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NOISE DATA FOR A TWIN-ENGINE COMMERCIAL JET AIRCRAFT FLYING
CONVENTIONAL, STEEP, AND TWO-SEGMENT APPROACHES

Earl C. Hastings, Jr., Arnold W. Mueller,
and John R. Hamilton*
Langley Research Center

SUMMARY

Noise measurements of a twin-engine commercial jet aircraft were made
during steep (-4° and -5°) approach profiles and during a two-segment (-5°9/-3°)
approach profile at distances between about 2 km (1.08 n. mi.) and 6 km
(3.24 n. mi.) from the runway threshold. Noise levels for the -U4° and -5° pro-
files were 7 dB(A) and 10 dB(A), respectively, below base-line noise measure-
ments, made for a conventional ~3° profile. Noise reductions from the -5°/-3°
profile were about the same as for the -4° profile at about 6 km (3.24 n. mi.)
but were less than either of the steep profiles at closer distances.

Effective perceived noise levels at reference conditions, determined at a
point 1.85 km (1 n. mi.) from the threshold, were reduced by about 9 EPNdB and
5 EPNdB by the -5° and -4© approach profiles, respectively, when compared with
the standard -3° base line. At this distance, the noise reduction benefit for
the two-segment profile was about 3 EPNdB.

These noise measurements were also used to develop a noise-thrust-altitude
relationship for the test aircraft at the reduced thrust levels required for
advanced approach techniques. For this analysis it was determined that at these
reduced levels, single-point noise measurements may be confidently extrapolated
to other altitudes according to a method commonly used for conventional approach
noise analyses.

A large (42 percent) reduction in approach thrust at a given altitude did
not significantly reduce the center-line noise below this test aircraft. The
reduction amounted to only about 3.5 dB(A) in the altitude range between 61 m
(200 ft) and 610 m (2000 ft).

INTRODUCTION

Methods for reducing aircraft noise in the terminal area have been studied
for many years by NASA, other government agencies, and industry. Much of this
effort has been involved with developing advanced approach techniques and proce-
dures for noise abatement. Steep approaches, two-segment approaches, and deceler-
ating approaches are some of the techniques which have been studied. Some of
the research conducted with these techniques is described in references 1 to 4.

*Intégrated Services, Inc.; Hampton,>Virginia.



NASA Langley Research Center is using the twin-engine jet aircraft shown
in figure 1 to establish a measured noise data base for use in the development
of improved noise prediction methods. This report presents the results of noise
measurements made during conventional, steep, and two-segment approaches with
this aircraft. In addition, a noise-thrust-altitude (NTA) correlation estab-
lished from these data is also presented. This correlation compares multipoint
measurements with values obtained by single-point measurement extrapolation at
an approach thrust level typical of advanced approach techniques.

SYMBOLS AND ABBREVIATIONS

Values are given both in the International System of Units (SI) and in
U.S. Customary Units. Measurements and calculations were made in U.S. Customary

Units.

EPNL effective perceived noise level, EPNJdB

EPR engine pressure ratio

Fp net thrust, N (1bf)

ILS Instrument Landing System

Lp A-weighted sound pressure level, dB(A) (re 20 uPa)

NTA noise-thrust-altitude

RH relative humidity

Sta. microphone stations

T temperature, K (°F)

t time, sec

Ve cross-wind velocity, knots

Vi wind velocity, knots

X longitudinal distance from projected touchdown point along extended
runway center line, km (n. mi.)

y lateral distance from extended runway center line, m (ft)

z vertical distance above extended runway center line, m (ft)

Y approach flight-path angle, deg

8 atmospheric pressure ratio

8r flap deflection, deg
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Subscripts:
max maximum value

ref data corrected to reference conditions

DESCRIPTION OF AIRCRAFT AND DATA SYSTEMS
Aircraft

The test aircraft is the Boeing 737-100 twin-engine jet transport shown in
figure 1. Equipped with triple-slotted trailing-edge flaps, leading-edge slats,
and Krueger leading-edge flaps, the aircraft was designed for short-haul opera-
tions into existing small airports with short runways. Longitudinal control and
trim are achieved by the elevator and movable stabilizer, respectively, while
lateral control is obtained by a combination of ailerons and spoilers. The
spoilers also function as speed brakes when so selected by the pilot. A single-
surface rudder provides directional control. Aircraft dimensions, propulsion-
system data, and design data are presented in table I and figure 2.

Data Systems

These experiments required time-synchronized data systems to measure noise,
meteorological conditions, aircraft position, and certain aircraft parameters.
These systems are all discussed in detail in reference 5 and are summarized
briefly here.

The noise measurement system- consisted of 1.27-cm (1/2-in.) condenser-type
pressure microphones, cables, signal-conditioning equipment, and recording equip-
ment needed to obtain noise data in accordance with appendixes A, B, and C of
reference 6. The system equipment and calibration procedures are described in
detail in reference 5. Figure 3 shows the microphone locations used in these
tests. The microphones were mounted 1.2 m (3.9 ft) above ground level and per-
pendicular to the vertical projection of the flight path of the aircraft.

