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PREFACE

This is one of three volumes of the final report on “Aircraft Configuration Noise
Reduction” submitted by the Boeing Commercial Airplane Company, Seattle,
Washington, 98124, in fulfillment of Department of Transportation contract
DOT-FAT4WA-3497, dated 1 August 1974. This work was completed for the ATC
Airport Facilities section of the Federal Aviation Administration (DOT). Mr. H. C. True
was the Contract Technlcal Monitor.

The report is divided into three volumes for easy use as shown below:

Vol. Il

computer
program ® FORTRAN
source source code

listing

Vol. Il

computer .

program ® A-Computer program user’s guide
user’s guide

and oghe,. e B-Flight effects test plan

appendices eC...H

Vol. |
engineering
analysis e Theory

Test review and data analysis

Estimation procedure

Conclusions and recommendations

This report is volume II of the series and was prepared jointly by the Noise Technology
Staff of the Boeing Commercial Airplane Company and the Noise Systems Group of
Boeing Computer Services, Inc. This volume contains:

e The user’s guide for the computer software of the “Aircraft Configuration Noise
Reduction” study.

e A preliminary test plan for assessing forward velocity effects on wing and fuselage
shielding.

e Various curves, derivations, and background theory in support of material
presented in volume I. '

i
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APPENDIX A

FAA-AIR,CRAFTFNOISE SOURCE COMPUTER PROGRAM
- USER’S GUIDE '

D. G. Dunn, D. J. Cecil, and L. M. Butzel

1.0 SUMMARY

This appendix is intended to serve as a user’s guide to the integrated system of
computer programs developed in accordance with the requirements of contract
DOT-FAT4WA-3497. The computer software for the estimation procedures of flyover
noise time histories developed under contract NAS2-6969 has been used where
compatible, thus, retaining the consistency in the input description found in
NASA CR114650, “Aircraft Noise Source and Contour Computer Programs User’s
Guide.” Moreover, since the computer program is an extension of the program developed
under contract NAS2-6969, this appendix may be considered as an updated version of
sections 1.0, 2.0, and 3.0 of NASA CR114650, structured within the requirements of
contract DOT-FA74WA-3497. For convenient use the additions necessary to incorporate
the effects associated with the shielding of .noise sources near a wing surface are
indicated.

Illustrations provided in the form of macro flow charts show the computer software
. developed under DOT-FA74WA-3497 and its linkage to that of contract NAS2-6969.
Sample cases of input data are included with a limited sample output to assist the user
in the use of the program. The programs are stored on magnetic tape and are written in
FORTRAN 1V for the FTN compiler to run on a CDC or CYBER computer, operating
under the KRONOS 2.1 operating system.



2.0 INTRODUCTION

The computer program developed under contract DOT-FA7T4WA-3497 simulates a
procedure based on theoretical and empirical acoustical models for the estimation of the
installation effects on the radiated far field flyover noise emitted from a full scale jet
engine. Thus, the program can be used to evaluate the total noise reduction due to the
installation of a noise component source (inlet fan, exit fan, core, turbine, or jet) in the
proximity of a noise shielding surface.

The principle considerations of storage, input and output incorporated in the design of
the original noise estimation program developed under contract NAS2-6969 have been
affected by the new additional computer software developed for the present contract as
follows. :

1. The program structure has remained a two level overlay with the primary level
controlling the reading in of all the input, printout of all the output, and linkage to
the secondary level. The secondary level includes in addition to the subroutines for
flight geometry calculations, extrapolation corrections, and noise component
prediction, new packages for computing the sound attenuation due to wing
shielding of jet and turbomachinery noise sources. The resultant increase in
program size from NAS2-6969 is approximately 15%.

2. The NAMELIST statement is also used for the additional input data; i.e., the
engine wing geometry data, the noise component shielding parameters, jet edge
interaction data and jet noise shielding data. The characteristics of NAMELIST
provide the convenience of updating the data set from case to following case by
simply specifying only the single or array variables that need be changed.

3. Output is printed per case (a case is all data for a maximum of three engine
configurations per aircraft) with options on the type of output information desired.
The format and details of the output are identical to that of NAS2-6969 with the
addition of engine/wing geometry data per configuration, wing shielding data and
predicted corrections for shielding in each noise component.

The general procedural steps for processing data in the estimation of noise including
installation effects are largely a function of the order of noise component inputs which
are dependent on the engine (source) configurations for a set of aircraft conditions (i.e.,
a case). ‘

These aircraft conditions together with information pertinent to the current case
(described under general data parameters) are the first set of data input to the program
for a case. The primary of executive overlay initiates the flight path/observer geometry
and extrapolation corrections overlay, to calculate the aircraft coordinates, the sound
propagation distance and, the sound transmission time for each observer position for the
17 angles (10° 209°,...170° between the flight path and a line to the observer.
Extrapolation corrections including sound attenuation due to spherical divergence,
atmospheric absorption, extra-ground attenuation, and ground reflection are



accumulated in an array (array size = number of spectra bands times 17 aircraft
‘positions times the number of observer positions) used for extrapolating the index
spectra of each noise component and the total index spectra.

If shielding is indicated in the general data parameters for the particular engine
configuration, then the engine/wing geometry data for that configuration must be input
for use in the engine/edge geometry of the wing shielding package.

From hereon, until the next case, there could be up to three engine configurations
where the inputs for each configuration relate to the particular noise components
making up the configuration. Data for each configuration ‘consist of a title card folled by
data for each selected noise component, followed by wing shielding data for the noise
component if shielding is indicated for the particular noise component. If more than one
case is to be input, then it is mandatory that the order and number of noise components
in each engine configuration be maintained for all cases. After each noise component
data and associated shielding data is read in, the executive module links the
corresponding overlay.

For engine-over-wing (EOW) configured aircraft, the noise source components of
relevance are primary and secondary jet, core, turbine, and inlet and exit fan.
Considering these noise sources, computation modules are provided to execute with
some variations the following sequential computation steps.

a. Calculation of the directivity angles, the projected directivity angles and the
projected elevation angles for each sideline observer position and noise component

b. Calculate lining attenuation spectra if applicable

c. Calculate noise prediction spectra Without effects of shielding
d. Compute free-field index spectra

e. Include multiengine effects

f. Convert spectra to full octave, if applicable

g. Calculate attenuation due to shielding

h. Sum configuration effects, attenuation due to shielding, and subtract the results
from the bare-engine index spectra

i.  Compute total free-field noise spectra

j.  Subtract extrapolation corrections from free-field index spectra

k. Compute human response measures; i.e., perceived noise level (PNL), tone
corrected PNL, and effective PNL '



1. Save the index and observed sound spectra on scratch data files

‘After all noise components for all the configurations in a case have been processed, the
total free-field index spectra are extrapolated and the human response measures are
calculated based on the total extrapolated spectra. Depending on input specifications for
the output reports desired, information on the scratch data files is printed. The program
will continue to process input data until there are no more cases; i.e., the program
terminates execution whenever an end-of-record, end-of-file, or end-of-information code
is encountered on the input file. '



3.0 INTERFACE WITH NAS2-6969 CONTRACT SOFTWARE

The interface of the original NAS2-6969 contract computer software with the new
software developed for contract DOT-FA72WA-3497 has resulted in minor modifications
of the original software. These modifications are mainly, but not exclusively limited to
the noise source component modules effected by shielding and, the executive routine.
The interface is structured so that all references to wing shielding can be completely
excluded, thus retaining the external operational characteristics of the NAS2-6969
contract software.! Figures A-1 and A-2 (similar to fig. 1 and 3 of NASA-CR-114650)
illustrate the overall structure of the noise prediction ‘program including interface,
additional input and output, and noise source component modules influenced by wing
shielding. Figure A3 is a macro flow chart of the subroutine SHLDSP, which interfaces
NAS2-6969 software with the evaluation of turbomachinery noise shielding effects. That
is, noise source prediction modules INLET FAN, EXIT FAN, CORE, and TURBINE are
linked with the wing shielding module SHATTN, through the routine SHLDSP which
returns shielded SPL spectra at flight index conditions for each of the turbomachinery
noise component estimation modules. The total programming addition to NAS2-6969
generates an increase in program field length of approximately 15%-

Jet noise shielding modules for the primary and primary plus secondary jet noise
sources are made up of the subroutines JNSA and JNSASP. The shielding noise
attenuation is returned to the jet noise source prediction module, JET (fig. A-4).

3.1 WING SHIELDING PACKAGE*

The wing shielding package may be considered a system of computer programs designed
to simulate a method of quantitatively estimating the flyover noise reductions
attainable from engine placement in the proximity of wing structures which provide
shielding. The package of computer programs to predict shielded noise is common to
engine component noise sources fan (inlet and exit), core, and turbine, (see fig. A-2 and
A-5). The jet noise source component (primary and secondary) is treated separately with
its own special shielding programs (see fig. A-2 and A-6).

3.2 CALCULATION SEQUENCE

Figure A-5 is an outline of the subtasks that contain the sequence of calculations to
determine wing shielding attenuation. The module SHATTN and its externals are
common to noise source components turbine, core, inlet and exit fan. The module
linking SHATTN to the noise components of NAS2-6969 is the interface routine
SHLDSP as shown in figure A-3. The calculation sequence for determining jet noise
shielding is shown in figure A-6; the linkage to the noise component through JNSA is
shown in figure A-4.

'New additions to contract NAS2-6969 software due to FAA contract DOT-FA74WA-3497 such as
subroutines, data or data sets are indicated with an *, and software with only pertinent
modifications is indicated with an **,



BLKDATA
‘Preset variables in noise components with
default opt1ons

INITL _
Ensure correct initialization before each
data case

INPUTG **
Read general data parameters($GDATA)

CONVR
Convert $GDATA to English units

calc: Doppler shift factor and band levels

calc: Flight path geometry coordinates and
angles for noise extrapolation

Write report of flight path observer geometry

D

Figure A-1.—Macro Flow Chart of The Executive Routine—
Showing Integration of Noise Components



¥

calc: Corrections for spherical divergence,
atmospheric absorption, extra ground attenua-
tion, ground reflection

EWGIO*
If shielding is requested for the configuration
read engine/wing geometry data ($EWDATA)

<9

NINPUT**

Retrieve current noise component parameters,
read and update noise component parameters
($NOISIN)and convert to english units if needed

EWGOUT*
If shielding is requested write engine/wing
geometry for the configuration

NSRIO*

If shielding is requested read in noise com-
ponent shielding parameters ($SHLDAT) retrieve
and update

Figure A-1.—(Continued)



Test noise component type and branch to specified noise

component.
ITYPE=1 ITYPE=8
Primary,jet** Lift fan
ITYPE=2 ITYPE=9
Prim.& sec jet*¥ Ejector suppressor
ITYPE=3 ITYPE=10
Core & turbine** Propeller
ITYPE=4 ITYPE=11
Inlet fan** Helicopter
ITYPE=5 ITYPE=12
Exit(aft)fan** Measured data
ITYPE=6 ITYPE=13
Augmentor wing Jet edge *
ITYPE=7 |
Blown flap .
Transfer to calculate
next noise component EI;>
PNLSUB

calc: Perceived noise level, effective perceived
noise level, tone corrections from total

predicted noise

NOISO**
print: observed spectra for total noise of all
components and all report types requested

Transfer to do next

case

( STOP )

Figure A-1.—(Concluded)

>




FL® = 0B to 1051368

OVERLAY 0 (Main Overlay Program TEE330A**)

Purpose: Routines called:
o Initialization ABSORP ANGLES CONVR CORSPL** EPNLI
ERROR EWGIO* EWGOUT*  FAAISO INITL
o Input/Output INPUTG** LININS NINPUT** NOISO**  NSRIO*
PNDB4 PNLSUB PRINTH PRTSH1* SN
1o S.1. or English SEARCH TBLU1 TBLU2 TERP1 TERP2
unit conversion TONCOR  TONES3 WRPNL WSDSTO*  XPM1DX

o Calls Overlayé
1, 2, ... or 6

FL? = 105137B to 1127568

OVERLAY 1 (Secondary Overlay Program ONE)

Purpose: Routines called:
o Subroutine FLTGEO solves ATMOSP ERROR SORTX TBLUL

flight geometry and determines
atmospheric properties.

0 Subroutine NEXTCR calculates AVGALF ABSORP EGACAL GRDRFX
spherical divergence attenua- ATMOSP CPOLAR DPSD W
tion, atmospheric absorption, TBLU1
extra ground attenuation, and
ground reflection 1nterference
corrections.

FL® = 1051378 to 1410248
OVERLAY 2 (Secondary Overlay Program TWO**) '

Purpose: Routines calledb
0 Subroutine AFT** calcu]atés BUZSAW CFI* CPOLAR EDGEDI*|
: exit fan noise component EEGEOM*  EOGEOM*  ESHLDG FANNOS

: FANPED  REFRACT* RESCAL SDSPLP*

0 Subroutine INLET** calculates{ SHATTN*  SHELL SHELXH SHLDSP*

inlet noise component | UNIFLW*  UNIT VECN* DOTP* *
CROSP*  WSHOUT*  ZERO

o Subroutine JET** calculates ESHLDG JETNOS JETPED JNSA*
Jjet noise component JNSASP*  TBLUZ2 TBLU3 TERP2
. TERP3 UNIT ZERO

a) Field length (FL) noted includes system routines.

b) All nofse source component modules also call the following routines
7n addition to those noted in the blocks: ANGLES, CORSPL, LGMTRY,
LINCOR, LINING, LININS, NOISO, PNLSUB, PWRSUM, SEARCH. SORTX, TBLUl.
and TERPl

* New routine for this contract.

** Exfsting routine (Contract NAS 2-6969) modified for this contract.

Figure A-2.—General Overlay Structure




FL? = 1051378 to 1240748

OVERLAY 3 (Secondary Oveflay Program THREE**)

Purpose: ' Routines called®:

0 Subroutine COREN** calculates CFI* CPOLAR EDGEDI*  EEGEQOM*
core and turbine noise EOGEOM*  ESHLDG REFRACT* SDSPLP*
tomponents. v . SHATTN*  SHELL SHELXH SHLDSP*

UNIFLW*  VECN* DOTP* CROSP*
A WSHOUT*

0 Subroutine EJECT calculates ESHLDG,  MENOZZ TBLUZ TERP2
jet noise component for an ZERO :
ejector/multi-element suppres-
sor,

o Subroutine SPECAN calculates TBLU2 TERP2
. jet noise component for an
augmentor wing/slot nozzle.

FL2 = 1051378 to 1157078

OVERLAY 4 (Secondary Overlay Program FOUR)

Purpose: Routines cal]edb:
o Subroutine COPTR calculates BESJ ERROR JBES

helicopter or tilt rotor
noise component.

|0 Subroutine LIFTFN calculates BUZSAW ESHLDG FANNOS FANPED
1ift fan noise component. RESCAL UNIT ZERO '

o Subroutine PROP calculates ERROR
propeller noise component.

FL® = 1051378 to 1351238

OVERLAY 5 (Secondary Overlay Pfogram FIVE)

Purpose: Routines calledb:

o Subroutine MEASRD interpolates TBLU3 TERP3 TERP2
on tabular input of measured.
noise data.

FL2 = 105137B to 1136438 _

| OVERLAY 6 (Secondary Overlay Program SIX*)

Purpose: Routines calledb:

0- Subroutine BLWFLP calculates ESHLDG TBLU3 TBLU2 TERP3
externally blown flap noise TERP2
component. - -

o Subroutine JEINT* calculates ZERO
jet/edge interaction noise for
engine-over-wing configurations,

Figure A-2.—(Concluded)
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ENTER ROUTINE SHLDSP FOR EACH
OBSERVER POSITION

AT FLIGHT/INDEX CONDITIONS FOR EACH DOPPLER

SHIFTED FREQUENCY AND FLIGHT PATH POSITION
AND A MATRIX OF CURRENT CONFIGURATION

CORRECTIONS AT FLIGHT CONDITIONS

(:j INPUT MATRIX OF UNSHIELDED SPECTRA

CALCULATE BARE ENGINE BASELINE
SPECTRA AT FLIGHT/INDEX CONDITIONS

LJ

DETERMINE DIRECTIVITY CURVE TO USE,
IF PREDICTED VALUES TO BE USED REMOVE
DOPPLER EFFECTS

ENTER WING SHIELDING CALCULATION
MODULE SHATTN AND RETURN WITH
SHIELDING ATTENUATION

ATTENUATION AND ADD TO
CONFIGURATION CORRECTION

N —.

ADD TOTAL SHIELDING EFFECTS TO
BARE ENGINE SPECTRA AT FLIGHT
INDEX CONDITIONS

( DOPPLER SHIFT THE SHIELDING

RETURN

Figure A-3.—Routine SHLDSP to Interface NAS2-6969* With Wing
Shielding Calculation Module (SHATTN)
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CALL ANGLES TO CALCULATE THE 17
DIRECTIVITY AND 17 ELEVATION ANGLES
FOR EACH OBSERVER POSITION

LOOP FOR THE NUMBER OF OBSERVER POSITIONS

CALL LINCOR TO STORE CONFIGURATION CORRECTIONS

CALL JETNOS TO DETERMINE THE

PREDICTED PRIMARY JET NOISE SPECTRUM

THE PREDICTED BULK ‘FLOW JET NOISE SPEC-
RUM THE SUM OF THE PRIMARY AND SECONDARY

CONVERT THE SPECTRA DETERMINED TO
A UNIT OR INDEXED SPECTRA INCLUDING
MULTI-ENGINE EFFECTS

CALL JNSA TO DETERMINE THE JET NOISE
SHIELDING ATTENUATION FOR PRIMARY JET
OR PRIMARY PLUS SECONDARY JET

ADD SHIELDING ATTENUATION TO CONFIGUR-
ATION CORRECTIONS AND DETERMINE
SHIELDED SPECTRA

|

SUM SPECTRA WITH CURRENT TOTALS

CALL NOISO TO WRITE FREE FIELD
NOISE AND PREDICTED CONFIGURATIONS REPORT

CALL PNLSUB TO CALCULATE PNL AND
EPNL VALUES

CALL NOISO TO WRITE EXTRAPOLATED NOISE REPORT

Figure A-4.—Jet Noise Component Logic Flow of Jet
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INPUT

¥
[ EDGE LOOP ]
1 ENGINE/EDGE GEOMETRY

EEGEOM

y

L "X" Loop ] OBSERVER SIDELINE DISTANCE

¥
| FLIGHT PATH LoOP ]
¥ .

EOGEOM EDGE/OBSERVER GEOMETRY
¥
REFRACT JET FLOW REFRACTION EFFECTS

4

UNIFLW ~ UNIFORM FLOW EFFECTS

.L R
[ FREQUEN&Y LOOP ]

EDGEDI EDGE DIFFRACTION
i

SUMMAT 10N SUPERPOSITION OF EDGE SOLUTIONS
JA

LA A A R | END OFlLOOPS 1

SpsPLP COMPUTE SHIELDING ATTENUATION
¥

OuTPUT

RETURN

Figure A-5.—Calculation Sequence in Wing Shielding Module SHATTN*
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CAL: CONSTANT OF REFERENCE CORRELATION TERM FOR PRIMARY
JET CASE

SUBR. JNSASP TO CALCULATE JET NOISE SHIELDING
ATTENUATION (PRIMARY JET)

SHIELDED JET NOISE SPECTRA = UNSHIELDED PRIMARY JET NOISE
- JET NOISE SHIELDING (PRIMARY) ATTENUATION

IF PRIMARY PLUS SECONDARY JET CASE

< RETURN )

CALC: CONSTANT OF REFERENCE CORRELATION TERM FOR
SECONDARY JET CASE

SUBR. JNSASP TO CALCULATE JET NOISE SHIELDING
ATTENUATION (SECONDARY JET)

SHIELDED JET NOISE SPECTRA = UNSHIELDED SECONDARY JET
NOISE - JET NOISE SHIELDING (SECONDARY) ATTENUATION

JET NOISE SHIELDING ATTENUATION = UNSHIELDED SPECTRUM
- SUMMED SHIELDED SPECTRUM

‘ RETURN ’

Figure A-6.—Calculation Sequence Jet Noise Shielding (JNSA) *
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3.2.1 EXIT FAN, CORE, AND TURBINE NOISE COMPONENT

Figure A-7 shows the general logic flow of the calculations for the noise components;
exit fan (AFT), turbine and core (COREN). When the effect of shielding is to be
included, noise components core and turbine must be run separately due to the unique
noise component wing shielding data for each component.

3.2.2 INLET FAN OR COMPRESSOR NOISE COMPONENT

Figure A-7 shows the general logic of the calculations for the noise component inlet fan
or compressor (INLET). The programming steps are similar to the discharge
turbomachinery noise components, except when shielding is included there are no jet
flow refraction effects, thus reducing the lnput requirements for wing shielding data for
the inlet fan noise component.

3.2.3 JET NOISE COMPONENT

The procedure to predict the jet noise shielding attenuations for an EOW configuration
is unique to the noise components primary and primary plus secondary jet, and is
therefore, treated separately from noise components inlet fan, aft fan, core,and turbine.
The attenuations are to be subtracted from the predicted unshielded jet noise spectra
assumed to be at index conditions. Figure A-4, given previously, shows the logic for
subroutine JET with the additional subroutine (JNSA) necessary for jet noise shielding.

3.24 JET/EDGE INTERACTION NOISE COMPONENT*

The jet/edge interaction noise component is a new noise source that must be considered
in evaluating an EOW aircraft configuration. This noise is caused by the interaction of
the jet exhaust with the wing’s trailing edge. A computer module has been added to the
NAS2-6969 contract software for estimation of this type (ITYPE = 13) of noise.
Figure A-8 shows the computation steps for calculations done by this new noise source
estimation module.

The jet/edge interaction noise source module is linked to the main program in a manner
similar to that used for the other noise source estimation modules available from the
NAS2-6969 contract. Therefore, the input scheme for this noise component uses the
same NAMELIST name; i.e., $NOISIN, as used for the data sets of the other noise
components.

