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I, INTRODUCTIONM

BACKGROUND

Computer program models are routinely used to predict community
nofse exposure produced by aircraft flight operations. Among the most
important {nput 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. Fiight path {s defined as the
set of points which describe the positien of the aircraft in the three
dimensional space and performance schedules are the values of the thrust (or
another appropriate measure of propulsfon}, velocity, and flap settings of
the aircraft along the flight path. An accurate description of that input
is necessary to determine the position of the aircraft reiative to the
noise racelver locations and to specify its characteristics that relate to
noise generatfon.

Fli1ght path with performance schedule information is generally an
input data requirement which must be supplied by the computér program user,
The f1ight path can be defined {n terms of flight track and altftude profile,
and performance schedule in terms of flight track and thrust and velocity
profiles. The flight track 1s the projection of the aircraft's flight path
onto the ground plane. The altitude profile defines the afrcraft's height
above the airport herizontal reference plane as a function of distance aleng

1-1
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the flfght track from an airport reference point. The reference point is
genera11y located on the runway and 1s the position of brake release for
departures and the runway threshold for arrivals. The thrust and velocity
profiles define the aircraft thrust and velocity as a function of distance
aloeng the flight track from the same airport reference point. The aircraft
flight tracks at a particular airport are determined primarfly by lecal air
traffic pattern requirements and, on the average, do not vary significantly
as & function of aircraft type. However, for a particular aircraft type
operating in accordance with a specified flight procedure, the resulting
altitude, thryst, and velocity profiles will depend on the aircraft's
performance and operational characteristics, and on a number of airport-
specific parameters, such as ambient temperature and pressure altitude.

PURPOSE OF STUDY

The purpose of this study was to identify and collect performance
and operational data and information required to construct f1ight paths and
performance schedules for selected commercial aircarrier aircraft types powered
by low-by-pass ratio and high-by-pass ratio turbofan engines. The performance
and operational data and information can be used to determine the fiight
paths and performance schedules for afrcraft operating in accordance with
specified flight procedures, and over a range of airport temperatures and
afrport pressure altitudes.

In addition, this study effort also {ncluded an evaluation of
available flight procedures computer programs developed by various organiza-
tions such as aircraft manufacturers, consultants, and the Federal government
{NASA, FAA, etc,). The purpose of avaluating these programs was to {dent{fy
existing analytical and computer programming work which can be used in devel-
oping a modifiad computer program mode! to generate aireraft flight path and
parformance schedule data which are compatible with the input data requires
ments of the FAA's INM and the USAF's NOISEMAP.

1-2
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REPORT OVERVIEW
The results of this study are presented in Sections II, III, and IV
and in Appendices A, B, and C.

Section 11

In this section, the aircraft and engine performance and operational
data and information requfred to construct flight paths and performance
schedules are fdentified. These data and information are identified with respect
to two types of aircraft flight operations: (1) takeoff and {2) approach and
landing., Performance and operaticnal data specifically related to afrcraft
engines are also fdentiffed.

Section II1

This section describes the alrcraft types selected for this study.
A brief description of the required aircraft and engine performance and
operatfonal data and informatjon {dentified in Sectfan 11 1s alse presented
in this section. Along with these deseriptions, the sources and procedures
used to obtain the required data and information are also presented,

Section 1V

This section discusses the findings of the evaluation of available
flight procedures computer program models. In addition, an assessment is i
made of the patential use of these models and their computer program coding
for generating aircraft flight path and performance schedule data campatible
with all of the input requirements of the FAA's INM and the USAF's NOISEMAP
computer programs.

Appendix A

This appendix presents a brief description of the takegff proceduras
which are currently used or capable of being used in routine departures, These
procedures were used as a bas{s for identifying the performance and operational
data and information required to describe takeoff flight paths and performance
schedules.

Appendix 8
This appendix presents tabulated tistings of the required afrcraft
performance and cperational data and Information described in Section 1I1.

1.3 .
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These data and fnformation are provided for each aircraft type considered 1in
this study.

Appendix C

This appendix presents tabulated 1istings of the required afrcraft
engine performance and operational data and information described in
Section III. These data and information are provided for each aircraft
engine type considered in this study.
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I1, PERFORMANCE AND OPERATIOMNAL CATA AND
INFORMATION REQUIREMENTS

TAKEQOFF PROCEDURES

Aircraft takeoff procedures can be divided into three general
operations,* These operations are:

. Ground-roll and initial climb
(] Thrust reduction
) Normal climb

The ajreraft flight path and performance schedule associated with each of these
three general aperations will vary depending upon the specific flight procedure
employed, the afreraft's aerodynamic performance characteristics, and the
performance and aperational characteristics of aircraft's engines.

S1x takeoff flight procedures have been used as a basis for
fdentifying the aircraft performance and operational data and information
required to describe takecff operations. These takaoff f1ight procedures
are:

] FAA AC 81-38
) FAA AC 91-53

2-1
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ALPA/NHA Maximum Thrust Reduction
ALPA/NWA Minimum Thrust Reduction
DCA

FAR 36

A brief description of each of these tazkeoff flight procedures is presented
Based on a review of these six takeoff procedures, nine unique

takeoff operatfons were identified. These takeoff operations are:

in Appendix A.

Acceleration from brake release to point of 1{ft-off
with constant flap and thrust settings™; landing gear
extended

Acceleration from point of 1ift-off to 36 feet height
above afrport (HAA) with constant flap and thrust
settings; landing gear extended

Acceleration from 35 feat HAA to 400 feet HAA with
constant flap and thrust settings; initiate landing
gear retraction

Climb at constant equivalent zir speed (EAS), and

constant flap and thrust settings; landing gear
retracted

Acceleration with changing flap setting, and

with a constant thrust setting; landing gear
retracted

Acceleration with constant flap and thrust settings;
janding gear retracted

Accaleration with caonstant flap setting:and with
changing thrust setting; landing gear retracted

Climb at constant EAS and constant flap setting, and
with changing thrust setting; landing gear retracted

*Takeoff thrust from brake release to pointof 11ft-off 15 not actually constant
since the final thrust is not reached unti! some time after the throttle {s sat,
The throttle position for takeoff thrust 15 set statically at the point of brake
release, or at a specified ground-roll speed, depending on the eircraft/angine ..

type.

!

i
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s Climb at constant EAS with changing flap setting, and
with constant thrust setting; landing gear retracted.

From the above 1ist of takeoff opperations, the aircraft performance
and operational data and information required to construct takeoff fiight paths
and performance schedules were identffied. These data and information are:

. A -engine distance from brake release (DFER),
EAS, and net thrust at the point of 1{ft-off

] All-engine DFBR, EAS, and net thrust at 35 feet
HAA

. All-engfne DFBﬁ. EAS, and net thrust at 400 feet
HAA

. Engine thrust values over the full range of takeoff
flight conditions and thrust requirements’

] Aircraft 1ift and drag coefficients as a function
of takeoff flap settings

] Flap retraction speed schedule and retraction times,
APPROACH AND LANDING PROCEDURES

In general, there is less variability in aircraft approach and
landing procedures as compared with the takeoff procedures. Typically, the
appreach and landing operation begins at the point where the aircraft
initfates 1ts descent to a final glideslope intercept altitude with the flaps
set at "maneuver" positfon. The afrcraft maintains tevel flight at the
intercept altitude until the final glideslope s intercepted. Prior to inter-
cepting the final glideslope, flaps are extended to the "approach" position,
Descent along the final g¢lideslope 1s initiated at the point of intersection
with the intercept altitude. As the aircraft descends, flaps are extended
to the full "Tanding" posftion, the Tanding gear are extended, and the afrcraft
continues along the fixed glideslope until point of touchdown.

2-3
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Based on the description of the general approach and landing
procedure, four unique operations were jdentified, These approach and
landing operations are:
. Descend at constant EAS, and constant flap and thrust
settings; landing gear retracted or extended
) Descend at constant EAS or deceleration with constant flap setting
and with changing thrust setting; landing gear retracted or extended

] Level flfght 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 retracted
or extended

From the four approach and landing operations Tisted above, the
afreraft performance and operatfonal data and information required to construct

approach and landing fl1ight paths and performance schedules were identified.
These data and information are:

(] EAS as a function approach and landing flap settings
and 1anding gear position

] Engine thrust values over the full range of approach
and landing conditions and thrust requirements

(] Afrcraft 11ft and drag coefficients as a function of
approach and landing flap settings and Tanding gear
pasition.

OTHER PERFORMANCE AND OPERATIONAL DATA REQUIREMENTS

Other performance and operational data and Information useful 1in
defining the aircraft's flight path include:

. Referred {or corrected) net thrust (Fn/8) as a functfon
of engine-pressure-ratio (EPR) and alr speed

&  Referrad (or corrected) low pressure fan speed (N1// eTZ)
as a function EPR and air speed

. Referred (or corrected) net thrust as a functfon of low
pressure fan speed and air speed,

2-4
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IIT. DEVELOPMENT OF PERFORMANCE AND
FLIGHT OPERATIONS DATA BASE

AIRCRAFT AND ENGINE TYPES SELECTED

The atrcraft types selected for this study are representative of all
types of ineservice commercial aifrcarrier aircraft powared by low-by-pass
ratfo (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" afrcraft types are powered by HBPR engines, The afrcraft cone
sfdered in this study consist of the following six gemeric classes:

] 2-Engine LBPR-Narrow Body (2E-LEPR-NB)
. 3-Engine L8PR~-Narrow Body (3E-LBPR-NB)
. 4~Engine LBPR-Marrow Body (4E<LBPR-NB)
(] 2-Engine HBPR-Wide Body {2E-HBPR-WB)
. 3-Engine HBPR-Wide Body (3E-HBPR-WE)
. 4-Engine HBPR=Wide Body (4E-HBPR-WB)

Table 3.1 presents a 1isting of specific ajrcraft types which are representative
of the above generic classes and 1dentifies the afrcraft selected to represent
each generfc class., The engines used to power the selected aircraft are also

presented on Table 3.1.

3.1
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TABLE 3.1

AIRCRAFT/ENGINE TDENTIFICATION AND SELECTION

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

Class Types Class AMreraft
2-Engine LBPR-Narrow Body 737/DC-9 737-200 ADv. JTeD-15
3-Engine LBPR-Narrow Body 127 727-200 ADV. -JT8D-15
4-Engine LBPR-Narrow Body 707/0C-8 707-300 B . JT3n-38/C
2-Engine HBPR-Hide Body A300 * JT90-20
3-Engine HBPR-Wide Body DC-10/L-1011 DC-10-10 CF6-6D
4-Engine HBPR-Wide Baody 747 747-200 a79p-7

*A pseudo afrcraft has been used to represent the generic class of 2-engine HBPR-wide body afr-
craft types. Afrcraft performance and operational data and information for the pseude aircraft
vere based an actual data and information for the DC-10-40, The pseudo afrcraft is powerad by

two (2) JT90-20 engines.
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AIRCRAFT PERFORMANCE AND FLIGHT OPERATIONS DATA

Data Sources and Collection Procedures

The major portion of the ajrcraft performance and operational
data and information has been obtained from aircraft manufacturers. These

_data and information were extracted from published government reports or

obtained through direct communication with manufacturer persannel, Some
data and information were obtained from ajrcraft operators {airlines} or
estimated using fundamental aircraft and engine performance relationships,
Sea~leve] pressure altitude and 77°F have been sefected as the reference

atmospheric conditions.

Afrcraft Performance Egquations

When calculations were required to determine performance and
operational data, the following aircraft performance equations were used:

- _ w N
Facos o = D + §-V + W siny {3-1)
L + Fnsin ag = W COS ¥ (3-2)

whera:
Fo= Average total net thrust

W = Aircraft weight
g = Acceleration of gravity

D = Alrcraft drag

L = Alrcraft 1ift

v Afrcraft acceleration

¥ C1imb angle, degrees

Body angle-of-attack, degrees

Equatfons 3-1 and 3-2 describe the forces acting on the afrcraft in a direction
along and normal to the flight path axis, respectively. A diagram displaying
the various forces acting on the aircraft during climb 1s shown on Figure 3.1
In deriving equations 3-1 and 3-2, two assumptions were made: (1) the net
thrust can he considered to act along the aircraft body axis, i.e., the angle

3.3
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between the thrust vector and aircraft body axis is equal to 0, and {2) the
centrifugal farce component, resulting from a change jn flight path angle,

i small compared to the other forces normal to the flight path axis. For
calculations performed using equations 3-1 and 3.2, both of the above assump-
tions have been shown to be reasonable.

The aircraft 1ift and drag forces are defined by the foliowing

equations:

p=lovis e =i
7P WD T T Py

kS
Yo S

I 1 2
L= 5oVp S0 = 7 a0V Syt

where:

p amhfent air density

P = air density at sea level

Ve = equivalent air speed of the aircraft
VT = true afr speed of the aircraft

S, ° afreraft wing area

CD = afrcraft drag coefficfent

£
[

L atrcraft 1ift coefficient

{3-3)

(3-8}

The afrcraft wing area (sw) for each of the sfx generic¢ afrcraft types
consfdered in this study are presented on Table 3.2.

Takeoff (perations

The afrcraft and engine performance and operational data and
information required to construct takeoff flight paths and parformance

schedules have heen fdent{fied in Segctfon 1!I.

The following presants a

briaf description of these data and information.

3.5
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TABLE 3.2
WING AREA (S,) FOR SIX GEMERIC AIRCRAFT TYPES (From References 5, 21 and 26) !

Afrcraft Type Wing Area, Sq., Ft.
2E-LBPR-NB 980
3E-LBPR-NB 1560
4E-LBPR-NB 2892
2E-HBPR-WB 2798
3E-HAPR-WB 3550
4E-HBPR-WB ' 5500
o~
3-6
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Al1-Engine DFBR To 35 Feet HAA {D35}, The all-engine DFBR to 35
fest HAA {s the horizontal distance from brake release to a pofnt where the
ajreraft is 35 feet above the airport {D35), The data presented in this
report were obtained directly from publications prepared by the aircraft
manufacturers.’»® Over the range of takeoff flap settings, D35 distancas
can be determined for the entire operitional range of brake release gross
weight (BRGW) for each alrcraft type considered.

For the 2-engine, l-engine, and 4-engine LBPR aircraft, and for
the 4-engine HBPR afrcraft, D35 values are presented as a function of takeoff
flap setting and BRGW for reference atmospheric conditions only (sea-level,
77°F}. Horizontal distance to 35 feet HAA for nonreference conditions are
computed using the following procedure: (1) determine the appropriate
temperaturs-altitude ratio {TMALT-35), (2) multiply the actual BRGW by the
TMALT-35 value to determine an equivalent BRGW, {3) using the D35 reference
table, compute the D35 value for the equivalent BRGW. The D35 vatue
determined by this procedure is the actual distance to 35 feet HAA for the
nonreference conditions,

The D38 values for the 2-engine and 3-engine HBPR aircraft are
determined directly from D35 tables. The D35 data are presented as a function
of ajrport pressure altitude, airport temperature, BRGW, and takeoff flap
setting, '

A1l Engine DFBR To 400 Feet HAA (D400). The all-engine DFBR to 400
feet HAA §s the horizontal distance to a point where the aircraft 1s 400 fest
above the afrport (D400). The data presented fn this report were obtained
directly, or estimated, from pubiications prepared by the aircraft
manufacturers.*»® Over the range of takeoff flap settings, D400 distances
can be determined far the entire operational range of BRGW for each afr-
craft type considered.

Data required to determine D400 for the 2-engine, 3-engine, and 4-
engfne LBPR afrcraft, and for the 4-enqine HBPR aircraft are presented as a
function of takeoff flap setting, BRGW, and takeoff c¢1{mb speed for reference
atmospheric conditions only (sea-level, 779F). For these aircraft types,
the data presented in the referenca D400 tables represent the horizontal

3.7
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distance from 35 feet HAA to 400 feet HAA. The distance from 35 feet HAA to
400 feet HAA for nonreference conditfons is determined by using the same
procedure as used to determine the D35 values, Temperature-altitutde ratio
data (TMALT~400) required to compute D40D values are presented as a function
of airport pressure altitude, afrport temperature, &nd takeaff ciimb speed,

For the 2-engine and 3-engine HBPR aircraft, the distance to 400
feet HAA can be determined directly from the DA0D tables. The D400 data are
presented as a function of airport pressure altitude, airport temperature,
takeoff flap setting, BRGW, and takeoff climb speed. The D400 distances for
takeoff climb speed of Vz* + 10 were obtafned from reference 5, For ¢l1imb
speeds of V2 + 20 and V2 + 30, the D400 data were estimated using an equation
derived from equations 3-1 and 3-2:

Fe = 2 2
nK D aY N . . R
where:  AZ = change in afrcraft altitude (2365 feet) . —

D400 - D35 (change in horizontal distance from 35 feet HAA
to 400 feet HAA), feet

K a [(Az)z + (AY)Z]IE. feat

V2 = alrcraft speed at 400 feet HAA
(Vo + 20 or v, + 30), feet/sec

aY

V1 = aircraft speed at 35 feet HAA
{v35), feet/sec

average drag-to-1{ft ratic from 3§ feet HAA
to 400 feet HAA

ol
13

The coordinate system used to define the aircraft flight path and
flight track from 35 feet HAA to 400 feet HAA is presented in Figure 3.2,

*, 1s the engine-out takeoff safety speed.

——
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. A - AIRCRAFT POSITION
i AT 35 FEET HAA

B - AIRCRAFT POSITION
AT 400 FEET HAA

400 FT

FLIGHT TRACK
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FIGURE 3.2 COORDIMATE SYSTEM USED TO DEFINE AIRCRAFT FLIGHT PATH
AND FLIGHT TRACK FROM 35 FEET HAA TO 400 FEET HAA
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The average drag-to-11ft ratio was determined by taking the arith-
metic mean of the D/L for the landing gear extended and the D/L for the
landing gear retracted. The use of the average drag-to-11ft appears to be
reasonable since the times required to go from 35 feet HAA to 400 feet HAA
for a2 range of representative takeoff welights are not significantly different
from an actual landing gear retraction time.?

In deriving equation 3-5, the afrcraft body angle-of-attack, g
has been assumed to be small, f.e., ag = 0. This small angle assumption is
commanly used in deriving the aircraft performance equations of motion,®+?
and should provide reasonable estimates of the horizontal distance from 35
faet HAA and 400 feet HAA since the change in atrcraft altitude (22) is
small, However, for changes in aircraft altitude greater than 366 feet, tg
should not be set equal to zero in the afrcraft performance equations.

All-Engine DFBR At The Point of Lift-0ff. The all-engine DFBR at
the point of 1ift-off 1s the horizontal distance from brake release to 2 neint
where the afrcraft 11fts off the runway surface and becomes afrborne. Thace ~
data are not presented fn this report {n tabulated form. However, estimates
of the distance to the point of 1{ft-off (DLOF) can be estimated from the
D35 and D400 data tables presented for each alrcraft type considered. Figure 3,3
presents a graphical representation of the proccedure which can be used to
approximate DLOF, From Figure 3.3, it can be seen that the approximate
distance to the point of Vift-off (DLOF') {s given by:

35 (3-6)

DLOF! = D35 - m

where ¥' fs the climb angle from 35 feet HAA to 400 feet HAA,

All1-Engine EAS At 35 Feet HAA, The all-engine EAS at 35 feet HAA
{v35) will vary as & function of the afrcraft's BRGW and takeoff flap setting.
Federal Aviation Regulations® require that turbine powered transport category
aircraft reach the takeoff safety speed, V,, before 35 feet HAA. This regquire-
ment applys to afrcraft operations with one-engine fnoparative, Therefore,
the speeds at 35 feet HAA with all-engine operation are somewhat higher than

the V, engine-out safety speed. ?