Meteorological measurements were made at a site near the runway threshold.
Surface measurements consisted of temperature, relative humidity, static pres-
sure, and wind direction and speed. The wind data were measured 10 m (32.8 ft)
above ground level. Meteorological data obtained from radiosonde balloons
released every 30 min during the tests were relative humidity, temperature, and
wind speed and direction. The aircraft =x, y, and 2z position data were deter-
mined from radar and were all referenced to the extended runway center line and
to a projected touchdown point 305 m (1000 ft) from the threshold of the test
runway .

The airecraft performance parameters measured during these tests included
weight, engine pressure ratios (related to net thrust), flap and gear positions,
glide slope and localizer deviations, airspeed, body axial rates and attitudes,
and column and wheel forces. Weight data were determined by manually adding
weight indicated by the fuel quantity gages to the dry weight of the airecraft.



The other parameters were recorded onboard on a wide-band magnetic tape recorder.
The nominal test weight was 39 U463 kg (87 000 1bm) + 1361 kg (3000 lbm).

FLIGHT PROFILES AND TEST PROCEDURES
Flight Profiles

The nominal flight profiles are illustrated in figure 4 and tabulated in
table II. The nominal two-segment profile had a sharp transition point at
z = 214 m (700 ft) and x = 4.07 km (2.20 n. mi.). This geometry placed the
test aircraft on a ~5° glide slope over stations 3 and 4 and a -3° glide slope
over stations 1 and 2.

All approaches were made with the landing gear, slats, and flaps extended.
The flap deflection for all profiles was 309, with the exception of the -3° pro-
file, for which flap deflections of both 30° and L40° were used.

Test Procedures

The flight-test procedure for the ~3°, -4°, and -5° approach profiles was
to establish the desired configuration, airspeed, thrust, and approach path
prior to reaching x = 9.25 km (5 n. mi.). From this point inbound the EPR and
configuration were held constant as the aircraft flew over the microphone sta-
tions. In all these tests, both the EPR and the approach speed were pilot options.
However, once the EPR was selected and the glide slope acquired, the EPR was not
changed and approach speed during descent was controlled with speed brakes.
Approach guidance information was provided by the system shown schematically in
figure 5. Aircraft position data from radar were recorded during each approach
run and compared with the desired coordinates of the flight path by a computer.
Cross~track and vertical deviations were computed and transmitted to the test
aircraft in real time. This information was displayed in standard ILS format on
the aircraft's Flight Director System.

For the -59/-3° approaches the test procedure was the same as for the other
approaches with the exception that the initial approach speed (on the -5° seg-
ment) was higher than the nominal approach speed for the -3° approaches. After
transition had been achieved, this excess airspeed was allowed to dissipate as
the aircraft descended on the ~3° segment of the profile. As in the other
approaches, speed brakes were used as required for speed control.

DATA REDUCTION AND ANALYSIS

The basic stages of the acoustic data-reduction procedure are shown in
figure 6. The analog (FM) tapes from the field were processed by a one-third-
octave analyzer to yield one-third-octave sound pressure levels between 3.2 Hz
and 31.5 kHz with a resolution of 0.25 dB. These spectra, determined at 0.5-
sec intervals, were then entered into the computer, where system and ambient-
condition corrections were applied for the one-third-octave bands between 25 Hz



and 20 kHz. Corrected spectra were then used to calculate the desired acoustic
parameters.

Prior to the analysis of any data runs, systems corrections were made for
microphone calibration, wind screen, and pink noise. The microphone calibration
and pink noise correction were both recorded at the beginning of each tape. The
wind screen correction was determined from manufacturer's data (ref. 5). 1In
addition to these system corrections, a slow meter response was simulated by cal-
culating a running linear average over 1.5 sec for each one-third-octave band as
described in reference 7.

Corrections for the contribution of background sound pressure levels were
also applied. Before each flyover, an ambient condition was recorded and its
spectrum was calculated by averaging from 5 to 10 continuous 0.5-sec spectra.
This spectrum was compared with each data spectrum during the flyover. If any
one-third-octave band in the data spectrum was less than 5 dB above the ambient
conditions, that band was replaced by the power average of the frequency bands
above and below it. If the data band was between 5 and 10 dB above the ambient
condition, it was replaced by the difference in power between the data and ambi-
ent levels. If the data band was more than 10 dB above the ambient condition,
no correction was applied.

The noise data in this report are in terms of the parameters L, and EPNL.
Values of Lp and EPNL were determined from measured data according to the
methods of reference 8.

In order to provide a direct comparison between tests, and with other
sources of data, the method of reference 6 was used to adjust the L, data to a
reference temperature of 298.2 K (77° F) and a relative humidity of 70 percent.
In addition, the geometric relationships in reference 7 were used to further
adjust EPNL data to reference weight, airspeed, and altitude. These adjusted
data are designated Lp nor and EPNLper in this report.

RESULTS AND DISCUSSION
Noise Measurements

Test conditions.- The test conditions at which the noise data were taken
are given in table III. The meteorological conditions were measured when the
aircraft was over station 1 and the position data (y and 2z) were measured when
the aircraft was directly over each station. Values of F,/§ for each approach
profile were determined from the averages of the EPR values recorded during

each run. It can be noted that F,/8 had the same value for the steep and two-
segment profiles.