FAA WJH Technical Center
15 N S0 A

00093051



CALL ANGLES TO CALCULATE 17
DIRECTIVITY AND 17 ELEVATION
ANGLES FOR EACH OBSERVER POSITION

CALL WSHOUT TO PRINT NOISE
COMPONENT WING SHIELDING DATA
IF SHIELDING SPECIFIED

LOOP FOR THE NUMBER OF OBSERVER
POSITIONS

CALL LINCOR TO CALCULATE LINING
AND CONFIGURATION CORRECTIONS

CALCULATE THE NOISE PREDICTION
FOR THE SOURCE COMPONENT

CALCULATE THE FREE FIELD INDEX
SPECTRA. INCLUDING MULTI-ENGINE
EFFECTS

CALL SHLDSP TO FIND SHIELDING
ATTENUATION AND CALCULATE SHIELDED
SPECTRA

SUM CURRENT CALCULATED SPL WITH TOTALS

[

CALL NOISO TO WRITE FREE FIELD NOISE
AND PREDICTED CONFIGURATIONS REPORT

CALL PNLSUB TO CALCUFfTE PNL AND EPNL VALUES

CALL NOISO TO WRITE EXTRAPOLATED NOISE REPORT

Figure A-7.—General Logic Flow of Noise C‘omponents-—A ft Fan, Core,
and Turbine, and Inlet Fan '
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CALCULATE CHARACTERISTIC FREQUENCY

CALCULATE CHARACTERISTIC REFERENCE SOUND LEVEL

CALL ANGLES TO CALCULATE 17 DIRECTIVITY ANGLES

ITERATE FOR EACH OBSERVER POSITION

DETERMINE DIRECTIVITY CORRECTION

l DETERMINE SPECTRA SHAPE CORRECTION ]

SUM CORRECTIONS WITH CHARACTERISTIC SOUND
REFERENCE LEVEL

CALCULATE TOTAL PREDICTED NOISE

CALL NOISO TO WRITE FREE FIELD NOISE AND
PREDICTED CONFIGURATIONS REPORT

CALL PNLSUB TO CALCULATE PNL AND EPNL VALUES

CALL NOISO TO WRITE EXTRAPOLATED NOISE REPORT

Figure A-8.—Jet Edge Interaction Noise Component Logic Flow™
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4.0 INPUT DATA

In order to facilitate the use of this program, many of the data inputs have prestored
default values in the program and are defined in the appropriate parameter description
~ section. An examination of the following sections will indicate the necessary input data
needed for the various options built into the program; e.g., establishing different
atmospheric conditions; using calculated ground reflection corrections or a 3-dB default
value; using measured data to define a noise configuration instead of that obtained by a
prediction method; specifying whether shielding is to be included for a particular
configuration. The data input procedure is fully described: in the sections following and
includes in addition to data for shielding all the input as documented in NASA
CR-114650. Table A-1 presents a cross reference of the engineering and programming
documents by noise type and section number. -

The program processes one or more cases of data in a single run. A case consists of from
one to three different types of propulsion systems or configurations. The data for each
configuration are described in terms of a subset of noise components. The order of input
for each case is fixed after the first case. Inputs which remain constant throughout the
run, need not be redefined for succeeding cases.

The first input per case consists of an 80 column alphanumeric title record which will
be output as part of the heading describing the case. If the same heading is desired
throughout the run, only blank records need be entered in succeeding cases. The title
record is followed by data cards describing the general conditions which apply
- throughout the case. These cards are coded in a FORTRAN NAMELIST format. The
NAMELIST format requires that the first records start in column 2 with an initiator
name $GDATA on General Data Parameters. The order of the parameters is
independent but must have the variable name, followed by an equals mark, followed by
the assigned value. The parameters must be separated by commas; blanks are ignored.
Any succeeding cards must start in or after column 2 and may go though to column 80.
A terminator $ must follow the last parameter in each data set.

A variable name can be followed by a single value, or a series of values in the case of
variables which require an array of data. The general input format is as follows:

Variables Having Single Values

Example: integer type decimal type
NENG = 3 SLOPE = .25
Variables Which Have Multiple Values
Example: Filling the complete array for a 10 element
array

SLDIST(1) or SLDIST = 100., 200., 150., 175., 500., 750., 1000.,
1200., 1500., 2000.,
Filling part of the array

SLDIST(3) = 300., 400.,

18



61

-

Table A- 7.—Engineering/Progrémming Document Cross Reference

ENGINEERING DOCUMENTATION

PROGRAMING DOCUMENTATION -

. . : NOISE GEN. AND SHIELDING NOISE GEN., |EQUIV. NASA CR
TYPE OF NOISE (COMPONENT) LINING ATTEN. | (MAIN BODY OF JLINING ATTEN.|114650 SECTION
ASA CR]114649 IS DOCUMENT) B& SHIELDING |FOR NOISE GEN.
~ITYPE MODULE ' (THIS APPEN.){& LINING ATTEN.
1 Pr1mary Jet@®) 5.2.2.1 3.0, 4.0 4.3.2 3.2.2
-2 Primary & Sec Jet 5.2.2.2 3.0, 4.0 4.3.2 3.2.2
3 Core & Turbine(® 5.2.3.2 2.0, 4.0 4.3.3 - 3.2.3
4 Compressor & Fan Inlet®D@ 5.2.4.2 2.0, 4.0 4.3.4° 3.2.4
5 Exit Fan 5.2.4.3 2.0, 4.0 4.3.4 3.2.4
6 Augmenter W1ng 5.2.2.4 - 4.3.5 3.2.5
7 Blown Flap 5.2.2.5 - 4.3.6 3.2.6
8 Lift Fan@D 5.2.4.4 - 4.3.7 -~ 3.2.7
9 Ejector-Suppressor®@) 5.2.2.3 - 4.3.8 3.2.8
10 Propeller 5.2.5.2 - 4.3.9 3.2.9
1 Helicopter Prop & Tilt Rotor 5.2.5 - 4.3.10 3.2.10
12 Measured Data 5.2.1 - -4.3.11 3.2.11 .
13 Jet Edge Interaction® - 3.0, 4.0 4.3.12 -
GDATA(General Computer Program Data) 5.1.2 - 4.1 3.1
LINING Options 5.1.4 4.3.1 3.2.1
.CONFIG. CORR. Options 5.1.5 4.3.1 - 3.2.1
EWDATA(Engine/Wing Geometry Data) - - 4.2 -
SHLDAT(Noise Component Shielding Data) - - 4.4 -

- Where

Notes:

= sh1e1d1ng option available
= lining attenuation option available (Sec. 5.1.4 of NASA CR114649)

Not a part of NASA program

1. NTYPE appears in first $NPISIN record and specifies the number of $NPISIN records in the case.

2. Each $NQISIN record specifies an ITYPE module and all arguments in the record are for that
module (1ining and configuration options are included in the record as required).




Example of NAMELIST GDATA: v
$GDATA ALTOG=100., ALTPG=200., SLOPE=.1, AMACH=.15, NOBS=2,
SLDIST(1)=100., 500., ISPTRM=1, NTENG=2, INSEOW(1)=1,1,1 $

Sample cases with input data are presented in this appendix A, sections 5.1 and 5.2.

If shielding is specified in $GDATA, then engine/wing geometry data $EWDATA must
be input as the next data set for the particular configuration. As the geometrical
relationship for the wing and each propulsion system may vary, the $EWDATA data set
is input for each configuration.

Following the $GDATA data set or when shielding is specified the $EWDATA data set
is an 80 column alphanumeric title record describing the first noise source
configuration. Separate data sets using the NAMELIST initiator $NOISIN describe each
noise component in a configuration. If more than one configuration is to be included, the
preceeding type of input is included for each additional configuration starting with the
title record and ending with the $NAMELIST terminator for the last noise component
in the $NOISIN data set. As mentioned previously, there is a maximum of three
different types of powerplants per run; therefore a case may be processed having
different engine configurations using any or all of the 13 different noise modules
depending on the nature of the particular configuration. Reference to the engineering
analysis is itemized in the engineering/programming cross reference shown in table A-1.
Each noise component data set is described in the following sections. A special input
variable terminator is not required to end the run since an end-of-record check is
repeatedly made on the input data file at the end of each case.

If shielding is considered and the noise component is effecteél by shielding, then the
$NOISIN data set is followed by $SHLDAT data set describing the shielding data.

When using the program for multiple noise source configurations, an input value for
NTENG = 2, or 3 is required in the $GDATA set. When more than one type of noise
component is used in a configuration, an input NTYPE = m (where m is the total noise
components for the configuration) is needed in the first $NOISIN data set for that
configuration. The section covering the sample case section should assist in clarifying
the input data.

The program allows the user to specify one of two unit systems for input/output
variables. The unit systems considered are the System International (S.I.) and English
system. The user must be consistent with the choice made for the unit system because
once he has specified his choice, the program considers all inputs to be in that system.
The input variable IUNIT specifies the unit system desired, the default option
corresponds to the S.I. units.

4.1 GENERAL DATA PARAMETERS ($GDATA INPUT DATA SET)
This section describes those inputs which must be defined by the user for the first case

of a computer run. Succeeding cases need only the appropriate values changed reflecting
a change in the prediction conditions. Unless otherwise stated each variable is to be
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defined by input or by the default value(s), In order to facilitate finding the description
of a parameter, the list(s) of inputs within each of the following sections have been
‘alphabetized with respect to the names of the variables.

Variable
Name

AALT
ALTPG

ALTOG
AMACH
BCG

CPRES
CRHUMD
 CTEMP
DHUMID
DPRES
DTEMP

EPP

FLD(1)

FLD(25)

Units

M(ft)
m(ft)

m(ft)

PNdB

Atm(psia)

%RH

K(°R)

%RH

Atm(psia)

K(°R)

- Default

10.

Descriptioh

Airport altitude.

Aircraft height above groundat Y = 0
(fig. 6 of NASA CR-114649).

Observer height above the ground.
Aircraft Mach number..

Number of perceived noise decibels
down from maximum, used to determine
the integration interval for the

EPNL calculations.

Pressure of homogeneous atmosphere
defined by user. (Note: Used only
if IATMOS = 4.)

Relative humidity of homogeneous
atmosphere defined by user. (Note:
Used only if IATMOS = 4.)

Temperature of homogeneous atmosphere
defined by user. (Note: Used only
if IATMOS = 4.)

Constant percent relative humidity delta
that is added to ISA. (Note: Used
only if IATMOS = 1.)

Constant pressure delta that is
added to ISA. (Note: Used only if
IATMOS = 1))

Constant temperature delta that is
added to ISA. (Note: used only
if IATMOS = 1.)

Engine performance parameter used
to correlate data output for the
Noise Contour Program or to specify
operating condition when using the
“measured data” module.

Data frequencies for the ground
impedance data curve used in the
ground reflection calculation. The
number of values to be specified is
ND. (Note: Used only if IGDR = 0.)
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Variable
Name

FLR

IAIR

TATMOS

IDOP

Units

PNdB

Default

90.

Description

Noise floor for EPNL calculations.
Values less than FLR are not included
when computing the duration for EPNL.

Specifies whether the air absorption
coefficients are calculated by the
program or defined by the user. Set
equal to: )

0 if program calculates

1 if user defines (see UAIRAB)
—1 if program retains coefficients

from previous case

Specifies the type of atmospheric
conditions used by program. Set
equal to: :

0 for nonhomogeneous international
standard atmosphere (ISA)

1 for nonhomogeneous ISA plus user
defined constants for relative
humidity, pressure, and
temperature added to ISA. (Note:
See DHUMID, DPRES, DTEMP.)

2 for nonhomogeneous atmospheric
conditions that are defined by
the user. (Note: See NTEMP,
TALT, TEMP, NPRES, PALT, PRES,

* NHUMID, RALT, RHUMID.)

3 homogeneous atmosphere of 1
ATM = 14.696 psia; 288.16 K
(15° C) = 518.688° R (59° F);

70% RH

4 homogeneous atmosphere defined
by user. (Note See CPRES,
CRHUMD, CTEMP.)

Doppler shift switch.

0 for no Doppler shift factor

1 Doppler shift factor included
(Note: For fan noise the
correction is for frequency
only.)

2 Doppler shift factor included
(Note: For fan noise a correction
is made for both the frequency
and the noise levels.)
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Variable Units Default
Name

IEGA 0

IGDR 1
*INSEOW(1) 0
INSEOW(3) 0
IOUT(1) 0
IOUT(7) 0

(Note: App. A, sec. 5.0 output
data illustrates the various output
reports described by this input.)

Description

Specifies whether corrections for
extra ground attenuation are to be
applied while extrapolating the
noise level from the airplane to
the observer. Set equal to:

0 if EGA desired

1 if EGA is not wanted

Specifies whether corrections for
ground reflection based on +3-dB
delta, or calculated corrections
(app. A, NASA CR114649) are to be
applied while extrapolating the noise
level from the airplane to the
observer. Set equal to:

0 if calculated corrections are
made (Note: See XKN, ND, FLD,
ZNR, ZNI)

1 if a delta of +3 dB is to be
used

kS

An array specifying whether shielding
is to be included for a particular
engine configuration in which case
engine wing geometry data (S EWDATA
data set) is to be input for that
configuration.
0 engine wing geometry data are

not to be input (unshielded)
1 engine wing geometry data must

be input (shielded)

An array to indicate the output reports
desired. The selection can include seven
different output reports or a default
report which gives a heading, PNL, TCPNL,
time array, EPNL, and a one page summary of
assumptions under which the run was made.
Order of input is immaterial e.g.,
IOUT(@1) = 5, 4, 3, 2, 1 functions the same as
IOUT() =1,2,3,4,5
= 1 Type 1 report; total SPL at the
observer for each of the 17 angles
(10°, 20°, 300, ... 170°) for each of
the frequency bands and observer positions.
= 2 Type 2 report; summary of options/assump-
tions under which the case was made.
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Variable
Name

*ISFE

ISPTRM

IUNIT

ND

NHUMID

Units

Default

Description

= 3 Type 3 report; SPL, for each component,
at the observer in the same manner as
type 1.

Type 4 report; flightpath/observer geom-
etry and engine/wing geometry if
applicable.

Type 5 report; extrapolation corrections.
Type 6 report; total free-field index
(radius of 1 m) SPL’s for all angles,
frequencies and observer positions.
Type 7 report; free-field index spectra
for each component. If shielding is
specified, the type 7 report selection
produces output of wing shielding com-
ponent data.

1
S

I

I
o

|
-3

Specifies if flight effects per
uniform flow theory are to be included
in wing shielding calculations.
ISFE = 0 for inclusion of flight
effects
ISFE # 0 for prediction based on
static test results

Specifies the type of frequency bands
to be used in the calculations. Set
equal to:

0 for 24 preferred 1/3 octave bands

1 for 8 preferred 1/1 octave bands

Specifies whether input parameters and
output reports are in S.I. or English
units.

0=S.1

1 = English units

Number of data points for the ground
normalized complex impedance curve.
(3 = ND = 25) (Note: Use only if

IGDR = 0, see XKN, FLD, ZNR, ZNI.)

Specifies the number of entries in each

of the percent relative humidity (RHUMID
versus RALT) tables that are defined by
the user for nonhomogeneous atmospheric
conditions. (2 = NHUMID = 50) (Note:
Use only if IATMOS = 2.)
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Variable Units Default Description
Name

NLOPT 0 Specifies table output for noise
contour estimation on file TAPE20.
0 = no output
1 = EPNL versus EPP, elevation

angle, logyg of the range at CPA
2 = same except peak PNL
(Note: Qutput reporting must be set
to TYPE 1 or default-see 10UT. If
NLOPT = 0, each case will have a noise
level, an engine performance
parameter, an elevation angle, and
the logyg of the off-axis range
written to file TAPE20.)

NOBS 1 Number of observers defined in
SLDIST table. (1 = NOBS = 10.)

NPRES Specifies the number of entries in
each of the pressure (PRES) versus
altitude (PALT) tables that the user
defines for nonhomogeneous atmospheric
conditions. (2 = NPRES = 50) (Note:
Used if IATMOS = 2.)

NTENG 1 Specifies the number of distinct
types of engine configurations to
be considered (NTENG = 3). Noise
component parameters must be defined
for each different source.

NTEMP Specifies the number of entries in each
of the temperature (TEMP) versus
altitude (TALT) tables that have been
defined by the user for nonhomogeneous
atmospheric conditions. (2 = NTEMP = 50)
(Note: Used only if IATMOS = 2.)

PALT() m(ft) Each entry in this table defines the
- . altitude for the pressure defined by
PALT(50) m(ft) the corresponding entry in the PRES

table. (Note: Used only if
IATMOS = 2, see NPRES.)

PRES(1) Atm(psia) Each entry in this table defines the
R e pressure for the altitude defined by
PRES(50) Atm(psia) the corresponding entry in the PALT

table. (Note: Used only if
IATMOS = 2, see NPRES))
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Variable
Name

RALT(1)

RALT(50)

RHUMID(1)

RHUMID(50)

SLDIST(1)

SLDIST(N)
SLOPE

TALT(1)

TALT(50)

TEMP(1)

TEMP(50)
TCG

UAIRAB(1)

UAIRAB(N)

XKN

ZNR(1)

ZNR(25)

Units Default

m(ft)
m(ft)
%RH
%RH
m(ft)
m(ft)
m(ft)
m(ft)
K(°R)
K(°R)
sec 10.

dB/km(dB/1000 ft)

dB/km(dB/1000 ft)

(See app. A,
NASA CR114649.)

Description

Each entry in this table defines the
altitude for the relative humidity
defined by the corresponding entry
in the RHUMID table. (Note: Used
only if IATMOS = 2, see NHUMID.)

Each entry in the table defines the percent
relative humidity for the altitude

defined by the corresponding entry in

the RALT table. (Note: Used only if
TATMOS = 2, see NHUMID.)

Sideline position of 1st observer
(see NOBS).

Sideline position of Nth observer.

Aircraft climb gradient. (Tangent of
climb angle.)

Each entry in this table defines the
altitude for the temperature defined
by the corresponding entry in the
TEMP table. (Note: Used only if
IATMOS = 2, see NTEMP.)

Each entry in this table defines the
temperature for the altitude defined
by the corresponding entry in the
TALT table. (Note: Used only if
TATMOS = 2, see NTEMP)

Normalizing time constant in seconds
used in the EPNL calculations (Note:
See BCG, FLR))

User defined air absorption coefficient
for the frequency bands. (Note: Used
only if IAIR = 1), N = 8 for 1/1 0.B,;
N = 24 for 1/3 0.B.

Wave number ratio, XKN = K/K, or C,/C;
where C,= speed of sound in air;

C = speed of sound in ground.

(Note: Used only if IGDR = 0, see FLD,
ND, ZNI, ZRN.) RESTRICTION: XKN > 0.

Real part of (Z1/Z¢) for normalized
ground impedance data curve. (Note:

ZNR > 0, see FLD, ND, XKN, ZNI; used only

if IGDR = 0.)



Variable Units Default
Name

ZNI(1)

ZNI(25)

Description

Imaginary part of —Z,/Z¢ for normalized
ground impedance data curve. (Note:
See FLD, ND, XKN, ZNR; used only if
IGDR = 0.)

(Note: The reactance of the ground is
usually capacitive, hence negative. The
option here permits the user to specify
positive values which are treated as
capacitive reactances.)

4.2 ENGINE/WING GEOMETRY* (S(EWDATA DATA SET)

This section describes the engine wing geometry data to be input for each shielded
distinct type of engine configuration (see NTENG). Successive configurations need only
reflect the change in the data set. See figure A-9 for an illustration of the engine wing

geometry.

Variable Units Default
Name

DDLD
DDSD

DDX0D 0

DDX1D

DDX2D

DDYOD 1

DDY1D

DDY2D

Description

Nondimensional engine length, L/D.

Nondimensional distance between
engine centerline and wingtip, S/D.

Nondimensional distance in axial
direction from nozzle exit plane
to point on top of wing, X,/D.

Nondimensional distance in axial
direction to trailing edge from
point on top of wing, X,/D.

Nondimensional distance in axial
direction to leading edge from
point on top of wing, Xs/D.

Nondimensional distance normal to
engine centerline from top of wing,
Y,/D.

Nondimensional distance normal to
engine centerline from the trailing
edge to top of wing, Y/D.

Nondimensional distance normal to
engine centerline from the leading
edge to top of wing, Ys/D.
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Variable Units Default Description

Name
DIANE m(ft) 0.3048 Nozzle diameter, D.
DIHED deg 0. Wing dihedral, ag.
IES 0 Indicator for number of wings to be
considered in shielding calculations.
IES = 0 for both wings on near and
far side of airplane
IES = 0 for just the wing on the near
side of airplane
SWPLE deg 0. Leading-edge sweep angle, as.
SWPTE deg 0. Trailing-edge sweep angle, «;.

4.3 NOISE COMPONENT PARAMETERS (SNOISIN INPUT DATA SETS)

As mentioned previously the program estimates noise for aircraft equipped with one of
three different types of propulsion systems. Each configuration is treated as a set of
noise components, each of which will have a separate $NOISIN data set. Each
configuration is treated independently and may consider any subset of the following 13
noise component modules:

-

Primary jet

Primary and secondary jet
Core and turbine, #
Compressor and fan inlet, #
Fan exit, #

Augmenter wing, #

Blown flap

Lift fan,

© ® N e o s w o

Ejector suppressor, #

—
e

Propeller

—
—

Helicopter, propeller, and tilt rotor

—
»

Measured data
13. Jet edge interaction*

(Note: denotes lining attenuation option.)
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‘Thic vrver of these components has meaning only in respect to the internal order in the
computer program and a means of identifying the data inputs per noise component (e.g.,
if augmenter wing noise is to be predicted, the input, ITYPE = 6, in the $NOISIN data
set indicates to the program that this data set applies to augmenter-wing noise; also
TT6, GAMA6, DELTS6, etc., are inputs unique to the data set when ITYPE = 6). [For
the component jet edge interaction ITYPE = 13, all data are input through an array
variable name EDGVAR.]* Once the order of calling the noise source estimation
modules is selected for the first case, it must be maintained for all subsequent cases.

The identifying number also allows the lining attenuation and configuration correction
inputs to be described in a separate section which is referred to by the various noise
component sections rather than repeated descriptions in each section. This is done in
the following manner for any noise component. If lining or configuration corrections are
desired, the input data set variable names are appended by an identifying number on
the end of the variable name (e.g., LIN3 = 1 (core and tubine lining attenuation);
LIN6 = 1 (augmenter wing lining attenuation); ICOR1 = 1 (primary jet coniiguration
corrections); ICOR11 = 1 (helicopter configuration corrections) etc.). There is no lining
correction option for component jet edge interaction, but configuration corrections, if
desired, (ICOR13 = 1) may be included.

Three data inputs for each distinct source noise configuration have a special place in
each configuration data set (i.e., they must be defined in the first $NOISIN data set in
each configuration). These inputs are:

NTYPE Specifies the total number of noise components (NOISIN data sets) in a
configuration. It informs the program to accept data for NTYPE noise
components.

NENG Specifies the number of identical powerplants on the aircraft.

INSHLD  Specifies wing shielding for the configuration. The computer program
expects $SHLDAT data sets.

4.3.1 LINING ATTENUATION AND CONFIGURATION CORRECTIONS

This section describes the data inputs for noise components (including the separate
component for measured data) when configuration corrections are desired in the
estimation process for a particular noise component. For lining attenuation corrections
this section applies only to the core and turbine, compressor and inlet fan, exit fan,
augmenter wing, lift fan, and ejector-suppressor noise modules. The input variable
names described below differ between noise components only by the appended number
described in the introduction of the Noise Component Parameters; i.e., ICORm, where
m=1,2,3,4...12,13, for the particular noise component ($NOISIN data set).
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Variable Units Default
Name

ICORmM 0

LINm 0

Lining Attenuation Parameters:

CFm m/s(fps)
EDHm m(ft)

ELOHm

FMm

IDPm 2
ILAYm 1
IMAm 0
LGMm 0

Description

= 0 indicates no configuration
corrections.

