSO or WYLBUR session. To initiate a new TSO or WYLBUR

session, type TSO or WYL and proceed accordingly.


