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SUMMARY

Piloted-simulator studies have been conducted to determine takeoff and
landing operating procedures for a supersonic cruise research transport con-
cept that result in predicted noise levels which meet current Federal Aviation
Administration (FAA) noise-certification standards. The results of these
studies indicate that with the use of standard FAA noise-certification test
procedures, the simulated aircraft did not meet the FAA traded-noise-level
standards during takeoff and landing. With the use of advanced test proce-
dures, however, this simulated aircraft did meet the traded-noise-level stan-
dards for average flight crew skills. The advanced takeoff procedures developed
involve violating three of the current Federal Aviation Regulations (FAR) noise-
test conditions. These violations are thrust cutback at altitudes below 214 m
(700 ft), thrust cutback level below that presently allowed, and configuration
change (other than raising the landing gear). Of these rule violations, thrust
cutback at altitudes below 214 m (700 ft) is of primary importance. That is,
only minor noise-reduction benefits were realized by violating the other rules
listed. It was not necessary to violate any FAR noise-test conditions during
landing approach. However, it was determined that a decelerating approach pro-
duced lower noise levels at the FAR measuring station and reduced the effective
perceived noise level contour areas by as much as 74 percent. The advanced
takeoff and landing-approach procedures developed and evaluated during this
study did not compromise flight safety.

Automation of some of the aircraft functions reduced pilot workload when
performing the advanced procedure takeoffs and landings. The development of
a simple head-up display to assist in the takeoff flight mode proved to be
adequate for performing the task.

INTRODUCTION

The continued increase in size and power of commercial transport aircraft
has caused considerable concern about the noise environment in the vicinity of
major airports. This concern has manifested itself in the form of government
noise regulations for all civilian subsonic transports as well as local opposi-
tion to airport expansion and restricted hours of operation.

Figure 1 indicates the noise limits as a function of aircraft weight
allowed by the current Federal Aviation Regulations (FAR, ref. 1). It also pre-
sents the "noisiness" of some present-day jet transports (ref. 2) relative to
this noise standard as well as to each other. Note that the majority of the
"narrow—body" subsonic aircraft do not meet these noise standards for takeoff or
approach and that neither the Concorde nor the TU-144 supersonic transports meet
these standards for takeoff, sideline, or approach. 1In general the "wide-body"
subsonic aircraft, powered by high-bypass-ratio engines, do meet the noise stan-
dards in reference 1.



The U.S. Department of Transportation and the National Aeronautics and
Space Administration (NASA) have supported work on the development of two meth-
ods to reduce the noise from the narrow-body subsonic aircraft: (1) Nacelle
redesign with extensive use of sound-absorption material, and (2) equip aircraft
with large-diameter, single-stage fan engines with nacelle redesign including
use of sound-absorption material. Other than conventional aircraft-operation
procedures could also be used to reduce airport~-community noise. Considerable
literature is available showing the noise-reduction benefits during landing
approaches for present-day subsonic jet transports by using steeper than nor-
mal approaches, two-segment approaches, and decelerating approaches. (See

refs, 3 to 6.)

Since 1972, the NASA Langley Research Center (LaRC) has been working in
advanced supersonic technology for potential application to future U.S. trans-
port aircraft. Among the significant advances which have been made during this
period is the development of a new engine concept that is a duct-burning turbo-
fan variable-stream~control engine (VSCE), which has the potential to operate
with less jet noise during takeoffs and landings than conventional turbojets.
The improvement is attributed to coannular-nozzle-jet noise relief, Therefore,
the present simulation study was conducted in an attempt to develop operational
procedures for a typical supersonic cruise research (SCR) transport concept
that would reduce the airport-community noise during both takeoffs and landings.

(See refs. 7 and 8.)

The noise-certification standards in reference 1 for subsonic transport
aircraft specify takeoff and landing "piloting" procedures that require con-
stant flight speed and no configuration changes (except the landing gear may be
retracted after lift-off). It should be considered, however, that a supersonic
transport with VSCE's will have airframe-engine characteristics that are differ-
ent from present-day subsonic jet transports, and if these characteristics are
utilized properly, they could significantly reduce community noise during take-
off and landing. For example, the variable engine inlet and exhaust nozzles
allow for tailoring of engine performance while minimizing engine noise; the
relatively high thrust-to-weight ratio allows rapid acceleration to optimum
climb speeds; and the relatively simple high-lift flap system makes the SCR
transport concept amenable to automated operation.

The subject-piloted simulator study was conducted using the AST-105-1 SCR
transport concept to determine: (1) Advanced takeoff and landing procedures for
which the FAR noise-~level requirements could be met; (2) if a pilot with average
skills could perform the task of flying the suggested profiles without compro-
mising flight safety; (3) the degree of automation required; and (4) the pilot

information displays required.

Noise predictions were made with the aircraft noise prediction program
(ANOPP, ref. 9). This program uses time-dependent trajectory and engine
data to predict the time-dependent one-third octave band spectra at a set
of observer positions. These spectra are then integrated to obtain perceived
noise and effective perceived noise. The ANOPP includes noise-source prediction
modules for jet mixing noise, jet shock-cell noise, compressor noise, combustion
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noise, turbine noise, and airframe noise. 1In the present study, only the jet-
mixing-noise module was used. The ANOPP was also used to determine noise con-
tours for the simulated takeoffs and landings.

Use of trade names or names of manufacturers in this report does not consti-
tute an official endorsement of such products or manufacturers, either expressed
or implied, by the National Aeronautics and Space Administration.

SYMBOLS AND DEFINITIONS

Values are given in both the International Systems of Units (SI) and
U.S. Customary Units. The measurements and calculations were made in
U.S. Customary Units. Dots over symbols denote differentiation with respect
to time.

AKy gain on airspeed error

GK1 integrator gain

G acceleration and deceleration engine inverse time constants, sec™!
h altitude, m (ft)

K gain

Ks,0 switching gain

M Mach number

s Laplace operator

T thrust, N (1lbf)

Tg gross thrust

t time, sec

tq deceleration time, sec

v airspeed, knots

Ve climb speed, knots

VR rotation speed, knots

VR, I desired airspeed upon completion of deceleration, knots

6SMOOTH velocity rate limit, knots/sec

V1 decision speed (engine failure speed + AV for a 2-sec reaction time),
knots



Vo airspeed of aircraft at obstacle, knots
v* reference airspeed, knots

W airplane weight, N (1bf)

X distance from brake release, m (ft)
a angle of attack, deg

Y flight-path angle, deg

S¢ trailing-edge flap deflection, deg
SgB speed-brake deflection, deg

€ error

6 pitch attitude, deg

T time constant, sec

TR pitch-attitude-bias time constant, sec
¢ angle of roll, deg

P heading angle, deg

Subscripts:

B bias

c commanded

FI flight idle

IAS indicated airspeed

IC initial condition

LG landing gear

LO lift-off

MAX max imum

MIN minimum

N net

R g e

P




PFD pitch-command sensitivity to flight director

PIL pilot

SB speed brake

trim trim condition

\'4 velocity

VFD velocity flight director

8 pitch

Abbreviations:

ADI attitude-director indicator

Adv advanced

ANOPP aircraft noise prediction program
eng engine

EPNL effective perceived noise level, 4B
FAA Federal Aviation Administration
FAR Federal Aviation Regulations

1as indicated airspeed

Mod modified

PLA power lever angle

PNLT tone~corrected perceived noise level
proc procedure

SCR supersonic cruise research

std standard

TH track/hold

VMS Langley Visual/Motion Simulator

VSCE variable-~-stream-control engine



DESCRIPTION OF SIMULATED AIRPLANE¥*

The SCR transport concept simulated in this study was a resized version of
the configuration in reference 10 and is described in detail in reference 11.
Reference 11 also contains the mass and dimensional characteristics, control-
surface deflections and deflection-rate limits, and most of the aerodynamic data
used in this study. A three-view sketch of the simulated airplane is presented
in figure 2.

The static aerodynamic data were estimated based on the low-speed wind-
tunnel test results of references 12 and 13 and corrected for configuration
differences. The control surfaces used for low-speed lateral control consisted
of outboard ailerons, outboard flaperons, and inboard flaperons. The lateral-
control system was designed in such a manner that all lateral-control surfaces
were driven by the commanded aileron deflection, and each surface was deflected
so that all reached their limit simultaneously. The rigid lateral-control data
were taken from reference 12 and modified to account for the size and location
of the control surfaces on the subject airplane. An all-movable vertical tail
was used for low-speed directional control and its effectiveness was estimated
by using the data from reference 12. The reduction of lateral-control effec-
tiveness due to wing flexibility was taken from reference 14, and the reduction
of directional~control effectiveness due to fuselage transverse bending was
based on unpublished results. To facilitate steep decelerating approaches, a
speed brake was designed which incorporated bifurcated "rudders" on the two wing
fins. To minimize ground roll following touchdown, the speed brakes and wing
spoilers were used.

The aerodynamic effects of ground proximity were obtained from the test
data of reference 15. The dynamic aerodynamic derivatives were estimated by
using a combination of the forced-oscillation test data of reference 16 and
the estimation techniques of reference 17.