= 1 indicates AdB corrections are a function
of directivity angle only.

=2 indicates AdB corrections are a function
of frequency (1/3 or 1/1 octave) and
directivity angle.

(Note: Changing ICORm from 1 to 2 or

vice versa is not permitted for the

same noise component of an engine

configuration. Each engine configur-

ation can be treated independently of

the other by use of NTENG option if

this comparison is desired.)

= ( indicates no lining attenuation
in corrections.

1 indicates lining attenuation corrections
are calculated by program.

LINm # 0

Speed of sound in the flow.’

Effective duct height for lining.
(Note: Used only if LGMm = 0.)

Ratio of effective lining treatment
length to duct height. (Note:
Used only if LGMm = 0.)

Mach number of the flow. (Note:
FMm is negative for inlet lining.)
Lining design point option.

= 1 for single design point

= 2 for multiple design point

= 1 for single layer lining

= 2 for double layer lining

Specifies whether program calculates
or user defines the peak attenuation
for each target frequency.

= 0 program calculates

= 1 user defines PLAm values

Specifies whether program calculates
peak attenuation using lining geometry
or user-defined effective duct height



Variable
Name

NTFm

NWLm
PCTAm(1)
PCTAm(N)
PLAmM(1)
PLAmM(N)
R1Wm(1)
R1Wm(N)
TLm(1)

TLm(N)
TFm(1)

Units

dB

m(ft)
m(ft)
m(ft)

m(ft)

Default

Charac-
teristic
peak noise
frequency

Description

and ratio of treatment length to

effect duct height.

= 0 user inputs EDHm and ELOHm

= 1 user inputs lining geometry
(See: RIWm and TLm.)

(Note: use only if IMAm = 0.)

Number of target frequencies in
lining (maximum is 10). If NTFm
is set equal to zero, the computer
program will set the target frequency,
TFm, to the current calculated
characteristic frequency for a
particular noise component. The
characteristics frequency is that
frequency where the spectrum level
is at a maximum. After the

default target frequency is set,
NTFm is set to 1.

Number of walls in lining.
(Maximum is 10.)

Percent treated for 1st target
frequency.

Percent treaed for Nth target
frequency, N = NTFm.

Peak attenuation for 1st target
frequency.

Peak attenuation for Nth target
frequency, N = NTFm. (Note: Used
only if IMAm = 1.)

Radius of 1st wall of lining.

Radius of Nth wall of lining.
(Note: Used only if LGMm = 1,
N = NWLm.)

Treatment length of 1st wall of
lining, N = NWLm.

Treatment length of Nth wall.

First target frequency. (Note: If
NTFm = 0, TFm(1) will be reset to the
current calculated characteristic
frequency.)
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Variable Units Default Description

Name

TFm(N) Hz 0 Nth target frequency, N = NTFm.
Configuration Corrections: ICORm # 0

DOB(1) dB ' Table of AdB corrections as a function
... . of directivity angles only. (Note:

DOB(N) dB ICORm = 1 and N = NPSCR).

DPB(1) dB Table of AdB corrections as a function
s ce of frequency band number, and the
DPB(M) dB directivity angles. This table is

input as a single array whose indices
correspond to a two-dimensional array:
DPB(M) = X(, j) where M = i+K (j—1), and
(i, j) correspond to the pass band

number and directivity angle index,
respectively. Note that K = 8 for full
octaves or 24 for 1/3 octaves. Applies

only if ICORm = 2.

PSCR(1) deg Table of directivity angles corres-
ponding to either DOB array or DPB
array depending on ICORm setting.

PSCR(N) deg N = NPSCR.

NPSCR Number of directivity angles on which
the configuration correction table is
based, (2 < NPSCR = 17).

4.3.2 PRIMARY JET NOISE AND PRIMARY PLUS SECONDARY JET NOISE

This section describes the subset of the $NOISIN parameters used in estimating either
primary jet noise or combined primary and secondary jet noise. These inputs are needed
in addition to the appropriate $§GDATA parameters described previously. (Note: For
AdB corrections, see sec.4.2.1 on lining attenuation and configuration corrections.)
Applicable shielding data for this subset are described in section 4.4. .
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Variable Units Default Description
Name '

*INSHLD 0 Indicator for denoting wing shielding

calculations are desired and inputs

are required immediately after this

$NOISIN data set.

INSHLD = 0 for no input or shielding
calculation :

INSHLD # 0 for input according to
$SHLDAT data set format
and shielding calculations
are desired

RESTRICTION: If default values are

desired in shielding calcualtions,

INSHLD = 1 must be input on the first

$NOISIN data set in the first case

of a job.

ITYPE Indicator for primary or combined
primary and secondary jet noise.
ITYPE = 1 for primary jet
ITYPE = 2 for primary and secondary jet

This variable must be specified in the
first case for each noise component
for each different noise source
configuration.

NTYPE 1 ' Number of noise components in a
configuration. (Note: NTYPE must
be specified only in the first
$NOISIN data set of each configuration
in the first case of a run if
different than 1.)

Primary Jet Parameters:

AP1 m2(ft?) Cross-sectional area of the nozzle
exit.

ANGJT1 deg 0 Engine inclination angle.

DIAMT1 m(ft) 0 Diameter of nozzle.

If zero or negative, the diameter
will be calculated based on nozzle
area (AP1).

NJET1 Code for type of input data.
NJET1 = 1 user defines AP1, PR1, TT1
NJET1 = 2 user defines WP1, PR1, TT1
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Variable Units Default
Name :

MCODE1 = - 1
PR1

TT1 KCR)

VP1 m/s(fps)

WP1 kg/s(lbm/s)

Secondary Jet Parameters,:

Description

NJET1 = 3 user defines AP1, WP1, VP1
.. plus AS2, VS2, WS2 if
secondary jet noise is
- to be considered.

Code for Strouhal curve. A
-+ MCODE1 = 1 for flight spectrum curve

MCODE1 = 2 for ground spectrum curve.

Nozzle preesure ratio; i.e., total

* pressure divided by freestream
static pressure.

Jet total temperature.

Velocity of jet exhaust relative to
nozzle.

. Primary mass flow.

The followmg three parameters are needed in addltlon to the above combined primary

and secondary jet noise, ITYPE = 2)

Variable  “ Units -  Default
. Name R T

AS2 m2(ft2)

VS2 m/s(fps)

ws2 kg/s(lbm/s)

4.3.3 CORE AND TURBINE NOISE

Description

Secondary jet nozzle area.

Seedndar}; jet velocity relative to
nozzle.

- . - Lt ,"‘..'
ER TR S : Y

Secondary mass flow.

This section describes the subset of the $NOISIN parameters used to estimate core.and
turbine noise. These inputs are specxfied in addltlon to the $GDATA data set described
previously. (Note: For AdB correctlons _see sec. 4.3.1 on lining attenuation and

configuration correctlons )

Variable Units “Default
Name ¢ » =
DELT3 deg 0
INSHLD s 0
ISW3 0

“Description

- Engine attitude angle.
. Wing shielding indicator. Description

same as ITYPE = 1, 2, 3, or 4.

Specifies noise type to be predicted.
ISW3 = 0 for core and turbine noise
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Variable Units
. Name

ITYPE

NENG

NTYPE

Core Noise Parameterg:

(CMF3 ‘ kg/s(lbmJs)
EK3

JB3

PP3

TT3 K(°R)

Default

Description

ISWS = 2 for core noise only

ISW3 = 8 for turbine noise only

RESTRICTION: When wing shielding

is desired (INSHLD # 0), the value of

ISW3 will impact the empirical terms

chosen for shielding calculations.

ISW3 = 2 causes program to use core
noise empericisms

ISW3 # 2 causes program to use turbine
noise empericisms

ITYPE = 3 for core and turbine
noise prediction

This variable must be specified in

the first case for each noise

component for each configuration.

Number of engines, If other than

1, this must be specified for the first
noise component of each type of
propulsion system,

Number of noise types in a configura-
tion. (Note: NTYPE must be speci-
fied only in the first $NOISIN data
set of each configuration for the

first case of a run.)

Combustor corrected mass flow.
Corrected to sea level, static
conditions (1 ATM, 15° C),

Specific engine correction. (See
table 10 in NASA CR114649.)

Indicator for type of burner.
JB3 = 1 for annular type burner
JB3 = 2 for can type burner

Turbine total‘pressure ratio; i.e.,
turbine inlet total pressure divided
by turbine exit total pressure.

Combustor exit total temperature,
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Variable Units Default  Description
~Name ' ‘

Turbine Parameters:

BN3 ' Number of blades for turbine last
' ‘ stage.
CLS3 m/s(fps) . ' Speed of sound at last turbine stage.

If CLS3 is not set it will be
estimated internally by program.

CS3 ' ' Stator/rotor spacing. (See fig.
- 55 in NASA-CR114649.)

DT3 m(ft) : Tip diameter for turbine last stage
rotor. Required only if VTR3 is
unknown.

IC3 Indicator for nozzle configuration
type. :
IC3 = 0 for dual flow nozzles of
turbofans or turbojets
IC3 # 0 for engines with retracted
primary flow nozzle

E _ : (e.g., JT8D)
PMF3 kg/s(lbm(s) Primary mass flow.
SS3 RPM S Shaft speed.
TU3 K(°R) ‘ Turbine outlet total temperature.
v Required only if CLS3 is unknown.
VTR3 m/s(fps) . Relative tip speed of turbine last

stage rotor.

434 COMPRESSOR, FAN INLET, AND FAN EXIT NOISE

This section’ describes the subset of the $NOISIN parameters used to estimate the
compressor, fan inlet, and fan exit noise. These inputs are needed in addition to the
appropriate $GDATA parameters. (Note: For AdB corrections, see sec. 4.3.1 on hmng
attenuation and configuration corrections.)

Variable =~ Units Defatﬂt Description
Name
DELT45 deg - 0 Engine attitude angle.
FPR45(1) ' Fan or compressor pressure ratio,
‘ (1 = I =< NSTG45). B
INSHLD = ' 0 Wing shielding indictator. Descript-

tion is same for ITYPE = 1, 2, 3, or 4.
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Variable Units
Name

ITYPE

" NB45(I)

NENG

NTYPE

NSTG45
RN145 RPM
RSS45(I) %

RTS45

Fan Inlet Parameters:
- CFPR4

DIAM4(D m(ft’)v
Fan Exit Parameters:

AREA5()  m?ft?)
BPR5

Default

Description

ITYPE = 4 for compressor or fan
~inlet noise
ITYPE = 5 for fan exit noise

This variable must be specified in
the first case for each noise -
component for each configuration.

Number of compressor or fan blades
for each stage, (1 < I <= NSTG45).

Number of engines. If other than 1, this
must be specified for the first

noise component of each type of
propulsion system.

Number of noise components in the
configuration. (Note: NTYPE must

be specified only in the first

$NOISIN data set of each configuration
for the first case of a run.)

Number of fan stages, (1 =< NSTG45 =< 3).
Rotor rotational speed.

Minimum rotor/stator spacing,

(1 = I <= NSTG45).

Relative tip Mach number of the
first stage without inlet guide

vanes (IGV). If less than or

equal to 0, IGV’s will be assumed
for the first stage. If RTS45 is

less than one, but greater than

zero, there is no buzzsaw component.

(In addition to the inputs above for
inlet fan noise; i.e., ITYPE = 4.)
Fan pressure ratio when the relative
tip Mach number equals 1.025.
Compressor or-inlet fan diameter,

(1 = I < NSTG45).

(In addition to the first set of
inputs for fan exit noise; i.e.,
ITYPE = 5.)

Fan discharge area, (1 < I < NSTG45).

Engine bypass ratio, mg/m; where
my ... primary mass flow
my . .. secondary mass flow
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Variable Units Default Description
‘Name :

NI5 ' Indicator for duct type
- = 0 for short fan ducts
= 1 for long fan ducts with retracted
primary nozzle; i.e., the JT8D
engine :
= 2 for long fan ducts with approx-
imate coplanar primary/secondary
nozzle exits.
= 3 for approximate 3/4 length fan
ducts

4.3.6 AUGMENTOR WING NOISE

This section describes the subset of the $NOISIN parameters used to estimate the
augmentor wing noise. These inputs are needed in addition to the appropriate $§GDATA
parameters described previously. (Note: For AdB corrections, see sec. 4.3.1 on lining
attenuation and configuration corrections.)

Variable Units Default Description

Name '

AD6 m2(ft?) Nozzle discharge area.

DEs6 m(ft) Effective diameter (hydraulic diameter)

DE6 = 4 * AD6 / perimeter
=2H/1+H/L)
H is slot height; L is slot length.

DELT6 deg 0 Flap angle relative to the horizon.

GAMAG6 1.4 Ratio of specific heats for exhaust
flow.
ITYPE ITYPE = 6 for augmentor wing noise.

This variable must be specified in
the first case for each noise
component for each configuration.

NENG 1 Number of engines. If other than 1, this
must be specified for the first noise
component of each type of propulsion
system.

NTYPE 1 Number of noise components in a

) configuration. (Note: NTYPE must be
specified only in the first $NOISIN
data set of each configuration for
the first case of a run.)
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Variable Units Default Description

‘Name
TT6 K(bR) o Total temperature at the nozzle exit.
XNPR6 - Nozzle pressure ratio-the total

pressure at the nozzle exit divided by
the freestream static pressure.

4.3.6 BLOWN FLAP NOISE
This section describes the subset of the $NOISIN parameters used to estimate the blown

flap noise. These inputs are supplied in addition to the $§GDATA parameters. (Note: For
AdB corrections, see sec. 4.3.1 on lining attenuation and configuration corrections.)

Variable Units Default Description

Name

AN7 m2(ft2) Nozzle discharge area.

DELT7 deg 0 Engine attitude angle.

DL7 Dimensionless distance between

nozzle exit and target point on the
flap(s) when the nominal flap angle
i8 45% i.e., L/D in NASA-CR114649

(sec. 5.2.2.5).

DN7 m(ft) Nozzle exit diameter or hydraulic
diameter.

FANG7 deg 0 Nominal flap angle.

HD7 , Dimensionless distance between nozzle

centerline and mean wing chord; i.e.,
H/D in NASA-CR114649 (sec. 5.2.2.5).

ITYPE ITYPE = 7 for blown flap noise. This
variable must be specified in the first
case for each noise type for each
configuration.

NENG 1 Number of identical noise sources.

If other than 1, this must be specified
for the first case for each
configuration.

NTYPE 1 Number of noise types in a configura-
tion, (Note: NTYPE must be specified
only in the first $NOISIN data set of
each configuration for the first case
of a run.)

40



Variable Units Default Description

Name

PR7 Nozzle pressure ratio; i.e., total
pressure divided by freestream static
pressure.

TT7 K(°R) Total temperature of exhaust at

nozzle exit.

4.3.7 LIFT FAN NOISE

This section describes the subset of the $NOISIN parameters used to estimate lift fan
noise. These inputs are supplied in addition to the appropriate $GDATA parameters
described previously. (Note: For AdB corrections, see sec. 4.3.1 on lining attenuation and
configuration corrections.)

Variable Units Default Description

Name

AREAS8 m2(ft?) Fan discharge area. IF = 0. No aft
fan noise is calculated.

CRFPRS Fan pressure ratio for the relative
tip Mach number of 1.025.

DELTAS deg 0 Engine attitude angle.

DIAMS m(ft) Fan inlet diameter. IF = 0. No inlet

fan noise calculated.

FPRS8 Fan pressure ratio; i.e., total
pressure aft of a fan stage
divided by total pressure just
forward of the fan stage.

ITYPE ITYPE = 8 for lift fan noise. This
variable must be specified in the
first case for each noise type for
each configuration.

NBS§ Number of fan blades.

NENG 1 Number of lift fans being
considered. If other than 1, this must
be specified for the first case for
each configuration.

NTYPE 1 Number of noise types in a configura-
tion. (Note: Must be specified only
in the first $NOISIN data set of each
configuration for the first case of a
run.)

RN18 RPM Rotor rotational speed.
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Variable Units Default Description

Name

RSS8 % Minimum rotor/stator spacing.
RTS8 0 Relative tip Mach number of the fan

without inlet guide vanes. If RTS8

is less than or equal to zero inlet
guide vanes are assumed. If less
than one but greater than zero,

there is no buzzsaw noise component.

4.3.8 EJECTOR-SUPPRESSOR NOISE

This section describes the subset of the $NOISIN data set used to estimate
ejector-suppressor noise. These inputs are supplied in addition to the $GDATA
parameters described previously. (Note: For AdB corrections, see sec. 4.3.1 on lining

attenuation and configuration.)

Variable Units Default Description

Name

AR9 Area ratio of suppressor nozzle; i.e.,
primary plus secondary flow area
divided by primary flow area.

AREA9 m2(ft2) Discharge area of suppressor nozzle.

CV9 Velocity coefficient for nozzle.

DELT9 deg 0 Angle between thrust vector and
horizon.

EMACH9 Exhaust Mach number for ejector
(only needed if IEJ9 # 0).

EXNM9 Exhaust Mach number for nozzle.

ITYPE ITYPE = 9 for ejector-suppressor noise.
This variable must be specified in
the first case for each noise type
for each configuration.

IEJ9 0 Switch for ejector and/or suppressor.
IEJ9 = 0 bare suppressor
IEJ9 # 0 ejector/suppressor

NENG 1 Number of engines. If other than 1, this
must be specified for the first case
for each configuration.

NTYPE 1 Number of noise types in a configura-

tion. (Note: NTYPE must be specified
only in the first $NOISIN data set of
each configuration for the first case
of a run.)
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Variable Units Default Description

Name
NUM9 o Number of discharge elements of
: suppressor nozzle.
- PA9 S m2(ft?) Discharge area of ejector (required
‘ only if IEJ9 # 0).
PCV9 . ‘ ' _ Velocity coefficient for ejector
(required only if IEJ9 # 0).
PS9 ATM(psia) Static pressure in exhaust at
nozzle (required only if IEJ9 # 0).
SMACHS9 Mach number of induced secondary air.

ST9 K(°R) . Static temperature at nozzle exit.
4.3.9 PROPELLER NOISE

This section describes the subset of the $NOISIN parameters used to estimate pro'peller
noise using the emprical procedure defined in NASA-CR114649. The next section
describes inputs for the theoretical rotor procedure which may be used in lieu of this
module. These inputs are needed in addition to the appropriate $GDATA parameters
described previously. (Note: For AdB corrections, see sec. 4.3.1 on lining attenuation and
configuration corrections.)

- Variable Units Default Description
Name '
ASUB10 . m2(ft2) S Total blade area foi‘ one side of
S , : propeller.
B10 : Number of propeller blades.
D10 m(ft) . ~ Propeller diameter.
DELT10 deg 0 - Angle between gross thrust vector
and horizon.
DSUB10 m(ft) " Characteristic dimension for the

~ blade geometry at 0.7 span; i.e.,
the axial projected chord.

ITYPE ITYPE = 10 for propeller noise. This
variable must be specified in the
first case for each noise type for
each configuration.

NENG 1 " Number of engines. If other than one, this

’ must be specified for the first case

for each configuration.

NTYPE 1 Number of noise types in a given
configuration. (Note: NTYPE must
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Variable
‘Name

RPM10
T10
W10

Units Default

RPM

. N(bf)

kW(HP)

Description

be specified only in the first
$NOISIN data set of each configuration
for the first case of a run).

Propeller rotational speed.
Propeller thrust.
Propeller shaft power.

4.3.10 HELICOPTER, PROPELLER, AND TII;T ROTOR NOISE

This section describes the subset of the $NOISIN parameters used to estimate
helicopter, propeller, and tilt rotor noise based on the theoretical procedures defined in
section 5.2.5.2 of NASA CR114649. These inputs are needed in addition to the
appropriate $GDATA parameters described previously. (Note: For AdB corrections, see

sec. 4.3.1 on lining attenuation and configuration corrections.)

Variable
Name

AB11
B11

CEE11

DELT11

‘DE11

DT11
ITYPE

IRR11

Units Default
m2(ft2)

24.4
deg
m(ft)
m(ft)

0

Description

Total blade area of one side of rotor.

Number of blades per rotor,
(2. = Bll < 86.).

Constant (c) in loading law (eq. 51 of
NASA-CR114649). This variable and
variables XMM11 and XLMC11 must
be specified when LLF11 = 6.

Angle between gross thrust vector
and horizon. (Applies only to
the main rotor.)

Characteristic dimension for the blade
geometry at 0.7 span; i.e., the mean
axial projected chord.

Tip diameter.

ITYPE = 11 for helicopter noise. This
variable must be specified in the

first case for each noise type for

each configuration.

Indicator for specifying if the rotor
being considered is the main rotor or
tail rotor.

IRR11 = 0 for main rotor

IRR11 # 0 for tail rotor

(Note: If the tail rotor is being -



Variable Units Default Description
Name :

considered, the thrust axis is assumed
horizontal and perpendicular to the ’
helicopter’s flightpath.)

LLF11 2 Loading law indicator. (See
' NASA CR114649 for equations.)
LF11 = 1 applying to hovering
helicopter (eq. 50A)
LF11 = 2 applying to helicopters
and tilt rotors (eq. 50B)
LF11 = 3 applying to low speed
" propellers (eq. 50C)
LLF11 = 4 applying to low speed
propellers (eq. 50D)
LLF11 = 5 applying to medium speed
propellers (eq. 50E)
LF11 = 6 user inputs loading law
parameters (eq. 51)

NENG 1 Number of engines; i.e., rotors. If
other than 1, this must be specified
for the first noise component of
each type of propulsion system.
NTYPE 1 Number of noise types in the configura-
' tion. (Note: NTYPE must be specified

only in the first $NOISIN data set of
each configuration for the first case

, of a run.)

Q1 N-m(ft-1bf) Shaft torque.

RN11 0.8 Dimensionless centroid for equivalent
point load on a rotor blade.

RPM11 RPM Rotor rotational speed.

SI11 5.0 Lift curve slope for a single blade
(applies if LLF11 = 2).

T11 N(bf) Thrust per rotor.

XMM11 ’ 2, Constants (m & A¢) in loading law
(eq. 51 of NASA CR-114649).

XLMC11 30. Applies when LLF11 = 6.