The meteorological data in table III indicate that all tests were made at
temperatures between 299.8 K and 304.1 K (80° F and 88° F), relative humidities
between 38 percent and 51 percent, and wind velocities (10 m (32.8 ft) above
ground level) not in excess of 10 knots. The cross-wind component was generally
less than 6 knots, although 9 knots was the maximum value encountered. An exam-
ination of the radiosonde data indicated that there were no temperature inver-
sions during these tests.



The noise data recorded at the test conditions in table III were all cor-
rected to the nominal flight profiles (table II) and to the reference conditions
noted in the preceding section. The total correction due to the test conditions
was generally less than +1 dB(A) or +1 EPNdB.

Typical time histories and spectral measurements.- Typical time histories
of Lp at stations 1 and U4 are shown for the base-line (Y = -39, &g = U40°) pro-
file in figure 7. Similar data are also shown for the ~5° profile since this
profile had the greatest impact on the noise levels at both stations. In this
figure, t = 0 denotes the time that the aircraft was over the station. The
histories for Y= -30 show the same general characteristics observed in noise
tests of other commercial turbojet aircraft (refs. 9 and 10) and are discussed
in reference 5. At both stations, the maximum value of Ly for Y= -50 was
about 10 dB(A) less than for Y = -3°. At station 1, this reduced level was
recorded between t = -1 sec and t = +2 sec. At station U4, however, the same
reduction in noise level was recorded over a considerably longer time interval

(t = =4 sec to t ~ +6.5 sec).

The effect of approach profile on the noise spectrum of this aircraft is
shown by the typical data in figure 8. This figure shows the measured spectra
at the maximum value of L, at stations 1 and 4, and for Y = -3° and -5°. The
data show that the steeper profile produced a nearly constant reduction in sound
pressure level between center frequencies of 100 Hz and 10 kHz at both sta-
tions 1 and 4.

(LA’max)ref 7QaE?.— Values of (LA1maX)Pef from the various flight tests

are listed in table IV along with the mean values of the measured data. In some
cases, no data are given for station 2 because of instrumentation difficulties.
Since the sample size was small (less than 30 data points), confidence limit
intervals were calculated to determine how well these data-estimated the true
population mean value for many flights (more than 30 data points). These
results are shown in table V.

Table V lists the sample standard deviations and 90-percent confidence
intervals for the population mean values associated with the sample size.
The 90-percent confidence interval was chosen since this is most often used
in aircraft noise studies, and the values were computed using the student's
t-distribution method of reference 11.

The data in table V show that, in general, the sample standard deviations
and the confidence intervals were small. These results indicate that the sample
mean values well represent the true population mean values and will lie within
the indicated confidence intervals 90 percent of the time. The data for
Y = =59 exhibit somewhat larger standard deviations than the other data,
although these values are not unreasonable for measurements of this type. (See
refs. 12 and 13.) As would be expected, the size of the confidence interval at
station 2 for the base-line data is larger as a consequence of the limited sam-
ple size resulting from the previously noted instrumentation difficulties.
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The measured mean values of (LA,maX)pef from table IV are plotted in

figure 9. The data show that the -5° profile produced the lowest noise levels,
about 10 dB(A) less than the base-line (Y = -3°, & = 40°) noise levels. The
noise data presented for <Y = -4° are about 7 dB(A) less than the base-line
data. The Y = -59/-3° data were not significantly different from the Y = -4°
data at about 6 km (3.24 n. mi.) from the threshold; but smaller noise reduc-
tions resulted for Y = -59/-3C0 than for either of the steep approaches at
closer distances.

EPNL,.r data.- Table VI presents measured and mean values of EPNL,..r at a

distance 1.85 km (1 n. mi.) from the threshold. The standard deviations and 90-
percent confidence intervals for these data are presented in table VII. As with
the (LA,max)pef data, the sample standard deviations and the 90-percent confi-

dence intervals were small, and the confidence intervals were well within the
criteria of +1.5 EPNdB established in reference 6.

A comparison of the mean values in table VI with the base-line mean value
shows that there was a reduction of about 9 EPNdB for Y = -5° and about
5 EPNdB for Y = -4°, The reduction offered by the two-segment approach
(Y= -59/-39) was about 3 EPNdB.

Data assessment.- In general, the noise data presented clearly show that
the steep approach profiles offered significant reductions in center-line noise,
since the noise propagation paths were longer and the normalized thrust values
were lower than for the base-line profile. For the two-segment profile, how-
ever, the path lengths were the same at distances from the threshold less than
about U4 km (2.16 n. mi.), and the noise reductions (which resulted from reduced
F,/§ alone) were smaller.

Noise-Thrust-Altitude Relationship

Background.- Noise-thrust-altitude (NTA) relationships are commonly devel-
oped for individual aircraft as noise prediction tools. Both test data and
analyses are usually used in establishing these relationships. However, the
currently existing relationships do not generally apply to approaches at low
thrust levels which will characterize advanced approach techniques. This sec-
tion describes the derivation of such a relationship for this aircraft, as well
as a comparison of multipoint noise measurements with an extrapolated single-
point measurement at a much lower than normal thrust level.