The variable-stream-control engine concept, designated VSCE-516, was
selected for this study. The engine was scaled to meet the takeoff design
thrust-to-weight ratio of 0.254 for the simulated SCR transport. The engine-
performance data generated by the manufacturer was provided in the form of an
unpublished-data package which included the performance for a standard day plus
10°C. The engine performance for a standard day plus 10°C was used for the
takeoff and landing analyses as well as the subsequent noise analyses made dur-
ing this study. Since the response characteristics of the VSCE-516 engine were
not known, the response times were varied from fast to very slow. Unless spe-
cifically noted the fast engine-response characteristics were used for the
results discussed. (The impact of the engine-response times on flight safety
was evaluated and will be discussed.)

*The work-up and analyses of the aerodynamic and geometric data packages
utilized for this SCR simulation program were performed under contract number
NAS1-16000 by Paul M. Smith of Kentron International Inc.
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DESCRIPTION OF SIMULATION EQUIPMENT

Studies of advanced takeoff and landing procedures for a typical SCR trans-
port concept were made with the general-purpose cockpit of the Langley Visual/
Motion Simulator (VMS). This is a ground-based motion simulator with six
degrees of freedom. For this study it had a transport-type cockpit which was
equipped with conventional flight and engine-thrust controls and with a flight-
instrument display representative of those found in current transport airplanes.
(See fig. 3.) Instruments that indicated angle of attack, angle of sideslip,
pitch rate, and flap angle were also provided. A conventional cross-pointer-
type flight-director instrument was used, and the command bars (cross pointers)
were driven by the main computer program. The horizontal bar of the ADI was
used for flight-path-control command during landing approaches and as a simpli-
fied airspeed-control command during takeoffs. This "takeoff" director was pro-
grammed with two options: (1) The option of commanding the pilot to climb at an
airspeed of Vy + AV, or (2) the option of commanding the pilot to climb at an
IAS of 250 knots. (See fig. 4 for block diagram of the takeoff director.)

The control forces on the wheel, column, and rudder pedals were provided
by a hydraulic system coupled with an analog computer. The system allows for
the usual variable-feel characteristics of stiffness, damping, coulomb friction,
breakout forces, detents, and inertia.

The airport-scene display used an "out-the-window" virtual image system of
the beam-splitter, reflective-mirror type. (See fig. 5.) In addition to the
airport scene presented on the out-the-window virtual image system, a "head-up"
display was superimposed on the same system. (See fig. 6.) The head-up portion
of the display consisted of angle-of-attack, pitch-rate, and climb-gradient pre-
sentations that were used only for the takeoff and climb maneuvers. The head-up
display was not used for landing approaches.

The motion-performance characteristics of the VMS system possess time
lags of less than 50 msec. The washout system used to present the motion-cue
commands to the motion base was nonstandard. (See ref. 18.)

A runway "model" was programmed that was considered to have certain rough-
ness characteristics and a slope from the center to the edge representing a run-
way crown. Only a dry runway was considered in this study.

The only aural cues provided were engine noises and landing-gear extension
and retraction noises.

TESTS AND PROCEDURES

The tests consisted of simulated takeoffs and landings using "standard"
as well as "advanced" procedures. The term "standard procedures," as used in
this report, refers to those procedures that adhere to all present Federal
Aviation Regulations, whereas the "advanced procedures" used do not adhere to
all of the FAR, particularly those regulations that pertain to aircraft noise-
certification procedures.



A NASA test pilot participated in the simulation program, and his comments
dictated the type of pilot-information displays and the degree of automation
that was developed for performing the task of "flying" the various takeoff and
landing procedures used in this study. In addition to the normal-type displays
used in current subsonic jet transports, the pilot-information displays con-
sisted of a takeoff director and a head-up display, both previously described in
this paper and used only during takeoff and climb. The automated features con-
sisted of an autothrottle for controlling airspeed and an autodeceleration
control. The autodeceleration control was programmed as a part of the auto-
throttle and was used only when the deceleration switch was activated by the
pilot. The autothrottle portion of the system was sometimes used for both
takeoffs and landings, whereas the autodeceleration mode was only used during
landing approaches. (See fig. 7 for block diagram of autothrottle.)

By operating the VSCE's used in this study at maximum allowable turbine-
inlet temperature, the maximum thrust is increased approximately 16 percent.
The higher values of thrust allow the achievement of higher speeds, increased
lift-drag ratio, better climb performance, and permitted larger power cutbacks,
resulting in lower community noise. Therefore, the initial thrust used for
takeoffs in this study was 116.4 percent of normal rated takeoff thrust unless
otherwise noted. Since the thrust-response characteristics were not known for
this engine, various response times were simulated and evaluated as to the
effects they have on the advanced operating procedures developed for community
noise reduction as well as the effects on flight safety.

All computations were made for a standard day plus 10°C. Also, constant
weights were used for takeoff (W = 3051 kN (686 000 1bf)) and approach and
landing (W = 1745 kN (392 250 1bf)). ©No weight changes due to fuel consumption
were considered. Current Federal Aviation Regulations were adhered to at all
times throughout this simulation study, with the exception of some of those
presented in reference 1. Some of the aircraft noise-certification procedures
presented in reference 1 were not followed at all times in order to determine
the benefits (i.e., noise reductions) that may be realized should these "rules"
be changed. Specifically, the rules listed in reference 1 that were not always
followed during the present study are:

(1) A constant takeoff configuration must be maintained throughout the
takeoff-noise test, except the landing gear may be retracted.

(2) Takeoff power or thrust must be used from the start of takeoff roll to
an altitude above the runway of at least 214 m (700 ft).

(3) Upon reaching an altitude of 214 m (700 ft) or greater, the takeoff
power or thrust may not be reduced below that needed to maintain level flight
with one engine inoperative or to maintain a 4-percent climb gradient, which-
ever power or thrust is greater.

(4) A steady approach speed must be established and maintained over the
approach-measuring point.

(5) The approaches must be conducted with a steady glide angle of
3© + 0.5°.
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Noise characteristics of the simulated SCR concept at the three measuring
stations prescribed in reference 1 and indicated in figure 8 were calculated for
both takeoffs and landing approaches with the NASA aircraft noise prediction
program (ANOPP) described in reference 9. Noise contours were also developed
with the data output from this noise-prediction program.

Takeoffs were performed with rotation speeds from 172 to 200 knots of IAS,
and the climb speeds varied from 211 to 250 knots of IAS. During these take-
offs, thrust reductions (cutbacks) were made as a function of distance from
brake release and/or altitude. These thrust reductions were made manually as
well as automatically. It should be mentioned that after the "final" thrust
reduction was made (always prior to reaching the flyover noise-measuring point),
the climb gradient was reduced to 0.04 (y ~ 2.39).

Landing approaches were made at: (1) Constant speed for various constant
glide angles, (2) constant speed for various segmented glide angles, and
(3) decelerating speed for various constant glide angles. The glide angles
varied from 3° to 6°, and the approach speeds varied from 250 to 158 knots of
IAS.

The results of this study, derived with the aforementioned evaluation pro-
cedures, are primarily presented in the form of effective perceived noise level
(EPNL) reductions as a function of piloting techniques used to perform takeoffs
and landings with the simulated SCR transport concept. The significant results
are reviewed in the following sections.

RESULTS AND DISCUSSION

The results of this study are discussed in terms of the previously stated
objectives and are primarily presented in the form of effective perceived noise
level (EPNL), as the piloting technique (operational procedure) varied during
takeoffs and landings on the simulated SCR transport concept. The noise levels
discussed pertain to jet noise only.

For clarity and completeness, some of the data presented in reference 7 are
resubmitted in this paper.

Takeoffs

Takeoffs were performed with rotation speeds VR from 172 to 200 knots of
IAS, an angular-rotation rate 6 of 39/sec, and "initial" rotation angles of
attack oapyp from 4° to 8° (depending on the desired climb speed V). The
orye as used here is the angle of attack to which the pilot rotates and main-
tains until V5 is achieved.

Determination of rotation speed.- The procedures used to determine the min-
imum and maximum rotation speeds to be used in this simulation study are those
given in reference 19. 1In general, the range of VR used was selected from the
Vi information determined on the simulator and presented in figure 9. The Vi




concept was developed for civil air transport certification, and its intent is
to provide the pilot sufficient information to decide whether to refuse or to
continue the takeoff. 1If the pilot elects to refuse the takeoff, the total dis-
tance required for the maneuver (from brake release to V; to full stop) is
called the accelerate~stop distance. If the pilot elects to continue the take-
off, the total distance required from brake release to V; to an altitude of
10.7 m (35.0 f£ft) is called the takeoff distance. (As can be seen from fig. 9,
the intersection of the two curves (balanced field length) occurs at approxi-
mately 172 knots of IAS.) 1In addition, reference 19 states that the critical
engine-inoperative takeoff distance for a rotation speed of 5 knots less than
Vg must not exceed the corresponding critical engine-inoperative takeoff dis-
tance for the established VR. Therefore, it can be seen from the takeoff-
distance curve of figure 9 that the minimum "established"” VR should be no less
than approximately 185 knots of IAS. However, for the present simulation pro-
gram, a minimum VR = Vq = 172 knots of IAS (three-engine balanced field
length) was chosen in order to get the maximum possible variable range for Vg
and the corresponding V.. From the accelerate-stop-distance curve in combina-
tion with the takeoff-distance curve of figure 9, the maximum VR chosen to be
used in this simulation study was 200 knots of IAS, because of tire speed limi-
tations. Thus, the range of rotation speeds used in this study was from 172 to
200 knots of IAS, resulting in lift-off speeds from 193 to 215 knots of IAS.