3-10
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A - BRAKE RELEASE

B - ACTUAL LIFT-OFF POINT.
B'- ESTIMATED LIFT-OFF POINT
C - 35 FEET HAA

D - 400 FEET HAA

AIRPORT RUNWAY

DLOF

DLOF! -

p3s -

D400

TTTIY

FIGURE 3.3  GRAPHICAL REPRESENTATION OF THE PROCEDURE USED TO
APPROXIMATE DISTANCE TO POINT OF LIFT-OFF




The V35 speeds presented in this report were estimated using

.eguatian 3-5. In determining the V35 speed, it was assumed that: (1) the

average drag-to-1ift ratfo determined by taking the arithmetic mean of the
0/L for landing gear extended and the D/L for the Tanding gear retracted

is representative over the flight path between 35 feet HAA and 400 feet HAA,
and {2) the aircraft body angle-of-attack can be approximated as 0.

Using equation 3-5, VY35 speeds were determined for each aifrcraft
type considered in this study. For =ach takeoff flap setting and BRGW, V35
speeds were computed for two takeoff climb speeds.* The arithmetic mean of
these V35 values are presented in the V35 tables as a function of aircraft
BRGN and takeoff flap setting.

Comparisons of the estimated time from 35 feet HAA to 400 feet
HAA with the estimated time from 35 feet HAA to the landing gear up position**
show that for some cases the V35 may be over estimated. However, the
dffferences between the actual and estimated V35 for all aircraft types con-
sidared in this study are within approximately 2 KEAS.

Al1-Engine EAS at 400 Feet HAA, By the time the aircraft has
reached 400 feet HAA, it {s assumed that the landing gear have been completely
retracted and the fnitial all-engine climb speed has been reached. Over the
range of representative aircraft takeoff weights, this assumptfen 1s supported

by ¢limbout profile data presented in publications prepared by the aircraft
manufacturers,$19210021432412 Therafore, the all-engine EAS at 400 feet HAA

will be the same as the selected all-engine ¢limbout speeds. Depending on
the takeoffl procedure used, the all-engine climbout speeds generally vary
over a range of from V2 + 10 to Vo + 30, where VZ 15 the engine-out takeoff
safety speed. The Vz speeds are presented in this report as a functfon of
takeoff flap setting and takeoff BRGW. The vz speads were obtained directly
from publications prepared by the aircraft manufacturers* or through direct
communication with manufacturer personnel.?®

*The takeoff climb speeds used to determine Y35 speeds were Vo o+ 10 {except for the

2E-LBPR-NB afrcraft where V, + 15 was used) and Vv + 30.

**The astimated times from 35 feet HAA to the landing gear up position were determined

from an empirical relatfonship derfved for the Lockheed L-1011 Tristar afrcraft. .
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All-Engine EAS At The Point of Lift-Off. The all-engine EAS at the
point of 1ift-off (VLOF) will vary as a function of the aircraft's thrust-to-
weight ratio (TWLOF) at 1ift-off.* Over a representative range of TWLOF values
for all-engine takeoff operations (0.16 to 0.36), VLOF can be approximated by
the foilowing relationship:

Vi o = vg[ 1.0748 - (0.3360 - mLOF)] (3-7)

vihere V2 is the engine-out takeoff safety speed in KEAS. Equation 3-7 was
derived from relationships specifying the all-engine VLOF and the engine-out
V2 speed as functions of the airecraft stalling speed (Vs).? A comparisoen

of the V qr speed computed using equation 3-7 with the all-engine Vi g speed
obtained from flight test data shows that equation 2-7 is accurate to within
approximately 0.1 KEAS.?

Equation 3-7 is considered appifcable for determining VLOF speeds
for the selected aircraft types shown on Table 3.1 since the approximate
thrust-to-wefght ratios*, over a range of representative takeoff weights and
all-engine takeoff thrust, are comparahle with those used to derive this
equation.

All-Engine Takeoff Thrust. All-engine takeoff thrust (TOT} is a °
function of pressure altitude, ambient temperature, and the aircraft's true
afr speed. The all-engine thrust data presented in this report were obtained
directly from publicatfons prepared by the aircraft manufacturers® ar through
direct communication with manufacturer personnet.'® These data are presented
as a function of airport pressure altitude, afrport temperature, and aircraft

true alr speed,

The TOT tables presented in this repeért can be used to compute
thrust over the range from sea~level pressure altftude toc 6000 feet above
sea~level for the 2E-LBPR-NB, 3E-LBPR-NB, 4E-LBPR-MEB, and 4E-HBPR-WB air-
eraft types and up to 8000 feet above sea-level for the 2E-HBPR-WB and
3E-HBPR-WB afrcraft types. At pressure altitudes higher than these, a func-
tion describing the reduction in thrust as a direct function of ambfent
temperature, or pressure altftude change is required. Table 3.3 presents these
thrust lapse functions for the engines used with the aircraft types con-

sidered in this study.

*Determined at 35 feat HAA.
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TABLE 3.3

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

Engine Thrust Lapse Functions

Atreraft Type ATOTL=a, +ay M NITHETA = (WITHETA)o[ 2, + 2y (& ALT)]
3 4 % |

2E-LBPR-NB 41.50 0.10 - -
3E-1LBPR-NB 41.50 0.10 - -
4E-LBPR~NB 47.11 0.10 - -
4E-HBPR-KB 120.00 0.00 ' - -
2E-HBPR-HD - - ' 100.08 x 1072 1.29 x 1072
3E-HBPR-HB - - | 99,78 x 1072 1.39 x 10~2
Notes:

A TOT1 = reductfon 1n pounds of thrust per degree change in temperature (°F}, per engine

™ = airport temperature (°F)

NLITHETA = percent of the reference low pressure fan speed {in RPM) at alrcraft
pressure altitude

(NITHETA)O- percent of the reference low pressure fan speed (in RPM) at airport
pressure altitude

A ALT = change in pressure altitude, KFt.

Re ference RPM for 2E-HBPR-WB = 3600
Reference RPM for 3E-HBPR-YB = 34233
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Maximum Thrust For Mormal C1imb., The maximum approved thrust for
narmal climb is a function of pressure altitude and outside afr temperature
at the afreraft's posftion (OATRL). The maximum climb thrust is generally
speciffed in terms of engine-pressure=ratio (EPR) or in terms of the fan
speed (N1). The maximum climb thrust data presented in this report were obtained
through personal communications with atrcraft manufacturer persopnel, }¢*1¥r16

Afrcraft Lift and Drag Coefficients. For low speed flight opera-
tions, aircraft 1ift and drag coefficients are specified as functions of
flap setting (GF) and body (or wing) angle-of-attack, The landing gear pofi-
tion will also affect the drag coefficients but has little affect an the
Tift coefficlents. For a given flap setting, 14ft coefficients (CL) presented
in this report are specified as linear functions of afrcraft body angle-of-
attack, The drag coefficients (CD) far a given flap setting are specified as
a function of (CL)z since this nonlinear relationship provided the highest
correlation between the two variables. Alse, this parabolic relationship is
generally used to describe the variation in C, with CL.S'S"g

For all aircraft types considered in this study, the relationships
describing CL as a function of flap setting and angle-of-attack, and CD as a
function of flap setting and (CL)Q. were derived from data supplied by the
aircraft manufacturers,®*tiuriSvi6e17018220021  Tue Cp and C data were obtained
directly from CL versus angle-of-attack graphs and drag polar plats, or by
calculations using equations 3-1, 3-2, 3-3, and 3-4, Required performance
and operational data identified in these equations were obtaimed from
publications prepared by the aircraft manufacturers.“’® Figure 3.4 presents
examples of the relationships derived from the data computed using equations
3-1, 3-2, 3-3, and 3-4,

Flap Retraction Speed Schedule and Retraction Times. The flap
retraction speed schedule speciffes the minimum EAS at which flap retraction
from takeoff ground=rolt flap positions {and other intermediate flap positions)
may be initiated to lower flap positions. The flap retraction speed schedules
presented fn this study cover the range of flap settings from maximum takeoff
to zero flap pasition. The flap retraction time {is the time required to
retract flaps from a given positfon to lower flap positions,

The flap retraction speed schedulaes and flap retraction times pre-
sented in this report were supplied by the aircraft manufacturers,!*’?!
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Approach and Landing Operations

The atrcraft performance and operational data and information
required to construct approach and Tandfng flight paths and performance
schedules have been identified in Section II. The following presents a brief
description of these data and information,

Approach and Landing EAS. The EAS for approach and landing operations
is a function of aircraft weight, flap setting, and for seme aircraft types,
landing gear positfon. Approach and landing operations at a given ajrcraft
wefght and flap setting can be perfarmed at several EAS values. The range of
EAS values for approach and landing is specified as 1,3 times the certified
stall speeds (Vs, KEAS) plus x, where x is equal to 10, 20, or 30 knots.
Approach and landing speeds presented n 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 afrcraft
manufacturers,”s?

Other Performance and Operational Data Requirements

Referred Net Thrust (Fn/8). Referred net thrust is the actual net
thrust {Fn) that an engine would develop at sea-level pressure altitude under
{dentical operating conditions (i.e., the ratic of the ambient to sea-Tevel
pressure {6} = 1). The referred net thrust data presented in this report are
specified as a function of EPR and MACH number or as a function of NI//’TTT;-_
and MACH number. These data are applicable over the full range of takeoff, and
apprdéch and landing f1ight conditions and thrust requirements. The referred
net thrust data presented in this report were obtained frem publications pre-
pared by the aircraft manufacturers.“'?

‘Raferred Low Pressure fan Speed (NIIVPTTTE_). Referred low pressure
fan speed is the actual fan rotor speed (M1} that an engine would develop at )
standard ambient temperature under identical operating conditions (i.e., the
ratio of the total temperature at the fan stage face to standard temperature
{e fz) = 1). The referred low pressure fan speed data presented in this
report are specified for the 2E-HBPR-WE, 3E-HBPR-WB, and 4E-HBPR-WB afrcraft
types only. These data are applicable over a wide range of takeoff, and
approach and landing f1ight conditions and thrust requirements. The referred

3-17 ;
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Tow speed fan speed data presented in this report were cbtained from

publications prepared by the aircraft manufacturers,
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IV. EVALUATION OF AVAILABLE FLIGHT
PROCEDURE COMPUTER PROGRAM MODELS

FLIGHT PROCEDURE MODELS

A number of afreraft flight procedure computer models have been
developed by aircraft manufacturers, consultants, and the Federal govern-
ment, 2040897922223 97 byt one of the flight procedure models considered
in this study were developed specifically for evaluating noise exposure re-
sulting from aircraft flight operations. The one exceptfon was a model de-
veloped by the Federal Aviation Administration {FAA) to examine afrcraft
fuel consumption under a wide variety of operaticnal conditions and air
traffic control procedures,?® However, the output from model does provide
a description of the aircraft's vertfcal flight profile (i.e., altitude
versus distance from the airport) for takeoff, and approach and landing
operations,

The available documentation describing the structure of the com-
puter models considered in this study, and the algorithms used with these
models to generate flight path and performance schedules were evaluated,
From this evaluatifon, it was concluded that none of the available models
considered generate aircraft flight path and performance schedule data which
are compatible with a1l of the input data requirements of the FAA's INM
and the USAF's NOISEMAP computer programs.

4-1
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In general, the structure of these models and the models' algorithms
are not compatible with the performance and operational data and information
requirements described in Section 1I of this report. In addition, most of
the available models evaluated use "simplified" relationships to describe the
alrcraft's performance and operational characteristics, Therefore, the
analytical expressions incorperated n these available f1ight procédures
computer models will require some modifications before they can be used to
generate input data required by the FAA's INM and the USAF's NOISEMAP com-

putar programs.
FLIGHT PROCEDURES COMPUTER PROGRAM LISTINGS

Computer program 1istings have begen obtained for all byt one of
the flight procedures models considered in this study. However, the program
user guide for this model provides an adequate descriptfon of the structure
of the main program and all of the subroutines, and the input data format
and requirements.” The program listings for the other models were obtainag
from published reports?** or through personal communications with the pro-
gram users.2*s?5 A1 of these computer programs are written in a FORTRAN IV
cading language. However, only one program was written for operation on
an IBM computer system.® The other programs were weitten for operation an
a COC serfes 6000 computer system, Because of the system incompatibility
between the EPA's computer system® and the CDC system, it is 1ikely that
11ttle, 1f any, of the existing programming work can be used to generate all
of the input data requirements of the INM and the NOISEMAP computer programs
without extensive source code modifications.

*The EPA's computer system consists of the following central processing units:
IBM 3707168, 1BM 3032, and UNIVAC 1100/44,

4.2
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APPENDIX A
TAREQOFF FLIGHT PROCEDURES
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APPENDIX A
TAKECFF FLIGHT PROCEDURES

This appendix presents a brief description of six takeoff procedures
which are currently used or capable of being used in routine departures. Each
procedure consists of three f1ight path segments which are {dentified by their
principal operatioda1 activities. These segments are:

. Ground=roll and initial climb
[ Thrust reductfon

e Normal c¢limb

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

the aircraft performs various operational activities such as landing gear
retraction, flap retraction, accelaration, and thrust adjustment, The locatioen
at which these activities are initiated and the saquence of their occurrence
will depend on the specific flight procedure employed.
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FAA Advisory Circular (AC) 91-39

The AC 91-39 procedure was recommended by the FAA for commercial
jet departure profiles on January 18, 1974. This procedures specifies a re-
duction in engine power from takeoff thrust to normal climb thrust at 1500
feet height aheve afrport (HAA) with subsequent climb and acceleration at
3000 feet HAA with changes in deck anglie and flap retraction, The AC 91-39
procedure 1s outdated and has bean replaced by AC 91.53,
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AC 91-39 Takeoff Procedure

A, First Segment (ground roll and fnitial climb)
A.1 Brake release; takeoff ground roll with takeoff thrust (TOT);
rotate and climb to 35 feet height above airport (HAA); and
accelerate to V35 XEAS
A.2 Retract gear; climb to 400 feet HAA; and accelerate to
Vo + 10 KEAS
A.3 Climb to 1500 feet HAA with thrust = TOT, Speed =
V2 + 10** KEAS, flaps = takeoff, and gear = retracted .
B. Second Segment {thrust cutback)
B.1 At 1500 Ft HAA, maintain speed, reduce thrust to maximum climb
thrust {(MCT) and perform partial flap retractian 1f spead
permits
8.2 Climb to 3000 feet KAA with thrust = MCT, Speed =
V2 + 10** KEAS, flaps = takeoff or partial retraction
if speed permits, and gear = retracted
*y35 1s the a)l engines operating speed at 35 feet HAA
**Indicates speed ﬁcce1erat10n beyond V, + 10 KEAS 1f pitch attitude 75 1imited
or to enable a lesser flap setting duging second segment, or {f required for R
practical of safety reascns. _
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c.2

.3

c.4

rd Segment (normal climb)

At 3000 feet HAA, maintain MCT, retract flaps per flap
retraction schedule, and accelerate to 250 KEAS with 500

te 1000 fpm rate-of-climb.

Climb and accelerate to 250 KEAS with thrust = MCT, speed =
V) + 10** KEAS, flaps = retract, and gear = retracted

When a speed of 250 KEAS and flap retraction are achieved,
maintain MCT and initiate normal climb schedule

Climb to 10,000 feet HAA with thrust = MCT, speed = 250 KEAS,
flaps = retracted, and gear = retracted,

A-5
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FAA Advisory Circular (AC) 91-53

The AC 9153 procedure supersedas the earlier AC 91-39 procedure,
The AC 91-53 procedures specifies a reduction from takeoff thrust after clean-
up has been performed. The extent of the thrust reduction will depend upon

/"‘.
the afrcraft type. This procedure allows for thrust reduction at intermediate '
flap setting for aircraft with slow flap retraction times, and for thrust
reduction below 1000 feet HAA.

'
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FAA AC 91-53 Takeoff Procedure

First Segment (ground rol1 and fnitial climb)

Al

A2

A3

Brake ralease; takeoff ground roll with takeoff thrust (TOT);
rotate and climb to 35 feet height above afrport {HAA); and
accelerate to V35 KEAS

Retract gear; climb to 400 feet HAA; and accelerate to an air-
speed of V, + 10 to 20 KEAS

Climb to 1000 feet HAA with thrust = TOT, speed = vy + 10 to
20 KEAS, flaps = takeoff, and -gear = retracted

Second Segment {thrust cutback)

8.1

B.2

At 1000 feet HAA*, lower nose and accelerate to zero flap
spead (VZF}, retract flaps per schedyle and maintain TOT

When a speed of VIF and flap retraction are achieved, reduce
thrust consistent with the following: (1) airplanes with
high bypass ratfo engines should be reduced to normal climb
thrust (NCT); (2) airplanes with low bypass ratio engines
should be reduced below NCT but not Tower than the following

Ai:>
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*A{rplanes not using wing flaps for takeoff should reduce thrust before
attaining 1000 feet HAA but not before 500 feat HAA.
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positive climb gradients {f one engine should become inoperative:
two-engine alrcraft = 1.2 percent, three-engine afrcraft = 1.5
percent, and four-engine afrcraft = 1.7 percent, and {3) air-
planes with slow flap retraction rates should be reduced at an
fntermediate flap setting.

B.3 Climb to 3000 feet HAA with reduced thrust, speed = not greater
than VZF + 10 KEAS, flaps = retracted, and gear = retracted
c. Third Segment {normal climb)

C.1 At 3000 feet HAA, gradually increase thrust to NCT,** if
required, and accelerate to 250 KEAS

C.2 When a speed of 250 KEAS and NCT are achieved, initlate normal
¢1imb schedule

£.3 Climb to 10,000 feet MAA with thrust = NCT, speed = 250 KEAS,
flaps = retracted, and gear = retracted

**poapplication of power can be delayed i1f that event would occur over & noise
sensTtive area.

PN
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Airline Pilots Association/Northwest Airlines;
Large Cutback After Cleanup (ALPA/NWA Max. C/B)

This procedure is routinely used by NWA and, except for minor
differences, is identical to the procedure recommended by ALPA, The pro-
cedure specifies a reduction from takeoff thrust to a cutback thrust that
equals the one engine-out certification requirement for thrust after clean-
up 18 performed. Acceleration and clean-up are initiated at 1000 feet HAA,

A-9
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ALPA/NWA Max, C/B Takeoff Procedure

First Segment (roll and initial ¢limb)

A.l Brake release; takeoff roll with takeoff thrust (TOT);
rotate and climb to 35 feet HAA; and accelerate to V35
KEAS

A.2 Retract gear; climb to 400 feet HAA, and accelerate
to an airspeed of V,+10 KEAS

A.3 Climb to 1000 feet HAA with thrust = TOT,

speed = V,+10 KEAS (greater if required),
flaps = takeoff, and gear = retracted,

Second Segment (thrust cutback)

B.1 At 1000 feet HAA lower nose and accelerate to zero flaps
speed (VZF), retract flaps per schedule, maintain TOT and
a pitch attitude within one half the initial ¢limb value

plus 0 to 3 degrees and a rate-of-climb not less than 500 fpm,

8.2 Climb and accelerate to VZF with thrust = TOT
speed = Vo+10 to VZF KEAS, flaps = retract, and
gear = ratractad.
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B.3 When a speed of VIF and flap retraction are attained,
reduce the thrust to the greater cutback thrust (CBT) that

will give a rate-of-climb of 1000 fpm or 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-engine aircraft = 1,7 percent,

B.4 Climb to 4000 feet HAA with thrust = CBT,
speed = VZF XEAS, flaps = retracted, and gear = retracted.
Third Segment (normal climb)

C.1 At 4000 feet HAA, gradually increase thrust to maximum
climb thrust (MCT) and accelerate to 250 KEAS with 500
to 1000 fpm rate-of-c¢limb,

€.2 Climb and accelerate to 250 KEAS with thrust = C8T to MCT,
speed = YZF to 250 KEAS, flaps = retracted, and gear =
retracted.

