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1.0 SUMMARY

A study to validate the NASA Aircraft Noise Prediction Program (ANOPP) by
comparing the predictions with flyover noise data was carried out. A data base
of six flyover noise runs for the DC-10-40/JT9D-59A airplane/engine configuration
was used. The data consisted of the flyover noise measurements as well as
flight path profi1e, propulsion characteristics and configuration charécteristics
such as wing area and flap deflection angle. Predicted and measured 1/3-octave
band sound pressure levels at selected angles from the flight path were compared
for all six runs. Predicted and measur-d PNLT histories were also compared.
It was shown that for all power settings ANOPP consistently underpredicted the Tlow
frequency spectral levels, overpredicted high frequency spectral levels, and

consequently overpredicted the inlet and aft PNLT time histories.




2.0 INTRODUCTION

Over the past several years there has been a continuing effort by the
National Aeronautics and Space Administration (NASA) to develop a computer program
for the prediction of aircraft noise. One of the capabilities of the Aircraft Noise
Prediction Program (ANOPP) is to predict levels, spectra, and directivity of
“aircraft flyover noise and its component noise sources. The prediction methodologies
incorporated into ANOPP by NASA are based on selected theoretical and empirical
techniques for predicting aircraft noise sources curreht1y deemed to be the best
methods available. However, many of these prediction methods involve the use of
model-scale data, empirical correction factors, and static test data bases. Flight
effects include Boppler shift and convective amplification terms but omit the
effects of installation and forward motion on engine noise. Verification of the
ANOPP prediction procedures against actual flyover noise measurements for current
commercial conventional takeoff and landing (CTOL) aircraft has been 1imited by
the availability of flyover noise data bases. Since the DC-10 airplane represents -
a large portion of the United States commercial wide-body fleet, the Dohglas
Aircraft Company (DAC) has conducted, under contract to the NASA Langley
Research Center (LaRC), a validation study of ANOPP. This report contains the
results of that study. |

Selected for the ANOPP validation was a flyover noise data base consisting
of six flyovers for the DC-10-40/3T9D-59A airplane/engine configuration with
fully treated engine nacelles. The data base contains flyovers at various
approach and takeoff engine power settings (1800 through 3600 rpm) wach with
constant glideslope and pitch angle during the flyover. Approach measurements
are with the aircraft in a "dirty" configuration, i.e., large flap deflections
and landing gear deployed. Takeoff measurements represent an aircraft in a

similar configuration with samll flap deflections. The flyover noise measurements




were made with tripod mounted microphones above sandy spil on the runway centerline
at various distances from the end of the runway at the Douglas test facility in
Yuma, Arizona. |

The flyover noise predicted by ANOPP for the six runs are graphically
compared to the measured flight data. The comparisons include perceived noise
versus directivity and 1/3-octave-band spectra at selected angles from the inlet

The ANOPP noise source breakdowns are also included in the spectral plots.




3.0 DESCRIPTION OF THE FLYOVER NOISE TEST

The flyover noise runs used in the ANOPP validation study were conducted at
the Yuma International Airport, Yuma, Arizona in January 1976. The recordings
of the flyover noise histories were made in compliance with requirements of FAR
Part 36 (Reference 1) with the special equipment and procedures used as described
in Reference 2. The various types of information recorded and means of recording
each is presented below. Figure 1 depicts the airplane flyover noise measurement

system.
3.1 Aircraft/Engine Performance Data

Aircraft/engine performance data were recorded by the Airborne Digital Data
System (ADDS) to allow for merging with space/time histories of the flyovers
determined by another system. A1l performance data were measured with production
instrumentation or taken from flight card tabulations when such data remained
constant during a run. Table I shows the measured or derived aircraft/engine

performance data determined for each run.
3.2 Weather Data

The necessary meteorological information was determined by several means.
A Mobile Atmospheric Recording Tower (MART) was used to continuously measure
surface weather conditions consisting of wet and dry bulb temperatures and wind
speed and direction at a height of ten meters above the ground. Upper air sounding
data were taken during the flyover noise tests to define the vertical gradients
of temperature, humidity, and wind. A meteorologically instrumented Tight plane
airplane continuously flying a flight pattern from runway level ten meters above
the ground to at least test airplane altitude was used to measure temperature
and humidity. Upper air wind speed and direction were obtained by theodolite

tracking of weather balloons. In addition, small portable weather stations were
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used to record weather‘data at selected locations.

3.3 Aircraft Position Data

For all flyovers, the airplane space position relative to the microphone
Tocations was obtained as a function of time using a Mobile Automatic Laser
Tracking (MALT) system. This system consists of an autotrack monopulse optical
radar with a multipower laser as the ranging beam energy source. The airplane
was equipped with a retroreflector positioned on the vertical stabilizer. The MALT
system was displaced laterally from the flight path so no part of the fuselage
or wing could interupt the beam path. During the data reduction process, the
airplane reference point used in all space positioning was switched from the
retroflector to the Instrument Landing System (ILS) glideslope antenna located

in the nose of the airplane. The ILS position is shown in Figures 2 and 3.

3.4 Physical Site Data

The general topography of the area at the Yuma test site allowed for the
microphone measuring positions to be Tocated at the southwest corner of the Yuma
airport in an agricultural area interlaced with irrigation canals at an elevation
from about 36 to 65 meters above sea level. The terrain was nearly flat at all
measuring points and consisted of sandy soil with various degrees of compactioh.

There were no obstructions to interfere with the acoustic measurements.
3.5 Flyover Noise Data

The flyover noise data selected to form the flight data base in the ANOPP
validation study were measured using half-inch, tripod-mounted microphone cartridges
with wind screens 1.2 meters above the ground. The microphones were oriented such
that the sound path was at approximately grazing incidence throughout the recording.
The flyover noise data were recorded in such a way so as to allow merging the

performance and space/time positioning data with the noise data when the data were
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processed. High frequency pre-emphasis was utilized to record data during the
takeoff and approach noise runs. For each noise recording, the gain setting on
the signal conditioning amplifiers was set to obtain optimum signal-to-noise
ratios for optimum dynamic recording range on the magnetic tape.

For takeoff flight runs, the microphone measuring position was located
on the runway centerline 2225 meters beyond the end of the runway. For approach
runs, the microphone was positioned 1684 meters beyond the end of the runway

centerline.




4.0 FLYOVER DESCRIRTION

A McDonnell Douglas model DC-10-40 wide-bodied commercial- transport powered
bj'th?éé Pratt and Whitney JT9D-59A high bypass-ratio turbofan engines with
acoustfca11y treated nacelles was flown and its noise characteristics in various
attitudes and configurations were measured. Figures 2 and 3 are the top and side
views of the Series 40 aircraft and show the gross dimensions, locations of the
engines, and the positioning of the ILS glideslope antenna and the laser tracking
target on the aircraft,

A total of six flyover runs were used for the validation study. The aircraft
systems configuration for the flyover noise runs were with Teading edge slats
extended, flaps deflected, gear down and the auxiliary power unit off. The Series
40 aircraft landing gear consists of a two carriage nose gear, two four carriage
sets of wing gear, and a two carriage landing gear Tocated in the main fuselage
between the wing gear. The slats and flaps are of one segment.