4.3.11 MEASURED DATA INPUT
This section describes the subset of the $NOISIN parameters required for inclusion of

measured data. The SPL variable described in this section is an array of sound pressure
levels in dB re 20 uN/m?2 as a function of frequency (preferred 1/1 octave bands or 1/3
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octave bands), a prescribed engine performance parameter, directivity angle, and
elevation angle. In order to minimize core size, this SPL array is assigned to local
‘storage in the measured data overlay and the SPL input is read in an eight field, 10
column per field decimal format rather than the NAMELIST $NOISIN format. The
measured data discussed in this section is limited to one powerplant and can be
specified only once during a computer run. The only variables which can change in
succeeding cases are the $GDATA parameters, DELT12, and the configuration
corrections discussed in section 4.3.1.

Refer to section 3.3.2 of NASA-CR114650 for sample input data which includes
measured data. '

Variable Units Default Description

Name : .

BETA12(1) deg Independent variable array of

.. e ‘ elevation angles used to correlate
BETA12(N) deg the measured SPL’s. Axial symmetric

sound sources will have no BETA12
entries indicated by NBTA12 = 0.

N = NBTA12.
DELT12 deg 0 Engine inclination angle.
EP12(1) v _ Independent variable array of engine
.. perforamnce parameters needed to
EP12(N) correlate the measured SPL’s. N = NEP12,
ITYPE ITYPE = 12 for measured data. This

variable must be specified in the
first case for each noise type for
each configuration.

NBTA12 0 Number of enties in the BETA12 data

array, (NBTA12 = 0 or 2 < NBTA12 = 5).
NEP12 Number of entries in the EP12 data
array, (2 < NEP12 < 5).
NPSI12 Number of entries in the PSI12 data
. array, (2 < NPSI12 < 17).
NTYPE 1 Number of noise types in a configura-

tion. (Note: NTYPE must be specified
only in the first $NOISIN data set of
each configuration for the first case.)

PSI12(1) deg Independent variable array of

e . directivity angles used to correlate
PSI12(N) deg the measured SPL’s. N = NPSI12.

(Note: SPL array is input with 8F10.0
format directly following the
$NOISIN data set.)
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Variable Units Default Description

AName

SPL(1) dB : Dependent data array of SPL’s in dB
... . T for noise versus (f, PSI12, EP12,
SPL(N) dB BETA12). Where f is the frequency

(eight preferred 1/1 octave bands or
twenty-four 1/3-octave bands) defined
in table 4 of NASA-CR114649. Inputs
~ are for free-field noise conditions
at R =1m.
Note: SPL(n) = F(I, J, K, L) where
n =1+ k; (J-1+ kg (K-1 + kg) (L-1))
k; = 24 for 1/3-octave band analysis
= 8 for full octave band analysis
k2 = NPSI12
kg =NEP12
{1, J, K, L) are indices corresponding to
(f, PSI12, EP12, BETA12) where frequency
is varied first, then the directivity
angle, then the engine performance para-
meter, and finally the elevation angle.

4.3.12 JET/EDGE INTERACTION NOISE*

- This section describes the subset of the $NOISIN data set used to estimate jet edge
interaction noise. These inputs are needed in addition to the appropriate $GDATA
parameters described previously. (For AdB correction, refer to sec.4.3.1lining
attenuation and configuration corrections.) '

Variable Units " Default Description
Name
ITYPE , ITYPE = 13 for jet edge interaction

noise prediction. This variable
must be specified in the first
case for each noise component for
each configuration.

NENG 1 Number of engines. If other than 1, this
must be specified for the first
noise component of each type of
propulsion system.

NTYPE 1 Number of noise components in the l
configuration. (Note: NTYPE must
be specified only in the first NOISIN
data set of each configuration for
the first case of a run.)
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If noise shielding is specified for the particular engine/wing configuration (INSEOW in
$GDATA) and for the particular noise components (INSHLD = 1 in $NOISIN) then the
data set $SHLDAT must follow the $NOISIN data set. The $SHLDAT data set contains
the shielding inputs for the noise component specified in the $NOISIN data set. The

Variable Units Default
AName '
EDGVARQ) .
EDGVAR(2)

EDGVAR(3) m(ft)

EDGVAR(4)

. EDGVAR(5)

EDGVAR(6) deg 5.7
EDGVAR(T) 0.7854
EDGVAR(8) 0.
EDGVAR(9) 5.
EDGVAR(10) deg 0.

Description

Nondimensional distance between
nozzle exit to the wing/flap systems
trailing edge measured along the
wing/flap surface (L/D).

Jet Mach number.

Hydraulic diameter of jet nozzle (D)
(equals four times discharge area
divided by nozzle perimeter).

Jet static temperature ratio
(Ts/Tso where T, i 288.2 K or
518.7 °R).

Not used.
Jet spreading angle.
Nondimensional discharge area (A/D?).

Nondimensional nozzle lip height
above wing surface (H/D).

Nondimensional jet core length (L./D).
The default is for round nozzle.

Nominal flap angle or angle of
attack when the flaps are retracted.

4.4 NOISE COMPONENT SHIELDING PARAMETERS*

($SHLDAT INPUT DATA SET)

noise components which can include shielding effects are:

Noise Component

Primary jet

Primary and secondary jet
Core and turbine
Inlet fan or compressor

Exit fan

ITYPE

Ot b WO N =
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Variable Units Component  Default Description
Name ITYPE

ASF deg 35 13.  Empirical constant y
in formula for computing
the angular shift of
- the apparent sound
source due to exhaust
flow. (See fig. A-10.)

BETA() -.3,5 - "~ Fig. A-10 One-dimensional array
S used to define the

dependent variable 8
in the emprical curve
B versus cot(ys,) of
figure A-10. Values of
BETA represent the
radial offset of a
hypothetical line
parallel to the wing’s
equivalent half-plane
used to locate the
apparent sound source,
(1 = I < INASRO).

CPSIO) 3,5 Fig. A-10 One-dimensional array
used to define the in-
dependent variable
cot(yy) in the emprical
curves 8 versus cot(yiy) and
a versus cot(yg). Values
of CPSIO represent the
cotangent of the direct-
ivity angle (¢,), rela-
tive to the engine
inlet centerline, graz-
ing the wing edge for the
shortest sound propa-
gation path from the nozzle
exit to the edge to the
observer, (2 < I = INASRO).

DIAMT?2 m(ft) 2 : Diameter of nozzle
' ' (secondary jet).
If noncircular, use
hydraulic diameter.

DSL1 1,2 Nondimensional shield length
measured parallel to the exhaust
axis from the nozzle exit plane.
(Ly/Dy) primary jet.
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Figure A-10.—Empirical Adjustments to Jet Refraction Theory for

FLYOVER ILLUSTRATION

NOTES

1) LINE N-P REPRESENTS DIRECTION FOR SHORTEST PATH FROM

NOZZLE TO EDGE TQ OBSERVER

2) LINE P-P’ REPRESENTS DIRECTION ACOUSTIC WAVES LEAVE THE
XHAUST

JETE

-3) LINE 0-O0’IS THE INTERéECTlON OF TWO PLANES: ONE PLANE IS
PARALLEL TO H.P. AND DISPLACED A DISTANCE S FROM NOZZLE.
THE OTHER PLANE IS NORMAL TO H.P. AND CONTAINS THE

ENGINE CENTERLINE

o AY=a(dy,-Y) & s=BDr

WHERE (@,BY) ARE EMPIRICAL ADJUSTMENTS.
AV, IS DETERMINED BY JET REFRACTION THEORY.
Y = 13°FOR FULL SCALE & “D" NOZZLE DATA

=.16° FOR DUAL FLOW MODEL DATA

Apparent Source Position



Variable
Name

DSL2

EMJ
FASS(D

INASRO

INUSP

Units Component
ITYPE

-2

3,5
3,6 °

35

3,4,5

Default

Fig. A-10
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Description

Nondimensional shield
length measured parallel
to the exhaust axis

from the nozzle exit

plane.

(L2/Dg) secondary jet.

Exhaust flow Mach number.

One-dimensional array
used to define the
dependent variable

in the empirical curve
a versus cot(i,) of
figure A-10. Values of
FASS represent the
correction faetor (a)

in the formula for
computing the angular
shift of the apparent
sound source due to
exhaust flow, (2 < I < INASRO).

Number of entries in

the input arrays BETA,
CPSIO, and FASS used

to define the empirical
curves 3 versus cot(y,)

and a versus cot(y,) similar
to that shown in

figure A-10. If INASRO is
not input, then the

default value 0 signals

the computer to

initialize the values

for BETA, CPSIO, and
FASS to correspond to
figure A-10, (2 < INASRO =< 24).

Indicator to denote
which empirical direct-
ivity curve to be used
for shielding calculations.
= 0 for predicted
USPL versus ¢
= 1 for built-in curves
of figure A-11.
= 2 for user input curves
USPL versus PSI



Variable Units Component - Default Description

Name  ITYPE
IWED(1) _3,4,5 0 _ Array of values equal
: to 0 or 1 where 1
. IWED(2) 0 indicates that the wing edge is
to be considered in
IWED(3) 0 ' shielding calculations.
’ : . : IWED(1) denotes trailing edge
IWED(2) denotes leading edge
. IWED(3) denotes tip edge
NUSPL 34,5 See note = The number of entires in
below the empirical directivity
‘ curve USPL versus PSI.
3 = NUSPL = 19.
PSII) deg 3,4,5 See note  An array of directivity

below angles in the empirical

' directivity curve
USPL versus PSI,
(1 = I = NUSPL).

TSTSO 3,5 1. Exhaust flow static
‘ temperatue ratio

(Tg/Tgo) where Ty is the
ambient static tempera-
ture in absolute units

: (°R or K).
USPL) dB 3.4,5 See note An array of sound
. below pressure levels for the

empirical unshielded
directivity curve
USPL versus PSI,
(1 = I < NUSPL). _
Note: The default values of the curve USPL versus PSI for the various components are
based on static tests. (See fig. A-11.)
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Figure A-11.—Unshielded SPL Directivity Curves for High Bypass Ratio Turbofans
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5.0 OUTPUT DATA

Output data are recorded on the OUTPUT file after the execution of each case, that is,
for each new set of aircraft conditions. The user has the option of requesting up to seven
different reports as described in section 4.1 under General Data Parameters. The
following sequence of output is printed per case when all reports are requested.

1.

2.

Ta.

7b.

Tc.

Total noise spectra (all components) observed at each sideline distance.
Assumptions for noise estimation, a summary of options.

First noise component spectra observed at each sideline distance for the first
engine configuration. Second noise component spectra observed at each sideline

distance for the first configuration.

Nth noise component spectra observed at each sideline distance for the first engine
configuration.

Nth noise component spectra observed at each sideline distance for the next engine
configuration.

Flightpath/observer geometry

engine/wing geometry (first configuration).

engine/wing geometry (next configuration, etc.)

Noise extrapolation corrections.

Total noise spectra at index conditions emitted toward the observer position at
each sideline distance.

First noise component spectra at index conditions emitted toward the observer
positioned at each sideline distance for the first engine configuration.

If applicable, estimated configuration corrections which can include measured
corrections, lining corrections and wing shielding corrections.

Same except for the next noise component of that engine configuration.

Repeat of 7a through 7c except for the next engine configuration.

This output can best be shown by a sample case. Specific engineering aspects of this
sample are given in section 4.4 of the engineering analysis (vol. I).
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5.1 SAMPLE CASE DESCRIPTION

'This sample provides an estimation of community noise for an EOW configured aircraft.

The powerplant considered is a typical high bypass ratio turbofan. This sample
corresponds to the example illustrated in section 4.4 of the engineering analysis (vol. I
of this report). Further detail on the engineering aspects of this sample is reported in
the section noted. The objective here is to illustrate output and some particulars on use
of the computer program.

5.1.1 INPUT
This sample is composed of three cases:

0 Community noise estimation for an EOW aircraft configuration using the English
unit input data option

0 Same as above, except using the S.I. unit input data option

0 Same as above, except for an unsuppressed engine-under-wing (EUW) aircraft
configuration

‘The first two cases use new prediction capability, whereas the last case uses the
capability originally available in the software of contract NAS2-6969. The input data
cards for this sample are listed in section 5.2.

A few subtleties need to be brought out about the data input shown. The noise
components considered in the sample are primary and secondary jet, turbine, exit fan,
jet/edge interaction, inlet fan and core noise. The data for these noise components are
input as though the noise is produced by two different engine/wing configurations:

o Engine/wing configuration 1 considers primary and secondary jet, turbine, exit fan,
and jet/edge interaction noise components

o Engine/wing configuration 2 considers inlet fan and core noise components

Actually, only one engine configuration is being considered although the data
corresponds in format as though there are two. This manner of input is necessary to
overcome some limitations noted previously:

o  Section 4.3.3 for variable ISW3. Only one set of empiricisms can be used in the
wing shielding calculations each time the core and turbine noise estimation module
is called. N

o Section 2.4.1.2 of the engineering analysis (vol.I of this report). An error will
result if an attempt is made to estimate the inlet fan noise diffracting about the
wing’s trailing edge. The error is corrected by setting the variable IWED(1) of
section 4.4 equal to zero. This error arises because of the engine/wing geometry
specified indicates a reflection situation concerning the inlet position relative to
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the half-plane approximating the trailing edge. No reflection situation actually
exists. The signal diffracting about the trailing edge is in fact negligible compared
to the total radiated inlet noise.

After the input format for the data was selected to overcome the noted limitations, the
order of input for each noise component ($NOISIN cards) of each engine/wing
configuration is maintained for all three cases according to the instructions given in
section 4.3.

5.1.2 OUTPUT

This sample produced a large volume of printed output because all output reports were
selected (see variable IOUT of sec. 4.1). The. objective here is to show the pertinent
format for each type of output report one can obtain, as outlined in section 5.0. An
example of the printed output is given in section 5.3. In this example, only the second
case in S.I. units is illustrated. To reduce this volume of printed material further,
predictions for only one noise component and one observer position for the case are
shown. A complete printout for the sample can be obtained by simply executing the
computer program using the sample input data shown.
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5.2 SAMPLE INPUT

SHIELCING CHECKCUT TEST BPR=5, T.0. POWRER{(ENGLISH UNITS) .
$GDATA AMACH-.ZG.IATMOS 4CPFES=14.7yCRHUMD=T0.0,CTENP=536,T,EPP=04,
IDCP=2, ICUTT L) =142 4394454647 +FLR=04, ISPTRM=0,IUNIT=1,

NOBS=2 yNTENG=2,SLDISY(1)=0.,2128.,ALTPG=1000., INSEOW(1)}=1,1,0%
$EWDATA SWPTE=10.,SWPLE=28.,DIHEC=3,,00SD0=8.1,00Xx1D0=3.1 ,C0OX2D=1.5 »
DDX00=0.+COY1ID=0.84,0D0Y20=0.28,00YC0=475,DOLD=4.0,CIANE=6.428%
JET(P + S),TURBINELAFT FAN,JET EDGE INTERACTION CCMPONENTS
SNOISIN MTYPE=4,NENG=2,ITYPE=2,NJET1=3,MCODEL1=2,
APL1=6465VPL=1370. ytiP1l=263.sA52%20404,V52=919.9,WS2=1312.,
INSHLD=1,CIAMTI=3.96%
$SHLCAT DSL1=5.38,D512=3.32,D1AMT2=6,.42%
$NOISIN ITYPE=3,1SW3=3,1C3=0,8N3=110,+053=466,PMF3=263.,
$$3=3404.,TU2=1478.,VTR3=726.9% .
$SHLDAT EMU=0.46,TSTSR=2.55,IWED(L1)=1,1,1%
SNOISIN ITYPE=5,NSTG45=1+FPR4S({1)=1.55,NB45(1)=46,RN145=3404.,
RSS4501)=300.,RTS45=1.34,AEA5(1)=20.04,BPR5=5.,NI5=2%
$SHLDAT EMJI=CoeB2,TSTSC=1.05,1WED(L)=1,1,1%
SNOISIN ITYPE=L3,ECCVARIL)I=30]l, 94827€4420¢1405+Ca15.79478541e25154905%
$EWDATA SWPTE=10.,SWPLF=28.,DIHED=3.,D0SD0=8.1,0DX10=2.1 ,DDX2D0=1.5 »
CDX0D=0« oLLYLD=0.84,00Y20=0.28,00Y0D0=.75, DDLD 4.0,CIANE=6.42%
INLET FAN ANC CCRE NCISE COMPUNENTS
SNOISIN NTYPE=2,NENG=2, ITYPE=4,NSTG45=1, FPF45(1)—1 55 NB4S(1)=46,
RN145=34C4,,RSS45(1)=3004,FTS45=1.34,CFPR4=1.29,
LING=1,3CF4=1116e1EDHG=3.8ELOHA=1.5,FM4=~044,10P4=2,
TLAY4=2 4 AwLla=1DIAMG(1)=T7.69, INSHLD=1$
$SHLCAT IWEC(L}=Cys1,s1,INUSP=0% '
SNOISIN ITYPE=3, [SW3=2CMF3=29,2,EK3=2,,JB3=1,PP3=13.94,TT3=2795.%
$SHLCAT EMJ=0.46,TSTSU=2.55,IWED(1)=141,1%§
SHIELDIMNG CHECKQOUT TEST RPR=5, T.0. PCWER(MKS UNITS)
$GDATA CPRES=1.C,CRHUMD=70.,CTENMP=298.2,IUNIT=0,
SLOIST(1)=0a4y648469ALTPG=304.8%
SEWDATA CIANE=1.957$%
JET(P + S),TURBINFE,AFT FAN,JET EDGE INTERACTION COMPONENTS
SNOISIN APLl=,618,VPLl=417.69WP1=119.3,252=1.862,V52=28B0.4,W52=595.1,
. DIAMTL1=1.2CT$
$SHLCAT DIANMT2=1.65T7$
$NOISIN PMF3=119.3,TU3=821.14VTR3=221.6%
$SHLCAT §
SNOISIN AREAS(1)=1.862%
$SHLCAT § .
$NOISIN EDGVAR(3)=1.957$%
$SWOATA CIANE=1.957%
INLET FAN ANC CCRE NGISE COMPONENTS
SNOISIN DIAMG(1)=2.344,CF4=340.2,E6DH4=1.158%
$SHLDAT §
$NOISIN TT3=1552.8,CMF3=13,24%
$SHLDAT
SAME AS TEST CHECKUUT WITHOUT SHIELDING AND NO L INING
$GDATA INSEOW(1)=C,0,0%
JET(PRIMARY AND SECCNDARY),TURBINE,AFT FAN COMPONENTS
$NCISIN NTYPE=4, INSHLD=0$
$NOISIN $
LNOISIN $
$NOISIN EDGVAR(2)=.3%
INLET FAN ANC CCRE COMPONENTS
SNOISIN LIN&4=0, INSHLD=0$
SNOISIN $
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PROGRAM TEE330A DATE
AIRCRAFT NOISE PRECICTION
T6/04/22.
CASE NO. 2 SHIELDING CHECKOUT TEST BPR=5, T.0. POWER{MKS UNITS) : ’ " YR/MO/DA

TOTAL NCISE (ALL CCMPCNENTS)
OBSERVED SPECTRA AT SIDELINE DISTANCE= 6.486E+402 M.

FREQUENCY SCUND PRESSURE LEVELS
(KHZ) : (CB RE. 20 MICRC-N/SQ.M.)

$.0126~02 57.8 663 70.2 12.3 73.5 T4l T4a2 73.6 T4.5 T4.7 T4.8 T4.9 T5.4 T6.5 T6.3 T3.4 65.0
6.3105-02 57.8 66.6 T0.4 12.5 73.7 T4.3 T4.3 T3.7 7441 T4.9 T4.9 T4.9 75.3 Téal 75.7 T1.6 £4.2
T.943E~02 56.2 €5.5 69.3 .7 73.3 T4.1 T4a2 73.6 T4.7 T4.8 T4.7 Tael 1449 75.2 T4.2 69.9  62.9

3.162E+00 -35.1 13.5 34.4 44,0 51.7 58.8 62.8 59.4 5645 484 43.4 4l.7 4l.3 . 43.6 36.5 15.4 =34.7

1.0CCE-D1 54.2 6442 68.1 70.9 72.8 13.7 T4.0 73.4 T4 .4 Téa4 T4.3 T4.2 T4.2 T4.0 72.6 68.3 6la4 gg

1.25%9E-01 52.2 63.0 67.1 T0.3 72.5 73.5 73.7 73.0 73.8 73.6 73.4 73.3 73.2 12.6 71.0 &€6.5 59.7 w0

1.585E8-01 50.2 £l.8 66.1 £9.6 72.0 73.1 73.2 12.4 72.8 T2.4 72.0 72.0 71.8 Tl.1 69.5 64.8 57.8 b S

1.995E~01 48.1 60.4 64.9 68.8 Tl.4 72.6 73.0 72.2 T1l.8 T1l.1 70.5 10.4 70.1 69.5 67.9 62.7 55.3

2.512€E-01 45.6 58.9 63.8 £8.0 71.5 72.9 73.8 73.0 71.1 £5.8 68.8 68.5 68.2 €7.8 €6.1 €C.3 52.5 E:

3.1¢62E~C1 42.8 57.1 62.7 £7.8 12.6 T4.7 T6.1 15.7 71.3 68.8 67.1 666 66.1 66 .0 64.0 57.5 48.9

3.$81E-01 39.¢ 55.5 62.5 69.1 T5.4 T6.6 T7.4 15.6 69.9 66.8 65.0 64.5 64.0 64.0 61.7 54.6 44.7

5.012E-01 36.C 53.3 61.0 67.4 73.1 T4.6 75.6 T4.2 69.1 65.3  62.5 62.3 6l1.8 €2.0 58.9 51.9 39.9 @

6.310E-01 3l.1 50.1 58.8 66.0 T2.4 T4.9 76.2 75.9 7C.0 64.5 60,7 60.1- 59.6 59.¢ 55.9 49.3 4.9 o

T.%43E-01 26.2 47.5 58.1 66.6 Taa b 75.7 75.7 73.5 6646 61.9 58.6 57.9 57.4 57.9 53.8 45,7 25.0 c

1.0CCE+0DO 20.7 44.1 55.2 62.8 69.1 70.4 71.1 €9.2 64.4 56.8 56 .4 55.7 55.2 - 55.9 53.1 41.9 21.4 v

1.25SE+00 13.1 36.1 50.4 58.3 &4.7 67.1 68.5 T67.3 62.9 58.0 4.1 53.4 52.9 53.9 51.7 38.2 13.1 e

1.585€+00 4.7 34.2 46.9 55.5 62.6 65.2 66.1 65.0 61.0 55.8 51.7 51.1 50.5 51.8 46.2 32.5 4.0 c

1.995€+00 ~5.4 28.8 42.7 51.3 5T.7 60.8 62.7 €2.4 €0.0 53.8 49.5 49.1 5444 56.1 50.2 35.0 -al v ‘

2.512E+00 -18.4 21.9 37.5 4604 53.0 57.2 60.4 66.1 63.4 5T.7 52.6 50.9 45.1° 47.1 42.1 22.1 -19.1 !
|

3.981E£+00 =54.4 Sa4 24.9 36.6 44 4 50.3 S4.7 56.7 54.4 46.0 39.8 37.7 39.0 41.8 32.1 T.4 =52.1 !

