


ett Turbine Engine coqumf 

rt 36 certification ~ i t i ~ .  It will also predict nearfield mbd cebin noise 
ewela far tmboptop airctaft aad static eaqirre oagoaeat far-field ooise levels. 

miw-Prediction 
PAR-Part-36 
~ircraft-loise 
Corprter-Program 
General-hviation 

' F a  saie by !k l lat la~l  Technical lnfautlon krvce. SP~ftgfeE V~rpnla n161 



Appreciation is extended to t h e  Advanced Programs Branch, A i r -  

c r a f t  Propulsion Divis ion of t h e  NASA-Lewis Research C e n t e r  and, i n  

p a r t i c u l a r ,  to Gerald Knip and to W i l l i a m  C, Strack, p re sen t ly  wi th  
t h e  Advanced Turboprop P r o j e c t  O f f i c e -  

Our s p e c i a l  thanks to 8. J, C l a r k  of  the Pmpuls ioa  System 
Acoustics Branch and J. R. Stone and E. A- Krejsa of t h e  Jet Acous- 

tics Branch, F lu id  Mechanics and Aooustics Division,  for their 

technica l  advice and a s s i s t ance  i n  supplying both a por t ion  of t h e  
engine acous t i c  test data used fo r  predictioa correlations and a 
number of NASA carputer  subrout ines  used i n  t h e  GASP NOISE program. 



TABLB OF CONTENTS 

Page 

SECTION I 

1.0 INTRODUCTION AND SUIYUARY 

SECTION I1 

2.0 NOISE PREDICTION WETHODOLOGY OVERVIEW 

2.1 Sngineer ing Approach - Phase I 
2.2 Engineering Approach - Phase 11 

SECTION I11 

3.0 NOISE MODULE DESCRIPTION 

3.1 Executive Control nodule (NOISE) 
3.2 Input nodule (INDATA) 
3.3 Acoustic Flight Profile Generation (PATH) 
3.4 Engine Component Static Prediction Procedures 

Static Control Module (STATIC) 
Fan/Axial Compressor Noise Moduel (FANPL) 
Centr if ugal Compressor Module (CENTRF) 
Combustor (Core) Noise- Module (COMB) 
Jet Noise nod:~le (JET81) 
Turbine Noise Module -(IRBIN) 
Propeller Noise nodule (FFPROP) 
Cabin Noise nodule (CABIN) 

3.5 Aircraft Flyover Noise Level Predictions 

3.5.1 Flyover Control nodule (FLYCON) 
3.5.2 Flyover Noise Prediction nodule (FLYOVER) 

3.6 Output Module (PRINT azd PROUT) 
3.7 Utility Subroutines 

SECTION IV 

4.0 PROGRAM FUNCTIONAL FLOWCHART 

SECTION V 

5.0 PROGRAM VERIFICATION 



TABLB OF a)t3TENTS (Contd) 

Page 

SECTION VI 

6.1 Introduction 
6.2 @WlELIST Organization 
6.3 Data Input Instructions 
6.4 Input Data Requirements 
6.5 Diagnostic Messages 
6.6 Output 

SECTION VII 

7.0 OOMCLUSIOCPS AND R E O O ~ A T I O N S  

A - Sample Test C a s e s  
B - Campilation of Graphical Procedure Charts 
C - Symbols 
D - References 

DISTRIBUTION LIST 



1.0 INTRODUCTION AND SOMt4ARY 

During recent years, NASA has developed the General Aviation 

Synthesis Program, GASP, which allows an analyst to quickly perform 

parametric studies associated with the preliminary design of gen- 

eral aviation engine/airframe systems. Until now, GASP has lacked 

a detailed computer model for the prediction of turbojet-and turbo- 

prop-powered aircraft noise levels. Program lOOISE fulfills that 

need. Although not currently integrated into GASP, NOISE is close- 

ly associated with GASP, and can utilize the results of a GASP de- 

sign process as input. 

Program NOISE predicts general aviation aircraft far-field 

noise levels at FAA FAR Part 36 (FAR 36) certification conditions 

r e .  1 It will also predict near-field and cabin noise lewels 

for turhprop aircraft and static engine component far-field noise 

leve 1s. 

NOISE is a useful computational tool for assessing the impact 

of GASP aircraft design options upon FAA certification noise 

levels. Utilization of NOISE will enhance the capability of GASP 

to systematically perform design trade-off studies, optimizing the 

aircraft design while minimizing the impact of the resultant noise 

upon the environment. 

NOISE has been developed as a series of modi~les, each of which 

performs a specific task within the noise prediction process. The 

modules are integrato,d through the use of an executive control 

module and a data bank containing information to be passed between 

modules. 

Wherever feasible, input data hes been initialized to the 

default values most likely to be required by the user. The major- 



ity of data initialization is done in block data subroutines. 

Extensive documentation has been added within the program, through 

comment cards, to clarity the calculation procedures and to sim- 

plify subsequent modifications. 

Input is made through NAMBLIST statements, except for title 

cards. Output options are available and range from a summary of 

the FAR 36 predicted noise levels to a detailed analysis of static 

engine noise levels and cosaponent flyover predictions at every 0.5- 

second interval along the flight profile. 

NOISE was verified with simulations of twin-engined turbofan 

and turboprop general aviation aircraft operating at FAR 36 certi- 

fication conditions. The predicted levels were well within the 5dB 

tolerance requirement when caeapared with actual FAA certification 

noise levels. 

All terms are defined in the symbol list, Appendix C. 



SECTION I1 

2.0 WISE PREDICTION MBTEODOLOGY OVERVIEW 

This  s e c t i o n  p r e s e n t s  an  overview of t h e  approach t h a t  t h e  

use r  should t a k e  to  implement t h e  NOISE program f o r  t h e  p r e d i c t i o n  
o f  FA.P 36 c e r t i f i c a t i o n  n o i s e  l e v e l s .  I t  is important  f o r  t h e  user  

4 to  understand t h a t  t h e  approach is d iv ided  i n t o  t w o  phases.  The 

f i r s t  phase is e x t e r n a l  to NOISE and encompasses t h e  engine/ 
a i r c r a f t / f l i g h t  p r o f i l e  d e f i n i t i o n  and t h e  p r e p a r a t i o n  of  i n p u t  

data to NOISE. The second phase involves  t h e  execut ion  of program 

NOISE f o r  use r - spec i f i ed  cond i t ions .  A b l o c k  diagram of t h e  over-  

a l l  procedure is given i n  F igure  1. 

2.1 Engineerinq Approach - P h a s c  

The procedure begins wi th  t h e  d e f i n i t i o n  of t h e  r e f e r e n c e  
engine ,  on a camponent b a s i s ,  and t h e  r e f e r e n c e  a i r c r a f t .  Next, 
t h e  performance f l i g h t  p r o f i l e  f o r  t h e  a p p r o p r i a t e  n o i s e  pr-a'aL.ion 
c o n d i t i o n  (approach, f u l l - t h r u s t  t akeof f  or l e v e l  f l y o v e r )  must Ic: 

determined so t h a t  t h e  eng ine /a i rc ra f  t performance parameters  f o r  

t h e  a c o u s t i c  a n a l y s i s  can be defined.  

The engine c y c l e  parameters  f o r  t h e  takeoff  c o n d i t i o n  a r e  

determined based on t h e  a i r c r a f t  a l t i t u d e  and o p e r a t i n g  c o n d i t i o n s  
a t  6500 meters (21,315 f t )  from brake r e l e a s e .  A l i s t i n g  of t h e  
requ i red  engine c y c l e  parameters ,  on a camponent b a s i s ,  can  be 

found i n  t h e  NAMELIST Tables ,  Paragraph 6.2. The engine c y c l e  
parameters  f o r  t h e  approach c o n d i t i o n  a r e  determined f o r  t h e  a i r -  

c r a f t  on a 3-degree g l i d e  s l o p e  a t  an a 1  ti tude  of  120.1 meters (394 

f t )  with maximum f l a p s .  The engine c y c l e  parameters  used i n  t h e  

s i d e l i n e  p r e d i c t i o n  a r e  t h o s e  t h a t  correspond to t h e  a i r c r a f t  a l t i -  

tude  a t  which maximum s i d e l i n e  n o i s e  occurs .  For a t y p i c a l  g a s  

turbine-powered bus iness  a i r c r a f t ,  t h i s  a l t i t u d e  is approximately 
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300 meters (984 ft). In addition to the engine cycle parameter 

values, the user must also determine the aircraft velocity, flight 

angle and angle-of-attack. 

The results of these efforts are a definition of the appro- 

priate flight profiles and engine operating conditions at takeoff, 

sideline, and approach conditions per FAR 36. 

An externally generated flight profile is not necessary to 

determine engine/aircraft performance for level flyovers. Instead, 

the user should determine the engine/aircraft performance parame- 

ters directly for a 304.8-meter (1000-ft) altitude level flyover 

with the engine operating at the highest power in its normal oper- 

ating range. The aircraft must operate at a constant speed in its 

cruise configuration with propellers synchrouized. In Phase 11, 

NOISE will generate the level flyover flight profile for these con- 

ditions. 

The preliminary design intent of program NOISE allows the uti- 

lization of a single engine/aircraft operating performance condi- 

tion in the prediction of flyaver noise levels. While some accu- 

racy may be lost because engine and aircraft performance variations 

are not accounted for throughout the flight path, the resultant 

prediction accuracy is within the scope of the program and a sub- 

stantial amount of computing time is saved. 

The procedures outlined above for Phase I are external to pro- 

gram NOISE. The user must execute these procedures with engine/ 

aircraft performance and mission analyses programs, such as those 

found in the GASP system. 



2.2 Engineer ing  Approach - Phase I S  

Phase I1 invo lves  t h e  execu t ion  o f  program NOISE, u t i l i z i n g  
t h e  e n g i n e / a i r c r a f t  parameters determined i n  Phase I. 

A f t e r  NOISE v a l i d a t e s  t h e  i n p u t  d a t a  and e s t a b l i s h e s  appropr  i- 
ate d e f a u l t  v a l u e s ,  where necessa ry ,  t h e  PATH module i n  program 
NOISE creates a f l i g h t  p r o f i l e  for n o i s e  p r e d i c t i o n s .  This  p r o f i l e  
is e s t a b l i s h e d  a t  0.5-second i n t e r v a l s  throughout  t h e  f l i g h t  path.  
Two o p t i o n s  are a v a i l a b l e  to t h e  use r .  For t h e  f i r s t  o p t i o n ,  t h e  
user  can  i n p u t  v a l u e s  d e f i n i n g  t h e  a i r c r a f t  speed and a t t i t u d e  ove r  
t h e  microphone measuring l o c a t i o n .  NOISE w i l l  t hen  g e n e r a t e  a 
s t r a i g h t  l i n e  approximation of  t h e  f l i g h t  p r o f i l e .  For t h e  second 
o p t i o n ,  t h e  use r  can  inpu t  t h e  f l i g h t  p r o f i l e  c r e a t e d  i n  Phase I 
through a s e p a r a t e  computer mass s t o r a g e  l o g i c a l  u n i t  such  as a 
d i s k  o r  tape f i l e .  

When t h e  f l i g h t  p r o f i l e  has  been e s t a b l i s h e d ,  t h e  s t a t i c  f r e e -  
f i e l d  n o i s e  s p e c t r a  f o r  i n d i v i d u a l  engine  components a r e  p r e d i c t e d  
i n  t h e  STATIC module as a f u n c t i o n  of  t h e  engine  geometry and c y c l e  
parameters .  The sys tem has  been des igned f u n c t i o n a l l y  so t h a t  t h e  
p r e d i c t i o n s  of  sound l e v e l  s p e c t r a  from each engine  component n o i s e  
source  ( f an ,  compressor,  combustor,  exhaus t  jet ,  t u r b i n e ,  and pro- 
p e l l e r )  a r e  performed i n  s e p a r a t e  s u b r o u t i n e s .  This  f a c i l i t a t e s  
t h e  m o d i f i c a t i o n  of t h e  p r e d i c t i v e  methodclogy as t e c h n o l o g i c a l  
improvements are made, wi th  a minimum d i s r u p t i o n  of  o t h e r  func- 
t i o n s .  S t a t i c - t o - f l i g h t  component n o i s e  sdurce  c o r r e c t i o n s  a r e  
made w i t h i n  t h e  STATIC noise p r e d i c t i o n  moduie. Tile o u t p u t  of t h e  

STATXC component n o i s e  p r e d i c t i o n  module p rov ides  i n d i v i d u a l  compo- 
nen t  n o i s e  l e v e l s  i n  1/3-octave bands f o r  10-degree increments  from 
l o 0  to  160' from t h e  engine  i n l e t  c e n t e r l i n e  a t  a 30.5-meter (100- 
i t )  r a d i u s .  Details of t h e  i n d i v i d u a l  component n o i s e  p r e d i c t i o n  
p rocedures  can  be found i n  S e c t i o n  3. 



The FLYCOM module controls the calculations for in-flight air- 

craft noise levels based on the predicted free-f ield static noise 

source spectra corrected to flight conditions. For the FAR 36 

takeoff, sideline and approach conditions, the 30.5 meter (100 ft) 
corrected spectra for each source are 'flownn along the acoustis 

flight profile by executing the FLYOVR module. The slant distance 

and angle of radiation between the engine centerline and the propa- 

gation path to the microphone are calculated each 0.5 second from 

brake release. The calculation procedure uses two coordinate sets 

for the computation of distance and angular positions. A fixed set 

of coordinates is placed at the point of brake release, and moving 

coordinates are placed on the airplane. 

For the takeoff condition, the measurement microphone is 

defaulted to a location 6500 meters (21,325 ft) from brake release 

and directly under the flight path. The sideline condition 

requires an iteration process to determine the measurement micro- 

phone location relative to the brake release reference point. The 

microphone is located on a path parallel to and 450 meters (1476 

ft) from the runway centerline. The position of the microphone 

along the path is defined as the point at which the maximum effec- 

tive perceived noise level, LEpN, occurs. The approach condition 

measurement microphone is located underneath the flight path 2291 

meters (7516 ft) from touchdown. This corresponds to the FAR 36 

microphone location as long as a constant 3-degree glide slope is 

maintained to touchdown. 

For each slant distance and angle of noise radiation, the 

noise-source spectra are corrected for the following flight and 

propagation effects: 

(a) Spherical divergence (inverse square law) 

(b) Atmospheric absol ytion 

(c) Number of engines 

( d )  Wing shielding (inlet sources only) 



(e) Reflecting ground plane 

( f )  Extra-ground attenuation. 

The flight effects of Doppler shift and dynamic amplification 

of moving source& are calculated within the STATIC module as 

static-to-flight corrections. The total engine noise spectra are 

obtained at each 0.5-second interval by adding the individual noise 

source spectra antilogar i thmically . 
For each Llyover c~ndition, the Lp, LpA, LPN, and L~~~ are 

calculated each 0.5 second for each noise source and for the total 

aircraft noise until the flyover noise levels at the microphone 

locations are at least 10-dB below the maximum LTpN. The resultant 
duration time, duration correction and LBpN are calculated for each 

noise source and for the total noise in accordance with the calcu- 

lation procedures contained In Appendix B of FAR 36, except that 

the 90-dB LTpN limit is optional. 



3.0 NOISE MODGLE DESCRIPTION 

T h i s  s e c t i o n  provides  a b r ~ e f  d e s c r i p t i o n  of  t h e  c o n t r o l  l o g i c  
and engineer ing  methods used w i t h i n  t h e  modules, Top-down program- 
ming te,:hniques were u t i l i z e d  throughout t h e  development of t h e  

program. Each module was designed independently around its speci- 
f i e d  t a s k  and tested ~ i t h  d r i v e r  programs u t i l i z i n g  data selected 
t o  c h e c k  a l l  module opt ions .  An o u t l i n e  of t h e  execu t ive  software 
system is shown i n  Figure  2. 

NOISE is comprised of s i x  major modules: 

o Executive Control  
o Input  
o F l i g h t  P r o f i l e  Generat ion 
o Engine Component S t a t i c  Noise Level P r e d i c t i o n s  
o A i r c r a f t  Flyover Noise Level P r e d i c t i o n s  
0 Cutput.  

3.1 Executive Control  Module (NOISE) 

The main program, NOISE, is t h e  b a s i c  c o n t r o l  module f o r  a i r -  
c r a f t  no i se  p r e d i c t i o n s ;  it c o n t r o l s  t h e  o v e r a l l  logic and process-  
ing for t h e  n o i s e  p r e d i c t i o n  c o n d i t i o n s  s p e c i f i e d  Ly t h e  user .  
NOTSE c a l l s  t h e  input  module and, subsequently,  t h e  s t a t i c  and f l y -  

over c o n t r o i  modules cnd t h e  ou tpu t  module, a s  requi red .  

Input Module [INDATA) 

Subroutine INDATA reads user-input d a t a  through NAMELISTS and 
e s t a b l i s h e s  d e f a u l t  va lues  f o r  c e r t a i n  v a r i a b l e s ,  i f  n o t  input  by 
t h e  u s e r ,  The fo l lcwing NAMELISTS have been e ~ t a b l i s h e d :  
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o &COm - sets the flywer condition and output 
opt ions 

o &meV - establishes the ambient conditions and 
static predictian geaetry 

o &SYS - establishes the engine and aircraft des- 
cription or variables 

o &PPRO - establishes the variables required to gen- 
erate a flight profile 

establish the required input variables for 
- use by each of the component prediction 

modules 

&PROP 

o &FLY - sets iteration limits for deterrinirrg the 
maximum sideline 3. and sets options for FAR 36 calculatio 

o &CAB - establishes input variables requlred for 
cabin noise predictions 

INDATA checks certain critical variaales and aborts the program if 

they are not specified, It also sets the cuntrol logic for calling 

the ccmponent modules in the proper order, The majority of data 

initialization is done in a BLOCK DATA subroutine, so that certain 

default values can be assumed by the user. 

3.3 Acoustic Flight Profile Generation (PATHL 

Subroutine PATB generates an approximate straight line profile 

for the user-specified FAA certification condition, and it assumes 

a constant aircraft velocity throughout the profile. PATH also 

contains an option to accept a user-input flight profile on logical 

unit 55 which must conform to a specified file format. The source 

code can also be changed by the user so that an existing ccrwputer- 

formated flight profile can be read. The flight profile generated 

by PAm gives the aircraft position irange and altitude), angle of 

attack, and climb angle at 0.5-second intervals. If the user-input 



profile aption is invoked, PATE interpolates it at 0.5-second 

intervals. 

The maximum lengtn of tire for any profile is 249.5 seconds, 

fie initial time is established as 0.0 seconds. For the straight- 

line profile approximation, the user rust input either the aircraft 

velocity or Mach Number or the pragram will abort. 

Fhe takeoff and sideline profiles include a takeoff ground 

roll from brake release to a point just past aircraft rotation. 
This distance (TOROLL) is input by the user, or defaults to 1371.6 

meters (4500 ft) for fans and jets or to 701.0 meters (2300 ft) for 

turboprops. After rotation, the aircraft flys at a constant oel- 

ocity (VEL) , flight angle (FLTANG) , and angle of attack (ANGAIT') . 

The time rate of change of aircraft altitude and range, and 

thus the profile, zre determined by: 

d ; L  = vo sin ( Y )  

and 

d* = v, cos (7) 

where Vo - is the aircraft velxity 

Y - is the aircraft flight angle 

alt - is the aircraft altitude 

range - is the aircraf: range frga the rotation loca- 

tion. 



ORIG'NCL t.'KSE: T3 
OF POOR QUALnY 

The approach condition is defaulted to give a constant 3- 

degree glide slope path to touchdawn. The initial range is cquted 
to just exceed the 1.4-radian (80-dcgree) half-cone angle 

centered on the microphone location. The user has the option to 

modify the glide slope angle and the initial range. 

Flight profile geaetries are depicted in Figures 3 through 5 

for PAR 36 certification conditions. If the user selects the 

option to input an externally-generated profile on logical unit 55, 
according to the specified format (see User's Manual for format 

instructions), and the flight velocity or Mach Number have not 

previously been input through tW4BLISTS, PATE will select the 

flight velocity to be used for the prediction procedure. For take- 

off and approach conditions, the velocity is defaulted to that at 

the aircraft's position wer the measuring st;tion IYZAA(1)  for 

approach and xFAA(2) for takeoff]. For the sideline c.~ndition, the 

flight velocity is selected at a default aircraft altitude of 300 

meters (984 ft). This corresponds to the average altitude at which 

tile maximum sideline effective perceived noise level occurs for a 

wide variety of gas turbine-powered aircraft. The user can over- 

ride the default altitude. 

(-I FOR 

Figure 3. Flight Profile Gcmetry for Takeoff and Sideline. 
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Figure 4.  F l ight  P r o f i l e  Geometry for ~pproach .  

Figure 5 .  F l ight  Pro f i l e  Geometry for Level Flyover. 



3.4 Engine Component Static Prediction Procedures 

Static Control Module (STATIC1 

Subroutine STATIC calls each campanent noise source 

module in a user-specified order- Axial fan inlet and discharge 

noise spectra are computed individually and are treated as sepa- 
rate noise sources through internal program lagic. The camponent 

static noise spectra are predicted in 1/3-octave bands, over a 

range oE 20 Hz to 20000 He. After the spectra for each noise source 
are returned to STATIC, a Doppler frequency shift is made on the 
spectra, if required, 

A subset of the spectra, covering the frequency range of 50 He 

to 10000 He, is produced for use in the flyover moduie. If the 

user-specified ambient temperature and relative humidity are not 

FAA standard day conditions (77OF and 70-percent RE), atmospheric 

absorption corrections to the FAA standard day are made in con junc- 

tion with the creation of the flyover subset spectra. Output of 

the individual coasponent static spectra includes atmospheric 

absorpti~n for the user-specified ambient conditions. 

Certain static-to-flight corrections, if applicable, are per- 
formed within the STATIC module or within the component modules 

called by STATIC. These corrections are briefly described below: 

(a) Doppler Shift - The 1/3-octave frequency spectra are cor- 
rected for the shift that occurs in a moving source rela- 

tive to a fixed observer. This frequency shift is calcu- 

lated using: 



fr = observed frequency 
Mo = aircraft Mach number 
fo = source frequency 

B = angle from engine inlet to observer 

Subroutine DOPPLE, obtained from NASA-LeRC, is used to 

calculate the Doppler frequency shifts. 

(b) Doppler Amplification (Dynamic Effect) - The change in 4 
that occurs due to the motion of a moving source is cal- 
culated. The analytical model for noise propagation of a 
~h.ming source is used as the basis of the calculation. 

The correction is computed by: 

AdB = CA loglO 1 
1-M0cosp 

where Mo and p are defined in (a) above, and default 

values for CA = 40.0 for fan, campressor, and turbine and 

propeller loading noise; 20.0 for combustor noise; 10.0 

for propeller vortex noise. 

The dynamic amplification is applied to the fan inlet and 

discharge noise, colabustor noise, turbine noise, and pro- 

peller-noise levels. This effect is not applied to the 

jet noise. The dynamic effect correction on the jet- 

noise level, along with the relative-velocity effect when 

the engine forward speed is greater than zero, is 

described in ref. 2. 

(c) Inlet Cleanup for Fan Noise - Fan inlet and discharge 
broadband and discrete noise levels are adjusted for in- 

flight cleanup effects (ref. 3) as follows: 

o Broadband Noise: 

For rotor-stator spacing (RSS) j 100 percent 

AdB = 0. 
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OF PooR QUALrn 

AdB = -5 1 ~ 3  (RSS/300) - 2.39 

o Discharqe Fan Tone: 

For RSS GlOO p e r c e n t  

AdB = 0. 

For RSS > lo0  p e r c e n t  

AdB = -10 l o g  (RSS/300) - 4.78 

o I n l e t  Fan Tones: 

For RSS G100 p e r c e n t  ( f o r  a l l  harmonics) 

-3.0 f o r  SG1.05 
= -8.6 f o r  6>1.05 

For RSS ,100 p e r c e n t  

Fundamental t one  [wi th  and wi thou t  i n l e t  g u i d e  

vanes ( I G V s )  ] : 

AdB = -10 l o g  (BS/3QO) - 
3.0 f o r  6Q1.05 

4 e 7 8  - 8.6 Lor S 21.05 

F i r s t  harmonic: 

AdB = -10 l o g  (RSS/300) - 
0.8 (no IGVs)  - 2.5 (wi th  IGVa) 



Second harmonic : 

AdB = -10 log (RSS/300) - 
0.2 (no IGVs)  

4 * 7 8  - 0.6 (with IGVs) 

where RSS = Ratio of rotor-stator axial spacing to rotor axial 

chord projection x 100, percent 

If fi.11.05, the fundamental tone is cutoff and does not 

propagate to the far field. If 6 >1.05, the fundamental tone 

is cat on and does propagate. 

MT = Rotor tip Mach No. 

V = Number of stator vznes 

B = Number of rotor blades 

3.4.2 Fan and Axial Compressor Noise Module (FANPL) 

The fan and axial compressor noise module (FANPL) is based on 

the NASA-LeRC prediction procedure described in ref. 3. The com- 

puter code corresponding to the ref. 3 procedure was supplied by 

NASA-LeRC. Noise emitted from fans and axial compressors is com- 

posed of discrete and broadband components that radiate f r m  the fan 

inlet and discharge engine ducts. At supersonic rotor tip speeds, 

a shock-wave generated combination tone noise also radiates from 

the fan inlet duct. 

FANPL follows the methodology of ref. 3 by predicting separ- 

ately the spectral shape, peak noise level, and free-field direc- 

tivity of each contributing noise component. Corrections are also 

applied for inlet guide vanes, rotor-stator spacing, in:et flow 

distortion and discrete tone cutoff. A schematic of tho FANPL 

prediction nethodology is shown in Figure 6. 
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Figure 6. Fan Noise Prediction Methodology. 

The ref. 3 noise prediction methodology, summarized herein, is 

based on correlations with NASA-LeRC large fnll-scale, single-stage 

fan test data. When correlations were performed by Garrett with 

test data from smaller general aviation class turbofan t..gines, the 

procedure usually overpredicted fan discrete tone levels at angles 

of 10 degrees to 40 degrees froii the ialet and underpredicted at 

angles of 80 degrees to 100 degrees. Cwbination tone noise was 

found to be substantially overpredicted at all inlet angles. These 

correlations with general aviation turbofans resulted in revision3 

to the ref. 3 procedure for fan inlet and discharge dil*crete tone 

directivities and for combinak40n tone l e v e ? ~  and direct-ivity. 

The fan and compressor inlet and dischazge discrete and broad- 

band noise contributions are calculated from the basic equrF!'..on 
formulated in ref. 3: 



where: LC = One-third octave band characteristic partial 

sound pressure level (broadband or discrete tone 

contribution), of a single-stage fan at 1-m 

radius, dB 

AT = Total temperature rise across fan, OR 

ATo = Reference value of T, 1'~ 

fi = Mass flow rate through fan, lb/sec 

mo = Reference value of a, 1 lb/sec 

%R = Rotor tip relative Mach number 

(P,)D = Design point value of 

RSS = Rotor-stator spacing in percent at rotor tip 

8 = Directivity or polar sngle relative to inlet 

axis, degrees 

The function F1 is determined from the appropriate curves in ref. 3 

for inlet or discharge discrete or broadband nr'se. F2 is deter- 

mined as a function of rotor-stator spacing with or without the 

effect of inlet distortion depending on static or flight mode. Fg 
is determined from the appropriate directivity curve for each noise 

contribution. The sound pressure level for each contribution is 

calculated from LC given above, with a spectrum shape function 

determined as a !.og normal distribution centered about 2.5 times 



t.le blade passage frequency for broadband noise, and as a series of 
discrete tone multiples of the blade passage frequency, accounting 

~ 3 r  cutoff and inflow distortion effects. The function F3 is 

optionally revised for general aviation class fans as shown in 

Figures 7 and 8, 

A combination tone noise component is also include3 for first- 

stage fans when the rotor tip speed is s:personic. Its peak level 

is computeu for center frequencies at 1/2, 1/4, and 1/8 of the 

fundamental blade passage frequency, and is given by 

where: f = 1/2, 1/4, or 1/8 of the fundanrpntal blade passage 

frequency 

f b ~  
= Fundamental blade passage frequency 

C = Constant 

, I t # 

and F1, F2, and F3 are functions of curves presented in ref, 3. F2 , 
and F3 are optionally revised for general aviation class engines as 

shown in Figures 9 and 10. 

The inlet discrete, broadband, and combination tone spectra, 

and the discharge discrete and broadband spectra are combined on an 

energy basis at each polar angle to form the total fan and axial 

compressor f ree-f ield sound pressure levels. 

Fan noise module validation studies wet,? made in two steps. 

First, comparisons were made betw.?en predicted and measured data 

from NASA Fan A, Fan B, and Fan QF-1. The fan module predictions, 

with no correction factors applied, were consistently about 3dB 
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Figure 9. Directivity Correction for Combination 
Tone Noise. 

Figure 10. Combi~ation Tone .raise bevels at 1/2, 1/4, and 
1/8 of Blade Pas??ge Is.:equency. 



beLw the predictions reported in ref. 3. The NASA-supplied list- 

ing and Garrett codes were carefully compared, and no differences 

were found. The second step of the validation consisted of a com- 

parison between predicted and measured engine data for several 

general aviation class torbof an engines, including the Garrett 

TFE731, ATF3, and QCGAT, and the Pratt & Whitney JTlSD. Engine 

acoustic test data was utilized because acoustic test data for 

isolated fan components was not available. Similarly, engine test 

data was used to evaluate the remaining engine component noise 

prediction procedures found in succeeding sections of this report. 

The prediction method of ref. 3 was found to consistently over- 

predict the measured noise levels of the smaller, general aviation 

class fans. The most pronounced differences between measured and 

predicted levels occur in the fan inlet quadrant at takeoff static 

conditions where combination tones are major contributor to the 

total fan inlet noise level. 

Slgnificcnt differences in discrete tone levels were also 

found to exist at small inlet angles and at angles of 100 degrees 

and 110 degrees for some engines at takeoff static thrust. Typic61 

examples of the initial prediction comparisons on a total engine 

noise basis are shown in Figure 11. The fan noise contribution 

dominates the higher frequency range of the data. Therefore, com- 

parative evaluations of fan noise predictions should be restricted 

to frequencies a b w e  1000 Hz. 

This analysis led to a revision of the fan directivity 

indices for the predicted discrete and combination tone levels. 

Comparisons between the original and revised directivity correc- 

tions are presented in Figures 7 through 9. 

The overprediction of combination tone levels of all avail- 

able data at all inlet angles led to a revision of the procedure 

that predicts the peak combination tone levels based on fan blade 

tip relative Mach number. A comparison of the revised and original 
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Figure ll(a). Typical TFE731 Engine Noise Spectrum, Measured 
Versus Cciginal Prediction 60 Degrees Takeoff 
Static Thrust. 

Figure ll(b). Typical TFE731 Engine Noise Spectrum, Measured 
Versus Original Prediction 120 Degrees Takeoff 
Static Thrust. 
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Figure ll(c), Typical JTlSD Engine Noise Spectrum, Measured 
Versus Original Prediction 60 Degrees T a k e o f f  
Static T h r u s t .  

Figure Il(d). Typical JT1SD Engine Noise Spectrum, Measured 
Versus Original Prediction 120 Degrees T a k e o f f  
Static Thrust. 
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Figure ll(e). Typical QCGAT Engine Noise Spectrum, Measured 
Versus Original Prediction 60 Degrees Takeoff 
Static Thrust. 

Figure 11 (f) . Typical $GAT Engine Noise Spectrum, Measured 
Versus Original Prediction 120 Degrees Takeoff 
Static Thrust. 



procedures for combination tones is shown in Figure 10. The 

revised combination tone procedure was developed by correlating the 

tone levels and rotor relative tip Mach numbers of the test data. A 

best fit was applied to the correlated data while maintaining the 

parameters and pirilogophy of the original procedure. As a result, 

ccmbinction tones at the takeoff static thrust condition are 

slightly overpredicted for QCGAT, TFE731 and ATF3 engines and some- 

what underpredicted for the JTlSD engine. Although the combination 

tone characteristics and relative levels vary with engine models, 

the revrsed procedure improved the cambination tone predictions for 

most available test data. 