Table I lists all the aircraft configurations and the associated flight
operations for the flyovers. For the purpose of this study, the acoustical
treatment in the inlet cowl, fan cowl, fan reverser and aft cow] and primary
nozzle are considered essentially the same for all three engines.

Tables II through VII describe the aircraft parameters necessary to predict
flyover noise using ANOPP. The weather at various altitudes is presented in

Table VIII.




5.0 ANOPP PROGRAM DESCRIPTION AND OPERATION

5.1 Overview of Program

The ANOPP computer program used in the validation study was the version
stored on the NASA-Langley computer system at the time of contract execution.
The ANOPP system contains several levels of increasingly more complex and
detailed noise prediction methodologies. The level used in this study consisted
of predicting levels, spectra, and directivity for an aircraft flyover. Using
aerodynamic and propulsion characteristics which are functions of time (held
constant for the selected flyovers), the spectral levels for the component noise
sources consisting of airframe, fan inlet and exhaust, turbine, core, and
jet noise were predicted at a constant distance from the aircraft using the appropriate
ANOPP source noise modules. Based on inputs describing the space-time positioning
of the aircraft for the measured flyovers, the component source noise for each time
point desired was propagated to the observer location (microphone position) taking
into account spherical attenuation, atmospheric absorption, and excess ground
attenuation. For each specified time point, spectral, levels, and directivity
for each noise source were output as well as corresponding values for the total
noise. Perceived noise level angle histories were determined using another ANOPP
module. A sample ANOPP input deck describing the procedure used to predict the

flyover noise for the first approach run is listed in Appendix A.
5.2 Method of Operation

Execution of” the ANOPP computer program on the NASA-Langley Control Data
Corporation (CDC) computer system was accomplished by using a remote batch site
facility located at the Douglas Long Beach plant. Once initial contact feasibility
was established, card decks in the ANOPP executive system control statement
language containing the necessary descriptive inputs were submitted and the printout

received at the remote batch facility. The remote facility consisted of a computer




terminal, and reader, 1line printer, and acoustic coupler,
Further detailed information regarding the capabilities and operational

use of the ANOPP noise prediction system can be obtained from Dr. William Zorumski

of Langley Research Center.




6.0 COMPARISON OF ANOPP PREDICTIONS WITH FLYOVER DATA

Comparisons of the ANOPP prediction and the flyover noise data for each
of the six flyovers are presented in Figures 4 through 38. These graphical
comparisons consist of PNLT versus directivity and spectra at selected angles.

It shou]d‘be noted that the version of ANOPP used for the validation study did

not contain provisions to predict noise from an acoustically treated nace11e/enginé
combination. Since the aircraft used in the flyover noise data base was Flown

with three acoustically treated engines, i.e., treatment in the fan inlet, fan
~exhaust, and turbine ducts, the ANOPP levels predicted for these sources are

higher than they should be. However, these differences are small with respect

to the overall data trends that can be determined from the figures because the
ANOPP option in the fan noise module for predicting noise for an unattenuated cut on
tone was turned off. This resuited in a comparison of unattenuated predicted
broadband noise with flyover levels containing an attenuated tone and broadband
noise.

The PNLT directivity on approach shows that ANOPP overpredicted inlet turbo-
machinery noise from 1 to 6 PNdB with better agreement at the higher approach
power settings. ANOPP likewise overpredicted the aft ﬁoise on approach from 1
to 3 PNdB. The aft noise was consistently higher up to 4 PNdB and agreed better
at higher thrust settings.

The approach spectra at the inlet angles show ANOPP underpredicted the jet
noise below 1250 Hz and overpredicted the fan inlet noise above 1250 Hz with a
smooth' shaped spectra. For the approach aft angles, ANOPP predicted a higher
fan exhaust noise than the measured total noise and underpredicts jet and core
noise. The airframe noise for the low frequencies seems to be too high.

The takeoff spectra for the inlet angles shows a consistent underprediction

of jet and core noise at low frequencies and an overprediction of fan inlet noise
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by up to 15 PNdB. For these power settings, the fan exhaust noise for the last
four third octave bands was also overpredicted. The aft takeoff spectra show

a jet noise prediction too Tow at low frequencies and a fan exhaust noise over-
prediction at high frequencies.

Appendix B contains the necessary information needed to predict the
attenuation spectra for the fan inlet, fan exhaust, and turbine tailpipe for
each of the three engines. Specific acoustic impedance values were calculated
using a method similar to the one found in Reference 3. This information is
included so that more accurate flyover noise predictions can be made once the

capability to predict attenuation spectra is included in ANOPP.
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7.0 CONCLUDING REMARKS

ANOPP predictions were made and compared with flyover noise data obtained
for a DC-10-40 airplane with acoustically treated nacelles. Since an ANOPP module
to predict noise from a treated nacelle was not available, an approximation for
this condition was made by eliminating the calculation of tones for a hardwall
nacelle in the fan noise module.

ANOPP applied in this manner predicted EPNL values in excess of measured
values within a three EPNdB margin at both the approach and takeoff conditions.

ANOPP predictions of the total noise on a spectral basis at low frequencies
were consistently Tower than the measured flyover noise. ANOPP predictions
of the total noise at high frequencies were consistently higher than the measured
noise.

Although measured data were not available for individual sources, some
inferences were drawn regarding ANOPP prediction of individual sources. These
inferences were made by comparing ANOPP source predictions with total measured
noise in those regions of the spectra where individual sources dominated the
total noise. The low frequency difference between predicted and measured noise
may be due to an underprediction in those frequency bands of either jet or airfranme
noise or a combination of both. The high frequency differences showed that at
inlet angles for all power settings, ANOPP overpredicted the fan inlet noise. Fan
exhaust noise for all power settings at aft angles was also overpredicted. 1In
addition, at takeoff power settings fan exhaust noise was overpredicted for the
inlet angels.

The predicted hardwall broadband levels appeared higher than the measured
broadband fan noise levels as expected. Whether the overprediction was of the
right magnitude could not be determined since data on the attenuation of

broadband noise for the treatment was unavailable. No inference could be drawn
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about the other sources because they fell so far below the total measured
flyover noise. The PNLT directivity information showed higher levels at the

inlet and aft angles for all power settings corresponding to the SPL differences.
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8.0 RECOMMENDATIONS

kIt is recommended that the development of ANOPP be continued and that
it include the incorporation of a method to predict noise from a treated nacelle.
Once this modification is accomplished, the ANOPP validation done in this report
should be repeated for a treated nacelle configuration and compared against the
flyover noise data. It is further recommended that the development of ANOPP be
continued by including in its prediction methodology ways to account for effects
of multiple source locations, due to the distribution of engine Tocations on the

airframe, airplane shielding, and wing- and jet-wake scattering.
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TABLE I

DC-10-40/JT9D-59A
ENGINE/AIRPLANE FLYOVER RUNS
AT OVERHEAD

(AZIMUTH: ANGLE ¢=0°)