Angular-rotation rate.- An angular-rotation rate é of approximately
39/sec was used for all takeoffs. This value was selected by considering aft-
fuselage scrape as well as pilot-passenger comfort. It was also noted that the
nominal angular-rotation rate used by the pilots when flying the Concorde simu-
lation (ref. 20) was approximately 2.89/sec.

Initial rotation angle of attack.- The initial « selected for each
takeoff varied depending upon the selected rotation speed and climb speed.
For example, for a selected VR of 172 knots of IAS and a climb speed of
V2 + 10 knots of IAS, the initial o used for the best climb performance was
determined to be approximately 89, whereas for a selected VR of 200 knots of
IAS and a V. of 250 knots of IAS, the initial o wused for the best perfor-
mance was determined to be approximately 4°.

Minimum flyover noise during takeoff.- For simulated takeoff procedures
with no power cutbacks, the flyover EPNL at the reference 1 measuring point was
calculated to be approximately 118.0 dB, regardless of the selected rotation
speed or the selected climb speed, and the sideline EPNL was calculated to be
greater than 116.0 dB for all takeoffs.

The scheme used to determine a piloting technique that would result in
acceptable noise levels for both flyover and sideline was to first define the
minimum-flyover-noise procedure with no consideration for the sideline noise
generated. Reference 1 states, in part, that: (1) Takeoff power or thrust must
be used from the start of takeoff roll to an altitude of at least 214 m (700 ft)
for airplanes with more than three engines; (2) upon reaching an altitude of
214 m, the power or thrust may not be reduced below that needed to maintain
level flight with one engine inoperative or to maintain a 4-percent climb
gradient, whichever power or thrust is greater; and (3) a speed of at least
Vo + 10 knots must be maintained throughout the takeoff-noise test. Therefore,
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the first task was to determine the amount of allowable thrust cutback, and this
is indicated in figure 10. PFor indicated airspeeds greater than approximately
240 knots, the four-engine, 4-percent climb-gradient criterion should be used,
whereas the three-engine, zero climb-gradient criterion should be used for
indicated airspeeds below 240 knots. For the present study, the four-engine,
4-percent climb-gradient criterion was used for all climb speeds considered
since it was more beneficial at the lower climb speeds (V. < 240 knots of IAS)
and was almost as beneficial at the higher climb speeds (V. > 240 knots of IAS).
Therefore, the net thrust was reduced to 71 percent at the cutback point when
the slowest climb speed was flown (Vg = 172 and Vg, = Vy + 10 = 211 knots of
IAS), and was reduced to 58 percent at the cutback point when a climb speed of
250 knots of IAS was flown. (It should be noted that the maximum airspeed
allowed below an altitude of 3048 m (10 000 ft) is 250 knots of IAS because of
air traffic control considerations.)

The "ideal™ cutback altitudes were then determined from the lowest Vi and
Ve investigated (172 and 211 knots of IAS, respectively) as well as the highest
VR and V. investigated (200 and 250 knots of IAS, respectively), and the
results are presented in figure 11. 1Indications are that for Vi =172 and
Ve = 211 knots of IAS, the ideal cutback altitude, from the standpoint of EPNL,
was approximately 400 m (1312 ft); for VR = 200 and Vg, = 250 knots of IAS,
the ideal cutback altitude was approximately 290 m (951 ft). Figure 11 also
indicates that the faster climb speed, which allowed more thrust cutback, was
approximately 2.0-dB less noisy than the slower climb speed (EPNL of 107.7 dB
compared with 109.6 dB), even though the cutback altitude was approximately
110 m (361 ft) lower. It should also be noted that the minimum flyover EPNL
for the technique with VR = 200 knots of IAS and V, = 250 knots of IAS was
slightly lower than the maximum level allowed (EPNL of 108.0 dB, ref. 1).

These two takeoff profiles are presented in figure 12. The piloting pro-
cedures used were: (1) Accelerate from brake release to Vi = 172 and 200 knots
of IAS); (2) at Vg, rotate the airplane at an angular-rotation rate of 3%/sec
to an angle of attack of 8° and 4° and maintain o until V9 is achieved;

(3) after attaining V3, the pilot merely "flew" the takeoff-director commands,
which in these cases commanded climb speeds of V5 4+ 10 = 271 and 250 knots of
IAS; and (4) upon attaining the designated "ideal" cutback altitudes (400 m
(1312 £t) and 290 m (951 £ft)), the copilot reduced the net thrust to 71 percent
and 58 percent and the pilot simultaneously reduced the climb gradient to 0.04
in each instance. The results indicate that the airplane was at an altitude of
492 m (1614 ft) when it flew over the noise~measuring station (a distance of
6500 m (21 325 ft) from brake release) for the slower Vg and V. compared
with an altitude of 420 m (1378 ft) for the faster Vi and Vs. The calculated
flyover perceived noise levels (PNL's) and effective perceived noise levels
(EPNL's) are also presented in figure 12, and indicate that the maximum calcu-
lated PNL's for the slower and faster takeoffs were 110.8 4B and 109.6 dB,
resulting in EPNL's of 109.6 dB and 107.7 dB. Therefore, it was concluded that
the faster rotation and climb speeds were more beneficial from a noise stand-
point, and thus the majority of the takeoffs made and discussed throughout the
remainder of this paper pertain to rotation speeds of 200 knots of IAS and climb
speeds of 250 knots of IAS.
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Figure 13 indicates that for climb speeds greater than approximately
233 knots of IAS on a 4-percent climb gradient, less thrust is required to
trim for &g = 10° than for &8¢ = 20°. For example, at Vg = 250 knots of
IAS, 2-percent less thrust is required to trim for the &g = 10° configura-
tion than for the &g = 209 configuration (Ty = 56 percent compared with
Ty = 58 percent). Figure 14 presents the flyover EPNL differences due to
raising the flaps to 10° (for Vg > 233 knots of IAS) and indicates that since
the incremental EPNL was less than 1.0 dB for any cutback altitude, the configu-
ration change would probably not be justified. (It should be noted that ref. 1
requires a constant configuration throughout the takeoff-noise test, with the
exception of landing~-gear retraction.)

During the generation of the flight profiles necessary to calculate the
corresponding EPNL's shown in figures 11 and 14, it was found that the rate of
thrust cutback and the rate of climb-gradient change were very important as to
whether the desired climb speed was maintained. Therefore, instead of manually
reducing the thrust to the specified level (depending upon the V. and 6f),
the autothrottle was activated at various altitudes and, again, the climb gradi-
ent was reduced to 0.04. These results are presented in figure 15 and compared
with the results for manual-throttle cutbacks. The results indicate that the
use of the autothrottle reduces the EPNL approximately 1.0 dB for the "ideal"
cutback altitude (290 m (951 ft)). The resulting flight profiles are pre-
sented in figure 16. Note that although the same approximate altitude (417 m
(1368 ft)) was achieved at the flyover-noise-measuring station (6500 m
(21 325 ft) from brake release), the calculated values for PNL and EPNL are
somewhat different, even though both takeoffs were for the same configuration
and the same takeoff procedures were used - with the exception of the method
used to reduce the thrust at the designated altitude. The differences in the
EPNL's were attributed to the differences in the thrust management. Note from
the net-thrust trace that for the manual-~cutback procedure, the copilot grad-
ually reduced the thrust from Tyax to 58 percent with no overshoot. However,
when the thrust was reduced with the autothrottle, an overshoot in thrust
resulted (Ty became as low as approximately 44 percent at one instance), and
therefore the EPNL was lower at the measuring station due to the lower values
of net thrust. Also note that the climb speed was maintained relatively con-
stant at approximately 250 knots of IAS during both flights,

Obviously it will be necessary to use the minimum amount of thrust during
takeoff in order to Keep the sideline noise at a minimum. However, sufficient
thrust must be used to keep the takeoff flyover EPNL at 110.0 dB or less in
order to even consider using the present FAR trade-off capabilities. Therefore,
takeoffs were performed for which only 100 percent of the thrust was used. Fig-
ure 17 presents the calculated flyover EPNL's against various cutback altitudes
for initial values of thrust of 100 percent and 116.4 percent. The minimum
flyover EPNL that was calculated was greater than 111.0 dB when 100 percent
thrust was used for takeoff, regardless of the cutback altitude, compared with
a minimum EPNL of less than 108.0 dB when maximum available thrust (116.4 per-
cent) was used for takeoff. It was therefore concluded that an initial value
of thrust greater than 100 percent must be used in order to achieve a flyover
EPNL equal to or less than 110.0 dB. Furthermore, these results indicated that
at some point during the early stages of the takeoff the thrust must be reduced
below 100 percent in order to reduce the sideline EPNL being generated. Side-
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line EPNL was dgreater than 110.0 dB even when only 100 percent thrust was used
for takeoff. (As mentioned previously, the sideline EPNL was greater than
116.0 dB for the maximum~thrust takeoff.)