5.012E+00 -6G.4 =2.6 21.5 34.3 42.8 49,2 53.2 57.7 55.4 4645 39.5 36.2 33.6 34,7 2444 ~3.5 -Tl.2

6.31CE+0C =-101.8 ~-18.1 12.6 28.0 38.2 46,1 49.5 49.4 47.3 36.3 29.3 27.0 25.4 27.1 14.6 =18.6 —-103.8

1.9435400 =149.& =-41.5 -4.9 14.0 25.6 33.4 39.3 40.9 40.2 28.6 20.4 13.8 12.7 12.3 ~5.1 =~45.2 —-153.7

1.0C0E+01 =-225.6 =-80.3 =30.5 ~5.7 .5 19.9 23.6 2642 2645 13.3 4.2 ~«3 ~4.9 -8.9 =~33.2 -—84.3 -228.7

X1 {CEG) 10.C 20.0 30.0 40.0 50.0 60.0 70.0 80.0 0.0 1C0.0 110.0 120.0 130.0 140.0 150.0 160.0 170.0
PNL (PNDB8) 54.7 T0.1 T7.4 83.7 89.3 91.2 92.4 91.7 88.9 84.7 82.8 82.4 82.2 82.3 79.7 72.5 6245
TCPNL(PNCB) 56.6 T1.0 T7.4 83.7 90.5 92.9 94.1 93.4 S0.6 8L.9 84 .9 84.3 84.4 84.5 8l.7 75.1 €442
T (SEC) =-28.6 ~-13.6 ~-8.2 =53 -3.3 -1.7 ~e4 .8 2.1 3.4 4.8 6.5 ‘8.7 11.7 16-5 25.7 52.4

EPNLE*(EPNCB) = 89.7 BASED ON MIN/MAX PNL
EPNL (EPNDB) = 91.8 BASED ON MIN/MAX TCPNL

L]

82.4, 92.4 FNCR ANC TIME LIMITS =5.9 6.8 SEC
84.1, 94.1 PNDB AND TIME LIMITS = ~5.2y 12.3 SEC

ENGLPERF.PARM, = 0. + PANGE AT CPA = T.166E+02 M.y ELEVLANGLE = 2.517E+01 CEGe



PRCGRAM TEE230A DATE
AIRCRAFT NOISE PRECICTION :

A 76704/22.
CASE ND. 2 SHIELDING CHECKCUT TEST  BPR=5, T.O0. PONER(MKS UNITS) YF /HO/DA

ASSUMPTICNS FOR NOISE PREDICYICN

1) GECMETRIC-MEAN PASSBAND FREQUENCIES (KHZ}
5.,012E~02 6.3108~02 7.943E~02 1.000E-01 1.259E~01 1.585E-01 1.995E-01 2.512€-01 3.162E~01 3.981E-~01 5.012F-01 &.310E-01
7.943E-01 1.000E+00 1.259E+00 1.5B5E+400 1.995E+00 2.512L+00 3.162E+00 3.981E+00 5.012E+00 6.310E+00 7.943€+00 1,000£+01

2) ATMOSPHERIC AESCRPTION CCEFFICIENTS (DB /KM) . ’
«29 37 .46 .58 .73 «92 1.16 l.46 1.84 2.32 2.93 3%.69
L3Y-1.} 5.90 T.46 9.46 12.02 15.30 19.54 25.06 28.42 36.71 48.73 66.95

3) ATMOSPHERIC CCNCITIONS
HOMOCENEQUS ATMOSPHERE OF (2%8.20 DEG K. 1.00 ATM., 70.00 PCT RH)

4) ITEMS CCNSIGEREC IN NCISE EXTRAPGLATICN
A) SPHERICAL CIVERGENCE esecccccnassnscss YES
B) ATMCSPHERIC ASSORPTICN ceceeeaccsscsaces YES °
C) EXTRA-GROUNC ATTENUATION ceccewcsceevees YES
SOUND PROPELGATICN IS DGWNWIND (16 KMPH).
0) GROULND REFLECTION eeecccaccccscsscccecs NO
3 CB8 ACDED TC FREE FIELD SPECTRA INSTEAD.

5) NCISE COMPONENTS CONSICERED NCe OF TIMES

A} PRIMARY ANC SECUNDARY JET MODULE 1
B8} CORE/TURBINANE MGOULE 2
C) COMPRESSGR ANC IMLET FAN MOQCULE -1
D} EXIT FAN : MCOULE 1
E)} JET ECGE INTERACTICN MGDULE 1
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CASE NO. 2

FREQUENCY
(KHZ}

5«012€E-02 21.6 31.0
6.31CE-02 21.1 30.9
T«943E-02 20.3 30.5
1.000E-01 19.5 30.2
1.259E-01 18.4 29.7
1.585E-C1 17.1 29.1
1.995E~01 15.¢ 28.5
2.512€E-01 14.C 27.8
3.162E-01 12.1 26.9
3.681E-01 9.5 25.9
5.012F-01 6.5 24.5
6.310E-C1 3.0 22.6
T.943E-01 -1.8 20.4
1.0C0E+0C “Tat 17.7
1.25SE+CO =14.2 14.5
1.585€+00 ~22.¢ 10.3
1.955E400 -32.6 5.4
2.512E+00C ~b4,¢€ -8
3.1€2E+00 -60.3 -8.8
3.981£+0C -8l.6 =19.0
5.0125+00 =95.2 =24.6
6.31CE+00 =128B.4 =-40.2
T.943E+400 -~175.9 -63.4
1.0CCE+C1l -250.7 -1Cl.4
X1 (DEG) 10.0 20.0
PNL (PNDB) 0.0 31.8
TCPNLIPNDB) 0.C 32.9
T (SECI -28.6 =-13.6
EPNL*(EPNCB) = 67.6

EPNL (EPNCEB) = 6T.06

ENG.PERF.PARMea 0.

SHIELDING CHECKQUT TEST

OBSERVED SPECT

36.1 39.9 42.9 44
36.1 40.0 43.0 45
35.9 40.0 43.2 45
35.7 39.9 43.3 45
35.5 39.9 43.4 46
35.2 39.8 43.5 46
34.8 39.7 43.6 46
34.4 39.6 43.7 46
33.9 39.4 43.7 46
33.3 39.2 43.6 46
1 32.5 38.7 43.4 46
31.4 38.1 43.0 46
30.0 37.3 42.5 46
28.3 36.2 4l.7 45
26.2 34.8 40.7 45
23.5 33.0 39.3 43
2C.4 30.8 37.6 42
16.5 28.0 35.4 40
11.2 24.2 32.4 38
4oty 19.4 28.6 35
5 16.7 26.5 33
~9.9 9.1 20.4 28
~25.1 -2.1 11.2 19
-51.3 =23.2 -6.9 3
30.0 40.0 50.0 60
45.0 54.0 60.7 65
45.6 54.6 60.7 65
~8.2 ~5.3 -3.3 =1

BASED ON MIN/MAX PNL =
BASED ON MIN/MAX TCPNL =

« RANGE AT CPA = 7.l

PRCGRAM TEE330A
ATRCRAFT NOISE 'PRECICTION

BPR=5,
TURBINE NDISE
RA AT SIDELINE DISTANCE=

SCUND PRESSURE LEVELS

(CB FE. 20 MICRC-MN/5Q.M
-9 46.1 46eB - 48.3
2 46.5 47.2 48.7
-5 46.8 47.5 49.1
-8 47.2 47.8 45.4
-0 47.5 48.1 49.7
3 47.8 48.4 49.9
-5 48.0 48.6 50.0
-7 48.3 48.7 50.0
-9 48.4 48.7 50.0
-9 48.4 48.7 50.1
-9 48.3 48.8 - 50.0
.7 48.1 48.7 45.6
3 48.0 48.5 45.4
.7 47.7 48,2 48.8
.0 47.1 47.7 48.1
.9 4642 47.0 47.1
b 45.2 46.1 45.7
-7 43.7 44.7 43.9
.2 4l.7 42.8 41.5
.0 - 39.0 40,2 38.4
-4 37.8 39.2 36.9
.3 34.1 35.5 32.7
-9 24.8 25.9 22.4
-8 10.6 12.4 8.5
-0 70.0 80.0 $C.0 1
-5 68.2 69.1 68.5
5 68.2 69.1 68.9
.7 ~eb .8 2.1
59.1y 69.1 PNDB ANMD
59.1sy 69.1 PNDB AND

66E+02 M.y ELEV.ANGLE =

T.0. POWER(MKS UNITS)
JET(P + S) TURBINE,AFT FAN,JET EDGE INTERACTICON COMPONENTS

6.486E402 M.

.)
491 48.7
49.5 49.1
45.8 49.4
50.1 49.7
50.3 49.9
50.4 50.0
50.4 49.9
50.4 49.9
50.4 49.9
50.3 49.7
49.9 4942
4S5.4 48.6
48.9 47.9
48.0 46.8
46,8 45.4
45.2 43.5
43.3 4l.3
4C.8 38.5
37.7 35.2
34.1 31.3
32.1 28.8
276 23.1
15.4 10.4
.7 4.4
00.0 110.0
6742 65.7
67.2 . 65.7
3.4 4.5

TIME LIMITS
TIME LIMITS

2.517E+01 DEG.

1

[]

46.4
46.9

47.3

47.6
47.9
48.1
48.1
48.1
48.0
47.9
47.6
47.1
46.6
45.6

44,4

42.8
40.9
38.3
35.0
30.8
25.2
19.9

Bel
-7.9

20.0
64.5
6445

6.5

42.7
43,2
43.6
44.0
4444
44.7
44.9°
45.1
45.1
44 .9
447
44,5
4442
43.5

42.7 -

4l.6

40.2 .

38.3

35.8 -

32.3
31.4
22.6
10.7
=63

130.0
63.0
63.0

8.7

-3.8,
-3.8,

16/
YR/
38.9  34.1  27.9
39.3  34.6  28.2
39.7. 35.0 28.5
40.1  35.3 28.7
40.4  35.5  28.7
40.7  35.7  28.6
41.0 25.7  28.3
41.2  35.1  27.9
41.2  35.4  27.1
41.2  34.8  25.7
40.9  33.8  23.4
40.64  32.3  20.0
39.8  30.7  1&.5
38.8 29.3 15.2
37.5  28.5  15.1
35.9 27.3 12.7
34.0 24.4 7.4
31.5 16.0 1.5
28.0  14.8  =5.%
23.3 9.0 -19.0
20.5 5.2 =217
_ 9.9  -8.5 -42.3
4.5 =26.9 -67.8
-25.0  =53.7 ~105.8
140.0 150.0 160.0
56.9  4T7.1  3l.4
56.9  48.2  33.3
11.7  16.5 25.7
10.6 SEC
10.6 SEC

DATE

04722,
10/DA

18.7
18.9
16.9
18.8
18.4
17.8
17.0
5.9
14.3
11.9
.4
3.9
-8
-5.1
-9.4
-15.9
-26.9
-4l.1
~54.9

-76.3

-90.4
~-126.9
-176.3
-250.7

17C.0
0.0
0.0
52.4



DATE

PRCGFAM TEE330A
AIRCRAFT NQISE PRECICTION
76/04/22.
CASE NO. 2 SHIELOING CHECKOUT TEST BPR=5, T.D. POWER(MKS UNITS) YR/MO/DA

FLIGHT .P AT+ / CTBSERVER GEOMETRY

I¢

AIRPCRYT ALTITUDE = 0. M.
AIRCRAFT MACH NUMBER =  2.900E-01 + CLIMB GRADIENT = Qe FOR (2 .GT. ZR)
AIRCRAFY FEIGHT (20) = 3.048E+02 M. AT T = 0, OBSERVER HEIGHT (2R) = 0. M. .
SPEEC CF SCUND = 3.462E+02 MPS AT (20) 4 SPEED CF SOUND = 3.462F+02 MPS AT (ZR)
AVERAGE SPEEOD COF SOUND = 3.462E+02 MPS FOR SCUNC PFCPAGATICN OVER RANGE (P)
SIDELINE DISTANCE (Xx) = 9. Mo .
TIME (SEC) ANGLE A/C COORDINATES PROPAGATION DP/P FOR ANGLES FOR NOISE EXTRAPOLATICN
SOUND SCUND X1 Y z DISTANCE P GRD.REFLX. BETA 1 BETA 2
REC. XMIT. {DEG.) (M.) (M. (M.) (DEG.) (CEG.)
~-12.1 -17.2 10. =1.729E+03 3.048F+02 1.TS55E+03 0. 1.000E+01 1.CO0E+0O1
-5.8 ~8.3 2C. ~8.374E+02 3.048E+02 8.G12E+402 O. 2.000E+01 2.000€+01
~3.5 ~5.3 3C. ~5.2T9E+02 3.048E+02 6.C96E+02 0. 3.000E+01 3.C00€+01
~2.2 ~3.6 4C. ~3.632E+402 3.04RE+02 44T42E+02 0. 4.C00E+01 4.,000E+01
~l.4 -2.5 5C. =2.558£+02 3.048E+02 3.979F4+402 0. 5.000E+01 5.00CE+01
~eT ~1.8 60. -1.760E+02 3.0485+402 3.52CE+02 C. 6.CO0E+0O1 6.000E+01
~a2 ~lel 70. ~1.10GE+02 3.048E+02 3.244E402 0. 7.000E+01 T.C00E+C1
b ~5 8C. ~5.374E+01 3.048E+402 3.065F+02 O. 8.CO0E+01 8.00CE+01
-9 0.0 50. 0. 3.048E4+C2 3.048t+02 0. 9.000E+01 G. 00CE+01
1.4 5 10C. 5.374E+Cl 3.048E+02 3.05%€E+02 0. 8.000E+01 " 8, 000£+01
2.0 l.1 11C. 1.109F+02 3.048E+02 3.244E402 0. T.00CE+01 T.00CE+01
2.8 1.8 12C. 1.T60E+02 3.0485402 3.52CE+02 Ce 6.000E+01 6.C00E+01
3.7 2.5 13cC. 2.558E+02 3.048€¢02 3.975E+C2 Ce. 5.0C0E+01 5.00CE+C1
5.0 3.6 14C. 3.632F+02 3.0485402 4.T42E402 [« 4.000E+01 4.000E+C]
T.0 53 150. 5.279E+02 3.048E5+02 6.0G6E+02 0. 3.000E+01 3.000E+01
1C.9 8.3 1é6C. 8.374E+02 3.048E+02 8.912E+02. C. 2.000E+01 2.C000€E+01
22.3 17.2 17C. 1.729E+03 3.048E402 1.755E+C3 Oe 1.000E+01 1.000E+01
SIDELINE CISTANCE (X) = 6.486E+02 M.
TIME (SEC) ANGLE A/C COORDINATES PROPAGATION CP/P °FOK ANGLES FOP NCISE EXTPAPCLATION
SOUND SOUND X1 Y z DISTANCE P GFD.REFLX. BETA 1 BETA 2
REC. XMIT. (DEG.) (M)} (Mo} (M.) (DEG.) (OEG.)
~-28.6 ~40.5 10 =4.064F+03 3.048E+02 4.127E+03 0. 4.235E+00 4.235€+00
-13.¢6 -19.6 20. =1.969E+03 3.048%+402 2.0G5E+03 C. 8.3¢4E+00 8.3264E+00
-8.2 -12.4 3cC. -1.241E+03 3.048E+02 1.432E+03 O. 1.228E+01 1.228E+01
-5.3 -8.5 4C. =8.541E+02 3.048E+02 1.115E+03 0. 1.587E+01 1.58TE+C1
-3.3 -6.0 5C. =6.013E+C2 3.0485+402 9.355F4C2 0. 1.901E+01 1.901€E+01
~1.7 ~4.1 6Ca -4.,138€+402 3.048E4C2 8.275E+02 Oa 2.161E+01 2.161E+01
=<4 =246 7C. -2.608E+02 3.048F+02 T«626E402 Ce 2.350C+01 2.356%401
-8 =-1.3 8C. ~l.264E+02 3.048E+C2 7427754062 0. 2.476E+01 2.4T6E+01
2.1 0.0 9C. 0. 3.048E+02 T.166E+02 G 2.517€+01 2.517E+C1



~

CASE NOe. 2

TIME (SEC)
SOUND SOUND
REC. XMIT.
3.4 1.3
4.8 2.6
6.5 4ol
8.7 6.0
11.7 8.5
16.5 12.4
25.7 19.6
52.4 40.5

29

PROGRAM TEE330CA DATE
ATRCRAFT MQOISE PRECICTION

T6/C4/22.

SHIELDING CHECKCUT TEST BPR=5, T.C. POWER{MKS UNITS) YR/MO/DA

FLIGHT PATH / OBSERVER GEOMETRY

ANGLE

X1
(DEG.)

1CC.
110.
12C.
130.
14C.
15C.
16C.
170.

SIDELINE CISTANCE (X) = 6.486E+02 M.

A/C COOROINATES PROPAGATION DP/P FOR ANGLES FOP NCISE EXTPAPOLATICN

Y 4 "OISTANCE P GRD.REFLX. BETA 1 BETA 2

(Ma) (M) M) {DEG.) (DEGW)
1.264E+02 3.048E+02 T«277€402 C. 2.4T6E+01 2.4T6E+01 ‘
2.6CB8E+02 3.04BE+C2 T.626E+02 0. 2.356E+01 2.356E+C1
4. 138E+02 3.048E402 8.2715€E+402 Ce 2.151E+01 2.161E+01
6.013E+02 3.048E+02 9.355€402 0. 1.901E+01 1.501E+0]
B.541E+02 3.048E+02 1.115€+03 0. 1.587E+01 1.587¢€+01
1.241F+03 3.048E+02 1.432E403 0. 1.228E+401 1.228E+01
1.96%E+03 3.048E+02 2.065E+403 C. 843645400 8.364E+00
4.,064E403 3.0485+402 4.127E+03 O. 4.235E400 4.235E+4C0



PROGRAM TEE33CA . DATE
ATRCRAFT NOISE PRECICTION

76/04/22.
CASE NO. 2 SHIELDING CHECKOUT TEST BPP=5y TeD. POWER(MKS UNITS) YR/MQ/DA

JET({P ¢ S),TURBINE+AFT FAN,JET EDGE INTERACTION COMPONENTS

ENGINE/MWING GEOMETRY

YoE. SWEEP ANGLE = 10.0 DEG NOZZLE DIA. (D) = 1.96 M.

Lo.E. SWEEP ANGLE = 28.0 DEG . ENGINE LENGTH (L/D) = 4.00

WING CIHEDRAL ANGLE = 3.0 DEG DIST. TO WING TIP (S/D) = 8.10
AXIAL DISTANCE (NCZZLE REL. TC WING)/

X0 /7 0 = 0.00 X1 7 C = 3.10 X2 /D = 1.50
VERTICAL DISTANCES (NOIZZLE REL. TO WING)

YO/ O = .75 YL/ C = ‘e84 Y2 /0 = «28
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CASE NO. 2

PROGRAM TEE33CA
AIRCPAFT NOISE PRECICTICN

SHIELDING CHECKXOUT TESY

BPR=5,

T.0.

NOTSE. EXTRAPOLATION CCRRECTICNS

SPHERICAL CIVERGENCE (APPLYS TO ALL PASSBANDS)

X
tee)

0. 84,6
6.486E402 72.3

5900
66.4

ANGLE X1
t{DEG) 10. 20.

ATMCSPHERIC ABSCRPTION

FREQUENCY
(KHZ}

5.012E-02 .5 -3
6.31C€-02 .t .3
T.943E~C2 o€ s
1.CODE-01
1.259E-C1
1.5856-01
1.955E-01
2.512€-01
3.1628-01
3.981%-C1
5.C12E-01
6-310E~C1
7.943E-01
1.CCOE+0C 10.4
1.256E+C0  13.1
1.585€+00
1.9556+00 21.1 1
2.512E+0C 26.5  13.6

-8

DN D WA N

o 0 & & ¢ 0 & & & &

M= WOD
OOV VLUNN I - -

NP NWNWOE=OWO

'3.162€+C0 34.3 17.4
3.681€+0C 44,.C 22.3
5.012E+CC 45,5 25.3
6.310E+00 64.4 32.7
T.543E+00 85.5 43.4
1.0C0E+C1 117.° 59.7
ANGLE X1
(DEG) 10. 20.

55.7 53.5
63.1 0.9
30. 40.
FCR- X = 0.
2 el
.2 2
<3 2
-4 3
& -3
b6 X
o7 6
-9 .7
l.1 -9
l.4 l.1
1.8 1.4
2.3 1.8
2.8 2.2
3.6 2.8
4.5 3.5
5.8 4.5
Te3 5.7
9.3 7.3
11.9 9.3
15.3 11.9
17.3 13.5

40.8 31.7

SOUND PRESSURE LEVEL ATTENUATION

SOUNC PRESSUFE LEVEL ATTENUATION

(08)
52.0 50.9 50.2 49.8
59.4 58.4 57.6 5Ta2
50. 60. 10. 80.
H.

{b8)
el el o1 el
.l ol ol -1
-2 -2 -1 .l
2 .2 .2 -2
-3 «3 .2 Te2
ol -3 3 -3
.S s 4 4
b .5 ‘«5 «5
-7 PY-) X b
-9 -8 -8 o7

1.2 1.0 <9 -9
1.5 1.3 1.2 l.1
1.9 1.6 1.5 1.6
2.3 2.1 1.9 1.8
3.0 2.6 2.4 2.3
3.8 3.3 3.1 2.9
4.8 4.2 3.9 3.7
6l Seé 5.0 4.7
T.8 6.9 6.3 6.0
10.0 8.8 8.1 7.8
11.3 10.0 9.2 8.8
l4.6 12.9 11.9 11.4
19.4 17.2 15.8 15.1
26.6 23.6 21.7 20.7
50. 60. 10. 80.

SC.

ol
.l
ol
.2
Y
3
G
s
-6
o7

O Hre Dy DWNN -~
.
SPON~NOCO~NYOWD IO

SO.

10C.

.1
-l
.1
-2
-2
-3
o4
-5
5
7

8 &6 6 & & 9 0 s 0
WRON~NDOW®DH~O

D~ S WNN

—
—
.

K

15.1
20.7

100.

PCWER{MKS UNITS)

50.2 50.9 52.0
57.6 58.4 59.4
110. 120. 130.
.1 el el
o1 1 ol
.l -2 2
.2 «2. .2
2 3 -3
3 .3 o,
o4 -4 5
5 «5 6
b b «7
.8 -8 9
.S 1.0 1.2
1.2 1.3 1.5
1.5 1.6 1.9
1.9 2.1 2.3
2.4 2.6 3.0
3.1 3.3 3.8
3.9 4.2 4.8
5.0 5.4 6.1
6.3 6.9 7.8
8.1 8.8 10.0
9.2 10.0 11.3
11.9 12.9 14.6
15.8 17.2 19.4
21.7 23.6 2646
110. 120. 130.