Methods.- As noted in the preceding section, the steep and two-segment
profiles were all flown at a thrust level of 11 342 N/engine (2550 1lbf/engine).
This was the minimum test thrust level, about L2 percent below Fn/fS for the
base-line profile. Noise-thrust-altitude relationships were established for
these maximum and minimum values of approach Fn/G as well as for the interme-
diate F,/8§ value for +y= -3° and &¢ = 30°.



The data were analyzed by two methods. In the first method, (LA,max)ref

flight data measured at all four stations (table IV) were plotted as a function
of altitude for each value of Fp/8. This multipoint measurement method was con-
strained to the altitude range from 121 m (397 ft) to 562 m (1840 ft), where mea-
sured data were available. In the second method, data measured at only one sta-
tion (station 1) were analytically extrapolated over a range of altitude from

61 m (200 ft) to 610 m (2000 ft).

This single-point measurement extrapolation method used a well-known physi-
cal relationship to adjust spectra measured at the time of (LA,maX)pef to dif-

ferent noise propagation path lengths. The analysis used the following equation
from reference 7 (in the notation of ref. 7):

SPLje = SPLig + (045 - @p)SRy + 0¢ip(SRy - SRp) + 20 log<§§§>
r

where the SPL;j; and SPLj, are the actual and corrected sound pressure levels,
respectively, in the ith one-third-octave band. The first correction term
accounts for the effects of change in atmospheric sound absorption for the
entire actual propagation path (slant range) SR;. The coefficients 055 and
oir are the sound absorption coefficients for the actual and the reference
atmospheric conditions, respectively, for the ith one~third-octave band and were
determined by the method of reference 2. The second correction term accounts
for the excess or shortage of atmospheric absorption due to the change in path
from the actual to the reference slant range SR,.. The third correction term
accounts for the effects of the inverse square law when correcting from the
actual to the reference slant range. The corrected spectra determined from this
analysis were then used to determine new values of (LA,maX)pef at the various
altitudes.

Results.- The results obtained from the two analyses were in good agreement
at all three thrust levels. This agreement is illustrated in figure 10, which
shows the variation of (LAymaX)ref with =z for Fp/8 = 11 342 N/engine

(2550 1bf/engine) determined from the multipoint measurements method and from the
single-point measurement extrapolation method. The NTA relationship determined
from these two methods is also shown. This same procedure was used to determine
the NTA relationships at the other two normalized thrust values. These NTA anal-
ysis procedures are not unique and have been employed in investigations in the
past. The point of significance here, however, is that noise data from the two
methods are compared at an approach thrust level typical of advanced approach
requirements. The good agreement at this condition (fig. 10) indicates that
single-point noise measurements can be accurately extrapolated to different alti-
tudes (within the limits of this investigation) according to a relationship

quite commonly used for conventional approach noise analyses.

Values from the NTA relationship for each thrust level are listed in
table VIII and compared with the flight measurements. The agreement is gener-
ally quite good. The NTA curves are plotted in figure 11 for altitudes between
61 m (200 ft) and 610 m (2000 ft). These curves can be used to estimate the

8
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noise under the flightpath of this aircraft when altitude and normalized thrust
are known. The data also show that an appreciable reduction in the approach
thrust of this aircraft does not greatly reduce the center-line noise at a given
altitude. For example, a reduction of U2 percent in approach Fn/s reduced
(LA:max)ref by about 3.5 dB(A) in the altitude range of the investigation.

CONCLUSIONS

In this report, runway center-line noise measurements were made during
steep (-49 and -5°), two-segment (-5°/-3°), and conventional (-3°) approaches.
The noise measurements consisted of maximum A-weighted sound pressure levels and
effective perceived noise levels corrected to reference conditions (FLAsmax)ref

and EPNLper, respectively). Results indicate the following:
1. Center-line (Lp max),..r data for the -UO and -5° approach profiles

were 7 dB(A) and 10 dB(A), respectively, less than those for the conventional
-30 profile.

2. The center-line (Lp may),..r value for the two-segment (-5°/-3°)

approach profile was not significantly different from the -U4° profile value at
about 6 km (3.24 n. mi.) from the threshold. At closer distances, the two-
segment profile resulted in smaller noise reductions than either of the steep
profiles.

3. The center-line EPNLp.r data from the steep and two-segment profiles
were all lower than the -3° base-line data. At 1.85 km (1 n. mi.) from the
threshold, the reductions for the -5° and -U4° profiles were about 9 EPNdB and
5 EPNdB, respectively. The two-segment profile reduced the EPNL,..r value by
3 EPNdB at this distance. :

4. Multipoint measurements and single-point measurement extrapolation were
used to develop a noise-thrust-altitude relationship at reduced approach thrust
values. The good agreement noted between these methods indicates that a single-
point extrapolation method, commonly used for conventional approach noise, can
be used with confidence at greatly reduced thrust levels.

5. A W2-percent reduction in the approach thrust of the test aircraft,
at a given altitude, reduced the center-line (LA,maX)pef value by only about
3.5 dB(A).