Summary of results pertaining to minimum flyover noise during takeoff.-
With no consideration given to the sideline noise being generated, various take-
off procedures were used in an attempt to define the "best" piloting procedure
that could be used in order to create the minimum effective perceived noise
level at the flyover noise-measuring station of reference 1 (6500 m (21 235 ft)
from brake release). The more significant results are as follows:

1. With no power cutbacks the flyover EPNL was approximately 118 4B,
regardless of the rotation speed or climb speed.

2. For the noise-abatement takeoff procedures presently allowed by the
Federal Aviation Regulations (ref. 1), the maximum allowed rotation speed and
climb speed (Vg = 200 and Vg = 250 knots of IAS) were the most beneficial for
creating the minimum noise at the designated flyover-noise-measuring station.
This takeoff procedure with thrust reduction above an altitude of 214 m (700 ft)
resulted in a flyover EPNL of 107.7 dB, which met the 108.0-dB requirement of
reference 1.

3. Minor additional noise benefits could be realized by reducing the flap
deflections from 20° to 10° for indicated airspeeds greater than approximately
233 knots.

4. Additional noise benefits were gained by activating the autothrottle
rather than manual-throttle manipulations at the "ideal" cutback altitude.

The best advanced piloting procedure used during this study for minimum
flyover noise, disregarding the sideline noise being generated, was as follows:

(1) With maximum available thrust (116.4 percent), accelerate the airplane
from brake release to 200 knots of IAS.

(2) At V = 200 knots of IAS, rotate the airplane at an angular-rotation
rate of 39/sec to an angle of attack of 4°. Retract the landing gear after
lift-off.

(3) Maintain a ~ 4° until V; is achieved; V; is defined as the air-
craft velocity at a hypothetical obstacle (hyg = 10.7 m (35.0 ft)).

(4) Accelerate the airplane from V, to a climb speed of 250 knots of IAS.
(Vo = 250 knots of IAS is the maximum speed allowed below an altitude of 3048 m
(10 000 ft)).

(5) Prior to achieving Vg = 250 knots, reduce the flap deflections from
20° to 10°.

(6) At an altitude of 290 m (951 ft), activate the autothrottle and reduce
the climb gradient to 0.04.
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This takeoff procedure resulted in a flyover EPNL of 106.7 dB, which
is 1.3 dB less than the maximum allowed EPNL of 108.0 dB (ref. 1).

a takeoff procedure that would allow the use of the aforementioned noise trade-
offs between the flyover, sideline, and approach EPNL's and thus meet the
108.0~dB requirements of reference 1, various piloting procedures were used
during simulated takeoffs. Because it was determined earlier that the most ¢
advantageous procedure for flyover noise was to rotate as late as possible and
climb as fast as possible, the majority of the "sideline-noise" takeoffs were
made for which Vp was 200 knots and V. was 250 knots of IAS.

Figure 18 indicates the sideline EPNL's calculated for a standard pro-
cedure takeoff (i.e., no FAR rules broken). Note that the sideline EPNL
approaches 108.0 dB approximately 1800 m (5906 ft) after brake release and :
has exceeded 110.0 dB prior to lift-off (X = 2496 m (8189 ft)). The maximum |
sideline EPNL is 114.8 dB. Therefore some degree of power cutback is required
prior to lift-off in order to keep the sideline EPNL equal to or less than
110.0 dB, the maximum level that would allow the use of the aforementioned
noise-trade-off criteria.

Various piloting techniques were used in an attempt to determine the "opti-
mum" takeoff procedure insofar as the minimum sideline and flyover jet noise }
were concerned. Power cutbacks were made at various distances from brake
release as well as at various altitudes in an attempt to keep the sideline
noise to a minimum. Then a "final" power cutback was made (sometimes auto-
throttle was used) and the climb gradient was reduced to 0.04 prior to reach-
ing the flyover-noise measuring station in order to keep the flyover EPNL to
a minimum. The objective was to keep the sideline EPNL equal to or less than
110.0 dB and at the same time keep the flyover EPNL equal to or less than

109.0 dB.

The profile for a typical takeoff with "advanced" procedures is presented
in figure 19. The piloting procedures used were as follows:

(1) With the flaps set at 20° and with maximum available thrust, accelerate
the airplane from brake release to V = 200 knots of IAS.

(2) At V = 200 knots of IAS, rotate at 6 =~ 39/sec to an angle of attack
of approximately 4°. At X ~ 2225 m (7300 £ft) and V ~ 208 knots of IAS,
reduce the net thrust to 110 percent.

(3) After lift-off (X =~ 2500 m (8202 ft) and V = 217 knots of IAS), raise
the landing gear and accelerate to V; while maintaining o =~ 4°.

(4) At V, (approximately 235 knots of IAS), reduce the net thrust to
90 percent, and by following the commands of the takeoff director, accelerate
to 250 knots of IAS. Prior to Vg = 250 knots, raise the flaps from 20° to 10°,

(5) Continue the climbout at Vg = 250 knots of IAS. At an altitude of
approximately 185 m (607 ft), activate the autothrottle and reduce the climb

gradient to 0.04.
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With data obtained from this simulation study, an optimization technique
described in reference 21 has been shown to identify a takeoff strategy compar-
able to advanced procedure I presented in figure 19 of this report,

Figure 20 indicates that the sideline EPNL exceeds 108.0 dB at X =~ 2700 m
(8858 ft) and that the maximum sideline EPNL is 109.8 dB at X =~ 3350 m
(10 991 ft). Note that the maximum sideline EPNL for this advanced-procedure
takeoff is approximately 5.0 dB lower than that calculated for the standard-
procedure takeoff. The flight profile of this advanced-procedure takeoff
(fig. 19) shows that an altitude of 254 m (833 ft) was attained at the flyover-
noise measuring station and that the calculated flyover EPNL was 108.1 dB. It
should also be mentioned that the autothrottle caused the net thrust to over-
shoot the allowed level of 56 percent. (Ty actually became as low as 38 per-
cent at one point and was less than 56 percent for approximately 5 sec, which
corresponded to the time just prior to and immediately after flying over the
flyover-noise-measuring station.) It is believed that although this large,
temporary thrust reduction exceeded the allowed limit (fig. 13), flight safety
would not be jeopardized in that, for example, should an engine fail during the
time the autothrottle had driven the thrust to this "unacceptably"” low level,
the autothrottle would very quickly command sufficient thrust on the remaining
three engines to maintain an indicated airspeed of 250 knots. It is therefore
believed that this piloting procedure is a realistic and safe takeoff procedure
if autothrottle is used, and that by utilizing the aforementioned trade-off cri-
teria, the traded EPNL can be kept below 108.0 dB at the designated measuring
stations, assuming the approach EPNL is no more than 105.0 dB.

Effects of modifying the VSCE engine for maximum coannular-nozzle acoustic
benefit.- It was determined during the simulation program that very large cut-
backs in thrust were possible in order to reduce the flyover noise during take-
off. It was realized at that time that the design of the simulated VSCE was
such that the coannular-nozzle acoustic reduction was lost for thrust settings
below approximately 60 percent. Therefore, in general, the flyover Jjet-noise
levels discussed previously would be somewhat lower if the coannular-nozzle
noise-alleviation effects could be maintained for thrust settings lower than
60 percent. Reference 22 presents the method used in the ANOPP (ref. 9) for
predicting coannular-jet noise based on a test-data correlation formulated in
reference 23.

The engine designers were asked to investigate the impact of retaining
the coannular-nozzle acoustic benefit at cutback thrust settings approaching
40 percent. These data were supplied for use in the simulation study with the
warning that design changes to the "current" VSCE might be required, with poten-
tial impact on weight and performance. Nevertheless, these "modified" engine
data were used to repeat some of the advanced-procedure takeoffs, and the
results indicated that although the engine modification 4id not improve the
maximum sideline EPNL, the flyover EPNL was reduced approximately 2.0 dB. For
example, repeating the takeoff procedure indicated in figure 19 but with the
modified VSCE reduced the flyover jet noise from 108.1 dB to 106.0 dB. (The
maximum sideline EPNL remained at 109.8 dB.)

A new takeoff procedure was developed for use with the modified engine in
an attempt to further reduce the sideline-noise level (allowing the flyover EPNL
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to increase above 106.0 dB) and thus reduce the traded-noise level. (The noise

trade-offs allowed by ref. 1 will be discussed later in this paper.) The take-

off profile for the piloting procedure developed is presented in figure 21. The
procedure was as follows:

(1) With the flaps set at 20° and with maximum available thrust, accelerate
the airplane from brake release to V = 200 knots of IAS.

(2) At V = 200 knots of IAS, rotate at & ~ 39%/sec to an initial angle
of attack of approximately 4°.

(3) After lift-off (X = 2496 m (8188 ft) and V =~ 218 knots of IAS), raise
the landing gear and accelerate to V5 while maintaining o =~ 4°.

(4) At Vo (approximately 235 knots of IAS), reduce the net thrust to
75 percent and, by following the commands of the takeoff director, accelerate to
250 knots of IAS. Prior to attaining Vo = 250 knots of IAS, raise the flaps

from 20° to 10°.

(5) Continue the climbout at V. = 250 knots. At an altitude of approxi-
mately 152 m (500 ft), activate the autothrottle and reduce the climb gradient

to 0.04.

Figure 21 indicates that the flyover EPNL was 106.8 dB; the maximum side-
line EPNL was 108.2 dB at X =~ 2743 m (9000 ft). Thus the traded EPNL could be
as low as 106.2 dB. An interesting point to be noted here is that the maximum
sideline noise occurred prior to reaching the end of the runway.