DATE

16/04/224

YR/MO/DA
53.5 5547 59.0 6449
60.9 63.1 664 72.3

140. 150. 160. 170.
.1l .2 3 -5
o2 o2 -3 b
«2 3 - 8
-3 ol «5 1.0
-3 -t .7 1.3
-4 -6 .8 D Y -
.6 o7 1.0 2.0
-7 -9 1.3 2.6
-9 1.1 1.6 3.2
l.1 l.4 2.1 4.1
l.4 1.8 2.6 Sa.1
1.8 2.3 3.3 €.5
2.2 2.8 4.2 8.2
2.8 3.6 5.3 10.4
3.5 4.5 6.7 13.1
4.5 5.8 8.4 16.6
5.7 7.3 10.7 21.1
7.3 9.3 13.6 26.9
9.3 11.9 17.4 34.3
11.9 15.3 22.3 44 .0
13.5 17.3 2543 49.9
17.4 22.4 32.7 64.4
23.1 29.7 . 43.4 85.5
31.7 40.8 59.7 117.5
140. 150. 160. 170.



S9

CASE NO.

2

ATMCSPHERIC ABSCRPTICN

FREQUENCY
(KHZ)Y

5.C12E-02
6.310€-02
T.943E-C2
1.000E-01
1.255E~C1
1.585E~-C1
1.965E-C1
2.512E-01
3.162E-01
3.581E-Cl1
5.012€-01
6.31CE-01
T.943E-01
1.000c+00
1.2595+C0
1.585E+CC
1.995E+00
2.512E+00
3.162E+0C
3.981€+0¢C
5.012Z+CO
643105400
T.543F+0C
1.0C0E+01

ANGLE X1
{DEG)

-
NO DV UN

e o 5 & & o o 0 & 0
—_—_rOOMODO VNN

15.2
15.2
24.3
30.8
39.0
49.6
63.1
80.7
103.4
117.3
151.5%
201.1
27642

10.

. .
[N

VN O~ S WWN P
CEOr DD~ OO~ OVMNO

20.

EXTRA-GROUND-ATYTENUATION

FREQUENCY
(KHZ)

5.012E~-02
6.310E-02
T.943E-02
1.000E-01
1.259€E-C1
1.585€E-C1
1.9S5€-01

o 6 0 s & 0 0
PR OCNOND

[N VR NN

PROGPAM TEE33CA
AIRCRAFT NOISE PFECICTION

SHIELDING CHECKCUT TEST BPR=5, T.0. POWERIMKS UNITS)

NOISE EXTRAPOLATION CCRRECTIONS

FOR X = 6.486E+02 ¥,

SQUNC PRESSURE LEVEL ATTENUATION

(D8)
-4 3 -3 2 Y 2 2 2 -2 .2 3
5 o4 «3 3 3 -3 -3 .3 3 «3 - o3
.7 -5 o4 X3 .4 .3 -3 3 -t 4 -4
-8 -6 -5 -5 o4 -4 -4 -4 -4 .5 5
1.0 8 -7 .6 6 -5 -5 -5 6 -6 .7
1.3 1.0 -9 -8 -7 7 o7 o7 o7 -8 .9
1.7 1.2 l.1 1.0 -9 .8 -8 -8 -9 1.0 1.1
2.1 1.6 l.4 1.2 l.1 l.1 1.0 1.1 lel 1.2 l.4
2.6 2.1 1.7 1.5 1.4 1.3 1.3 1.3 l.4 1.5 1.7
3.3 2.6 2.2 1.9 1.8 1.7 1.7 1.7 1.8 1.9 2.2
4.2 3.3 2.7 2.4 . 2.2 2.1 2.1 2.1 2.2 2.4 2.7
5.3 4.1 3e5 3.1 2.8 2.7 2.6 2.7 2.8 3.1 3.5
6.7 5.2 4.4 3.9 3.6 3.4 3.3 3.4 3.6 3.9 4.4
8.5 6.6 5.5 4.9 4.5 4.3 4.2 4.3 4.5 4.9 5.5
10.7 8.3 7.0 6.2 5.7 5.4 5.3 et 5.7 6.2 7.0
13.6 10.5 8.9 7.8 T.2 6.9 6.8 6.9 7.2 7.8 8.9
17.2 13.4 11.2 9.9 9.2 . 8.7 8.6 8.7 9.2 9.9 11.2
21.9 17.1 14.3 12.7 11.7 11.1 11.0 11.1 11.7 12.7 14.3
28.0 21.8 18.3 162 14.9 14.2 14.0 14.2 14.9 16.2 18.3
35.9 27.9 23.4 20.7 19.1 18.2 18.0 18.2 19.1 20.7 23.4
40.7 1.7 2646 23.5 Z1.7 20.7 2C.4 2C.7 21.7  23.5 2646
52.6 40.9 34.3 30.4 28.0 26.7 2¢.3 267 28.0 30.4 34.3

69.9 54.3 45.6 40.3 37.2 35.5 34.9 35.5 37.2 40.3 45.6

96.0 T4.6 62.6 55.4 51.1 48.7 48.0 . 48.7 51.1 55.4 62.6
30. 40. 50. 60. 70. 80. 90. 100. 110. 120. 130.
FOR X = Q. M,

SQUND PRESSURE LEVEL ATTENUATION

(08)
b .1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
-5 el 0.0 0.0 0.0 0.0 C.0 C.0 0.0 0.0 0.
5 .1 0.0 0.0 0.0 0.0 C.0 C.0 0.0 0.0 0.
-6 .2 C.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
.7 2 0.0 0.0 0.0 0.C Cc.0 0.0 0.0 0.0 0.
-8 a2 0.0 C.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
«8 2 0.0 0.0 0.0 0.0 0.0 C.0 0.0 0.0 0.
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DATE
76704722,
YR/VO/DA

b le2
.8 1.5
1.0, 1.9
1.2 2.4
1.5 3.0
1.5 - 3.8
2.4 4.8
3.1 6.0
3.9 7.6
4.9 9.6
6.1 12.1
7.7 15.2
9.8 19.3
12.4  24.3
15.6 30.8
19.8. 39.C
25.2  49.6
32.1°  63.1
0.9 80,7
52.5 103.4
59.5 117.3
76.9 151.5
122.1 201.1
140.3  276.3
160, 170.
.8 -9
-9 1.2
1.1 1.6
1.2 2.0
1.4 2.5
1.5 2.9
1.7 3.4
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PROGRAM TEE330A
AIRCRAFT NOISE PRECICTION

76/04/22.
YR /MG /DA

BPR=25, Te0«. POWER{MKS UNITS)

SHIELDING CHECKCUT TEST

2

CASE NO.

NOISE EXTRAPOLATION CCFRECTICNS

EXTRA-GROUNC-ATTENUATICN FOR X = O,

SOUND PRESSURE LEVEL ATTENUATION
(0B)

FREQUENCY
{(KHZ}

OMPMOOUNMNSITEIEITE TS
[ T T B R B O R I D 2O N TR N I
METNVNOOR~OO0DD000D O

-
QONTOVDONITNO NN ANINWN
N R N R N N N I I
~oNNNNNMMM MMM am

PO NMENOODD0 OO0 D@D

® @ % ¢ 4 8 v s @ 4 8 4 e s e 9 @
R R N N ]

MEOMAOEE TN nnnnnninn
DR I I R R I I R R O I Y I R I

[cNeReNoRoNoNaooloNoNogaolooNal
¢ ¢ ® o & g & 0 T g P S e 4 0 e
000000000000 QCOOOO

000D O0OOCCOO0COO0OO0O0O0O00O0O
9 ¢ 0 0 % 0 0 e 8 &2 B 3 9 W S @ s
0O00O0DO0OO0OO0DO0DOOO0OOO0OO0OO

[eNoRoNoloRoNoNoofeoNoRaeloNologoNal
e 8 0 0 0 % 4 e % 0 0 0 0 v e 0 0
CO0O0OO0OO0OO0O0O0OOLOOOOOOD

[eRoNoNoRoNoNaNojoRoloRolofoNaleNe)
R R R N R N N R N N N

CO0O0OO0O0OOLOODOO0O0OODOO0ODO0OO

00000000000000000 .

00000000000000000

[oRoNoNoRoNoReofoRojoNoRolojoloNal
R R R R R R N R R R I )
C0O0O0OCO0COOOO0O0ODOOOOOQ

CO0OO0OO00CO0OO0O0O0DO0O0COCOOO0O
® 8 8 o 0 0 & s 0 0 0 s 0 0 0 0 @

[eNojoRoloNolojajafojoNoRoloNoNala)

CO0O00O0O0O0O0ODO0OO0OOCOOOOO
L R e N T )

[oNeoNsNoRoN-NeolloNoRojoNoNololb ool

[eNoRoRoNeNojlaoNoNaoloNoloNoNaolo)

eNeojofofojofaoeNoNdgojoNofofe ool

MEOMAHSTTINVnnnnnnnn
I T I R I A N S I I I B B T

CO~NANMITNODVDODDNDMND DD
@ 9 0 & 9 0 ¢ 2 0 0 0 0 s e e e
et et ol et ot el ot el el

WONFTOVVONTNH NNV NN
0 0 7 0 6 0 o 0 5 o 8 P e s s b

= ONNNNNMmMMMMmEaMMMMmmm

@MU OUNMS NS ITITST Y
® o € & 0 8 1 4 % o 0 0 0 & 0 o o
MNITNOOFFDTODODDROD®®

et A A 1O 0O 0VOO0OO0VOO0O0O~
DO0O0O0OV0COO0OLULUOOOOLOOOO
20N T I U I R I B I I A IR g
WU W W Uy W W) WU WL W W WU W
NN~ NOMOWVIINANN~NNDONO
HODeA =T OUNDOC= DD~ O
NN OMECOAONUVOCON~COMeO
U A N R N R N I )
N O U O ot ool ot ot O A D Pt

66

20. 30. 40. 50. 60. 10. 80. S0. 100. 110. 120. 130. 140. 150. 160. 170.

10.

ANGLE X1
(DEG)

EXTRA-GRCUNC-ATTENUATION FOR X = 6,486E+02 M.

SOUNC PRESSURE LEVEL ATTENUATION
(0B)

FREQUENCY
(KHZ)

830642062875404
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5.012E-02
6.310E-02
T.943€E-02
1.0C0E-01
1.25%€-C1
1.585€-C1
1.GS5E-C1
2.512E-01
3.162E~-C1
3.981E-01
5.012€-01
6.310E-01
T.543E-C1
1.000E+00
1.259E+C0
1.585F5+CC



LY

PROGRAM TEE3304A
AIRCRAFT NOISE PRECICTICN

CASE NO. 2 SHIELDING CHECKOUT TEST BPR=5, T.0.

NOISE EXTRAPOLATICN CCRRECTIONS

EXTRA-GROUNC-ATTENLATICN FOR X = £.4B86E+02 M.

FREQUENCY SOUNC PRESSURE LEVEL ATTEANUATION
(KHZ) (DB}
1.595E+CC 13.S 10.0 T3 5.5 3.9 3.2 2.8 2.6 246 2.6
2.512E+00 13.59 10.0 T.3 5.5 3.9 3.2 2.8 2.6 2.6 2.6
3.162E+40C 13.¢ 10.0 7.3 5.5 3.9 3.2 2.8 2.6 2.6 246
3.981E+0C 13.5 10.0 7.3 5.5 3.9 3.2 2.8 2.6 2.6 2.6
5.012E+CO 13.6 10.0 T.3 5.5 3.9 3.2 2.8 2.6 2.6 2.6
6.310E+00 13.5 10.0 7.3 5.5 3.9 3.2 2.8 2.6 2.6 2.6
T.943E400 13.5 10.0 7.3 5.5 3.9 3.2 2.8 2.6 2.6 2.6
1.CCOE+O1 13.5 10.0 7.3 5.5 3.9 He2 2.8 2.6 2.6 246
ANGLE XI
{DEG) 10. 20. - 30. 40. 50. 60. 70. 80. S0. 100.
GRCUND REFLECTION FCR X = 0, M.

GROUNC REFLECTICN = -3 DB ATTENUATION OR +3 DB CORRECTION FOR ALL PASSBANDS.
GROUND REFLECTICN FOR X = 6£.486E+02 M,

GROUND REFLECTICN = -3 DB ATTENUATION OR +3 CB CCRRECTION FOF ALL PASSBANCS.

POWER{MKS UNITS}

NRORNNDDNNN
« 0 s 0 8 8 b

O m®MmEp®n®

110.

Wwwwiwwww
¢ 8 0 s 0 6 3 @

NNMNNNNRNDN N

120.

WWwWwwwww
)

WV OVOD VYOO

130.

FRC LRV RV RV RV

[C RV R INE RV RV T RV )

140.

N e e B
I I I I

WWWWWWWWw

150.

DATE
76/04/224
YR/MO/DA

10.0  13.9
10.0  13.9
16,0 13.9
1C.0 - 13.9
10.0 . 13.9
10.0 13.9
10.0  13.9
10.0 13.9
16C.  170.
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CASE NO.

FRECUENCY
{KHT)

5.012E-02
6.310£F-02
7.943€E-02
1.0C0E-O1
1.259€-C1

«585E-01
1.965E-01
2.5125-01
3.162E-01
3.681E-01
5.012E-01
6.310E-01
T.943E-01
1.0CCE+400
1.25G6E£+400
1.585£+00
1.995€+00
2.512E+0C
3.162E¢00
3.981%5+400
5.012E+CC
6.31CE+00
T.943E400
1.0C0c+01

ANGLE XI
{CEG)

2

132.1
133.¢C
132.5
131.¢
130.5
130.¢
130.1
129. ¢
129.0C
128.5
128.1
127.2
127.2
127.4
126.¢
126.5
127.4
127.5
128. ¢
132.2
131.1
132.¢
134.7
133.5

10.

132.1
132.9
132.5
131.9
131.5
131.3
131.0
130.5
130.1
129.9
129.7
128.8
129.0
128.7
127.5
127.3
127.3
127.3
127.9
131.3
130.3
132.2
134.0
133.4

20.

131.6
132.2
131.6
130.9
130.5
130.1
129.7
129.4
129.3
130.1
130.0
129.4
130.7
130.0
127.9
127.7
127.3
126.9
129.8
128.2
129.6
132.6
132.4
132.8

30.

131.4
131.9
131.5
131.1
130.9
130.7
130.4
130.3
130.7
132.8
132.2
132.0
134.0
122.0
129.6
129.3
128.1
126.9
12¢.2
127.9
129.4
132.3
121.8
132.4

40,

SHIELDING CHECKCUT TESTY

131.0
131.5
131.3
131.1
121.1
131.0
130.8
131.3
133.0
136.4
134.9
135.1
138.3
134.4
131.8
131.7
129.3
127.7
130.4
128.2
129.8
132.9
131.5
132.5

50.

PRCGRAM TEE33CA
AIRCRAFT MOISE PRECICTICN

gpR=5,

TOTAL NOISE (ALL CCMPONENTS)

INDEX

130.4
130.8
130.8
130.7
130.7
130.6
130.5
131.2
133.4
135.9
134.6
135,06
137.4
133,3
131.5

131.5.

129.2
128.4
133.5
129.6
131.3
135.0
132.3
133.8

60.

v FREE-FIELD SPECTRA (R

SCUNC PRESSURE LEVELS
20 MICPO-N/SQ.M.)

{CB RE.

129.7
130.0
130.1
130.1
130.0
129.8
129.9
131.C
133.13
135.6
134.4
135.8
136.1
132.¢
131.4
130.7
12S5.4
129.6
135.2
131.3
132.4
135.0
134.0
132.2

7C.

128.6
128.9
129.0
12¢.0
128.8
178.5
128.5
129.7
132.8
133.2
132.3
134.8
133.2
129.9
129.4
128.7
128.0
134.1
130.5
131.9
135.3
132.0
133.2
131.9

80.

SIDELINE CISTANCE

125.4
129.8
129.9
129.9
125.4
128.7
127.9
127.6
128.2
127.3
127.1
128.6
126.0
124.9
124.7
124 .4
125.3
131.0
127.2
129.1
132.5
130.3
131.8
131.1

S0O.

=1 M)

129.7
130.1
130.2
13C.0
12S.4
128.4
127.4
12€.5
125.9
124.4
123.5
123.4
121.6
12C.6
12C.1
115.5
116.4
125.7
118.5
121.1
124.0
115.9
12C.9
118.9

100.

= €.48LE+C2 M,

130.3
130.6
130.6
130.4
129.7
128.6
127.3
126.1
124.8
123.2
121.7
120.3
119.0
118.0
117.1

- 116.4

116.1
121.7
115.8
116.4
118.7
114.8
115.1
112.8

110.

131.2
131.4
131.5
131.2
130.6
129.5
128.2
126.8
125.4
123.8
122.3
120.8
119.6
118.6
117.9
117.4
117.5
122.1
116.4
116.9
118.3
115.9
112.6
113.7

120.

To0. POWERIMKS UNITS)

132.9
133.0
132.9
132.5
131.8
130.7
1256.5
128.0
126.5
125.0
123.6
122.4
121.3
120.5
120.0
115.6
126.90
119.7
119.9
122.8
120. 6
120.1
118.7

118.1

130.

135.7
135.6
135.0
134.2
133.2
132.2
131.1
130.1
128.9
127.8
126.8
125.9
125.3
125.1
125.2
125.7
132.9
127.6
128.8
133.1
129.8
131.4
130.1
129.2

140,

137.7

137.5
136.5
135.4
124.4
133.¢
132.7
131.7
130.5
129.3
127.8
12¢.5
12¢.3
127.9
129.2
127.0
134.8
131.4
121.6
135.4
132.5
134.6
132.1
130.1

150.

DATE
76704722,
YR/BG/DA

138.2 139.3

137.9 139.3

136.9 139.0

136.0 138.7

135.1 138.4

134.2 138.1

133.2 137.4

122.0  136.4

130.5 135.0

129.1 133.4

128.3 132.0

128.0 131.0

127.2 130.0

126.5 128.1

126.6 125.6

125.6 126.1

133.6 132.7

127.6 127.2

129.7 129.2

133.3  134.5

129.4 129.2

131.7 130.9

13G.3  13C.6

129.4 130.8

160.  170.



PROGRAM TEE33CA OATE
AIRCRAFT NOISE PRECICTION

: 76/04/22.
CASE NO. 2 SHIELDING CHECKCUT TEST BPR=S5, T.0. POWEF(MKS UNITS) . YR/NC/DA
JET{P « SY,TURBINE.AFT FAN,JET ECGE INTERACTION COMPOUNENTS
TURBINE NOISE

WING SHIEULDING I NPUTS

1)} EDGE SOLUTIONS CCNSIDERED (1 = YES, 0 = NOQ)
TRAILING €. = 1, LEADING Fo = 1, TIP €Eo = 1

3) EXHAUST FLOW MACH NO. = «450,STATIC TEMPERATURE RATIQ = 2.550
4) CORRECTICN FACTOR FOR ANGULAR SHIFT CF SCURCE

ALFA = 450 «450 <500 ° .530 «550 «670 - 720 « 780
« 800 «720 620 «550 «52C «540 «560 «570
«610 «700 . 190 «820 - 8C0 780 «750 «750

COT(PSIO} = =4.000 -3,500 =3,000 =-2.750 =2.5CC =2.250 =-2.000 <~1.750
-1.500 =-1.250 ~1.000 =750 -+ 500 ~«250 «250 «5C0
150 1.000 1.250 1.500 1.75C.  2.0C0 2.5C0 3.000°

S} ANGLE OFFSET FOR ANGULAR SHIFT CF SOURCE, GAMA = 13.000
6) RACIAL OFFSET CF APPARENT SOURCE
3ETA = «550 «950 1.000 1.070 1.170 1.200 1.170 1.040
870 600 -320 «260 «4€0 «730 1.270 1.470
1.550 1.470 1.350 1.240 1.1¢€0 1.090 1.000 1.0C0
COT{PSIO) = -4.C00 -3.500 -=3.000 =-2.750 =2.50C =-2.25C =2.000 =-1.750

=1.500 =1.250 -1.000 -.750 -«500 -+250 «250 «500
<150 1.000 1.250 1.500 1. 75¢C 2.000 .2.500 3.000



oL

CASE NO.

FREQUENCY
{KHZ)

5.012E-02
6+3108-02
T.943£-02
l1.CCCE-O1
1.2%GE~-C1
1.585E-C1
1.995€E-01
2.512€-01
3.1625-01
3.9818-C1
5.012€£-01
6.310€-01
T.9432-01
1.0CCE+00
1.259F+00
1.585E+0C
1.9S5E+00
2.512€+0C
3.1625+00
3.981E+00
5.012E+00
6.310E+00
7.943E+00
1.000E+01

ANGLES
(CEG)

PSI
BETA
x1
CELTA

2

96.C
9642
§6.5
96. €
9T.1
97.4
97.¢€
984 C
98,2
98.6
98.6
99.1
96.2
99.2
99.3
99.5
100.2
101.7
103.¢
105.C
105.2
106.3
103.4
108. €

10.C
25.2
10.C

0.0

S6.8 -

97.2
97.5
97.9
98.2
98.6
99.0
99.5
99.9
100.4
100.9
101.3
101.9
102.3
102.8
1C3.4
1C4.0
1%4.6
105.5
106.9
108.4
110.1
112.1
112.3

20.0
2542
.20.0

97.5

97.9

98.2

9B.5

98.9

99.2

99.6
100.0
100.5
100.9
101.4
101.9
102.6
103.1
103.7
104.3
105.0
105.8
106.6
107.7
i108.6
110.1
112.1
112.0

30.0
2542
30.0

99.1

59.4

99.8
100.1
100.5
100.9
1Cl.3
101.9
1C2.4
1C2.9
103.5
104,11
104.8
105.4
1061
1Co.8
107.6
1C8.4
1065.4
110.7
111.8
113.4
115.7
114.9

40,0
2542
40.0

FRGGRAM TEE33CA
AIRCRAFT NOISE PRECICTION

SHIELDING CHECKCUT TESTY

JET(P + S),TURBINE,AFT FAN,JET ECGE INTERACTICN COMPONENTS

100.4
100.8
101.2
101.6
102.0
102.4
102.9
103.5
104.0
1C4.6
105.2
105.8
106.4
107.0
107.7
1C8.4
109.2
110.0
111.0
112.4
113.4
115.1
117.1
116.0

50.0
25.2
50.0

TURBINE NCISE

INDEX, FREE~FIELD SPECTRA (R = 1 M)

BPR=5, T.0. POWER({MKS UNITS)

SCUNC PRESSURE LEVELS
(CB RE., 20 MICRC-N/5Q.M.)