The resulting revised fan noise prediction procedure has 

improved the accuracy of fan noise predictions for general aviation 

class turbofan engines when co~pared with the available test data. 

Becalrse each engine model in this class exhibits unique engine 

noise characteristics, the revised procedure was designed to pro- 

vide the best overall prediction for all engines for which test 

data was available. It does not necessarily predict the true noise 

spectra of any individual fan within the data base. Figure 12 pre- 

sents typical comparisons of the revised procedure with measured 

static engine test data. 

The directivity corrections for predicted discrete tone 

levels were not changed at angles beyond 110 degrees, as shown in 

Figure 8- Thus, there are no significant differences between the 

original and revised prediction procedures at these angles, unless 

the combination tone levels are high enough to make a meaningful 

contribution to the overall predicted engine spectra. This can be 

demonstrated by evaluating the original and revised predicted 

spectra at 120 degrees, Figures 11 and 12, (b) , (d) , and (f) . The 

original procedure predicted high combination tone levels for the 

'TlSD, Figure Il(d). The revised procedure eliminated the effect 

of the combination tones, Figure 12(d), and improved the prediction 



Figure 12(a). Typical TFE731 Engine Noise Spectrum, Measure' 
Versus Revised Prediction 60 Degrees Takeoff 
Static Thrust. 
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Figure 12(b). Typical TFE731 Engine Noise Spectrum, Measured 
Versus Revised Prediction 120 Degrees Takeoff 
Static Thrust. 



Figure 12(c). Typical JTlSD Enqine Noise Spectrum, Measured 
Versus Revised PredLction 60 Degrees Takeoff 
Static Thrust. 

- REVISED PREDlCTlOl - MEASURED 

Figure 12(d). Typical JTlSD Engine Noise Spectrum, Measured 
Versus Revised Prediction 120 Degrees Takeoff 
Static Thrust. 
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Figure 12(e). Typical QCGAT Engine Noise Spectrum, Measured 
Versus Revised Prediction 60 Degrees Takeoff 
Static Thrust. 
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Figure 12(f). Typical QCGAT Engine Noise Spectrum, Measured 
Versus Revised Prediction 120 Degrees Takeoff 
Static Thrust. 



when compared w i t h  t h e  measured spectrum. On t h e  o t h e r  hand, com- 
b i n a t i o n  t o n e s  d o  n o t  c o n t r i b u t e  s i g n i f i c a n t l y  to  t h e  o r i g i n a l  pre-  
dicted spectrum a t  120 d e g r e e s  f o r  t h e  TFE731 and t h e  QCGAT 
eng ines ,  F i g u r e s  l l ( b )  and ( f )  . Thus, t h e  r e v i s e d  p rocedc re  pre-  
dicts e s s e n t i a l l y  t h e  same s p e c t r a  a t  120 d e g r e e s ,  F i g u r e s  12 (b )  
and ( f )  , as does t h e  o r i g i n a l  procedure.  

D i f f e r e n c e s  i n  t h e  d i s c r e t e  t o n e  l e v e l s  between test d a t a  
and t h e  r e v i s e d  p r e d i c t i o n  procedure  still e x i s t ;  however, i n  t h e  
m a j o r i t y  o f  cases, t h e y  have been improved when compared w i t h  t h e  
o r i g i n a l  procedure  of r e f .  3. Discrete totie r e v i s i o n s  were limited 

t o  adjlis-,.nents i n  t h e  d i r e c t i v i t y  c o r r e c t i o n  cu rves .  A more 
d e t a i l e d  a n a l y s i s  of  t h e  d i s c r e t e  t one  c h a r a c t e r i s t i c s ,  i n c l u d i n g  
t h e  parameters  t h a t  c o n t r i b u t e  t o  t h e  peak fundamental  t one  l e v e l  
and t h e  r e l a t i v e  r o l l o f f  of its harmonics,  should  p rov ide  f u r t h e r  
improvements to t h e  f a n  p r e d i c t i o n  procedure.  S i m i l a r l y ,  f u z t h e r  
improvements i n  t h e  combinat ion t o n e  model cou ld  be ach ieved  
through a d d i t i o n a l  a n a l y s i s  and a n  expanded d a t a  base.  

Program NOISE p r o v i d e s  t h e  use r  w i t h  t h e  o p t i o n s  of invok- 
ing  e i t h e r  t h e  r e v i s e d  ( d e f a u l t )  or o r i g i n a l  procedures  f o r  d i s -  
c r e t e  and combinat ion t o n e  l e v e l  p r e d i c t i o n s .  Because t h e  o r i g i n a l  
and r e v i s e d  procedures  have been c o r r e l a t e d  o n l y  w i t h  s i n g l e - s t a g e  
f a n  d a t a ,  c a u t i o n  should  be used when making two-stage f a n  predic-  
t i o n s .  NO p r o v i s i o n  has  been made f o r  b l ade  row a t t e n u a t i o n .  
between s t a g e s .  



3.4.3 Centrifugal Compressor Noise Module (CENTW) 

The centrifugal compressor is used extensively in small gas 

turbine engines, primarily for general aviation turboprops, turf,>- 

fans, and auxiliary power units (APU). For turbofans, the centri- 

fugal compressor is used in the engine core, and the high-frequency 

noise generated by the high-speed compressor is significantly 

attenuated as it propagates upstream through the fan. For turbo- 

props, the centrifugal compressor noise levels tend to be signifi- 

cantly below the propeller noise levels at takeoff and level fly- 

over conditions. At approach condition, the centrifugal compressor 

can make a measurable contribution to the total flyover noise 

levels. In the CENTRE' module, centrifugal compressor noise levels 

are calculated in accordance with the methodology described sche- 

matically in Figure 13. 

The semi-empirical prediction procedure is based on a series 

of Garrett acoustic tests performed on turboprop and APU compressor 

ricjs and engines. Linear regression ar?al.yses of compressor rig 

test data was used to correlate normalized overall sound power 

level, LW, with impeller tip incidence angle. The results, as 

independently derived for an APU compressor in Figure 14, agree 

well with tire axial fan broadband results of Ginder and Newby (ref. 

5 )  

In order to facilitate noise predictions without requiring the 

knowledge of impeller incidence angle, a revised correlation based 

on the deviation from design flow angle was developed. The devi- 

ation from design flow angle is calculated in the program based on 

the user-supplied design point values for mass flow and rpm. The 

normalized overall sound power level correlates well with deviation 

flow angle as shown in Figure 15. Each individual turboprop com- 

pressor correlates with the deviation from design incidence angle, 

and the combined data yields a correlation coefficient of 0.874. 
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Figure 13. Centrifugal Compressor Noise Prpdiction 
Methodology. 
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Figure 14. Centrifugal Compressor Sound Power 
Level Least Squares Regression Analysis. 
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Figure 15. ientrifugal Compressor Overall Sound Power 
Level Least Squares Regression Analysig. 

The basis for the centrifugal compressor noise module is the 
calculation of overall sound power level from the equation below: 

$ = 138 -68 + 10 loglO ( )  + 20 1 0  ( A T )  + 0.808 (6-6,) 

where 

LW = overall sound power level, dB re 10 -13 watts 

bl = compressor mass flow, lb/sec 

AT/T = compressor total temperature rise ratio, OR/"R 

6-6D = deviation from design flow angle, degrees 



The overall sound pressure level is determined for each 

angle from the engine inlet centerline by applying a directivity 

correction, DI, as follows: 

where 

L~ = overall sound pressure ldvel, dB 
oa 

DI = directivity correction factor 

R = far-field distance from engine to observer, ft. 

8 = angle from inlet centerline, degrees 

The directivity correction is obtained from analysis of various 

engine data as shown in Figure 1b The true centrifugal can- 

pressor directivity is difficult to deternr,- from mast available 

TIE INLET - 06% N 

INLET F16 1A --- lREDlCnON YODEL 

Figure 16. Centrifugal Compressor Directivity. 



far-field ground static tuzboprop data because the propeller noise 

contributions become significant. The AFAPL data (ref. 6) does 

not costain propeller noise; however, the compressor noise radi- 

xted near the inlet axis was shielded by the dynamometer used in 

the test Additional centrifugal compressor directivity data was 

obtained from APU inlet far-field tests where the inlet noise is 
directed through s straight duct. Note the APU directivity data 

agrees q~ite well with Heidmann's result (ref. 3) for- fan inlet 

broadband noise. The final directivity model selected, s h w n  tn 

Figure 16, agrees with Heidmann's curve up to 60 degrees, then 

decreases more rapidly to better represent the measured data. 

The sound pressere level spectra are determined by applying 

a spectral shape correction, SI, for each frequency. The spectral 

shape is expressed in term8 of the compressor blade passage fre- 

quency, f bpt given 

where 

f = compreasor blade passage frequency, Hz 
bp 

B = number of ,ampressor blades 

RPMC * compressor physical speed, W M  

The spectral shape is applied for each l/3-octave band fre- 

quency as follows: 

Lp (9.f) Lp (H)-SI(f)-0.001 R x ATM - CAECDB 
oa 



where : 

Lp = sound pressure level, dB 

SI(f) = frequency correction array, dB 

ATM = atmospheric absorption correction, dB per 304.8 

meters (1000 ft) 

CAECDB = Doppler dynamic amplification factor 

f = frequency, Hz 

The Doppler dynamic amplification factor is given by 

CABCOB = CaEC log [I. - Mo x cos(0)) 
where 

CAEC = amplification constant, generally = 40.0 

Uo = aircraft flight Mach number 

The spectral shape is determined from analysis of turboprop 

compressor rig aad static engine data, as typically shown in Fig- 

ure 17. The spectral shape of the static engine data contains 

largz contributions from propeller higber harmonics and broadband 

noise dge to inflow turbulence. The identical compressor operating 

in :%e rig exhibits a much more pronounced blade passage frequency 

peak. The selected spectral shape fits the engine data at high 

frequencies and gradually tails off at the lower frequencies to be 

more representative of the compressor rig data. Initial attempts 

to separate the discrete and broadband noise contributions were 

unsuccessful due to the camplex variation of spectral shape over 

the compressor operating range. The campressor noise spectra 
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Figure 17. Typical Centrifugal Compressor Noise Frequency 
Spectiurn, 97-Percent RPM. 

exhibits two distinct shapes that relate to cutoff of the rotor- 

only f !-zld of the impeller. Below cutoff, the blade passage fre- 

quency generally is not dominant in the spectrum. Above cutoff, 

the compressor blade passage frequency is highly doninant as evi- 

denced by the cut-on spectra shown in Figure 17. A single-shaft 

turboprop engine generally will operate with the compressor blade 

passage tone cut-on for the FAR 36 approach, takeoff, and sideline 

f 1 ight condit ions; hence, the predict ion procedure considers only 

cut-on spectral shapes. 

The centrifugal cmpressor noise module was substantiated by 

comparing pedicted and measured turboprop static noise data. A 

typical comparison is shown in Figure 18, In order to determine 



Figure 18. Centrifugal Compressor Noise Data Comparison. 

the actual centrifagal compressor noise contributions to the total 

engine data, propeller noise was estimated using an in-house 

detailed propeller prediction program. The propeller noise contri- 

bution dominates at frequencies up to 800 Hz. The predicted com- 

pressor noise agrees well at the blade passage frequency, and the 

spectral shape of the compressor noise agrees satisfactorily with 

the measured data. 

The centrifugal compressor prediction model is based on engine 

configurations where no line-of-sight blockage exists between the 

compressor and the far-field. Thus, caution should be used when 

making centrifugal compressor noise prediction for turbofan or tur- 

boprop applications where the compressor is located downstream of 

either a fan or axial compressor stage or a tortuous inlet flow 

path. No provision has been made for upstream blade row attenua- 

tion or propagation through curved ducts. It is recommended that 

centrifugal compressor noise calculatims be omitted for these 

cases. 



3.4.4 Combustor Noise Module (COMB) 

The following prediction procedure uses equation (9) fraa ref. 

7, to predict combustion noise. Cambustor steady-state parameters 

are used to calculate combustion noise for existing conventionally 

designed gas turbine engines according to the methodology outlined 

in Figure 19. 

The procedure begins with the camputation of overall sound 

power level, $, dB re 10 -I3 watts.  he equation is given as 

$ = 56.5 + 10 lag 

The peak frequency is then calculated, based on engine type. 

Turbofan peak frequency is computed from the folloaing equation: 

- with limits of 355 Hz and 1000 Hz. If the computed values are out- 

side the frequency limits, the peak frequency is set to 400 Hz. 

Turboshaft engine core noise peak frequency is not computed, but 

set to 400 Hz. The spectrum is computed fran a normalized spectrum 

shape derived from ref. 8 and shown in Figure 20. 

The spectrum shape factor is applied to the overall sound 

pressure level at each 10-degree angle for the specified input 

distance. The computed overall sou*~d pressure level includes 

dynamic amplificatiqn. The 1/3-octave sound pressure level spectra 

is given by 

Lp(9,f,R) = LW -20 log (R/3.28) + DI(8) + FSNXf 
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Figure 19. Core Noise Prediction Methodology. 

Figure 20. Normalized Canbustion Noise Frequency 
Spectrum. 
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FSNXf = (f/fpeak ) ,  spectrum shape factor, Figure 20 

DI ( 8 )  = (Lp-$)B, directivity, Figure 21 

CAEC = Dynamic amplification, user defined, default 

value = 20.0 

The directivity functions used in this program are shown in 

Figure 21 as a function of engine type. Turbofan directivity was 

taken from ref. 7, Figure 13. Turboshaft directivity uses the 

values of ref. 7 for angles of 10 degrees through 130 degrees. 

Beyond 130 degrees, the directivity from ref. 8 is used and refor- 
plated to be compatible with the ref. 7 directivity definition, (Lp- 

'wIe 
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Figure 21. Combustion Noise Directivity. 
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The prediction procedure is successful in correlating combus- 
tion noise over a significant size range of engines. Figures 22 

and 23 compare predictions with static JTlSD measured 1/3-octave 

sound pressure level data that has jet and turbine predicted levels 

subtracted from it so that only high frequency compressor and low 

frequency conbustor sound levels remain. This component removal 

procedure gives visibility to the reievant low frequency segment of 
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Figure 22. JTlSD Combustion Noise Comparison, 50 Degrees 
Approach Power Predicted Jet and Turbine Noise 
Removed from Data. 

Figure 23. JTlSD Combustion Noise Comparison, 120 Degrees 
Approach Power Predicted Jet and Turbine Noise 
Removed from Data. 
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the measured data, showing that the peak 1/3-octave level predic- 

tion does compare favorably. Reasonable agreement in spectrum 

shape is obtained in the forward quadrant. In the aft quandrant, 

excess core noise below 200 Hz is unaccounted for in the 

prediction. 

Figures 24 and 25 show that good agreement was obtained when 

comparing static TPE331 turboprop data with the prediction model. 

The data is dominated by combustor and compressor noise. Jet 

Figure 24. TPE331 Combustion Noise Comparison, 60 Degrees. 
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Figure 25. TPE331 Combustion Noise Comparison, 120 Degrees. 
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noise is not significant because of the low discharge velocity, and 

the turbine noise is insignificant because the blade passage fre- 

quencies occur above 20 kHz. Good agreement is also obtained 

between predictions and measured small APU core noise. Figures 26 

and 27 compare predictions with the GTCP36 series APU (140 equiv- 

alent SUP output) at the peak radiation angle, 120 degrees, and at 

150 degrees. This data is composed only of high frequency radial 
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Figure 26. GTCP36 Series Combustion Noise Comparison, 
120 Degrees. 
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Figure 27. GTCP36 Series Combustion Noise Comparison, 
150 Degrees. 



turbine and low frequs?cy combustor exhaust noise. Inlet compres- 

sor noise was isolatec during the test. The peak frequency level 

is slightly overpredicted, but the spectrum shape is satisfactory, 
neglecting the tailpipe resonances below 500 Rz, 

The combustor prediction procedure deveicped from the methods 

of refs. 6, 7 and 8 was found to correlate the fuli range of gen- 

eral aviation turbine engines more consistently than tne indi- 

vidual methods. The parametric expression of ref, 8 provided the 

best correlation of turbofan and turboprop combustor noise sound 

power level, but failed to correlate APU data, whereas ref. 7 did 

provide a reasonable correlation. The poor correlation of the APU 

data by ref. 8 may be related to the turbine transmission loss 

expression, as this expression apparently underpredicts the com- 

bustion noise transmission loss through the turbine. Further work 

is required in correlation of small engine turbine transmission 

loss, and particularly radial turbine transmission loss. 

3.4.5 Jet Noise Module (JET81) 

The jet noise module is based on the prediction procedures 

developed at NASA-LeRC by J. Stone, refs. 2 and 9. It has the 

capability to predict accurately the static or in-flight noise 

levels generated by a jet exhausting f r m  either a coaxial or 

single-jet nozzle normally used on general aviation turbofan or 

turbojet engines. 

JET81 was created from a computer code provided by NASA-LeRC, 

and no significant madifications were made to the code. The meth- 

odology for the jet noise prediction procedure is shown schemati- 

cally in Figure 28. 



INPUT MOrrLE  TYPE, GEOMETRY. JET 
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Figure 28. Jet boise Prediction Methodology. 

The jet module was verified for single and coaxial jet data 

contained in the above references. Total agreement was found 

between the JET81 code and the published results. Further valida- 

tion studies were lorformed comparing predicted jet noise levels 

with data from NASA JTlSD test data arid from Garrett QCGAT, TPE331, 

and APU test data. The QCGAT ingine is representative of general 

aviation turbofans with coaxial nozzles. Engine measurements and 

predictions are presented at takeoff power where the jet ncise is 

assumed to dominate over the combustor noise at low frequencies. 

At the higher frequencies, deviations from the predicted jet noise 

are due to noise contributions of other engine components. (A typ- 

ical comparison between predicted and measured jet noise spectra at 

140 degrees from the inlet axis is s3own i.n F i g ~ r e  2 9 . )  The jet 

noise directivity at 250 Hz, the predicted peak frequency, is pre- 

sented in Figure 30. Good overall agreement between predicted and 

measured coaxi.al jet noise is observed. 
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Figure 29. CCGAT Jet Noise Cornpalison, Hardwall c ,  
Coannular Nozzle, Takeoff Power, 
140 Degrees from Inlet Axis. 
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Figure 30. Directivity Index at 250-Hz Octave Band 
QCCAT Hardwall Coannular Nozzle at Takeoff 
Power. 



The TPE331 engine is representative of general aviation tur- 

boprops with single-jet exhausts. Excellent agreement between 

predicted and measured jet noise spectra at 160 degrees from the 

inlet axis was obtained as shown in Figure 13. The directivity of 

the 250-Hz peak frequency jet noise is presented in Figure 32. 

Good agreement is observed between predicted and measured direc- 

tivity indices. 
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Figure 31. TPE331 Jet Noise Comparison, 100-Percent rGm, 
Full Power, 160 Degrees from Inlet Axis. 

Figure 32. Directivity Index st 250-82 Octave Band 
TPE'31 at Takeoff Power, Circular Diffu~*.r. 



The jet n o i s e  p r e d i c t i o n  module p r o v i d e s  good agreement w i t h  

measured JTlSD turbofar i  jet n o i s e  l e v e l s  a t  t a k e o f f  c o n d i t i o n  as 
shown by F i g u r e s  33 through 35. E x c e l l e n t  agreement e x i s t s  between 
p r e d i c t e d  and measured jet n o i s e  l e v e l s  a t  a l l  a n g l e s  u p  t o  140  

degrees .  Typ ica l  comparisons  f o r  t h e  90-degree and 130- d e g r e e  

cases are shown i n  F i g u r e s  33 ~ n d  34. A t  150 d e g r e e s ,  t h e  p r e d i c t e d  
jet n o i s e  l e v e l s  are s l i g h t l y  below t h e  measured l e v e l s ,  w i t h  t h e  

peak f requency of  t h e  jet n o i s e  s h i f t e d  t w o  1/3-octavs bands,  as 
shown i n  F i g u r e  35. 

I n  summary, t h e  jet n o i s e  p r e d i c t i o n  p rocedure s  based on 

r e f s .  2 and 9 p rov ide  good agreemeltt w i t h  measured jet n o i s e  

l e v e l s  f o r  a l l  eng ines  i n  t h e  a v a i l a b l e  g e n e r a l  a v i a t i o n  d a t a  

base.  
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F'qure 33. JT15D Jet Noise Comparison at Takeoff Condition 
at 90 Degrees fran Inlet Axis 



F i g u r e  34. JTlSD Jet Noise Canparison,  a t  Takeoff C o n d i t i o n ,  
at 130 Degrees f r a  I n l e t  A x i s ,  
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F i g u r e  3 5 .  JT15D J e t  N d s e  Comparison a t  Takeoff  Condi t ion  
a t  150  Degrees from I n l e t  Axis .  



3.4.6 Turbine Noise Module (TURBIN) 

The axial and radial turbine noise prediction methodology is 
baced on the General Electric "Preliminary Prediction Procedurea of 

(ref. 10) and by their unpublished submittal to the SAE A-21 Com- 

mittee, (ref. 111. The Preliminary Method is based on turbine 

parameters readily available during preliminary design and predicts 

total turbine noise, rather than synthesizing the total signature 

from individual turbine stage predictions. No distinction is made 

in prediction methodology between axial and radial turbines. The 

turbine cycle parameters used to correlate axial turbine noise are 

sufficient to correlate radial turbine noise. The primary differ- 

ences in the noise prediction salculations for the two types of 

turbines are the empirical constants used in the prediction equa- 

tion and the empirical directivity and frequency spectrum tables of 

ref. 10. Figure 36 outlines the methodology ased for turbine noise 

predict ion. 

The turbine procedure is based on the peak overall sound pres- 

sure level, occurring at 110 degrees f r m  the inlet centerline. 

The peak overall sound pressure level for axial turbines is given 

by 

= 40 logl0 (ATIT) -20 log (Vt) + 10 log (A) + 164. 
LpPeak 

where 

JT/T = 1 - (l/PR)K1"R, turbine normalized ideal work 

extraction 

PR = Turbine total to static pressure ratio 

Vt = Blade tip speed of last stage, ft/sec 

A= Actual turbine nozzle exit area, ft 2 



Figure 36. Turbine Noise F~ediction Methodology. 

The above equation predicts the peak overall sound level at 

70.4 meters (231 ft) and contains standard day atmospheric absorp- 

tion, extra ground attenuation, and ground reflection reinforcement 

of about 1.5 dB at high frequencies. 

The corresponding radial turbine peak overall sound level 

relationship is given by 

L = 8.75 log (AT/T) - 20 log (Vt) + 10 109 (A) 
'peak 

for a source-receiver distance of 7.6 meters (25 ft). It contiins 

only FAA standard day atmospheric absorption. 



The axial turbine peak tone level at the turbine blade passage 

frequency is computed from 

L~ = 40 log (AT/T) - 20 log (Vt) + 10 log (A) 
tone 

+ 165-CORR 

where 

CORR = FAA standard day atsospheric correction + extra ground 
attenuation at 70.4 meters (231 ft) , dB. 

The axial turbine peak overall and peak tone levels both con- 

tain atmospheric absorption and extra ground attenuation at 70.4 

meters (231 ft) . 

The radial turbine peak tone level at 7.6 meters (25 ft) is 

given by 

= 20 log (hT./T) -20 1- (Vt) + 10 l a ~ ( A )  
Lp tone + 165 

The overall sound level and peak tone level at each angle are 

determined, using the directivity corrections (DI) illustrated in 

Figures 37 and 38, by the expressions 

L~ ( e l  = L~ - DI(9) 
tone tone 

The directivity table of ref. 10 was revised, redefining the 

overall and tone sound pressure level corrections and eliminating 

the distinction between approach and takeoff conditions. The 

resulting directivity corrections peak at 110 degrees, have a much 

sharper drop-off on either side of the peak angle and are used for 

both approach and takeoff conditions. 
5 5  



F i g u r e  37. Ax ia l  Turb ine  O v e r a l l  And Peak Tone 
Level  D i r e c t i v i t y  C o r r e c t i o n s .  

A s  shown i n  F i g u r e  38, no d i s t i n c t i o n  is made between r a d i a l  

t u r b i n e  o v e r a l l  and tone  d i r e c t i v i t y  c o r r e c t i o n s .  The one  set  cf 
c o r r e c t i o n s  is used f o r  bo th  approach and t a k e o f f  c o n d i t i o n s .  

The o v e r a l l  broadband sound l e v e l  de te rmined  by s u b t r a c t i n g  
t h e  fundamental  b l a d e  pas sage  t o n e  f r m  t h e  o v e r a l l  sound l e v e l  a t  
each a n g l e  is g iven  by 

L ( L ~  
'BB , o a  - 10 t o n e  'lo)] 

The broadband frequency spectrum, Lp , is o b t a i n e d  from 

e m p i r i c a l  tables, i l l u s t r a t e d  i n  F i g u r e s  39 %d 40. The peak f r e -  
quency of r a d i a l  t u r b i n e  broadband n a i s e ,  5000 Hz, is independent  

of speed ,  number of b l ades ,  and t u r b i n e  diameter when c o r r e l a t e d  
wi th  a v a i l a b l e  G a r r e t t  r a d i a l  t u r b i n e  data. The spectrum r o l l - o f f  

has  been observed  to change wi th  e n g i n e s ,  b u t  no  s i m p l e  pa rame te r s  

have been determined which c o r r e l a t e  t h i s  change i n  r o l l o f f .  
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Figure 38. Radial Turbine Directivity Correction. 

Figure 39. Normalized Axial Turbine Broadband Spectrum. 



Figure  40. R a d i a l  Turb ine  Broadband Spectrum. 

The o v e r a l l  s o u r 4  l e v e l  spectrum is o b t a i n e d  f o r  each  f r e -  
quency and a n g l e  a s  t h e  sum of t h e  t o n e  and broadband l e v e l s ,  g i v e n  

by 

( / l o  
Lp = 10 l o g  10 ( L ~  + 10  tone/'1o)) 

The spectrum is then  a d j u s t e d  to t h e  i n p u t  d i s t a n c e  by comput- 

i n g  and adding t h e  neces sa ry  c o r r e c t i o n s  f o r  s p h e r i c a l  s p r e a d i n g  

and a tmospher ic  abso rp t ion .  For a x i a l  t u r b i n e s ,  t h e  e x t r a  ground 

a t t e n u a t i o n  a t  70.4 meters (231  f t ) ,  1.85 dB, is r e t a i n e d  because 

it compensates f o r  t h e  h igh  f requency  ground r e f l e c t i o n  r e i n f o r c e -  

ment of  approximate ly  1 .5  dB. 

V e r i f i c a t i o n  of  t h e  a x i a l  t u r b i n e  methodology was conducted 

p r i m a r i l y  on t u r b o f a n  engines .  The peak tone  f r equency  on a v a i l -  

a b l e  g e n e r a l  a v i a t i o n  t u r b o s h a f t  and APU d a t a  is above t h e  h i g h e s t  

f requency  of  i n t e r e s t ,  20,000 Hz. F i g u r e s  41  and 42 compare QCGAT 

measured to ta l  e n g i n e  sound l e v e l  d a t a  and t u r b i n e  sound l e v e l  

p r e d i c t i o n s  a t  approach and t akeo f f  power s e t t i n g s  f o r  a 110 d e g r e e  

r a d i a t i o n  angle .  Combustion, j e t ,  and compressor component l e v e l s  



F i g u r e  41, QCGAT Hardwal l  Coannula r ,  Approach 
Power, 110  Degrees.  
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F i g u r e  42. QCGAT Hardwal l  Coannula r ,  Takeoff  
Power, 110 Degrees ,  
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were n o t  removed from t h e  d a t a .  The peak t o n e  l e v e l  is underpre -  

d i c t e d  by 2 dB a t  approach ,  bltt. is i n  e x c e l l e n t  agreement  a t  
t a k e o f f  . S i m i l a r  compar i sons  w i t h  JTlSD measured d a t a  are shown i n  

F i g u r e s  43 and 44, b u t  r e s u l t s  are d i f f i c u l t  to i n t e r p r e t  because  

t h e  measured sound spec t rum is dominated by t h e  f a n  fundamenta l  and  

second harmonic  a t  t h e  r a d i a t i o n  a n g l e  of maximum t u r b i n e  t o n e  

sound l e v e i .  
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Figure  43. JTlSD Approach Power, 110 Degrees. 
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Figure 44. JTlSD Takeoff Power, 110 Degre@s. 
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The r a d i a l  t u r b i n e  n o i s e  p r e d i c t i o n  methodology was v a l i d a t e d  

with measured d a t a  acqui red  on t h e  GTCP36 s e r i e s  and GPCP85 s e r i e s  
APU models. The 36 s e r i e s  APU models use  a r e v e r s e  annular  com- 

bus to t  r a t h e r  than  a can combustor used on t h e  8 5  s e r i e s  models and 

have a 20-percent smal ler  t u r b i n e  wheel diameter  than t h e  85 

models. The broadband spectrum shape,  der ived from t h e  GTCP36 



s e r i e s  APU,  shows good agreement i n  F i g u r e s  45 and 46. F i g u r e s  47 

and 48 compare p r e d i c t i o n s  w i t h  OPCP85 a e r i e s  APU d a t a .  Blade t o n e  
and broadband sound l e v e l s  c o r r e l a t e  ve ry  r s l l  bu t  t h e  p r e d i c t e d  
broadband spectrum shape  is t o o  broad. 

I n  summary, p r e d i c t e d  a x i a l  t u r b i n e  p e a k  t one  l e v e l s  a g r e e  

wi th  measured d a t a  to  w i t h i n  2 dB. T h i s  agreement was ach ieved  by 
d e f i n i n g  a new o v e r a l l  d i r e c t i v i t y  p a t t e r n  to  o b t a i n  o v e r a l l  and 

peak tone  sound l e v e l  d i r e c t i v i t y  c o r r e c t i o n s .  R a d i a l  t u r b i n e  
sound l e v e l  c o r r e l a t i o n  was achieved  us ing  t h e  same engine-cyc le  
parameters  r e q u i r e d  by t h e  a x i a l  t u r b i n e  p r e d i c t i o n  methodology. 
Good c o r r e l a t i o n  of r a d i a l  t u r b i n e  peak t o n e  l e v e l  and peak broad- 

band l e v e l  was o b t a i n e d ,  b u t  t h e  broadband spec t rum shape  showed a 
v a r i a t i o n  wi th  eng ine  model n o t  accounted f o r  i n  t h e  p r e d i c t i o n  

procedure.  

-r m r r PRCOlCfEO TURBINE - MEASURED ERGINE 

Figure 45. GTCP36 S e r i e s  Rad ia l  Turb ine ,  120 Degrees. 
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Figure 46. GTCP36 Series APU Radial Turbine, 150 Degrees. 
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Figure 47. dTCP85 Series APU Radial Turbine, 120 Degrees. 
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Figure 4 8 .  GTCP85 Series APU Radial Turbine, 150 Degrees. 
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3.4.7 P r o p e l l e r  Noise Module OF POOR QUALTP/ 

S u b r o u t i n e  FFPROP c a l c u l a t e s  f a r - f  i e l d  n o i s e  f o r  p r o p e l l e r  

a i r c r a f t ,  based on t h e  g r a p h i c a l  p rocedu re  d e s c r i b e d  i n  SAE Aero- 

s p a c e  In fo rma t ion  Repor t  A I R  1407,  r e f .  12 ,  and modi f ied  to  gen- 

e r a t e  a f r equency  spectrum u s i n g  t h e  p rocedu re  o f  r e f .  13. A cor- 
r e c t i o n  f o r  swept b l a d e s  is inc luded  from r e f .  14.  A v o r t e x  n o i s e  

r o u t i n e ,  based on r e f .  15 ,  is a l s o  i nc luded .  

O v e r a l l  sound p r e s s u r e  l e v e l  is de te rmined  i n  t h e  main sub- 

r o u t i n e .  The d i r e c t i v i t y  i ndex ,  r e l a t i v e  harmonic l e v e l s ,  far- 

f i e l d  swept  b l a d e  c o r r e c t i o n ,  and v o r t e x  n a i s e  are c a i c u l a t e d  ir: 

s e p a r a t e  s u b r o u t i n e s .  Program f low is shown i n  F i g u r e  49. 