C.3 When a speed of 250 KEAS and a thrust of MCT are .
achieved initiate normal climb schedule.

C.4 Climb to 10,000 feet HAA with thrust = MCT,
speed = 250 KEAS, flaps = retracted, and gear = retracted.

A-11
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Airline Pilots Association/Northwest Airlines;
Small Cutback After Cleanup (ALPA/NWA Min, C/B)

This drocédure fs.similar to ALPA/NWA Max. C/B except that the
takeoff thrust is reduced to a cutback thrust equal to the maximum ¢limb
thrust after cleanup is performed.
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ALPA/NWA Min. C/8 Takeoff Procedurs

First Segment {roll and initial climb)

A.l Brake release; takeoff roll with takeoff thrust (TOT);
Rotate and c¢limb to 35 feet HAA and accelerate to V35
KEAS.

A.2 Retract gear; climb to 400 feet HAA; and accelerate to
Vp*10 KEAS.

A.3 Climb to 1000 feet HAA with thrust = TOT, speed = Vo+10
KEAS (greater if required), flaps = takeoff, and gear =
retracted,

Second Segment (thrust cutback)

B.1 At 1000 feet HAA, lower nose and accelerate to zero flap
speed (VZF), retract fiaps per schedule, maintain TOT and
a pitch attitude within one half the initial climb value
plus 0 to 3 degrees, and a rate-of-climb not less than 500 fpm.

B.2 Climb and accelerate to VIF with thrust = TOT,
speed = Vo+10 to VZF KEAS, flaps = retract, and gear =
retracted,
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B.3

B.4

When a speed of VIF and flap retraction are achieved,
reduce thrust to maximum ¢limb thrust (MCT).

Ciimb to 4000 feet HAA with thrust = MCT, speed = VZF KEAS,
flaps = retracted, and gear = retracted,

Third Segment (normal ¢limb})

c.1

c.2

.3

c.4

At 4000 feet HAA, maintain MCT and accelerate to 250 KEAS
with 500 to 1000 fpm rate-of-climb.

Climb and accelerate to 250 KEAS with thrust = MCT,
speed = VIF to 250 KEAS, flaps = retracted, and
gear = retracted.

When a speed of 250 KEAS is achieved, maintain MCT and
initiate normal cilimb scheduls,

Climb te 10,000 feet HAA with thrust = MCT, speed = ;
250 KEAS, flaps = retracted, and gear = retracted.

,.

(1.
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Washington National Airport {DCA)

The DCA procedure i5 a specific procedure used as a noise abatement
measure at Washington National Airport. This procedure specifies a reduc-
tion from takeoff thrust to a cutback thrust that gives approximately a 500
feet per minute rate-of-climb before cleanup.

i A-15
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DCA Takeoff Pracedure

First Segment (roll and initial cilimb)

A.l

Brake release; takeoff roll with takeoff thrust (TOT);
rotate and ¢limb to 35 feet HAA; and accelerate to V35
KEAS,

Retract gear; climb to 400 feet HAA and accelerate to
Vo+10 KEAS,

Climb to 1500 feet HAA with thrust = TOT, speed =
Vo+10 KEAS (or greater if required), flaps = takeoff,
and gear = retracted.

Second Segment {thrust cutback)

B.1

8.2

At 1500 feet HAA, maintain speed and reduce the thrust

to a cutback thrust (CBT) computed for hot day conditions
at max, gross takeoff weight to give approximately 500 fpm
rate-of-climb,

Climb to not less than the HAA required to reach ten
nautical miles distance from brake release {DFBR) with
thrust = CBT, speed = Vo+10 KEAS, flaps = takeoff, and
gear = retracted.

A-16
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Third Segment (normal climb)

c.l

c.2

€3

c.4

c.5

C.6

At ten nautical miles DFBR, maintain speed and gradually
increase thrust to achieve maximum ¢limb thrust (MCT)
at not less than 4000 feet HAA,

It

Climb to the HAA required to achieve MCT with thrust
CBT to MCT, speed = Vo+10, flaps = takeoff, and gear
retracted.

At the HAA required to achieave MCT, retract flaps per
schedule and accelarate to 250 KEAS with 500 to 1000 fpm

rate-of-climb.

Climb and accelerate to 250 KEAS with thrust = MCT,
speed = V2+10 to 250 KEAS, flaps = retract, and gear =
retracted,

When a speed of 250 KEAS and flap retraction are achieved,
maintain MCT and {initiate normal climb schedule,

Climb to 10,000 feet HAA with thrust = MCT, speed =
250 KEAS, flaps = retracted, and gear = retragted,

A-17
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FAR 36

The FAR 36 procedure 15 not generally used in routine airport
operations. This procedure specifies a reduction from takeoff thrust
(before cleanup) to a cuthack thrust that is equal to the thrust required
for a one engine ocut level flight or for a four percent ¢1imb gradient,

whichaver is greater,
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FAR 36 Takeoff Procedure

First Segment (roll and initial climb)

A.l1 Brake release; takeoff roll with takeoff thrust {TQT);
rotate and ¢iimb to 35 feet HAA and accelerate to V35,

A,2 Retract gear; climb to 400 feet HAA; and accelerate to
V2+10 KEAS.

A3 Climb to 1000 feet HAA with thrust = TOT, speed = V2+10
KEAS {greater if required}, flaps = takeoff, and gear =
retracted,

Second Segment (thrﬁst cutback)

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 ¢limb
gradient, whichever thrust is greater,

B.2 L£limb to 3000 feet HAA with thrust = CBT, speed =
V2+10 KEAS, flaps = takeoff, and gear = retracted.
Third Segment {normal climb)

€.l At 3000 feet HAA, maintain speed and gradually increase
thrust to achieve maximum c¢limb thrust (MCT) at not
less than 4000 feet HAA,
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c.2

C.3

c.4

C.5

Climb to the HAA required to achieve MCT with thrust =
CBT to MCT, speed = V,+10 KEAS, flaps = takeoff, and
gear = retracted.

At the HAA required to achieve MCT, retract flaps per
schedule and accelerate to 250 KEAS with 500 to 1000
fpm rate-of-climb,

Climb and accelerate to 250 KEAS with thrust = MCT,
speed = V,+10 to 250 KEAS, flaps = retract, and gear =
retracted.

Climb to 10,000 feet HAA with thrust = MCT, speed =
250 KEAS, flaps = retracted, and gear = retracted.

()
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APPENDIX B

AIRCRAFT PERFORMANCE AND OPERATIONAL
DATA AND INFORMATION
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APPENDIX B

AIRCRAFT PERFORMANCE AND OPERATIONAL
DATA AND INFORMATION

This appendix presents tabulated 1istings of the aircraft performance
and aperational data and information required to construct takeoff, and
approach and landing flight paths and performance schedules for selected
commercial airearrier aircraft types powered by low-by-pass ratioc (LBPR)
and high-by-pass ratio (HBPR) turbofan engines. OData and informaticn are
provided for the following six generic afrcraft types: ‘

° 2-Engine LBPR-Narrow Body (2E-LBPR-NB)
. 3-Engine LBPR-Narrow Body {3E-LBPR-NB)
s A-Engine LBPR-Narrow Body (4E<LBPR<NB)
(] 2-Engine MBPR-Wida Rody (2E-HAPR-WE)
&  3-Engine HBPR-Wide Body (3E-HBPR-WR)
] 4=-Engine HBPR-Wide Body {4E-HBPR-WB)
Data and information presented in this appendix include:

. i1-engine horfzontal distance from brake release {(DFER)
to 35 feet (D35) height above airport {HAA) for reference
atmospheric conditions (sea-level, 77°F)*

*fata presented for the 2E-HBEPR-WB and the 3E-KBPR-WE aircraft types are given
for a range of pressure altitudes and ambient temperatures.
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All-engfne D35 temperature-altftude ratfos {TMALT-35)
to determine equivalent brake release gross weight
{BRGW) for nonreference atmospheric conditfons (for
2E-LBPR-NB, 3E-LBPR-NB, 4E-LBPR-NB, and 4E-HBPR-WB
afrcraft types only).

All-engine horizontal distance from 35 feet HAA to 400

feet (DACO) HAA for reference atmospheric conditions
(sea-Tevel, 779F)*

All-engine D400 temperature-altitude ratios (TMALT-400)
to determine equivalent BRGW for nonreference atmospheric
conditions (for 2E-LBPR-NB, 3E-LBPR-NB, 4E-LBPR-NB, and
AE-HBPR-WB aircraft types only).

All-engine equivalent air speed (EAS) at 35 feet HAA
{V3s5)

One-engina out takeoff safety EAS (Vz).

Afrcraft 1ift and drag coefficients (CL and Cp)
as a function of flap setting (SF) and landing
gear position

Flap retraction speed schedule and times

EAS for approach and landing operations (1.3 Vs)

b e L e

*Data presented for the 2E-HBPR-WB and the 3E-HBPR-WB aircraft types are
the horizontal DFBR to 400 ft HAA. These data are given for a range of
pressure altitudes and ambient temperatures.
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TABLE B.1.1

ALL-ENGINE HORIZONTAL DFBR TQ 35 FEET {D35) HAA FOR
REFERENCE ATMOSPHERIC CONDITIONS {SEA-LEVEL, 779F); 2E-LBPR-NB

AT

Setg%g. 5 Aircraft Weight, Klbs |
Degrees 70 80 90 w0 | 10 | 120 | 125
1 2607 3269 4061 5004 6082 7310 8980
2 2443 3055 3789 4657 5646 6770 7350
5 2347 2931 363t 4453 5388 6447 7000
10 2179 2718 3358 4139 5044 6083 6258* -
15 2069 2577 3180 3928 4789 5781 5944*
25 2007 2501 3091 3813 4643 5598 5761* —
* These values have been obtained by extrapelation. .
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TABLE B.1.2

RATIOS (TMALT-35); 2E-LBPR-NB

ALL-ENGINE D35 TEMPERATURE-ALTITUDE

pﬁlE?ﬂﬁé Temperature, Degrees, °F
Altitude,
Feet 30 |45.5 | 48 53 66 74 84 100
0 0.957 {0.972 | 0.974 {0,978 [ 0.990 | 0.998 | 1,006 | 1.056
1000 0.981 |0.986 | 0,991 {1,004 {1,016 | 1.024 | 1,042 | 1.093
2000 0.988 | 1,022 |1.028 |1.032 | 1.042 | 1.058 | 1.078 |1.130
3000 1.019 | 1,059 [ 1.065 | 1.069 | 1.081 |1.096 | 1.117 |1.176
4000 1.060 | 1,097 {1,103 §1.108 | 1.120 | 1.136 | 1.158 |1.214
5000 1.098 | 1,137 [1.142 | 1,147 | 1,161 | 1.176 | 1,198 |1.257
6000 1.138 | 1,177 | 1.183 | 1,189 |1.202 |1.217 | 1.239 |1.305
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TABLE B.1.3

ALL-ENGINE HORTZONTAL DISTANCE FROM 35 FEET HAA TO 400 FEET (D40O0)
HAA FOR REFERENCE ATMOSPHERIC CONDITIONS (SEA-LEVEL, 779F); 2E-LBPR-NB

Set:::}ﬁg, i Aircraft Weight, Klbs
Degrees 70 B0 90 00 | 110 120
TAKEOFF CLIMB SPEED - Vp + 15
1 1261 1573 1906 2269 | 2676 3131
2 1281 1603 1950 2330 | 2760 3242
5 1292 1617 1369 2358 | 2798 3291
10 1337 1680 2060 2481 | 2964 3514
15 1358 1711 2104 2542 | 3094 3629
25 1405 1780 2202 2680 | 3243 3898
TAKEOFF CLIMB SPEED - Vg + 20
1 1448 1813 2207 2639 | 3123 3665
2 1464 1841 2248 2687 | 3205 3775
5 1474 1851 2264 2721 | 3238 3820
10 1516 1913 2354 2846 | 3412 4057
15 1536 1941 2396 2306 | 3497 4175
25 1584 2014 2501 3056 | 3708 4470
TAKEOFF CLIMB SPEED - V, + 30
1 1842 2317 2836 3408 | 4052 4773
2 1851 2336 2869 59 | 4127 4877
5 1857 2345 2880 477 | 4150 4318
10 1897 2404 2972 12 | 4347 5169
15 1912 2428 3010 3670 | 4434 5313
25 1967 2512 3132 3847 | 4686 5669

BT 11 I 1 ¥ b e s o [ g e

B-6

L T T




TABLE B.1.4

ALL-ENGINE D400 TEMPERATURE-ALTITUDE RATIOS
. {TMALT-400); 2E-LBPR-NB :

i?éggggg’ Temperature, Degrees, °F

Feet 30 45.5 . 48 53 66 74 84 100

) TAKEOFF CLIMB SPEED - Vg + 15
0 0,998 | 0.998 | 0.998 | 0.999 | 0.999 | 1,000| 1.000 | 1.073
1000 0,993 | 0.994 | 0.999 | 1.016 | 1.017 | 1.017| 1.036 | 1.113
2000 0,992( 1,031 | 1.038 | 1.038 | 1.040 | 1.054| 1.076 | 1.154
3000 1,029 | 1,073 | 1.078 [ 1.078 | 1.078 | 1.093{ 1.119 | 1,198
4000 1.038 | 1,111 | 1,118 | 1.119 | 1.121 | 1,136 1l.162 | 1,252
5000 1,105 1,153 | 1.162 | 1,163 | 1.164 | 1.180| 1.207 | 1.307
6000 1,155 | 1.198 | 1.207 | 1.208 | 1.211 } 1.227 | 1.254 [ 1.369

TAKEOFF CLIM8 SPEED - Yp + 20
— 0 0,996 | 0,997 { 0,998 | 0.998 ) 0,998 | 0.999| 1,000 | 1.068
1000 0,993 j 0,993 | 0.999 | 1.016 | 1.017 | 1.018| 1.038 | 1.108
2000 0.991 | 1,030 | 1.038 |1.038 | 1.039 | 1.051 1.076 | 1.149
3000 1,031 1,068 | 1,077 | 1,078 | 1.079 | t.092; 1.117 | 1.197
4000 1,064 | 1,109 | 1,118 {1,118 | 1.121 { 1,133 1.159 | 1.246
5000 1.106 { 1.150 | 1.159 | 1.159 | 1.162 | 1.175| 1.206 | 1.303
6000 1,153 | 1,196 | 1.204 | 1,205 1,208 | 1,221 | 1.252 | 1.364

TAKEOFF CLIMB SPEED ~ Vo + 30
0 6,993 | 0,995 0,996 ;0,997 | 0,998 | 0.999] 1.001 | 1.072
1000 0.990 | 0,993 | 1.000 (1,014 | 1.016 | 1.018( 1.038 | 1.113
2000 0.899 7 1,031 | 1,038 (1,039 ) 1.040 | 1,053 1.080 § 1.156
3000 1,031 1,070 | 1,078 | 1,079 | 1,081 {1,094 | 1.122 ; 1,202
4000 1,089 | 1,109 | 1,119 11,121 ( 1,123 | 1,138 | 1.166 | 1,255
5000 1,104 7 1,152 1,163 |1.164 ¢ 1.168 | 1,182 1,212 | 1.310
6000 1,186 ) 1.200 | 1.208 }1,211| 1,216 {1,230 1.263 | 1.372
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TASLE 8.1.5
EQUIVALENT AIR SPEEDS FOR TAKEOFF AND APPROACH AND

LANDING OPERATIONS (V35, V, 1.3 Vs ); 2E~LEPR-N _
Flap Adrcraft Weight, Klbs
Sett1ng.§F :
Degrees 70 80 90 100 110 120
TAKEOFF SPEED AT 35 FEET WEIGHT ABOVE AIRPORT, V35, KEAS
i 131.49 | 138.78 | 146.07 | 153.09 160,12 | 167.14
2 127.06 | 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 | 135.00 | 139.89 | 1477
TAKEQFF SAFETY SPEED, Vp, KEAS
1 119.2 127.6 135.2 | 142.5 149.8 157.2
2 115.1 123.2 130.7 | 137.8 144.9 152.0
5 112.5 120.5 127.8 | 134.8 161.7 148.6 .
10 108.5 115.2 122,3 | 129.3 136.3 143,5
15 1085 111.8 118.9 | 125.6 132.4 139.2*
25 108.5 109.7 116.2 | 122.9 129.5 136.1*
APPROACH SPEED, 1.3 Vs, KEAS
15 | 103.3 128.6 143.8
25 111.0 125.8 140.5
25 | 111.0 125.8 140.5
30E | 108.0 122.8 138.0
40E | 1083 19,7 134.3

*Thase valuas have been obtained by extrapelation.
Note: Landing gear retracted except for flap setting designated with an E.
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TABLE B.1.6
AIRCRAFT LIFT AND ORAG COEFFICIENTS (CL. CD); 2E-LBPR-NB

.LIFT COEFFICIENT AS A FUNCTION OF AIRCRAFT BODY ANGLE QF ATTACK

9

Flap Landing C L =ag*tay-og
Setting, & Gear
Degrees Positio_n a0 a1
0 Up 0,0743 0.0782
1 Up 0.1086 0.0921
2 Up 0.1394 0.0936
5 Up 0.2269 ¢.0962
10 Up 0.3229 ¢.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 COEFFICIENT AS A FUNCTION OF LIFT COEFFICIENT

sectif op | Mpere || 7t m U
Degrees Pasition ag ay

0 Up 0.0197 ¢.0491

1 Up 0.02758 0,0405

2 Up 0.0297 0.0423

5 Up 0.0335 0.0408

10 Up 0.0435 0.0411
15 Up 0.0523 0.0360

25 Up 0.0575 0.0413
25 Down 0.0764 0.0410

30 Dawn 0.0919 0.0419

40 Dawn 0,1397 0,0411

il LT R I JEWRE IR TR
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TABLE B.1.7

FLAP RETRACTION SPEED SCHEDULE AND TIMES; 2E-LBPR-NB

T/0 Re Selected Minimum Initiation Speed
L Flap Flap For Selected Flap Pos., KEAS
osftion, &plposition,s
Deg. Deg, ATl Aircraft Welghts
25 15 V2 + 15
5 150
1 170
0 190
10 or 15 5 y2 + 15
1 170
0 190
2ors 1 ¥y2 + 15
. 0 190
1 0 190
Minimum Zerc Flap Speed 210
Initial Selected Flap
Flap Flap Retraction
Setting, &p|Setting, 6p| Time
Deg. Deg. Sec,
25 15 1.2
15 10 1.9
10 5 5.1
5 2 5.1
2 1 11.2
1 0 5.3
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REFERENCE ATMOSPHERIC CONDITIONS (SEA-LEVEL, 77