101.2 1Cl.6 101.8
101.7 102.2 102.4
102.2 102.7 102.9
102.7 103.3 103.%4
103.3 103.8 103.9
103.8 104.4 104.4
104.3 104.9 104.9
105.0 105.6 105.4
105.6 106.1 105.8
1Ct.2 106.6 106.3
106.8 107.1 1C6.9
107.4 107.7 107.6
108.1 108.5 108.2
108.7 10%.2 109.0
109.4 110.0 109.8
110.2 110.9 110.7
111.0 111.9 111.7
111.9 jl12.9 112.7
112.9 14,1 113,
114.3 115.6 115.4
115.5 117.0 116.7
117.2 11%.5 119.1
118.8 119.4 118.2
117.8 119.2 118.0

60.0 70.0 80.0
25.2 25.2 2542
60.0 70.0 80.0
SIDELINE DISTANCE =

1C3.2 1C4.1
1C3.8 104.7
1C4.3 105.2
1C4.9 1C5.7
105.3 106.1
1C5.8 1C6.4
106.1 16¢€.7
10£.5 1C7.1
1C€.9 107.5
107.5 1C7.9
1C7.9 108.0
10e.2 1C8.3
1¢8.9 108.6
1C9.3 108.7
1C9.9 108.9
110.5 108.9
111.0 108.9

111.6 108.8

112.2 1C8.8
113.0 109.2
113.9 1CS.7
115.7 111.2
114.0 107.7
113.1 106.3

$0.0 10C.0
2542  25.2
$C.C 106.0
6.486E+02 M.

104.2
104.8
105.3
105.8
106.2
106.6

106.8 -

107.2
107.6
107.9
108.0
108.1
108.3
108.3
108.3
108.2
108.0
107.7
107.6
107.9
108.0
108.6
105.1
104.1

110.0
25.2

110.0

102.7
103.4
1C4.C
104.6
105.1
105.6
10€.0
106.3
106.7
107.2
107.¢
107.9
108.3
108.6
1C08.9
109.1
109.3
109.5
10S.8
110.0
111.3
108.38
106.9
106.1

120.0
25.2
120.0

100.2
100.9
101.6
102.3
103.0
103.6
104.3
104.9
105.5
105.5
106.5
107.2
108.1
108.8
109.7
110.7
111.8
113.0
114.4
116:1
118.4
117.2
11646
116.7

130.0
25.2
130.0

98.0
98.8
9.5
10C.3

" 101.0

101.8
1C2.6
103.4
104.2
104.9
105.7
106.4
107.2
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6.0 MACHINE REQUIREMENTS

This program is demgned to operate on a CDC66OO scientific computer. Approxxmately
141.1K octal words of storage are required for operation. Data input is thorugh cards,
tape or disk card image. Output is to a line printer. In addition to the standard
input/output disk files TAPE5/TAPEG6, the following disk files are used as scratch
storage (primarily report files) TAPES, 9, 10, 11, 12, 13, and 20. TAPE20 is the only
scratch file that the user may need to concern himself with. This file is used for output
of acoustic data for noise contour estimation (see NASA CR 114649, pp. 38, 39, 175 to
178 for further detail).

7.0 OPERATING SYSTEM

The program has been checked out on the CDC6600 using the FTN 4.5 compiler under
the KRONOS 2.1 operating system. The program is written in FORTRAN IV language
to be relatively machine independent. The majority of the FORTRAN code complies
with ANSI standards, except for the use of NAMELIST and OVERLAY features
designed into the program for economical and easy use.
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8.0 RESOURCE ESTIMATES

The central processor unit (CPU) time required to process a job depends upon the
program options used. The major factors influencing the time per case are:

1. The number of configurations and the number of noise components in each
configuration ’

2. 1/1 or 1/3 octave bands for predicted noise spectra (the 1/3 octave band option uses
approximately twice as much CP time) :

3. The number of sideline observer positions

4. The number of noise components for which shielding is included, and the number
of wing edges

5. Lining attenuation and configuration corrections
6. Optional output reports
The execution time in CPU seconds per case is given approximately by

N1 N2 (C1 + C2 N3 + N4(C3 N3 + C4))

- where

N1 = number of noise components

N2 = number of observer sideline positions

N3 = nﬁmber of wing edges

N4 = number of frequency bands

(C1, C2,C3,C4) = (1.0,0.3, 0.02, 0.04)

This formula is based on computer runs with all print options on the shielding included
for each noise component (for jet noise shielding assume N3 = 3, for jet edge N3 = 0).

For lining attenuation and configuration corrections, add approximately 10% to the
execution time.
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9.0 DIAGNOSTICS

The following is a list of the diagnostic messages which are printed when various error
conditions are detected by the program.

1.

2.

10.

11.

12.

13.

14.

TOO MANY ENTRIES IN ALTITUDE VS TEMPERATURE TABLE.

TOO MANY ENTRIES IN ALTITUDE VS PRESSURE TABLE. MAXIMUM
ALLOWED IS FIFTY. ISA ATMOSPHERE IS ASSUMED.

TOO MANY ENTRIES IN ALTITUDE VS RELATIE HUMIDITY TABLE.
MAXIMUM ALLOWED IS FIFTY. ISA ATMOSPHERE IS ASSUMED.

ALTITUDE VS TEMPERATURE TABLE IS UNDEFINED. MUST HAVE AT
LEAST TWO ENTRIES. ISA ATMOSPHERE IS ASSUMED.

ALTITUDE VS PRESSURE TABLE IS UNDEFINED. MUST HAVE AT LEAST
TWO ENTRIES. ISA ATMOSPHERE IS ASSUMED. .

ALTITUDE VS RELATIVE HUMIDITY TABLE IS UNDEFINED. MUST HAVE
AT LEAST TWO ENTRIES. ISA ATMOSPHERE IS ASSUMED.

EFFECTIVE TIP MACH NUMBER OUT OF RANGE (GT 0.93 OR LT 0.) OR BAD
INPUTS. ,

TOO MANY TARGET FREQUENCIES SPECIFIED FOR LINING. ONLY FIRST
TEN ARE USED.

TOO MANY WALLS SPECIFIED IN FAN LINING. ONLY FIRST TEN ARE
USED.

NO WALLS HAVE BEEN DEFINED FOR FAN LINING.
ERROR WRITING RANDOM FILE JOB ABORT.
ERROR READING RANDOM FILE JOB ABORT.
***FATAL ERROR***BAD GEOMETRY.

DO CORE SEPARATE FROM TURBINE WHEN SHIELD‘ING INCL USED
TURBINE ASSUMED.
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10.0 CONTROL CARDS

A computer magnetic tape (with a backup tape) is furnished for the complete
NAS2-6969 contract software revised in accordance with the requirements of contract
. DOT-FA74WA-3497. The tape contains the files listed in the sequence below created by
the text program editor UPDATE:

SOURCE . . .File of source deck for regeneration of NEWPL and COMPILE files
NEWPL .. .New program library file
COMPILE .. .Card image file for compilation using the FTN 4.5 compiler

Any of these files on the tape can be used to create a file of relocatable binaries to be
executed on the CDC6600 computer.

The software on the tape actually corresponds to three independent programs; i.e.,

1. A community noise source estimation program revised to include airframe
shielding attenuation estimation capability

2. A postprocessor program to interface the output of item 1 with a noise contour
estimation program

3. A noise contour estimation program

The first program is the only one which was significantly modified for the DOT/FAA
contract. The other two programs are just CDC6600 versions of the original IBM360
computer versions delivered to NASA-Ames in July of 1973. Use of the last two
programs follows that described in NASA reports CR114649 and CR114650 except for
the following:

4. The $ notation for NAMELIST input on the CDC6600 computer replaces the &
notation used for the IBM360 computer.

5. The control cards are radically different for the CDC6600 computer fer all the
programs mentioned above.

There are many ways to get the software code off of the tape(s) provided. We propose the
following methods which result in economical and easy use for a large number of user’s.
It is assumed that the CDC6600 computer system has indirect-access permanent file
disk storage capability. The storage space required for all the programs is about 800
sectors (50K words or 3M bits).

The control cards sequences used below are unique to the Boeing Enhanced KRONOS
2.1 computer system, but these can be used at other CDC6600 computer installations
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with minor modifications. These control card sequences require certain information to
be provided by the user as indicated in table A-2.

The first step that must be accomplished is to get the programs off of the tape, compiled,
and retained on disk stor-a'ge' as relocatable binary programs. The control card sequence
listed in table A-3 instructs the computer to perform this task. Details involved are
noted in the table in the description column.

Once the relocatable binary programs are retained on disk, the control card sequences
given in tables A-4, A-5, and A-6 can be used to load and execute the programs.
Table A-4 applies for the noise source estimation program. Table A-5 applies for the
postprocessor program to interface acoustic data output of a previous noise source
estimation job with the noise contour estimation program. Table A-6 applies for the use
of the noise contour estimation program.
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Table A-2.—User Supplied Information

Abbreviation - , Definition

Jobn cee Unique job name

yy cen Job priority selected by user

Userno ... User's account number

Password ... User's password

Name, etc ... User's name/telephone number/mail stop/
organization number

XX=XX ces User's mail stop .

XXXX e Tape identification number for source
program library tape

XXX ces Central processor time estimate in seconds

zzz . Estimate of the maximum number of cards

punched. Usually this is less than 500
cards per job step.

pfnl cee Permanerit file name for Noise Source
Estimation (NSE) overlay program binaries -

pfn2 cen Permanent file name for Post-Processorv(PP)
program binaries

pfn3 ven Permanent file name for Noise Contour
Estimation (NCE) main program binary

pfnd cee Permanent file name for Alternate LIBrary (ALIB)

containing subroutine binaries used by NSE and
NCE programs ’ '
pfn5 cee Permanent file name to save computed noise
contour data for subsequent run to produce
plots '
-- eor -- ... End of record card; i.e., a card having a mu]tip]é
' 789 punch in column one with any informative alpha-
numeric characters punched on the rest of the card.
-- e0i -- ... End of information card; i.e., a card having a
multiple 6789 punch in column one with any infor-
mative alphanumeric characters punched on the rest
of. the card..



Table A-3.—Computer Job to Save Relocatable Binaries
on Disk From Program Library Tape

Control Cards

Description

Jobn ,CM120000,T200,Pyy.
ACCOUNT ,Userno,Password. Name, etc.
RFL,20000. '
REQUEST,PL,VSN=66xxxx ,F=I,LB=KU,P@=AR.
REWIND,PL,INPUT.

SKIPF,PL,1.
COPYNF,PL,QLDPL,1.
RETURN,PL.
COPYSBF , INPUT ,UTPUT.
REWIND,INPUT.

SKIPR,INPUT,1.

RFL ,40000.

UPDATE,Q,C.

RFL,120000.
FTN,I=C@MPILE,T,PL=77777B.
RFL,20000.

REWIND,LG@.

COPYBR,LGP,A,15.
COPYBR,LGP,B,2.
COPYBR,LGP,C,1.
CAPYBF,LGP,D.

REWIND,D.
LIBGEN,F=D,P=ALIB,N=ALIB.
SAVE ,A=pfn1/CT=S,M=R.

SAVE ,B=pfn2/CT=S,M=R.

SAVE ,C=pfn3/CT=S,M=R.

SAVE ,ALIB=pfn4/CT=S,M=R.

-- eor --

*CPMPILE PHBNAC.ZERO

-- eoi ~--
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Job card
Account card

Gets brogram library tape and assigns
file name PL to the tape

Copies program library tape to @QLDPL file

Copies input deck to PUTPUT file

Writes program "decks" on COMPILE file

Compiles program to produce relocatable
binaries on LGP file

Copies NSE overlay programs to file A
Copies PP program to file B

Copies NCE main program to file C
Copies subroutines for NSE and NCE
programs to file D

Generates an alternate library on file
ALIB for loader from routines on file D

Saves files A, B, C, ALIB on disk
for later use

Instructs UPDATE editor to write "decks"
PHBNAC through ZER@, to the COMPILE file




Table A-4.—Computer Job to Execute Noise Source Estimation Program

Control Cards Description
Jobn,CM141100,Txxx,Pyy. - .| Job card
ACCAUNT ,Userno,Password. Name, etc. | Account card
RFL,20000.
GET,NSE=pfn1/UN=Userno. Gets NSE program off disk
GET,ALIB=pfn4/UN=Userno. Gets alternate subroutine library off disk
PFFLINE. -PUNCH EST = 222 CARDS? Need only if cards are to be punched
REWIND,INPUT. ‘ -
COPYSBF, INPUT ,QUTPUT. Writes input deck to PUTPUT file
REWIND,INPUT.
SKIPR,INPUT,1.
RFL,141100.
LﬂADXEQ,F=NSE,U=ALIB. Loads and executes NSE program
'RFL,20000. '
CAPYCF ,TAPE20,PUNCH,1,1,80. | Need only if acoustic data is punched
: for noise contour estimation

RFL,141100. , .
EXEC. Repeatb these cards to execute NSE
L2000, | T e none. than one-dats dnck
COPYCF,TAPE20,PUNCH,1,1,80. ;

- ' ~
-- eor --
Data deck for 1lst job step
-- eor -- , . ' Repeatb the data decks for each

. : b
Data decks -for additional job steps add1t1ona1 job step

-- €0f =-

a) Cards punched are acoustic data (noise level, engine performance
parameter, elevation angle, 10910,°f range at CPA) which characterize
an airplane configuration. See NASA CR114649, pp. 38, 39 and 175-178.
Format for punch .data on the cards is (1PE12.3, 3E12. 3)

b) Not needed if only one data deck is used.



Table A-5.—Computer Job to Execute Postprocessor Program

Control Cards

Description

Jobn ,CM60000,T100,Pyy.  *

ACCAUNT ,Userno,Password. Name, etc.
RFL,20000.

GET,PP=pfn2/UN=Userno.

PFFLINE. PUNCH EST = zzz CARDS?
REWIND, INPUT.

CAPYSBF , INPUT ,UTPUT.

'REWIND, INPUT.

SKIPR,INPUT,1.

RFL,33000.
REWIND,TAPE20.
CAPYCR,INPUT ,TAPE20,1,1,80. >
PP. ' ‘
RFL,60000.
FTN,I=TAPE22,T,B=PUNCHB.

-- eor -- i
Data‘deckb'for 1st job step

-- eor -- :
Data decksb for additional job steps

-~ @01 =--

Job card
Account card

Gets post processor progfam_off disk

Copies input deck to QUTPUT file

Produces acoustic data subroutine to
interface with NCE program, compiles
the subroutine, and gunches relocatable
binary deck.. Repeat”these cards for
each additional job step to characterize
more than one airplane configuration.

Data deck of acoustic data for
NCE program .

Include® additional data decks for
characterizing the noise of more
than one airplane configuratioh.

a) Cards punched are binary acoustic data subroutines to be used

; by the noise contour estimation program.

.b) Input data cards are acoustic data (noise level, engine performance
parameter, elevation angle, log10 of range at CPA) which characterize

an airplane configuration.

See NASA CR114649, pp. 38, 39 and 175-178.

Format for data on the cards is (1PE12.3, 3E12.3).
.C)  Not needed if only one-data deck -is-used.
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Table A-6.—Computer Job to. Execute Noise Contour Estimation Program

Control Cards B ‘ Description

Jobn ,CM70000,T200,Pyy. Job card

ACCOUNT ,Userno,Password. Name, etc. Account card

RFL, 20000. | ,
GET,C=pfn3/UN=Userno. Gets NCE main program off disk.
GET,ALIB=pfn4/UN=Userno. Gets alternate subroutine library off disk.
GET,TAPE2=pfn5/UN=Userno. ' Gets® previously saved noise contour
COPYBR,C,NCE,1. data off disk. .

CPPYBR, INPUT ,NCE, 1. ﬁgglggg;r:;?ustlc data routine wi;
COPYSBF , INPUT ,QUTPUT. Copies input data to PUTPUT file.
REWIND,INPUT.

SKIPR,INPUT,2.

UNBL@CK, TAPESS. ]
LOADIEQ,F=NCE, U=AL 1B CALCWPY. Lowds 410 sugcutes WCE prostas Leing
REPLACE , TAPE2=pfn5. Saves® noise contour data for later use.
PLATFIL ,CALCAMP,TAPES9,0. ' Disposes plot file TAPE99 for offline

 COMMENT. PLAIN WHITE PAPER CALCOMP plotting.

COMMENT. BLACK WET INK

COMMENT. RIGHT EDGE START

COMMENT. MAIL TP M/S xx-xx

-- eor -- - '

Binary deck of acoustic data subr"outinea
-- eor -- :
Input data cards™ to describe flight
paths, noise contours desired, and/or
plotting options

-- e0i --

b

:a)  One of the routines produced by the post-processor program (Table 5).
'b)  See NASA CR114649, pp. 175-182-and NASA CR114650, pp. 66-108 for input
data description. Note that a $ replaces the & notation given-in the
second reference for NAMELIST input.
c) Required only if computed results are being checked before making plots
(see NASA CR114650, pp. 60 and 7Q for discussion) with a second job submittal.
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11.0 SOURCE LISTING

The source listing for the programs on magnetic tape is provided in volume III of ‘this
report. -
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APPENDIX B

PRELIMINARY TEST PLAN FOR ASSESSMENT OF FORWARD
VELOCITY EFFECTS ON THE SHIELDING EFFECTIVENESS
OF WING- AND BODY-TYPE ACOUSTIC BARRIERS

J. M. Campbell

1.0 SUMMARY

A test plan providing a logical follow-on to theory and analysis reported in volume I is
presented. Tests executed in a wind tunnel using simple geometric shapes in a variety
of configurations and for a range of tunnel flow velocities are recommended. The
proposed matrix of configurations/tunnel flow velocities is aimed at isolating and
assessing: '

o  Effect of engine exhaust flow on shielding
o Effect of ambient flow velocity on the intrinsic shielding processes
o  Effect of wing wakes on wing shielding efféctiveness

Special pulse test techniques and associated instrumentation are proposed to eliminate
problems of background noise and reverberation which have typically dilluted the
usefulness of previous small static chamber and wind tunnel data.

v

2.0 INTRODUCTION

The mathematical models developed during this contract for predicting shielding effects
are based on data gathered from a variety of sources. These data were derived from
small scale static tests and full scale static and flyby tests. In some cases, these tests
were only peripherally directed toward shielding effects. The data in many cases are
contaminated by acoustic energy reflected from the ground or other surfaces and noise
sources additional to the shielded source. The reflection of energy from the ground plane
or any other flat surface is not uniform at all frequencies. Phenomena such as wind,
temperature, humidity, and their gradients can change the amplitude and frequency
response of the reflection effects. All full scale data are subject to multiple source
interference.

New data acquisition methods are needed. Data should be taken in a new way. Boeing
Commercial Airplane Company, while improving its products, has developed and
reduced to practice this needed new way. The test plan presented here makes full use of
the most advanced techniques in acoustic measurement to obtain noise shielding data in
a wind tunnel uncontaminated by reflections and stray noise sources.

\
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3.0 TEST OBJECTIVES

The test program described herein is designed and sequenced to answer three general
questions: :

e  What effect does airflow have on the “shielding” provided by aerodynamic lifting or
control surfaces?

o For some specific geometries, the aircraft body provides “shielding.” How is this
affected by airflow? , ’

e Does a wake provide significant “shielding” in a flow field?

The term “shielding” includes reflection, absorption, refraction, and diffraction in
differing proportions depending on the situation. By programming the tests properly,
these proportions can be revealed. Thus, the quality as well as the quantity of the
“shielding” may be determined. While flight effects cannot be measured directly in a
wind tunnel, this test program is a necessary step in interpreting measured flight data.

4.0 TEST APPROACH

The two principal problems of wind tunnel acoustic measurements are: high noise levels
in the tunnel (see fig. B-1) and the hard walls of the tunnel provide reflecting surfaces
which cause a reverberent level to build up. The solutions to these problems are
interrelated so that the “best” solution for one is the “worst” for the other.
Nevertheless, a viable compromise is available.

The effect we wish to measure is shielding. Shielding can be defined as excess sound
attenuation between two points, excess in that the attenuation is more than that which
is expected from inverse square losses and atmospheric absorption. Since attenuation is
the measurement desired, the absolute magnitude is not an important parameter-only
the change is.

The recommended test hardware arrangement in the wind tunnel is shown in
figure B-2. A sound source is placed in position on one side of a shielding configuration,
and a microphone is placed close to the source. This microphone is called the reference
microphone. A second microphone, called the receiver microphone, is mounted at a
position of interest. If the signal from the reference microphone is compared to the
receiver signal, the change will represent the total attenuation between the two points.

If the signal from the sound source is pulsed, and the signals from the two microphones
are examined before any significant energy is reflected from the wind tunnel walls, the
data will be free from the effects of reverberation. Using the Boeing transonic wind
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tunnel (BTWT) as an example, the source and reference microphone would be placed
0.60 m above the test article, while the receiver would be mounted 0.60 m below
(fig. B-2).

The path length around the test article is 1.7 m. The transit time would be about 5 ms.
The shortest reflection path would be about 1.2 m longer than the most direct path;
therefore, the longest time available to examine the two signals is about 4'ms.