& %
| conprrion | ENGE | rLaps | SEDVETRIC| | ARGRAFT | LtoestorE| pirch| cross | MBIEN | RELATIVE
SPEED AT ALTITUDE | AT ALTITUDE
RPM deg m m/s deg DEG deg K PERCENT
1 | APPROACH 2530 53.4 119.3 84,22 -2.2 3.6 | 203,848 285.1 46
2 | APPROACH 2380 52.1 120.4 78.61 -2.6 3.1 1 177,130 288.1 46
3 | APPROACH 1959 36.7 115.5 76.25 =2.5 6.3 | 173,048 288.8 44
4 | TAKEOFF 3511 10.9 363.1 100.53 7.1 16.8 | 245,443 285.4 66
5 | TAKEQFF 3231 10.7 353.9 96.21 5.7 16.1 | 234.375 286.0 70
6 | TAKEOFF 3408 10.3 345.5 97.03 7.3 16.5 | 230,610 286.3 71

% ' )
Positive above horizontal,negative below horizontal




TABLE II
ANOPP AIRFRAME NOISE PARAMETERS ,MODULE AFM
ANOPP | VALUES AT
SYMBOL DESCRIPTION UNITS RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
AW Wing planform area m2 338.9 338.9 338.9 338.9 338.9 338.9
BW Wing span m 50.3 50.3 50.3 50.3 50.3 50.3
AH | Horizontal tail planform| m2 101.3 101.3 101.3 101.3 101.3 101.3
area
BH Horizontal tail span m 21.6 21.6 21.6 21.6 21.6 21.6
AV Vertical tail planform m? 56.2 56.2 56.2 56.2 56.2 56.2
area
BY Vertical tail span m 7.3 7.3 7.3 7.3 7.3 7.3
v Aircraft velocity m/s 84,22 78.61 76.25 100.53 96.21 97.03
N Conventional construc. - 1 1 1 1 1 1
. AF Flap planform area m2 62.0 62.0 62.0 62.0 62.0 62.0
~ CF Trailing edge flap m 4.7 4,7 4,7 4,7 4,7 4.7
gross chord
GAMMA | Trailing edge flap deg 53.4 52.1 36.7 10.9 10.7 10.3
NF No. trailing edge - 1 1 1 1 1 1
slots
TDMG | Main Tanding gear tire m 1.32 1.32 1.32 1.32 1.32 1.32
diameter
CMG | Ratio main gear strut - 1.92 1.92 1.92 1.92 1.92 1.92
length to wheel dia.
NMGW | No. wheels per main - 4 4 4 4 4 4
gear
NMG | No. main landing gear - 3 3 3 3 3 3
TDNG | Nose landing gear tire m 1.02 1.02 1.02 1.02 1.02 1.02
diameter ;
CNG | Ratio nose gear strut - 1.79 1.79 1.79 1.79 1.79 1.79
length to wheel dia.
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TABLE II - Continued

ANOPP VALUES AT
SYMBOL DESCRIPTION UNITS
RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
NNGW | No. wheels per nose - 2 2 2 2 2 2
landing gear
NNG | No. nose landing gear - 1 1 1 1 1 1
CA Ambient sound speed m/s 338.54 340,32 340.73 338.72 339.02 339,25
RHOA | Ambient air density kg/m3 1.1928 1.2245 1.2319 1.1960 1.2023 1.2054
MUA | Ambient coefficient of | kg/m-s |1.7746x107° | 1.7891x107° | 1.7925x107% | 1.7761x1073 | 1.7790x1075 | 1.7804x1073
viscosity for air ‘
R Radius sound sphere m 1.0 1.0 1.0 1.0 1.0 1.0
centered at source
REFL | Total source power m 1.0 1.0 1.0 1.0 1.0 1.0
ref. length
ITEWN | Trailing edge wing - 1 1 1 1 1 1
noise code
ITEHTN| Trailing edge horizontal - 1 1 1 1 1 1
tail noise
ITEVIN| Trailing edge vertical - 1 1 1 1 1 1
tail noise
ITEFN | Trailing edge flap - 1 1 1 1 1 1
noise
ILESN | Leading edge slat noise - 1 1 1 1 1 1
IMGN | Main landing gear noise - 1 1 1 1 1 1
INGN | Nose landing gear noise - 1 1 1 1 1 1
ITYPW | Conventional wing - 1 1 1 1 1 1
IPRINT | Print input-output - 3 3 3 3 3 3
IOUT | Output units {dB,dim.) dB 3 3 3 3 3 3




TABLE II - Continued

VALUES AT

’s‘i‘%& DESCRIPTION UNITS

RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
PREF | Reference pressure N/m° 2.0x1072 2.0x10™° | 2.0x10° | 2.0x10°0 2.0x107° | 2.0x107°
POWREF | Reference power W 1.0x1072 | 1.0x10712 | 1.0x10712 | 1.0x10772 | 1.0x10712 | 1.0x10712

61




TABLE III
ANOPP FAN INLET NOISE PARAMETERS ,MODULE FAN

0¢

ANOPP VALUES AT
SYMBOL DESCRIPTION UNITS
RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
AREA | Fan duct cross sectional| m? 4.3 4.3 4.3 4.3 4.3 4.3
area
CA Ambient sound speed -m/s 338.54 340.32 340.73 338.72 339.02 338,25
Vo Aircraft velocity - m/s 84,22 78.61 76.25 100.53 96.21 97.03
DELTA | Angle between flight deg 6.8 6.7 9.8 10.7 11.4 10.2
vector and engine
inlet axis
DELT | Total temperature rise K 50.0 44,0 31.0 97.0 81.0 92.0
across fan
DIAM | Fan duct outer diameter m 2.34 2.34 2.34 2,34 2.34 2.34
DIS Inlet flow distortion - 0.0 0.0 0.0 0.0 0.0 0.0
factor
DM Fan rotor tip relative - 1.36 1.36 1.36 1.36 1.36 1.36
Mach number at
design point
DOTM | Mass flow rate fan kg/s 556,57 509.85 414,59 758.42 701,27 739.37
IDBB | Discharge broad band - 0 0 0 0 0 0
code
IDRS | Discharge rotor stator - 0 0 0 0 0 0
code
1Gv Inlet guide vane - 0 0 0 0 0 0
option
INBB | Broad band inlet code - 1 1 1 1 1 1
INCT | Inlet combination tone - 0 0 0 0 0 0
code
INDIS | Inlet distortion code 0 0 0 0 0 0
INRS | Inlet rotor stator code 0 0 0 0 0 0
IPRINT | Print output-input - 3 3 3 3 3 3
NB Number rotor blades - 46 46 46 46 46 46
NV Number stator blades - 96 96 96 96 96 96
OMEGA | Fan rotor speed rev/s 42 .17 39,67 32.65 58.52 53.85 56.80




TABLE III - Continued

VALUES AT

Qggggt_ DESCRIPTION UNITS
RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
R Radius sound sphere m 1.0 1.0 1.0 1.0 1.0 1.0
centered at source
RHOA | Ambient density kg/m3 1.1928 1.2245 1.2319 1.1960 1.2023 1.2054
RSS | Rotor stator spacing Percent 26.0 26.0 26.0 26.0 26.0 26.0
TA Ambient temperature K 285.1 288.1 288.8 285.4 286.0 286.3
NENG | Number of engines - 3 3 3 3 3 3
IOUT | Output units (dB,dim.) de 3 -5 3 g 3 5 3 -5 3 -5 3 -5
PREF | Reference pressure N/m 2.0x10 2.0x10 2.0x10 2.0x10 2.0x10 - 2.0x10