Keeping the sideline noise on the airport property.- As stated previously
in this paper, some of the aircraft noise-certification procedures given in
reference 1 were not followed at all times during the present study in order
to determine the benefits (noise reductions) that may be realized should these
"rules" be changed. The rules that were not always followed are presented in
the "Tests and Procedures" section in detail but, briefly, the rules that were
not adhered to during the advanced-procedure takeoff designated advanced proce-
dure II are: (1) Thrust cutbacks were made prior to achieving an altitude of
214 m (700 ft); (2) the airplane configuration was changed during the noise test
in that the flap deflections did not remain constant; and (3) at the "final"
cutback station the autothrottle commanded values of thrust which, for a brief
period of time, were less than those presently allowed.

Figure 22 shows the effect of various takeoff procedures on the effective
perceived noise calculated at the reference 1 sideline-noise-measuring station.
Note that for either of the advanced procedures presented the sideline EPNL's
were below the allowable level of 108.0 dB at distances from brake release that
might be considered to be "off the airport property." (The sideline EPNL calcu-
lated for the advanced procedure II takeoff did not exceed 108.0 dB past the end
of the 3505-m (11 500-ft) runway.) It was therefore hypothesized that if the
present noise-certification rules were changed so that the sideline EPNL was not
restricted to a maximum of 108.0 dB on airport properties, advanced procedures
could be developed that would further reduce the flyover noise as well as the
overall traded noise. (Note that the present sideline-noise limit of 108.0 4B
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does not apply prior to airplane lift-off.) Such a relaxation of the sideline
noise "restriction area" would also allow the development of takeoff procedures
that would not require violating all of the three aforementioned takeoff-noise-
certification rules. For example, with the piloting procedure designated
advanced procedure II (fig. 21) but without any configuration change (the flaps
remain at 20°) and without allowing the autothrottle to drive the net thrust
below the allowable limit of 58 percent, the maximum sideline EPNL was again
calculated to be 108.2 dB at X = 2743 m (9000 ft) and the flyover EPNL was
109.5 dB. (Note that the flyover EPNL increased from 106.8 4B to 109.5 dB.)
However, if no restriction on sideline noise was considered prior to reaching

a distance from brake release of 4420 m (14 500 f£t) (914 m (3000 ft) beyond the
end of the runway), the flyover EPNL could be reduced from 109.5 dB to 107.2 dB,
although the sideline EPNL would be well above 108.0 4B prior to this point.
(See fig. 23.) This could be accomplished by breaking only one of the aforemen-
tioned rules of reference 1; that is, the only rule that was not followed was
that thrust cutback was made prior to achieving an altitude of 214 m (700 ft).
The only difference in the piloting procedures used for these two takeoffs was
the altitude at which the first thrust cutback was made. (The final cutback
was made at the same distance from brake release during both takeoffs.) A max-
imum sideline EPNL of 108.2 dB was calculated when the first thrust cutback was
made at Vo (hpg = 10.7 m (35.0 ft)), whereas a maximum sideline EPNL of

112.8 dB was calculated when the first thrust cutback was made at h ~ 61 m
(200 ft).

It was concluded then that the simulated SCR transport concept with the
modified variable-stream-control engines can meet the 108.0-dB takeoff EPNL
standards of reference 1 through the use of advanced operating procedures. The
advanced operating procedures involve violating three of the noise~certification
rules: (1) Thrust cutbacks are made prior to achieving an altitude of 214 m
(700 ft); (2) a constant configuration is not maintained in that the flaps are
raised from 20° to 10° during the early stages of the takeoff; and (3) for a
brief period of time following the "final" thrust cutback, thrust levels will be
below those presently allowed. It was also concluded, however, that only the
rule violation listed as (1) would be necessary to meet the takeoff noise stan-
dards if the sideline-noise restriction area 4id not include the distance from
brake release to 4420 m (14 500 ft), which might be considered to be "airport
property" on many of the international airports of today.

Landing Approaches

Reference 1 states that a constant airspeed and configuration must be
maintained on a constant glide angle of 3° * 0.5° throughout the landing-
approach noise test. However, all of these "rules" were varied in an attempt
to determine the noise benefits that could be realized should they be changed.
During this simulation study, landing approaches were made at: (1) Constant
speed at various constant glide angles; (2) constant speed at various segmented
glide angles; and (3) decelerating speed at various constant glide angles.
{(Decelerating speed for various segmented glide angles was not studied.) The
glide angles varied from 3° to 6° and the approach speeds varied from 250 to
158 knots of IAS.
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Reference 1 landing-approach test procedure.- The landing-approach EPNL

calculated for a constant indicated airspeed of 158 knots, a constant configura-
tion, and a constant glide angle of 3° was 101.5 dB at the reference 1 measuring

station (2000 m (6562 ft) from the threshold, on the extended centerline of the
runway; see fig. 8). This was sufficiently low to allow the use of the afore-
mentioned noise-trade-off rules of reference 1.

Constant speed for various constant glide angles.- Landing approaches
were made with a constant configuration and a constant indicated airspeed of
158 knots for various constant glide angles. 1In addition to the "standargd"

39 glide angle, glide angles of 4°, 5°, and 6° were used and the resulting
EPNL's calculated for the reference 1 measuring station were 96.8, 92.3, and
86.9 dB. Figure 24 presents the calculated EPNL's at various distances from
the runway threshold for the various simulated glide angles. Although the
calculated EPNIL for the 6° glide-angle approach was 14.6 dB less than the EPNL
calculated for the 3° glide angle (at the ref. 1 measuring station), the rate
of sink for the 6° approach was considered by the pilot to be too high at the
lower altitudes. For the 6° approach and an indicated airspeed of 158 knots,
the rate of sink was approximately 525 m/min (1723 ft/min). A pilot prefers
to have a rate of sink no greater than approximately 305 m/min (1000 £t/min)
at altitudes below 152 m (500 ft). The rate of sink for a glide angle of only
40 also would be greater than 305 m/min. It may therefore be hypothesized that
a two-segment approach would alleviate the unacceptably high rate of sink at
altitudes below 152 m and at the same time reduce the approach noise.

Constant speed at various segmented glide angles.- Landing approaches
were made with a constant configuration and a constant indicated airspeed of
158 knots for various segmented glide angles. Two-segment approaches were made
for which the first segment was 62, 59, or 4° and the second segment was 3° in
each instance., Various altitudes were also used for the "transition" maneuver.
It was determined that although the two-segment approach may be beneficial for
reducing the noise~contour area, the noise calculated for the reference 1 mea-
suring station would not be reduced since the transition altitude would have to
be too high in order not to exceed the maximum desired rate of sink below 152 m
(500 ft). Figure 25 shows a comparison of the calculated landing-approach
EPNL's at various distances from the runway threshold for a two-segment (6°9/39)
and a single-segment (3°) approach. Note that the two-segment-approach EPNL
at the reference 1 measuring station is higher than that for the 3° approach.
This higher noise level at the measuring station is due to the increase in
thrust required to transition from the 6° glide angle to the 3° glide angle
and maintain indicated airspeed at 158 knots. (See fig. 26.) As might be
expected, however, figure 25 shows that the two-segment approach is much less
noisy at distances from the runway threshold greater than the glide-angle
transition point.

The effects of various procedures for takeoffs and landings on the cal-
culated noise contours will be discussed later in this paper.

Decelerating speeds for various constant glide angles.- The decelerating
approaches simulated during the present study had initial indicated airspeeds
of 200 and 250 knots, with the final airspeed being 158 knots in each instance.
The decelerations were initiated at the outer marker {approximately 8149 m
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(26 735 ft) from the runway threshold) and were completed at the reference 1
measuring station. It should be noted that speed brakes were sometimes used
during the decelerating approaches.

The calculated EPNL's at the measuring station for the decelerating
approaches were somewhat lower than EPNL's for constant-speed approaches
regardless of the initial airspeed. Figure 27 presents a comparison of the
calculated EPNL's for a constant-speed approach and two decelerating approaches
for a constant glide angle of 3°. When the airplane was decelerated from 200 to
158 knots of IAS the calculated EPNL at the reference 1 measuring station was
approximately 1.0 dB less than when the airplane was flown at a constant speed
of 158 knots; the decelerating approach which initiated at 250 knots of IAS was
approximately 3.0 dB less noisy than the constant 158-knot approach. It may
also be noted in figure 27 that the approach EPNL calculated for the two
decelerating-speed approaches at distances from the runway threshold greater
than the reference 1 measuring station were similar and that both were as much
as 12.0 dB less than that for the constant-speed approach at some points. This
indicates that the areas of the landing-approach noise contours would be appre-
ciably reduced by flying a decelerating approach. 1In addition, a comparison of
figures 24 and 27 indicates that the calculated EPNL's at distances from the
runway threshold greater than the reference 1 measuring station are similar
for a constant-speed, 5° glide-angle approach (fig. 24) and a decelerating-
speed, 3° glide-angle approach (fig. 27).