TABLE B.2.1
ALL-ENGINE HORIZONTAL DFBR TO 35 FEET (033) HAA FQR

F): 3E-LBPR-NB

FTar Afrcraft Weight, Klbs

Sett NgsS — r l [ l

Degrees 170 | 130 [ 140 150 160 170 [ 180 190 200 210 , 230
5 2002 | 4051 | 4693 | 5385 513215935 7804 | 8775 | 9824 | 10964 | 13551
15 2584 | 3595 | 4166 | 4758 | 5404 | 6098 | 68421 7669 | 8559 | 9521 | 11688
20 2456 | 3420 | 2956 | 4532 | 5150 | 5815 6529 7324 | 8181 ] 9109 11209
25 2340 | 3263 | 3776 | 4327 | 4921 | 5559 6245 7010 7837 ) 8734 | 10769

et g gy e 7
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ALL-ENGINE D35 TEMPERATURE-ALTITUDE

TABLE B.2.2

RATIOS (TMALT-35); 3JE-LBPR-NB

Arport o
Pressure Temperature, Degrees, F
Altitude,
Feet 30 46 48 53 66 74 B4 94 100

0 .9592 | .9733 L9750 | .9794 | .9906 | .9974 |1.006041.0373|1,0572
1000 L9736 | ,0882 .9915 11,0040} 1,0164 11,0236 [ 1.0437 [ 1.0758 | 1.0964
2000 .9886 11.0250 |1.0299 [1,0343 11,0460 |1.0617 {1.0819| 1.1158 | 1.1374
4000 1.0680 [1.1039 [1.1086 [1.1135| 1,126 |1.1430(1.1647 ] 1.2013 |1,2245
6000 1.1510 (1.1898 [1.1948 [1.20001]1,2135 {1.2317 [1.2553(1.2470 |1,3220
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TABLE B.2.3

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

- (D400} HAA FOR REFERENCE ATMOSPHERIC CONDITIONS (SEA-LEVEL. 779F); 3E-LBPR-NB

Flap Aircraft Weight, Klbs
Sett1ng,5F
Degrees 110 130 150 | 170 | 190 210 230
TAKEOFF CLINB SPEED = V, + 10
5 1753 | 2005 | 2564 | 372 | 3931 | 4857 | 5966
15 1763 | 2122 | 2617 | 3263 | 4076 | 5086 | 6324
20 1810 | 2207 | 2754 | 3478 | 4410 | 5605 | 7127
25 1856 | 2294 | 2909 | 3730 | 4821 | 6270 | 8238
TAKEOFF CLING SPEED - V, + 20
5 2200 | 2711 | 3384 | 4238 | 5294 | 6584 | 8142
15 2196 | 2722 | 3416 | 430 | s426 | esi2 | ss2l
20 2247 | 2818 | 3578 | asse | sea2 | 7458 | 9540
. 26 2298 | 2915 | 3754 | 4861 | 6325 | 8268 | 10915
TAKEOFF CLINB SPEED - V, + 30 _
5 2686 | 3375 | 4262 | 5369 | 673¢ | 83%9 | 10414
15 2669 | 3373 | 4283 | 5435 | 6867 | 8647 | 10848
20 2728 | 3485 | 4475 | 5746 | 7373 | 487 | 12139
25 2785 | 3599 | 4esz | 6093 | 7962 | 10440 | 13815

Q
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TABLE B8.2.4

ALL-ENGINE D400 TEMPERATURE-ALTITUDE RATIOS
{TMALT-400); 3E-LBPR-NB

Alrport "
zggﬁiﬁzg’ Temperature, Degrees, F
Feet 30 46 48 53 66 74 84 94 100
TAKEOFF CLIMB SPEED - V, +10
0 0.9955 | 0,9970 | 0.9972 | 0.9977 | 0,998%| 0.9997 } 1.0005 | 1.0436| 1.0714
1000 0,9941 10,9958 | 0.9989 [ 1.01556 | 1.0174| 1.0189(1.0385] 1.0835] 1.,1125
2000 0.9939{1.0345| 1.0398 | 1.0404 | 1.0420} 1.0579(1.0784} 1.1254] 1,1556
4000 1.0791 | 1.7167 [ 1.1216 | 1.1223 | 1.1241 11,1413 |1.1634 | 1,21421 1,2470
6000 1.1642 {1.,2084 | 1.2108 | 1.2118 | 1.2145] 71,2335 |1,2573 | 1.,3150| 1.3504
TAXEQFF CLIMB SPEED - V, + 20
0 0.9907 | 0.9938 | 0.9942 | 0,9952 | 0,9978 | 0,9994 [ 1,0012 [ 1.0448( 1.0728
1000 0.9906 10,9939 ( 0,997211.0150 | 1.0175} 1.0199 | 1.0402 | 1.0857 1.1149
2000 0.9920[1,03361.0390]1.0403|1.0435{1.0607 |1.0812}1.1286( 1,1589
4000 1.0790 [1.31179 | 1.1220 | 1.1243 | 11280 1,1460|1,1687 | 1.2203}.1.2533
§000 1.1663 |1.2089 [ 1.2145 | 1.2164 | 1.,2216|1.2814 |1,2663 71,3230 1.3608
TAKEQFF CLIMB SPEED - Vo + 30
0 0,9863 | 0.9908 | 0.9914 | 0.9929 | 0,9967 | 0.9997 {1,0018 | 1.0463 | 1.0747
1000 0.9873 | 0.9920 | 0.9956 (1.0145 [1,0178)1.0210(1.0421 | 1.0884(1.1178
2000 .9902 11,0331 {1,0387 | 1.0405 (1.0451 [ 1.0623 |1.08451,1325]1.1629
4000 1.0795 {1,198 [ 1.1250 [ 1.1270 | 1.1323 | 1.15171 [1,1750 [ 1,2274 | 1.2607
6000 1.1694 |1.2133]1.2160 | 1,2217 | 1.2288 | 1.2493 (1.2761 | 1.3350 | 1,3720
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TABLE B.2.5

EQUIVALENT AIR SPEEDS FOR TAKEOFF AND APPROACH AND
LANDING OPERATIONS (V35, Vo 1.3 Vs }; 3E~LBPR-NB

sﬂiliﬁg,GF Afrcraft Weight, Klbs
Degrees 120 140 : 160 : 180 200 210
TAKEOFF SPEED AT 35 FEET HEIGHT ABOVE AIRPORT, V35, KEAS
5 138.1 149,21 160.30 169.44 178,57 183,14
15 130.07 140,55 151,03 159.68 168,33 172,66
20 126.46 137.19 147.91 157.10 166.29 170.88
25 122.74 132,80 142.84 151.43 160,02 164,31
TAKEOFF SAFETY SPEED, V,, KEAS

5 134.8 184.5 153.6 162.2 170.8 174,9

15 127.4 136.6 145, 153.2 161.4 165.3
20 123.2 132.4 140.9 '149.0 157.2 161,3*
25 120.0 128.6 136.7 144.3 151.9 156,7+

* These values

oL IGY ok e L ol Lok e bt et 2

have been obtained by extrapolation.
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TABLE .B.2.5 ~—
{continued) )

APPROACH SPEED, 1,3 Vs, KEAS

sﬂmﬁg's Arcraft Weight, Klbs

Pegrees “| 4150 | 110 120 130 140 150 160.
15 | ne.a | 1219 {1e2ny | 1335 | 139.2 | 1445 | tas.s
25 108.7 | 1140 | 119.4 | 1246 | 1208 | 1348 | 139.7
25 E 108,7 [ 1141 | 119.4 | 124,6 | 129.8 | 136.8 | 1397
30 € 16,7 | M1, | 17,2 | 122.5 | 127.6 | 132.7 | 137.6
40 E 102,9 |-107.8 | 113.2 | 118.9 | 124.5 | 130.2 | 135.9

1

Note: Landing gear retracted except for flap settings designated
with an E.

816
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TABLE B.2.6
AIRCRAFT LIFY AND DRAG COEFFICIENTS (CL, CD); 3E-LBPR-NB

LIFT COEFFICIENT AS A FUNCTION OF AIRCRAFT BODY ANGLE OF ATTACK

Flap ! Landing CL=ap*a .o
Setting, §p | Gear " "

Degrees Position 0 I

0 Up 0.177¢ 0.0690

2 up 0.2005 0.0759

5 Up 0.1621 0.0924
15 Ap 0.3566 0.0955
20 Up 0.4859 0.0952
25 Up 0,641 0.10m
25 Cown 0.6574 0.1002
30 Down - 0.8339 0.0990
40 Down 1.1251 0.0929

DRAG COEFFICIENT AS A FUNCTION OF LIFT COEFFICIENT

Flap Landing Cp=ag +ay .(C)° ;
e Beanads Position 2 ! ‘
0 Up 0.0187 | 0.0490
2 Up 0.0328 | 0.0588
5 Up 0.0448 | 0.0455
18 Up 0.0523 | 0.0418 |
20 Up 0.0676 0.0409
25 Up 0.0751 0.0416
25 Down 0.0888 | 0.0441
30 Down 0.1155 | 0.0411
40 Down 0.1822 | 0.0371

ot e e R g
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TABLE 8.2.7

FLAP RETRACTION SPEED SCHEDULE AND TIMES; 3E-LEPR-N3

T/0 Roli Selected Minimum Initiation Speed
Flap Flap For Selected Flap Pos., KEAS
Pos1tion,6F Position, GF
Aircraft Gross Weight, XLB.
120.0 154.5+ 176.0+ 191.0+
T0 T0 T0 T0
Deg. Deg. 154.5 176.0 191.0 210.0
25 15 V2 + 10 V2 + 10 V2 + 10 V2 + 10
5 150 160 170 180
2 160 170 180 190
0 190 200 210 225
20 15 vz + 10 y2 + 10 v2 + 10 v2 + 10
5 150 160 170 180
2 160 170 180 190
0 150 200 210 225
15 § y2 + 10 V2 + 10 Ve + 10 v2 + 10
2 160 170 180 180
0 190 200 210 225
5 2 V2 + 30 V2 + 30 v2 + 30 ¥2 + 30
] 190 200 210 225
Minimum Zero Flap Speed 200 210 220 235
Inittal Selected Flap
Flap Flap Retraction
setting, &p Setting, dp Time
Deg. © Deg. Sec.
25 20 1.8
20 15 1.7
15 3.7
5 8.7
2 7.
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TABLE B.3.1

ALL-ENGINE HORIZONTAL DFBR TO 35 FEET (DSE) HAA FOR
REFERENCE ATMOSPHERIC CONDITIONS (SEA<LEVEL, 77°F); 4E-LBPR-NB

Flap Afrcraft Weight, Klbs
Setting, 6
Degrees 180 | 228 | 250 | 270 | 290 | 310 | 330 [ 350
14 5000 | 5000 | 5080 | 6006 | 7028 | 8146 | 9383 | 10784
B-19
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TABLE B.3.2

ALL-ENGINE D35 TEMPERATURE-ALTITUDE
RATIOS (TMALT-35); 4E-LAPR-NB

Pﬂ;;gg:g Temperature, Degrees, °F
Altitude,
Feet 30 7 48 59 84 100
0 0.9635 0,969¢ 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 1.1335
4000 1.0596 1.0770 1.1080 1.1409 1,1618 1.2244
6000 1,1431 1.1620 1.194¢0 1,2314 1.2835 1.3212
ran
L‘.ﬂ)
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ALL-ENGINE HORIZONTAL DISTANCE FROM 35 FEET HAA TO 4
(D400) HAA FOR REFERENCE ATMOSPHERIC CONDITIONS (SEA-LEVEL, 77

.

TABLE B.3.3

8

0 FEET

F}s: 4E-LBPR-NB

5eti¥%g' 5F Aircraft Weight, Klbs
Degrees 190 210 230 250 270 290 310 330 350
TAKEOFF CLIMB SPEED - V, + 10
14 1899 2272 2654 3047 3455 3901 4402 4968 5618
TAKEOFF CLIMB SPEED - V, + 20 _
14 2456 2051 3470 4019 4606 5251 5082 6812 7768
TAKEOFF CLIMB SPEED - V, + 30
14 3057 3680 4343 5055 5827 6680 7651 8753 10024




TABLE B.3.4

ALL-ENGINE D400 TEMPERATURE-ALTITUDE RATIOS —
(TMALT-400); 4E-LBPR-NSB .

Atrport R
E¥§?§3;:’ Temperature, Degrees, " F
Feat 30 37 45 48 59 84 100
TAKEOFF CLIMB SPEED ~ V, + 10
0 0.99%0 | 0,990 0.5990 | 0,99%0 | 0.9989 | 1.0004 | 1.0698
1000 £.9918 [ 1.0010 | 1.0130 { 1,016 | 1.0349 | 1.0359 | 1,1077
2600 0.9843 | 0,9970 [ 1.0240 [ 1,0350 | 1.0737 [ 11,0741 { 1.1481
4000 1.0609 | 7.0780 | 1.7037 [ 1.01120 | 1.,1546 | 71,1577 | 71,2349
£000 1.,1475  71.1670 | 1.1931 | 1.203¢ I 1.2466 | 1.2485 1 1.3330
TAKEQFF CLIMB SPEED - Vz + 20
Q 0.9938 10,9940 | 0.9950 | 0.9958 | 0.9972 § 1.0070 | 1,0703
1000 0.9883 { 0.9970 { 1.,0080 | 1.0141 | 1.0339 | 1.0378 | 1,1045 -
2000 0.9827 | 0.9959 | 1.0230 | 1.0330 | 1.0374 | 1.0773 | 1.1512
4000 1.0813 | 1.0780 | 1.1082 | 1.1130 | 1.1567 | 1,1840 | 1,2413
6000 1.1504 ( 1,1710 | 1.1974 [ 1.2080 | 1.2516 | 1.2584 | 1.343
TAKEQRF CLIMB SPEED - ¥y + 30
0 0.9892 | 0.9910 | 0.9930 | 0.9930 | 0.9957 | 1.0017 | 1.072
i 1000 0.9853 | 0.9959 [ 1.0070 { 1.0126 | 1.0332 { 1.039% 1 1.1118
2000 0,9812 | 0.5950 | 1.0230 | 1.0340 [ 1.0735 | 1.0804 | 1,7547
4000 1.06819 | 1.0800 | 1.7070 11,1170 | 1,1593 [ 1.1707 | 1.2480
g 8000 1.1637 [ 1.1730 | 1.2020 | 1.2130 § 1.2673 | 1.2681 | 1,3536

B-22

i
i - . R

Nl i B e A 2 g e ek | AR e ] o i



€e-8

TAKEQFF SPEED AT 35 FEET HEIGHT ABOVE AIRPORT, V35, KEAS

TABLE B.3.5

EQUIVALENT AIR SPEEDS FOR TAKEOFF AND APPROACH AND
LANDING OPERATIONS {v35, Vo, 1,3 Vs); 4E-LBPR-NB

Flap
Setting, §p

Aircraft Weight, Kibs

Degrees 190 | 210 | 230 | 250 | 270 | 200 | 310 | 330
14 130,11 139.69 | 145.28| 150.86 | 156.44 | 162,03 | 167.61| 173.20
TAKEOFF SAFETY SPEED, V,, KEAS
Flap Aircraft Weight, Klbs
Setting, Sp
Degrees 190 210 230 250 270 290 310 330 | M0
14 130,0 | 13,1 41,9 | 147.4 | 1529 | 1s8.1 | 163.2 | 168.,1 | 170.6




TABLE B.3.5
{continued)

APPROACH SPEED, 1.3 Vs KEAS

; SetE}ﬁz, e Aircraft Weight, Klbs

: Degrees 160 180 200 220 240 260
| 25 113.4 | 120.7 | 127.6 | 1343 | 140.7 | 147.0
| 25E 113.4 | 120.7 | 127.6 | 134.3 | 140.7 | 147.0
; A0E  } 111.3 | 118.2 | 124.7 | 130.9 | 136.8 | 142.6
Lo 50E 110.2 | 117.0 | 123.2 | 129.2 | 134.9 | 140.4

Note: Landing gear retracted except for flap settings designated with an £.
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AIRCRAFT LIFT AND DRAG COEFFICIENTS (CL, CD); 4E-LBPR-~NB

LIFT COEFFICIENT AS A FUNCTION OF AIRCRAFT BODY ANGLE OF ATTACK

TABLE B.3.6

Flap Landing CL=ag+a *ap
Setting, & Gaar
Degrees Position ag a1
0 Up 0.0664 0.0786
14 Up 0.2282 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

DRAG COEFFICIENT AS A FUNCTION OF LIFT COEFFICIENT

I ECECITRCE
Degrees Position ap a1
0 Up 0.0101 0.0425
14 Up 0.0203 0.0489
25 Up 0.0449 0.0527
25 Down 0.0534 0.0537
40 Down 0.0843 0.0513
50 Down 0,1087 0.0521
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TABLE B.3.7
FLAP RETRACTION SPEED SCHEDULE AND TIMES; 4E-LBPR-N3

T/0 Roll Selected Minimum Initiation Speed
Flap Flap For Selected Flap Pos., KEAS
Position, 8g.[Position, &¢ -
Deg. Deg, A1l Alrcraft Weights
14 0 ‘ V2 + 30 :
Minimum Zero Flap Speed V2 + 50
Initial Selected Flap
Flap Flap Retraction
Setting, &;| Setting, BF Time
Degq. Deg. Sec,
14 0 15.6
(]

B-26
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TABLE 8.4.1

ALL-ENGINE HORIZONTAL DFRR TO 35 FEET (D35) HAA FOR
REFERENCE ATMOSPHERIC CONDITIONS (SEA-LEVEL, 779F); 4E-HBPR-WB

Flap
Setting, LT Mrcraft Welght, Klbs
Degreés -
500 550 600 ) 625 650 675 700 728 750 775 800
10 4060 | AB43 | 5774 | 6293 | 6877 | 7513 { 8206 | 8954 | 9751 { 10612 | 11500
20 3820 | 4446 | 5299 | 5774 | 6307 | 6894 | 7531 | 8225 | 8967 | . 9766 | 10600
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TABLE B.4.2

ALL-ENGINE D35 TEMPERATURE-ALTITUDE

RATI0S {TMALT-35); 4E-HBPR-KA

Afrport 0
Pressure Temperature, Degrees, “F
Altitude,
Feet 30 45 59 66 713 - 80 87 9% 100
0 0,9630 | 0.,9751 | 0.9860 | 0.9913 | 0.9969 | 1.0023 | 1.0186 | 1.0362 | 1.0523
2000 1.0184 | 1,0308 | 1.0421 ) 1.0479 | 1.0837 | 1.0707 | 1.0885 | 1,1073 | 1.1246
4000 1.0772 ¢ 1.0911 | 1.1033 | 1,109 { 1.1274 | 1.1454 | 1,1646 | 1.1850 | 11,2039
6000 1.1434 | 1.1567 | 1.1697 { 1.1878 | 1.2065 | 1.2261 | 1.2463 | 1.2650 | 1.2825

7
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TABLE B.4.3

ALL-ENGINE HORIZONTAL DISTANCE FROM 35 FEET HAA TO 400 FEET
(DA00) HAA FOR REFERENCE ATMOSPHERIC CONDITIONS (SEA-LEVEL, 770F); 4E-HBPR-WB