Le
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TABLE IV

ANOPP FAN EXHAUST NOISE PARAMETERS ,MODULE FAN

VALUES AT
oL DESCRIPTION UNITS
RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
AREA | Fan duct cross sectional m2 1.74 1.74 1.74 1.74 1.74 1.74
area
CA Ambient sound speed m/s 338.54 340.32 340,73 338.72 339,02 339,25
Vo Aircraft velocity m/s 84,22 78.61 76.25 100.53 96.21 97.03
DELTA | Angle between flight deg 6.8 6.7 9.8 10.7 11.4 10.2
vector and engine
inlet axis
DELT | Total temperature rise K 50.0 44.0 31.0 97.0 81.0 92.0
across fan ’
DIAM | Fan duct outer diameter m 1.49 1.49 1.49 1.49 1.49 1.49
DIS Inlet flow distortion - 0.0 0.0 0.0 0.0 0.0 0.0
factor
DM Fan rotor tip relative - 1.36 1.36 1.36 1.36 1.36 1.36
Mach number at design
point A
BOTM | Mass flow rate fan kg/s 473.1 433.6 353.8 625.5 584.2 612.4
IDBB | Discharge broad band - 1 1 1 1 1 1
code
IDRS | Discharge rotor stator - 0 0 0 0 0 0
code
IGV | Inlet guide vane option - 0 0 0 0 4] 0
INBB | Broad band inlet code - 0 0 0 0 0 0
INCT | Inlet combination tone - 0 0 0 0 0 0
code
INDIS | Inlet distortion code 0 0 0 0 0 0
INRS | Inlet rotor stator code - ] 0 0 o 0 0
IPRINT| Print output-input 3 3 3 3 3 3
NB Number rotor blades - 46 46 - 46 46 46 45
NV Number stator blades - 96 96 96 96 96 96
OMEGA | Fan rotor speed rev/s 4217 39.67 32.65 58.52 53.85 56.80
R Radius sound sphere m 1.0 1.0 1.0 1.0 1.0 1.0
centered at source




TABLE IV - Continued

ANOPP VALUES AT
SYMBOL DESCRIPTION UNITS ,
RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
RNOA | Ambient density Kg/m3 1.1928 1.2245 1.2319 1.1960 1.2023 1.2054
RSS | Rotor stator spacing percent 26.0 26.0 26.0 26.0 26.0 26.0
TA Ambient temperature K 285.1 288.1 288.8 285.4 286.0 286.3
NENG | Number engines - 3 3 3 3 3 3
IOUT | Output units (dB,dim.) de 3 3 -5 3 -5 3 -5 3 3 -5
PREF | Reference pressure N/m 2.0x10 2.0x10 2.0x10 2.0x10 2.0x10 2.0x10

€¢
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TABLE V

ANCPP JET NOISE PARAMETERS JMODULE JRSJET

ANOPP VALUES AT
SYMBOL DESCRIPTION UNITS
RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
CA Ambient sound speed m/s 338.54 340.32 340,73 338,72 339.02 339.25
TA Ambient absolute K 285.1 288.1 288.8 285.4 286.0 286.3
temperature 3
RHOA | Ambient density kg/m 1.1928 1.2245 1.2319 1.1960 1.2023 1.2054
R Radius sound sphere m 1.0 1.0 1.0 1.0 1.0 1.0
centered at source ,
PREF | Reference pressure N/m2 2.0x107° | 2.0x107% | 2.0x107% | 2.0x10°5 | 2.0x10°% | 2.0x10°5
POWREF | Reference power level W 1.0x10772 | 1.0x10712 | 1.0x10712 | 1.ox10712 | 1.0x10772]  1.0x10712
IOPT | Coaxial nozzle with - 5 5 5 5 5 5
subsonic primary and
secondary jets
I0UT | Qutput units (dB,dim.) dB 3 3 3 3 3 3
IPRINT | Print output-input - 3 3 3 3 3 3
VO Aircraft velocity m/g 84,22 78.61 76.25 100.53 96.21 97.03
Al Fully expanded primary m 0.585 0.582 0.577 0.634 0.622 0.630
jet area
DE1 Equivalent circular m 0.863 0.861 0.857 0.899 0.890 0.89¢6
nozzle dia. :
DH1 Hydraulic dia. primary m 0.863 0.861 0.857 0.899 0.890 0.896
jet nozzle
V1 Primary jet relative m/s 293.9 265.3 199.8 482.4 417.0 458.2
velocity 3
RHOT1 | Fully expanded primary kg/m 0.491 0.496 0.525 0.445 0.458 0.448
jet density
T1 Fully expanded primary K 760.0 744 .6 688.9 873.7 821.6 855.9
jet total temperature
MD1 Design Mach number for - 1.0 1.0 1.0 1.0 1.0 1.0
supersonic primary
nozzle




Ge.

TABLE V - Continued

ANOPP VALUES AT
SYMBOL DESCRIPTION UNITS
RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
A2 Fully expanded secondary m2 1.792 1.795 1.794 1.772 1.786 1.776
Jjet area
V2 Secondary jet relative m/s 229.1 212.0 173.6 316.7 292.6 308.6
velocity 3
RHO2 | Fully expanded secondary | kg/m 1.207 1.194 1.196 1.149 1.156 1.151
jet density
T2 Fully expanded secondary K 316.7 315.6 308.9 344.4 335.6 342.2
jet total temperature 2
AE Cascade exit area m 1.0 1.0 1.0 1.0 1.0 1.0
AT | Tailpipe area m? 1.0 1.0 1.0 1.0 1.0 1.0
KC Thrust reverser constant - 0.0 0.0 0.0 0.0 0.0 0.0
KT Reverser constant - 149.0 149.0 149.0 149.0 149.0 149.0
NENG | Number engines - 3 3 3 3 3 3
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TABLE VI

ANOPP CORE NOISE PARAMETERS ,MODULE COR

ANOPP VALUES AT
SYMBOL DESCRIPTION UNITS
RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
DOTM | Core mass flow kg/s 83.46 76.20 60.78 132.90 117.03 120.01
T3 Combustor inlet total K 677.7 662.0 613.0 810.5 767.4 795.0
temperature
T4 Turbine inlet total °K 1232.3 1181.3 1048.3 1565.3 1444 .3 1526.6
temperature 2
P3 Combustor inlet total N/m 10113.3 9011.6 6895.8 18358, 1 15504.6 17273.1
pressure
VA Aircraft velocity m/s 84.22 78,61 76.25 100,53 96.21 97.03
R Radius sound sphere m 1.0 1.0 1.0 1.0 1.0 1.0
centered at source
TA Ambient temperature °K 285.1 288.1 288.8 285.4 286.0 286.3
CA Ambient sound speed m/s 3 338.54 340.32 340.73 338.72 339.02 339.25
RHOA | Ambient density kg/m 1.1928 1.2245 5 1.2319 5 1.1960 5 1.2023 5 1.2054 5
PA Ambient pressure N/mg 0.976x10° 1.013x10 1.021x10 0.979x1 0.987x1 -0.991x1
PREF | Reference pressure N/m 2.0x10=° 2.0x10-5 2,0x10-° 2.0x10° 2.0x10" 2.0x10"
POWREF | Reference power W 1.0x10712 | 1.0x10712 | 1.0x10772 | 1.0x10712 | 1010712 | 1.0x10712
IPRINT | Printed output-input - 3 3 3 3 3 3
IOUT | output units (dB,dim.) dB 3 3 3 3 3 3