The effect of high noise levels in the wind tunnel (fig. B-1) would be alleviated by using
a high intensity sound source which projects a single tone. The choice of the frequency
of the tone is dependent on the wind tunnel used. Referring to figure B-1, the sound
level in the BTWT in the 1/3 octave band centered about 16 kHz is 73 dB. Consider the
sound source is set on this frequency and produces a level of 120dB at 1m. In
traversing the 1.7-m path to the receiving microphone, the normal attenuation would be
5 dB, resulting in a level of 115 dB. We would expect shielding effects up to 40 dB;
hence, the level of the signal at the receiving microphone would be as low as 75 dB, only
2dB above the ambient. A solution to the poor signal-to-noise ratio is to limit the
receiver bandwidth. Referring to the previous paragraph, we find that the longest
reverberation free time is 4 ms. With this length of time, the narrowest bandwidth
achievable is 1/(4x10™%) or 250 Hz. Considering that the 1/3 octave band about the
16-kHz center frequency is about 3750 Hz wide, the ambient noise reduction would be
10 log,((8750/250) or -12 dB, giving us a signal-to-noise ratio of 14 dB. This would
introduce a systematic error of only 0.3 dB for a shielding value of 40 dB. For shielding
values of 34 dB or less, the error becomes less than 0.1 dB. If the source frequency is
raised to a higher frequency, the percentage bandwidth reduction could be greater, but
the atmospheric absorption also becomes greater, thus, cancelling the improvement.
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5.0 TEST PROCEDURE

Each configuration will be tested in the wind tunnel for wind-off and three wind-on
conditions. A configuration is defined as a particular combination of test article, sound
source placement, and receiver placement. The neutral airfoil qualifies as the most
tested article (table B-1). It will be used to establish the basic wind-off/wind-on
parametes for both leading- and trailing-edge shielding. It is also used to gain frequency
dependent data. The wing is to be tested not only by itself, but also in combination with
simulated engine flow. The round nozzle and the D-shaped nozzle will be tested alone
and with the wing. The sound source will be placed inside the nozzle for these tests. A
cylinder will be tested alone to simulate a fuselage. In addition to tests with a test
article in the tunnel, a series of ambient noise tests will be made and an additional
series with the sound source activated. Im tetgl, 496 configurations will be tested. This
corresponds to 1980 data points.
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Table B-1.—Test Matrix

SOUND

SUBTOTAL

TEST SOUND RECEIVER NOZZLE NOZZLE SUBTOTAL
TEST ARTICLE ARTICLE SOURCE SOURCE FLOW HARDWARE
POSITIONS POSITIONS | FREQUENCIES | POSITIONS { CONDITIONS | POSITIONS | CONFIG. - SETUPS
NEUTRAL AIRFOIL 2 3 2 15 NA NA 180 18
WING ] 3 1 15 NA NA 45 <9
ROUND
NOZZLE ] 1 ] 15 ] ] 15 3
“D" NOZZLE 1 ] 1 15 ] ] 15 3
ROUND NOZZLE -
BELOW WING ] ] 1 15 ] 2 30 3
ROUND NOZZLE
ABOVE WING ] ] 1 15 1 2 30 3
"D" NOZZLE 1 ] 1 15 ] 2 30 3
CYLINDER ] 3 ] 15 1 NA 45 9
NONE NA 3 2 15 NA NA 90 9
AMBIENT MEASUREMENT NA NA NA 15 NA NA 15 3
TOTAL 495 63




6.0 TEST CONFIGURATIONS

It is planned to test in the wind tunnel eight configurations:

1.

2.

A thin neutral airfoii

A wing section

A round éonvefgent nozzle

A D-shaped nozzle

A round convergent nozzle below a wing section

A round convergent nozzle above a wing section (unattached flow)
A D-shaped nozzle above a wing section (attached flow)

A cylinder

Sketches of these configurations will be found in figure B-3.
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Figure B-3.—Configuration Schematics
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7.0 ACOUSTIC INSTRUMENTATION AND DATA REDUCTION

The acoustic equipment consists of two groupings (fig. B-4). One grouping is located in
or adjacent to the wind tunnel; the second grouping is located in building 2-80 at The
Boeing Company Plant II complex. Collectively, the second set of equipment is called
the Acoustic Data Processing Facility (ADP-1). The first set of instrumentation consists
of the sound source (including its modulator), the two microphones, the
signal-conditioning equipment, and monitoring equipment. The ADP-1 is an on-line
real-time data acquisition and reduction system. The heart of the ADP-1 is the
minicomputer manufactured by Prime, Inc. This computer is a multilingual
time-sharing system. It has a basic memory of 64,000. words, and the memory can be
expanded to 256,000 words in the future. The block diagram in figure B-5 indicates the
capabilities of the system. For these tests only, a portion of this capability will be
employed. :

The equipment would be used in the following way. Upon command of the operator, the
ADP-1 will provide a 10-ms pulse to the sound source modulator (fig. B-4). This causes
the sound source to generate a tone burst at a selected frequency. The reference
microphone is placed so as to pick up the acoustic signal almost immediately. The
receiver microphone captures the signal at some later time. Both signals are digitized
and are processed through a “digital filter.” The amplitude of each pulse as well as the
ratio between them is determined and recorded. As soon as this process is complete,
ADP-1 issues another pulse and the same process is executed. Upon completion of 30
cycles of this data gathering, ADP-1 calculates the mean and standard deviation of the
reference signal, the receiver signal, and the ratio of the individual pulses.
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8.0 DATA ANALYSIS

The data output will consist of the mean and standard deviation of the reference and
receiver microphones output and the mean and standard deviation of the ratio of the
individual pulse pairs. By computing the ratio of the means of the reference and
receiver signals and comparing this with the mean of the ratio, it is possible to
determine the stationarity of the process. The delay time between the two signals will
show the path length and also the normal attenuation. This information can be used to
examine refraction effects. The standard deviation of the reference, as compared to that
of the receiver, gives an additional measure of the randomness of the process. The
target of the analysis is comparison between the data and the mathematical models
developed in this contract. Thus, the mean of the ratio will be plotted against the
significant variables such as, tunnel wind speed, angle of source relative to trailing
edge, angle of receiver relative to trailing edge, wake intensity and thickness, etc.

9.0 SCHEDULE AND COST ESTIMATE

A schedule and manpower estimate for this proposed program is presented in table B-2.
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Table B-2.—Schedule and Cost Estimates

MONTHS FROM START

ACTIVITY 1 2 2 5 6 7 8 10 N 12
PROGRAM PLANNING 1 mm
DESIGN 1.5
FABRICATION 28 m |
TEST 1 13.5{m
DATA REDUCTION [ em ]
| |
ANALYSIS { 4.5 m
PREJTEST POST-TEST DRAFT F INALs
REPORT 3 mm [ 4 mm | 4.5 mm
1 L ] 1 ]
MM = MAN MONTHS TOTAL: 62 mm



APPENDIX C
UNIFORM FLOW EFFECTS ON HALF-PLANE DIFFRACTION

-

D. G. Dunn

y T, = (-rgcos O, I, sin 64, 0)

@ U2

; r Mo ) = (-XO’ Yo, 0)

'T = (rcos#,-rsin 6, 0)
X
'.._ xo 00 e .
0 . K = (Kcosf,-Ksing, 0)
r M, Parallel to half-plane and
perpendicular to edge
Consider the case illustrated in this sketch without flow where sound from a source, S,
is incident upon a semi-infinite half-plane. The incident field for an omnidirectional
compact source is given by:

¢; =expliK- F-T)I/IK * (F-F,)]
(C-1)
= A(K 1) expli K rg cos(8 -6 )]

T
where  A(K D =expG K o/{&n [1+ (TO) cos(0-6,)] }
=exp i K 1)/(K 1) in the far-field

It can be shown by the application of the reciprocity theorem illustrated in figure C-1 to
the half-plane that the Green’s function in the far field is equivalent to the problem of a
plane-wave incident upon the half-plane and the determination of the field close to the
barrier. This latter problem has been solved by Sommerfelt.! Since we are interested in
a solution in the far-field relative to free-field radiation, the reciprocity theorem

permits us to drop the A(Kr) factor and consider the radiation field as a plane-wave
problem; i.e.,

¢; = expli K I, cos(d - 00)] (C-2)

=exp[iK (- Xq COS 0 + Yo Sin 0)]

1A. Sommerfelt, “Optics, Lectures on Theoretical Physics,” Vol. IV, Academic Press, Inc., 1954.
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The total field being sought is
or=0ito . (C-3)
where ¢ is the diffracted or scattered field.

The boundary condition that impacts the total radiated field is

.a¢t . _
3y Ofory=0,x<0 .

The scattered field ¢ must satisfy the wave equation
V2p+K2¢=0 (C-5)

As noted, this problem has been solved previously. The solution is

o/d; =G FITy)
(C-6)

= F(a b) + F(a ¢) exp(~ i a2d)

o0

where F(x) = —1]— exp(i 22) dz

T
X
a =2Kr,
b = gin ( — 0,)/2
c = sin (§ + 64)/2
d = sin 4 sin 6,

Consider the case with flow; i.e., |My| = 0. Equations (C-2) and (C-5) no longer apply
and are to be replaced by

¢; =expliK (- Xg cos 8 +y . sin 6)/(1 - M, cos 6)]

(C-7)
V2 +K2 (1 +3 My - V)26=0 or.
2 2, a2 .
M(l—Mz) +970,9% oM K24 k20=0 (C-8)
8x2 o 8y2 822 0 ox
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This new problem is solved by use of a modified Lorentz transformation which converts
the governing equations into the identical form as the no flow case; i.e., let

¥ = 1/(1 — My?)

K, x",y",2)=(K,vx,y,2)

(¢1: ¢t’ ¢) = exp(—i K, Mo X’O ) (wi9 wt, w)
cos 8’ = (cos b - M,)/(1 - M, cos 6)

cos 6(') =(cos b, + My)/(1 + M, cos b, )

Substitution of the transformed quantities into eciuatiohs (C-3), (C-4), (C-T), and (C-8)
results in the following.

Yi=exp [i K’ (- x{ cos 8’ +y sin 6")] (C-9)
oY )
5y "0 on Y =0,x"<0 (C-11)

(V2 y+E)Zy =
Y +(EKI) Y =0 ©-12)

. where (), Y, ¥) are the potential functions in the case with flow for the incident, total

and diffracted fields, respectively.

These are identical in form to equations (C-2), (C-3), (C-4), and (C-5) for the no flow
problem. Hence, the solution for (Yit/i;) is given by the static potential solution (¢¢/d;)
defined with transformed coordinates:

I (C-13)
d/t/ll/i = ¢t/¢i =G (T'| ré
transform
coordinates

The interpretation of this solution in terms of pressure or velocity potential requires
consideration of continuity requirements at the edge. For the trailing edge (i.e., M, is
positive), the solution (yi/{sj) represents the pressure field. For the leading edge (i.e.,
M, is negative), the solution represents the velocity potential field. In order to get

pressure, we must differentiate the solution with respect to the space variable in the
direction of flow; i.e.,

R Gl
P~iK d/—MOW v

102



Then for the leading edge

P=GF T ) -\ (O +C)exp[1(a)2L] (C-14)
P/P=G (T IT) M a' (1 +Mgcosf’)

Whereas for the trailing edge

(C-15)

P/P =G IT,)
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APPENDIX D

THEORETICAL DATA CURVES
FOR CYLINDER DIFFRACTION

D. G. Dunn

This appendix contains the theoretical trend figures for noise diffracting about a
fuselage (cylinder) structure. A cross reference table shown below is provided to assist
use of the trend figures for the analysis (sec. 2.2:2.2) and the interpolation procedure
(sec. 4.3.1) of the main engineering report, volume I.

Table D-1.—Cross Reference of Trend Figures and Variables (B, 0)

6 B 25 10 40 160 320 640
15° Fig. D-1 Fig. D-1 Fig. D-2 Fig. D-2 Fig. D-3 | Fig. D-3
30° Fig. D-4 Fig. D-4 Fig. D-5 Fig. D-5 Fig. D-6 -
45° Fig. D-7 Fig. D-7 Fig. D-8 Fig. D-8 Fig. D-9 -
60° Fig. D-10 Fig. D-10 Fig. D-11 Fig. D-11 - -
75° Fig. D-12 Fig. D-12 Fig. D-13 Fig. D-13 - -
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NOISE DIFFRACTION ABOUT A FUSELAGE

Figure D-7.—Noise Diffraction About a Fuselage
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FigUre D-8.—Noise Diffraction About a Fuselage
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APPENDIX E
SOUND REFRACTION BY AIRFOIL TRAILING WAKE

. H.Y.Lu

This appendix covers the modeling, the formulation, and the solution of the problem of
sound refraction by an airfoil trailing wake.

1.0 ANALYSIS

Sound propagation through the wing trailing wake from an over-the-wing engine
presents a problem of sound reflection and refraction. Theoretical work related to this
problem has been completed at The Boeing Company! and is applicable with
modifications to the analysis of sound propagation through the wing trailing wake.

A few simplifications have to be made in modeling the wake and the noise source. The
following assumptions are made:

1. The noise sources are fixed relative to the airplane and can be represented by point
acoustic sources.

2. The wing trailing wake is constant in velocity and temperature. The velocity is
different from that of the freestream, while the temperature is the same.

3. The wake extends to infinity with finite thickness and the presence of the wing as
a solid body is ignored in this part of the analysis.

4. Results from this analysis can be superimposed on that of the wing diffraction.
5. A perfect and inviscid gas is assumed.

These assumptions are used to analyze the propagation of sound through the wing
trailing wake.

We introduce a time dependent point source Q 8(x) 8(y) 8(z) in the flow. Q has a physical
dimension of mass per unit time. The continuity equation for acoustic distrubances can
be written as

aS BS ou _ 0v  Ow _ e
3t + U=— o +=— 3 +=— By + % q 6(x) 6(y) 6(z2) v (E-1)

1H. Y. Lu, “Acoustic Far Field of a Point Source in Cylindrical and Parallel Flow Fluid Layers,”
ATAA Paper No. 75-500, March 1975.
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where q = Q/py, and that $ is the condensation defined by p = py(1 + S) with p, as the
undisturbed density (fig. E-1). U is the velocity of the uniform flow. u, v, and w are the
components of acoustic perturbation on velocity along x, y, and z d1rect10ns
respectively. c is the speed of sound; i.e. c = vPo/po.

The momentum equations along x, y, z directions are

du, ydu__ 23S | E-2

at T Uax~ "¢ ox (E-2)

OV, v __ 2088 : - )

i U X 3y (E-3)

oW, ;dw__ 208 ]

ot "Usx "5z (E-4)
The dimensionless acoustic pressure p is

P-
pP= Po =7 S
P, (E-5)

with 7 = cpley

From equations (E-1) through (E-4), u, v, and w are eliminated and S is substituted by p
from equation (E-5). The result is

2
(i+ U—@—> c2y? p=r (E)at +U aa )q 8(x) 8(y) 8(2)

ot ox (E-6)
2 2
where = V2= kel 82+ 822
a2 dy? oz
Apply Fourier transform to equation (E-6),
’e 2 —_ 7 w ¢
F'+¢{*F=—=-(—-Mky ] Q,, 6(z)
g— A 2 (C x> w (E-7)
-i(k, x+k, y-wt
where  F(z) = f f f RO 4y
-0 -0 —00
b I f f F(z) e 0 KyY00) dky diy doo
e o] -00 -00

120



Source

Figure E-1.—Model for Sound Refraction Through Wing Trailing Wake
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and 1 S
, Qo =37 f qetat
L -0

2 2Mwk
2 &) X 2y1.2 2
¢ == - (1 -M“) kg ky

with Mach number M = U/c. Omega () is the angular frequency, ky and ky are the
wave number in x and y directions, respectively.

The solution of equation (E-7) is

it:z -if.z ' '
ity j
where j = 0, 1, 2, 3 for regions 0,1, 2, and 3, fespectively.

Since regions 0, 1, and 3 have identical flow conditions,

2.2 .2 - 2

o=t =t = -T2 X a-MHK -k
C

2 w2 IMpwky 2 2 2

$ = Sy -—— —(-MIK -k

Eight boundary (Bi) conditions are needed to determine the eight unknown constants a;
and b;.

B1. In region 0, we have only the outgoing waves and therefore a, = 0 for z > —x,
B2. Outgoing waves for region 3, bg = 0 as z+.
B3. Integrating equation (E-7) across z = 0,
! [4 i
F1(0) - F4(0) = —5 % (w-ky Ug) Q
1 o an2 &2 X Yo/ Xw
or more explicitly,

it (a - b +is, bo——4—212—(w kxUg) Qg

B4. Continuous pressure at z = 0,

bo =ap+ b 1
Continuous pressure at interfaces z = z;, and z = z5.

B5. 4, elgozl b Ko 71 = a, ei§'221 +by RVES
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i¢y z -i{y z i
B6. 4y 082724 p, ¢ K271 oy, 022

Continuous displacement 7 of the interface at z = z; and z = 25, we have

(2,0
W= <at +U ax> n
Froin equation (E-3)
2,0\ _ 2 op
(5{*”&) i 2 77
After Fourier transform

c2 dF
Y (- w+k,U)? 42

ﬁ:

where 7 is the Fourier transformed displacement which has to be equal on both sides of
the interface; i.e.,

B7. '

2 itz -i¢ .z c2 ity 2 -i¢Hz
S 3 [ali'oe 0 l—blfoe 0 l]=*——§ as §ae 2 1-b2§'2e 271
7 (W= ky UO) 7(w—ka2)
BS8.

2 it z -itH z 2 itz

C 2[32§-2€ 2 2_b2§-2e 242 = Y 233{()6 0“2
Y (w-ky Uy) Y (w-ky Uy)

These eight boundary conditions provide the solution of the coefficients a; and ag given
at the end of this appendix. In region 3 we have

: i,z

Fy=ajze fo

The dimensionless pressure for each frequency w is
= iR h

- P Jc; f age O dk, dk, (E-9)
where we have made the following change of variables (fig. E-1).

X =Rsingcosh

y = R sin ¢ sin 6

Z =Rcosy

2 2%k, ,M,w 1,
hj3 =[(‘%> -% —(I—Moz)kxz—kyz] Zcos¢+kx sin ¢ cos 0

+ ky sin ¢ sin 6

The integrations in equation (E-9) can be performed asymptotically for R—c.
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2.0 FAR-FIELD SOLUTION
AND THE TRANSMISSION COEFFICIENT

When the observer is at a great number of wave lengths away from the source, an
asymptotic solution for the acoustic far/field can be found by the stationary phase
method. Equation (E-9) is evaluated at the stationary phase for the asymptotic
expression as R—o ‘
1 (1 —Mg)sinzap cos26
1-M3  1- Mg ¥ Mg' siny cos2 6

~_ 2T W
P3¢ ™ - R CCOSv.p

arce N 138 (B 10)
1~ sinznp 00520 38

where agg and hgg are ag and hg evaluated at the stationary phase. The stationary
phase wave numbers are given in the following section.

We define the sound transmission coefficient T, for the frequency w as
P3w

(E-11)

w=

where p| 00 i8 the reference dimensionless acoustic pressure for the same source in an
infinite air at rest. We have '

plwm~—-2-}7%%)-cos¢alw eiR w/c (E-12)

where

For a subsonic flow case we have

1 (1-M3) sin%y cos29
ol M3 1-M3 +MZ sin“peos’d lazg
« I - sin2p cos28 o) (E-13)

For convenience, let @ = 2#f, where f is the frequency. The transmission coefficient
takes the form

which gives a unit of decibels.
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3.0 NOTES ON EXPRESSIONS FOR a,, a3
- AND STATIONARY PHASE WAVE NUMBERS

1 ’)’(O.J-kao)

ay = -
1 81r2 'C2§‘ , w
) 2 - ‘
a =1Qo.> Yy 1
3 41[2 'Y((-O‘kx Uo) ((.O—kx U2)2 Asm(§‘2D)+1B COS(§2D)
where
D =22—Zl
ct 3 ct 2
A =3 173 4
77 (W -Kky Uy) v (w=-ky Uy)
4
. 2¢%¢,¢,
72 (@~ ky Up)? (w -k, Uy)2
k. =% sin y cos B Mo
e [(1-M5 +MZ sinpcos20)%  1-M2
' %
K _(4.)[ 1 (1 —Mg )Sinz‘P 00526 ] ’ sin ¢ sin 0
ys "¢ 2 2 2 2, cncl Z
CLI-M35  1-MS +MS sin“pcos<f (1 -sin2y cos26)”
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- APPENDIX F
SPATIAL AVERAGING FACTOR I

C. H. Berman

The averaging factor 1 is defined as

w2 dog 4y dy
upg? 99 (x+b)2 +y2 +n2

[z o
uA2 ds2 .
typical

with the source located at x = —b, y = h, z = 0 relative to the trailing edge as shown in
figure 37 of volume I.

=

We will arbitrarily write

ol

2

X
W ltypical 1+

and consider dog/dQ} which is actually a function of 2= 2(x) at fixed frequency, to be
nearly constant as a function of x. This is almost.true for the higher Strouhal number

(S) values shown in figures 41 and 42 of section 2.2.4.2 (vol. I), and our estimates will
involve cases which are either in or close to this regime. Direct integration then leads

to .
! 1 1
: N2 [b 2% [12002Y2 102 b (b
— + — -1 + —=+ == -
1 C e 2 2 c¢\c
1:\/ > an / c c
h b 1,
=) +(2-1 2 217
(C> (C ) l:(—h)+(—b-1)] + b
C c C
For example, in the limitb = h = ¢

I=gn [\/ﬂ 1] =0.881

forh=0

which has the value I = 1 when b = ¢ and a logarithmic singularity when b/c—0.
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Ifb=20

which has the value

VZ2+1
V21

1

\/2- =1.25

when h = ¢ and which becomes in the limit h/c~0

2¢

I=%n h

Thus, scattering evaluations using I = 1.0 will be fairly good unless the source starts to
get close to the trailing edge where a logarithmic singularity occurs.
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APPENDIX G

| SPECTRUM SHAPE FACTOR
FOR JET/EDGE INTERACTION NOISE

L. Filler

The norinalized sound pressure level given by equation (82) of volume!l is defined to

have a maximum at f/f, = 1; i.e., f, is the frequency at which the spectrum peaks.
Therefore, . o

d[sce,)

AT,y O atflip=1

Differentiating equation (82) (vol.l) gives,

d[ st . [1+Fa)]” ey [ U
4(f7to) (1 + Bt/ W 1+ Feaye,])”

which is satisfied by,

£ M 2 ‘ v
(f_o) d {[l +F (f/fo)7] }— [1 +F (f/fo)y] d l‘(f/fo)”.‘= 0
Carrying out the indicated differentiations yields, after a little algebra,

(v v-w) F(f/f,)" -p=0

For the maximum to occur at f/f, = 1, the required condition is,

=M .
Fesy, (G-1)

It is immediately seen that F is the ratio of the low frequency (fff, <<1) to high

frequency (f/f, >> 1) falloff from the peak. From equation (82) (vol. I), the low frequency
limit is,

S(f/£o) ~ 10 log(1 + FY (/i = <<1 (G-2)
o
and the high frequency limit is
~ 1+F )V u-yv . L
S(f/£,4) ~ 10 log( 2 U > (G-3)

hence, u/(yv—u) is the stated ratio.
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APPENDIX H

RELATIVE VELOCITY SCALING
IN JET/EDGE INTERACTION NOISE

L. Filler

For simplicity, consider forward velocity effects for the nozzle on the wing case. From
the estimation equation, the relevant terms are

) |
4 o V.
IOlog(Vj Va )— 10 log(—-f- V—Rl)

and two cases may be distinguished:

1. If,L= Lco it follows that L < Lco V;/Vg is always satisfied. In this case the above
terms can be written as,

/L
4 o VYj 5
IOlog(Vj VR) ~ 1010g<T V_R ~ 10log VR

which confirms the result of Bhat and Gallo-Rosso (ref. 49, vol. I) that for L < L,
the interaction noise is reduced with forward velocity and depends on relative
velocity to the fifth power.

2. IfL> Lco V;/VR there results
L :

4 % N 23
IOlog(Vj VR')+ 1010g<L— vé-) 10 log Vj VR

which states that the interaction noise does not decrease as rapidly but depends on
the product of jet velocity squared and relative velocity cubed when the stretched
potential core length remains smaller than the shield length.

GPO 907-876
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