Flap
SﬁﬁéigggﬁF Arcraft Height, Kibs |
500 550 515 600 625 650 675 700 725 750 775 800
TAKEQFF CLIMB SPEED - vz + 10
10 2687* | 3307 | 3617 | 3931 [ 4255 | 4572 | 4901 [ 5244 | 5608 | 6001 6414 6827 *
20 26B9% | 3349 | 3679 | 4020 | 4373 | 4723 | 5096 | 5488 ) 5909 | 6367 6865 7363*
TAKEOFF CLIMB SPEED V, + 20
10 3397+« | 4209 4615 | 5034 | 5471 [ 5911 | 6373 | 6860 | 7382 | 7947 8547 9147+
20 3302+ 4252 | 4682 [ 5127 | 5607 | 6093 | 6605 | 7157 | 7760 | 8403 012 9521+
TAKEQFF CLIMB SPEED V, + 30
10 4148+ | 85160 | 5666 | 6194 | 6748 | 7314 j 7914 | 8551 | 9230 ) 9974 | 10764 11554+
20 4138+ | §212 | 5749 | 6315 | 6915 | 7539 | 8202 | 8919 | 9696 | 10549 | 11479 12409*

*These values were obtained by extrapolation.
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TAGBLE B.4.4

ALL-ENGINE D400 TEMPERATURE-ALTITUDE RATIOS
{(THALT-400) ; AE-HBPR-HB

Arport
Pressure Temperature, Degrees, oF
Altitude,
Feet 30 45 59 66 73 B0 87 94 100
TAKEOFF CLIMB SPEED - v, + 10
0 0.9987 | 0,9990 | 0.9992 ] 0.9997 | 0.9999 [ 1,0001 | 1,0218 | 1.0456 | 1.0677
2000 1.0508 | 1.0514 | 1.0521 | 1.0527 | 1.0533 | 1.0756 | 1.0093 | 1,1245 | 1.1485
4000 1.1005 [ 1.1099 | 1.1106 [ 1.,1321 | 1.1346 | 1.1584 | 1.1834 | 1.2109 | 1.2364
6000 19721 | 10731 | 1.1754 ) 1,1982 [ 1.2222 | 1,2477 | 1.2742 | 1.3040 | 1.3280
TAKEOFF CLIMB SPEED - V, + 20
o 0.9931 | 0,9951 | 0.9970 | 0.9985 | 0.9594 | 1.0004 | 1.,0218 | 1,0453 | 1.0669
2000 1.0457 | 1,0485 | 1.0514 [ 1.0531 | 1.0547 | 1.0768 | 1.1001 | 1.1247 | 1.1480
4000 1.1068 | 1.10%2 [ Y.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
TAKEOFF CLIMB SPEED- V, + 30
0 0.9884 | 0.9919 | 0.9952 | 0,9974 | 0,9991 | 1.0007 | 1.0222 | 1.0455 | 1.0668
2000 7.0420 | 1.0466 | 1.0513 | 1.0538 | 1.0662 | 1.0783 | 1.1014 | 1.1258 | 1,1486
4000 1.1049 | 1.1094 | 71,1142 | 1.1173 | 1.1400 | 1.1636 | 1.1883 | 1.2148 | 1.2389
6000 1.1708 | 1,371 | 1.1844 1 1.2071 | 1.2311 | 1.2860 | 1.2816 | 1.3120 | 1.3360

1
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TABLE B.4.5

EQUIVALENT AIR SPEEDS FOR TAKEQFF AND APPROACH AND
LANDING QPERATIONS (v35, Voo 1,3 Vs); AE-HBPR-WB

Flap
Settings Aircraft Weight, Kibs
Degrees
500 575 650 725 800
TAKEOFF SPEED AT 35 FEET HEIGHT ABOVE AIRPORT, V35, KEAS
10 138.89 151,12 163.35 175.58 187.81
20 132.70 144,43 156.18 167.87 179.60
TAKEOFF SAFETY SPEED, V,. KEAS
10 137.9 149.5 160.6 171.6 182.2
20 131.6 142.9 153.7 164.5 174.9
APPROACH SPEED, 1.3 Vs, KEAS
450 500 550 600 650
20 134.3 142.7 150.9 158.9 166.8
20 E [135.7 143.5 151.8 159.8 167.8
25 E (130.8 138.8 146.5 154.0 161.3
30 E |125.6 132.7 138.5 146.8 155.0
Note: Landing gea} retracted except for flap settings designated

e b R A il T L arrae BT B i & e

with an E.
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TABLE B.4.6
ATRCRAFT LIFT AND DRAG COEFFICIENTS (CL. CD); 4E-HBPR-WB

LIFT COEFFICIENT AS A FUNCTION OF AIRCRAFT BGDY ANGLE OR ATTACK

Flap Landing CL Tl T %
Se;:;:géséF PnE?%:on i 4
0 Up 0.2037 0.0628
1 Up 0.1748 0.0685
5 Up 7 0.1069 0.0864
10 Up 0.2414 0.0849
20 up 0.4459 0.0921
20 Down 0.4719 0.0921
25 . Down 0.6547 0.0856
30 Down 0.8334 0.097

ORAG COEFFICIENT AS A FUNCTION OF LIFT COEFFICIENT

z 2
Cp = ag + 25 .(C))
Flap Landing
Setting, Sp Gear a a
Degrees Position 0 1
0 Up 0.0152 0,0817
1 Up 0.0208 0.0472
5 Up 0.0328 0.0442
10 Up 0.02584 0.0611
20 up 0.0344 0.0554
20 Down 0.053% 0.0542
25 Pown 0.0610 0.0549
30 Down 0.0918 0.0546

i
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TADLE B.4.7
FLAP RETRACTION SPEED SCHEDULE AND TIMES; 4E-HBPR-WB

ik b e e e

7/0 Roll Selected Minimum Initfation Speed
Flap Flap For Selected Flap Pos,, KEAS
Position, &¢ Position, &
Deg. Deg. ATl Afrcraft Wefghts
20 10 V2 + 20
5 V2 + 40
1 v2 + 60
0 ve + 80
10 5 V2 + 40
1 V2 + 60
0 yZ + 80
Mnimum Flap Speed y2 + 80
Initial Selected Flap
Flap Flap Retraction
Setting, &p Setting, 8¢ Time
Deg. Dag, Sec,
20 10 6.1
10 5 4.7
5 1 30.6
] 0 10.0
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TABLE B.5.1

ALL-ENGINE HORIZONTAL DFBR TC 35 FEET (D35) HAA;

2E~HBPR-UB

ATRPORT PRESSURE ALTITUDE SEA LEVEL

Tem;\;:ﬁsﬁe. Aircraft Weight, Klbs
Degrees F | 5oy 8| 233.1] 262.4] 291.8] a21.1| 350.5] 379.8 | 304.5
TAKEOFF FLAP SETTING - 5 DEGREES. &
40 3431 | 4420 | 5000 | 6000 | 7318 | 8750 | 10500 | 11180
60 3637 | 4643 | 5200 | 6133 | 7453 | 9028 | 10780 | 11530
77 3775 | 4714 | 5333 | 6267 | 7657 | 9167 [10990 | 11879
85 3912 | 4929 | s400 | 6467 | 7792 | 9444 | 11270 | 12228
95 4118 | 5000 | 5600 | 6667 | B3l | 9931 |11830 | 12578
TAKEOFF FLAP SETTING - 15 DEGREES, &
40 3294 | 4286 | 4667 | 5667 | 6911 | 8403 |10080 | 10831
60 3931 | 4420 | 4867 | 5800 | 7047 | 8sdz | 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
TAKEOFF FLAP SETTING - 25 DEGREES, of
40 3020 | 4000 | 4600 | 5400 | 6708 | 8264 | 9870 | 10761
50 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 | 56267 | 6333 | 7724 | 9514 |11410 | 12439
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TABLE B,5.1

(continued)
AIRPORT PRESSURE ALTITUDE _ 3000 FT
Temgliggﬂﬁe. Aircraft Weight, Kibs
Pegrees OF 1 5038 233.1| 262.4| 2o1.8| 321.1] 350.5] 379.5 | 394.5
TAKEOFF FLAP SETTING - 5 DEGREES, &
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 | 6889 | 8131 | 9698 | 11852 | 14130 | 15400
95 5042 | 6030 | 7457 | 8762 | 10465 | 12774 | 15190 | 16520
TAKEOFF FLAP SETTING - 15 DEGREES, GF
40 4034 4966 5866 7079 8512 10361 | 12364 | 13090
60 4178 5037 6108 7290 8721 10645 | 12647 | 13510
77 4250 5250 6250 7500 9000 11000 | 13000 | 14000
85 5114 8392 6534 7780 9349 11426 | 13636 | 14770
a5 5331 | 5676 | 6960 | 8271 | 9837 | 12206 | 14625 | 15890
TAKEOFF FLAP SETTING - 25 DEGREES, &p
40 3890 | 4753 | 5824 | 7009 | 8372 | 10250 | 12364 | 13300
60 3962 4895 6037 7220 8651 10574 | 12717 1} 13650
77 4106 5037 6179 7430 8860 10829 | 13071 | 14210
85 4250 | 5321 | 6463 | 7710 | 9279 | 11568 | 13848 [ 15190
95 4466 5605 £818 8131 9837 12277 | 14508 | 16310
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TABLE B.§,1

(continued)
AIRPORT PRESSURE ALTITUDE ___ 6000 FT
Temg\;:ggsﬁe' Aircraft Weight, Klbs
Degrees OF 203,8 | 233.1 262.4 | 291.2| 321.1 | 3s0.5| 379.8| 394.5
. TAKEOFF FLAP SETTING - 5 DEGREES, &p
a0 4479 | 5860 | 7360 | 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
TAKEOFF FLAP SETTING - 15 DEGREES, S
) 40 4343 | 5681 | 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 | 792t | 9670 | 11742 | 14385 | 17172 | 19425
95 5089 | 6628 | 8131 | 10091 | 12305 | 15231 | 18791 | 21062
TAKEOFF FLAP SETTING - 25 DEGREES, &
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 5021 | 6419 | 8061 | 10021 | 12305 | 15513 | 19424 | 21844
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ALL-ENGINE HORIZONTAL DFER TO 400 FEET (D400)

TABL

FR.B,?

HAA FOR INITIAL CLIMB SPEED AT Vo + 10 KEAS; 2E-HEPR-WB

AIRPORT PRESSURE ALTITUDE

SEA LEVEL

Temggggzﬁe’ Aircraft Weight, Klbs

Degrees °F ' 1.3 225.6] 252.5| 280.2] 307.5 | 338.9 | 362.2 | 375.9

TAKEOFF FLAP SETTING - 5 DEGREES, 6.
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

- TAKEOFF FLAP SETTING - 15 DEGREES, 5.
40 4800 | 6000 | 7000 | 8500 | 10200 |12100 (14400 | 15500
60 5000 | 6200 | 7300 | 8700 | 10400 | 12300 |14600 | 15800
- 77 5100 | 6300 | 7500 | 9000 | 16700 | 12600 |15000 | 16100
85 5400 | 6500 | 7800 | 9300 | 11000 |12900 [15400 | 16400
1 95 5500 | 6800 | 8100 | 9600 | 11500 | 13600 |16000 | 17400

; TAKEOFF FLAP SETTING - 25 DEGREES, 6
§ 40 4400 | 5600 | 6900 | 8100 | 9900 {11900 [14100 | 15400
i 60 4600 | 5800 | 7000 | 8300 | 10200 |12200 [14400 | 15700
E 77 as00 | 6000 | 7300 | 8600 | 10500 |12500 [14800 | 16000
| 85 5100 | 6200 | 7500 | 8900 | 10800 |12900 (15100 | 16500
95 5300 | 6500 | 7900 | 9500 | 11400 {13700 (16300 | 17800
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AIRPORT PRESSURE ALTITUDE

TABLE B,5.2
{continued)

3000 FT

Afrport Aircraft Weight, Klbs
Temperature,
Degrees OF | 1o 3| 225.6{ 252.9] 280.2|307.5 | 334.9 | 362.2| 375.8
TAKEOFF FLAP SETTING - 5 DEGREES, 6

40 5900 | 7400 { 8900 | 10700 | 12700 | 15300 | 18400 |20000
60 6000 | 7500] 9000 | 10900 | 13000 | 15600 | 18700 | 20300
77 6300 | 7800| 9400 | 11200 | 13400 | 16000 | 19100 |21000
"85 6500 | s100] 9700 | 11600 | 13900 | 16700 [ 20000 |22000
95 7000 | 8500| 10500 | 12500 | 15000 | 18000 | 21500 | 23600

TAKEOFF FLAP SETTING - 15 DEGREES, S
40 5600 | 7000 | 8400 | 10160 | 12200 | 14600 | 17500 |18700
60 5800 | 7100 | 8600 | 10400 | 12500 | 15000 | 17900 |19300
77 5900 | 7400 | 8800 | 10700 | 12900 | 15500 | 18400 |20000
85 7000 | 7800 | 9200 | 11100 | 13400 | 16100 |19300 |21100
95 7400 | @000 | 9800 | 11800 | 14100 | 17200 |20700 22700

TAKEOFF FLAP SETTING - 25 DEGREES, 4,
40 5400 | 6700 | 8200 | 10000 | 12000 | 14500 [17500 {19000
60 5500 | 6900 | 8500 | 10300 { 12400 | 14300 |18000 ]19500
77 5700 | 7100 | 8700 | 10600 | 12700 | 15400 |[18500 20300
85 5900 | 7500 | 9100 | 11000 | 13300 | 16300 |[19600 {21700
95 6200 | 7900 [ 9600 | 11600 | 14100 | 17300 {21100 |[23300

b i
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TABLE B.5.2
{continued)

AIRPORT PRESSURE ALTITUDE 6000 FT

Airport Aircraft Weight, Klbs
Temperature,

D 0
egrees °F | yo0 3} 205 6| 250.9 | 280.2 | 307.5| 338.8 | 382.2 | 375.9

TAKEOFF FLAP SETTING - 5 DEGREES, ¢p

40 6600 8400 | 10500 | 12700 | 15300 18500 | 22300 | 24400
€0 7000 8500 ; 10600 | 13000 | 15600 19000 | 22800 | 24800
77 7400 5000 | 11200 | 13700 { 16600 20300 | 24600 | 27000
85 7600 9300 | 11500 | 14200 | 17200 21100 | 25700 | 28200
95 500 9900 | 12300 | 15000 | 18200 22400 | 27400 | 30200

. . TAKEQFF FLAP SETTING - 15 DEGREES, &

40 6400 BOOO | 9900 | 12100 | 14700 17900 | 21600 | 23900
60 6600 8200 | 10200 | 12600 | 15100 18200 | 22000 | 24300
77 7000 8600 | 10700 | 13200 | 16000 19500 | 23800 | 26000
g5 7300 9000 | 11300 | 13800 | 16700 20400 | 24400 | 27300
g5 7500 9500 | 11600 § 14400 | 17500 21600 | 26700 | 29600
TAKEOFF FLAP SETTING - 25 DEGREES, &g
40 6100 7700 | 9500 | 11900 | 14500 18000 | 21800 | 24100
60 5400 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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TABLE B.5.3

ALL-ENGINE HORIZONTAL DFBR TO 400 FEET {D400) HAA FOR
INITIAL CLIMB SPEED AT V, + 20 KEAS; ZE-HBPR-WB

AIRPORT PRESSURE ALTITUDE _ SEA LEVEL

Airport Aircraft Weight, Klbs
Temperature,

0
Degrees °F | 1og.3 | 225.6 | 252.9 | 280.2 | 307.5 | 334.9 | 362.2 |a75.9

TAKEGFF FLAP SETTING - 5 DEGREES. 6p

40 5461 7009 8079 9974 | 11807 | 14112 | 16918 17927
60 5789 7348 8403 | 10195 | 12026 | 14560 |17369 18487
7?7 6007 7461 8618 | 10417 | 12354 | 14784 177b7 19047
85 6225 7800 8726 | 10749 | 12573 | 15232 |18158 19607
95 6553 7913 9049 | 11082 | 13119 | 16016 |19060 | 20167

TAKEQFF FLAP SETTING - 15 DEGREES., S

40 5272 | 6776 7600 9452 | 11240 | 13644 {18379 17546
60 5492 7002 7926 9674 | 11460 | 13870 16606 17885
77 5602 7115 8143 | 10008 | 11791 | 14208 17061 18225
85 5932 7341 8469 | 10342 | 12122 {14546 {17516 18565
95 6041 7680 | 8794 | 10675 [ 12673 | 15336 18198 15637
TAKEQFF FLAP SETTING - 25 DEGREES, S
40 4850 | 6365 1576 9096 | 11291 | 14014 |17020 18813
60 5070 | 6593 7686 9321 | 11633 | 14368 |17382 19180
77 5401 6820 8016 9658 | 11975 | 14721 |17865 19546
85 5621 7047 8235 9995 | 12317 | 15192 |1B227 | 20157
95 5842 7388 8674 | 10669 | 13001 | 16134 [19676 | 21745
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AIRPORT PRESSURE ALTITUDE _ 300

TABLE B.5.3

{continued)

Q0 FT

o

Temgligggﬁe. Aircraft Weight, Kibs
Degrees °F | 195 3| 225.6| 252.9 | 280.2| 207.5 | 334.5 | 362.2 | 375.9
TAKEDFF FLAP SETTING - 5 DEGREES, 5.
40 6444 | 8366 | 9587 | 11858 | 13885 | 17136 | 20753 | 22409
60 6553 | 8479 9695 | 12080 | 14213 | 17472 | 21001 |22745
77 6881 | 8818 | 10126 | 12412 | 14650 | 17920 | 21542 | 23529
85 7099 | 9157 |. 10849 | 12855 | 15197 | 18704 | 22557 |24649
95 7646 | 9603 | 1311 | 13853 | 16339 | 20160 | 24240 | 26442
TAKEQFF FLAP SETTING - 15 DEGREES s 4
40 6151 [ 7905 | 9210 | 11231 | 13444 { 16463 {13904 (21168
60 6370 | 8018 | 9337 | 11564 | 13774 | 16914 (20359 |[21848
77 6481 | 83s7 | 9554 | 11898 | 14215 | 17478 |20928 |22640
85 7799 | 8583 | 9988 | 12343 | 14766 | 18155 |21952 |23885
95 8129 | 9035 { 10640 | 13121 | 15537 | 19395 |23544 (25696
TAKEOFF FLAP SETTING - 25 DEGREES , &,
40 5052 | 7615 | 9003 | 11230 | 13686 | 17076 [21124 (23211
60 6063 | 7843 | 9332 | 11567 | 14142 | 17547 |o1727 [23822
77 6283 | 8070 | 9s52 | 11004 | 14484 | 18136 22331 |24799
85 6503 { 8525 | 9991 | 12353 | 15168 | 19196 |2365¢ |2650¢
95 6834 | 8979 | 10540 | 13027 | 16081 | 20374 |25468 |28464
B-41
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ATRPORT PRESSURE ALTITUDE

" TABLE B.5.3
{continued)

6000 FT

Temglpggzﬁe’ Aircraft Weight, Klbs
Degrees OF 198.3| 225.6 | 252.9 | 280.2 | 207.5 |334.9 | 362.2 | 375.9

TAKEOFF FLAP SETTING - § DEGREES, &,

40 7208 | 9496 | 11311 | 14074 | 16727 | 20720 | 25151 | 27338

60 7645 | 9609 | 11419 | 14406 | 17055 | 21280 | 25715 | 27898

77 8082 | 10174 | 12085 |1s182 {18148 | 22736 | 27745 | 30051

85 8300 | 10513 | 12388 |15736 |18804 | 23632 | 28986 | 31595

95 8738 | 11191 | 13250 | 16623 |19897 | 25088 | 30903 |33836
TAKEOFF FLAP SETTING - 15 DEGREES, &

40 7030 | 9035 | 10748 | 13455 |16198 | 20185 | 24568 27055

60 7250 | 9261 | 11074 |14011 |16639 | 20523 | 25023 |27508

77 7689 | 9713 | 11617 |14678 |[17631 | 21989 |27070 |29432

85 8019 |10165 |12268 | 15345 {18402 | 23004 | 27752 |30904

95 8238 |10729 [12594 |16012 |19284 | 24357 |30368 |33507
TAKEOFF FLAP SETTING - 25 DEGREES, 6.