TABLE VII
ANOPP TURBINE NOISE PARAMETERS ,MODULE TUR

L2

VALUES AT
é?gggL Description UNITS
: RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6
NB No. blades last rotor - 102 102 102 102 . 102 102
stage :
SRS Rotor/stator spacing - 1.88 1.88 1.88 1.88 1.88 1.88
ratio

CL Soung speed at turbine m/s 522.7 547.1 526.3 592.6 574.7 586.6

exit
CA Ambient sound speed m/s 338.54 340,32 340,73 338.72 339.02 339.25
VIR |[Relative tip speed of m/s 149.3 140.2 121.9 213.3 199.6 208.8
last rotor

DOTM | Mass flow through kg/s 83.46 76.20 60.78 132,90 117.03 120.01
turbine :

RHOA | Ambient density kg/m3 1.1928 1.2245 1.2319 1.1960 1.2023 1.2054

R Radius sound sphere m 1.0 1.0 1.0 1.0 1.0 1.0

centered at source ‘

MA Aircraft Mach number - 0.249 0.231 0.212 0.297 0.284 0.286
ITOPT | Turbofan correction code - 2 2 2 2 2 2
OMEGA | Shaft speed rev/s 42,17 39.67 32,65 58.52 53.85 56.80
IPRINT | Printed output-input - 3 3 3 3 3 3

NENG | Number engines - 3 3 3 3 3 3
I0UT Qutput units (dB,dim.) dB 3 3 -5 3 -5 3 -5 3 -5 3
PREF | Reference pressure 2.0x10 2.0x10 2.0x10 2.0x10 2.0x10 2.0x10
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"TABLE VIII
FLYOVER WEATHER CONDITIONS

ALTITUDE TEMPERATURE WIND SPEED RELATIVE HUMIDITY
m K m/s %
RUN 1, approach 0 285.1 0.5 40
100 285,1 1.0 46
200 285.1 2.6 61
300 285.1 3.1 63
400 285.1 3.6 40
500 285.1 4.6 33
RUN 2, approach 0 288.1 0.6 46
100 288.1 1.0 46
200 283.7 1.5 46
300 283.1 2.0 51
400 283.1 3.6 45
500 283.1 4.6 41
RUN 3, approach 0 289.0 0.6 44
100 288.8 1.2 44
200 284.0 1.7 44
300 283.2 2.1 43
400 283.0 3.5 42
500 283.0 4,5 41
RUN 4, takeoff 0 285.4 0.2 75
100 285.4 0.5 73
200 285.4 1.5 72
300 285.4 1.5 66
400 287.0 3.6 64
500 287.0 6.2 60
RUN 5, takeoff 0 286.0 1.0 72
100 286.0 1.0 71
200 286.0 - 2.6 70
300 286.0 4,1 70
400 286.0 4.6 64
500 286.0 3.6 64
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TABLE VIII - Continued

ALTITUDE TEMPERATURE WIND SPEED RELATIVE HUMIDITY

’ m K m/s %

RUN 6, takeoff 0 286.3 2.0 71
100 286.3 2.0 71

200 286,3 2.0 71

300 286.3 1.1 71

400 286.3 1.8 70

500 286.3 2.0 70
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SOUND PRESSURE LEVEL, dB (re 2x10° N/m?)

FIGURE 5. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 1,ANGLE FROM INLET=30°
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SOUND PRESSURE LEVEL, dB (re 2x10% N/m?)

FIGURE 13. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 2,ANGLE FROM INLET=90°
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SOUND PRESSURE LEVEL, dB (re 2x10°° N/m?)

FIGURE 14. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 2,ANGLE FROM INLET=120°
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SOUND PRESSURE LEVEL, dB (re 2x10™® N/m?)
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FIGURE 15. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 2,ANGLE FROM INLET=150°
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FIGURE 17. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 3,ANGLE FROM INLET=30°
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FIGURE 19. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 3sANGLE FROM INLET=90°
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FIGURE 20. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 3,ANGLE FROM INLET=120°
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FIGURE 21. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 3;ANGLE FROM INLET=150°
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FIGURE 23. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 4,ANGLE FROM INLET=30°
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SOUND PRESSURE LEVEL, dB (re 2x10°

FIGURE 24. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 4 4ANGLE FROM INLET=50°
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SOUND PRESSURE LEVEL, dB (re 2x10°® N/m?)
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FIGURE 25. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 4 4ANGLE FROM INLET=
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SOUND PRESSURE LEVEL, dB (re 2x10°° N/m?)

FIGURE 27. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 4,ANGLE FROM INLET=150°
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SOUND PRESSURE LEVEL, dB (re 2x10°° N/m?)

FIGURE 30. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 5,ANGLE FROM INLET=50"
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SOUND PRESSURE LEVEL,

FIGURE 31. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 5,ANGLE FROM INLET=90"
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SOUND PRESSURE LEVEL, dB (re 2x10™° N/m?)

FIGURE 32. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 54ANGLE FROM INLET=1 20°
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SOUND PRESSURE LEVEL, dB (re 2x107° N/m?

FIGURE 35. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN'6 +ANGLE FROM INLET=50°
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SOUND PRESSURE LEVEL, dB (re 2x10°° N/m?2)

FIGURE 35. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR.RUN 6,ANGLE FROM INLET=90°
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SOUND PRESSURE LEVEL, dB (re 2x10™° N/m?)

FIGURE 37. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 6;ANGLE FROM INLET=120°
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FIGURE 38. COMPARISON OF TOTAL MEASURED AND PREDICTED SPECTRA FOR RUN 6,ANGLE FROM INLET=1 50°
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APPENDIX A

INPUT DECK LISTING FOR APPROACH RUN #1

Sttltt.t.ttittltttttttttliitttn.l.tt*.itlttitt'tt'**‘t.i'i*tl'*'i't!t.ﬁpttu-...
°

Stttiﬁ.‘.l Ut hoqet,
L3411 T PE IR ] RUN 1 APPKRUACH I 2L P TL Y
Srxnon p w RARANI AR e

S g R R T A R R A Ak WA E AR AR RN R AN R A R R ANk RARRE AT AN SR Ao

$
S

1
v

REYKIEVE JXS TABLES FKOM LIBRAXY FILE
LOAD ZANUPDAT/ JRS §

PARAM ZEWUB0, UNpel, [WUg2, THRELES §
PARAM NRECE( $
ELIMINATE PAKAM MEDSAGLS

PAnAM JTHUUTXU, SHRE] .4, DELT2®04s DELT3z0,,VELTYBV,,
VEL TS2040 DELTORO,) VELTTRVss DELTBE( ./ VELT980G,, DELTIVUNO.,

KEFA=l,y IGEFR) §
PARAM PUNREFG] (VE=12,U1580,0,Akxl ¥, ATR], 0,KLAY,0,KTB1U9,0 §

PApAM YARO,0,NINTAS,METHUDRR,CLERWULONSL,0,
SIGHAR250V00,yNFBI/NNGHIZ, KEPLRL,0 3

PARAM ITEWNGY)ITEHTNR] TEVINR]L)JTYPHE] RREFR],0 3

ANUPP INPUT BTHEAM EULT PHASE (PRIMARY EDTT)
PADAM ROVSU, 6/ KEL o0 DELTIAU, ,FLTNUMBOHFLTO01/PREPR2ES §

CRPATE EXFAN,TUTL,TUYZ,TOT3, TOT4, [UTS,TOTE §

68




=ADOR

L N X

@ e

CREATE PRUCEDURE FUR MUVING AND PROPAVATING THE bUUKRCE
8
CRPATE PRUC §
UHPRATE NEWURPRUG, SUUNCEaw §
NLn“aw, HNEWMEMUVE, MNNR0Q §
CALCULATE TIME UEPENDENT WEUMETRY