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

March 4, 1977
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TABLE I.- CHARACTERISTICS OF TEST AIRCRAFT

General:
Length, m (ft)
Height to top of vertlcal fln m (ft)

Wing:
Area, m2 (ft2)
Span, m (ft)

Mean aerodynamic chord, m (ft)
Incidence angle, deg . . . . . . .
Aspect ratio
Dihedral, deg
Sweep, deg . .
Flap deflection (max1mum) deg
Flap area, m?2 (ft2) ..
Aileron deflection (max1mum) deg
Spoiler defection, deg:

Inboard

Outboard

Horizontal tail:
Total area, m2 (ft2)
Span, m (ft) . .
Elevator area, m2 (ftz) ..
Elevator deflection (maximum), deg . ..
Stabilizer deflection, deg . . . . . . . . . . .

Vertical tail:
Total area, m2 (ft2)
Span, m (ft) . .
Rudder area, m2 (ftz)
Rudder deflectlon, deg

Propulsion system:
Pratt & Whitney JT8D-7 engines .
Maximum uninstalled thrust per engine at sea 1eve1
static pressure, N (1bf)

Weight:
Maximum take-off gross weight, kg (lbm) . . . . .
Maximum landing weight, kg (lbm) . . . . . . . . .
Empty weight (zero fuel), kg (lbm) . . . . .

28.65 (94.0)
11.28 (37.0)

91

.04  (980)

28.35 (93.0)
3.41 (11.2)

14.9%  (160.8)

28

. 1.0

. . . 9.07
e 6
25

4o

+20
60
40

.98  (312)

10.97 (36.0)
6.55 (70.5)

+21
12

20.9 (225)
6.15 (20.16)

5

. 62 275

. 44 361
. 40 687
. 28 803

.22 (56.2)

+24

e . 2

(14 000)

(97 800)
(89 T700)
(63 500)

11
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TABLE II.- NOMINAL FLIGHT PROFILES

-5/~3

121

162

202

121
-

ft
”397
530
664

397

160

214

267

160

zA—at station -

] VE
3 Y m (ft)
ﬁm ftA m 1 EAvA
;g 743 33'.7 1104 0
302 991 | 449 | 1472 0
378 | 1240 | 562 | 1843 0
235 | T A9 T O
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TABLE III.- ACTUAL TEST CONDITIONS

{a) Base-line approach; Y = -39; &8¢ = 409; F,/8 = 19 793 N/engine (L4550 1bf/engine)
Meteorological conditions z at station - ay at gtation -
Flight Run Vg, | Vy, T RH, 1 2 3 4 1 2 F 3 I
knots|knots percent
K ©F m |ft m ft om ft il ft | m ft m |ft m ft m |[ft
R-060 ‘3.1.1 1 4 299.8 80 b7 129.5|425 [177.7 583 |246.3 808 348.7|1144]-0.9 -3 | +2.7| +9| +9.1 +30 +6.7|+22
R-060 |3.1.2 3 i ‘300.4 81 48 128.0|420 170.7;560 238.7 783 344.7|1131|-3.4|-11| -4.6|-15| +5.2 +17‘-13.4 L]
R-060 [3.1.3 3 4 }300.4 80 u8 135.6| 445 168.6‘553 249.9 820 353.9/1161(+3 |+10 ;7.3 +24 [=14.9 |-49| 2.4 -8
R-061 (3.1.4] O 3 |302.7(85 49 1448|475 |170.7(560 [243.8|800(350.5| 1150 |-4.6(-15 | -6.4|-21] -2.1| -T| +5.5/+18
R-061 |3.1.5[ 1 5 1303.2|86 48 134,1}440(172.2(565[240.81790(350.5| 1150 |+3.7{+12 | =3.7[-12|-14.6|-48| +4.0|+13
(b) Y = -3% 8 = 30°; F,/§ = 17 792 N/engine (4000 1bf/engine)
! - Meteorological conditions z at station -~ ‘I 8y at station -
Flight Run Vg, i Yy T RH, 1 2 3 4 ' 1 l 2 '3 Y4
knots knots r_—percent — " ; r —
K 'OF m ft bl m ft ' m ft m fft @ ft w ft m ft @m ft
R-060 |3.2.1 1 1 299.8 80 50 143.6 471 177.7 5831241.4 792 342.3 1123, ~7.0.-23 +5.2 +17 -0.6 -2 +6.7|+22
R-060 |3.2.2] © 3 ]299.8/80 48 135.6?445‘173.7 570 1240.5/789 335.3r1100 ~4.0/-13 -3.0 -10‘+8.2‘+27 -11.0/-36
R-061 [3.2.3]| 1 2 |302.1(84 Ug 131.1{430(172.2|565|243.8|800|342.9 (1125 0O 0| +0.9| +3|-7.0{-23|-14.9|-49
R-060 [3.2.4] © 4 |301.0/82| 38 122.5(402 [177.7|583(243.2(798(345.9|1135({-12.5]|-41 ] -5.5|-18|-4.0|-13| -B.5|-28
8positive to left of extended runway center line; negative to right of extended runway center line.
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TABLE III.~ Continued