SHI DIAP, asp, IIPM, 
dm, VEL, TAYB 

CALCUUTE 
-SWEPT BLADE CORHECTION 
-TIP SPEEDS W O  MACH NUMBERS 
-PARTIAL LEVELS FL1. FL2. F W  

I 
I CALCULATE OlRECnVllY INDEX 1 

I CALCULATE DYNAMIC AMPLIFICATION FACTOR I 

I CALCULATE PROPELLER HARMONIC LEVELS I 

I CALCULATE VORTEX NOISE I 

LOAD PROP HARMONICS IN BANDS 

I 
I SOURCE SPECTRA I 

F i g u r e  49. P r o p e l l e r  Noise P r e d i c t i o n  Methodology. 



Figures 1, 2, and 3 in Appendix B, taken fror,~ the graphical. 

procedure of ref. 12, were converted into the following equations: 

FL1 = 16 log (SHP) + 38 5 + 16 

FL2 = -20 109 NBP ' DIAP + 33 

FL3 = -20 log (R) + 54 

FL1, FL2, and FL3 are Ear-field partial levels, dB 

SHP is the shaft power psr engine 
MR is the propeller rotational tip Wach number 

NBP is the number of blades 

DIAP is the propeller diameter, ft. 

R is the distance between the propeller and observe,, ft. 

The overall sound pressure level is the sum of the three 

partial levels corrected for directivity and swept blades. 

The directivity index, swept blade correction, ie lativVa har- 
monic levels, and blade vortex noise are calculated in smaller sub- 

routines described below. 

o SUBROUTINE DI - This subroutine calculates the directi- 
vity index of propeller noise Ldsed on Figure 4, Appen- 

dix B (ref. 12). The routine consists of a cubic spline 

fit throcgh the directivity index curve. The cubic con- 

stants are in data statements in the subroutine. 

o SUBROUTINE FFHAR - This subroutine calculates the rela- 
tive harmonic levels for the first 20 harmonics and is 

based on the graphical technique presented on Figure 5, 

Appendix B ( ~ e f .  13). The routine consists of arrays 

that represent curves from the reference figure. Corre- 



lations of c~lculations and measurements indicated that 

an assumption of harmonic levels for 5 bladed propellers 

resulted in better predictions for all 2-, 3-, and 4-bladed 

propellers. 

o FUNCTION FFSWP - This function subroutine calculates a 
correction to far-f ield noise for swept blades and is 

based on Fiqure 6, Appendix B (ref. 14). The routine 

consists of piecewise cabic fits of the curves of the 

reference figure, and the cubic constants are listed in 

data statements in the routine. 

o SUBROUTINE BANDS - This subrautine calculates propeller 
vortex noise in l/3-octave bands and also adds the pro? 

eller harmonics to the appropriate bands. The vDrtex 

(broadband) noise is based on the methad of ref. 15. The 

dynamic amp1 if icat ion factor (CAEPj for the propeller 

harmonics is defaulted to 40. in the input s~broutine; 

hcwever , the propeller vortex noise dynamic arnplif i- 

ca,ion factor is always set at 10. 

Verification of the propeller methodology was conducted using 

W i n  Otter measured data from ref. 22. Comparisons of predicted 

and measured propeller noise spectra are shown in Figures 50 and 

51 .  The measured data shown was acquired .Jurinq level flight using 

two wingtip microphones, one motinted on a wingtip born in the propel- 

ler plane, and one mounted on the trailing edge of the vingtip. The 

predicted spectra were corrected to these microphone locations. 

The figures show good agreement between measured and predicted 

levels. T1.e difference between measurement and prediction for the 

aft winqtip microphoi~e ~~~~~~~e 51) at high frequencies is thought 

to oe due to wing shield'r-.g 
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Figure 50. Comparison of Predicted and Measured Propeller 
Noise Spectra, 90 Degrees from Propeller Axis.  
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Figure 51. Comparison of Predicted and Measured Propeller 
Floise Spectra, 112 Degrees from Propeller A x i s .  



3.4.8 Cabin Noise Nodule (CABIN) ORIGAAL PAGE !3 
OF POOR QUALrrY 

The CABIN module c a l c u l a t e s  a i r c r a f t  c a b i n  n o i s e  f o r  mclti- 

eng ine  p r o p e l l e r  o r  jet a i r c r a f t .  The r o u t i n e  c a l c u l a t e s  bo th  pro- 

p e l l e r  and boundary l a y e r  no i se .  The basis for t h e  program is a 
g r c p h i c a l  p rocedure  developed f o r  NASA-Lewis by ~ a m i l t o n - S t a n d a r d  
and d e s c r i b e d  i n  r e f .  10. Each of t h e  12  g r a p h s  i n  t h i s  p rocedure  

was conve r t ed  i n t o  e q u a t i o n  form o r  was approximated by Linear  or 
cubic e q u a t i o n s  u s ing  c u r v e  f i t t i n g  techniques .  F i g u r e  52 shows 

t h e  normal pcogrhr  f l o w  of t h e  CABIN module. 

Cabin normally c a l c u l a t e s  p r o p e l l e r  and b u n d a r y  l a y e r  n o i s e  

s e p a r a t e l y  and t h e n  totals t h e  two. I f  it  is used f o r  nonprope l l e r  
a i r c r a f t ,  t h e  d e f a u l t  p r o p e l l e r  d a t a  w i l l  be c a l c u l a t e d ,  bu t  o n l y  
t h e  boundary Layer n o i s e  should  be cons idered .  Engine n o i s e  is n o t  

inc luded ,  so a f t  c a b i n  b u n d a r y  l a y e r  n o i s e  c a l c u l a t i o n s  may be 

lower t h a n  measured l e v e l s .  

F igu re  52. Cabin Noise P r e d i c t i o n  Methodology. 



CABIN includes equations for the first two graphs of ref. i;. 

The first equation represents a partial near field level based on 

horsepower and propeller diameter (from Figure 7, Appendix B), and 

is given by: 

NL1 = 135 + 15 log (SUP) - 40.336 log (DIAP) 

where SHP is the shaft horsepower absor'oed by the propeller and 

DIAP is the diameter of ths propeller. The second graph in the 
reference procedure is a correction for radial distance frcm the 

propeller tip and reference tip Mach number ( E r a  Figure 8, Appen- 

dix B). The equation for this graph is 

where 

Y/D is the dimensionless radiai tip-fuselage clearance (Y) normal- 

ized by D, the propeller diameter, and H,,, is a reference tip Mach 

number defined as follows: 

% = rotational tip Mach number, MR, for % 50.85 

h+, = helical ti? Yach number, %, for 5 >0.9 

Other calculations for CABIN are described in the individual 

smaller subroutines described below. 

o SUBROUTINE RELHAR - This subroutine calculates the rela- 
tive levels of the first ten propeller harmonics, as a 

function of helical tip Mach number, The routine is 

based or\ the data in Figure 9, Appendix B (ref. 14). 

Figure 53  s h w s  a computer-generated e~iuivalcnt of part 

of Figure 27 of ref. 14 *.r?ich was calrl~lated by RELHAR to 



Figure 53. Near-Field Harmonic Distribution of 
2-Bladed Propeller, 

test the subroutine. The constants for a cubic equation 
for each curve in the referenced figure were calculated 

and stored in data statements in RBLHAR, RELHAR also 

normzlizes the relative harmonic level, The procedure is 

based on data for 2, 3, 4, 6, or 8 bladed propellers. 

Five bladed propellers are treated as fax, seven bladed 

propellers are treated as six, and wore than eight are 

*~ers. treated as eight blaaed yrupe" 

o SUBROUTINE AXIAL - This subroutine calculates the axial- 
correctlon for variations in propeller noise in the fore 

and aft direction f r m  the propeller disk. The routine 



is based on  F i g u r e  10,  Appendix B ( r e f .  1 4 ) -  Cubic  
e q u a t i o n s  were piecewise f i t  to  t h e  f o u r  c u r v e s  i n  t h a t  
f i g u r e .  

L i n e a r  i n t e r p o l a t i o n  is performed i n  t h e  s u b r o u t i n e  f o r  

v a l u e s  between t h e  cu rves ,  I n  o r d e r  t o  e x t r a p o l a t e  
beyond t h e  v a l u e s  i n  t h e  above mentioned f i g u r e ,  a n  equa- 

t i o n  was assumed which w a s  o f  t h e  form 

xc = -20 1% [. + ( c o n s t a n t  WD r] 
By choos ing  t h e  correct c o n s t a n t  i n  t h i s  e q u a t i o n ,  t h e  

slope and a b s o l u t e  v a l u e  o f  t h e  e n d p o i n t  of e a c h  c u r v e  i n  

t h e  r e f e r e n c e d  f i g u r e  were matched. The f o u r  c u r v e s  i n  
t h e  r e f e r e n c e d  f i g u r e  are g e n e r a t e d  by f u n c t i o n s  ONE, 
TWO, THREE, and FOUR where t h e  data s t a t e m e n t s  w i t h  t h e  

c u b i c  c o n s t a n t s  are located. 

o SUBROUTINE PRCOR - T h i s  r o u t i n e  c a l c u l a t e s  a c o r r e c t i o n  
f a c t o r  for c a b i n  p r e s s u r i z a t i o n  t h a t  is based o n  F ig-  

u r e  11, Appendix B ( r e f ,  1 4 ) .  L inea r  e q u a t i o n s  were 

p iecewise  f i t  to t h e  s i x  c u r v e s  i n  t h a t  f i g u r e ,  which are 
c a l c u l a t e d  by f u n c t i o n s  CRVA, CRVB, CRVC, CRVD, CRVE, and 
CRVF. L i n e a r  i n t e r p o l a t i o n  is performed i n  PRCOR f o r  

v a l u e s  be tween t h e  s i x  curves .  

o SUBROUTINE TL - T h i s  s u b r o u t i n e  c a l c u l a t e s  t h e  t ransmis-  
s i o n  loss of t h e  f u s e l a g e  and is based o n  F i g u r e  12 ,  

Appendix B ( r e f ,  1 4 ) .  The t r a n s m i s s i o n  loss, i n  dB, is a 

f u n c t i o n  o f  f r equency  and is r e p r e s e n t e d  ma thema t i ca l ly  
as fo l lows:  

TL = 33 0 < f  ,< 400 
TL = 33 + (17/560) (f-403) 400 < f  < 960 

TL = 50 960 < f 



o SUBROUTINE BLSPL - This routine calculates the boundary 
layer noise on the exterior of the fuselage and is based 

on Figures 13, 14, 15, and 16, Appendix B {ref. 14) . 
Figure 13, Appendix B, determines the overall boundary 

layer noise as a function of altitude and flight speed. 

The equation derived from the data in Figure 13, 

Appendix B, is as follows: 

where V is aircraft velocity in knots and ALT is altitude 

in thousands of feet. 

Figures 14, 15, and 16, Appendix B, are used to determine 

the 113-octave spectra of the boundary layer noise rela- 

tive to the overall level. Figure 14, Appendix B, deter- 

mines a reference frequency which is used to predict the 

peak level frequency. The following equation closely 

approximates the dara in the figure: 

= 22.0 V 1.215,d0.79 ref 

where V is velocity in feet per second and d is the dis- 

tance aft of the airplane nose in feet. Figure 15, 

Appendix B, gives a reference frequency multiplier to 

determine the peak frequency as a function of altitude. 

Piecewise linear equations were fit to the curve of t!iat 

figure. 

Figure 16, Appendix 8, is a normalized spectrum shape 

centered on the frequency of maximum noise level des- 

cribed above. The spectrum shape is loaded into ac array 

through data skatements, and calculations are made for 

that part of the spectrum where the relationship is 

1 inear. 
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The s u b r o u t i n e  d e t e r m i n e s  which l /3 -oc tave  band t h e  

c e n t e r  f r e q u e n c y  f a l l s  w i t h i n ,  a n d  a d j u s t s  t h e  s p e c t r u m  

s h a p e  f r e q u e n c y w i s e  so t h a t  t h e  maximum l e v e l  is i n  t h a t  

band. The 20-Bz to 20,000-Hz s p e c t r u m  is t h e n  n o r m a l i z e d  

and added to  t h e  o v e r a l l  l e v e l .  

o FUNCTION AWATB - T h i s  f u n c t i o n  r e t u r n s  t h e  appropriate A- 

w e i g h t i n g  f o r  a r b i t r a r y  d i s c r e t e  t o n e s  from 1 0  Hz to  
20,000 Hz. T h i s  f u n c t i o n  is u s e d  t o  c a l c u l a t e  t h e  A- 

weigh ted  sound l e v e l  for propeller n o i s e .  (A-weighting 

is a c o n t i n u o u s  smooth f u n c t i o n  o f  f r e q u e n c y ,  a n d  p u t t i n g  

t h e  propeller t o n e s  i n  a p p r o p r i a t e  l / 3 - o c t a v e  bands  a n d  

w e i g h t i n g  t h e  bands  creates some error.) 

Awl73 is based  o n  a c u b i c  s p l i n e  f i t  t h r o u g h  t h e  A-weighting 

c o n s t a n t s ,  and t h e  r e s u l t i n g  c u b i c  c o n s t a n t s  are s t o r e d  i n  d a t a  

s t a t e m e n t s  i n  t h e  f u n c t i o n  s u b r o u t i n e .  

o FUNCTION SWEEP - T h i s  f u n c t i o n  c a l c u l a t e s  t h e  correctio;. 
f a c t o r  f o r  swept b l a d e s  and is b a s e d  o n  F i g u r e  1 7 ,  Appen- 

d i x  B, ( r e f .  1 4 ) .  C u b i c  e q u a t i o n s  were f i t  to t h e  d a t a  

i n  t h i s  f i g u r e  and  t h e  r e s u l t i n g  c o n s t a n t s  are stored i n  

d a t a  s t a t e m e n t s  i n  t h e  f u n c t i o n  s u b r o u t i n e .  

o FUNCTION CABALT - T h i s  f u n c t i o n  r e t u r n s  a n  a l t i t u d e  cor- 
r e c t i o n  to  c a b i n  n o i s e  c a l c u l a t i o n s  b a s e d  o n  F i g u r e  18 ,  

Appendix B, ( r e f .  1 4 ) .  L i n e a r  e q u a t i o n s  were p i e c e w i s e  

f i t  to t h e  monotonic  f u n c t i o n  i n  t h e  r e f e r e n c e d  f i g u r e .  

The o u t p u t  f o r  CABIN is w r i t t e n  i n  a l o n g  and  s h o r t  f o r m a t .  

The s h o r t  f o r m a t  is o n l y  20 l i n e s  l o n g  and lists o n l y  t h e  i n p u t s  and  

p r o p e l l e r  n o i s e .  I t  was d e s i g n e d  f o r  i n t e r a c t i v e  t e r m i n a l  u s e ,  a n d  
h a s  been removed t h r o u g h  comment s t a t e m e n t s  i n  t h e  NOISE program. 



The long form includes input, boundary layer noise, calculated 

constants, and predicted noise levels. 

The CABIN module procedure was verified with measured cabin 

noise data from twin-engine reciprocating and turboprop-powered 

executive aircraft. Good agreement was obtained, as shown in 

Sample Test Case 5 of Appendix A. 

3.5 Aircraft Flyover Noise Level Predictions 

3.5.1 Flyover Control Module (FLYCON) 

Subroutine FLYCON is the control module for the *cution of 

all flyover procedures. It calls the primary flyover module (ssb- 

routine FLYOVR) and the output module (subroutine PRINT). 

The sideline condition requires special consideration. An 

iteration procedure is performed on sideline noise levels because 

the exact sideline observer location at which the maximum LEm 

occurs is not known beforehand. Therefore, an efficient itera5ion 

search, using the golden section method (ref. 20), is used to 

determine the maximum sideline L EPN ' Default observer range loca- 

tion boundary values are set at the aircraft rotation location and 

at the takeoff condition observer range location. The default 

value for the sideline range tolerance is set at 30.5 meters (100 

ft.). Normally, 12 to 13 iterations are required to converge. The 

iteration time can be reduced if the user inputs initial range 

boundary values that are significantly closer together. The golden 

section method assumes that there is only one maximum LEm value 

between the range boundaries. 



3.5.2 Flyover Noise Prediction Module (FLYOVR) 

Subroutine FLYOVR predicts aircraft flyover noise levels for 

FAR 36 takeoff, sideline, approach and level flyover certification 

conditions. FLYOVR predicts LEpN, LPN, LTpN, Lp and LpA levels for 
each engine source and for the total aircraft noise in 0.5-second 

intervals along the user-specified acoustic flight path. 

For each time interval on the flight path, the slant distance 

and engine-observer noise radiation angle are computed from direc- 

tion cosines through a call to subroutine ORIENT. The previously 

calculated static noise spectra for each source are then interpol- 

ated at the engine-observer radiation angle to determine the source 

spectra radiated toward the observer at the time interval being 

analyzed. 

Next, the flight noise spectra are adjusted for the following 

flight and propagation corrections: 

Atmospheric Attenuation - Atmospheric attenuation is calculated in 
accordance with SAE ARP 866, ref. 16, for standard-day conditions 

of 77OF and 70-percent humidity along the entire flight path 

length. Subroutine ATMABS determines the atmospheric absorption at 

304.8 meters (1000 ft.) for nonstandard ambient conditions during 

the static source prediction process. 

Inverse Square Law - The noise reduction due to spherical diver- 
gence is calculated by 

- = 20 log propagation distance 
R 

where R is the source-observer distance used for the static predic- 

t ions. 



Number of Engines - The noise increase for the number of engines is 
calculated By 

A ~ B  = 10 log (number of engines) 

At takeoff and approach conditions for aircraft with more than one 

engine, and with the engines out of phase, this correction is 

reduced by 0 .5  dB per engine. 

Winq Shielding Effect - Turbofan and turbojet engine inlet noise 
levels are corrected by a call to subroutine WING to simulate the 

reduction due to wing shielding. There is no wing shielding pro- 

vision for turboprop engine installations. Wing shielding effects 

are calculated based on the theory of diffraction around a barrier, 

as contained in ref. 17. The wing shielding model used in sub- 

routine WING uses the actual engine/wing relational geometry of the 

referenced aircraft. The shielding effect on inlet radiated noise 

for a fuselage-mounted engine located over-the-wing is calculated 

based on the relative position of the aircraft with respect to FAR 

36 measurement stations at each 1/2-second interval along the 

flight profile, as shown in Figure 54. Wing shielding corrections 

are made only for a fuselage-mounted engine instailation. The 

variable LOCENG in NAMELIST &SYS is set to 1 to specify a fuselage- 

mcunted engine. Wing shielding effzcts then are included for this 

engine installation if IWING in NAMELIST &FLY is set to 0 (default 

opt ion) . 

The wing shielding procedure used is based on optical- 

diffraction (Fresnel) theory, w3ich assumes that only the incident 

wavefield that is close to the leading edge or tip of the wing con- 

tributes appreciably to the wavefield defracted over the wrng. The 

wing shielding effect is not restricted to the shadow zone (the 

region where the observer cannot see the sound source) but also 

affects a small tra~sition region close to the shadow zone by 

interfering with the direct wave. 
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EXTENSION 

SIDELINE 
MICROPHONE 

LOCATION 

Figure 54. Wing Shielding Noise Reduction 
Computation Model. 

The inlet noise reduction (NR) by wing shielding is determined 

for each 1/3-octave band freqtzency (fi) at each 1/2-second time 

increment by 

20 log -.- 
42 R N  +5 .0 ;  N a 0 

tanh 4% 

NR(f,) = 20 log - J 2 n l ~ '  + 5.0; -0.2..-N<O 
- tan Jm 

where N, the Fresnel number, is defined as 



c = free stream speed of sound 

f = frequency for each 1/3-octave band, hz 

S = difference in source-receiver path 1-ength between the 

direct and diffracted sound fields 

S = + - (for leading edge shielding) 

AF' + FC - AC (for wing-tip shielding) 

The model used for the calculation is shown in Figure 54. The 
user must input 3 engine-wing distances, depicted as m, E, and @ 
in Figure 54. WING determines whether the effective barrier is the 

wing leading edge or the wing tip. This can, and usually does, 

change along the flight profile at the sideline condition. 

The sideline microphone is shown in Figure 54 at Position C, 

2nd ths engirle is located at Point A. Line AE represents the height 
of the engine centerline from the wing. Line a connects the fan 
centerline to the edge of the wing. Line AC shows the relative 

position of the fan with respect to the microphone. tine EF 
represents the distance between the projection of kE on the wing 
and the wing tip. 

The maximum noise reduction for wing shielding for any 1/30 

octave band is set at 24.5 dB as a practical limit. 

Reflecting Ground Plane - In lieu of adding a constant 3.0 dB at 

each 1/3-octave freallency for each noise source due to the presence 

of a reflecting plane, subroutine GNDREF calculates the ground- 

reflection correction for each 1/3-octave frequency, based on tt. 

path-length difference between the direct and reflected acoustic 

wave (due to the presence of the reflecting ground plane). 
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The method used is based on the --=hods contained in ref. 18 

as modified to aqree with experimental data. The ground- reflect ion 

correction is calculated for each 1/3-octave - ,quencv at each 0.5- 
second time interval. The correction is added to the free-field 

noise prediction for each noise source. 

The correction, AdB, that is added to the free-field level is 

found from 

AdB = 10 LOGlO 1 + (Q.QSG/Z) I 2 

sin (0.72571 ~r_/h) 
+ ( Q ' Q ~ ~ ' Q ~ ~ / ' Z )  0.72571 Ar/h 

where 

X = the wave lengtlr 

6 = phase of reflection coefficient 

Ar = the path-length difference betweer the reflected and 

direct wave 

2 = the ratio of the path length of t:.t reflected wave to the 

path-length of the direct wave 

Q = the reflection coefficient, computed as a function of , 
locally reacting durfaca impedance model typical of an 

acoustjcally absorbing ground plane. 

The quantity QSJ is an energy-scattering coefficient to 

account for the incoherence of the numerous turbulent eddies that 

generate jet noise in the boundary layer between the jet and the 

quiescent surrounding atmosphere. The quantity QSG is an energy- 

scattering coefficient for surface roughness or "waviness." This 
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parameter becanes important for frequencies where the wave length 

is approximately equal to the size of surface iiregularities. The 

inclusion of QSG and QSJ corrections is a user option. 

Figure 55 shows the values of QSJ and QSG as a function of fre- 

quency that are used in the ground reflection correction calcula- 

tion, 

Extra-Ground-Attenuation (-1 - Extra-ground attenuation, A d B ,  

for each 1/3-octave frequency at each 0 .5  second is calculated in 

subroutine EGAC, taken from a NASA program, ref. 19, The correc- 

tion is based c.n the distance from the source to the receiver, and 

the elevation angie between the source and receiver and the ground 

plane. Corrections are set to zero for elevation angles above 45 

degrees. The extra-ground-attenuation corrections are subtracted 

from the predicted levels for each source at the sideline condition 

only. 

OWE-THIRD OCTAVE EAUO CMiEP PIMUENCY, HZ 

Figure 55. Incc- drence (QSJ) and Ground (QSG) Energy 
Scattering Coefficients Used for Ground 
Reflection Correction Calculation. 



For all time increments along the flight path, the values of 

LPN and LTpN for each source and the aircraft total are computed in 

subroutines PERNL and TONCOR and retaina.2. Values of maximum Lm, 

LTpN, Lp and LpA for all sources and the minim&- slant distance are 

continuously updated throughout the flight path and retained along 

with their respective time interval indices. The user has the 

optior to stop t5e flight path analysis when the Sm for the total 
noise is 10 d 3  below the maximum LTm found. 

When the flight path analysis has b,en completed, the total 

time history of LPN and LTpN is analyzed for each source to calcu- 

late the duration times and corrections associated with the maximum 

LTpN. The hpN for each source and the total noise is then com- 
puted. The calculation procedures adhere to the prescribed methods 

of FAR 36, Appendix B, except that the Lm limit of 90 dB in 

Paragraph B.36.9.F is implemented as a aser option. 

3.6 Output Module 

The output module consists 3f two subroutines: PRINT and 

mom. 

Subroutine PRINT is the basic printer out~ut module. It 

allows the user to specify one of 3 levels of output detail: sum- 

nary, intermediate, and full. 

The summary output includes the user-input and de-Iaulted-input 

data and a one-page summary of tne final computed values of LEm 

and maximum LTpN, LPN, Lp and LpA tor each source and the total air - 
crrf t. 

The intermediate printout includes the surnary plus a listing 

of the Flight profile, s summary of noise levels at the minimum 

aircraft--0b.c -unr slant distance, and spectra of the static noisz 

sources. 
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The full printout includes the intermediate , ~ r  intout plus a 

detailed noise level summary, by source, at every 0. 5-second 

interval elong the profile. 

The variable that controls the output option is IPOUT in NAME- 

LlST &CONT, 

Subroutine PROUT generates a ope-page listing of the static 

noise spectra for each source at all angles from frequencies of 

20 hz to 20,000 Hz. It also tabulates the overall noise levels azd 
the computed power level. PROUT is controlled through the variable 

I POUT, 

3.7 Ptility Subroutines 

o Subroutine SUnSPL 

SUMSPL comprltes the overall Lp and LpA of an input spec- 

trum from 20 Hz to 20,000 Hz. An option restricts the 

frequency spectrum to a range from 50 Hz to 10,000 Hz. 

o Subroutine POWER 

POHW computes the spectral and overall LW from 20 Hz to 

20,000 Hz for a free-field (no reflecting planes) input 

noise spectra. It is used to compute the sound power 

ievels for each static noise source. 

o Subroutine GOLD1 

GOLD1 initiates a one-dimeasional golden section search 

for the maximum sideline LEpN. Iterations are performed 

on the sidoline microphone location until its location 

for maximum LEpN is determined within s user-specif ied 

range tolerance, defaulted to 30.5 meters (100 ft). 

GOLD? consists of computer code found in ref. 20. 
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o Subroutines TERP and SERCR 

TERP and SERCH tire used to linearly interpolate two- and 
three-dimensional data arrays, They are NASA routines 

taken from ref. 19. 

o Subroutine PERNL 

PERNL calculates the perceived noise level, Lm, for an 

input spectra from 50 Hz to 10,000 Hz. It follows the 

calculation procedures o: FAR 36, Appendix B, and is 

based on material frart ref. '9, 

o Subroutine TONCOR 

I G X V R  computes the tone correctIan to be applied to the 

LPN of a noise spectra and is based on ref. 19. It 

includes an option, IPSEUD, to exclu5c =ny tone correc- 

tions below 1000 Hz. The tone correction is used to 

eliminate any spurious tones due to ground reflections. 

It should not be used whee a propeller source is 

included. TONCOR adheres to the procedures of FAR 36, 

Appendix B. 

o Subroutine FAALIM 

FAALIM computes the FAFt 36 noise certification effective 

perceived noise level limits according to the certifica- 

tion condition specified (IFAA), the aircraft maximum 

takeoff gross weight (WGMAX) , the applicable FAR 36 noise 
stage (ISTAG), and the type of aircraft engine (NTYE) .  

The noise limit value is printed on the summary output so 

that the user can campare predicted noise levels with the 

applicable FAR 36 certificatioc limit. 



Subroutine UNITS O - 
UNITS input data units from the SI system to the 

English system prior to performing calculations when the 

user specifies SI units for the IS1 option. In additian, 

ONITS converts certain default values to SI units at 

program initialization to prevent those values from being 

converted :.ntcrrectly to English units after the input 

data has bcten read. 

o Subr0utir.e PRPCOR 

PRPCOR calculates a performance correction to turboprop 

level flyover noise levels as required by FAR 36, 

Appendix F. Input data that mast be supplied to PRPCOR 

includes the distance from brake release to clear a 

15.2-meter (50-ft) obsta~le, the certified best rate of 

climb, and the aircraft velocity for best rate of climb. 

Unless all three values are specified, the performance 

corrections will not be made. 



SECTION IV 

4.0 PROGRAM FUNCTIONAL FLOWXiART 

A functional fluwchart depicting the major subroutine inter- 

faces is presented in Figure 56. 

T r y  6010 FLY OVR I 2 

Figure 56 fa) . Flowchart of Major Subroutine In t  2rfaces. 



BLSPL THREE 
a CABALT FOUR 

PRCOR CRVA 
RELHAR CRVB 

a m E P  a CRVC 
TL CRVD 

+ 
PEW1 SUNS1 

' TOICOR POWER 

Figure 56 (b) 

FLYOVR 8 

Figure 5 6 ( c )  

Figure 56 ( b )  and ( c )  . Flowchart of Major Subroutine Interfaces. 



SECTION V 

5.0 PROGRAM VERIFICATION 

The turbofan/turbojet option of program NOISE was verified by 

predicting the FAR 36 takeoff, approach, and sideline certifi- 

cation noise levels for a Garrett TFE731-2 turbofan-powered 

Lear 36 executive jet aircraft. The output of NOISE for these 

predicted conditions is presented in Appendix A, Sample Test 

Cases. 

A comparison of the NOISE-predicted levels with the certifi- 

cation data documented in FAA Advisory Circular 36-lB, ref. 22, is 

presented below. 

Effective Perceived Noise level, EPNdB 

FAA 
Certification NOISE Certified 
Condition Prediction (FAA, Reference 22) 

Approach 91.2 92.2 

Sideline 88.1 86.9 

The predicted levels at all three FAA certification condi- 

tions demonstrate a level of accuracy that far exceeds the toler- 

acce requirements cf 5 EPNdB. 

The turboprop option for a level flyover was verified with a 

Mitscbishi MU2J business aircraft powered by two Garrett 

TPE331-6-251M engines. The neasured level for this aircraft dur- 

ing a 1000-foot level flyover is 76.8 dB(A) . The predicted 

flyover noise is 78.1 dB (A), well within the 5 dB (A) tolerance 

requirements. The computer generated o u ~ ~ u t  for this condition is 

presented in Appendix A. 



The c a b i n  n o i s e  o p t i o n  was v e r i f i e d  w i t h  a p r e d i c t i o n  o f  

n o i s e  l e v e l s  i n  an  Aero Commander 680E and a Gul fs t ream Commander 

1000. Measured l e v e l s  i n  t h e  680E a i r c r a f t  r ange  from 97 to  
1 0 1  dB(A) w i t h  a n  ave rage  of  99 dB(A) i n  t h e  c e n t e r  o f  t h e  c a b i n .  

The p r e d i c t e d  l e v e l  was 98.7 2B(A), which a g r e e s  w i t h  t h e  ave rage  

measured l e v e l .  The p r e d i c t e d  l e v e l  o f  93.2 dB (A) a t  t h e  c e n t e r  

o f  t h e  c a b i n  f o r  t h e  Commander 1000 was also i n  good agreement 

w i th  measured l e v e l s ,  which range  from 90 to  92 dB(A) . The 

computer-generated o u t p u t  f o r  t h e  680E p r e d i c t i o n  is p r e s e n t e d  i n  

Appendix A. 



SECTION VI 

6.0 USER'S MANUAL 

6.1 Introduction 

Program NOISE is the executive control program for the com- 

puter prediction of FAR 36 certification noise levels for general 

aviation turbofan, turbojet, and turboprop aircraft, By calling 

five major modales, NOISE effectively controls all program sub- 

routines. 

NOISE is a companion preliminary design tool to the NASA Gen- 

eral Aviati-on Synthesis Program, GASP. As such, it should provide 

FAR 36 noise level. estimates to within 5 EPNdB. Seven noise pre- 

diction options are available: 

FAR 36 Approach 

FAR 36 Takeoff 

FAR 36 Sideline 

FAR 36 Level Flyover 

Static components at takeoff operating point 

Static components at approach operating point 

Cabin noise 

Noise predictions are made on an engine compnent basis and 

summed to obtain total engine/propelier flyover noise levels. The 

following components and noise solirces can be specified by the 

user for inclusion in the noise prediction study: 

Fan 

Axial Compressor 

Centrifugal Compressor 

Combustor 

Je t 



Axial Turbine 

Radial Turbine 

Propeller 

6.2 NAMELIST Orqanization 

NOISE contains 12 NAMELIST blocks for program input. The 

NAMELISTS are functionally organized so that the input of their 

variables follows the flow of the program logic. A list of the 

NAMELIST groups and their functional descriptions is tabulated 

below: 

Description 

Major control variables 

Environmental (ambient) conditions 

Engine/aircraft descriptors 

Flight profile generation variables 

Fan/axial compressor noise prediction 
variables 

Centrifugal compressor noise prediciton 
variables 

Combustor noise prediction variables 

Jet noise prediction variables 

Turbine noise prediction variables 

Propeller noise prediction variables 

Plyover noise control variables 

Cabin noise prediction variables 

The variables for each of these NAMELIST blocks are presented 

in Tables I through XII. Default values are given, and a descrip- 

tion of each variable along with any xecessary instructions is 

provided. For example, in NAMELIST group &CONT, Table I, the 

major control variables are IFAA, IPOUT, ISTAGE, ICAB and ISI. 