Summary of results pertaining to landing-approach noise tests.- It was
determined that the calculated landing-approach EPNL for the simulated SCR
transport concept with the present-day test procedures from reference 1 is
101.5 dB, which is well below the maximum allowed level of 108.0 dB. It was
also found that substantial noise-reduction benefits could be gained by
increasing the glide angle and flying a constant airspeed, although glide angles
greater than approximately 3° resulted in unacceptably high rates of sink below
an altitude of 152 m (500 ft). Minor noise-reduction benefits at the refer-
ence 1 measuring station were realized by flying decelerating approaches. It
must be noted, however, that although the decelerating approaches produced only
minor benefits at the reference 1 measuring station (2000 m (6562 ft) short of
the runway threshold), decelerating approaches should be very beneficial for
reducing the area of the approach-noise contours. The area of the approach-
noise contours could also be reduced by flying two-segment approaches, although
the two-segment approaches flown did not reduce the effective perceived noise
levels at the reference 1 measuring station.

It is also concluded from these results that these calculated noise levels
underscore the need for examining noise sources other than jet-exhaust noise
such as engine-fan, compressor, turbine, combustor, and airframe noise. For
example, during the landing approach the engine-fan noise of a variable-stream-
control engine may be greater than the engine jet noise associated with the
relatively low jet velocities. (Thrust settings near flight idle were used on
the landing approaches during the present SCR simulation study.) To reduce the
fan-inlet and fan-exhaust noise levels, the inlet and exhaust ducts could be
acoustically treated to absorb the peak-tone noise levels. However, the inlet
duct for supersonic aircraft configurations is generally of a complex nature and
not readily adaptable for installation of acoustic liners.
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Another means of reducing the inlet peak-tone noise, however, is to choke
the inlet throat during the landing approach. The static data from reference 24
show that as the inlet-throat Mach number was increased from approximately 0.6
to 1.0 on the P~111 and the YF-12 aircraft, the peak-tone noise of the fan at
the fundamental blade passage frequency was reduced approximately 25.0 dB along
the forward inlet axis and approximately 20.0 dB along a 50° angle from the
forward inlet axis. Additional acoustic inlet tests (refs. 25 and 26) showed
similar noise-level reductions. It is therefore reasonable to expect that J
the fan noise of a VSCE could be reduced 10.0 to 15.0 dB prior to propagating
to the observer position, if the variable-geometry inlet is designed with suf-
ficient local-flow Mach number range. This feature is a natural part-power .
operational characteristic of this type of inlet because the required inlet .
variable geometry is also necessary during cruise flight. However, as stated
in reference 8, full benefit of this procedure will depend on whether the engine
can be operated without the need for opening inlet blow-in doors.

Noise Trade-offs

The FAR noise standards (ref. 1) dictate a maximum stage 2 EPNL limit of
108.0 dB at the approach-, sideline-, and flyover-noise-measuring stations for
airplanes having maximum gross weights of 2669 kN (600 000 1lbf) or more. (See
fig. 8 for location of noise-measuring stations.) However, reference 1 allows
trade-offs between the approach-, sideline-, and flyover-noise levels if:

(1) The sum of the EPNL exceedance is not greater than 3 dB; (2) no EPNL exceed-
ance is greater than 2 dB; and (3) the EPNL exceedances are completely offset
by reductions at other required measuring stations. Therefore, these noise-
trade-off rules were applied to the noise levels calculated during the previ-
ously discussed takeoffs and landings performed using various piloting (opera-
tional) procedures.

Takeoffs and landings with standard procedures.- The term "standard pro-
cedure," as used in this paper, applies to the piloting procedure used that
abides by all present-day Federal Air Regulations, and in particular the noise-
certification regulations of reference 1. The minimum flyover EPNL obtained
with standard procedures was 107.7 dB (fig. 12) and the sideline EPNL pro-
duced was 114.8 dB (fig. 18). Therefore, since the approach EPNL was 101.5 dB
(fig. 24), the traded EPNL is 112.8 dB. It should be mentioned that this
traded-noise level could be reduced by using less initial thrust for takeoff,
thereby reducing the sideline noise to some extent and allowing the flyover
noise to become greater. For example, if 100 percent thrust were used for take-
off as opposed to 116.4 percent, the flyover EPNL would increase to 111.7 dB
and the sideline EPNL would decrease to 112.3 dB, producing a traded EPNL of
110.5 dB. However, the traded EPNL for either procedure is still well above the

allowed 108.0 dB.

in this paper, applies to the piloting procedure used that did not abide by the
recommended noise test procedures for airplane certification in reference 1.
Advanced piloting procedures were developed in an attempt to decrease the side-
line noise generated during takeoff. These procedures were discussed previously
and results are presented in figure 19. The takeoff EPNL's from these proce-
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dures were calculated to be 108.1 4B for flyover, 109.8 dB for sideline, and
101.5 dB for approach, resulting in a traded EPNL of 107.8 dB. Therefore, by
using these advanced procedures, the traded EPNL was reduced by 5.0 dB. It
should also be noted that this traded EPNL (107.8 dB) meets the noise-limit
requirements of 108.0 dB.

Advanced procedures and modified VSCE used for takeoff.- As discussed
previously, the simulated VSCE was modified in order to retain the coannular-
nozzle acoustic benefit at much lower thrust settings than the basic engine
design. Also, the use of this modified engine reduced the flyover EPNL from
108.1 dB to 106.0 dB when the same piloting procedures were used for takeoff
as those described as advanced procedure I. However, the modified engine did
not improve the sideline EPNL in the area of maximum sideline noise; therefore
the traded EPNL would remain at 7107.8 dB.

A new takeoff procedure was developed for use with the modified engine in
an attempt to further reduce the sideline EPNL (allowing the flyover EPNL to
increase above 106.0 dB) and thus reduce the traded EPNL below 107.8 dB. The
piloting procedure used, which was discussed previously and is designated
advanced procedure II (fig. 21), produced a flyover EPNL of 106.8 dB and a maxi-
mum sideline EPNL of 108.2 dB, resulting in a traded EPNL of 106.2 dB.

Advanced procedure III was developed for two primary reasons: (1) To show
that if the present noise-certification rules were changed so that the sideline
noise is not restricted on airport properties, the flyover noise as well as the
overall traded noise could be reduced; and (2) to show that number (1) could
be accomplished by violating only one noise-certification test procedure, as
opposed to three noise-certification-procedure violations required for advanced
procedures I and II. It can be seen from figure 23 that for advanced proce-
dure III, the sideline EPNL at X = 4572 m (15 000 ft) was 107.0 dB and the
flyover EPNL was 107.2 dB, resulting in a traded EPNL of 105.6 dB.

The histogram presented in figure 28 summarizes the traded EPNL's calcu-
lated for the various conditions and test procedures flown during the present
study. By using advanced takeoff procedures, the traded EPNL for the subject
SCR transport concept can be reduced by approximately 5.0 dB. It is therefore
concluded from these results that by using advanced takeoff procedures, the
simulated SCR transport with the modified VSCE's readily meets the stage 2
noise~certification standards of reference 1.

Noise Contours

Of the various ways of presenting aircraft-noise results, a meaningful
method is the noise contour (footprint). The noise contour represents the
boundary of the area enclosing effective perceived noise levels equal to or
dgreater than the specified contour level. Noise contours were determined for
some of the takeoffs and landings simulated during the present study in order
to indicate the noise-reduction advantages of using operational procedures
other than standard. Although several EPNL contours are indicated for each
takeoff and landing procedure, the 108.0-dB and the 90.0-dB EPNL's were selected
for discussion of takeoffs and landings, respectively. The total areas within
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the contours were determined for each case. The areas presented for the takeoff
contours were measured for the boundary described from the point of lift-off

(a distance of approximately 2500 m (8202 ft) from brake release) to the bound-
ary closure, whereas the areas presented for the landing-approach contours were
measured for the boundary described from the runway threshold to the boundary
closure. Again, it should be noted that the noise values discussed represent
jet~noise only, as predicted by the NASA ANOPP program.

Takeoffs.- The calculated takeoff-noise contours with the respective net-
thrust and altitude time histories are presented in figure 29, and the areas
of the 108.0-dB EPNL contours for each takeoff are presented in table I. The
advanced procedures basically satisfied the maximum-allowed noise requirements
of reference 1. The areas of the 108.0-dB contours are also smaller for the
advanced procedures than for the standard, particularly in terms of percentage.
For example, the area of contour for advanced procedure II is 50 percent less
than that for the standard procedure.

The traded EPNL's (fig. 28) for these two takeoffs indicate that the
advanced-procedure traded noise was approximately 6.6 dB less. Although this
traded-noise difference suggests a distinct advantage of using the advanced
procedure for noise reduction, it is believed that the contour-area differences
are much more meaningful.