{e) Y = -49; §p = 30°; F,/8 = 11 342 N/engine (2550 1bf/engine)
Meteorological conditions z at station - 8y at station -
Flight| Run ! Vg, Vus T RH, 1 2 3 2 3 4
knots |knots percent |—
K |oF moiet | m o |fe ) om Jee | mw |l w lee ] m [ fe ] m [fe | m [ge
R-061 '3.3.1] 0O 1 1303.6(87! 39 173.1415691235.9) 774 [314.2}10317445.91463) +5.5]+18) -2.7] =9| +1.2] +U4|+12.5]+U41
R-061 [3.3.2| 6 6 303.2(86 42 171.9|5641231 758(307.8[1010{447.8]1469] -5.0(-16| +2.1 +7] -6.41-21] +4.51415
R-061 [3.3.3| 7 7 303.2{86 49 163.7(537|245.41805(305.4 (1002 440.7 [ 1446 -4.6|-15|+10. 4 +34|+14.0|+U46(-22.3(~T3
R-061 |3.3.4 6 6 303.2|86 50 166.1|545(225.6|740(306.011004 | 446,81 1466|+15.91452 (+39.61+130| -4.9{-16|-11.8]~39
R-061 {3.3.5| 8 8 J}OB.Z 86J7 51 172.8{567|206.0| 676 )305.1{1001|457.8 1502} +6.4]+21| -2.1 =T7i+11.6]+38{+11.3|+37
(d) Y = -59; &8¢ = 30°; F,/8 = 11 342 N/engine (2550 1lbf/engine)
Meteorological conditions z at station - 8y at station -
Flight|Run| Vg, | Vi, T RH, 1 2 3 ] 1 2 3 y
knots|knots percent

K |[OF m [ft m |ft m ft m ft m ft m ft m ft m ft
R-050 ;1.1 5 5 303.6 (87 42 214.9{705(273.1{896(342.0({1122|530.0(1739{=13.4 | -44{-15.2| -50(-18.9( -62(-27.T7| -91
R-050 1.2 5 5 303.6 (87 41 211.8[6951271.9(892392.0}1286|548.61800|+28.0| +92 [+24.1| +79| ~9.8| -32{-10.7 -35}
R-050 11.3 7 9 1304.1,88] %o 210.0!689267.9|879383.1(12571570.3]1871| +6.7| +22|-11.9| -39 |-17.7]| -58|-19.2 -63%
R-050 ll.N 6 7 304,188 39 210.31690 |274.6/9011367.61206)565.1]1858] -4.9) -16)-20.1} -66| +U4.0! +13}-15.8 -52}
R-050 1.5! 6 8 [304.1(88] o 205.7(6751272.2(893(385.0(12631566.9(1860(-32.6 {-107 |-20.1| =66 |-41.1 -135‘-16.5 -5“!
R-050 {1.6| 7 8 [304.1|88| ko 204.8|672{280.11919 367.3:1205 557.5]1829) +6.1 +20‘ +4.61 +151-19.2 -63i—35.7;~117
R-050 |1.7] 9 10 |304.1188| 4o 197.5/ 648 1277.11909 |378.9 |1243|580.0[1903|-11.3 | -37|-32.0|-105 —37.5&-123| -8.8 -29
R-050 {1.8] 8 9 304.1‘88 40 215.8 758 278.6(914376.1(1234(559.6|1836|~-25.3 | -83|-23.8/ -78 -29.6i4:97jf52.1\—171

Apositive to left of extended runway center line; negative to right of extended runway center line.
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TABLE III.- Concluded

(e) Y = -59/-39; §p = 30°; F,/8 = 11 342 N/engine (2550 1bf/engine)

Meteorological conditions z at station - 3y at station -
Flight Run Vg, Vs T RH, 1 2 3 4 1 2 3 y
knots knots percent 2
K |OF m ft m ft m ft| m ft m . ft| mw |[ft m |ft m |ft

R-061 3.4.1 7 6 [302.7|85 51 131.4 431 185.0 607 ;266.1|873 |444.4 1458 |+11.3 |+37| -8.8|-29| -5.7|-19 |+17.0 |+56
R-061 |3.4.2 8 7 1302.7(85 51 127.7 819 175.9 577|252.1|827|428.5 1406 | +U4.2 |+14|+10.4|+34 | +9.1 +30|+12.2|+40
R-061 3.“.3 T 6 |302.7(85: 50 127.4 418172.2(565|245.4|805 434.6;1426 +1.5 +5. +.6| 42 [+24.7 |+81| +4.8|+16

R-061 |3.4.4| 8 6 1302.7|85| 50 128.9|423179.8(590(252.1|827 |432.8 |1420 | +5.8|+19| +.6| +2| +7.0{+23| +.6| +2

R-061 [3.4.5[ === | -—= [302.7(85| 50 131.1| 430 (178.6(586 |254.2|834[436.5|1432 | +3.7 |+12(+14.3|+4T7 | +8.2|+27 [+22.3|+T3

3positive to left of extended runway center line; negative to right of extended runway center line.