TABLE I 

NAMELIST GROUP: CONT 

- 
VARIABLE DEFAULT DESCRIPTION 

IFAA 0 Master program control variable: 

stop program 
FAR 36 approach 
FAR 36 takeoff 
FAR 36 sideline 
FAR 36 level flyover 
static engine predictions, takeoff 
static engine predictions, approach 
cabin noise predictions only 

(If 1F.A 28, program will abort) 

I POUT 

I STAGE 3 

ICAB 0 

Output detail level option: 

= 1, Summary; input and FAA certification 
levels 

= 2, Intermediate; summary plus minimum 
slant distance, flight profile, and 
static engine spectra 

= 3, Full; intermediate plus detailed fly- 
over source analysis at all 0.5- 
second intervals 

FAR 36 stage limit (1, 2, or 3) to be 
applied. All zew iircraft types axe certi- 
fied to Stage 3 limits 

Cabin noise prediction option 

= 0, No prediction 
= 1, Cabin noise predicted 

(NAMELIST &CAD must be input) 

System of units option for input data 

= 0, English units 
= 1, SX units 



TABLE I1 

NAMELIST GROUP: ENV 

VARIABLE DEFAULT DESCRIPTION 

TAMB 536.69 

PAMB 2116.22 

RH 70.0 

DIST 100.0 

ANGLE 10-160 
(airay of 
length 16) 

NLOC 

Ambient temperature at source, OR 

Ambient pressure at source, psf 

Relative humidity, gercent 

Distance from engine at which static 
predictions are made, ft. 

Angles from engine inlet at which static 
noise predictions are made, degrees. 
(Default is 10 degrees :o 160 degrees 
in 10-degree incremects) . 
Number of angles in ANGLE array. 
(Maximum number is '-6 ) 



TABLE I11 

NAMELIST GROUP: SYS 

VARIABLE DEFAULT DESCRIPTION 

NTY E C Aircraft engine type: 

= 0, defaults to tur5ofan with warning 
message 

= 1, Turbofan 
= 2, Turbojet 
= 3, Turboprop 
= 4, Propeller noise source only; ICOMP is 

not to be specified 

ICOMP Array of engine components to be used as 
(array of length 6) noise sources: 

end of sources 
Fan 
Axial Compressor 
Centrifugal Compressor 
Combustor 
Jet 
Axial Turbine 
Radial Turbine 
Propeller 

The ICOMP array must be fiJled in the order 
in which the user inputs the individual com- 
ponent NAMELISTS. 

A maximum of 6 sources may be specified. 

ENP 

LOCENG 

2.0 No. of engines on aircraft 

1 Engine location on aircraft 

= I, fuselage-mounted 
= 2, wing-mounted 

5 , 5  Distance from engine inlet to wing leading 
edge, ft. See Section 3.5.2(f) of Finzl 
Report for further explanation. 

2.6 Distance from engine inlet centerline to top 
wing surface, f t ,  



TABLE 111 (Cat'd) 

NAHELIST GRWP: SYS :Continu&) 

VARIABLY: DEFAULT DESCRIPTION 

IPHASE 

ANSNGI 

16.7 Distance from engine inlet centerline to 
win3 t i p ,  ft. 

( Y L ,  YL and ZL are used for wing-shielding 
ccrrections and are applied only to the 
mlet n~ise contributions of fuselage- 
mounted engines. 

0 Phase synchronization of multiengine in- 
stallations: 

= 0, Engines in phase 
= 1, Engines I - t  of phase 

0. Angle between engine inlet and aircarft 
centerlines, degrees. 

Positive if abme aircraft centerline. 

0. -gle between engine exhsust and aircraft 
center lines, degrees. 

Positive iZ below aircraft centerline. 

0. Aircraft maximum takeoff gross weight, lb. 

0. Aircraft flight velocity, fps 
(Computed f rcm AHACH if VEL = 0. ) 

0. Aircraft Mach No. 
(Coarpu ted from VEL if AMACH = 0 .  ) 

Note: Either VEL or W C H  must be user- 
specified if flyover noise is requested; 
otherwise program will abort.) 

1 Option to Doppler-shift noise source fre- 
quency spectra for aircraft motion rela- 
tive to observer 

= 0, No Doppler shift 
= 1, Doppler shift 



TABLE IV 

VARIABLE DEFAULT DESCRI PTIml 

0 Acoustic flight profile generation option 

= 0, Straight line approximation 
= 1, User input profile 

If IDPRO = 1, &he user mast input the flight 
profile on Logical Unit 55 according to the 
following fixed-field format (6E12.5): 

Colurns Var iable 

1-12 Time, sec. 
U-24 Range froc brake release, ft. 
25-36 Altitude above runway, ft. 
37-48 Aircraft velocity, ips 
49-60 Aircraft angle of attack, degrees 
61-72 Aircraft climb angle, degrees 

A series cf the above-described records must 
be entered in ascending time intervals, 
Linear interpoiation wili be performed be- 
twean intervals, The maximum overall tire 
interval is 219.5 seconds. 

~ - - .  -~ 

Only if IDPRO = 0 are the remaining NAMELIST 
variables entered. 

FLTANG Takeoff: Constant climb angle for takeoff and side- 
11.0 line, or =nstant glideslope angie for 

(fans, jets) approach, degrees 
5.0 

(props) 

Approach The approach default conforms to PAR 36 pro- 
3 . 0  cedures. 



TABLE IV (Cont 'd) 

NMELIST GR@UP: FPRO (Continued) 

VARIABLE DEFAULT DBSCRI PTION 

ANGAFT Takeoff : 
7.2 

(fans, jets) 
10.0 

(props) 

Approach: 
4.0 

Leve 1 
Flyover : 

0.0 

TOROLL Fans, jets: 
4500. 

Props : 
2300 

APD I SI- 10685.0 

Constant aircraft angle of attack, degrees 

Distance along runway from brake release to 
aircraft rotation on takeoff, ft. 

Initial aircraft approach range from touch- 
down, ft. 

(Default conforms to FAR 36 procedures.! 

Aircraft altitude over observer for a level 
flyover, ft. 

(Default conforms to FAR 36 procedures.) 

Airzraft altitude at sideline condition 
estimated for aircraft location at point of 
maximum sideline Lgp~. This variable is 
usad only when IDPRG = 1. 



TABLE V 

NAadgLIST GROUP: FAN (FOR FANS AND AXIAL COEIPRESSORS) 

VARIABLE DEFAULT 

IGV 0 

IFD 0 

NSTG 

NBF 

W A N  

RSS 

WAF AN 

RPU 

DELT 

FPR 

FANDIA 

FANHUB 

TIPm 

TIPM 

FANEFF 

NBF2 

NVAN 2 

96 

lnlet guide vane: 
= 0, no IGV'S, 
= 1, fan has inlet guide vanes 

Inlet flight rode uption: 
IFD = 0 ,  flight mode 
 IF^ = 1, static and ground roll mde 

Number of blade passage frequency 
harmonics to be calculated 

Number of fan stages 

Number of first-stage fan blades 

Number of first-stage stator vanes 

Rotor-stator axial spacing/axial chord x 100, 
percent 

Total mass flow at fan inlet, lb/sec 

Fan physical speed, rpm 

Total temperature rise across fan, OR 

Fan pressure ratio, must specify if DELT = 0. 

Fan tip diameter, ft. 

Fan hub diameter, ft. 

Fan design point relative tip Mach number 

Fan relative tip Mach No., computed if 
TIPH = 0. 

Fan sfficiency, must specify if DELT = 0. 

Number of fan blades, second stage 

Ncmber of stator vanes, second stage 



NAMELIST GROUP: FAN (FOR FANS AND AXIAL COMPRESSORS) (Continued) 

VARIABLE DEFAULT DESCRIPTION - 
FAND2 0. Fan tip diameter, second stage, ft. 

TI-2 0. Fan second stage design point relative Mach 
number 

TIM2 0. Pan second stage relative ti? Mach number 

RSL2 100. Second stage rotor-stator spacing constant 

PRAT 0. Ratio of pressure ratios between stages, 
P 3 D 2  + P2/P1 

TRAT 0. rises between stages, 

FAN-2 0. Second stage fa efficiency 

IBUZ 0 = 0, Revised combination tone noise 
calculation 

= 1, Original NASA combination tone noise 
calculation 

0 = 0, Revised discrete tone calculation 
= 1, Original NASA discrete tone calculation 

40. Dynamic amplification factor 



TABLE VI 

~ I S T  GROUP: CENT 

VARIABLE DEFAULT DESCRIPTION 

-SD 

D m  

DELE 

NBC 

CAECN 

Compressor physical rotational speed at 
operating condition, rpaa 

Campressor physical rotational speed at 
design point condition, rpm 

Compressor inlet temperature, OR 

Compressor inlet pressure, psf 

Coapressor total temperature rise ratio, 
AT/T 

Compressor mass f l w  at operating condition, 
lb/sec 

Compressor mass flow at design point, lb/sec 

Inducer inlet tip diameter, ft 

Inducer inlet hub diameter, ft 

No. of compressor blades 

Dynamic amplification factor 



TABLE VII 

NAMELIST GRO'JP: BURNER 

VARI-ABLE DEFAULT DESCRIPTION 
- -- - -  - - - 

WACOMB 0. Combustor mass flow, lb/sec 

T3 0. Combustor inlet temperature, OR 

0. Turbine inlet total temperature, OR 

P3 0. Combustor inlet total pressure, psf 

CAEC 20 . Dynamic amplification factor 

See Final Report, Section 3,4.l(b) 



TABLE VIII 

NAMELIST GROUP: JET 

VARIABLE DEFAULT DESCRIPTION 

VJ 

TJ 

GAMJ 

ALFAJ 

PHIJ 

Fully expanded primary jet velocity, fps 

Primary jet total temperature, OR 

Primary jet specific heat ratio. 
Will be calculated from TJ if not input. 

Fully expanded jet density, slug/cubic ft 
Will be calculated if not input. 

Primary jet outer diameter, ft 
Use throat for convergent-divergent nozzle 

Primary jet annular height, ft 
Must be at least 0.5 DJ for a circular jet 

Fully-expanded jet area, sq. ft. 
Will be calculated if not input 

Fully-expanded secondary jet velocity, fps 

Secondary jet total temperature, OR 

Secondary jet specific heat ratio 

Secondary jet outer diameter, ft 

Secondary jet annular height, ft 

Axial distance from secondary jet exit plane 
to primary jet exit plane, ft 

Angle between jet velocity and nozzle 
forward velocity, degrees. 
Will be internally calculated if flyover 
zondition is specified. 

Small angle defining sideline, degrees. 
Used only for sideline and is internally 
calculated if sideline flyover (IFAA=3) is 
specified and PHIJ is 0.0 at input. 



TABLE V I I I  (ContWd) 

NAMELIST GROUP: JET (Continued) 

--------------- - --- -------- - 
VARIABLE DEFAULT DESCRIPTION 

0. Nozzle (aircraft) forward velocity, fps. 
I €  VEL is specified in &SYS, VO is set 
to VEL. 

INVOPT 0 Calculation option for inverted jets only 
('JJ2 > VJ) : 

= 0 , merged and premerged summed 
= 1, merged only 
= -1, premerged only 



TABLE I X  

NAMELIST GROUP: TURB 

VARIABLE DEFAULT DESCRIPTION 

RPMT 

DT 

NBT 

DTOT 

PRTS 

GAM -Y! 

CAET 

Turbine physical rotational speed, rpm 

Axial turbine t i p  diameter, radial turbine 
exducer exit t i p  diameter, f t  

Axial turbine hub diameter, radial turbine 
exducer exit hub diameter, f t 

Turbine exit flow area, square f t  w i l l  be 
computed from DT and DH i f  defaulted to  0. 
Must be input i f  DH not specified. 

Number of turbine rotor blades 

Nondimensional isentropic temperature drop 
for t h e  entire turbine section. Required 
input i f  PRTS = 0. 

Turbine section pressure ratio,  total-to- 
s tat ic .  
Required i n p u t  i f  DTOT = 0. 

Turbine specific heat rat io  

Dynamic amplification factor. 
See Final Report, Section 3.4. l (b) .  



TABLE X 

NAMELIST GROUP: PROP 

VARIABLE DEFAULT DEFCRIPTION 

DIAP 1. Propeller diameter, it. 

NBP 1 No. of propeller blades. 
Set NBP to its negztive value to indicate a 
swept-blade propeller 

SHP 1. Engine shaft horsepower absorbed by the 
propeller, hp 

RPMP 1. Propeller rotational speed, rpm 

CAEP 40. Dynamic amplification factor. 
See Final Report, Section 3.4.l(b). 

BLTB 0.0292* Propelltr blade thickness at 70-percent 
span. 

BLCH .65* Blade chr,rd at 70-percent span. 

BLAK 5. * Propeller blade angle of attack at 70 per- 
cent-span. 

BLAREA 6.174* Total blade area on one side of all 
blades, ft2 

*Default values correspond to a Hartzell T10282, 102 inch diameter, 
3-bladed propeller. 



TABLE XI 

NAMELIST GROUP: FLY 

VARIABLE DEFAULT DESCRIPTION 

XFAA 
(array) 

(1 1 
( 2  
( 3 )  

Y FAA 
(array 

(1) 
(2 
(3) 
(4) 

ZFAA 
(array ) 

(1) 
(2 ) 
(3) 
(4 1 

XLSIDE 

XRSIDE 

IDUR 

TOROU 

Range locations of measuring stations 
(microphones) for FAR 36 certification, f t. 
Approach 
Takeoff 
Sideline (initial right-hand default 
boundar 1 for iteration) 
Level flyover 

Height of measuring stations, ft 

Approach 
Takeoff 
Sideline 
Level flyover 

Sideline distance of measuring stations, ft 

Approach 
Takeoff 
Sideline 
Level f lyover 

Initial left-side boundary for sideline 
iteration. 

Initial right-side boundary for sideline 
iteration. 

Option to include energy-scattering coeffi- 
cients in ground-reflection calculations. 
See Final Report, Section 3.5.2(e). 

= 0, do not include coefficients 
= 1, include coefficients 

Option to stop flyover analysis when total 
engine LTpN is 10 dB down from its maximum 
value 

= 0, dc not stop at 13 dB doknpoint 
= 1, stop at 10 dB downpoint 



TABLEXI (Cont'd) 

NAMELI ST GROUP : FLY (Cont i nued ) 

VARIABLE DEFAULT DESCRIPTION 

ICUT 0 Option to limit duration interval for L E ~ N  
calculation to tone-corrected noise levels 
above 90 dB, per FAR 36, Appendix B, 
f36.8.5 (n)] 

= 0, do not impose limit 
= 1, impose limit 

IPSEUD 

RGOLD 

XTOL 

IWING 

1 Option to eliminate tone correction 
calculations for LPN for frequencies below 
1000 Hz. This option should not be used for 
propeller cases since propeller noise 
harmonjcs occur below 1000 HZ. 

= 0, do not impose option 
= 1, impose option 

0 Option to print convergence monitor in sub- 
routine GOLD1 for sideline iterations. 

= 0, do not p~int 
= 1, print 

100. Convergerce tolerance dietance for sideline 
microphone location in determining sideline 
location of maximum LEPN, ft. The number 
of required LEPN iterations decreases as 
XTOL is increased. 

0 Wi.~g shielding option; valid only for 
turbofan/turbojet aircraft with fuselage- 
mounted engines. 

= 0, impose option 
= 1, do not impose option 



TABLE XI (Cont 'd) 

NAMELIST GROUP: FLY (Continued) 

VARIABLE DEFAULT DBSCRI PTION 

The following are used only for a turboprop 
airplane in a level lOOG ft flyover. They 
are used for a performance correction to the 
predicted levels. 

D50 Single Takeoff distan.:e to 50-ft altitude at 
engine: maximum certified takeoff weight, ft. 
2000. 

Multi- 
engine: 
2700. 

Certified best rate of climb, fps 

Airplane speed for best rate of clino, fps 
(If X = 0 or VY = 0, no performance 
correction is made.) 



TABLE X I  1 

ISAWEtIST GROUP: CAB 

- - - - - - - 

VARIABLE DEFACLT DESCRIPTION 

DIAP 1. Propeller diameter, ft 

NBP 

RPnP 

ALT I T  

TC 

FAD 

PRES 

DAFT 

1 No. of propeller blades, 
Set lQBP to its negative valrle to indicate 
a swept-blade propeller. 

1. Brrgine shaft horsepower absorbed by the 
propeller, hp 

1. Propeller rotational speed, rpll 

7500. Aircraft altitude for cabin noise, ft. 

1. Radial propeller tip-to-fuselage clearaxe, 
ft. 

0. Farward or aft distance, relative to plane 
of propeller, where noise calculations are 
made, ft, 

0. Cabin pressurization, psi 

10. Fuselage distance aft of aircraft nose, 
where bocndary layer noise is calculated, 
ft. 



6.3 Data Input Instructions 

The inclusicn of ecch NMELI= in the input file is dependent 

upon the value of the master control variable, IFM, in BAI(BLIST 

M=0101. Table XI11 presents a listing of required lQAllELISTS for 

each value uf IFAA, and the order in which they rrust be iaput. 

In additton, noise caponent KXMELISTS must be input, in type 

and order, according to the user-input values specified for the 

eqine caponent array, ICOWP, in WWELIST &SYS. 

Failure to incluCe all required IUWELISTS in their proper 

order will iesalt in a program abort. 

All WW3LISTS must be entered according to the following for- 

mat: 

(a) Each NAMELIST block must start with an 6 in Column 2, 

followed immediately with the NARKLIST name. 

(b) A blank must occur in the column follming the HAHELIST 

name. 

(c) Data is entered in the remainin? record columns accord- 

ing to the format: Variable Name = Galue. Commas must 

separate each variable set. 

Array values are input in array index order such as 

shown in the following examples: 



TABLE XI1 I. ORDER OF INPUT TO NOISE 

Plyover Noise Studies (1 S IFAA 5 4)  

LCCMT 
TITLE CARD 
&ENV 
LSYS 
CPPRO 
(Engine/Propeller Component NMSLISrS) 

6 FAN 
=BNT 
&BURNER 
&JET 
QTURB 
&PROP 

&FLY 
&CAB ('1 
LCONT IFAA = o &END (Program stop) 

1 ** 

B. Static Corpo~.:rlt Noise Studies (5 5 I P M  5 6) 

SmNT 
TITLE CWU) 
SENV 
LSYS 
(Engine/P~opeller Corrponent WELISTS) 

6 FAN 
&CENT 
&BURNER 
&JET 
CTURB 
6 PROP 

&CAB ( * )  
CCOMT IFAA = 0 &END (Program Stop) 

C. Cabin Noise Studies Only (IFAA = 7) 

SCONT 
TITLE CARD 
LSYS 
&CAB 
LCOMT IFAA = 0 LEND (Program St~p) 

*Include &CAB only when ICAB = 1 in NAMELIST CCONT 

**Enter components in the order specified in array ICOEIP in NAME- 
LIST LSYS. Enter only those components specified. 



In (i) the first four lsations of ICOW are filled with 

'1'. -4.. 'S', and '6'. Locations 5 and 6 retain their 

default values of 0. In (zi) anly the third location of 

XFAA has been changed from the default value. 

More than one card say be used for a MAMELIST black. A 

consra must follow the last variable set on an intermedi- 
ate or initial card of a multicard set. Data on all 

cards must start in Column 2, 

(d) A space followed by bKHD after the last variable set in 

a block indicakes the end of the block. The m&END" 

alternatively may be entered, starting in Column 2, on 

the card following the last variable set. 

(e) If default values are used for all variable= in a 

NAHELIST, the NAMELIST card must still be entered. An 

example is as follows: 

LFPRO LEND - 

Typical input data streams are shown in the examp2e in Fig- 

ure 57. Although the program logic is capable of multicase execu- 

tion, default values are set in DATA statements of BLOCK DATA sub- 

routines, and the user must assure himself that succeeding cases 

are properly initialized through user input, It is highly recom- 

mended that only one case be input per execution. 

~f the user selects the external flight profile option in 

NAMELIST &FPRO, he must input the profile on Logical Unit 55 

according to the format described in Table V. 

The input file used ir? the program 2EAD statements is LIN. 

It is set to logical unit 5 in labeled COMMON/IO/ in BLOCK DATA. 



( a )  Input Stream for a Takeoff Condition Prediction 

:OM1 I F & A - 5 r I P O U f - 3 * I S T A 6 - 3  6EUD 
~PICAL 8USIHESS JET ~ u a s o ~ a ~  AT T r g E b C F  STI~ IC  THRUST rouia 
iWU TA@lB-536.# LLMD 
irs nfvf - l ~ I f O R P - 1 ~ 4 ~ 5 r b ~ ~ ~ 3 ~ E ~ P - l ~ ~ L ~ T Y S - ? ~ ~ L - 5 ~ ~ V L - 1 o ~ Z L - l ~ . ~  
yrst -0.100_r-o &Ern# ------------.--- -- 
:Ah f ~ O ~ l ~ ~ a F ~ 2 8 ~ k U U s ~ b b ~ R S S ~ ~ 8 3 o ~ F 4 ~ 9 I A ~ 1 t ~ 4 O ~ F A U r l U B ~ o 7 O b ~  
[wo~L*~ .   TIP^-A. 3 5 5 ~  
~ f A ~ ' s e ~ O l ~ . R P ~ - L ~ . ~ l ~ ~ ~ k L l r S ~ ~ C r  ~ - ..- -- - -  
iJ(lt-C IWZ-01 
iND 
IUahtR d A i O ~ ~ ~ ~ ? . . l 8 r t 3 - 1 0 3 l ~ r ~ * ~ 2 2 5 3 e r P 3 . ~ ~ ? ~ ~ . Z  6EhD 
I E f  V J ~ Z O S ~ ~ P T ~ ~ ~ % C O ~ D ~ ~ O B ? ~ ~ . ~ ~ J ~ ~ ~ ? . ~ ~ ~ W V J ? ~ V ~ ~ ~ ~ ~  J Z ~ b 2 l e 4 r  
I ~ ~ ~ o ~ O ~ ~ ~ ~ ~ J Z ~ O L ~ ~ ~ ~ E L Z ~ ~ ~ B  LEWD 
;*ED . ~ ~ ~ ~ l ~ b ~ 0 _ T _ z L . ~ r B ~ ~ d l ~ ~ 4 E ~ L I ~ 3 w ~ ~ ~ f ~ 5 5 ~ D T  O T - - d 0 1 8 1  LEhO 
:JNT IFIA-0 L E ~ D  

(b! Input Stream for a Static Condition Prediction 

LCOMT I F A A m 7 r  I P O U T ~ 3 r I C A B . I  LEND 
C l l I W  W I S E  TEST C A S t r  4 E R O  C 3 I I A U D E Q  bBOf  

&EMU l I m S m 5 l S *  C ~ U O  
C S r S  U l f E m * r  I C O I P - 8 r  LOiCWC-ZvVEL-2700  Lf @I 

r ~ t ~ o O e r ~ - z 5  OJA_SENQ.. ----- _ -_ - - . - . - - . - 
(CAB D I A ? ~ ? ~ ? s ~ N I P ~ ~ ~ s H P * ~ ~ ~ ~ ? ~ ~ R P ~ ( c - ~ ? ~ ~ ~  ~ I L ~ ~ T * I ~ o o ~ ~ T ~ ~ ~ ? ~ P  
~ A ~ - O O ~ ~ R E S - O . ~  OACT-100 LEN0 

(c) Input Stream for a Cabin Noise Prediction 

Figure 57. Sample Input Streams. 



6.4 Input Data Requirements 

All user input is through NMELIST blocks except for the 

title card. Many variables are required only when certain options 

are invoked, and it is not necessary to define them when these 

options are not used. 

NAMELIST input variable types adhere to standard FORTRAN con- 

ventions. Variable names which begin with the letters I through S 
represent integer values (no decimel point allowed!. All ather 

variable names represent real values (decimal point is used), 

The master control variable, IFAA, specifies the noise condi- 

tioa to be used in the prediction study, and it controls all basic 

program logic paths. 

The printer control option, IPOUT, allows the user to specify 

three levels of output: summary, intermediate, and full. Other 

major option flags available to the user include: 

IDPRO - To select flight-profile generation methcd 

TPHASE - To specify maultiengine synchronization 

IDOP - To include Doppler shift flight effects 

IDUR - To stop the analysis when the engine is 10 dB 

down f rolp its maximam level 

19s - To include energy-scattering coefficients in 
ground-reflection calculations 

IPSEUD - To exclude tone levels below 1000 Hz in LmN calcu- 

lat ions 



ICUT - TO limit L~~~ duration correction interval to L~~~ 

Levels above 90 dB 

IS1 - To establish the system of units for input data. 

All options, except IFAA, are defaulted to values that would nor- 

mally be specified by the user. 

It is obvious that all input data must be consistent in phys- 

ical units. Each input variable should be carefully reviewed 

prior ta program execution. Input data errors are often readily 

apparent in the resulting program output. However, many times an 

incorrect input variable will result in only a small error in the 

numerical output. Unless the user is cognizant of the impact of 

every input variable on the output, these smaller errors can go 

undetected. Thus, it is imperative that the user carucully review 

and check all input data for its validity. 

6.5 Diagnostic Messages 

Error and warning messages are established throughout the 

program. They inform the user of the reason for a program abort 

due to input values or of certain key default values assumed due 

to e lack of sufficient input parameters. These messages are pre- 

ceeded by A listing of these diagnostics is provided in 

Figure 53. 

6.6 Output 

The main output file used in the program WRITE statements is 

set as LOT. It is defaulted to logical unit 6 in labeled COMMON/ 

10/ in BLOCK DATA. In addition to the use of WRITE (LOT, xxx) 

statements, the diagnostic messages are repeated using PRINT xxx 

statements. This is done to facilitate the use of interactive 

execution of NOISE. 



5- - - - - - - - - -- 
C PROGPAR NOISE DIACNOST I C S  
C 
C ERROP,UAQNIYCr AND INFORMATIVE MESSAGES 
C PRINTED OY OUTPJT DEVICE FOP INTERACTIVF USE AM0 

I rR ITT  EN 10 T B p b  FOR P m U T P U 1 .  -- - - 

: C 
c ~ C C c l ; ~ s C t c C C c T C T T C C C C C C C C C C t C c C C ~ C t C f ~ C T t C C C c ~ c S c c C C C C C : C  

C SUBROUTINE INDATA C 
CCCcCCcCCCcC:ccccccCcCC 

rr**G( IN@ATb)PR069AH STOP. IFA1=,13 
I ***** I IMDATA)VEL AND AMACH NUT DEFINED. STOP. 
-bflll--J Q fmmlFIIKI1L- - . - - 

* * * * * ( INDATA) INVAL IO  N T I E  S € 7  TO TURBOPROP ( 3 )  
* * * * * l I N D A f b i I H V A L I D  NO. OF ENGINES SET TO rF3.1 

1 **or* L I U A U L ~ ~ A T L M  .SEf  -1 9 FUSELACE [ 1 
* * * * * ( IND4Tb)EN6INE COHPONENTS NOT INPUT. SET TO ICOMP.rbI2 

/ * * z ) V t L  A I D  ANbCW 0.. PQOIRAW STOP. 
k-****?l _ ~ ~ ~ ~ b l l t R t U ' ~ r l l ,  l e ~ l t  IWALlDr. PROGRAY STOP. .. - 

*****( I ' iDATb)NSOPC*O FCQ ENGINE TYPE ,XI,. PR069AM STOP 
j CCCtCcccCCCccCCCccCCccc 
$ . SUBPQUKIYE S T A T I C  C . - , CCCCCCCCCCCCCCCCCCCCCCC 

*****STATIC LEVELS AT ARBIENT CORSECTED TO FAA STD DAY 
__-_ _ C i l N D f I l C Y S  177 DEG FJ 70 P L I  R l i )  F 3 R  FLfOVEP PREDICTl3NS O Y L I f  

*****WA?NfYF* I W O M P ( ~ l l r ) ~ r 1 2 9  .fNVCLIO.SUBQOUTINE 
STATI:.PRDGRAR b I L L  SET T H I S  COMPONENT SPL ARRAY T 3  0. 

C C t t  CcCrCCCcCCCt_tCCCCCC 
. C SUBPOUTINE FL ICON C 
CCCCCCCCCCCCCCCCCCCCCCC 
,-. ****?SUBQOUTINE FLYOVR NOT EXECUTED BECAUSE I F A A  *,I3 

CCCCCCCCCCCCtCCC~CCCCC 
C S U B Q O U T I ~ C  PRINT C 

1CCCcCCCCiSC;CCCCCCCCC 
*****A STQAIGdT L I N E  OROFILE V I L L  BE CONPUTEQ FQOH 

A COMJILATIOV OF THE bBOVE VAQIABLES.1 
,-.- s*L*r _ u ~ E ~ _ ~ N ~ ~ ~ I _ ~ u G M T  PROFILE JN LJGICAL UNIT 

55 ~ I C L  BE USED FOR F L Y O V E R  DPEDICTIONS.I 
*****THE F L I G H T  PROFILE WILL BE TEPRIH4TED WHEY THE 

I Y I B A L L  .ENGINE PNLTC I S  1 0  DB BELOU I T S  f!AXIRUP JALlrE I I 3 U R = l ) .  ***** A D3?PLEQ FREWENCY SHIFT  M I L L  BE APPLIED 
TO ALL SOUaCE STATIC SPECTRA AS A FUNCTI3N OF FLIGHT 
UU Nn, AN2 ANhLE FRDR IblLET. 

*****MAXIqUv TUQBOPROP FLYOVER NOISE LEVEL 
I S  r F 5 . 1 ,  D B 1 A ) I  

- .--*W**+FLYDYEQ d l ) l C R A F  L M U E  PREDICT f  OPI CASE CO!lPLETED***** 
*****ENGIVES MERE ASSUMED TO BE OJT OF PHASE 

( IPdASEm1) .  
- ~ - X * * * W _ M l r M T b T ~ - P ~ 9 . ~  DUR AT1 ON _ - - -- _ .. . 

CORRECTIOY PER FAA FAR36rB36.9.Fr (ICUT.1) 
*****PSEU30TON€S BELOU 1 0 0 0  HZ YERE ELIWINATE0 

-- PEP F k A  . F A Q 3 6 r  03-b.5.n r (IPSEUD.1). 
*****FLYOVEP NOISE LEVELS INCLUDE A DOPPLER Sq IFT .  

- .- ---- - - 

Figure 58. Program Noise ~iagnostic Messages. 



ORIGINAL ?A= 
OF POOR QUALrn 

CCCCCCCCCCCCt:CiCCCCCcCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCC~CCCCCCCCCCCCCCCC:CCC 
C  C 
C P R O G R A N  Y ' J I S E  D I A G N m  T I C S  t C O N T I N U E D )  c 

C  S U B R O U T I N E  F L V O V R  C  
C C C c C c C c C c C c C c c C C C C c c c c  

s * * * * r i 2 ; R A F ?  A L T I T U D E  I S  I E G A T I V E * S T O P  P R O F I L E  A N D  
C A L C U L b j E  E P N L S  -- - .  -. 

* * * * * W R A T I T N  I N T E R V I I  D E C R E A S E D  ~ORIAII~ECAUSE 1l' DB OOYN 
C R I T E P I A  d A S  L I M I T E D  T O  90 D8 ( P N L T C )  P E R  F A R 3 6 .  