40 6724 | 8753 |10420 |13364 [16537 | 21199 |26314 |29441

60 7054 | 8980 |10869 |13814 |17108 | 21552 |26797 |30052

77 7385 | 9662 |[11638 14712 |18134 | 23083 |=28970 |32495

85 7716 110003 [12077 |15274 {18932 | 24261 [30781 |34816

95 8157 |10458 |12626 |16060 [19959 | 25909 |33316 |37504
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~ TASLE B.5.4
ALL-ENGINE HORIZONTAL DFBR TO 400 FEET (DA00) HAA FOR
INITIAL CLIMB SPEED AT V, + 30 KEAS; 2E-HBPR-WB
AIRPORT PRESSURE ALTITUDE __ SEA LEVEL
Temgl;ggzﬁe, Aircraft Weight, Klbs
Degrees °F | gq 5 225.61 252.9 |2s0.2 [307.2 | 3.9 | 362.2 |375.9
TAKEOFF FLAP SETTING - 5 OEGREES, &
30 5953 | 7647 | 8867 | 11005 | 13033 | 15622 | 18781 | 19942
60 6310 | 8017 | 9222 | 11249 | 13274 | 16118 |19281 | 20565
77 6548 | 8140 | 9458 | 11494 | 13636 | 16366 |19657 | 21188
85 8786 | 8510 | 9576 | 11861 | 13877 | 16862 |20158 | 21811
_ 95 7143 | 8633 | 9931 | 12228 | 14481 | 17730 |21159 | 22434
- TAKEOFF FLAP SETTING - 15 DEGREES, &, '
40 5769 | 7412 | 8379 | 10475 | 12478 {15198 |18311 | 19687
60 6010 | 7659 | 8733 | 10721 | 12723 | 15489 |18565 | 20068
77 6130 | 7783 | 8978 | 11091 | 13090 | 15826 |19074 | 20443
85 6491 | 8030 | 9337 | 11461 | 13457 | 16203 19583 | 20830
95 6611 | 8401 | 9696 | 11830 | 14069 |17082 {20346 | 22100
TAKEOFF FLAP SETTING - 25 DEGREES, Op

40 5337 | 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
8§ 6186 | 7765 | 9143 | 11152 | 13783 |17058 (20568 | 22821
95 6428 | 8141 | 9630 | 11904 | 1454% |[18116 [22202 | 24619
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TABLE 8.5.4

{continued)

3000 FT

ATRPORT PRESSURE ALTITUDE
Temé;;gggge, Ajrcraft Weight, Kibs

Degrees °F 198.3| 225.6| 252.9 |280,2 | 307.5 | 334.9 | 362.2 | 375.9
TAKECFF FLAP SETTING - 5 DEGREES, ¢

40 7024 | 9127 |10522 | 13084 | 15325 | 18970 | 23038 |24927

60 7143 | 9250 |10640 | 13328 | 15687 | 19342 | 23413 {25301

77 7600 | 9620 |11113 | 13695 | 16170 | 19838 |[23314 |26173

85 7738 | 9900 |11468 | 14184 | 16773 | 20706 | 25041 )27419

95 8333 |10483 [12413 | 15285 { 18101 | 22318 |26919 |29413
TAKEOFF FLAP SETTING - 15 DEGREES, &

40 6731 | 8648 |10055 | 12447 | 14925 | 18338 |22253 |[23751

60 8972 | 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 |28831
TAKEOFF FLAP SETTING - 25 DEGREES, &

40 6549 | 8392 | 9996 | 12530 | 15315 | 19175 |23837 |26278

60 6670 | 8642 |10362 | 12906 | 15825 19704 |24518 26970

77 6913 | 8893 (10606 | 13282 | 16208 | 20364 [25199 28076

8s 7156 | 9394 |11094 | 13783 | 16974 {21555 |26697 {30012

95 7519 | 9895 [11703 | 14535 | 17995 | 22878 |28740 {32225
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'TABLE B.5.4

(continued)
AIRPORT PRESSURE ALTITUDE 6000 _FT
Tem?;:gg::e. Aircraft Weight, Klbs
Degrees °F | 155 31205,6 |252.9 |280.2 [307.5 [334.9 |362.2 |375.9
TAKEOFF FLAP SETTING - 5 DEGREES, 5F
i 40 7858 | 10360 | 12413 15529 | 18482 22937 | 27920 | 30411
i 60 8334 | 10483 | 12532 | 15896 | 18825 23557 | 28546 | 31035
; 77 8810 | 11100 | 13241 | 16752 | 20032 25169 | 30800 | 33652
| 85 9048 | 11470 | 13596 | 17363 | 20756 26161 | 32177 | 35148
i_ ) 95 9524 | 12210 | 14541 18342 | 21963 27773 | 34306 | 37640
1 _ 5 TAKEOFF FLAP SETTING - 15 DEGREES, &
é 40 7693 9883 | 11851 | 14911 | 17984 22483 | 27466 | 30356
é 60 7933 (| 10130 | 12210 { 15528 | 1B473 22860 | 27975 | 30864
i- 77 8414 | 10624 | 12809 | 16267 | 19574 24493 | 30264 | 33023
| 85 8775 | 11118 | 13527 | 17006 | 20430 25623 | 31027 | 34674
I 95 9015 | 11736 | 13886 | 17746 | 21409 27131 | 33952 | 37595
TAKEOFF FLAP SETTING - 25 DEGREES. &p '
40 7398 9644 | 11581 | 14911 | 18504 23801 | 29893 | 33331
60 7762 9895 | 12069 | 15413 | 19142 24198 | 30238 | 34023
77 8126 | 10646 | 12922 | 16415 | 20291 25917 | 32690 | 36789
i 8s 8490 | 11022 | 13410 | 17042 | 21184 27239 | 34733 | 39417
; 95 8975 | 11523 | 14019 | 17919 | 22333 29091 | 37594 | 42459
? _
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TABLE B.5.5

EQUIVALENT AIR SPEEDS FOR TAKEQOFF AMD APPROACH AND
LANDING OPERATIONS (V35, Vos 1.3.Vs); 2E-HBPR-WB

TAKEQFF SPEED AT 35 FEET HEIGHT ABOVE AIRPORT, V35, KEAS

sgliﬁng.ﬁ Adrcraft Welght Kibs
Degrees ' 200.0 | 220.0 | 240,0 | 260.0 | 280.0 | 300.0 | 320.0 | 340.0 | 360.0
5 127.2 | 131.7 | 136.2 | 140.6 | 145.1 | 149.6 | 154,1 | 158.6 | 163.0
15 124.0 | 128.3 | 1326 | 136.9 | 141.2 | 145.5 | 140.8 | 154.1 | 158.4
25 122.6 | 126.5 | 130.4 | 134.3 | 138.3 | 142.2 | 146.1 | 150.0 | 153.9
TAKEOFF. SAFETY SPEED, V,, KEAS
Flap Afrcraft Weight Klbs -
Setting.éF
Degrees 200.0 | 220,0 | 240.0 | 260.0 | 280.0 [ 300.0 | 320.0 | 240.0 | 360.0
5 130.1 | 1341 | 138.2 | 142.2 | 146.3 | 150.4 | 154.5 | 158.6 | 162.6
15 123.8 | 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 | 123.0 | 136.8 | 140.6 [ 144.4 | 148,1
APPROACH SPEED, 1.3 Vs, KEAS
Seﬂ?tgg.s AMreraft Weight Kibs
Pegrees 190.0 | 210.0 | 230.0 | 250.0 | 270.0 | 2%0.0 | 310.0 | 330.0
35 109.2 | 113.2 | 117.1 | 121.1 | 125.0 | 120.0 | 132.¢ | 136.9
50 1047 | 108.6 | 112.5 | 116.5 | 120.4 | 124.4 | 128.3 | 132.3

i A Wit it

e Nt b o D e b R

B-46




TABLE B.5.6
AIRCRAFT LIFT AND ORAG COEFFICIENTS (CL, CD); 2E-HBPR-MB

LIFT COEFFICIENT AS A FUNCTION OF AIRCRAFT BQDY ANGLE OF ATTACK

Flap Landing , G =2p*a .o
Setting, & Gear 5lat g ay
Degrees Position Pasition
D Up Retracted 0.1511 0.0575
0 Up Extended 0.0217 0.0758
5 Up Extended 0.0817 0.0772
15 up Extended 0.25M 0.0783
25 Up Extended 0.4011 0.0780
35 Up Extended 8.5113 0.0831°
50 Up Extended 0.6620 0.0780
35 Down Extended 0.5113 0.08N
50 Down Extended 0.6620 0.0780
DRAG COEFFICIENT AS A FUNCTION OF LIFT COEFFICIENT
Flap Landing Cp = ag +ay . { )?
Setting, 8g Gear Slat 2, ay
Degrees Pasition Pasition
0 Up Retracted 0.0140 0.0890
0 Up Extended 0.0217 0,0581
5 Up Extended 0.0237 0.0582
15 Up Extanded 0.0312 0.0547
25 Up Extended 0.0453 0.0533
35 Up Extended 0.0751 0,0521
50 Up Extended 0,1294 0.0514
38 Down Extended 0.0917 0.0a521
50 Down Extended 0.1419 0,0513

e LU SRR TR S R R

B-47

e g el



TABLE B,5.7
FLAP/SLAT RETRACTION SPEED SCHEDULE AND TIMES; 2E-HBPR-MEB

FLAP/SLAT RETRACTION SPEED SCHEDULE, KEAS

INITIAL SELECT
FLAPS/SLATS FLAPS/SLATS FLAP RETRACTION INITIATION SPEED
Takeoff 0%/ Extended V, + Takeoff Flap Setting
0°/Extended 0%/ Retracted | (Flap Petraction Speed)
+ (Takeoff Weight/10,000},
or final segment climb speed,
whichever 1s lower

118 + (Takeoff Weight/3,400),

Minimum Zero Flaps/Slats
or 260, whichever s lower

Inftial Selected Flap/Slat
Flap/8lap Flap/Stap Retraction
Setting, .4&p Setting, d¢ Time
Deg. Deg. Sec.
25/Extanded 20/Extended 2.1
20/Extended 15/Extended 2.0
15/Extended 10/Extanded 2.2
10/Extended §/Extended 2.1
5/Extended 0/Extended 2.2
0/Extended 0/ Retracted 12.0

Wt e i AT ) A U R
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TABLE B.6.1

ALL-ENGINE HORIZONTAL DFBR TQ 35 FEET (D35) HAA;
3E~HBPR-WB

AIRPORT PRESSURE ALTITUDE SEA LEVEL

Teéégggzﬁre, Alrcraft, Weight, Klbs
Degrees °F
260 300 340 380 420 440
TAKEQFF FLAP SETTING - 0 DEGREES, SF
40 100 3933 5000 6126 7552 848
60 3238 4066 5267 §321 7746 - 8877
77 3378 4133 5400 6517 8004 88e?
85 3445 4266 5533 6582 8133 8937
fﬁj a5 3514 4400 5667 6778 8456 9325
TAKEOFF FLAP SETTING - 10 DEGREES, &
40 2893 3600 4600 5539 6777 7511
60 300 3732 4733 5735 7035 7770
77 3100 3800 4800 5800 7100 7900
85 3469 3933 4933 5930 7229 8094
9§ 3307 4000 5200 6321 7810 8612
TAKEQFF FLAP SETTING - 20 DEGREES, 8¢
40 2617 3334 4267 5214 6454 a3
60 2785 3534 4467 5474 6712 7447
77 2893 3667 4667 5670 6906 77086
85 303 734 4800 5800 7100 7900
95 3169 3800 §000 6126 7487 8418
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TABLE B.6.1
{continued)

AIRPORT PRESSURE ALTITUDE 3000 FT

Temﬁ;;gg;:e;] Afrcraft, Height, Kibs
Degrees OF

260 300 340 380 420 440

TAKEOFF FLAP SETTING - 0 DEGREES, 6.
40 3912 5114 6438 7850 0808 | 10911
60 4117 5319 6706 8177 10135 | 11240
77 4186 5455 6840 8308 10331 11503
85 4323 5591 7041 8504 10893 | 11897
95 4666 5728 7511 9158 1639 | 13081

TAKEOFF FLAP SETTING - 10 DEGREES, &p
40 3363 4221 5365 6542 8238 9071
60 3431 4432 5566 6869 8369 5203
i) 3500 4500 5700 7000 8500 9400
85 3637 4636 5901 7262 8958 9992
% | 392 5114 6438 7981 10069 | 11247

TAKEOFF FLAP SETTING - 20 DEGREES. Sg
40 3088 4091 5097 6215 7323 8809
60 3226 4228 5298 6542 8173 9006
77 3363 4364 5432 6738 8369 9203
85 3500 4569 5767 7261 8761 9860
95 3843 5046 6304 7785 9807 | 11044
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ALRPORT PRESSURE ALTITUDE 6000 FT

TABLE B.6.1
(continued)

Teg;ggg:ﬁre, Aircraft, Yeight, Klbs
Degrees OF
260 300 340 380 420 440
) TAKEOFF FLAP SETTING - 0 DEGREES, &
40 4403 6078 7631 9263 | 11485 12479
60 4674 6352 8096 9727 11913 12929
77 5013 6693 B361 10322 | 12764 13894
85 5148 6898 8759 10918 | 13484 14988
95 5487 7444 9356 11844 | 14728 15146
_ TAKEQFF FLAP SETTING - 10 DEGREES, &
40 3861 5122 6304 7940 9687 10614
60 4065 5395 6702 8271 | 10080 11064
77 4200 8600 7100 8800 10800 11908
85 4403 5805 7498 9263 | 11455 12736
95 4742 6488 8294 10322 | 12960 14473
TAKEQOFF FLAP SETTING - 20 DEGREES, &;
40 3658 4781 5972 7477 9032 10034
&0 3794 5122 6238 7780 949 10485
77 3929 5327 6634 8469 | 10407 11578
85 4132 5600 7300 o084 | 11258 12479
95 447N 6147 8030 10255 | 13156 14858
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TABLE 8,6.2

ALL-ENGINE HORIZONTAL DFBR TO 400 FEET (D400} HAA FOR
INITIAL CLIMB SPEED AT V2 + 10 KEAS; 3E-HBPR-WB

AIRPORT PRESSURE ALTITUDE SEA LEVEL

Airport
Temperature, Afrcraft Weight, Klbs
Degrees OF
260 300 340 380 420 440
TAKEOFF FLAP SETTING - O DEGREES, dp
40 4500 5900 7500 9400 11700 13000
60 4700 { 6100 7900 9700 12000 13400
77 4900 6200 8100 10000 12400 13600
85 5000 6400 8300 10100 12600 13800
‘95 5100 6600 8500 10400 12100 14400
TAKEQFF FLAP SETTING - 10 DEGREES, &g
40 4200 5400 6900 8500 10500 11600
60 4400 5600 100 8B0Q 10900 12000
77 4500 5700 7200 8900 11000 12200
85 4600 §900 7400 00 11200 12500
85 4800 6000 7800 9700 12100 13300
TAKEOFF FLAP SETTING - 20 DEGREES . Sp
40 3800 5000 6400 8000 10000 11000
60 4000 5300 6700 8400 10400 11500
77 4200 5500 7000 8700 10700 11900
85 4400 5600 7200 8900 11000 12200
95 4600 £700 7500 9400 11600 13000
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AIRPORT PRESSURE

TABLE B.6.2
(continued}

ALTITUDE 3000 FT

TeQ;EESZEre. Afrcraft Welght, Klbs

Degrees OF 260 300 340 380 420 440

TAKEOFF FLAP SETTING - 0 DEGREES, 6p
40 5700 7500 9600 | 12000 | 15000 | 16600
§0 6000 7800 10000 | 12500 | 15500 17100
77 6100 8000 10200 | 12700 | 15800 17500
; 85 §300 8200 10500 | 13000 | 16300 18100
§ 95 6800 8300 11200 | 14000 | 17800 19900

E ~ TAKEOFF FLAP SETTING - 10 DEGREES, 6p
S 40 4900 6200 8000 10000 | 12600 13800
i 60 5000 6500 8300 10500 | 12800 14000
i 77 5100 6600 8500 10700 | 13000 14300
! 85 5300 6800 8800 11100 | 13700 15200
N 95 5700 7500 9600 12200 | 15400 | 17100

i TAKEOFF FLAP SETTING - 20 DEGREES,
40 4500 6000 7600 9500 | 12000 13600
§0 4700 6200 7900 10000 | 12500 13700
77 4900 6400 8100 10300 | 12800 14000
85 5100 §700 8600 100 | 13400 15000
95 5600 7400 9400 11900 | 15000 16800
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TABLE B.6.2
{continugd)

AIRPORT PRESSURE ALTITUDE 6000 FT

Tegggggzﬁre, Aircraft Weight, Klbs

Degrees °F 260 300 340 380 420 440
. TAKEOFF FLAP SETTING - O DEGREES, &

40 6500 8900 11500 | 14000 | 17500 19400

60 6900 9300 12200 | 14700 | 18200 20100

77 7400 9800 12600 | 15600 | 19500 21600

85 7500 | 10100 13200 | 16500 | 20600 23300

95 8100 | 10900 14100 | 17900 | 22500 25400
TAKEOFF FLAP SETTING - 10 DEGREES, Sf

40 5700 7500 3500 | 12000 | 14800 18500

60 £000 7900 10100 { 12500 | 15400 17200

7 6200 8200 10700 | 13300 | 16500 18500

85 6500 8500 1300 | 14000 | 37500 19800

95 7000 9500 12500 | 15600 | 19800 22500
TAKEOFF FLAP SETTING - 20 DEGREES, 6

40 5400 7000 9000 | 11300 | 13800 15600

60 5600 7500 9400 | 11800 | 14500 16300

77 5800 7800 10000 | 12800 | 15900 18000

85 6100 8200 naeoo | 13700 | 17200 19400

95 6600 9000 12100 | 15500 | 20100 23100
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TABLE B.6.3

ALL-ENGINE HORIZONTAL DFBR TO 400 FEET (D400) HAA FOR
INITIAL CLIMB SPEED AT ¥y + 20 KEAS; 3E~HBPR-WB

AIRPORT PRESSURE ALTITUDE SEA LEVEL

Teﬁggﬁgiﬁse, Alrcraft Welght, Klbs
Degrees “F 260 300 340 380 420 440
TAKEOFF FLAP SETTING - O DEGREES, 6,
40 4978 §531 8275 | 10400 | 12960 14421
60 5199 5752 8716 | 10732 ] 13292 14865
7 5420 6863 8937 | 11084 | 13735 15087
85 5531 7084 9158 | 11175 | 13957 15309
95 5641 7306 9378 | 11507 | 14510 15974
TAKEOFF FLAP SETTING - 10 DEGREES, 6,
40 4626 5965 7634 9425 | 11645 12891
60 4846 6186 7855 9758 | 11755 13336
77 4956 §296 7966 9869 | 12199 13558
85 5066 §517 8187 | 10091 | 12421 12891
95 5286 6627 8630 | 10756 | 13419 14780
TAKEQFF FLAP SETTING - 20 DEGREES, &
40 4226 5517 7137 8951 | 11246 12409
50 4449 5848 7471 9348 | 11696 12973
7 4671 6069 7806 9734 | 12033 13424
85 4893 6179 8029 9958 | 12370 13762
95 5116 §290 8364 10517 | 13045 14665
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TABLE B.6.3
(continued)