TABLE IV.- SUMMARY LISTING OF (LA,max)pef DATA
Because of instrumentation difficulties, no
data are given at station 2 in some cases

(a) Base-line approach; 7Y = -39; &p = 409;
Fn/8 = 19 793 N/engines (4450 1bf/engine)

] (L;\M ) A“, &B(A), at station -
Flight | Run |__ oo ref” 70777 =
1 2 3 y

R-060 [3.1.1| 100.1 92.1 88.1
R-060 |3.1.2 99.7 91.4 | 87.3
R-060 | 3.1.3 99.4 91.6 87.5
R-061 |3.1.4| 100.3 | 96.5 91.8

R-061 |3.1.5 99.9 95.9 91.9 86.8
Mean . . . .J 99.9 96.2 91.7 87.4

(b) Y=-3% & = 300; Fp/8§ o 17 792 N/engine
(L0000 1bf/engine)

T [ saes @BCA), 3t station -]

Flight Rum |~ - I
1 3 L

R-060 3.2.1 99.1 90.9 85.5
R-060 3.2.2 98.3 91.1 85.9
R-061 3.2.3 98.5 91.8 86.0
R-060 3.2.4 99.1 89.8
Mean . . . . 98.8 90.9 85.8

16



(C) Y = —MO;

Flight-

R-061
R-061
R-061
R-061

R-061

Mean

wwwww

Run

wwwww
U E=EW N =

(d) Y = -59;

Flight

R-050
R-050
R-050
R-050
R-050
R-050
R-050
R-050

Mean

Run |

PR NN G GG
O~1OUl W N =

TABLE 1IV.- Continued

8¢ = 30°; Fn/6 = 11 342 N/engine

(2550 1bf/engine)

1 3
94. Y4 85.
93.2 85.
94.0 84 .
93.4 85.
93.9 85.
93.7 85.

N

W DO U -

(LA,max)ref, dB(A), at station ~

N

80.7
79.3
79.4
79.8
78.9

79.6

S¢ = 300; F,/8 = 11 342 N/engine

(2550 1bf/engine)

1 3
89 .4 83.
88.7 81.
86.8 79.
87.2 81.
89.0 82.
89.2
88.3 82.
88.3 80.
88 .4 81.

(LA,max)pef, dB(A), at station -

N OO = =

O —

-~
Ui
W =0OWoo-3

-3
-3
n
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TABLE IV.- Concluded

(e) y = -59/-39; & = 30°; F,/8 = 11 342 N/engine
(2550 1bf/engine)

(LA, max),.opr 9B(A), at station -

Flight Run o e
1 2 3 y

R-061 3.4.1 97.3 91.8 87.2 79 .4
R-061 |3.4.2 97.3 92.8 86.5
R-061 3.4.3 96.9 92.5 87.6 81.0
R-061 |{3.4.4 96.9 92.2 87.8 80.4
R-061 3.4.5 97.0 91.9 87.4 78.8
Mean . . . . 97.1 92.2 87.3 79.9 _J




Station

FWN =

Station

=W -

Station
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TABLE V.- CONFIDENCE INTERVALS FOR

(a) Base-line approach;

Sample
size

E=S0) B\ OIS

(b)

Sample
size

= =

(e)

Sample
size

5
5
5

Fo/8

Measured mean
(table IV)

99.9
96.2
91.7
87.4

Y @ -3% 68fam

Y = -39

Sample standard
deviation, dB(A)

.35
Lh2
27
.54

I+
I+{+ |+ ©

300;

(4000 1bf/engine)

Measured mean
(table IV)

98.8
90.9
85.8

Y B -4%;

Sp

Sample standard
deviation, dB(A)

L1
.83
.26

|+ i+

300;

(2550 1bf/engine)

Measured mean
(table IV)

93.7
85.2
79.6

Sample standard
deviation, dB(A)

.50
.22
.68

|+
I+ 1+ ©

Sp
19 793 N/engine (4450 1bf/engine)

(LA,max)Pef

409,

90-percent confidence
interval, dB(A)

+0.33

+1.9
+.26
+.63

Fn/8 8 17 792 N/engine

90-percent confidence
interval, d4B(A)

+0.49
+.97
+.45

F,/8 @ 11 342 N/engine

90-percent confidence
interval, dB(A)

+0.50
+.21
+.65

19
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Station

[

—

tation

EFWN -~

(d)

Saﬁble

size

8

00~

(e) vy

Sample
size

=B G V) |

TABLE V.- Concluded

y = -59; d&p = 300;
(2550 1bf/engine)
"Measufed_méan VSamplé standard
(table IV) deviation, dB(A)

88.4 +0.93

81.6 +1.1

77 +1.2
= -50/-30; ‘Sf = 300; Fn/(S =

(2550 1bf/engine)

Measured mean
(table IV)
97 .1
92.2
87.3

79.9

Sample standard

deviation, dB(A)

.20
A2
.50
.99

+
|+|+I+'o :

11 342

Fno/8 = 11 342 N/engine

.62
.81
LT

‘ [+
|[+1+ ©

N/engine

90-percent confidence
interval, dB(A)

+0.20
+.40
+.48

+1.2

90-percent confidence
interval, dB(A)




TABLE VI.- SUMMARY LISTING OF EPNLgf DATA
Data are referenced to 1.85 km (1 n. mi.)
from runway threshold

(a) Base-line approach; vy = -3°; §&¢ = U400;
Fn/6 o 19 793 N/engine (U450 1bf/engine)