* * * * * H A X  P N l T  A T  F I a f T  I N T E R V I L  F O R  , A I m a E P N L  A P C R O X a  
* * * * * n a X  P N l T  4 1  L A S T  I N T E R V A L  FOP e A 4 r . E P N L  APPSOX.  
+ * * * * P W F  I L I  END R € A C d € D  B E F n R E  13 08 DOWN F R O N  M A X  P N L  

TC FOP r h 4 t . E P N L  4 P P R O X e  
CCCCCCCCCCCC t : C C C C r C C c  
C  S U B R O U T I N E  COL.-1 C  
CCCCCCCCCCCCCCCCCCCCCC 

*+c*+Ft?prJD P F S j  AGC SUBIflUTINE G O L C l * * * * * r  1,  
N r e I l S s  I S  b d T  0 01) L 

* * * * * E R R O R  P F i S A S :  ;;SDMITIN€ G O L D l * * * * ~ ~ f ~  
I1 e r t  1 5 . 7 r N O T  S M A L L E R  T H A N  X R ~ r E 1 9 . 7  

* * * * * E R P U R  P E S S A G E  S U B R O U T I N E  G O L b l * * * * * r l r  
F r s E l 5 . 7 ,  D O F S  N O T  L I E  B E T Y E E N  C *  A N D  1. 

c c c c c c c c c c c ; c c c r c c c c c c  
c S,IBW~\ITINE P e a w  c 
c C C c C C C C C C C c C C c C C C C C C C  

* * r * * y h ~ N ! N c . . . J A N 3 ~ 1 3 *  S P L  O F  F 5 . l r  0 8  E X C E E D S  
M 4 l l P U R  V A L I D  P N l  V 4 L U E  P C  150. . .SUBROUTINE P E R I L .  

c C c C c c c c c c c c C C r : c C C c i C  
C  S U ~ Q O \ : T I Y I  J t T J 1  C 
C C C C C ~ : C C C C C C C C C c c C ~ C C C  

* * * * * 4 b F d  * t l I U  P 4 U l P E T L I ;  R F I D Y P  F I G .  1 2  N U  F R E O U E Y C V  
r E D F i l Q r r n  I N  J E T  ? O F D I C T I O N .  

C C C t C C C i C C C i C C C r C C  
C  F U N C T I O N  F p h C H  C  
C C C S i C C C r C C C C C C C ? '  

* * * * * ( r q t r u )  Y ~ C H  tic D I D  ~ 1 ~ 1  CC)NVER;E IN 5 0  
! T I  ; E r l l , N ,  F l u  C t N T ~ I F . I C b I  C f l Y P V F ! S O R . I  

Figure 58. Program Noise Diagnostic Messages (Contmd) 



Proper allocation of resources for both outpv t files should 

be established in the job control language procedures at the 

user's installation. 

Three printer output options, through the variable IPOUT, are 

available to the user: summary, intermediate and full. 

Sample output of the full (IPOUTr3) output option is pre- 

sented in Appendix A. 



SECTION VII 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

t~ogram W I S E  meets, and exceeds, the major contract Task 11 

objective of predicting turbofan- and turboprop-powered general 

aviation aircraft noise levels within a 5 dB level of accuracy at 

FAR 36 certification conditions. As such, it is capable of being 

used for preliminary design aircraft system studies. 

Predictions for a typical turbofan-powered business aircraft 

were demonstrated to be within 1.2 EPNdB of FAA certified levels 

at all FAR 36 certification conditions. Level flyover predictions 

for a typical turboprop-powered business aircraft were demon- 

strated to be within 1.3 dB(A) of measured test data. The accur- 

acy of near-field and cabin noise level predictions was also veri- 

fied for reciprocating and turboprop-powered business aircraft. 

The program computer code wae written in modular form with 

extensive internal documentation. It is based primarily on 

accepted NASA noise prediction procedures, where applicable, for 

gas turbine engine components, modified to more accurately repre- 

sent general aviation-sized engine components. A new procedure 

was established under this contract for centrifugal compressor 

noise predictions, based on in-house contractor data. 

The following enhancements to program NOISE are recormended: 

o Enhancements to Component Noise Prediction Procedures 

Further analysis should be performed, using an extel-ded 

engine/component data base, for the following items: 

- Fan discrete and combination tone noise prediction 

procedures 

117 



- Separation of centrifugsl compressor discrete and 

broadband components; inclusion of the effects of 

cutoff on the fundamental discrete tone 

- Far-field attenuation of combustor noise due to 

turDine transmission losses, particalarly for 

radial turbine applications 

- Radial turbine broadband noise prediction proce- 

dur e. 

o ~ddition of Measured Static Engine Noise Data Module 

Aircraft manufacturers frequently vould prefer to 

utilize measured static engine acoustic test data, when 

it is available, as the basis for flyover noise level 

predictions. 

Component static noise spectra far a specific engine 

would be synthesized within program NOISE from a combin- 

ation of predicted component and measured engine static 

noise levels and spectral shapes. An improved static 

noise model of the specific enginL, being studied should 

resul. t . ,i1hci synthesized spectra, with appropriate 

static-to-f?ight corrections, would be projected to the 

flight condition. 

The inclusion of such a procedure into t5e NOISE program 

would increase the accuracy of the Zlyovzr predictions, 

and would be of added benefit to general aviation air- 

craft manufacturers during their preliminary design 

tradeoff studies. 



o Ad8ition of Acoustic Treatment Dcsign/Prediction Module 

Increased emphasi.3 is being placed an the reduction of 

aircraft noise levels at general aviation airports. To 

meet the present an3 future noise standards of many such 

airports, thz inclusion cf engine acoustic treatment may 

be necessary in advanced general aviation ai~craft pre- 

liminary design studies. An acoustic treatment module 

within program NOISE would calculate the attenuation 

spectrum that can be obtained within a user-specified 

treatment envelope for each noise source selected for 

treatment. Flyover prediction comparisons of the 

treated and untreated engine would indicate the degree 

of attecuation that could be achieved. The maximum 

feasible noise reduction for a given treatment envelope 

and the sources having the greatest potential for effec- 

tive treatment would be identified. Additional enhanck- 

ments could include the efrect of acoustic treatment 

designs upon weight, performance and cost parameters. 

Integration of Program Noise into the GASP System 

At the present time, NOISE is an independent, self- 

contained program. For a GASP-based design study 

requiring noise-lev,.l estimates, the user must marlu. lly 

extract certain input and output GASP variables an2 2ro- 

vide them as input to NOISE. This increases both the 

possibility of  input data srrors and the total schedule 

time required to complete the design s:-d.Iy. The Inte- 

gration of NOISE into GASP would dccrease or eliminate 

these potential problems and would provide the user with 

a single design system for all trzde-off studies. 



APPENDIX A 

Sample Test Case 1 

Approach Condition for a Turbofan-Powered 
Exzcutive Aircraft 

PRFCEDING PAGE BLANK NUT FKMED 





NASA L~WIS RESEARCH CENTER PAGC e 
NASA GASP ~X)ISE n o o u L e  OUTPUT 

~ ~ * * * * * * * # * M * ( I . * ~ M * Y * ~ * * * # * * # * * ~ ~ * * U * * # * * ~ * * ~ ~ * * # ( I * ~ # ~ * * ~ # * ~ ~ ~ * * M ~ * ~ * ( I W ~ * ~ U * ~ M ~ ( I * ~ ~ ~ * ~ * # ~ # I * * ~ I * * # * ~ * * * * # ~ ~ # ~ # ~ ~ # * # ~ * V ~ # * * * M H * ~ ~ ( I ~ #  

TFE731/LEAR36 APWOACH SIlWLAT10)4 FLYOVER NOISE PREOICTIOH 
~ ~ * * ( I * * * * * * ~ ~ ~ ( I * ~ * ~ ~ ~ * ~ ~ ~ ~ * U U * ( I ~ * * * * * ~ ~ ~ * ~ M * M ~ ~ * M * ~ ( I M M * M ( I U * M ~ M ~ f f * * * ~ M * * ~ ~ ~ ~ ~ M ~ M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ M ~ ~ ~ # ~ 1 ) ~ * ~ ~ H ) P 1 ) ~ I ) O H ~ * * W ~ M ~ ~ ~ # ~ ~ h * * ~ * W ~  

..................................... 

E t G I N E  C O n W I l E N l  VARIABLES AT INPUT* 
#**********#********************(I*** 

t t t t t F A N  t t+tt 

IGV-  0 IFD'  0 W3 8 M T 6 .  1 tW1 30 
RSS=Z00.00 WAFAN. 79 .16  RPn= 8391 .  DZLT. 4 5 . 5 0  PPR. 0 . 0  
F A W U B s  1.1250 T IPMJ-1 .4800  TIFTl=O.O PAE(EFP=3.0 WF2. 0 
FAIID2: 0 . 0  T IPM) t=O.O TIPn2=O.O RSS2a100 $ 0 0  PFtAT. 0 .0  
FAttFFZ=O.O IWZ= 0 ITONE3 0 LS(ACH=0.2229 CACP. 40 .0  

****a A DOPPLER F R E W E M Y  W I P T  W I L L  BE APPLIED TO ALL STATIC SPECTRA A 3  A P W C T I O N  OF P I . I W T  WU( NO. AM) W L L  FWl l  IWLLT. 
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NASA LEWIS RESCMCM CENTER 
NASA 6ASP I(019E mXK)LL WTRn 

S S H S S ~ S H - H * S # O ~ - S M M * M * S S S H S S S S S S S S S S S S S S S S S 0 S S S S S S S S S S S ~ # W : H H * H # H S W ~ m ~  

L E A R 3 6 n P E n l  W I J E  PaLOICTIm4 AT FAR36 APPROACH C W I T 1 0 H  
S**S*SHISSSS#SH*S#SHS~SHS#~H*~H~H~SSHSS*SHS~*S#SS~#~#H~~~*S*#*S#HS##*~*S*~(w.W###...*~##W0~8H.H.#HI.~WW~H..~~ 

NOISE W C E :  FIN1 ** D I S T A K E  = 1 0 0 . 0  ** OW-TMIRO OCTAVE BAtD MO OVERALL E W I t I E  CO)(WMNf W C L  W O I U  LEVEL SWUR1 
# S * S # S S S H * S # S ~ H S S S W # S S H * * * H H S H * O S ( I # ~ H S S S # S * H S S # # * * # W * S * # H * * # * * S ~ H * H S S * # S * S H S S S S I * S * 8 W # S # # H # H * * * # H H W ~  





-- 
OD 

NASA LEWIS RESEARCH CENTER 
NASA 6ASP NOISE UOOULE OUTPUT 

~ * n ~ n ~ ~ n n u n ~ n n n w n n ~ w n ~ n * * n ~ n n a n ~ n n ~ n n n n n n a ~ ~ n n n w ~ ~ n n n n w n ~ n ~ * * n n ~ a n ~ n n ~ ~ w a n ~ n ~ n n w a u m w a w r * a n w n a w a n a a w w n a w * ~ n n w ~ w * a n w n ~ ~ w * ~  
LEAR36/TFE731 NOlSE PREDICTION AT FAR36 APPROACH CONDITION 

n ~ m a ~ n n n ~ ~ n n ~ n ~ n n n n n n n n ~ n ~ w n ~ ~ ~ n n n n w n ~ n ~ ~ n ~ ~ n ~ ~ w n n n ~ ~ n n ~ n ~ ~ n ~ u n a a n ~ n ~ n n ~ n * n ~ ~ n n n y Y ~ w w w n n n n * I ( w n n & a n w a v n n a n r * n n n n w a ~ w w n w n w ~ ~ w ~ a r *  
NOISE ~ C E =  FAND n* DISTANCE = 100.0 w* ONE-THIRD OCTAVE BAM) AND OVERALL ENGINE C ~ P O N E M  S ~ C E  NOISE LEVEL WHHARY 
n~nn*wnnn~un*nn~1(n~~wnnwnnnnn*nn~n~n~nnnnnIffn~n~nn~nnnn~nnffnn~nnnn~nn~naannnnanMwnnnn(I~~nnnnwnnnnwanwnnHnnnwnwann~w~n~nuInYnnw,ww, 

1/3 OCTAVE 
BAND CENrER 

FREWENCY 
*nn****n* 

20.0 
25.0 
31.5 
40.0 
50.0 
63.0 
80.0 

1OO.b 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0 

1000.0 
1250.0 
1600.0 
2000.0 
2500.0 
3150.0 
4000.0 
5000.0 
6300.0 
8000.0 

10000.0 
12500.0 
16000.0 
20000.0 

SMIM) PRESSURE LEVL'LpDB 
MIKE LOCATIONS I N  DEGREES 

10. 20. 30. 40. 50. 60. 70. 00. 90. 100. 110. 120. 130. 140. 150. 160. 
~n~wnnnwwnnnn*~~*w*~nn~nn~n~nn*naun~n~nww~nnnnnn~w~nn~(nnn~n(~w~( *~nnnnnwnn~n~nnnn~nn~nnnn~an~nww 

5.3 5 . 1  4.7 4.3 3.7 3.1 2.4 1.7 1.0 0 .3  0.0 0.0 0.0 0.0 0.0 0.0 
5 .3  5 . 1  4.7 4.3 3.7 3.1 2.4 1.7 1.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
5 .3  5 . 1  4.7 4.3 3.7 3 .1  2.4 1.7 1.0 0.3 0.0 0.0 0 .0  0.0 0.0 0.0 
5 .3  5 .1  4.7 4.3 3.7 3 .1  2.4 1 .  1.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 
5.3 5 . 1  4.7 4.2 3.7 3.0 2.4 1.7 1.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 
2.3 5 .1  4.7 4.2 3.7 3 .1  2.4 1 .8  1.4 1.2 1.3 1.5 1.5 0.4 0.0 0.0 
5 . 3  5 . 1  4.7 4.3 3.7 3 .1  2.6 2.5 3.0 4.1 5.2 6 .1  6 . 5  5.Z 2.3 0.2 
5 . 3  5 . 1  4.7 4.3 3.8 3.6 3.8 5.2 7.3 9.5 11.3 12.5 13 .1  11.4 7.9 4.6 
5 .3  5 . 1  4.8 4.5 4.4 5.2 7.3 10.3 13.5 i 6 .e  18.2 19.5 20.2 18.8 15.1 11.4 
5 .3  5.2 5.1 5.3 6.6 9.3 13.5 17.3 20.7 23.4 25.3 26.5 27.1 25.3 21.5 17.7 
5.5 5.6 6.3 8 .1  11.2 15.3 19.8 23.6 27.0 29.6 31.4 32.6 33.2 31.4 27.5 23.7 
6 . 1  7.1 9.3 12.6 16.8 21.2 25.8 29.6 33.0 35.6 37.4 38.5 39.1 37.3 33.4 29.6 
7.9 10.4 13.9 18.1 22.5 27.1 31.7 35.5 38.8 41.4 43.1 44.3 44.8 43.0 39.1 35.2 

11.5 15.2 19.3 23.7 28.2 32.8 37.5 41.2 44.4 46.9 48.6 49.6 50.0 48.1 44.2 40.2 
16.4 20.5 24.8 29.2 33.7 38.1 42.5 46.2 49.3 51.8 53.4 54.4 54.8 52.9 48.9 44.9 
21.1 25.3 29.7 34.1 38.5 42.9 47.3 50.9 54.0 56.4 58.0 59.0 59.3 57.6 53.5 49.5 
25.7 30.0 34.3 38.7 43.1 47.5 51.9 55.5 58.5 60.8 62.3 63.2 63.5 61.4 57.4 53.4 
30.2 34.5 38.8 43.1 47.3 51.6 55.9 59.3 62.3 64.5 65.9 66.8 67.0 64.9 60.9 56.9 
34.0 38.3 42.5 46.8 51.0 55.2 59.4 62.8 65.7 67.9 69.4 79.2 70.4 68.4 64.4 60.3 
37.4 41.7 45.9 50.2 54.4 58.6 62.9 66.3 69.1 71.2 72.6 73.3 73.5 71.3 67.2 63.1 
40.8 45.1 49.3 53.5 57.6 61.7 65.8 69.0 71.8 73.9 75.1 75.8 75.9 73.7 69.6 65.5 
43.5 47.7 51.9 56.0 60.1 64.2 68.2 71.4 74.1 76.1 77.3 78.0 78.1 75.5 71.4 67.3 
45.8 50.0 54.2 58.2 62.3 66.3 69.7 73.1 76.1 78.5 80.0 80.8 81.1 80.1 76.2 72.4 
47.6 51.9 56.3 60.8 65.3 69.9 75.9 79.0 81.6 83.2 83.5 83.4 82.9 79.5 75.1 70.9 
54.9 58.9 62.7 66.4 69.7 72.9 74.5 76.9 79.0 80.5 81.5 82.0 82.0 79.5 75.3 71.Z 
50.9 54.8 58.7 b2.4 66.2 70.0 73.6 76.8 79.7 82.1 83.5 84.3 84.6 03.8 79.9 76.1 
51.0 55.3 59.7 64.2 68.7 73.3 79.7 82.7 85.2 86.5 86.5 86.1 85.3 01.1 76.6 7Z.2 
58.2 62.2 65.8 69.4 72.6 75.4 75.6 77.7 79.7 81.3 82.4 82.9 82.9 81.7 77.7 73.7 
51.0 55.0 58.8 62.7 66.7 70.8 76.6 i9 .5  82.0 83.5 83.8 83.7 83.2 80.2 75.9 71.8 
53.9 57.8 61.6 65.3 68.8 72.1 74.6 76.9 79.0 80.2 80.6 80.5 80.1 77.5 73.2 69.0 
50.8 54.7 58.3 61.8 65 .1  68.4 71.7 74.1 76.1 77.4 77.9 77.9 77.5 74.9 70.6 66.3 

SOUR) 
W E R  
LEVEL ,OB 



++++++++++ 
OA( 20-20K) 

LINEAR 62.7 66.7 70.5 74.3 77.9 81.5 85.2 88.0 90.5 92.1 92.7 92.8 92.6 90.3 86.t  82.1 141.7 
A-SCALE 60.9 64.9 68.8 72.7 76.4 80.1 84.0 86.9 89.4 91.1 91.8 92.0 91.9 89.7 85.6 81.6 140.2 

+++++*++++ 
OA( SO-1OK 1 

LINEAR 61.3 65.4 69.2 73.0 76.7 80.2 83.9 86.7 89.? 90.9 91.6 91.8 91.6 89.5 85.4 81.3 139.9 
A-SCALE 60.5 64.5 68.4 72.3 76.0 79.7 83.6 86.5 89.0 90.7 91.5 91.7 91.6 89.4 85.3 81.3 139.6 

++++++++++ 
PERCEIVED 

NOISE LEVL 
PNL 72.5 76.6 80.5 84.3 88.0 91.5 95.4 98.4 101.1 102.8 103.5 103.7 103.5 101.7 97.8 73.8 

PN LTC 74.4 78.4 81.6 85.4 88.9 92.2 W.3 99.3 102.0 103.6 104.1 104.1 103.8 102.3 58.4 94.7 

w***STATIC LEVELS AT LSgIEHT CORRECTED TO FAA ST0 DAY C O W I T I O N S  (77 DEG F, 70 PCT RH) F O R  FLYOVER PREDICTIONS ONLV 



U S A  LEWIS RESEARCH CENTER 
NASA GASP I4OISE mOULE OUTPUT 

W * * W * W * W ~ ~ * * W W ~ ~ W W * * ~ H * H H * W W H * * * * ~ ~ * # H W ~ W ~ ~ ~ * * ~ ~ W * * C * * * W * ~ * O ~ I ~ S U ~ * S W * * C ~ * W ( H ~ I M I I . I ~ ~ I ~ ) ( H I ( H H H ~ ( H I S ~ ( H ~ * H W H S W S ~ ~ . ( H  

LEIRM/TFE731 NOISE PREDICTIMJ AT F A R 3 4  APPROACH CM(DITIOI(  
0 * * 0 0 0 * * ~ ~ * * W 0 * I * 0 * W * W * * ~ * 0 0 0 ~ ~ * 0 ~ 0 * ~ ~ * # S 0 ~ * * S 0 * * 0 * ~ * * ~ * ~ * 0 0 ~ ~ ~ * * * 0 * * * W * * * * * W * ~ * * W W U * * * * * H W W ( H * i ~ ~ S ~ + * ~ * S ~ ~ S W ~ S ~ H H W H * ~ W ~ W ~ H W ~  

W I 9 E  W C E =  C m  ** DISTANCE = 100.0 ** ONE-THIRD OCTAVE B N  N(0 OVERALL EIGIHT: -YhPONEM m C E  NOISE LEVEL 9LmARI 
~ ~ * ~ * ~ ~ ~ * ~ ~ ~ * * * W ~ ~ W C * ~ ~ ~ ~ ~ * W W ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ * * * * ~ ~ ~ ~ W ~ ) ~ ~ ~ ~ ~ * * ~ ~ ~ ~ W * ~ * * W W * C ~ W # ~ ~ * * ~ * W * W # ~ * J ~ ' J ~ * * W ~ ~ W W ~ W W U ~ H ~ * * O ~ ~ W H ~ ~ ~ W W S ~ W ~ ~ W ~ ( ~ H I ~ ( C H  

SOUQ) PQES-E LEVEL,DB 
MIKE LmATIOHS I N  OEWEES 

10.  2 0 .  30. 40.  50. 60.  70.  80 .  90. 100. 11C 2 0  130. 140. 150. 160. 
* W * * W * * * S * ~ ~ ( L ~ I I ~ * * ~ * * S W ' I * * * W S * S * ~ * W ~ S 1 ) * * * Y C * I W # S ~ * W * ~ * ~ * ~ * * W ~ * * * Y W 0 W * * ~ W W ~ ~ M , H H * W ( H H H  

28.6 30.3 31.9 33.5 35.4 36.6 37.e 39.0 40.9 42.5 43.5 44.2 44 .4  44.4 44.3 44.3 
32.6 34.3 35.9 37.6 39.4 40.7 41.8 43.1 44 .9  46.6 47.6 58.3 48 .5  48.6 48.4 48.5 
36.7 38.4 40.0 41.6 43.5 44.8 45 .9  47.2 49.1 50.7 51.8 52.5 52.7 52.9 52.8 52.9 
40.8 42.5 44.1 45.8 47.7 49.0 50.3 51.6 53.4 55 .1  56.1 56.8 57.0 57.2 57.1 57.1 
45.2 46.9 48.5 50.1 52.1 53.3 54.6 55 .8  57.6 59.1 60.0 60.6 6 0 . 7  60.6 60.4 6 0 . 4  
49 .3  51.0 52.6 54.1 55.9 57.1 58.0 59.1 6 0 . 8  62.4 6 5 . 3  6 3 . 9  64.0 64 .1  63 .9  63 .9  
52.6 54.3 55.8 57.4 59.2 6 0 . 3  61 .4  62.6 64 .3  65.8 66 .7  67 .3  67 .4  67.5 67 .3  67 .3  
56.1 57.8 59.3 6 0 . 8  62 .6  63 .7  64..9 6 5 . 9  67.6 69.0 6 9 . 8  70.3 70.2 70.0 6 9 . 7  69.7 
59 .4  6 1 . 1  62 .5  64.0 65.7 66.7 67.4 68.4 70.0 71.4 72.2 72.7 72.6 72.7 72.4 72.4 
6 1 . 8  65.4 6 4 . 9  66.4 68 .1  69 .1  70.0 71.0 72.6 74.0 74.8 75.3 75.2 7 5 . 3  75.0 74.9 
64.5 6 6 . 1  67.6 69.0 70.7 71.7 72.7 73.6 75.1 76.4 77.0 77.3 77.1 7 6 . 8  76.4 76.3 
67.0 68.6 70.0 71.4 72 .9  73.7 74.2 75.0 76.3 77.5 78.1 78 .3  78 .1  78.1 77.7 77.5 
68 .3  6 9 . 8  71.1 72.5 73.9 74.7 75.5 76.2 77.4 78.4 78.7 76 .8  7 8 . 3  77.8 77.2 77 .0  
69.4 70 .9  72.2 73.3 74.6 75.1 75 .3  75.7 76.6 77.4 77.6 77.6 77.1 76 .6  76.0 75.7 
68.8 70.2 71.3 72.3 73.5 73.9 74.0 74.3 75.2 76.0 76.1 76.0 75.5 75.1 74.5 74.1 
67.4 6 8 . 8  69 .9  70.9 72.0 72 .3  72.6 72.8 73.6 74.3 74.3 74.1 73.4 72.7 72.0 71.7 
6 5 . 8  67.2 68.2 69 .1  70.1 70.3 76.2 70.3 71.0 71.6 71.5 71.3 70.6 70.0 69.3 6 8 . 9  
63.2 64.6 65.6 66 .4  6 7 . 4  67 .5  67 .5  67 .6  68 .3  68 .8  68.7 68 .5  67 .8  67.3 66.6 66.2 
60.5 61.8 6 2 . 8  63.6 64.6 64.7 64.8 64 .8  65.5 65 .9  65 .7  65.4 64 .5  63.6 62.9 62.4 
57.7 59.0 59 .9  60.7 61 .5  61.5 61.1 61.0 61.5 61 .9  61 .6  61.2 60.4 59.7 58.9 58.5 
53 .8  55.1 5 5 . 9  56.7 57.4 57.4 57.2 57.1 57.6 58.0 5 7 . 8  57.5 56.7 56.2 55.4 55.0 
49.8 51.1 52.0 52.8 53.6 53.6 53.6 53.6 54.2 54.6 54.5 54.1 53 .4  52.8 52.0 51.6 
46.4 47.7 48.6 49.4 50.2 50 .3  50.2 50.1 50.7 51.0 50 .8  50.4 49.5 48.7 47.9 47.4 
42.8 44.1 45.0 45.7 46.5 46.4 46.1 (66.0 46.4 46.7 46.5 46.0 45.2 44.5 43.7 43.3 
38.7 39.9 40.8 41.5 42.2 42.2 42.0 41 .8  42.3 42.6 42.3 a1.9 41.0 40.3 39.5 39.0 
34.4 35.7 36.5 37.2 37.9 37.9 37.7 37.5 37.9 38.1 37.8 37.2 36.3 35.3 34.5 34.0 
29 .9  31.1 31.9 32.6 33.2 33.0 32.5 32.3 32.6 32.7 32.4 31.8 30.9 30.1 29.2 28.7 
24.4 25.7 26.4 27.0 27.7 27.5 27.1 26.9 27.2 27.4 27.0 26.5 25.5 24.8 23.9 23.4 
1 8 . 8  20.0 20 .8  21.4 22.0 21.8 21.5 21.2 21.5 21.6 21.1 20.5 19.4 18.3 17.4 16.8 
12.6 13 .8  14 .5  15.1 15.6 15 .3  14.5 14.1 14 .3  14 .3  13.8 13.2 12.1 11.3 10.4 9.9 

5 . 4  6 . 6  7 . 3  7 . 8  8 . 3  7 . 9  7 .6  7 .2  7 . 4  7 . 5  7.0 6 .4  5 .4  4.5 3.6 3.0 
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NASA LEUIS RESEARCH CENTER 
NASA GASP NOISE MODULE OUTPUT 

**I***U*(I.I****(I**U*~II* * * * u * ( r w ~ * * * * * * w w * * I ( * * Y * * * * u u * * * * * * ( r f i * * * * * * ( r * * u ~ * ( r * * * * u w * ~ * ( H ( * a w * m w z I I * * ~ e c H ( w w w * ~ a * w  
LEAR36/TFE73r WISE PPEDICTIOH AT FAR36 APPROACH CQDITION 

+ f * * * * * * S * * * * * * W ~ * * * ~ ~ * * * f f * * * * ~ * * * * * * * * * * * U # * * * * * * l l * W * * * * W * * Y ~ * * * * * W * W * W * * # * ~ B * * * * * * * ~ * * H * B * * * * W * * * * * 0 W * * * ~ * ~ * * N ~ S U * * * W W * M *  

EIOISE SOURCE= ATlR ** 3ISTANCE = 100.0 ** WE-THIRD OCTAVE BAND AND OVERALL ENGINE COnPONENT SWRCE NOISE LEVEL SWtlARV 
*************1HI******fiUU***U~**U******.Y*i**I)II(I)W*~+**lrWII*III)**(I~**(I1(***W**I(**MI(*I*ff~#*YI*B(I~WI(IffI)#~(I***C*WW~(r~I)i~~*)r*IU~HH8 

1 

1/3 OCTAVE SOlM PRESSUCIE LEVELPDB SOUEC) 
BWD CENTER HIKE LOC#:'LO)(S iN  OEWEES PCYER 

FREQUENCY 10. 20 30. 40. 50. 60. 70. 80. 90. 100. 110. 120. 130. 140. 150. 160. LLVELpDB 
*******#a ***I(B~****k~**Y***ffUUU*1I*.S*.U#**I.*I~II**IWIIS*WUWII*rB*+IIfi****~*1*~~1)I1(**W*N*~ffI(rI*#MIHW****S*1 

20.0 42.6 43.4 44.1 44.8 45.3 45.9 46.3 46.8 47.3 51.3 53.3 52.3 48.5 43.7 39.5 37.3 99.0 
25.0 43.5 44.4 45.1 45.7 46.3 46.8 47.3 47.8 48.3 52.3 54.3 53.3 49.5 44.7 40.5 38.3 100.0 
31.5 44.5 45.3 46.1 46.7 47.3 47.8 48.3 48.8 49.3 53.3 55.3 54.3 50.5 45.8 41.5 39.3 101.0 
40.0 42.5 46.3 41.1 47.7 48.3 48.8 49.3 49.8 50.3 54.3 56.3 55.3 51.6 46.0 42.5 40.3 102.0 
50.0 46.5 47.4 48.1 48.7 49.3 49.8 50.3 50.8 51.3 55.3 57.3 56.3 52.5 47.7 43.5 41.3 103.0 
63.0 47.5 48.4 49.1 49.7 50.3 50.8 51.3 51.8 52.3 56.3 58.3 57.3 53.6 M.8 44.5 42.4 104.0 
80.0 48.5 49.4 50.1 56.7 51.3 51.9 52.4 52.8 53.3 57.3 59.3 58.3 54.6 49.8 45.5 43.4 105.0 

100.0 49.6 50.4 51.1 51.8 52.3 52.9 53.4 53.8 54.3 58.3 60.3 59.5 55.5 50.7 46.5 44.3 106.0 
125.0 50.6 51.4 52.1 52.8 53.3 53.8 54.3 54.8 55.3 59.3 61.3 60.3 56.6 51.8 47.6 45.4 107.0 
160.0 51.5 52.3 53.1 53.7 54.3 54.8 55.4 55.9 56.4 60.4 6 i . 6  61.9 57.6 52.8 48.5 46.4 108.1 
200.0 52.6 53.4 54.2 54.8 55.4 55.9 56.4 56.8 57.3 61.3 63.3 62.3 58.6 53.8 49.5 47.4 109.0 
250.0 53.6 54.4 5F.1 55.8 56.3 56.9 57.3 57.8 58.3 62.3 64.3 63.3 39.6 54.8 50.6 48.4 110.0 
315.0 54.5 55.4 56.1 56.8 57.3 57.9 58.4 58.8 59.3 63.3 65.4 64.4 60.6 55.6 51.6 49.4 311.1 
400 0 55.6 56.4 57.1 57.8 58.4 58.9 59.c 59.9 60.4 64.4 66.4 65.4 61.7 56.9 52.6 50.4 112.2 
500.0 56.6 57.5 58.2 58.8 59.4 59.9 60.4 60.9 61.4 65.4 67.4 66.4 62.7 57.9 53.6 51.5 113.2 
630.0 5'7.6 58.4 59.2 59.8 60.4 60.9 61.4 61.9 62.4 66.4 68.5 67.5 63.7 59.0 54.6 52.6 114.2 
800.0 58.6 59.5 60.2 60.9 61.4 62.0 62.6 63.0 63.5 j7.4 69.4 68.4 64.5 59.6 55.3 53.1 11F.2 

10CO.O 59.7 60.5 61.2 61.9 62.4 62.8 63.1 63.6 64.0 69.0 70.0 69.0 65.2 60.4 56.2 M . 0  115.9 
1250.0 60.2 61.0 61.8 62.4 62.9 63 5 64.0 64.5 65.0 69.0 71.0 70.0 66.3 61.5 57.3 55.1 116.9 
1600.0 61.1 62.0 62.7 63.4 63.9 64.5 65.0 65.5 64.0 70.0 '2.1 71.1 67.3 62.4 58.2 56.1 118.0 
2000.0 62.2 63.0 63.d 64.4 65.0 65.5 66.0 66.5 67.0 71.1 73.2 72.3 68.7 64.0 59.8 57.7 119.2 
2500.0 63.1 6u.O 64.8 65.5 66.1 66.8 67.4 68.1 68.7 72.9 75.1 74.3 70.7 66.0 61.'. 59.8 121.1 
3150.0 64.8 65.7 66.5 67.3 68.0 68.8 69.4 70.2 70 ' 75.2 77.6 76.8 73.3 69.0 64.9 62.8 123.6 
4060.0 56.: 67.8 68.7 69.b 70.4 71.3 72.3 73.1 7 3 78.0 80.1 79.2 75.5 70.6 66.6 b4.3 126.3 
5000.0 69.9 70.8 71.6 72.4 73.1 73.7 74.1 74.7 7' 3 79.4 81.6 80.7 77.0 72.4 68.2 66.1 128.0 
6300.0 71.2 72.1 72.9 73.6 74.3 i 5 .0  75.7 76.3 76.9 81.1 83.2 82.3 78.6 73.6 69.7 67.5 129.8 
8000.0 72.7 13.6 74.4 75.2 75.8 76.5 77.3 77.6 78.2 82.3 84.5 83.6 79.9 75.2 71.0 38.8 131.5 