PADAM ALTEZA &
FXgCUTE TUG

CALCULATE AIKFERAME NDIBE AND PRUPAGATE TU OBSERVER

FXeCUTE AFM ¢ N
EXseCUTE SUM DULIEAFM, UMlaMbp, DULIESCRATCH, NSUMEQME,]PRINTRZEYD §
FXpCUTE ASP BCABNUISUM, IPNINTeYHWLE, OBSPECTATLTY o

CALCULATE FAN INLET NUJIgt AND PROFALATE TO UBSERVER

PApAM AktA=a.3.vaH=e.sa.ournusqo.o,lcv-o,xvﬂqupxDR8-6.1~Be-l.1NCTa0o
INDIS=0s [NHSEQ §

FXpCUTE FAN viOsV 3

FXeCUTE Sum uulnFANUU!.UMt!MsP,oulxlscRATcH.NSUNﬂont,1PR1NTnztRu H

EXeCUTE ASP SCAxNULISUR, IPRINTRYHNEE, UBSPECTaTOT? 8

CALCULATE FAN EXMAUST NOISE AND PHOPAGATE TU OBSERVER
PApAM ARLA-1.7u,DlAMux.av,uoyn-a7g.of10uanlalORsﬁOoIGv-o:INHBIO;
INCT®0, INDISEQ, INRONO §
FXpCUTE PAN VOSV,FANUUTBEXP AN §

FXeCQUTE buM DUl:hKFAH.uhluﬁspoDUlIDSCRATCH.NbUH=UNE;IPRfNInzawu 3
FXpCUTE ASP SCAZNUISUM, IPNINTSTHKLE, UsSPECTRTUTSY §

ANUPP INPUT STHREAM EVL! PHASE (PRIMARY EDIT)
CALCULATE JET NUISE aAND PRUPAGATE TO UBSERVER
FXeCUTE JKRBJET vosv §
FXeCUTE SUM DUIEJRSUVT UMIBHSP, nULIESCRATCH, NSUMRNINE, IPRINTEZERD §
FXPCUTE ASP 8C2aNUISUA, IPRINTRTHREE, USSPECTSTUTG §

CALLULATE CURE NUISE AND PRUPAGATE TU UBSEMVER
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PApAM DUTHEBI U6 3

FXegCUTE CYR VazV 3

FXpCUTE HUM DULISCUNUUT,OM{SMSP,DULIBSCRATLH,NOSUMEUNE ) IPRINTEZERD 3
EXpCUTE ASP S(AsNULOUM, IPHINTaTHREE, OBSPECIATUIS §

L)
$ CALCULATE TURBINE NOISLE ANU PRUPAGATE TU DBSERVER
b ]
FXpCUTE TUR §
FXgCUTE SUM DULITURUUI,DM{R4SP,nUL1aSCRATCH NOSUMSNVE, JPRINTEZERU §
FXpCUTE ASP SLA=NUIbUM, JPHINT&THREE, OBSPECTSTUle $
S
s CALCULATE TUTAL NDQISE ANV PRUPAGLATE TU UMSEVBER
PAgAM NSUM & b >
)
EXyCUTE SUM DULIRAFM, UDUZRFANDUT, DU3ISEXFAN, VUdaJRSUUT, DUSECUROUT,
_DUASITUNUL], DMIghSP, UM2EuGP, DMIsrsH, DHger3V, DUQzMak,
D oavOY, WUlladCKalcn 2
FXeCUTE ASP SLaanullum, IPRINTBTOREE ¥ ¢
PApDAM NREC ® NHEC » 1 §
ENDw §
)
] CREATE FREWULNCY,THETA,ANY PMI DATA MEMBERS
$

CRyATE SPIELD

UPAATE NEWURSFIELD, SUURCE®« §
®ADVR nnvew, NEwrcPREU) FUKMATEUH®KDSy TNRIY 8
50.,03'.',-0,,100..125.1100”800.,450.0315.,“00.,500.;&30,,500..1000“!250.;
1000092002250 0,53150,74000,)50V0,0630U4p8000,,100V0, §

wADDK NELMETHETA, OLLME®, FURMATEZgHaRSD MNRaol §
10.'20?.1'0..00.o50.1b0.070-150..90.0lo‘)u810.0120“130”1“0.0150o1160.l17‘Jo &

ANUPP INPUY STREAM EDLT PHASE (PHIMARY EDIT)
ADUR nLaMery NEWMEPHI, FURMATOAHeRES, MNRW| §
0, §

ENDw 3
$

s CREATE INPUT FUK ATMOSPHERIC MODEL
3
CRpATE ATMU §

UPRATE NEwUgATMU, BUUMCEew §
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SADDW nLptes, NeahmlN, FURMATE0, MNKE{QV §
1V0040/,10¢323,000:1,190 % - b
0e0,285,490,%,80,0 %
LUV 0y PRARel sl Lol 0
200!("?":'"2.6'61.0
30040929 ca193,1063,0
ﬂOU.O;?“c.lo-‘.bt‘“‘.O
S00,0)pRaelsld b, 35,0
[ 2. 1VE S

TAalE ATHU(MNLABSUN) 1 SUURCEEW™ @

U N I I

INT=)
INDI‘”Sgiqplol'U.'.350.500.000.70,.50,.?091.0'l.lal.Z.l,S,
1;“:‘o70?.0:(.5:&.5021505.0'3.313.01“.lS,U.Obo“.HvS.&S,
5.7010.0‘!;0.5”".0;10.0
DEPHRb.o?..$1S..ru..auo:.vsu..975,,qeb.;.o..ovo,,ouo.,uuo,
0750467096570, 049500850 ¢80V, 37000330, ,300,+€60,42u5,
0210:.2200.2109oEUSv.CUQ;.dOU,.dOO
END® §
$
3 CREATE UBbENVER CUURDINATSS FOR QUTPUT D;sIKED
3
CREATE DBSEKV §
HUPRATE NEWUGOHBSERY, SUUNLEZs $

©ADOR NEWMsCOORD, QLLUMaWw, FURMATE4HSRGYp MNRB3 §

ANUPP INPUT STREAM ELIT PHASE (PRIMARY ED1Y)
0!'00'0. $
ENDx 3
s
S CREATE UUTPUT AND SCRATCH DATA UNITS
3

CRpATE (OBSPECT,UBLLEY §

CRPATE NUISUM,8CRATCH,DUL L, #ANUUT gJRBOUT,CORUUT, TURUUT ) AFM §

$ AIRFRAME NUIBE PARAMETERY




PARAM Ang338 9,BWuS50,3,Arngl0l , 3,8HN2] 6,AVE50,2,BVe7,3,Ve84,22,
NRl AP god 0 CF8G,7,GAMMABE S o4 TOMOR] ,3¢,CMbr] ,92,NNLINRY,