AIRPURT PRESSURE ALTITUDE 3000 FT

Temaiare. Afrcraft Weight, Kibs

Degrees OF 260 | 300 | 340 | 380 | 420 440
TAKEOFF FLAP SETTING - O DEGREES, S

40 6303 8302 10892 | 13277 | 16616 | 18415

60 §636 8634 11033 | 13830 | 17189 | 18969

77 6747 | 8855 11254 | 14051 | 17501 19412

85 6968 9076 11585 | 14383 | 18085 | 20079

95 7521 5298 12357 | 15489 | 19716 | 22075
TAKEOFF FLAP SETTING - 10 DEGREES, 6

40 5397 | 6848 8851 | 11089 | 13973 | 15665

50 5507 7180 9183 | 11643 | 14195 | 15569

77 5617 7290 5404 | 11865 | 14417 | 15892

85 5837 7511 9736 |- 12309 | 15193 | 16892

95 6278 .| 8284 1062) | 13528 | 17079 | 19004
TAKEOFF FLAP SETTING - 20 DEGREES Sp

a0 5006 §621 8475 | 10629 | 13495 | 15116

60 5228 | 6841 8810 | 11188 | 14058 | 15455

77 sa50 | 7062 9033 | 11524 | 14395 15793

86 5672 | 7393 9591 | 12419 | 15070 16921

95 6229 | 8165 | 10483 | 13314 | 18869 18952
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TABLE B.6.3
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{continued)
AIRPORT PRESSURE ALTITUDE 6000 FT
Airport
Temperature, Alrcraft Welght, Klbs
Legrees °F 7801 300 | 340 [ 360 [ 320 [ 440
TAKEQFF FLAP SETTING - O DEGREES, &
40 7190 9852 12688 15490 19384 21521
60 7632 10295 13461 16264 20159 22298
77 8188 108438 13902 17260 21599 23962
85 8406 11180 14564 18256 22817 25848
95 8959 12066 15587 19805 24922 28178
— TAXEOFF FLAP SETTING - 10 DEGREES. &f
: 40 6217 8598 10810 13306 16414 18336
€0 6608 8726 M7 13861 17079 18114
77 6828 9057 11838 14748 | 1R299 20559
85 7158 9388 12802 15524 | 19408 22004
95 7708 10493 13829 17298 21959 25004
TAKEOFF FLAP SETTING - 20 DEGREES. ¢
40 6005 7724 10038 12643 | 15519 17558
&0 6228 8276 10482 13202 16307 18387
77 6450 8607 11151 14321 17881 20305
BS &784 9048 12268 15328 | 19343 21884
05 7340 9931 13493 17342 22604 26058
>




ALL-ENGINE HORTZONTAL DFER TO 400 FEET {D400) HAA FOR
INITIAL CLIMB SPEED AT V2 + 30 KEAS; 3E-HBPR-WB

TABLE B.6.4

AIRPORT PRESSURE ALTITUDE SEA LEVEL

Teg::gg:zgre . Afrcraft Weight, Klbs
Degrees OF 260 300 300 380 420 440
TAKEOFF FLAP SETTING - O DEGREES, &
40 5472 7317 94 | 14n | 1429 15930
60 5715 7443 9600 | 11837 | 14657 | 16420
77 5958 7565 9843 | 12203 | 15146 | 16665
85 £080 7809 10086 | 12325 | 15390 | 16910
95 6201 8053 10329 | 12565 | 16001 17645
TAKEQFF FLAP SETTING - 10 DEGREES+ Sp
40 5083 6570 sa2s | 10408 | 12878 | 14259
60 5325 6813 8668 | 10776 | 13369 | 14751
77 5445 6935 8790 | 10898 | 13492 | 14997
85 5567 7178 9034 | 11143 | 13737 | 1533
95 5809 7300 9522 | 11878 | 14841 16349
TAKEOFF FLAP SETTING - 20 DEGREES, &,
40 4745 6164 7929 | 9978 | 12504 | 13923
50 4994 §533 8300 | 10477 | 12098 | 14556
7 5244 6780 8672 | 10851 | 13476 | 15062
85 5494 §903 8920 | 11100 | 13858 | 15442
95 5743 7027 g2q1 | 11724 | 14609 | 16454
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AIRPORT PRESSURE ALTITUDE 3000 FT

TABLE B.6.4
(continued)

Te;‘;gﬁ::ﬁre’ Afrcraft Welght, Klbs

Degrees OF 260 300 340 380 220 440
TAKEOFF FLAP SETTING - O DEGREES, 6_

40 6931 9151 | 11666 | 14644 | 18222 20341

§0 7206 © | 9817 | 12152 | 15254 | 18933 20954

77 7417 9761 | 12395 | 15498 | 19299 21444

85 7660 | 10005 | 12760 | 15864 | 19910 | 22179

95 8268 | 10249 | 13610 | 17084 | 21742 | 24385
TAKEOFF FLAP SETTING - 10 DEGREES, &,

40 5930 7543 | 9767 | 12285 | 15454 16963

60 6051 7008 | 10133 | 12857 | 15700 | 17208

77 §172 2030 | 10377 | 13102 | 15045 17578

85 6414 8273 10743 13592 | 16804 18684

95 6898 125 | 11720 | 14939 | teess | 21020
TAKEQFF FLAP SETTING - 20 DEGREES, &

40 5619 7396 | 9416 | 11849 | 15113 16961

60 5868 7642 | 9787 | 12473 | 15743 | 17340

77 5118 7889 | 10035 | 12847 | 18121 17720

85 6368 8250 | 10654 | 13845 | 16877 18986

95 6992 M2z | 11646 | 14843 | 18832 | 21264
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TABLE B,6.4
{continued)

ATRPORT PRESSURE ALTITUDE 6000 FT

Temmearire. Mrcraft Weight, Kibs
Degrees OF | pg0 300 340 3| | 420 440
TAKEOFF FLAP SETTING - O DEGREES. &
40 7904 10860 | 13974 | 17084 | 21375 | 23772
60 8390 11348 | 14825 | 17938 | 22230 | 24630
7 8998 11958 | 15311 | 19037 | 23818 | 26468
85 9241 12324 | 16040 | 20135 | 26162 | 2855
95 9849 13300 | 17134 | 21844 | 27482 324
TAKEQFF FLAP SETTING - 10 DEGREES » &
40 5898 9125 | 11598 | 14694 | 18153 | 20283
60 7261 9612 | 12330 | 15306 | 18889 21143
7 7503 9977 | 13063 | 16286 | 20238 22741
85 7866 10342 | 13796 | 17143 | 21465 24339
9 847 11559 | 15261 | 19102 | 24286 | 27658
TAKEOFF FLAP SETTING - 20 DEGREES, &
40 6743 8629 | 11150 | 14094 | 17380 | 19745
60 6992 9245 | 11646 | 14718 | 18262 20631
7 7282 9615 | 12389 | 15965 | 20025 | 22783
8 7617 10108 | 13628 | 17088 | 21662 | 24558
95 8241 11094 | 14991 | 19333 | 25318 29238
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TAKEQFF SPEED AT 35 FEET HEIGHT ABOVE AIRPORT, V35, KEAS

TABLE B.8.5

EQUIVALENT AIR SPEEDS FOR TAKEQOFF AND APPROACH AND
LANDING OPERATIONS (V35, Vz, 1.3 V&) ; 3E-HBPR-WE

Flap

Setting, Sf Weight {Klbs)

Degrees 260 300 330 380 420 440
0 145.0 153,56 161.4 168,1 174.5 179.9 .
10 132.0 139.2 147.8 153.4 159.2 163.2
20 129.7 135.4 143.2 149.0 156.4 160.3

TAKEQFF SAFETY SPEED, Vs KEAS
Flap

Setting, GF Weight (Klbs) '

Degrees 260 300 340 380 400 440
d ‘ 143.0 153.5 163.0 i71.5 175.5 184.0
10 128.0 137.5 146.5 154.0 157.5 165.0
20 121.0 130.0 138.0 145.0 148.5 157. 3

*This value has been obtained by extrapolation

APPROACH SPEED, 1.3 Vs, KEAS
Flap

setting, 6f Weight (K1bs)

Oegrees 240 260 280 300 340 380
35 114,86 119.0 123.5 128.0 136.3 143.0
50 111.0 115,8 120.0 124 1 131.8 138.0
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TABLE B.G.6
AIRCRAFT LIFT AND DRAG COEFFICIENTS (CL, CD)'. 3E-HBPR-WB

LIFT COEFFICIENT AS A FUNCTION OF AIRCRAFT BODY ANGLE OF ATTACK

Setting, § ar Slat LT

Degrees Position Position a, 2
0 Up Retracted 0.1542 0.0638
0 Up Extended 0.0638 0.0786
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 0.047 C -
50 Down Extended 0.8991 0.0448

DRAG COEFFICIENT AS A FUNCTION OF LIFT COEFFICIENT

Flap Landing Cp = aq + 2y - (C,)2

it o | el | e RTRIRT A
0 Up Retracted 0.0141 0.0637
0 up Extended 0.0208 0.0641
5 Up Extended 0,0225 0.0630
10 Up Extended 0.0247 0.0630
20 Up Extended 0.0347 0.0624
35 Up Extended 0.0687 0.0498
50 Up Extended 0.1349 0.0491

$ 35 Down Extended 0.0805 0.0492 -
50 Down Extended 0.1425 0.0491

i
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TABLE B.6.7
FLAP/SLAT RETRACTION SPEED SCHEDULE AMD TIMES; 3E-HBPR-WB

FLAP/SLAT RETRACTION SCHEDULE, KEAS

SELECT
FLAP/SLATS FLAPS/SLATS FLAP RETRACTION INITIATION SPEED
09/ Extended vy + Takeoff Flap Setting (TFs)*
09/Extended 0P /Retracted Vy + 36 + TFS

Minimum Zero Flaps/Slats

V2 + 90 or 240, whichever is lower

*Takeoff Flaps 10° or less use TFS = 10

Initial Selected Flap/Slat
Flap/Stap Flap/Siap Retraction
Setting, &g Setting, Sp Time
Deg. Ceg. Sec.
20/Extended 16/Extended 2.0
15/Extended 10/Extended 2.2
10/Extendad 5/Extended 2.1
5/Extended 0/Extended 2,2
0/Extended 0/Retracted 10,3
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APPENDIX C

ENGINE PERFORMANCE AND OPERATIONAL
DATA AND INFORMATION

This appendix prasents tabulated 1istings of aircraft engine per-
formance and operational data and information required to construct takeoff,

and approach and landing flight paths and performance schedules for selected ~
commercial aircarrier aircraft types powered by low-by-pass ratie (LBPR) and
highaby-pass ratio (HBPR) turbofan engines. Data and informatiaon are pra-
sented for engines which power the following six generic aircraft types:
8  2-Engfne LBPR-Narrow Body (ZE-LBPR-NB)
[} 3-Engine LBPR-Narraw Body {3E-LBPR-NB)
: 4-Engfne LBPR-Narrow Cody (4E-LEPR-NB)
¢ 2«-Engine HRPR-Wide Body (2E-HRPR-WB)
. 3-Engine HBPR-Wide Body (3E-HBPR-WB}
[} 4-Engine HBPR-Wide Body (4E-HBPR-WB)
Daty and information presented 1n this appendix in¢lude:
. Total net takeoff thrust {TOT) as a function
of pressure altitude, true afr speed and ambient
temperature, per engine
-
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Maximum (normal) c¢limt thrust (MCT) engine-pressure-
ratio (EPR) setting or low pressure fan speed {N1)
setting as a function of pressure altftude and ambient
temperature, per englne

feferred net thrust (Fn/8) as a function of EPR and
MACH number, per engina {for all afrcraft types
except the 3E-HBPR-WB)

Referred low pressure fan speed (N1/V G 1, ) as

a function of EPR and MACH number, per engine

(for the 2E-HEPR-WB and 4E-HBPR-WB aircraft

types only)

Referred net thrust (Fn/8) as a function of referred
low prassyre fan speed and MACH number, per

engine (for the 3E«HBPR-WB aircraft only).
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TABLE €.1.1
TOTAL NET TAKEQFF THRUST (TOT) PER ENGINE, Pounds {1bs};

ZE-LBPR-iG
Airport Aircraft Speed, VT, KTAS
Temperature,
Degrees OF 100 150 200 250
AIRPORT PRESSURE ALTITUDE - SEA LEVEL
] 13892 13481 13166 12983
59 13931 13501 13134 12877
84 13934 13512 13127 12847
100 13086 12584 12139 11797
122 11795 11316 10855 10475
AIRPORT PRESSURE ALTITUDE - 1000 FT
0 13984 13596 13297 13135
45 14012 13610 13286 13057
83 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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TABLE C.1.]

{CONTINUED)
Airport Aircraft Speed, VT, KTAS
Temperatuge.
Degrees -F 100 150 200 250

AIRPORT PRESSURE ALTITUDE - 2000 FT

0 14058 13686 13406 13271
29 14060 13682 13377 13205
40 13715 13331 13014 12816
48 13420 1301 12706 12490
66 13426 13038 12702 12467
84 12969 oo12sn 12219 11960

100 12153 11714 11300 10982
122 11008 10536 10106 9783
AIRPORT PRESSURE ALTITUDE - 3000 FT

0 14092 13737 13482 13365
10 14098 13742 13478 13351
20 13833 13472 13191 13047
40 13226 12856 12551 12359
48 12942 12567 12254 12045
66 12948 12573 12250 12023
84 12508 12129 11785 11534
93 12056 11649 11272 10986

122 10617 10162 9748 9407

£-5
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TABLE C.1.1
{CONTINUED}

Airport Aircraft Speed, VT, KTAS
Temperature,
Degrees OF 100 150 200 250
AIRPORT PRESSURE ALTITUDE - 4000 FT

0 13802 13464 13225 13110
20 13337 12990 12720 12580
40 12753 12396 12174 11918
48 12479 12118 11816 11615
66 12485 12124 11812 11594
84 12061 11696 11364 11123
100 11303 10794 10510 10215
122 10233 9800 9400 9073

AIRPORT PRESSURE ALTITUDE - 6000 FT

] 12882 12509 12286 12180
20 12391 12068 11818 11689
40 11849 11518 11245 11074
48 11595 11260 10980 10793
66 11600 11265 10976 10773
84 11208 10868 10560 10336
100 10503 10124 9768 9494
122 9516 9109 8739 8434
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TABLE C.1.2
MAXIMUM {NORMAL)} CLIMB THRUST (MCT) EPR SETTING PER ENGINF;
2E-LBPR-NB
Prassure Temperature, Degrees °F, (OATPL)
Altitude,
Feet -4.00 | 14.00 } 32 41 59 68 77 86 g5 104 113 122
0 2.07 | 2.07 |2.07 |2.03 |1.93 J1.88 | 1.8 |1.79 {1.76 } 1.72 |1.68 |1.64
o 1000 2.13 | 2,13 }2.08 [2.03 |1.93 {1.88 | 188 J1.79 [1.75 |[1.72 |1.68 |1.64
-~
2000 2,19 | 2.18 |2.08 1203 [1.93 [1.88 J1.88 }1.79 (1,78 |1.72 |1.68 |1.84
3000 2,23 | 2.17 {208 |2.02 [1,92 11,88 |1.83 |1.79 }1.75 | 1.7t .{1.67 |1.63
4000 2.23 | 2,17 |2.08 |2.02 }1.92 |1.87 }1.83 {1.79 |1.75 | 1.7t |1.67 |1.63
5000 2,23 | 2,17 {208 |2.02 |1.92 |1.87 |1.83 [1.79 |1.75 1.1 |i.67 |1.63
10000 2.22 | 2,16 [2.07 [2.00 [1.91 f[1.86 |1.82 [1.78 [1.74 | 1.70 {1.66 |1.62
20000 2,21 | 2.15 12,06 fe.00 |1.90 {18 |1.81 |1.76 J1.722 |1.69 [1.65 |1.61
30000 2,19 | 2.13 |2.04 |1.98 |1.88 |1.83 |1.79 |1.75 |1.71 {167 {1.63 |1.59
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TABLE C.1.3
REFERRED NET THRUST {Fn/8) PER ENGINE, Pounds (Tbs};

2E-LBPR-NB
PEgggzse ¥ACH Number

Ratio,

EPR 0.0 0,1 0.2. 0.3 0.4 0.5
1.05 1156 - - - -- 1449
1.10 2035 1752+ 1679+ 1710% 1853 2048
1,15 2904 2527 2378 2368 2463 2647
1.20 774 kklird w77 3026 3073 3246
1,28 4574 - 4069 3776 3648 3683 3844
1,30 5349 4764 4433 4313 4286 4433
1435 6110 5458 5070 4916 4881 5018
1.40 §795 6141 5707 5§12 5476 5602
1.45 19 6782 6331 6120 6071 6188
1.50 8156 7422 6945 6723 6663 6776
1,55 8808 8061 7558 7325 7254 7365
1.60 9455 8667 8163 7928 7846 7953
1.65 10095 4273 8744 8486 8411 8523
1,70 10686 9873 9326 9039 8967 5091
1.75 11278 10447 9907 9591 5622 9659
1.80 11870 11000 10447 10139 10076 10225
1.85 12424 11856 10979 10674 - | 10616 10787
1.90 12957 12105 11511 11209 11187 11348
1,98 11511 12628 12042 11743 11697 11910
2.00 14053 13162 12563 12274 12239 12469
2.08 14588 13675 13083 12800 12793 13028
2.1¢ 19123 14198 13604 13326 13328 13587
2.1% 14658 14719 14124 13853 13arc 14148
2.20 16193~ 15240 14642 14377 14415 14716
2.28 s 15760 15161 14901 14962 15284
2.30 - 15281+ 15679 15424 15508 15852
2,35 - -- 16197+ 15948 16055* 16420+
2,40 . - - 16471 | .- -

*These values have besn obtained by extrapolation.
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TOTAL NET TAKEQFF THRUST {TOT) PER ENGINE; Pounds (1bs);

TABLE €.2.1

3E-LBPR-NB

Afrport Afrcraft Speed, VT, KTAS
Temperature,
Degrees °F 100 150 200 250
AIRPORT PRESSURE ALTITUDE - SEA LEVEL

0 13950 13530 13190 12980

48 13980 135650 13170 12900

84 13980 13570 13160 12860

100 13160 12630 12170 11820

ALRPORT PRESSURE ALTITUDE -~ 1000 FT

0 14010 13610 13290 13100

46 14040 13630 13270 13020

53 13750 13340 12970 1210

74 13740 13340 12960 12690

84 13490 13080 12650 12400

100 12630 12180 11740 11400

o e ] & LS
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TABLE C.2.1
(CONTINUED)
Té;;gg;:we' Aircraft Speed, VT, KTAS
Degrees OF 100 150 200 250
AIRPORT PRESSURE ALTITUDE - 2000 FT
30 14040 13670 { 13360 13200
48 13440 13050 12700 12470
66 13450 13050 12700 12450
84 13010 12610 12230 11960
100 12180 11740 12320 10990 -
AIRPORT PRESSURE ALTITUDE - 4000 FT
0 13760 13420 13140 13000
48 12490 12120 12800 11570 ;
66 12490 12130 12800 11550
B4 12080 11720 12370 mio
100 11310 10910 10520 10200
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TABLE €.2.1
(CONTINUED)