10CCO.O 73.9 74.7 75.5 76.3 76.9 77.6 78.2 78.e 79.4 63.5 85.7 84.8 81.1 76.2 72.1 70.0 133.2 
12500.0 74.7 75.6 76.4 77.1 77.8 78.5 78.9 79.6 80.3 84.6 86.9 86.1 82.6 78.3 74.2 72.1 135.3 
16000.0 75.1 76.0 76.9 77.7 78.5 79.3 80.4 81.2 81.9 86.1 88.3 87.5 83.8 78.9 74.7 72.5 138.0 
2G000.0 76.7 77.6 78.5 79.4 80.3 81.1 81.1 81.8 82.5 86.7 89.0 68.0 84.2 79.3 75.1 72.9 14C.O 



* * * , * * * * * *  
OA120-23x 3)(, 

LIKEAR 82.9 83.8 84.6 C5.4 86.1 04.9 87.4 88.1 88.7 92.9 9S.l 94.2 90.5 85.0 81.6 79.5 14e.1 
A-SCALE 79.8 40.7 81.5 82.3 83.0 83.7 84.3 04.9 85.6 89.7 91.9 91.0 a7.4 82.7 78.5 76.4 139.a 

*4+*i**4+4 
OAl 50-10K J 

LINU) 79.3 60.1 80.9 81.7 39.4 83.0 83.6 84.2 64.8 89.0 91.1 90.2 84.6 8i .8 77.6 711.5 134.0 
&-SCALE 78.6 49.5 B f . 3  El.@ nl.7 82.4 83.0 83.6 84.2 88.4 90.5 89.6 86.0 81.2 77.1 74.9 1'7.2 

+ * * * * * * + * *  
RWCZIVZD 

mxSL LEV1 
R(L 91.2 92.0 92.8 93.6 96.2 94.9 95.3 96.1 96.7 100.9 103.9 102.1 98.4 93.7 89.1 87.3 

R(LTC 35.4 92.2 93.0 93.7 % a 4  9S.O 95.7 96.3 9.9 10110 10331 1022.2 96.8 93.0 8'9.6 87.5 
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aw*awe~aaaw*a~wwaa~~awa**aa*a~a*~awamw~wu~aaw*~aaaea~aawaa~awwawawaa~wwaaw~~wwwwaaaaawa~waaaa~nawawawaaa~aaa~waaaaaaa~~a~~aw(~~~ 
17.0 6386.5 354.7 713.7 153.4 27.6 FAN1 24.2 24.2 13.0 14.0 

CAM) 78.6 79.3 65.2 65.7 
COHB 77.0 77.P 7P. 9 67.0 
JET 76.3 76.4 70.6 63.6 
ATUR 70.9 71.1 57.6 87.6 
TOTL 85.0 81.6 75.4 70.7 

a~aa~uaaawaaaaaa*wa~wa~~n~a~u~uaa*aauaaa~w~wae~Wa*~a~~uw~~awaa~aawawa~~awawwwaawaffaaaawwaaaaa*aaawaaa~aa~wWWawwa~awaaauawaaaHHw 
17.5 6260.1 328.1 825.2 157.9 231 FAN1 24.2 24 .2 13.0 1CC. 0 

FAHD 74.8 78.6 61.2 61.9 
COM) 75.2 75.4 71.0 65.4 
JET 7 3 . 1  73.3 67.9 60.5 
ATUR 67.8 68.0 59.5 54.6 
TOT1 81.9 8P .6 73.1 68.0 

~ * a a a a a ~ ~ w a w a a w a ~ w ~ w a a w a w a w ~ a a ~ w w ~ a a a w a a ~ . u w w e w a ~ ~ ~ * * w a a a a s a a u ~ ~ a * ~ a ~ a ~ a a a a a ~ a ~ a ~ a ~ s ~ ~ o w ~ u n w ~ * . ~ w w ~ ~ a a n ~ ~ a ~ a a ~ ~ ~ u ~ w a ~ w u u a * + * ~ ~ )  
180 6 1  321.4 940.B 161.3 19.7 FAN1 24.P 24.9 13.0 14.0 

FINO 71.6 72.4 57.9 58.6 
cm 73.9 74.9 69.2 63.9 
JET 70.0 71.0 66.1 37.9 
ATUR 61.1 65.4 51.9 51.9 
TOTL 79.7 80 .Q 71.2 61.9 

( ~ * w ~ w a u w a ~ u u ~ ~ a a w a a w a ~ a a a a w ~ a ~ ~ a a a a a w ~ w a a ~ ~ a a a a w a a a a a w u a u a ~ a a a a w a a a a a a a a a a a a ~ ~ a w a u ~ a u w * a a a a w a a w ( ~ w a a u ( ~ ~ u * a a w ~ ~ ) ~ * * a a a ~ ~ * ~ )  
18.3 6007.2 314.6 10Sb.* 163.9 17.1 PAN2 24. 2 24.2 13.0 14.0 - 2  

FAND 68.7 69.8 55.0 55.7 
CUlB 72.3 7e .6 67.7 62.5 

!3 $ 
JET 68.7 68.8 65.0 55.8 

r 
ATUP. 41.8 63 .O 49.5 49.6 %!! 
TOT1 77.6 78.3 69.8 64.2 b-- 4.- 

* * * * ~ ~ I W * H M * ~ ~ * ~ H ~ ~ ~ W ~ * * W ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ W U t ~ ~ * ~ ~ ~ W ~ W W * * * ~ * ~ ~ W ~ ~ ~ W W W ~ ~ * ~ ~ ~ ~ ~ W W W W * ~ ~ ~ ~ * W ~ ~ ~ * W ~ M ~ W W ~ W ~ ~ ~ ~ ~ ~ ~ ~  

19.0 5880.8 308.2 1178.O 166.0 13.0 FAN1 P4.t 24.Z 13.0 14.0 
FANO 66.1 66.9 CP.9 53.2 
COHB 70.7 71 .O 66.5 61.1 
JET 67.t 67.4 64.0 54.1 
A T W  60.6 60.9 47.5 47.5 
TOTL 75.7 76.3 68.6 62.6 

*~a*aaaaa*awawww~aaaa*aw~u~uawwawwwwaH(~a~a~a*wwaawaa*waawwwwwawwaawaaaaua~wawwaw(HIa~waaww~( IaM)~aw~~~w~*a*~~~a~**uwaa~~ 
19.5 5794.4 301.6 1299.9 167.8 13.Z FAN1 24.2 24.8 13.0 14.0 

FArP 63.8 64 -6 90.1 50.9 
COM) 69.2 69.6 6S,4 59.7 
Jet 65.8 66.0 63.2 5t .6 
ATUR 98.7 58.9 41.6 45.6 
T o r 1  73.9 74.6 67.6 61.0 

aun*a*~u(Hwa**~aaauaa*waaaaaaaaa~www)a~wwawwaewaaaaaawa~aewwwwwauw~wwaaaI*aeaaawwa*Hua~wwa~a~awaawa~~awaww**II**Ha~ 
20.0 5627.9 2w.9 1921.2 169.e 11.8 PANI z4.e e4.e 11.0 14.0 

F A W  61.7 62.6 48.0 W.8 
C O m  67.6 67.9 64.7 58.2 
JET 64.5 64.7 62.5 51.2 
ATLIR 56.9 57.2 43.9 43.8 
TOTL 72.P 72.9 66.8 59.5 



w * * ~ N a ~ ~ N ~ * ~ ~ * a N * a a ~ a * N * * * * ~ ~ * * * ~ * * ~ * * * * * ~ * ~ * ~ * ~ * * * * * ~ * ~ ~ * ~ ~ * * * * ~ * ~ ~ * * * * f * ~ * * ~ ~ ~ * ~ ~ ~ * * * * W ~ * W * ~ ~ ~ ~ * ~ * W W * W ~ ~ W * ~ ~ * * ~ ~ ~ ~ ~ H W ~ ~ ~ ~ % ) H I  
IP 20.5 5501.5 288.3 1543.9 170.4 10.6 FAN1 24.2 24.2 13.0 14.0 

F A M  59.7 60.6 46.0 46.6 
Cr)tiB 6 6 . 4  66 .5  64.1 57.0 
JET 6 3 . 3  63.6 61.8 50.1 
A T W  55.2  55.4 42.3 42.2 
TOTC 70.8  71.6 66.1 58.3 

~ w a a a w w w ~ n a w w w w w a w a a w a ~ ~ a w v w w a a w a a w w u a w a a a a a a a w a w a w a ~ w a a w a a a ~ ~ ~ a w w a w a w w w ~ w a a a w a w w w w a w a a u w a w a u w w a a w w a ~ a ~ ~ ~ ~ a a w a u ~ ~ ~ ~ a w ~ * a ~ w ~ t . w w ~  
21.0 5375.1 281.7 1667.2 171.4 9 . 6  FAtlI 24.2 24.2 13.0 14.0 

F A W  57.9  58.7 44.e 45.1 
Cdne 65.9 66.1 63.6 56.0 
JET 62.3  62 .5  61.1 49.2 
ATIS 53.6 53.8 40.8 40.6 
TOTL 70.0 70.7 65.6 57.2 

a~waaaawwwaa~awwwaa~,awa~waa~waauwwawwawaaaaa~awawwaawwaawawa~wwwaaw~wa~~wwaaaawwaaa~aaaaa~nnaww+*aawwawa~aaaa~wawa*~~a~a~~w 
21.5 5248.7 275.1 1791 .O 172.3 8 .7  PAN1 24.2 24.2 13.0 14.0 

FAtD 56.1 56.9 42.5 43.4 
COM) 65.4 65.6 63.2 55.3 
JET 61.3 61.6 60 .4  48.4 
ATUR 52.0  52.3 39.5 39.1 
TOTL 69.3 69.9 65 .1  56.4 

aawwawaaa*aa*waaaa*a*aaaaw*~*u*aaww*ua*a*wawwu*waa~wwwwwu*awa*a .a**aw~**aaa*aawwawaa-waaawm*a*aw*wawwIw+*aHm*awaa+1MIaaaIw~ 
22.0 5122.2 268.4 1915.1 173.1 7 . 9  FAN1 24.2 24.2 13.0 14.0 

FAM) 54.6 55.6 41.0 41.9 
COne 64.9 65.2 62.9 54 .8  
JET 60.4 60.7 59.8 47.7 

P 8 2  
A T W  50.7 51.0 38.3 37.6 

% p  
TOTL 68.5 69 .3  64.6 55.6 0 d 

ua~awuuwaa~awa~wa~w~waaaawawaaaw~wwwwaaaaawwwauaaaa~aa~awawwwwaawwwwawwnu~waawnwawa~aaawaaa~aa+*aw~~w~a+**+uauwwwawm**~~~~~wu C P 
22.5 4995.8 261.8 2039.6 173.7 7 . 3  FAN1 24.2 24.2 13.0 14.0 

FAtQ 53.1 54.1 39.6 40 .5  
?=% 

C W  64.5  64.7 62.5 54.4 
JET 59.6 59.8 59.2 47.0 
ATlR 49.4 49.8 37.2 36.6 
TOTL 6 7 . 9  68.7 64.2 55.3 

W * * * N 1 ( * N W * W W ~ W W * W W W W * W W * W W W U ( I W W O W N * * W * * U I I ~ * ( I * * # * W * O * * W * O W ~ W I ( ~ I U W W W * * * W * W W 0 * * W W W W * H U * * * * W * . * * * * M a * * * * ~ O * I w W * ~ W * H H * W * * * * ~ ( H H  

23.0 4869.4 255.2 2164.2 174.3 6 . 7  FAN1 24.2 24.2 13.0 14 .  > 
FAtn 51.4 52.2 38.1 39.0 
COne 6 4 . 0  64 .3  62 .2  54.0 
JET 58.9  59 .1  58.6 46.5 
ATUR 48.0  48.4 36.2 35.4 
TOTL 67.3  67.9 6 3 . 8  54.9 

~ W W + W 1 1 U W * W * ~ ~ * * W ~ W U ~ W * W W W d I ) ~ U * W U U * * W * * U W f f * U * W N W W * W * N ~ N V W N W * W N ~ * W N W * W * I W * U W * * * W W I N W * W * W W I . * N ~ W * W * ~ W * W ~ W * * W ~ W + * O W * * * W W H * ~ * ~ H W W ~ ~  

23.5 4743.0 248.6 2289.1 174.9 6 . 1  FA141 24.2 24.2 13 .0  14.0 
FAND 50.0 50.7 36.8 37.7 
COH8 63.6  64.0 6 1 . 9  53.7 
JET 58.2 58.4 58.0 45.9 
ATUR 46.8  47.2 35.4 34.3 
TOTL 66.7 67.3 63.4 54.5 
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P 
e 
Ui ffffWffffWUffffffff+ffffffffffMffMffffffMffMffffffMffWffHffffMMffMMMMMffMffffMffM~MMffffMMff~ffMffff*MMMMffffMMff~MMMMMH).ffUUMMffffffffffffMffffMffMffffffffH~ffff~ffH).ffffMffffMffMH 

27.5  1731.5 195.6 3293.0 177.7 3 .3  FAhI 24.2 24.2 13 .0  14.0 
FAtm 40 .5  41.4 28.2 28.9 
COM6 60.2  60 .5  58 .9  51 .2  
JET 53.4 53.6 53 .9  42.4 
ATUR 39.2 39 .8  30.2 27.6 
TOTL 62.4  63.1 60.1 51.7 

ff*.HffMUffMHffffffffHffffffMMffffffffMMMffffffffffffffHMffffffMMffffffffffMffff(IffffffffMffffffMMMffMffffM*MffffMffffMffffffMMffVffWffffffMMffM*.HffMffMfffflt(.*(HHH~ff+m*~*ffWH 

20.0 9605.1 188.9 3418.9 177.9 3 .1  FAHI 24 .2  24.2 13.0 14.0 
FAMI 39.6 40.6 27.3 29 0 
COHB 50 .8  60 .1  58.5 50.8 
JET 52.9 53.0 53.4 41.6 
ATUR 38.3 39.0 29.7 27.0 
TOTL 61 .9  62.6 59.6 51.3 

MffffffHffMWffff.*.MHH*ffffffMffm*ffHffffHIMMMMMMffffffMffff. rMffffffffffMMffffffffMMffMffMff*MMffffMM*UHWM+ffMffMMffMffffMffMff~ffHHHHI***M(MCHHIffHWHH 

28.5 3478.7 182.3 3544.8 178.1 2 . 9  FAN2 24.2 24.2 13.0 14.0 
F N  38.7 39 .8  26.4 27.1 
COm 59.4 59 .5  58.1 50.4 
JET 52 .4  52.5 53 .0  41.1 
ATUR 37.5 38.0 29.2 26.3 
TOTL 61 .4  62.2 59.2 50 .9  

0 0 
M~WffffM~ffMMMHffMVM~ffffff*.ffffffffffMffMffLH~WffM**IIHffffMffffWffff*ffffff*ffMMMMMMffMffffffMMMMMHMMMMMMMffff*(rMMMMMffMffMHWm+HHffff~~ - a  

29.0 3352.3 l'r5.7 3670.8 178.3 2 . 7  FAN1 24.2 24.2 13.0 14.0 Q B  
F*Hl  37.8 38.9 25.6 26.2 0 z 
C W  58.9  59.0 57.6 50.0 
JET 51.9  52.0 52.5 40 .7  

st= 
ATUR 36.7 37.1 28.6 25.7 
TOTL 60.9  61 .7  5B.6 50.5 

e3 
P O  

ffffffff*.ff~~~~~Hff~~ffMff~ffffff~ffffff~ffff~ffffffH).MffffffHffffMffffffffffHffffffMff*ffUffM~M(r#ffffffMHIffffMMMffMHfffl f f M f f f f * . f f f f f f f f M f f f f f f m * H H H H I W ~  r m 
29.5 3225.8 169.1 3796.8 178.5 2 . 5  FAN1 24.2 24.2 i 3 . 0  14.0 

FAW 36.8 37 .9  26.7 25 .3  
COt(B 58.5 58.6 57.2 49.6 
JET 51.4 51.5 52.0 40 .2  
AT'& 35.8 36.3 28.1 25 .1  
TOTc 60 .4  61 .2  58.4 50.1 

~ f f f f f f f f f f f f ~ f f ~ f f f f f f f f ~ ~ f f ~ f f f f w ( ~ ~ f f f f f f ~ ~ f f w f f f f ~ f f ~ f f f f f f f f ~ f f f f f f f f ~ ~ ~ ~ f f ~ ~ f f ~ f f ~ ~ ~ ~ ~ f f w ~ f f f f ~ ~ ~ f f ~ f f f f w ~ f f ~ ~ f f ~ f f ~ * f f f f f f ~ I I W + W H H W H H )  

30.0 3099.4 162.4 3922.8 178.7 2 . 3  FAN1 24.2 24.2 13.0 14.0 
FIND 35.8 36.9 24.0 24 .5  
CMIB 58.0 58 .2  56 .8  49.2 
JET 50.9 51.0 51.6 39.8 
ATUR 35.0 35.4 27.7 24.5 
TOTL 59.9 60 .7  58.0 49 .7  

f f 1 ~ ~ * . f f ~ 1 * f f f f ~ ~ f f f f ~ ~ ~ f f ~ ~ ~ 1 ~ ~ ~ f f f f f f f f ~ f f f f ~ f f ~ f f ~ ~ f f f f f f ~ ~ f f w ~ f f f f ~ u ~ H f f f f ~ f f M f f f f f f f f f f ~ M M M f f f f f f * 1 I f f f f M f f M ~ M ~ H M M * M W * o H H H H M ~ f f ~ H W H  

30.5 2973.0 155.8 4048.9 178.9 2.1 FAN1 2 4 . 2  24.2 13.0 14.0 
FAPD 34.9 35.9 23.2 23.8 
C O m  57.6 57.7 56 .4  48 .9  
JET 50.4  50.5 51.1 39.3 
ATUR 34.2 34.6 27.2 24.0 
TOTL 59.5 60.2 57.5 49.3 
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F 
~ u u u u ~ t ~ u u u u u u u u ~ u u u u u u ~ u ~ ( ~ ~ ~ u u u u u ~ ~ ~ u u u u u u u u u n u u u u u u ~ ~ u u ~ ~ ~ u u u u ~ u ~ ~ u ~ u ~ u ~ ~ u ~ u u u u u ~ * ~ ~ ~ u u ~ u ~ ~ ) w u ~ u u ~ ~ ~ u w u ( ~ ~ ~ u u ~ ~ u t r ~ ~  

34.5 1961.6 1E2.8 5058.4 1'. 9 1 . 1  FAN1 24.2 24.2 13.0 14.0 
FA10 29.1 29.4 18 .4  18.9 
COne 53.9 54.1 52 .8  45.2 
JET 46.4 46.6 47.4 35.5 
ATUR 29.8 30.0 23.3 19.9 
TOTL 55.6 55.7 53.9 45.5 

**UWU~*WUUIUl.*UUUUUU*U~S*~WUUUUU*WlU**U*UU*U~UUUUUUU1)UWUU*UUUUUU*WU*U~UUU***UUUU*UU*UUUUU**UUUUUU~U~UU~WU*~HW+II*+** 

35.0 1835.1 W . 2  5184.7 180.0 1.0 FAN1 24.2 24.2 13.0 19.0 
FAM) 28.5 28.8 17.9 18.4 
COne 53.4  53.6 52.3 44.7 
JET 45.8 46.0 46.9 35.0 
ATUR 29.4 29.6 22.7 19 .4  
TOTL 55.1 55.2 53.4 45.1 

U U W U U U * U U U U U U H U U U U U U U U U U U ~ U U M U W * U U U W ~ U U U U U U ~ * U * U * W U U U U * U * U * * U U U U * * ~ * U U U f f U U U * U U + U H * * * U U U U H U ~ U U U U m m * U U ~ ~ . M H H m *  

35.5 1708.7 69.5 5311.0 179.9 0 . 9  FAN1 24.2 29.2 13.0 14.0 
F A W  28.0 28.3 17.4 17.9 
COHB 52.9 53.1 51.8 '4.1 
JET 45.3 45.5 46.4 34.5 
A T M  28.9  29.1 22.2 19.0 
TOTL 54.6 54.6 52.9 44.6 

* U U U * U U * U U ~ U * * U U U U U U U U * U U * ~ U t H U U U U U U U ~ U ~ U ~ d U U ( H ( U U U U U U H U U * * h U U H U U ~ ~ U U U U J f * * * * U U U U U * U U * * U % U U U ~ U * W U * U ~ ( H m ~ ~ ~ ~ ~ ~ * ~ * U U U U ~ ~ * *  

36.0 1582.3 82 .9  5437.3 179.8 0 .8  FAN1 24.2 24.2 13.0 14.0 
FAND 27.6 27.8 17.0 17.5 
C O W  52.3 52.5 51 .3  43.6 
JET 44.8 45.0 45.9 34.0 
ATUR i 8 . 5  28.7 21.7 18.5 

85 
TOTL 54.9 54.1 52.4 44.1 

*H******~****uW*u****u**************W***H+II***~w**w**?r***u*************u*********u***#**~***#~~***rmm**~**~ 
OaF 

36.5 1455.9 76.3 5563.6 179.7 0.7 FAN1 24.2 24.2 13.0 14.0 
FAM) 27.1 27.4 16.6 17.1 
CMlS 51.8 52.0 50.7 43.0 
JET 44.3  44.5 45.4 ?3.4 
ATUR 28.1 28.3 21.2 18.1 
TOTL 53.5 53.6 51.9 43.5 

WUU.l)UUUUUU~UUUUUUUUUU9(HIUUUUUWUUU~UUUUUUUUUUUUUUUUUUUU~HUUUUIl*UWU**r)~*UUUUU**t*UU*UUUU**UUUUU(HUYUUUWHUU~UoH~*UffU..IW 

37.0 1329.4 69.7 5689.9 179.7 0.7 FANl 24.2 ZQ.2 13.0 14.D 
F A W  26.6 26.9 16.1 16.7 
CMIB 51.2 51.  Q 50.2 42.4 
JET 53.7 43.9 44.9 32.9 
ATUR 27.6 27.8 20.7 17.6 
TOTL 52.9 53.0 51.3 42.9 

*~*~*W*u*****u*u~**u**u*u****u*u**uuH*uu*******H*****uu**u**u**u*u**u*uu*u*au***H**********u**uu****u**H*OHmH*Hu*(HIH~ 
37.5 1203.0 63.0 5816.3 179.6 0.6 FAN1 24.2 24.- 13.0 14.0 

FAtD 26.2 26.5 15.8 16.3 
COMB 50.6 50.8 49.5 41.8 

JET 43.1 43.3 44.3 32.3 
ATU? 27.3 27.5 20.1 17 .2  
TOTL 52.3 52.4 50.7 42.3 
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APPENDIX A 

Sample Test Case 2 

Takeoff Condition for a Turbofan Powered 
Executive A i r c r a f t  



NAFaA LEWIS RESEARCH CENTER PACE 1 
NASA 6ASP NOISE m)OUL): W T W T  

***WN***OUM#*(lr . 1 r 4  . ~ ~ ~ ~ U N Y U * I * * O ~ * Y I U N Y ~ ( I ~ ~ Y ~ # Y ~ Y # N N N U W * * @ N I * * N I ~ W ( 1 # ~ O U U I N N ( I W N U W Y ~ * ~ I O U U W ~ N U f f ~ H I ~ ~ U W H I U U M O O H ) * U N N ~ W Y I O U ~ ~ ~ * N  

LEARM/TFE731 NOISE PREDICTION AT FAR36 TAKEOFF COIIDITION 
U******W~1)(1*4***I)O~*~~OWO~***U*S*(I*~*I(*IWIUW*WUNIN*#UNUNUU*YN*YWU*YW(1UNH(UN~U~~~~UWUI(*WWUWWYWW*UW(~~UMUMUUI(IMUMOM(HI~NMM~M(I~Y~~UUMN 

INPUT DATA - L'SER INPUT AtID DEFAULT VALUE3 USED 
Y * ~ V * N * N ( I U 0 ~ U N I W ~ U W * ~ W W ~ W # ~ U ~ U W N * * * * I I * W U U N I ) * Y N W ( I ~ U I ) S ~ Y N Y O U ~ N W * N ~ N * M ( I ~ U ~ W W * ~ W W ~ # * N U ~ U W I U * ~ U * Y W U N * U ~ H * H ~ N U # W ~ N U * ~ H ~ ~ ~ M U N ~ ( I ~ I ) W N ~ M W H  

CONTROL VARIABLES * 
* w w * a a n u s * * s a * ~ a * * ~ ~  

I F U S  2 TAKEOFF r IPOUTX 3 FULL r ISTAG. 3 ICAB. 0 IS I .  0 ( E W L  W I T S )  

*****************.u*a*** 
EWIROIMENTAL VARIABLES* 
******N***********W**.** 

ANGLE (ARRAY) = 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0 140.0 160.0 160.0 

+++++ENGINE VARIABLES*++++ 
EIIGINE TYPEfNTYEI; 1 (FAN I ........................ ENGINE CWPONEHT ARRAY(ICOnP1 8 1 4 8 6 0 0  

FAN COrs JET A l W  Nom W E  

Y***N*U**W****** 

FLIGHT PROFILE * 
*Y*******N***M** 

*****A STRAIGHT LINE PROFILE H I L L  BE COnPVIED FROn A COr(bINAIIO)( OF THE ABWC VARIABLES. 

***********MY*** 

FLIGHT OPTIONS * 
*a************** 

*****TME FLIGHT PROFILE WILL BE TERHINATED W E N  THE OVERALL ENGINE PNLTC I S  10 DB BELOW I T S  lfAXIm V A L w  (IDW.1). 



NASA LEWIS RESEARCH CENTER PAGE 2 
NASA GASP NOISE HOO'JLE OUTPUT 

u u o ~ a * * ~ ~ w ~ ~ u n ~ * w ~ a u a u ~ a u u ~ ~ ~ ( ~ ~ ~ ~ u ~ ~ ~ * ~ ~ u ~ * ~ ~ ~ ~ ~ u a ~ * u u ~ ~ w i u u a a ~ ~ a n n ~ a ~ ~ n ~ ~ ~ ~ ~ ~ ) ~ ~ u ~ ( ~ a ~ ~ a ~ ( ~ ~ n u ~ ~ u ~ ~ ~ ~ w ~ ~ ~ ~ ~ ~ ( ~ a ~ ~ u ~ u ~ a u ~ ~ ~ ~ * ~ ~ ~ ~ u ~ ~ ~  
LEARS6/TFE7Sl NOISE PkiOICTION AT FAR30 TAKEOFF COHDITLOH 

~ u a a 1 ~ a ~ ~ m a 1 * ~ a u u a u ~ w 1 ( ~ ~ u ( 1 a * * a ~ a n ~ o % # ~ a 1 ( n u ~ w ~ ~ u a ~ u ~ ~ u ~ ~ ~ ~ ~ u ~ u a a ~ ~ w ~ ~ ~ w s u ~ u ~ w ~ u a ~ u ~ ~ a u ~ ~ ~ w ~ u ~ ~ ~ ~ ~ a ~ u u ~ ~ ~ ~ ~ & u a f f @ u Y ~ ~ a a a U u ~ a * ~ ~ U a ~ * ~ s ~ ~  
* * Y * * * * * C Y * I * I * * a * C * * * ~ * * r  

ENGINE COHPONENT VARIABLES AT INPUT, 
aw*auwwm*uuu*am**o*aa*u**w***uauY*ao 

CAEC' 20.0 

FANEF2tO.O IBUZ' 0 

t + + t + c m t + + * t  
NACOE~S= 28.85 T3=1269.0 
AflACH=O.256 8 %  
+++++.lET t++++ 

O p ?  
VJ-1509.0 TJsl427.0 OJ= 0.9594 HJ=0.50000 BAnJ=1.3S30 VJZS 922.0 0 -  
TJ2= 615.0 OJ2= 1.6292 HJ2=0.33490 GAW2=1.4010 E12x 0.78 ALPAJ*  7.20 Cz Y 
PHIJ- 0.0 VO= 288.2 IMOPT* 0 '",R 
+t++tATURt+t+t  
RPtIT= 2007h.0 OT: 1.266 DH: 0.745 ACHZY 0.829 NBT* 80 OTOT~0.45000 

3~ 
PRTSz 0.0 GAHAT.l.33300 CAE7 - 40.0 AHACW=0.254 

waauu A DOPPLER FREQUENCY SHIFT WILL RE APPLIED TO ALL SOURCE STATIC SPECTRA AS A FUNCTION OF FLIGHT HACH NO. M W L E  fROn PJLET. 
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NASA LEWIS RESEARCH CENTER PAGE 4 
NASA GASP MOISE m u L e  OUTPUT 

* ~ O * ~ * ~ Y * O * ~ ~ * * ~ ~ . I ) * * . * * ~ I * * O I Y * * * ~ Y I ) ~ ~ ~ ~ Y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ( ~ ~ O O ~ ~ ( I Y ~ ~ ~ ~ ~ Y ~ ~ ~ ~ ~ ~ Y ~ Y I ( * * ~ ~ * W ~ Y * * Y ~ ~ ~ ~ Y ~ ~ ~ ~ Y ~ Y ~ ~ ~ Y ~ ~ ~ ~ ~ Y ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ Y ~ Y ~  

LEARM/TFE731 NOISE PREDICTION AT FAR36 TAKEOFF CONDITION 
u w * . ~ * ~ ~ ~ ~ ~ * w * w ~ ~ ~ w ~ ~ * * * * ~ * * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ u ~ ~ w ~ ~ ~ ~ u u u ~ u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ ~ ~ a w u ~ ~ ~ w ~ ~ ~ ~ u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ w ~ ~ a ~ u ~ ~ ~ w ~ w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ u ~ ~ ~ ~  
NOISE SOURCE= FAN1 ** DISTANCE = 100.0 w* ONE-THIRD OCTAVE 8AM) AND OVERALL ENGINE COMPONENT SrXIRCE NOLSE LEVEL SUPtARY 
auu*****au~****u*******~u****u*****uu*u********ww****w*~*ww~*~**w****umw***w*ww*w**w*f iw~ww~*w~~~*#*~~*****&*~*~w*a*~*f is~**a**wwe*w*w 

1/3 OCTAVE 
BIH) CENTER 

Ft?EWEHCY 
***Om**** 

20.0 
25.0 
31.5 
40.0 
50.0 
63.0 
80.0 

100.0 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0 

1000.0 
1250.0 
1600.0 
2000.0 
2500.0 
3150.0 
4000.0 
5UOO. 0 
6?00.0 
8000.0 

. ~ O O O O .  0 
12500.0 
16000.0 
20000.0 

PRESSURE LEVELpDB 
HIKE LOCATIONS I N  DEGREES 

1 20. 30. 40. 50. 60. 70. 80. 70. 100. 110. 120. 130. 140. 150. 160. 
~ * ~ * ~ * * ~ ~ ~ ~ ~ ~ * * * * ~ ~ ~ * u ~ * * * ~ a * * * ~ ~ ~ ~ ~ ~ ~ ~ u w w ~ ~ ~ ~ ~ ~ w ~ ~ ~ ~ ~ w ~ ~ ~ w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ u ~ ~ ~ ~ ~ ~ w ~ ~ w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a u  