NMLB3 ) TUNGEL (U2/CNGEL (79, uNLAL §

PApAM CAR3IIH,SuU,RHUABL 19260, MUARU,0000177UbrITEFNSY,JLESNEY,
LT SR ITLT SR IUIVAL DO |

FAN NUISE PARAMBTENS (COMMUN TO INLET AND EXMAUST)

PApAM DELTARE8,DELTIBS0,0,VuB] 30/ NBRUO,NYBILy
UMEGARGE, 1T HSS206,00TABR8D ¢ ) NENGES §

JET NUISE PARAMETENKS

pARAM IUPTES,A180,56%)DE1a0 b03,UN1E0, 863,VIR293,9,KHHOLB0,491,
Tll760.90‘2§l.7?0V2=£a¢.I,Nﬁueﬂl.£o7,Tdﬂll°,1 1

ANUPP INPUT STREAM EVLT PMABE (PRIMARY EDIT)
CURE NUISE PARAMETERS

pARAM T3ROY7,70,T491252,3,P3010113430,PAuYT620,05 §

- - ~ edm—a™ e

YuMB ML MUIBE PARANRTENS
PARAM "5'102,?"5'3.ﬂ”lCL'S”il"Vl5.1“9.30'”"9.2“9'IYUPV'i 3

BEGIN FUNCTIONAL MUDULE £XECUTION
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PAgAM IPRINTeY §
EXpCUTE ATMD § BUILD ATMUSMHERIC DATA FUNCYIO.S
FXpCUTE ATT BUILD ATTENVATION DATA FUNCTIONS
PAQAM IPHINTs3 § l
PARAMETER VALUES FUR THETA® 10 DLGHEES
PAoAM XARe2011,58/)ZA8197,10,Taep5,90 §
cMr'L PRUL(MUVE) §
BEY8YS JECHUW,FALSE,
PARAM JPHRINTAY §

PARAMETER YALUED PUR THETAN 20 DEGKLES

ANUPP INPUT BTREAM EVLT PHASE (FRIMAKY £0IT)

PARAM XAS<UB2,U) ZAB138,32¢ TReg,72 § ’
el PROC(MUVE) s

PARAMETER VALUES FUR THETAS 30 DLGAHEES
PARAM XAR®24b,b8, ZAB129,29, TRedsY3 §
CAI'L PROL(MUVE) §

PARAMETER VALUES PUR THEIAB 4o OEGNKEES
PAoAM XABel66,4l, ZABIR6,19, Tael, 98 3
C4'L PRUC(MUVE) §

PARAMETER VALUES FUR THEIAR S0 DEGHEEY
‘PARAM Xamw115,80, 1AB124,25, Tawl st §
CA)'L PROC(MUVE) §

PARAMETER VALUES FUR THETAW 60 DEGREES
PARAM XAmeBl,38, LARIC2,93) Tawo,¥7 3
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cA'L PROL(MOUVE) §

PARAMETER VALUED FUR THEIAW 70 DEGKEES
PARAM XAR®54,25, ZARIZ1,88, TAwg,04 3
eAi'L PRUCCMUVE) §

PARAMETER VALUES FUR THETAR 80 DEGREES
PARAM XAms31,10, ZAB120,99, Tew0.37 &
eAi'L PROC(MUVE) §

PARAMETER VALUES FUR THETAM 90 DEGHEES

ANUPP INPUT STKEAM EDIT PHABE (PRIMARY EDIT)
PARAM XAB®1U,00) ZAWIEO,18s TEwoelie
eAi'L PRUC(MUVE) §
PARAMETER VALUES PUR THETA® 100 DEGNEES
PAQAM XAW10,97, ZAW1lY, 38, Te0,13 9
eA{'L PROC(MUVE) 8
PARAMLTER YALVES FUR '"E“°L“° peowees

Phohn KAu)d, 3¢, TAalla 58, TeU,39 ¥
cAi'l PRUC(MUVE) S

PARAMETER VALUES FUR THETA® 120 OLGREES
PARAM XABSS U7, ZARLLT7,07, T80,60 ¥
cAi'L PROC(MUVE) 3

PARAMETER VALUES FUR THETA® 130 DEGREED
PApAM XARR2,29, ZAwllb, b4, Te0,08 §
cAi'l. PRUC(MOVE) §

PARAMETER VALUES FUR THETAW 140 DEGREES
>
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PARAM XAR115,82, ZAR115,38, Tal, 86 3
eA)'L PROL(MUVE)

PARAMETER VALUES PUR THETAB 150 DEGREES
PARAM XAB169,10, ZARI13,46, THL 90 3
cAi'l PROC(MUVE) &

PARAMETER VALVEY FUR THETA® 160 DEGREES
PApAM XAB244d 20, LAN110,42, TER,9V §
¢Ai'L PROLC(MUVE) §

PARAMETER VALUES FUR THEIAS 170 DEGREES
PApAM XAWUOH,30) ZABIVG,11, Tad b4 §
e4j’'L PROC(MUVE) §

PApnAM IPRINT®3 $

CALCULATE THE TUTAL EPNL PUR THE UBSLRVEK

eXFCUTE SRY NTIBNKEC, UBSPELTaTUTL &
EXpCUTE SRY NTSNREC, UBSPECTETOTE ¥
FXeCUTE SKR1 NTaNRE(, UHBSPELTETUTS 9
FXpCUTE SR1 NTaNREC, UBSPELTRTUTY O
EXFCUTE B8RY NTENREC, UBOLPELYTRTOTY ¥
EXeCUTE S5R1 NTWNRRC, UHLPECTERTUTO ¥
FXpCUTE 8R1 NTINREC §

6O0y0 STOP §
PRACEED 3
uP'IST §
CATALOG 8
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APPENDIX B

IMPEDANCE VALUES FOR DC-10-40/JT9D-59A

APPROACH AND TAKEOFF FLYOVER RUNS

FAN INLET — NOSE COWL FORWARD (WING ENGINES)*

SPECIFIC ACOUSTIC IMPEDANCE

APPROACH TAKEOFF
1/3-0CTAVE BAND | SPECTFIC ACOUSTIC[SPECIFIC ACOUSTIC|SPECIFIC ACOUSTIC |SPECIFIC ACOUSTIC
CENTER FREQUENCY] RESISTANCE REACTANCE RESISTANCE REACTANCE

50 0.8 -56.9 1.3 -56.9

63 A -45.2 A -45.2

80 -35.9 -35.9
100 -28.5 -28.5
125 -22.6 -22.6
160 -17.9 -17.9
200 -14.2 -14.2
250 -11.3 -11.3
315 - 8.9 - 8.9
400 - 7.1 - 7.1
500 - 5.6 - 5.6
630 - 4.4 - 4.4
800 - 3.4 - 3.4
1,000 - 2.6 - 2.6
1,250 - 2.0 - 2.0
1,600 - 1.5 - 1.5
2,000 - 1.0 - 1.0
2,500 - 0.6 - 0.6
3,150 - 0.3 - 0.3
4,000 1.4 0.0
5,000 0.4 0.4
6,300 1.1 1.1
8,000 3.1 3.1
10,000 v - 2.1 Y -2.0

*EFFECTIVE TREATMENT LENGTH

76

= 0.46 m, DIAMETER d = 2.34 m




FAN INLET — NOSE COWL AFT (WING ENGINES)*

SPECIFIC ACOUSTIC IMPEDANCE

APPROACH TAKEOFF

1/3-0CTAVE BAND | SPECIFIC ACOUSTIC SPECIFIC ACOUSTIC [SPECIFIC ACOUSTIC SPECIFIC ACOUSTIC
CENTER FREQUENCY| RESISTANCE REACTANCE RESISTANCE REACTANCE

0.7 -21.