Landing approaches.- The landing-approach-noise contours for EPNL's of
100.0 dB, 95.0 dB, and 90.0 dB with respective net-thrust and altitude time
histories are presented in figure 30, and the areas of these contours are pre-
sented in table II. These data indicate that the 6° approach was much less
noisy than any of the other procedures simulated, but as discussed previously,
this landing-approach procedure is not acceptable from a safety standpoint due
to the high rate of sink at altitudes below 152 m (500 f£t). Table II also indi-
cates that the noise-contour areas for the constant-speed (V = 158 knots
of IAS), two-segment approach (6°/3° glide angle) were appreciably less than
the constant-speed (V = 158 knots of IAS), single-segment (3° glide angle)
approach. (See also figs. 30(a) and 30(e).) (The 90.0-dB EPNL contour area for
the 69/3° approach was only 37 percent of that calculated for the single-segment
(3°) approach.) As discussed previously, the approach EPNL at the reference 1
measuring station (2000 m (6562 ft) from the threshold on the extended center-
line of the runway) was higher for the two-segment approach, and therefore did
not indicate the noise-reduction advantage of the two-segment approach,

The noise contours for the decelerating-approach techniques simulated
are presented in figures 30(c) and 30(d), and the corresponding contour areas
are indicated in table II. The decelerating-approach-noise contour areas are
approximately one-third of the constant-speed-approach-noise contour areas,
and the 90.0-dB EPNL contour area for the deceleration from 250 to 158 knots
of IAS approach is only 70 percent of that for the constant-speed, two-segment
approach. (See table II.) It is therefore concluded that the best landing-
approach procedure for the simulated SCR transport would be a decelerating
approach on a constant 3° glide angle.
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Comparison of single-event contour areas.-— The 95.0-dB EPNL single-event
contour areas for some present-day subsonic jet transports are presented in
figure 31 and compared with the 95.0-dB EPNL single-event contour area for the
simulated SCR transport. These single-event contour areas are the total land
area exposed to EPNL's greater than 95.0 dB during one takeoff and one landing
of the specific aircraft. The single-event contour area indicated for the SCR
transport was determined by using the advanced-procedure takeoff designated
advanced procedure II and a standard 3°, constant-speed landing-approach proce-
dure. (In this instance, the complete area enclosed by the 95,0-dB EPNL contour
was used.) The single-event contour areas indicated for the subsonic jet trans-~
ports were taken from reference 27.

As can be seen from figure 31, the 95.0-dB EPNL single-event contour area
of the simulated SCR transport compares favorably with the "narrow-bodied" large
subsonic jet transports but compares very unfavorably with the "wide-~bodied"
subsonic jet transports, even though advanced operating procedures were used for
takeoff on the SCR transport. The fact that the 95.0-dB EPNL single-event con-
tour area for the simulated SCR transport was larger than for the wide-bodied
transport was not disconcerting, but the degree of difference was unexpected.
For example, as shown in figure 32, the takeoff- and approach-noise levels at
the reference 1 measuring stations for the SCR transport using the advanced
procedure II for takeoff compared favorably to the noise levels indicated for
the 747-200B airplane. And, although the sideline noise of the SCR transport
compared unfavorably with the 747-200B, the large differences in the single-
event contour areas (fig. 32) might not be expected. It is therefore concluded
that caution must be exercised when comparing contour areas from different
studies for different aircraft. For example, reference 28 indicates that a
comparison of two aircraft-noise contour prediction programs (neither being the
ANOPP program used in the present study) produced single-event noise-contour
areas that differed by as much as 500 percent for some aircraft. Reference 28
gives the principal cause of these contour—area differences as being the differ-
ences between the noise data bases in the two computer programs, and listed
other causes as being the differences in methods of accounting for excess ground
attenuation and differences in specification of engine thrust and flight speed
along a flight path.

Most published noise~contour area information is presented with the takeoff
noise and the approach noise combined as a single event, and therefore much of
the area of a specific noise contour would lie within the airport boundary and
would not represent a true change, or difference, in community noise annoyance.
For example, the 95.0~dB EPNL single-event contour area indicated for the SCR
transport (fig. 31) is 82,78 km?2 (31.96 mi2). However, if the area included
within the 95.0-dB EPNL contour between a distance 2000 m (6562 ft) short of
the runway threshold to the distance required for lift-off (X =~ 2500 m
(8202 ft), which are the approach and sideline measuring stations of refer-
ence 1, were not considered, the 95.0-dB EPNL single-event contour area would
be reduced by 13.99 km2 (5.40 mi2), Furthermore, the 95.0-dB EPNL single-event
contour area would be reduced by 23.83 km?2 (9.20 miz) if the area from a dis-
tance 2000 m short of the runway threshold to a distance 2000 m beyond the end
of the runway is not considered. This area would lie within most major airport
boundaries and would probably not be considered part of the airport community.
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It must be noted that the FAR EPNL requirement (ref. 1) for an aircraft of
the weight and class of the subject SCR transport is 108.0 dB at the measuring
stations indicated in figure 8, and that the 95.0-dB EPNL single-event contour
area comparisons were made only because that was the estimated data available
for the subsonic jet transports. That is, if it had been the intent of the
present study to develop operating procedures which would produce the minimum
area of the 95.0-dB EPNL single-event contour, thereby ignoring the reference 1
measuring-station noise requirements, operating procedures other than those pro-
posed in this paper would be required. It is therefore concluded that the
advanced operating procedures presented in this paper are the best procedures
for the subject SCR transport concept in order to meet the noise requirements
of reference 1 but may not be the best procedures for producing the minimum
area of any specific EPNL single-event contour.

In addition to using advanced operating procedures to minimize the EPNL
single-event contour areas, it must be pointed out that other methods could also
be used, not only to reduce the contour areas but also to reduce further the
EPNL's at the prescribed measuring stations. As discussed previously, the VSCE
used during this simulation program has coannular nozzles for improved jet-noise
characteristics. As stated in reference 8, other possible methods for engine-
noise reduction would be the use of "mechanical jet-noise suppressors" and the
"fluid-shield technique." (In the fluid-, or heat-, shield technique a layer of
heated low-velocity air is introduced around the lower half of the jet exhaust
stream which reflects and refracts the noise upwards, thus shielding the obser-
ver on the ground.) This technique could be applied in addition to the
coannular-nozzle technique and/or the mechanical-suppressor technigue to provide
even further noise reductions. It is also believed that the noise levels and
contours discussed in this paper are conservative in that the ANOPP program does
not account for any jet-noise shielding between engines - that is, the jet
exhaust from one engine shields the sideline noise from another engine or
engines.

Flight Safety

The major difference in the present study and other such studies is that
this investigation was performed with a piloted, moving-base simulator in order
to determine if a pilot with average skills could perform the task of flying
various suggested noise-abatement procedures during takeoff and landing without
compromising flight safety. The advanced takeoff procedures developed for the
subject SCR transport involved violating some of the current FAA noise-
certification test conditions (ref. 1) in order to meet the required noise
levels. (No violations were required to meet the required noise levels during
landing approach.) The three violations were as follows:

(1) Reference 1 requires that takeoff power or thrust be used from the
start of takeoff roll to at least an altitude of 214 m (700 ft) for airplanes
with more than three turbojet engines. During the present simulation program,
thrust reductions were required at altitudes below 214 m in order to meet the
takeoff sideline-noise requirement.
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(2) Reference 1 states that upon reaching an altitude of 214 m (700 ft),
the power or thrust may not be reduced below that needed to maintain level
Elight with one engine inoperative, or to maintain a 4-percent climb gradient,
whichever power or thrust is greater. During the present simulation program,
it was determined that larger temporary thrust reductions reduced the flyover
noise at the flyover-noise measuring station and that the climb speed could
still be maintained.

(3) Reference 1 states that a constant takeoff configuration must be main-
tained throughout the takeoff-noise test, except the landing gear may be
retracted. It was determined during this simulation program that additional
noise reduction could be achieved by raising the flaps from 20° to 10° for indi-
cated speeds greater than 233 knots.

Of these three rule violations, number (1) is of primary importance. That
is, only minor noise-reduction benefits were realized by violating the rules
listed as numbers (2) and (3).

Critical engine failure.- It must be shown that violating the aforemen-
tioned FAA rules does not jeopardize flight safety. To demonstrate this, the
advanced-procedure takeoffs were repeatedly performed and an outboard engine
was failed at various locations during the takeoff. The test pilot felt that
the most critical stage of the takeoff was immediately after lift-off. There-
fore, one location included during the engine-~-failure takeoffs was the point
immediately following the thrust cutback made upon attaining V; (altitude of
10.7 m (35.0 ft)); this time history is presented in figure 33, After the num—
ber 4 engine (outboard engine on right wing) was failed, the pilot advanced the
thrust on the remaining three engines, attempted to maintain the wings level
and the heading constant, and continued to accelerate to Vo = 250 knots of IAS.
As indicated in figure 33, the wings were kept within *1°© of being level and
the heading was maintained within approximately 2°,

The pilot commented that the aforementioned advanced takeoff procedures
posed no safety problems. He stated that above an indicated airspeed of
approximately 230 knots, instead of declaring an engine-failure an emergency
situation, the pilot could safely choose to continue to follow the noise-
abatement procedure because of the excess thrust available on the simulated
airplane.

Engine response.— The transient-response times of the simulated variable-
stream-control engines (VSCE) used in the present study were approximately
t = 4.8 sec for acceleration from flight idle to maximum and t = 3.4 sec for
deceleration from maximum to flight idle. During the course of the present sim—
ulation study, response times (unpublished) were predicted for this VSCE that
were considerably longer (slower) than those being used on the simulator. These
slower engine-response times were therefore used as inputs to the SCR simulation
and evaluated by the test pilot as to the effects they may have on flight safety
when using advanced operating procedures for community noise reduction. (The
corresponding slower engine-response times for full acceleration and full decel-
eration were 14,0 sec and 8.5 sec.)
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During the takeoff and climb tests with the slower engine-response times,
there was little noticeable degradation in performance with four engines operat-
ing and more than adequate performance when the number 4 engine was failed.