27.2 28.6 30.0 31.3 31.2 31.0 30.7 28.0 25.3 24.2 23.1 22.0 20.8 19.8 18.8 17.8 
30.1 31.5 32.9 34.2 34.1 33.9 33.6 30.9 28.2 27.1 26.0 24.9 23.8 22.8 21.7 20.7 
33.0 34.4 35.8 37.2 37.0 36.8 36.6 33.9 31.3 30.1 29.0 28.0 26.9 25.9 24.9 23.9 
36.0 37.4 38.8 40.2 40.0 39.9 39.8 37.1 34.4 33.3 32.1 31.0 29.9 28.8 27.8 26.8 
39.1 40.6 42.0 43.3 43.2 43.0 42.7 40.0 37.3 36.2 35.1 34.0 32.9 31.9 30.9 29.9 
42.1 43.5 44.9 46.3 46.1 45.9 45.7 43.1 40.4 39.3 36.2 37.1 36.1 35.1 34.1 33.1 
45.1 46.6 48.0 49.3 49.2 49.1 48.9 46.3 43.6 42.5 41.4 40.3 39.2 38.2 37.1 36.1 
48 .3  49.8 51.2 52.5 52.4 52.2 52.0 49.3 46.7 45.5 44.4 43.4 42.2 41.2 40.2 39.2 
51 .6  52.8 54.2 55.6 55.5 55.3 55.1 52.4 49.8 48.7 47.7 46.7 45.8 44.8 43.8 42.8 
54.4 55.9 57.3 58.7 58.6 58.6 58.5 56.0 53.4 52.3 51.3 50.2 49.1 48.1 47.1 46.2 
58.0 59.4 60.9 62.3 62.2 62.1 62.0 59.3 56.7 55.7 54.7 53.7 52.6 51.6 50.7 49.7 
61.4 62.8 64 .3  65.7 65.6 65.5 65.4 62.8 60.3 59.3 58.3 57.4 56.4 55.5 54.5 53.6 
64.8 66.3 67.8 69 .3  69.2 69.2 69.2 66.7 64.2 63.3 62.4 61.5 60.6 59.7 58.7 57.8 
68.6 70.2 71.7 73.2 73.2 73.2 73.3 70.9 68.4 67.5 66.6 65 .7  64.7 63.8 62.9 62.0 
72.9 74.4 75.9 77.4 77.5 77.5 77.5 75.0 72.6 71.8 70.9 70.0 69.7 68.7 67.7 66.6 
77.0 78.5 80.1 81.6 81.7 81.8 82.5 79.9 77.1 75.8 74.5 73.0 71.0 69.7 68.6 67.5 
81.9 83.4 84.7 86.0 85.7 85.2 83.9 80.8 77.9 76.6 75.5 74.3 73.3 72.3 71.3 70.3 
63.0 84.3 i.5.6 86.8 86.5 86.3 86 .1  83.5 80.9 79.9 78.9 78.0 77.8 76.7 75.5 74.4 
85.5 07.0 88.4 89.9 89.8 89.8 90.6 87.8 84.8 83.3 81.6 79.9 77.3 75.9 74.5 73.3 
89.9 91.2 92.5 93.6 33.0 92.3 90.3 86.9 83.6 82.0 80.5 79.2 78.2 77.0 75.9 74.8 
89.2 90.4 91.4 92.4 91.8 91.3 91.0 86.1 85.2 84.0 82.8 81.6 81.2 80.0 78.7 77.5 
90.3 91.7 92.9 94.1 93.8 93.5 94.0 91.0 87.8 86.0 84 .1  82.1 79.4 77.6 76.1 74.6 
93.2 94.5 95.6 W . 5  95.7 94.6 92.5 88.6 84.7 82.* 80.2 78.1 76.1 74.4 72.8 71.4 
91.4 92.4 93.1 93.5 92.2 90.8 .38.7 85.0 81.5 79.5 77.3 75.1 73.3 71.4 69.8 68.3 
88.8 89.9 90.7 91.6 90.9 90.2 91.0 87.9 83.3 79.0 75.3 72.4 70.0 68.2 66.6 65.2 
96.1 97.5 97.3 96.8 94.9 91.9 85.9 81.1 76.2 73.2 70.7 68.6 66.5 64.8 63.2 61.8 
90.4 90.9 90.2 89.4 86.8 84.1 81.7 77.9 74.2 71.4 68.7 66.2 64.2 6P.O 60.2 58.6 
88.9 89.7 89.7 89.7 87.9 86.0 86.1 85 .1  78.6 73.5 68.3 63.9 60.1 58.2 56.5 55.1 
92.8 94.0 93.7 93.2 91.1 88.1 81.4 76.5 71.4 67.0 63.0 59.8 57.6 55.0 52.9 51.2 
88.5 80.1 88.5 87.9 85.3 82.5 81.6 78.4 73.9 68.9 63.5 58.4 53.9 50.9 48.6 46.9 
88.5 89.5 89.4 89.2 87.5 85.5 79.9 75.8 70.6 65.2 59.5 54.2 49.9 46.7 44.4 42.7 

Sou.(D 
POWER 
LEVEL, DB 

78.2 
81.1 
84 .1  
87.1 
90.2 
93.2 
96.3 

112.9 
116.6 
120.7 
125.0 
129.3 
132.2 
133.9 
137.4 
139.3 
139.1 
141.3 
142.1 
139.2 
138.6 
142.1 
135.5 
136.8 
140.2 
136.8 
139.1 



CA' 20-20K) 
LZkJEAP LQZ.4 103 .5  109.9 104.3 103.2 1OL.O 200.8 97.5 94.1 92.1 90.4 88.7 $7.2 66.1) 84.5 8 3 . 3  150.% 

A-SCALE 102.1 l 03 .3  103.9  109.5 &03,5 102.5 101.5 98.Z 9+.6 92.9 91.1 69.5  68.9 66.6 65.P M a 0  130.7 
+ + * 4 * * * + 4 *  

WISE LEVL 
Pt4L 214.6  115.8 116.3 117.1 116.2 115.1 123.9 t1O.P 101.3  105.4 105.6 101.5 99.5 96.0 96.7 95.5 

PNLTC 115.6 117.0 t l 2 .4  11R.3 117.7 116.b 115.5 112.3 108.8 106.0 104.0 102.0 100.0 98.6 97.3 96.1 



NASA LEWIS PESEARCH CEttTER PAGE 5 
NASA GASP tU l ISE  HOOUCE W T R n  

O O ~ O O O W * O O O O ~ ~ O ~ ~ * S O O ~ ~ ~ ~ O * O O ( r O O O O O O O O O O I r O I I O O O ~ W # O # ~ ~ O O S 1 ) ~ ~ ~ * I # O # O ~ ~ ~ I ) # ~ # * @ # W O O O ~ O O O O ~ O H O ~ W ~ W ( I H ~ ( I O I ) ~ H ~ ~ W O W ~ O ~ 0 W W ~ ~ O C U ~ * ~ ~ ~ ~ W O O U ~  

L E A R M / T F L 7 3 1  t W I S t '  fREDICT IO I4  AT FARM TAKEOFF COI(O1TION 
o m o ~ s o m o o ~ o s o o ~ o e o ~ o ~ m o ~ o o o o ~ o o ~ o o * ~ m * ~ ~ m ~ n m o m ~ ~ a o o o o o w o o * o ~ ~ o ~ m o o * m a v o ~ o o # o m ~ ~ o o o o w o ~ ~ o o v ~ u a u o o o m ~ w w a a ~ a o m a w w w o o o o w w w ~ ~ ~ o o ~ a ~ o o ~ s o a  
IW)ISE WCE= FUUI 0. DISTAIKE = 100.0 a*  ONE-THIPD OCTAVE e m  AI~D OVERALL EI~;II~E C O M ~ E N T  SOCRCE NOISE LEVEL s u r a i ~ ~ r  
o o ~ m ~ m m a o o m ~ ~ ~ ~ ~ o a m o o o o w o ~ ~ o ( ~ ~ v o w o o ~ ~ o o ~ o o ~ o o o o ~ o ~ o ~ w o o o o o o ~ e w ~ ~ o ~ w o ~ ~ ~ ~ o s ( ~ o ~ o o o ~ ~ e w o ~ o ~ ) ~ o o ~ m ~ o f i o o ~ ~ ~ m o ~ ~ ) ~ ~ w ~ ~ ~ w ~ ~ ~ ( ~ o ~ s o ~ ~ o o o u ~ m w w o e  

113 OCTAVE 
B U K l  CENTER 

FPEWEttCV 
.**..**o* 

20.0 
25.0 
31.5 
40.0 
50.0 
63.0 
80.0 

160.0 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800. 0 

1000 0 
1250.0 
1600.0 
2000.0 
2500.0 
3150.0 
4000.0 
5000.0 
6300.0 
8000.0 

10000.0 
12500.0 
16000.0 
20000.0 

PRESSWE LEVELPOB 
MIKE  LOCATION> I N  DEGREES 

LO. 20. 30. 40.  50. 60, 70. 80. 90. 103. 110. 120. 130. 140. 150. 160. 
~ ~ o o o a o o ~ o u ~ u o o o o w o o o ~ o o o ~ m ~ ~ ~ ~ o o ~ o ~ v ~ ( ~ ~ ~ ~ o ~ ~ # o ~ o ~ ~ # o n ~ ~ o ~ s o ~ o o ~ o e ~ o o o ~ o ~ o ~ ~ m m o ~ o o ~ o a o o ~ ~ ~ o e o ~ ~ u e  

6 . 0  5 .7  5 . 3  4 . 8  4 . 1  3.4 2 . 5  1 .8  1 .0  0 . 3  0 .0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
6 . 0  5 . 7  5 . 3  4 . 8  4 . 1  3.4 2 . 6  1 . 8  1 .0  0 .3  0 . 0  0.0 0 .0  0 . 0  0 .0  0.0 
6 . 0  5 . 7  5 . 3  4 . 8  4 . 1  3.4 2 . 6  1 .8  1.0 0.3 0 .0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
6 . 0  5 . 7  5 . 3  4 . 8  4 . 1  3 .4  2 .6  1 . 8  1 . 0  0 . 3  0 .0  0 . 0  0 . 0  0.0 0 . 0  0.0 
6 . 0  5 . 7  5 . 3  4 . 7  4 . 1  3.3 2.6 1 . 8  1 .0  0 . 3  0.0 0 . 0  0 . 0  0 . 0  0.0 0 . 0  
6 .0  5 . 7  5 . 3  4 . 7  4 . 1  3 . 3  2.6 1 . 8  1 .  0 . 5  0 . 1  0 .0  0 . 0  0 . 0  0 . 0  0 .0  
6 .0  5 . 7  5 . 3  4 . 7  4 . 1  3 . 4  2 . 6  1 .9  1 . 6  1 . 7  2.0 2.4 2 .5  1.4 0 . 0  0 . 0  
6 . 0  5 . 7  5 . 3  4 . 7  4 . 1  3 .5  2 .9  2 .9  3.8 5 . 3  6 . 7  7.8 8 . 3  6 .9  3 . 8  1-1 
6 . 0  5 .7  5 . 3  4 . 8  4 . 3  4 . 1  4 .4  6 . 3  8 . 9  11.5 13.5 14.9 16.0 14.4 10.8 7 . 3  
6 . 3  5 . 7  5 . 4  5 . 0  5 . 1  6 . 3  9 . 3  12 .8  16 .2  19.0 20.9 22.3 22.9 21.2 17.5 13 .7  
6 . 0  5 . 8  5 . 8  6 . 2  8.0 11.2 15 .5  l a . 4  22.8 25.6 27.5 2C.8 29.4 27.7 23.9 20 .1  
6.2 6.4 7.3 9 . 4  12.9 17.2 21.9 21.8 29.3 32.4 33.9 35.2 35.8 34.1 30.3 26.4 
6 . 9  8.2 10.8 14.5 18 .8  23.4 28.2 32.1 35.5 38.2 40 .1  (t1.3 42.0 40.3 36.4 32.5 
9.3 12.2 16.0 20.4 24.9 29.6 34.4 36.3 41.6 44.2 46 .0  4 7 . 1  47.6 45 .7  4 1 . 8  37.9 

13.7 17.6 21.9 26.4 30.9 35.4 40.0 43.7 47.0 4 9 . 5  51.2 52.3 52.8 50.9 47.0 43 .1  
18.6 22.8 27.2 31.7 36 .1  40.7 45.2 48.9 52.2 54.6 56 .3  57.4 57 .9  56.0 52.0 'rR.1 
23.6 28.0 32.3 36.8 41.T 45 .7  50.3 54.0 57.1 59.5 61.0 62.0 6 2 . 3  6 0 . 3  56.4 52.4 
28.6 32.9 37.3 41.7 46 .1  50.4 54.8 58.3 61.3 63.6 6 5 . 1  66.0 66.3 64 .3  60 .3  56.3 
33.0 37.3 41.6 45 .9  50 .2  5 4 . 5  58 .7  62.2 65 .2  67.5 69 .0  6 9 . 9  70.3 68.3 64.2 60 .2  
3b.9 41.2 45.5 49.7 54.0 58 .3  62.7 66.2 6 9 . 1  71.3 77.7 73.4 73.6 71.5 67.4 63.4 
40 .8  4 5 . 1  49.4 53.6 57.8 62.0 6 6 . 1  69.4 72.2 74.3 75.6 76.4 76.5 74.4 70.3 66.2 
44 .1  48.3 52 .5  56.7 6 0 . 8  6 4 . 9  69 .0  72.2 75.0 77.0 78.3 79.0 79.1 76.9 72.8 68.7 
r 6 . 9  51.1 55.2 59.4 63 .4  67.5 71.5 74.7 77.4 79.4 80.6 81.3 8 0 . 1  78.2 74.3 70.5 
49 4 53.6 57 .7  61 .8  65 .8  6 9 . 8  71 .9  75.7 79.6 43.0 85.4 87 .0  30.8 88.9 85.2 81.5 
49 .9  54.4 59.3 64.5 70.0 75.8 85 .9  89 .1  91.7 92.9 92.4 91.0 Pk.8 83.7 78.9 74.3 
65 .5  69.0 73.3 76.9 80.2 82.9 80 .5  81.5 82.4 83 .3  84.0 84.6 85 .1  82 .9  78.7 74.6 
S . 9  60 .3  63.2 6 6 . 1  6 9 . 1  72.5 77.1 80.3 83.2 8 5 . 6  8 7 . 1  87.9 89.4 87.2 83.3 79.4 
54.3 58.6 62 .9  67.3 71.8 76.5 83.2 86.2 88.6 89.9 89.7 89.0 86.7 83 .9  79.4 75.1 
61.7 65.7 69.5 73.1 76.4 79.3 79.1 81.0 82.8 84.4 85.4 85 .9  86.9 84.6 80.5 76.5 
55.0 58.7 62.2 65 .8  69 .5  73.5 79.3 82.2 84.7 e6 .1  86.3 86 .0  85.1 82.5 78 . t  74.0 
56.2 b0.4 64.6 68 .7  72.8 76.8 77.7 79.9 81 .8  82.9 83 .2  83.0 82.6 80.0 75.6 71.3 



* * * *+* * * * *  
OAf 20-20K) 

LINEAR 68 .3  72.4 76.1 79.8 83.4 86.7 90.1 92.9 95.4 96.8 97.0 96.8 96.6 94.3 90.3 86.3 146.2 
A-SCALE 67.0 71.1 74.8 78.5 82.0 85.3 89.1 92.0 94.5 95.9 96.1 95.9 96.0 93.7 89.7 85.8 144.7 

* * *++ * * * * *  
OA( SO-10K ) 

LIIlEAR 66.6 70.7 74.4 78.1 81.7 85.0 89.0 92.0 94.5 95.9 W.0 95.8 95.6 93.3 89.3 85 3 1.44.4 
A-SCALE 66.4 70.5 74.2 77.9 81.5 84.8 88.8 91.7 94.3 95.7 95.9 95.6 95.6 93.4 89.4 85.5 144.1 

**********  
PERCEIVED 

NOISE LEVL 
PNL 79.0 83.1 86.9 90.7 94.2 97.5 101.5 104.6 107.2 108.6 106.7 108.2 108.6 106.5 10e.6 98.8 

PNLTC 61.1 85.2 88.9 92.7 96.5 99.8 104.7 108.1 110.7 111.9 110.4 109.4 111.1 109.2 105.5 101.8 

*****STATIC LEVELS AT AkBIENT CORRECTEO TO FAA ST0 DAY CWITIOWS (77 0 E 6  FI 70 PCT RH) FOR FLYOVER P(IE0ICTIOIIS ONLY 
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NASA GASP NOISE noouLE WTPUT 

*****************N*********N********N********N***************************U******NNU**N***U**U****~w*uO****N**w***U***u***********(H 

LEAR36flFE731 tJOISE PREDICTION AT FAR36 TAKEOFF CONDITION 
***N*********************N*N********N**N**~*****N*********N********N********N******NMW**N**********************W***~***********Y**** 

NOISE SOURCE= C0)48 ** DISTANCE = 100.0  ** ONE-THIRD OCTAVE BANI) AND OVERALL EtlGINE COHPONENT SOURCE NOISE LEVEL SUMMARY 
YU*NN*UNNU*NN~NNNN***U*U~UUUU~YU~~UNUU~UUUUU**UUUN**UUU*UN**N****UUUU**UUU*U*N*~*NUUUU**~UNUUUNUUNU*UUUUWUUUUUUUUUUUUUNUffUNUUU~U**** 

1 / 3  OCTAVE 
BAND CEt4TER 

FREQUEIKY 
********* 

20 .0  
25 .0  
31.5  
40 .0  
5 0 . 0  
6 3 . 0  
8 0 . 0  

100 .0  
125.0  
1 6 0 . 0  
200.0  
250.0  
315.0 
400.0  
500.0  
630 .0  
800 .0  

1000.0  
1250 .0  
1600 .0  
2000.0  
2500.0 
3150.0 
4000.0 
5000.0 
6300.0 
8000.0 

10000.0 
12500.0 
16000.0 
20000.0 

SOUND PRESSURE LEVELBDB 
HIKE LOCATIONS I N  DEGREES 

1 0 .  2 0 .  30. 40 .  50 .  6 0 .  7 0 .  8 0 .  9 0 .  100.  110.  120.  130.  140.  150.  160. 
* N ~ N U U * N U * U * U * Y U N t * N U ~ ~ U U * N U Y U Y * * U U U ~ * ~ ~ U U U N Y * U U U U Y Y N U ~ Y U Y U Y * N N U W W U U U Y Y U U U ~ ~ W ~ U U * Y * U Y U U Y U * Y U U * * 1 (  

35.6  37 .4  39.0 40 .7  42 .6  4 3 . 9  4 5 . 1  46 .4  4 8 . 3  49 .9  51.0  51.7  5 1 . 9  52.0  51 .9  51.9  
39.7  4 1 . 4  43 .0  4 4 . 7  46 .6  4 7 . 9  4 3 . 1  5 0 . 4  5 2 . 3  54 .0  55 .1  5 5 . 8  56.0  5 6 . 1  5 6 . 1  56 .1  
4 3 . 7  45 .4  47 .0  48 .7  5 0 . 7  52 .0  53 .2  5 4 . 5  56 .5  58.2  59 .3  6 0 . 1  6 0 . 3  6 0 . 5  6 0 . 4  6 0 . 5  
47 .8  49.5  5 1 . 2  5 2 . 9  5 4 . 9  56.2  5 7 . 5  5 8 . 9  6 0 . 8  6 2 . 5  6 3 . 6  6 4 . 4  6 4 . 6  6 4 . 8  6 4 . 6  6 4 . 6  
52 .2  5 3 . 9  5 5 . 5  5 7 . 3  59 .2  6 0 . 5  6 1 . 8  6 3 . 1  6 4 . 9  6 6 . 5  6 7 . 5  6 8 . 1  6 8 . 1  6 8 . 2  6 8 . 0  68 .0  
5 6 . 4  5 8 . 1  5 9 . 7  6 1 . 3  6 3 . 2  6 4 . 4  6 5 . 4  6 6 . 6  6 8 . 3  6 9 . 9  7 0 . 8  71.5  71 .6  7 1 . 7  71 .5  71 .5  
5 9 . 9  6 1 . 6  6 3 . 1  6 4 . 7  6 6 . 6  6 7 . 7  6 8 . 8  7 0 . 0  71 .8  7 3 . 3  74 .3  7 4 . 9  75 .0  7 5 . 1  74 .9  7 4 . 8  
6 3 . 3  6 5 . 0  6 6 . 6  68 .2  70.0  71 .1  72 .3  73 .4  7 5 . 1  76 .5  7 7 . 3  7 7 . 8  77.7  77 .6  7 7 . 4  7 7 . 3  
6 6 . 7  6 8 . 4  6 9 . 9  7 t . 4  7 3 . 1  74 .1  7 4 . 9  75.9  77 .6  79.0  7 9 . 8  8 0 . 3  8 0 . 3  8 0 . 3  8 0 . 1  8 0 . 0  
6 9 . 3  7 0 . 9  7 2 . 4  7 3 . 9  75.6  76 .6  77.6  78 .6  8 0 . 2  8 1 . 6  82 4  82 .9  83 .0  8 2 . 9  8 2 . 6  82 .5  
72 .0  73.6  75 .1  76 .6  78 .2  79 .2  6 0 . 3  81 .2  8 2 . 7  84 .0  8 4 . 6  84 .9  84 .6  8 4 . 4  8 4 . 1  8 3 . 9  
74 .6  76 .2  77 .6  79.0  80 .5  8 1 . 3  8 1 . 9  8 2 . 7  8 4 . 1  85 .2  8 5 . 8  86 .0  8 6 . 0  8 5 . 7  8 5 . 3  8 5 . 1  
76 .1  77 .7  79 .0  80 .3  8 1 . 8  82 .5  8 3 . 3  8 4 . 0  85 .2  8 6 . 1  8 6 . 4  86 .5  8 5 . 9  85 .5  85 .0  8 4 . 1  
77 .4  7 8 . 9  8 0 . 2  8 1 . 3  82 .6  8 3 . 1  8 3 . 3  8 3 . 7  8 4 . 7  85 .4  85.6  8 5 . 4  8 4 . 8  8 4 . 3  8 3 . 7  8 3 . 3  
77 .2  78 .7  7 9 . 8  8 0 . 8  8 1 . 9  82 .2  8 2 . 2  8 2 . 4  8 3 . 3  8 3 . 9  84 .0  8 3 . 8  83 .3  8 2 . 8  8 2 . 1  8 1 . 8  
76.0  77 .4  7 3 . 4  79 .3  8 0 . 4  8 0 . 6  8 0 . 8  80 .9  81 .7  8 2 . 2  82.2  8 1 . 9  81.1  8 0 . 5  79.8  79 .4  
74 .5  7 5 . 8  7 6 . 8  7 7 . 7  78 .6  78.7  78 .6  78.6  79.2  79.6  79.5  79.2  78 .4  7 7 . 8  77.0  76.6  
72.2  7 3 . 5  74 .4  75 .2  76 .0  76 .1  7 5 . 9  75 .9  76 .4  76.8 76.7  76.4  75.7  75.0  7 4 . 3  7 3 . 9  
6 9 . 5  7 0 . 8  71.7  7 2 . 4  73.2  73.2  73.2  73.1  7 3 . 7  74.0  73 .7  73 .2  72.2  7 1 . 4  70 .6  7 0 . 1  
66 .7  68 .0  6 8 . 9  6 9 . 6  70 .3  70.2  6 9 . 7  6 9 . 5  6 9 . 8  70.0  6 9 . 7  6 9 . 2  6 8 . 2  61 .5  6 6 . 7  6 6 . 2  
63 .1  6 4 . 3  6 5 . 1  6 5 . 7  6 6 . 3  66 .2  6 5 . 8  6 5 . 5  6 5 . 9  66 .2  t 5 . 9  6 5 . 4  6 4 . 7  6 4 . 0  6 3 . 2  62 .7  
5 9 . 1  6 0 . 3  6 1 . 1  6 1 . 8  6 2 . 4  6 2 . 3  6 2 . 2  6 2 . 0  62 .4  62 .7  6 2 . 5  62 .0  61 .2  6 0 . 5  59 .7  59 .2  
55 .5  5 6 . 8  57 .6  5 8 . 3  5 9 . 0  5 8 . 9  58 .7  5 8 . 5  5 8 . 9  59 .1  5 8 . 8  5 8 . 3  5 7 . 3  56 .5  55.6  5 5 . 1  
52 .0  5 3 . 3  5 4 . 1  54 .7  5 5 . 3  55 .2  54.7  5 4 . 4  54.7  5 4 . 9  54.6 54 .0  5 3 . 1  5 2 . 3  51.5  51 .0  
48.0 49 .2  5 0 . 0  50 .6  51.2  5 1 . 0  50.6  5 0 . 3  50 .6  5 0 . 8  50 .4  49 .8  48 .9  48 .1  47.2  46 .7  
43 .8  45 .0  4 5 . 7  46 .3  4 6 . 9  46 .7  4 6 . 3  4 5 . 9  46.2  4 6 . 3  45.8  45 .2  44 .0  4 3 . 1  42 .2  41.7  
39.3  40 .5  41 .2  41.7  6 2 . 2  4 1 . 9  4 1 . 3  40 .8  41.0  41 .0  4 0 . 5  3 9 . 8  38 .8  3 7 . 9  37.0 3 6 . 4  
34 .0  35.2 3 5 . 9  36.3 36 .8  36.4  35 .9  35.4  35.6  35 .6  35.1 34 .5  33.5 32 .6  31.7 31.1 
28 .3  2 9 . 5  30 .2  30.6 31 .1  30.7 3 0 . 3  29.8  2 9 . 9  2 9 . 9  2 9 . 3  28.5 27 .1  26 .1  25 .1  2 4 . 5  
22.2  2 3 . 3  24 .0  24.4  2 4 . 8  2 4 . 3  2 3 . 4  22 .8  22 .8  22.6 22.0  21.2  20 .1  19 .2  18.2  1 7 . 6  
1 5 . 3  1 6 . 4  1 6 . 9  1 7 . 3  17 .6  17 .0  1 6 . 5  1 5 . 9  1 5 . 9  1 5 . 8  1 5 . 2  14.4  1 3 . 3  1 2 . 3  1 1 . 4  1 0 . 4  

SOVND 
POWER 
LEVELBDB 

99.6 
103.6 
107 .9  
112.2 
116.0  
119 .4  
122 .8  
1 2 5 . 8  
128 .4  
131.0 



++++++++++ 
0A( 20-20K I 

LINEAR 84.9 86.4 87.6 88.7 90.0 90.5 91.0 91.5 92.6 93.5 93.9 93.9 93.6 93.2 92.8 92.5 142.7 
A-SCALE 81.6 83.0 84.1 85.0 36.1 86.4 86.6 86.8 87.7 88.3 88.4 88.3 87.7 87.2 86.6 06.3 137.7 

+*++++++++ 
OA(50-10K)  

LINEAR 84.9 86.4 87.6 88.7 90.0 90.5 91.0 91.5 92.6 93.5 93.8 93.7 93.6 93.2 92.7 92.5 142.7 
A-SCALE 81.6 83.0 84.1 85.0 86.1 86.4 86.6 86.8 87.7 88.3 88.4 88.3 87.7 87.2 86.6 86.5 137.7 

+++*+++**+ 
PERCEIVED 

NOISE LEVL. 
WL  91.1 92.5 93.7 94.8 95.9 96.9 %.6 %.9 97.9 98.6 98.8 98.7 98.1 97.7 97.1 96.8 

PHLTC 91.2 92.6 93.8 94.9 96.1 96.5 96.7 97.0 98.0 98.9 98.9 98.8 98.2 97.8 97.2 96.9 

*r***STATIC LEVELS AT W I " W  CORRECTED TO FAA ST0 DAY COE(DITION3 (77  DEG F ,  70 PCT R H I  FOR FLYOVER PREOICTIWS ONLY 
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~ * u * * * a a * * u * ~ * u u a * u ~ u n a ~ u u u u u u u u a ~ u ~ u u u u u u u u ~ ~ u u u u ~ u u u ~ u * a u u u n u u * n u u * ~ ~ u u u u u u u u u * u u ~ ~ u u u u ~ ~ * ~ ~ w * ~ * * ~ ~ ~ ~ ~ u w * * * ~ ~ ~ ~ ( ~ ~ u u ~ ~ u u u ~ u u ~ ~  
I.EAR36/TFE731 NOISE PREDICTXON AT FAR36 TAKEOFF CONDITION 

* n u u u a u u ~ n u u ~ u u u u a ~ n u c u ~ u ~ u ~ a ~ u u a w ~ ~ n u n u u * m u w u u u u ~ u u f i u a u u u u u * m u * u n u u * n u u a u u u u ~ ~ u u u u u ~ u u u u u u u u u ~ u a u ~ u ~ u u ~ a u u u u u u * a u u ~ u a * u u u u u u n n u u u ~ *  
NOISE S(XIRCE= JET ** OISTAttCE 100.0 ** ONE-THlRI) OCTAVE BAta AND OVERALL EIIGINE COMPONENT SOURCE NOISE LEVEL SUM?ARY 
*w*********************************************************a*******************u**********a*************aa**************a**fi*a**a*v* 

1/3 OCTAVE 
8AtO CENTER 

FFiEWENCY 
********* 

20.0 
25.0 
31.5 
40.0 
50.0 
63.0 
80.0 

100.0 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0 

1000.0 
1250.0 
1600.0 
2000.0 
2500.0 
3150.0 
4000.0 
5000.0 
6300.0 
8000.0 

10000.0 
12500.0 
16000.0 
20000.0 

S O W  PRESSURE LEVEL SOB 
MIKE LOCATIONS I N  DEGREES 

10. 20. 30. 40. 50. 60. 70. 80. 90. 
****4***************a*a**************a***************4 

6 1 . 1  61.3 61.5 61 .8  62.3 63.0 63 .8  6 4 . 8  65.9 
63.5 63.6 63.8 64.2 64.6 65.3 66.1 6 7 . 1  68.2 
65.8 65 .9  66.1 66.5 67.0 67.6 68.4 69.4 70.6 
68.3 63.4 68.6 60.0 69.4 70.1 70.9 71.9 73.0 
70.4 70.5 70.8 71.1 71.6 72.2 73.0 74.0 75.2 
72.6 72.7 73.0 73.3 73.8 74.5 75.3 76.2 77.4 
75.0 75.1 75.3 75.7 76.2 76.8 77.6 78.6 79.8 
76.9 77.1 77.3 77.7 78.2 78.8 79.6 80.6 81.8 
78.5 78.6 78.9 79.3 79.8 80.5 81.3 82 .3  83.5 
79.8 80.0 80.2 80.6 81.2 81.8 82.7 83.7 84.9 
80 .8  80 .9  81.2 81.6 82.2 82 .8  83.7 84 .7  85 .9  
81.6 81 .8  82.1 82.5 83.1 83.7 84.6 85.6 86.8 
82.4 82.5 82.8 83.3 83.8 84.5 85.3 86.Q 87.6 
82 .9  83.1 83.4 83.8 84.4 8 5 . 1  85.9 86.9 8 8 . 1  
83.2 83.4 83.7 84.1 84.7 85.4 86.3 87 .3  88.5 
83.4 83.6 83.9 84.3 84.9 85.6 86.5 87.5 88.7 
83 .3  83.5 83.8 84.3 84.9 85.6 86.5 87.5 88.7 
83.2 83.4 83.7 84.2 84.8 85.5 86.4 87.4 88.6 
82.8 83.0 83.4 83.8 84.4 85.2 86.1 8 7 . 1  88.3 
82.2 82.4 82.8 83.2 83 .8  84.6 85.5 86.5 87.7 
81.5 81 .7  82 .1  82.6 83.2 83 .9  84.8 85.9 87.1 
80.8 81 .1  81.4 81.9 82.5 83.2 84 .1  85.2 86.4 
80.0 80.2 80.5 81.0 81.6 82.4 83.3 84.3 85.6 
78.9 79.2 79.5 80.0 80.6 81.4 82.3 83.3 84.6 
77.9 78.1 78.5 78.9 79.6 80.3 81.2 82.3 83.5 
76.8 77.0 77.4 77.8 78.5 79.2 80 .1  81.2 82.4 
75.6 75.9 76.2 76.7 77.3 78.1 79.0 80.0 81 .3  
74.4 74.7 75 .1  75.5 76.2 76.9 77.8 78.9 80.1 
73.3 73.5 73.9 74.4 75.0 75.8 76.7 77.7 79.0 
72.1 72.3 72.7 73.2 73.8 74.6 75.5 76.5 77.8 
70.9 71.2 71.5 72.0 72.7 73.4 74.3 75.4 76.6 

SOUM) 
PMJER 
LEVEL IDB 
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NASA GASP NOISE noouLE OUTW 

Y1*H***#****~***(I(IU***W*1(I********Y*************Y****~***********C*****1(IO******k***M~**I(**i*Y***MM**M***(HIII~~*~***NO~MI)~ 

I.EAR36flFE731 NOISE PREDICTION AT FAR36 TAKEOFF CONDITION 
****U*********Y*********************U************* ................................................................................ 