Flight Run EPNLpef, EPNAB
R-060 3.1.1 109.3
R-060 3.1.2 109.2
R-060 3.1.3 109.6
R-061 3.1.4 109.7
R-061 3.1.5 109.5
Mean . . . « « « « . 109.5

(b) y = =39 &8¢ = 30°9; Fpn/8 = 17 792 N/engine

(4000 1bf/engine)

Flight Run EPNL,of, EPNdB
R-060 3.2.1 108.14
R-060 3.2.2 108.4
R-061 3.2.3 108.9
R-060 3.2.4 108.3
Mean . . . . . . . . 108.5

(e) y = -49; &§p = 309; Fn/8 = 11 342 N/engine
(2550 1bf/engine)

Flight Run EPNLpor, EPNAB
R-061 3.3.1 105.8
R-061 3.3.2 103.6
R~061 3.3.3 103.7
R-061 3.3.4 103.7
R-061 3.3.5 104.2
Mean . . . . . . . . 104.2
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TABLE VI.- Concluded

(d) y = =59; &8¢ = 300; Fp/8 = 11 342 N/engine
(2550 1bf/engine)
Fliéﬁf "*“—‘—'ﬁah—~—‘—*“* 7 éPNi;;f;>E§th )
R-050 1.1 100.9
R-050 1.2 101.8
R-050 1.3 100.1
R-050 1.4 99.8
R-050 1.5 101.1
R-050 1.6 100.9
R-050 1.7 100.2
R-050 1.8 99.8
Mean | 100.6
(e) y = -59/-39; §¢ = 30°; Fup/8 = 11 342 N/engine

Flight

R-061
R-061
R-061
R-061
R-061

Mean

(2550 1bf/engine)

* Run EPNLy.op, EPNB
3.4.1 106.1
3.4.2 107.6
3.4.3 107.0
3.4.4 106.8
3.4.5 106.5

106.8




TABLE VII.- CONFIDENCE INTERVALS FOR EPNL,op

Y, ! ) F/8 [ Mean value jStandard deviation iSample“90—percent confidence

deg } deg . of EPNLpofp, of EPNLpgr, : silze interval for EPNLpge, -
N/engine ’lbf/engine EPNdB EPNdB ’ EPNdB

-3 40 19793 ©  4u50 109.5 +0.21 5 +0.20

-3 30 17 792 4000 | 108.5 +.27 b +.32

-4 30 | 11 382 2550 104.2 +.92 .5 +.88

-5 30 11 342 2550 ‘ 100.6 +.71 8 +.48

-5/-3| 30 11 342 2550 106.8 +.56 5 +.54
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TABLE VIII.- COMPARISON OF NTA VALUES WITH FLIGHT MEASUREMENTS

(a) Fp/8 = 19 793 N/engine (4450 1bf/engine)

2 (La,max) por
m ft Measured ' NTA
121.0 397 99.9 99.6
160.0 525 96.2 96.2
226.5 743 91.6 91.6
336.5 1104 87.4 86.2

(b) Fp/§ = 17 792 N/engine (4000 1bf/engine)

z (LA,max)Pef
n - { £t " Measured  NtA |
121.0 397 98.8 98.8
226.5 743 90.9 90.7
336.5 1104 85.8 85.4

(e) Fp/6 = 11 342 N/engine (2550 1bf/engine)

z (LA,max)ref

m ft Measured NTA
121.0 397 97.1 96.5
160.0 525 92.2 93.1
161.5 530 93.7 93.1
202.4 664 88.4 89.6
235.0 771 87.3 87.6
302.1 991 85.2 84 .1
378.0 1240 81.6 81.1
418.8 1374 79.9 79.9
Lyug .7 1472 79.6 79.1
561.8 1843 7.2 76.1

24
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Figure 1.- Photograph of test aircraft.
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Figure 2.- Dimensions of test aircraft.

11.3
(37.0 ft)
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Distance from

Location | tpreshold, km (n. mi.)

2.75 (1.48)
4.02 (2.17) |
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BN s

Figure 3.- Microphone locations.
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Figure 6.- Data reduction procedure.
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conducted so as to conmtribute . . . to the expansion of human knowl-
edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and the results thereof.”
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NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and
technical information considered important,
complete, and a lasting contribution to existing

knowledge.

TECHNICAL NOTES: Information less broad
in scope but nevertheless of importance as a

contribution to existing knowledge.

TECHNICAL MEMORANDUMS:
Information receiving limited distribution
because of preliminary data, security classifica-
tion, or other reasons. Also includes conference
proceedings with either limited or unlimited
distribution.

CONTRACTOR REPORTS: Scientific and
technical information generated under a NASA
contract or grant and considered an important
contribution to existing knowledge.

TECHNICAL TRANSLATIONS: Information
published in a foreign language considered
to merit NASA distribution in English.

SPECIAL PUBLICATIONS: Information
derived from or of value to NASA activities.
Publications include final reports of major
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handbooks, sourcebooks, and special
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PUBLICATIONS: Information on technology
used by NASA that may be of particular
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Technology Utilization Reports and
Technology Surveys.
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