Full power on the remaining engines was added approximately 2 sec after the num-
ber 4 engine failed, and good acceleration was maintained and the rate of climb
was never less than 457 m/min (1500 f£t/min). Heading was maintained within
approximately 1°, and no problems were evident resulting from the longer engine-
response times for the advanced-procedure takeoff.

During the approach tests, a go—around was initiated for each approach so
that the airplane did not go lower than a minimum altitude of 61 m (200 £ft).
With the fast-responding engines, advancing the throttles produced rapid thrust
response. As soon as full thrust was commanded, the acceleration was such that
a positive climb gradient could be achieved so rapidly that very little altitude
was needed to arrest the approach rate of descent and establish a positive rate
of climb. Even losing the number 4 engine only degraded the performance
slightly. With the slower responding engines (four operating), slightly more
time and altitude were needed to arrest the approach rate of descent, acceler-
ate, and achieve a good positive climb. The performance of the slower respond-
ing four-engine go-around was very similar to the faster responding three~engine
go—around; approximately 15 m (50 ft) of lead altitude were needed to preclude
decending below the 61-m (200-ft) minimum altitude. Losing the number 4 engine
with the slower response times necessitated more time and altitude to arrest
the rate of descent, accelerate, and climb. The pitch-attitude change had to
be delayed somewhat to allow for the slower thrust response with three engines
(to maintain airspeed), but it was considered to be representative of the
present-day Jjet-transport thrust response and was quite satisfactory. Approxi-
mately 23 m (75 ft) of altitude was needed to perform the go-around. Only
approximately 2° of heading change was noted and no problems in any areas were
encountered.

These simulator tests indicated that even the slower engine response times
posed no safety problems for the advanced operating procedures developed during
this study.

CONCLUDING REMARKS

The piloted-simulation study was conducted with the AST-105-1 supersonic
cruise research (SCR) transport concept to determine: (1) Advanced takeoff and
landing procedures for which the Federal Aviation Regulations (FAR) noise-level
requirements could be met; (2) whether a pilot with average skills could perform
the task of flying the suggested procedures without compromising flight safety:;
(3) the degree of automation required for the advanced procedures; and (4) the
pilot information displays required for the advanced procedures. This paper
summarizes the results of this study which support the following major
conclusions.

The use of the current FAR test procedures for aircraft noise certifica-
tion produced the following results: The landing approach effective perceived
noise level (EPNL) was 101.5 dB, the flyover EPNL was 107.7 dB, and the sideline

EPNL was 114.8 dB.
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Advanced takeoff procedures were developed that involved violating three
of the current FAR noise-test conditions. These violations involved thrust cut-
backs at altitudes below 214 m (700 ft), thrust cutbacks to levels below those
presently allowed, and configuration changes other than raising the landing
gear. Under the current FAR test conditions with these three exceptions, the
calculated effective perceived noise levels for flyover and sideline were
108.1 dB and 109.8 dB.

The basic variable-stream-control engine (VSCE) used in this study was
modified in order to retain the coannular-nozzle acoustic benefit at thrust
. levels approaching 40 percent. With this engine modification, the advanced
takeoff procedure was also modified in an attempt to reduce the takeoff EPNL's
below the presently allowed 108.0 dB. With this "updated" takeoff procedure
and modified engine, the flyover EPNL was calculated to be 106.8 dB and the
sideline EPNL was 108.2 dB.

Through the use of current FAR noise-trade-~off rules, it was determined
that the traded EPNL was 110.5 dB when using current FAR noise-certification
test conditions, compared with a traded EPNL of 106.2 dB when advanced takeoff
procedures and the modified VSCE were used. This is a traded-noise reduction
of approximately 4.3 dB.

During the landing-approach work it was determined that the standard FAR
landing-approach (constant configuration, constant airspeed, and constant 3°
glide angle) EPNL was 101.5 dB. It was also determined that: (1) Increased
glide angles significantly reduced the noise at the FAR measuring station and
reduced the approach noise-contour areas, but produced unacceptably high rates
of sink (greater than 305 m/min (1000 ft/min)) at altitudes below 152 m
(500 ft); (2) two-segment approaches, with a final segment of 30, produced
higher noise levels at the FAR measuring station but smaller noise-contour
areas; and (3) decelerating approaches on a 3° glide angle produced lower noise
levels at the FAR measuring station and the smallest approach noise-contour
areas.

The advanced operating procedures developed in this simulation study are
the best procedures for the subject supersonic cruise research transport in
order to meet the current noise standards, but may not be the best procedures
for producing the minimum area for any specific effective perceived noise level
single-event contour.

The advanced takeoff and approach procedures developed and evaluated during
this study also did not compromise flight safety.

The subject SCR transport concept, with the augmented variable-stream-
control engines modified to maintain the coannular-nozzle acoustic benefit at
thrust levels approaching 40 percent, can meet the current noise standards if
the current noise-certification test conditions are modified in such a manner
to allow maximum performance utilization of the aircraft without jeopardizing
flight safety.
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It was further concluded that the automation of some of the aircraft func-
tions reduced the pilot work load when performing the advanced procedure take-~
offs and landings, and that very simple piloting displays seemed to be adequate

for the task.

Langley Research Center
National Aeronautics and Space Administration

Hampton, VA 23665
September 23, 1980
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TABLE I.- EFFECT OF PILOTING PROCEDURE ON TAKEOFF NOISE

[Jet noise only]

T
EPNL at reference 1 measuring station, dB Area of contour
EPNL
Takeoff procedure VSCE | ' contour, dB (?)

Flyover Sideline Standard Traded km2 ' mi2

No cutback Basic 118.4 116.3 101.5 116.4 108.0 41.78 16.13
10.0 25,90 10,00

Standard (ref. 1) Basic 107.7 114.8 101.5 112.8 108.0 8.00 3.09
110.0 6.42 2,48

Advanced procedure I Basic 108.1 109.8 101.5 107.8 108.0 6.58 2,54
110.0 4.14 1.60

1

Advanced procedure I Modified 106.0 109.8 101.5 107.8 108.0 5.34 2.06
110.0 4.07 1,57

Advanced procedure II Modified 106.8 108.2 101.5 ¢ 106.2 108.0 4,04 1.56
110.0 3.16 1.22

Advanced procedure III Modified 107.2 107.0 101.5 105.6 108.0 4.90 1.89
110.0 4.01 1.55

Advanced procedure IV Modified 109.5 108.2 101.5 107.5 108.0 4.45 1.72
110.0 3.32 1.28

Le

aMeasured from lift-off to contour closure.
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TABLE II.- EFFECT OF PILOTING PROCEDURE ON APPROACH NOISE

[Jet noise only]

Area of contour
Approach procedure Glide angle, deg Indicated airspeed, EPNL, dB EPNL contour, (b)
knots (a) aB |
; km2 mi2
Standard (ref. 1) 3 158 101.5 90.0 9.95 3.84
95.0 3.76 1.45
100.0 .44 17
Steep 6 158 86.9 90.0 .16 .06
95.0 .003 .0012
100.0
Two segment 6/3 158 102.0 90.0 3.73 1.44
95.0 1.84 .71
100,0 | .34 .13
Decelerating 3 200/158 100.8 90.0 3.44 1.33
95.0 2,02 .78
100.0 1.04 .40
Decelerating 3 250/158 98.8 90.0 2.67 1.01
95.0 1.48 <57
\ 100.0 .16 .06
AMeasured at FAR-36 measuring station.
easured from runway threshold to contour closure.
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Figure 1.- Noise limits of FAR (ref. 1) as function of aircraft weight, with
some present—day aircraft noise levels indicated. (Noise levels indicated
for various aircraft were taken from ref. 2.)
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Figure 2.- Three-view sketch of simulated SCR transport concept (AST-105-1). All linear

dimensions in meters (feet).
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L-75-7570
(a) Langley Visual/Motion Simulator.

L-78-7794

(b) Instrument panel.

Figure 3.~ Langley Visual/Motion Simulator and instrument panel display.
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I~79-5997
(a) Head-up display superimposed on airport scene at takeoff.

(b) Approach scene.

Figure 5.~ View 9f/§igport Scene as seen by pilot.
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(c) Landing scene.

Figure 5.~ Concluded.

L-79-6000

B T Wax o e im P,

»




ALPHA ,
deg

6€

-5 .06+

-4
05~
__:3 ]
04
— 2 _
- 1 003—
1
O1-
PITCH CLIMB
RATE , GRADIENT
deag/sec

Figure 6.— Sketch of head-up display used during takeoff and climb.



14

PLAtrim

KpLa

o]

SMOOTH

+ 20 Ke‘e s

MANUAL

l

s

[.C. AUTOTHROTTLE OFF

T LIMITER
GKI

S

DN

AUTOTHROTTLE OFF

LIMITER

Tgs+l

TH

Figure 7.- Block diagram of autothrottle.

:;%sz

+

+

PLA C

LIMITER

|~

FUNCTION
GENERATOR

LIMITER

X
s

A

ENGINE DYNAMICS




(87

Approach Takeoff

Thrust cutback

Threshold point
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(2129 ft)-
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Figure 8.- Noise measurement locations for takeoff and landing. (Sideline noise is measured
where noise level after lift-off is greatest.)
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Figure 10.- Trimmed net thrust used in establishment of allowable thrust cutback.
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Figure 11.- Effect of rotation speed, climb speed, and cutback altitude on flyover noise,
(Noise levels indicated for jet noise only; &g¢ = 20°,)
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