Afrport Afrcraft Speed, VT, KTAS
Temperature,

Degrees OF 100 150 200 250
AIRPORT PRESSURE ALTITUDE - 6000 FT

0 12770 12450 12200 12070

48 11590 11240 10950 10740

66 11590 11250 10950 10720

a4 11210 10870 ‘ 10550 10300

100 10490 10130 9750 8470
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TABLE C.2.2
MAXIMUM (NORMAL) CLIMB THRUST {MCT) EPR SETTING PER ENGINE;

3E-LBPR-NB

E{:ﬁ:}'gg’ Temperature, Degrees °F, (OATPL)

Feet -4.00 [14.00 { 32 " 59 68 77 | 86 95 | 104 | 113 | 122
0 2,07 | 2.07]2.07 ] 2,03 | 1.93 | 1.88 | 1.84 ) 179 | 1.75 | 1.72 | 1.68 | 1.64

1000 2,13 2,13 | 2.08 ! 2,03 1.93 1.88 1.84 1.79 1.75 1.72 1.68 1.64
2000 2.18 2.18 | 2.08 2,03 | 1,93 1.88 1.84 1.794| 1,75 1.72 1.68 1.64
3000 2,23 2.17 | 2.08 2.02 1.92 1.88 1.83 1.79 1.75 1.7 1.67 1.63
4000 2.23 2.7 | 2.08 2.02 1.92 1.87 1.83 1.78 1.75 1.7 1.67 1,63
5000 2,23 2.17 | 2.08 2.02 1.92 1.87 1.83 1.79 1,75 1.7 1.67 1.63
10000 2,22 2.6 [ 2.07 2.0 1.9 .1.85 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 1.51
30000 2.1% 2.13 | 2.04 1.98 1.88 1.83 1,79 1.75 .n 1.67 1.63 1.69
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REFERRED NET TKRUST {Fn/§) PER ENGINE, Pounds (1bs);

TABLE C.2.3

3E-LBPR-NB

Engine

Pressure MACH MNumber

Ratio,
EPR 0.0 0.1 g.2 0.3 0.4 0.5
1,00 -- - -- -- -- --
1.05 1267* -- -- -- -- 1413%
1.10 2083 1699* 1657+ 1674% 1815* 2012
1.15 2909 2584 2350 2327 2432 2611
1.20 3736 3469 3049 2980 3049 3z10
1.25 4523 4248 3748 3634 3667 3808
1.30 5292 4870 4410 4267 4269—4 4393
1.35 6055 5491 5051 4873 4854 491
1.40 6745 * 6115 5692 5479 5439 5549
1.45 7434 §756 §331 6084 6024 6129
1.50 8116 7397 6968 6687 66185 €718
1.65 8761 8036 7605 7289 7207 7306
1.60 9406 8639 821 7892 7799 7894
1.65 10048 9241 8767 8453 8363 8463
1.70 10651 9843 9322 9006 8912 9028
1.76 11253 10413 9878 9558 9452 9593
1.80 11855 10972 10417 10106 1001 10156
1.85 12413 1153 10952 10638 10551 1om
1.90 12957 12083 11487 11170 11092 11267
1.95 13500 12604 12021 1702 11632 11822
2.00 14042 13125 12542 12229 12172 12382
2,05 14563 13646 13063 12750 12710 12944
2.10 15083 14165 13583 132N 13247 13506
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TABLE C.2.3

(CONTINUED)

Engine

Pressurs MACH Number ({cont.}

Ratio,
EPR 0.0 0.1 0,2 0.3 0.4 0.5
2.15 16604 14680 14104 13792 13785 14067
2.20 16125+ 15196 14622 14316 14326 14629
2.25 - 16711 15140 14842 14870 1819
2.30 - 16226* 15658 15368 15413 15753
2.3 - - 16176* 15895 15987 16315+
2.40 - -— - 16422* 16501+ -

*These values have been obtained by extrapolation
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TOTAL NET TAKEOFF THRUST {TOT) PER ENGINE, Pounds (lbs};

TABLE C.3.1

4E-LBPR-NB

TEQSZESESN, Afrcraft Speed, VT, KTAS
Degrees OF 0 100 150 200 250 300
AIRPORT PRESSURE ALTITUDE - SEA LEVEL
6.5 17210 | 15340 | 14470 | 13690 | 12000 | 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 ET
6.5 17210 | 15620 | 14880 | 14230 | 13600 | 13280
33 17290 | 15830 | 15160 | 14600 | 13990 | 13460
59 16060 | 14560 | 13810 | 13170 | 12490 | 11910
84 16080 | 14620 | 13340 | 13260 | 12620 | 12020
120 13770 | 12360 | 11680 | 11070 | 10510 | 10050
AIRPORT PRESSURE ALTITUDE - 4000 FT
20 16650 | 15100 | 14420 | 13670 | 13340 | 12990
40 15820 | 14380 | 13720 | 13150 | 12570 | 12080
59 15050 | 13530 | 12840 | 12260 | 11630 | 11080
84 15070 | 13620 | 12920 | 12300 | 11720 | 11160
120 12910 | 11500 | 10800 | 10340 | 9810 | 9320
ATRPORT PRESSURE ALTITUDE - 6000 FT
20 15290 | 13990 | 13320 | 12790 | 12350 | 12080
40 14630 | 1330 | 12670 | 12140 | 11640 | 11250
50 13850 | 12510 | 11900 | 11360 | 10770 | 10260
84 13870 | 12590 | 11960 | 11410 | 10850 | 10330
120 11840 | 10650 | 10090 | 9560 | 9080 | 8630
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TABLE €.3.2

MAXIMUM (NORMAL) CLIMB THRUST (MCT) EPR SETTING PER ENGINE;
AE-LBPR-NB

91-2

Pressure Temperature, Degrees °F, {OATPL)
Altitude, .
Feet Y 40 [14.0 | 32 41 59 68 77 | &6 95 104 | 113
0 1,79 | 1.79 1.79 1.74 | 1.87 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.§0 1.56 1.53 1.49 1.46
3000 1.99 | 1.85 1,78 { 1.74 | 1.67 | 1.63 1.60 |1.56 1,53 | 1.44 | 1.46
4000 1.94 1.86 1.78 1,74 1.67 1.63 1.60 | 1.56 1,53 1.44 1.46
5000 1.94 .86 | 1.78 1.74 | 1.67 | 1.63 1.60 | 1.56 1.53 | 1.44 1.46
20000 1,94 1.86 1.78 1.7 1.67 1,63 1.60 [ 1,56 - ~ -
25000 1.94 1.86 .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

- REFERRED NET THRUST (Fn/é) PER ENGINE, Pounds (1bs);
. 4E-LBPR-NB
pngine MACH Number
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 5014 | 4429 4122 3910 | 4018
1.20 6386 | 5619 5143 4833 | 4919
1.25 7590 6708 6145 5759 | 5820
! 1.30 8688 | 7750 7055 6661 | 6661 :
1.35 9729 | 8704 7965 7554 | 7487 i
140 10698 | 9630 | 8842 | @400 | 8288 %
B 1.45 1642 | 10500 | 9719 | 9200 | 9045 |
- 1.50 12504 | 11333 | 10519 | 10000 | 9803 |
;' 1.55 13317 | 12148 | 11282 | 10730 | 10525 |
j 1.60 14119 | 12889 | 12041 | 11460 | 11234 ;
g 1.65 14859 | 13630 | 12726 | 12172 | 11943 5
1.70 15600 | 14338 | 13411 | 12834 | 1259 g
1.75 16341 | 15014 | 14089 | 13497 | 13231 :
1.80 17082* | 15689 | 14726 | 14150 | 13872 :
1.85 - 16364= | 15363 | 14775 | 14526
1.90 - - 16000 | 15400 | 15184
1.95 - - 16637* | 16025" | 15842
2.00 - . - - 16500%
; —~ *These values have been obtained by extrapolation.
o !
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TABLE C.4.1

TOTAL NET TAKEQFF THRUST (TOT) PER ENGINE, Pounds (1bs):

4E-HBPR-HB

i
{

i
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Afrport
Temperature, | Afrcraft Speed, VT, KTAS
Degrees °F
100 150 200 250
AIRPORT PRESSURE ALTITUDE - SEA LEVEL
-6.5 36741 34039 31787 29887
59 37455 35006 32094 31043
77 37538 35124 33036 31192
80 37652 35143 33057 31216
90 36359 34017 31954 30089 —
100 3503 | 32778 | 30740 | 28862 ‘
AIRPORT PRESSURE ALTITUTDE - 2000 FT
65 34969 32440 30352 28638
52 356M 33297 31330 29622
70 3569 33410 31457 29758
73 35704 33428 31477 29779
83 24504 32302 30447 287235
93 33458 31307 29389 27651
103 32209 30132 28244 29498
-
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TABLE C.4.1
(Continued)
Af{rport
Temperature, Afrcraft Speed, VT, KTAS
Degrees 9F
100 158 200 250
AIRPORT PRESSURE ALTITUDE - 4000 FT
-6.5 33198 30844 28910 27356
45 33769 31586 29763 28133
66 33859 N9 29902 28337
76 32879 30778 28970 27387
86 31859 29810 28019 26417
96 30760 28775 27008 25388
100 29583 27673 25927 24306
AIRPORT PRESSURE ALTITUDE - 6000 FT
-6.5 31439 29253 27476 26052
38 942 29908 28212 26770
§9 32026 30023 28341 26504
69 1161 29185 27499 26043
79 30230 28233 26619 25148
89 29281 27396 25739 24247
100 28230 26409 24773 23269
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, TABLE C.4.2
MAXIMUM (NORMAL CLIM3 THRUST (MCT) EPR SETTING PER ENGINE;

4E-HBPR-UB
Pressure o
Altitude, Temperature, Degrees F, (OATPL)
Feet -5 13 3 49 67 BS 103
0 1.28 1.28 1.28 1.28 1.28 1.29 1.24
1000 1.29 1.29 1.29 1.29 1.29 1.29 1.24
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
9000 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
15000 1.43 1.43 1.43 1.39 1.3 - "
20000 1.44 1.44 1.44 1,39 1.3 -- -
24000 1.47 1.47 1.45 1,39 1.3 -~ --
25000 1.47 1.47 1.45 1.39 1.3 -- .-
29000 1.49 1.49 1.44 1.38 1.30 - --
30000 1.50 1.50 1.45 1,38 1.3 -- --
.




TABLE C.4.3

REFERRED MET THRUST (Fn/S) PER ENGINE, Pounds (1bs);

4E-HBPR-WE

Engine

Pressure MACH Number

Ratio
EPR g 0.2 0,3 0.4
1.00 1742 3381 5406 7231
1.05 73N 7953 9280 10982
1.0 13000 12545 13154 14476
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 inasg 29500 28927
1.40 36269 33667 31976 na17
1.45 39012 36120 34317 33391
1.50 41755# 384N 36297 35321
1.55 - 40280 38233 37156
1,60 - 42077* 39900 38812
1.65 - -- 41567 40316
1.70 - -- 43234* 41820
1.75 - - -- 43324%

*These values have been obtained by extrapolation,
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TARLE C.4.4
REFERRED LOW PRESSURE FAN SPEED (Nl//@?z); RPM;

4E-HBPR-WB
Engine
Pressure MACH Mumber
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 2673 2739 2810 2904
1.25 2841 2896 2988 kiokrd
1.30 29480 3023 Jne0 nan
1.3 3099 3132 K)E:H 3230
1.40 3206 3228 3268 m
1.45 3298 30 3347 3385
1.50 3350* 3386 a0 3450
1.55 - 3448 un 351
1.60 - 3506 3524 3564
1.65 - - 3576 b 3609
1.70 - - 3628* 3655
1.76 - - - 0+

*These values have been obtafned by extrapolation

£-22

i
t
|
.

!
AL AR e s T o S




TABLE €.5.1

TOTAL NET TAKEQFF THRUST (TOT) PER ENGIMNE, Pounds {1Dbs);

i
i
|
i

AL £l 1A BT e

2E-~HBPR-HB
Afrport Alrcraft Speed, VT, KTAS
Temperature,
Degrees OF 0 100 150 200 250
AIRPORT PRESSURE ALTITUDE - SEA LEVE
20 43352 748 35284 34136 33mMm
40 43352 37294 35407 g 3375
60 43352 37383 35495 34225 33795
80 43352 374N 35565 34253 33834
100 40856 35332 33567 32453 32165
AIRPORT PRESSURE ALTITUDE - 2000 FT
20 41283 35273 33478 32429 3988
40 41283 38422 33589 32486 32032
60 41283 355N 33688 32523 32077
80 40837 35290 33474 32238 31817
100 37988 32852 224 30175 29907
€-23
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TABLE C.5.1

(Continued)

Airport Afrcraft Speed, VT, KTAS
Température,
Degrees 9F 0 100 150 200 250
AIRPORT PRESSURE ALTITUDE - 4000 FT
20 39128 33278 31490 30662 3023]
40 39126 33430 3662 30718 30274
€0 39126 33520 ki3 30752 30319
80 37934 32781 31094 29946 295585
100 35287 30516 25004 28030 27781
AIRPORT PRESSURE ALTITUDE - 6000 FT
20 37025 31354 29726 28950 28531
40 37025 31506 29804 29904 28573
0 37028 31598 29860 29036 28617
80 38197 30416 28881 27786 27423
100 32742 28315 26912 26008 257N
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TABLE C.5,1

{Continued)}
Alrport Aircraft Speed, VT, KTAS
Temperature,
Degrees °F . 0 100 150 200 250
AIRPORT PRESSURE ALTITUDE - 8000 FT
20 34935 29467 27923 27259 26854
40 34935 29618 27988 27311 26896
60 34050 29104 27521 26727 26345
i "f\ 20 32624 28192 26742 25821 25418
100 30348 26245 24944 24706 23892
D
| | £-25
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TABLE €.5.2

MAXIMUM (NORMAL) CLIMB THRUST (MCT) EPR SETTING PER"ENGINE ;

2E-HBPR~HB
Pressura Temperature, Degrees Or. (DATPL)
Altitude,
Feet -5 13 K} 449 . 67 85 103
o 1.30 1,30 1.30 1.30 1.30 1.30 1.26
1000 1.3 1.3 1.3] 1.3 1.3 1.30 1.26
2000 1.32 1.32 1.32 1.32 1,32 1.30 1.26
5000 1.34 1.34 1.34 1.34 1.34 1.30 1.26
9000 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 1.24
12000 1.37 1.372. 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 1.48 1.45 1.45 1.39 1,32 1.29 1.24
25000 1.49 1.49 1,46 1.39 1.32 1.29 1.24
30000 1,53 1.52 1.46 1.39 1.32 1,29 1.24
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TABLE C.5.3
REFERRED NET THRUST {Fn/é) PER ENGINE, Pounds (1bs);
2E-HBPR-U8
Engine
Pressure MACH Number
Ratio,
EPR 0.0 0.1 0.2 0.3 0.4 0.5
1.00 l400 1000 2200 3700 5600 7900
1.05 7800 6600 7000 8100 9600 11600
; 1.10 14200 12300 11800 12400 13400 15200
f 1.158 20000 17300 16100 16300 17200 18800
i —~ 1,20 24500 21600 20300 20000 20700 22200
E - 1.28 29200 25800 24000 23400 23900 25100
E 1.30 33400 29500 27500 26500 26800 27600
i 1.38 37000 33000 30700 29600 29400 29900
! 1.40 40600 36400 33700 32200 31900 32100
% 1.45 43800 39400 36400 34600 34000 34100
§ 1.50 46800 42000 38000 36700 36000 36000
é 1.55 48700+ 44500 39500* 38700 37900* 37800*
*Thase values have been obtatfned by extrapolation.
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TABLE C.5.4

REFERRED LOW PRESSURE FAN SPEED (Nl//_e'l‘z), REM;

2E-HBPR-WB
Engine
PE:st,?gr"e MACH Number

EPR 0.0 0.1 0.2 a.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 2810 2754 2898 -
1.20 2628 2646 2ns 2808 2916 3024
1,25 2826 2826 2880 295 3042 nw A
1.30 2970 2988 3020 3078 3159 s
1,35 2096 3114 3132 386 3231 3294
1.40 3204 3204 3240 3276 3312 3348
1.45 2 Nz 3 3348 3375 3402
1.50 3402 3402 3402 3420 3438 3456
1.55 3492 3492* 3483~ 3492% 3492 3510
1.60 -~ e - - 3545 3564
*These values have been obtafned by extrapolation.
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TABLE C.6.1
TOTAL NET TAKEOFF THRUST (TOT) PER EMGIME, Pounds (1bs);

3E-HBPR-ME
Airport Aircraft Speed, VT, KTAS
Temperatuge,
Degrees ~F 0 100 150 200 250
ATRPORT PRESSURE ALTITUDE - 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
100 41654 36352 34254 32472 3148
AIRPORT PRESSURE ALTITUDE - 2000 FT
20 34620 30235 28369 26798 25553
40 36454 32128 30211 28586 27321
60 38445 33899 314924 30234 28974
80 40247 35768 33705 31952 30696
100 38730 34426 32443 30767 26525
c-~29
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TABLE €.6.1
{Continued)
Airport Aircraft Speed, VT, KTAS
TS’SS?SEE”E?‘ 0 100 150 200 250

AIRPORT PRESSURE ALTITUDE - 4000 FT
20 33090 29473 27687 26178 24999
40 34743 31245 29393 27842 26644
60 36681 33053 3144 29527 28331
80 37650 34027 32p083 30493 - 29379
100 35977 32560 30687 29112 27950

AIRPORT PRESSURE ALTITUDE - 6000 FT
20 31501 28718 26993 25553 24438
40 33136 30368 28580 27099 25965
60 34N 31939 Jonzz 28680 27648
80 34935 32094 3021 28822 27822
100 33382 30212 28985 27507 26420

AIRPORT PRESSURE ALTITUDE - 8000 FT
20 29956 27748 26083 24725 23674
40 314N 29391 27696 26367 25376
0 33200 30841 29120 27847 26973
80 32380 30299 28590 27274 26383
100 30941 28991 27333 25875 24986

15 i e 47 S e R ¢

¢-30




LOW PRESSURE FAN SPEED (N1) SETTING PER ENGINE, RPM:

TABLE C.6.2

MAXIMUM (NORMAL) CLIMB THRUST (MCT)

3E~HBPR-UB

ﬁ?iﬂ:{g; Temperature, Degrees °F, {OATPL)
Feet 0 20 40 60 80 100
0 3083 3145 3206 3278 3330 3344
5000 3176 3244 3306 3375 3436 3344
10000 3234 3303 3364 3436 3447 3344
15000 3282 3351 46 3488 3447 3344
20000 3337 3406 3474 3526 3447 3344
25000 3402 3467 3539 3526 3447 3344
30000 3474 3543 3577 3526 3447 3344
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TABLE C.6.2

REFERRED KET THRUST (Fn/8) PER ENGINE, Pounds (18s);

3E-HBPR-WB
Presura Fan
Speed, MACH Number
(N1//BTS)
RPM 0.0 0.1 0.2 0.3 0.4 0.5
2060 11000 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 | 15300
3090 29400 | 26000 | 23500 | 21700 | 20200 | 19200
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

¢-32