50 0.4 -21.
4

} -16.
80 -13.
100 -10.
8.

]
1 L}

Illlllllllll

[$2]
Q
(]
L L I R e e T T T

2,000
2,500
3.150
4,000 -
5,000
6,300
8,000
10,000

xomm—a.pmowow\:o.huomm—-w\l-hmhtow
O\NZH—‘#(»OQJOU)\IOALDLHN—'UJ\IAO\#&OM

OONO—'W—‘OOOO—'—'—'NQ)-&U‘DO\
—-'ONO—‘U\—‘OOOO—‘—‘-—'NOO&U’I

—
-t
!
—
o
—

*EFFECTIVE TREATMENT LENGTH = Q.72 m, DIAMETER d = 2.34 m
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FAN INLET — NOSE COWL FORWARD (TAIL ENGINE)*

SPECIFIC ACOUSTIC IMPEDANCE

APPROACH TAKEOFF
1/3 OCTAVE BAND | SPECIFIC ACOUSTIC|SPECIFIC ACOUSTIC|SPECIFIC ACOUSTIC|SPECIFIC ACOUSTIC
CENTER FREQUENCY  RESISTANCE REACTANCE RESISTANCE REACTANCE
50 0.9 -42.8 1.5 -42.8
63 i -33.9 A -33.9
80 -26.9 -26.9
100 -21.4 -21.4
125 -17.0 -17.0
160 -13.5 -13.5
200 -10.7 -10.7
250 - 8.5 - 8.5
315 - 6.7 - 6.7
400 - 5.3 - 5.3
500 - 4.2 - 4.2
630 - 3.3 - 3.3
800 -2.5 - 2.5
1,000 - 1.9 - 1.9
1,250 - 1.4 - 1.4
1,600 - 1.0 - 1.0
2,000 - 0.6 - 0.6
2,500 - 0.3 - 0.3
3,150 1.0 0.0
4,000 0.0 0.5
5,000 1.2 1.2
6,300 5.3 5.3
8,000 - 1.2 - 1.2
10,000 Y 0.0 Y 0.5

*EFFECTIVE TREATMENT LENGTH
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= 0.6 m, DIAMETER d = 2.34 m




FAN INLET — NOSE COWL AFT (TAIL ENGINE)*

SPECIFIC ACOUS

TIC IMPEDANCE

APPROACH TAKEQFF
1/3 OCTAVE BAND [SPECIFIC ACOUSTIC[SPECIFIC ACOUSTIC|SPECIFIC ACOUSTIC| SPECIFIC ACOUSTIC
CENTER FREQUENCY| RESISTANCE REACTANCE RESISTANCE REACTANCE

50 0.8 -59.3 1.3 -59.3

63 A -47.1 A -47.1

80 -37.4 -37.4
100 -29.7 -29.7
125 -23.6 -23.6
160 -18.7 -18.7
200 -14.9 -14.9
250 -11.8 -11.8
315 - 9.4 - 9.4
400 -7.4 - 7.4
500 - 5.9 - 5.9
630 - 4.6 - 4.6
800 - 3.6 - 3.6
1,000 -2.8 - 2.8
1,250 - 2.1 - 2.1
1,600 - 1.6 - 1.6
2,000 - 1.1 - 1.1
2,500 - 0.7 - 0.7
3,150 - 0.4 - 0.4
4,000 0.0 0.0
5,000 0.4 0.4
6,300 1.0 1.0
8,000 t 2.4 2.4
10,000 ! - 3.9 Y - 3.9

*EFFECTIVE TREATMENT LENGTH
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= 0.3 m, DIAMETER d = 2.34 m




FAN EXHAUST DUCT (WING AND TAIL)*

SPECIFIC ACOUSTIC IMPEDANCE

APPROACH TAKEOFF
1/3-0CTAVE BAND (SPECIFIC ACOUSTIC| SPECIFIC ACOUSTIC|SPECIFIC AGOUSTIC| SPECIFIC ACOUSTIC
CENTER FREQUENCY| RESISTANCE REACTANCE RESISTANCE REACTANCE

50 0.8 -58.7 1.1 -61.3

63 } -46.6 A -48.7

80 -37.0 -38.6
100 -29.4 -30.7
125 -23.3 -24.3
160 -18.5 -19.3
200 -14.7 -15.3
250 -11.6 -12.1
315 - 9.2 - 9.6
400 -7.3 -7.6
500 - 5.7 - 6.0
630 - 4,5 -4.7
800 - 3.5 - 3.7
1,000 - 2.7 - 2.8
1,250 - 2.0 - 2.1
1,600 - 1.5 - 1.6
2,000 - 1.0 - 1.
2,500 - 0.6 - 0.6
3,150 - 0.2 - 0.2
4,000 0.2 0.1
5,000 0.6 0.5
6,300 1.3 1.1
8,000 2.9 2.4
10,000 1 - 2.8 ( - 8.0

*EFFECTIVE TREATMENT LENGTH
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= 1.5 m, DIAMETER d = 0.5 m




TURBINE EXHAUST DUCT (WING AND TAIL)*

SPECIFIC ACOUSTIC IMPEDANCE
APPROACH o TAKEOFF
1/3-0CTAVE BAND (SPECIFIC ACOUSTIC [SPECIFIC ACOUSTIC|SPECIFIC ACOUSTIC[SPECIFIC ACOUSTIC
CENTER FREQUENCY | RESISTANCE REACTANCE RESISTANCE REACTANCE
50 0.7 -178.5 0.8 -192.3
63 A -141.7 + -152.8
80 -112.6 -121.3
100 - 89.4 - 96.4
125 - 71.0 - 76.5
160 - 56.4 - 60.8
200 - 44.8 - 48.3
250 - 35.6 - 38.3
315 - 28.2 - 30.4
400 - 22.4 - 24.1
500 -17.8 - 19.2
630 - 141 - 15.2
800 - 11.1 - 12.0
1,000 - 8.8 - 9.5
1,250 - 6.9 - 7.5
1,600 - 5.5 - 5.9
2,000 - 4.3 - 4.6
2,500 - 3.3 - 3.6
3,150 - 2.5 - 2.7
4,000 - 1.8 - 2.0
5,000 - 1.3 - 1.4
6,300 - 0.8 - 0.9
8,000 - 0.3 - 0.5
10,000 Y 0.0 Y - 0.0

*EFFECTIVE TREATMENT LENGTH

= 0.9 m, DIAMETER d = 0.3 m
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