NOISE SOLmCE= ATUR ** DISTANCE = 100.0 ** WIE-THIRD OCTAVE BAND AND OVERALL ENGINE COMPWENT SOURCE NOISE LEVEL SUW.1ARV 
.................................................................................................................................... 

113 OCTAVE 
BAIO CENTER 

FREQUENCY 
***a***** 

20.0 
25.0 
31.5 
40.0 
50.0 
63.0 
80.0 

100.0 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0 

:ooo.o 
1250.0 
.ooo. 0 
2000.0 
2500.0 
3150.0 
4000.0 
5000.0 
6300.0 
8000.0 

13000.0 
12500.0 
16000.0 
20000.0 

SWM) PRESSllRE LEVEL,DB 
HIKE LOCATIONS I N  DEGREES 

10. 20. 30. 40. 50. 60. 70. 80. 90. 100. 
***************************************Z*****Z************** 

45.3 46.1 66.8 47.4 47.9 48.3 48.7 49.1 49.5 53.4 
46.3 $7 .1  47.8 48.3 48.8 49.3 49.7 50.1 i0.5 54.4 
47.3 48.1 48.7 49.3 49.8 50.3 50.7 51.1 51.5 55.4 
48.3 49.1 49.7 50.3 50.8 Z1.3 51.7 52.1 52.5 56.5 
49.3 50.1 50.8 51.4 51.C 52.3 52.7 53.1 53.5 57.4 
50.3 51.1 51.8 52.3 52.8 53.3 53.7 54.1 54.5 58.4 
51.3 52.1 52.8 53.3 53.9 54.7 54.7 55.1 55.5 59.5 
52.3 53.1 53.8 54.4 54.9 55.3 55.7 56.1 56.5 60.5 
53.3 54.1 54.8 55.4 55.9 56.3 56.7 57.1 57.5 51.4 
5'8.3 55.1 55.7 56.3 56.8 57.3 57.8 58.2 58.6 6 . . 5  
55.3 56.1 56.8 57.4 51.9 58.4 58.8 59.2 59.6 63.5 
56.3 57.1 57.8 58.4 58.9 59.3 59.7 60.1 60.5 64.5 
57.3 58.1 48.8 59.4 59.9 60.3 60.7 61.1 61.6 65.5 
58.3 59.1 59.8 60.4 60.9 61.4 61.8 62.2 62.6 66.6 
59.4 60.2 60.8 61.4 61.9 62.4 62.8 62.2 63.6 67.6 
60.4 61.2 61.8 62 4 62.9 63.4 63.8 54.2 69.6 68.6 
61.4 $2.2 62.9 63.5 64.0 64.4 64.9 65.3 65.7 69.6 
62.5 63.3 63.9 64.5 65.0 65.3 65.5 65.9 66.2 70.1 
63.0 63.8 64.5 65.0 65.5 65.9 66.4 66.8 67.2 71.1 
63.9 64.7 65.4 66.0 66.5 66.9 67.4 67.8 68.3 72.2 
64.9 65.7 66.4 67.0 67.5 68.0 68.4 68.8 69.2 73.2 
65.9 66.7 67.4 68.0 68.5 69.0 69.3 09.8 70.3 74.3 
66.8 67.7 68.4 69.0 69.' - .1 70.6 71.2 71.8 75.t  
68.2 69.0 69.8 70.5 7 1 . i  .9 72.6 73.3 74.0 78.2 
70.3 71.2 72.0 72.8 -3.6 7r.3 75.' 75.8 76.5 80.7 
72.7 73.6 74.4 75.2 75.9 76.6 77.1 77.8 78.4 82.5 
74.5 75.4 76.2 76.9 77.6 78.3 79.0 79.6 80.2 84.3 
76.2 77.0 77.8 78.5 70.2 79.8 80.2 80.8 81.4 85.5 
77.1 77.9 78.7 79.4 80.1 80.7 81.3 82.0 82.7 86 .9  
57.7 78.6 79.4 80.2 81.0 81.7 82.6 83.3 84.0 88.2 
79.0 79.9 80.8 81.6 82.4 83.2 83.6 84.3 85.0 89.2 

SOCRD 
POWER 
LEVELIDB 

101.2 
102.1 
103.1 
104.2 
105.2 
105.2 
107.2 
108.2 
109.2 
110.3 
111.2 
112.2 
113.3 
114.3 

116.4 
117.4 
118.1 

120.2 
121.3 2a 
122.5 
124.3 
126.7 
129.2 
131.4 
133.4 
135.3 
137.r 
140.1 
142.5 
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W NASA LEWIS RESEARCH CEMTER PAGE 13 
CD W S A  GASP NOISE HWULE OUTPUT 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ n w ~ n w ~ a ~ ~ * . ~ ~ ~ u u ~ ~ ~ ~ n ~ ~ ~ ~ ~ ~ ~ v ~ * ~ ~ ~ a ~ a ~ ~ ~ ~ a ~ a ~ a ~ ~ ~ ~ ~ a a a ~ a ~ ~ a ~ ~ ~ ( ~ ( ~ ~ ~ ~ a ~ ~ ~ a ~ n ~ o  

LEAR36/TFE731 NOISE PREDICTION AT FAR36 TAKEOFF COtDITION 
~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ ~ ~ w ~ ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~ ~ ~ n ~ ~ n ~ n ~ s u ~ n n n ~ ~ ~ ~ ~ ~ ~ n n ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ n ~ ~ ~ ~ n ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~ a ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ a a ~ a ~ a a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a a  
++++++++++INPUT VARIABLc STATW AT JOa END++++* 
++++++r++*I!IPUT VARIABL': STATUS AT JLB E I I D + + + + +  

INPUT OATA - WER INPUT AND OEFAULT VALUES WED 
* * * * ~ n ~ * * ~ ~ * ~ * * ~ ) ~ ~ * * * ~ * ~ * * * ~ ~ n * * * n ~ a n * * n ~ a n * * * ~ ~ * ~ ~ ~ ~ ~ * a ~ ~ ~ * ~ * a ~ * ~ n ~ ~ ~ * ~ * ~ ~ * ~ ~ a ~ * * * * * w * ~ ~ * ~ * a * a ( ~ a ~ * a ~ * ~ a a a a ~ ~ a a ~ a ~ a * * ~ ~ ~ ~ ~ ~ ~  
CONTPOL VARIABLES * 
***********n**w*n*w 

XFAA= 2 TAKEOFF rn 1 W =  3 FULL B ISTAG= 3 ICABZ 0 I S I =  0 (LHGL UNITS) 

****w****v*****w****nw** 
ENVIRONnENlAL VARIABLES* 
........................ 

AMGLE (ARRAY) = 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0 140.0 150.0 160.0 

++*++EIOINE VAR::ABLES*++++ 
€WINE TYPF'MYE)= 1 (FAN ........................ ENGINE COnPONEM ARRAY(ICOI1P) = 1 4 2 5 6 0 0  

FAN C W  JET A M  mmL NONE 

****1W**ifw****a 
FLIGHT PROFILE * 
***************a 

*****A STRAIGHT L W F  DROFILE WILL BL COnPUTEO FROM A C m I N A T I O N  OF THE ABWL VARIABLES. 

*****THE FLIGnT PROFILE WILL BE TERHINATED WHEN THE OVERALL FNGINL PNLTC I S  10 DB B E L W  I T S  WIW VALUE ( I D W = l ) .  



NASA LEWIS RESEARCH CENTER PAGE 1 4  
NASA GASP NOISE n m u L E  OUTPUT 

# U # # 0 # W # # # # 0 # W # # W W W U W # W # ~ W # # # # I # * I ; O ~ # # W C # # W # W + W # W * # # 0 # ) I # # 0 # W W # # # # # # * * * # * W W W Y # W U # I ~ * ~ ~ ~ U U U ~ # f f ~ ~ W # U # U ~ W # W # ~ # b * N # # U # C W M M ~ W W b ~ * ~ W ~ # * # # W  

LEAR36 /~ iE731  NOISE WEDICTION AT FAR36 TAKEOFF COIX)ITIUN 
~ * ~ e v - # w # w # # # # w u  # # W W # C V  ~ ~ e ~ e # e a # e ~ w e w * ~ # a ~ ~ ~ ) ~ w # ~ w ~ w ~ # e # w # # # # # ~ w w # * # ~ u w # # ~ u ~ # # # # u # # # # # w # # u w # w ~ # # # w m w ~ # # # ~ ~ w ~ # ~ w # # w ~ ~ w ~ ~ e # # ~ ~ # # # w # ~ # ~  
+ + t + + + + + + + I t l P U r  V4PIABI STATUS AT JOB Et40+4+++ 
t + + t + + + + + t I t l P U T  VARIABLE STATUS AT J!lB END+++++ 
* * U # # # W # V  dm**.  . *###*2*##*****#****  

Et lZ I t lE  CONPOiJEl41 VARIPSLES AT INPUT* 
W # # # # W # # m # # C # w * # # r # # # * # # # # . * *  

++t++F2?4 4 + + + +  

IGV:  0 IFD= L, tM= 8 NSTG- 1 W F -  30 
F;SS=200.00 WAFAN=104.82 RPM= 11161. DELTz 80.70 FPR- 0.0 
FAtMUS= 1.1250 IP11C=l -4800 TIPM-1.2862 FAItEFF=O. 0 t(BF2= 0 
FAt(02= 0 .0  TIPflO2-0.0 TIPtf2-0.0 RSS2=100.00 PRAT= 0 .0  
vAWEF2=0.0 IBUZ= 0 ITOt(E= 0 AflACH-0.2537 CAEF= 40.0 

t 'TUFc+*t+* 
RPtlT. 20076.0 DT- 1.266 DH= 0.745 ACNZ. 0.824 E(BI= 8 0  D707=0.45000 
PRTS= 0.0 6#HAT=1.33500 CAET' 40 .0  AfIACH=O. 2% 

***** A DOPPLER FREQUENCY SHIFT M ILL  BE APPLIED TO ALL W C E  STATIC SPECTRA AS A FUHCTION OF FLIGHT HACH NO. d0 AMGLE FROH INLET. 



APPENDIX A 

Sample Test Case 3 

Sideline Condition for a Turbofan-Powered 
Executive Aircraft 

YPECED~NG PA@ BUWK NOT FILMED 



:
 T 

Z
*2

 
:z 

*
E
*
 

*
w

*
 

cn 
*

c
s

 
W

r
l

 
* cn * 

--I 
*

+
*

 
m

~ 
*c

n
. 

4
 

s
 

* 
n

w
 

*
t
*

 
O
b
 

Z
Y

*
 

*
4

*
 
3
s
 

Z
E

$
 

w
z

 
5

E
Z

 
3: 

*
a
*
 

*
\*

 
2' 

s
w

*
 

b
u
g
 

5
z

3
 

*
a

 
z

~
r

 
:% 

z
w

*
 

+
w

 



NASA LEWIS RESEARCH CEMTER PAGE 16 
NASA GASP NOISE nuouLe  OUTPUT 

u u u ~ u u u u u u ~ u u u u u ~ ~ u ~ ~ u e u u u ~ v r u u u ~ u e ~ ~ ~ u ~ u ~ u ~ ~ e ~ u f f ~ s u ~ u ~ u s u u u s ~ ~ ~ u u u u v ~ ~ u ~ u e s m u ~ ~ ~ s e s u u u s u u ~ w ~ u u u u f f ~ u u u ~ ~ ~ u ~ ~ ~ u ~ u ~ ~ u ~ ~ ~ ~ ~ u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
L E A R 3 6 0 F E  731 NOISE PREDICTIM4 AT FAR36 S I 3 E L I t t E  COt(DI ' I0N 

* ~ t l U ~ U U U ~ U N * U * U * f f * U ~ N S U ~ U U ~ R U ~ * U ( I U ~ ~ U U U U Z S N U ~ ~ U U U U U ~ U U U U S ~ * ~ Y U S U U U * N U N S ~ Z ~ U U U 4 U U U * W I U f f U f f ~ * U * S S * U U U * U S Z ~ ~ I I * Y * ~ * ~ ~ * * ~ W U * U V * U * ~ U * * * ~ *  

u***~**********m****~***O**.*.* 

ENGIF4E COnPMiENT VARIABLES AT INPUT* 
****~**uu***R***+***u*************** 4 

+**** A OOPPLER FREWENCY SHIFT WILL BL RPPLIEO TO ALL S M C E  STATIC SPECTRA AS A F W T I O N  OF PLI6HT MACH NO. AM AN6LE FRUl INLET. 
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NASA LEUIS RESEARCH CENTER PAGE 18 
NASA GASP NOISE MODULE OUTPUT 

U~*UUUUU*(H**U~a-Ua**U**U*U~**U~UHI*****UU*****UU~*~*UUU**U*UU*~~YUY***U*UUW~****UU~H*W***W~UW(IWM(HHIMHI1*~UH~*U~*HWMM**** 

LEARMlTFE731 NOISE PREDICTION AT FAR36 SIDELINE CONQITION 
~ ~ ~ ~ ~ u u a * * u u u ~ ~ u u a a a u ~ ~ ~ ~ ~ ~ a a a ~ a u a a ~ ~ a u u u a * u * ~ u a a * ~ ~ ~ ~ a ~ u * * ~ ~ a u ~ ~ ~ u u a a ~ a * ~ ~ a ~ a ~ ~ ~ ~ ~ ~ ~ a a ~ a u ~ u ~ ~ ~ ~ ~ u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ u ~ ~ u ~ ( r ~ * a ~ ~ ~ ~ ~ ~ a u ~ a ~ ~  
NOISE SOURCE= FAN1 ** DISTANCE = 100.0 ** ONE-THIRD OCTAVE BAND ANO OVERALL ENGINE COMPONENT SWRCE NOISE LEVEL SUHHARY 
u*uuaua****aa*aua*uaa*s.raa*aaau*uw***uu*au*aau*uu**u**wau*a~aa*~wa*a*~uua***auawua*auauuauau**u*a**uua*u*~*uauuuu*auwua**au*~*w*wuu 

1/3 OCTAVE 
BAM CUNTER 

FREWENCY 
*****a*** 

20.0 
25.0 
31 - 5  
40.0 
SO. 0 
63.0 
80.0 

100.0 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0 

1000.0 
1250.0 
1600.0 
2000.0 
2500.0 
3150.0 
4ono.o 
5000.0 
6300.0 
8000.0 

10000.0 
12500 .O 
16000.0 
20000.0 

SOUNO PRESSURE LEVELo9B 
MIKE LOCATIWS I N  DEGREES 

10. 20. 30. 40. 50. 60. 70. 80. 90. 100. 110. 120. 130. 140. 150. 160. 
a*aaa*nau~**u*ua*****~~**auu*~*~a~auuuaaauu*uuwawaau*auu*unu*s*a*a*uu*aauauu*uuauwu*a~~u~a~uu~ 

27.2 28.6 30.0 31.3 31.1 30.9 30.7 28.0 25.3 24.2 23.1 22.0 20.8 19.8 18.8 17.8 
30.1 31.5 32.9 34.2 34.0 33.8 33.6 30.9 28.2 27.1 26.0 24.9 23.8 22.8 21.8 20.8 
33.0 34.+ 35.8 37.1 37.0 36.8 36.6 33.9 31.3 30.1 29.1 28.0 27.0 29.9 24.9 23.9 
36.0 37.4 38.8 40.2 40.0 39.9 39.7 37.1 34.4 33.3 32.1 31.0 29.9 28.9 27.8 26.8 
39.1 40.5 41.9 43.3 43.1 42.9 42.7 40.0 37.3 '56.2 35.1 34.0 32.9 31.9 30.9 29.9 
42.0 43.5 44.9 46.2 46.1 45.9 45.7 43.1 40.4 39.3 38.2 37.2 36.1 35.1 34.1 33.1 
45.1 46.5 47.9 49.3 49.2 49.0 48.9 46.3 43.6 42.5 41.4 40.3 39.2 38.2 37.1 36.1 
48.3 49.7 51.1 52.5 52.4 52.2 52.0 49.3 46.7 45.3 44.5 43.4 42.3 41.2 40.2 39.2 
51.4 52.8 54.2 55.6 55.4 55.3 55.1 52.4 49.8 48.7 47.7 46.7 45.8 44.8 43.8 42.8 
54.4 55.9 57.3 58.7 58.6 58.6 58.5 56.0 53.4 52.3 51.3 50.2 49.2 48.2 47.2 46.2 
58.0 59.4 60.9 62.3 62.2 62.1 62.0 59.3 56.7 55.7 54.7 53.7 52.6 51.7 50.7 49.7 
61.4 62.8 64.3 65.7 65.6 65.5 65.4 62.9 60.3 59.3 58.4 57.4 56.4 55.5 54.5 53.6 
64.8 66.3 67.8 69.3 69.2 69.2 69.2 66.7 64.2 63.3 62.4 61.5 60.6 59.7 58.8 57.8 
68.7 70.2 71.7 73.2 73.2 73.3 73.4 70.9 68.5 67.6 66.7 65.7 64.8 63.9 63.0 62.0 
72.9 74.4 75.9 77.5 77.5 77.5 77.5 75.1 72.7 71.8 70.9 70.1 69.8 68.8 67.7 66.7 
77.1 78.6 60.1 81.7 81.8 81.8 82.5 79.9 77.2 75.9 74.5 73.1 71.1 69.8 68.6 67.5 
81.9 83.4 84.7 86.0 85.7 85.2 83.9 80.9 77.9 76.7 75.5 74.4 73.4 72.3 71.3 70.4 
82.9 84.3 85.5 86.8 86.5 86.2 86.1 83.5 80.9 79.9 78.9 78.0 77.8 76.7 75.6 74.5 
85.5 87.0 88.4 89.8 89.8 89.8 90.6 87.8 84.8 83.3 81.7 80.0 77.4 75.9 74.6 73.4 
89.8 91.2 92.4 93.9 93.0 92.2 90.2 86.8 83.6 82.0 80.6 79.2 78.2 77.0 75.9 74.8 
89.1 90.3 91.3 92.3 91.8 91.2 91.0 88.1 85.2 84.0 82.8 81.6 81.2 80.0 78.8 77.6 
90.3 91.6 92.9 94.1 93.8 93.5 94.0 91.0 87.8 86.0 84.1 82.1 79.5 77.8 76.2 74.8 
93.2 94.4 95.5 96.4 95.6 94.5 92.4 88.5 89.7 82.4 80.2 78.2 76.2 74.5 72.9 71.5 
91.2 92.3 92.9 93.4 92.1 90.7 88.7 85.0 81.5 79.5 77.3 75.2 73.4 71.5 69.9 68.4 
88.8 89.9 90.7 91.6 90.9 90.2 91.0 87.8 83.3 79.0 75.4 72.5 70.1 68.3 66.7 65.3 
96.1 97.4 97.2 96.7 94.7 91.8 85.9 81.0 76.2 73.2 70.8 68.6 66.6 64.9 63.3 62.0 
90.2 90.7 90.0 89.3 86.7 84.0 81.7 77.9 74.2 71.4 68.7 66.2 64.3 62.1 60.3 58.7 
88.8 89.7 89.7 89.7 87.9 86.0 86.1 83.1 78.6 73.5 68.3 63.9 60.2 58.3 56.6 55.2 
92.8 93.9 93.6 93.1 91.0 87.9 81.4 76.4 71.4 67.0 63.0 59.8 57.7 55.1 53.0 51.3 
88.3 88.9 88.4 87.8 85.2 82.5 81.6 78.4 73.9 68.9 63.5 58.4 54.0 51.0 48.7 47.0 
88.4 89.5 89.3 89.1 87.4 85.5 79.8 75.7 70.6 65.2 59.5 54.2 50.0 46.8 44.5 42.8 
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LEAR36nFE731 NOISE PRECICTION AT FAR36 S I D E L I N E  CONDITION 

********w***********w*********H(w******************#w*****************************Y*~**************************b***w+l(*~**II*******~ 

t(O1SE SOURCE= FANO ** DISTANCE = 100.0 ** ONE-THIRD OCTAVE BAND AND OVERALL ENGINE CbnWNENT SOURCE NOISE LEVEL SWMARY 
***C****#***************************************************************************v*******************w******u***************u*u 

1 / 3  OCTAVE 
BAt.3 CEtCTER 

FREQUENCY 
******I** 

20.0 
25.0 
31.5 
40.0 
50.0 
63.0 
80.0 

100.0 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0 

1000.0 
1250.0 
1600.0 
2000.0 
2500.0 
3150.0 
4000.0 
5000.0 
6300.0 
8000.0 

10000.0 
12500.0 
16000.0 
20000.0 

SOU% PRESSURE LEVEL9DB 
MIKE LOCATIONS I N  DEGREES 

10.  20.  30. 40. 50 .  60.  70. 80. 90.  100. 110. 120. 130. 140. 150. 160. 
*****************w*********************************************************+*******w********** 

5 . 9  5.6 5.2 4.7 4.0 3 .3  2.5 1.8 1 . 0  C.3 0.0 0.0 0 . 0  0.0 0 .0  0.0 
5.9 5 .6  5 . 2  4.7 4.0 3.3 2 . 5  1 .8  1 . 0  0.3 0.0 0.0 0.0 0 .0  0.0 0.0 
5 . 9  5.6 5 .2  4.7 4.0 3.3 2 . 5  1 .8  1 . 0  0 . 3  0.0 0.0 0 . 0  0 .0  0 . 0  0.0 
5 .9  5 .6  5 . 2  4.7 4 . 0  3 .3  2 . 5  1 .8  1 .0  0 .3  0.0 0.0 0.0 0 .0  0.0 0.0 
5 . 9  5 . 6  5 .2  4.7 4.0 3.3 2 .5  1 . 8  1 .0  0 . 3  0.0 0.0 0.0 0.0 0 .0  0.0 
5 . 9  5 . 6  5 .2  4.7 4 . 0  3.3 2 . 5  1 . 8  1 . 1  0.5 0 .1  0.0 0.0 0 . 0  0.0 0.0 
5 . 9  5.6 5 .2  4.7 4.0 3.3 2 . 6  1 . 9  1 .6  1.7 2 .1  2.5 2 .6  1 . 5  0 .0  0.0 
5 .8  5 . 6  5 .2  4.7 4 . 0  3.4 2 . 9  3.0 3 . 9  5 . 4  6 . 8  7 .9  8 . 5  7 .0  3.9 1 .3  
5 . 8  5 .6  5 . 2  4.7 4 . 2  4 .1  4 . 5  6 . 4  9 . 1  11.7 13.7 15.1 16.1 14.5 11.0 7.4 
5 . 8  5.6 5 . 3  5.0 5 . 1  6 .4  9 . 5  13.0 16.4 19.1 21.1 22.4 23.1 21.4 17.7 13.9 
5 . 9  5.7 5 . 7  6 . 3  8 . 1  11.4 15.7 19.6 23.0 25.8 27.7 29.0 29.6 27.9 24.1 20.3 
6 . 1  6 . 3  7 . 3  9.5 1 3 . 1  17.4 22.1 26.0 29.4 32.2 34.1 35.3 35.9 34. t  30.4 26.5 
6 . 9  8 . 3  10 .9  14.7 19 .0  23.6 28.4 32.3 35.7 38.4 40.3 41.5 42.2 40.4 36.6 32.7 
9.4 12.4 16.2 20.6 25.2 29.8 34.6 38.5 41.8 44.4 46.1 47.2 47.7 45.8 42.0 38.0 

13.9 17.8 22.Z 25.5 31.1 35.6 40.1 43.9 47.1 49.7 51.4 52.4 52.9 51.1 47.1 43.2 
18.8 23.0 27.4 31.8 36.3 40.8 45.4 49.1 52.3 54.8 56.4 57.5 58.0 56.1 52.2 48.2 
23.8 28.1 32.5 36.9 41.4 45.9 50.5 54.1 57.2 59.6 61.2 62.1 62.4 60 .5  56.5 52.5 
28.8 33.1 37.5 41.8 46.2 50.5 54 .9  58.4 61 .4  63 .8  65.2 66.1 66.4 64 .4  60.4 56.4 
33.1 37.4 41.7 46.0 50.3 54.6 58 .9  62.3 65.3 67.6 69.1 70.0 70.4 6b.4 64.3 60 .3  
37.0 41.3 45.6 49.9 54.1 58.4 62 .8  66.3 69.2 71.4 72.8 73.6 73.7 71.6 67.5 63.5 
40.9 45.2 49 .4  53.7 57 .9  62.0 66.2 69.5 72.3 74.4 75.7 76.5 76.6 74 .5  70.4 66 .3  
44.1 48.4 52.i 55.7 60 .9  65 .0  69.0 72.3 75.1 77.1 78.4 79.1 79.2 77.0 72.9 68 .8  
46.9 51.1 5 5 . 3  59.4 63.5 67.6 71.6 74.8 77 .5  79.5 80.7 81.4 80.2 78.2 74.3 70.5 
49.4 53.6 57.7 61 .8  65.8 69.8 72.0 75.8 7O.6 83.0 85.4 87.0 90.9 88.9 85.3 81.5 
50.0 54.6 59.5 64.7 70.2 76.0 85 .9  89.1 91.7 92.9 92.4 91.2 87.0 83 .8  79.1 74.5 
65.6 69.5 73.3 76.8 80 .1  82 .8  00.4 81.4 82.5 83.4 84.1 84.6 85.2 83.0 78.8 74.7 
56.5 59.9 63.0 65 .9  69.1 72.5 77.1 80.3 83.2 85.6 87.1 87.9 89.4 87.2 83.3 79.4 
54.3 58.6 62.9 67 .4  71.9 76.5 83.2 86.2 88.6 89.9 89.8 89.1 86.8 84.0 79.5 75.2 
61.7 65.6 49.4 73.0 76.3 79.1 79.1 81.0 82.8 84.4 85.4 85.9 87.0 84.7 80.6 76.6 
54.7 58.5 62.1 65 .7  69.5 73.5 79.3 82.2 84.7 86.1 86.4 86.1 85.2 82.6 78.2 74.1 
56.3 60 .4  69.6 68.7 72.8 76.8 77.6 79.8 81.8 82 .9  83.2 83.1 82.6 80.0 75.6 71.4 

SOU)ID 
POWER 
LEVE L I DB 



++**++++*+ 
OA( 20-ZOK) 

LINEAR 68.4 72.3 76.1 79.8 83.3 86.7 90.1 92.9 95.4 96.8 97.0 96.8 W . 7  94.4 90.3 86.4 146.2 
A-SCALE 67.1 71.0 74.8 78.4 82.0 85.3 89.1 92.0 94.5 96.0 96.2 W.0 96.0 93.8 89.8 85.9 144.7 

++++*++++* 
OA( 50-lOK I 

LINEAR 66.7 70.6 74.4 78.0 81.6 84.9 89.0 92.0 W . 5  95.9 96.1 95.8 95.6 93.4 89.4 85.4 144.4 
A-SCALE 66.5 70 .3  74.2 77.8 81.4 84.7 88.8 91.7 94.3 95.7 95.9 95.7 95.7 93.5 89.5 85.6 144.2 

++*+++**+* 
PERCEIVED 

NOISE LEVL 
PI1L 79.1 83.0 86.9 96.6 94.1 97.4 X01.5 104.6 107.2 108.7 108.8 108.3 108.6 106.6 102.7 98.9 

PNLTC 81.2 85.1 88.9 92.6 96.5 99.7 104.7 108.1 110.7 111.9 110.5 109.5 111.1 109.2 105.6 101.9 

*r***STATIt LEVELS AT AMBIENT CORRECTED TO FAA SlD DAY COWITIONS ( 7 7  OE6 F* 70 PC7 RH) FW FLYWER PREDlCTIDNS ONLY 
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W * ~ * H ~ ~ . + i l H * W * * U l H U . + i 1 H H Y * U ~ ~ U ( H ( U U ~ ~ ~ * * ~ ~ ~ U ~ ~ ~ ~ ~ ~ ~ * U ~ * * ~ * ~ ~ U ~ * U * * * * 1 * ~ * * U * * * * W m ~ * H + * M ~ M f f W W ~ U ~ + * * H % ~ *  

LEAR36AFE731 NOISE P?EDICTIOW AT FAR36 SIDELINE COMIITION 
***********.*************************************************************W*****************~****(H(******W**W***~w**lH*******w* 

NOISE SOURCE= CO?B ** DISTANCE = 100.0 ** ONE-THIRD OCTAVE BAtQ AND OVERALL ENGINE COMPONENT SOVRCE NOISE LEVEL SUmARY 
U * * ~ * ~ . ) * Y ~ * * U * * ~ ~ ~ W ~ * ~ * ~ ~ * * * * * ~ ~ U * * ~ U ~ U U ~ ~ * * * * ~ U ~ U * ~ . * * ~ U * * U ~ * * * U ~ ~ ~ * * * ~ ~ * * * U * * * * ~ * * * * * * * ~ * * * U ~ ~ U * + * * * * ~ U U ~ U H * + + * * M ~ f f U * * * U M W * ( H  

1/3 OCTAVE 
BAND CENTER 

FRCQUENCY 
********* 

20.0 
25.0 
31.5 
40.0 
50.0 
03.0 
80.0 

100.0 
125.0 
160.0 
200.0 
250.0 
315.0 
430.0 
500.0 
630.0 
805.0 

1000.0 
1250.0 
1600.0 
2000.0 
C500.0 
3150.0 
4000.0 
5000. F 
6300.0 
8000.0 

10000.0 
12500. 0 
16000.0 
20000.0 

S O W  PRESSURE LEVEL,DB 
HIKE LOCATIONS I N  DECREES 

10. 20. 30. 40. 50. 60. 70. 80. 90. 100. 110. 120. 130. 140. 150. 160. 
*****************M***************************W***********W*******************S*W**~***~* 

35.9 37.6 39.3 40.9 42.9 44.1 45.3 46.6 48.5 50.2 51.2 51.9 52.1 52.2 52.1 52.1 
39.9 41.7 43.3 45.9 46.9 48.2 49.3 50.6 52.5 54.2 55.3 56.0 56.2 56.3 56.2 56.3 
44.Q 45.7 47.3 49.0 50.9 52.2 53.4 54.8 56.7 58.4 59.5 60.3 60.5 60.7 60.6 60.7 
48.1 49.8 51.5 53.2 55.2 56.5 57.8 59.1 61.1 62.8 63.8 64.6 64.8 64.9 64.8 64.8 
52.5 54.2 55.8 57.5 59.5 60.8 62.1 63.3 65.2 66.8 67.7 68.3 ta?.4 68.4 68.2 68.2 
56.7 58.4 60.0 61.6 63.5 64.6 65.6 66.8 68.6 70.1 71.1 71.7 71.8 71.9 71.7 71.7 
60.1 61.8 63.4 65.0 66.8 68.0 69.1 70.2 72.0 73.6 74.5 75.1 75.3 75.3 75.1 75.0 
63.6 65.3 66.8 68.4 70.2 71.4 72.5 73.6 75.3 76.7 77.5 78.0 77.9 77.9 77.6 77.5 
67.0 68.7 70.2 71.7 73.4 74.4 75.2 76.2 77.8 79.2 80.0 80.5 80.5 80.5 80.3 80.2 
69.6 71.2 72.7 74.1 75.8 76.8 77.8 78.8 80.5 81.9 82.6 83.1 83.2 83.1 82.8 82.7 
72.2 73.9 75.3 76.8 78.5 79.5 80.5 81.4 82.9 84.2 84.8 85.1 84.9 84.7 64.3 84.2 
74.8 76.4 77.8 79.2 80.8 81.6 82.2 82.9 84.3 85.5 86.0 86.3 86.2 86.0 85.6 85.4 
76.3 77.9 79.2 80.5 82.0 82.7 83.5 64.2 85.4 86.4 86.7 86.7 86.2 85.8 85.3 85.0 
77.6 79.' 80.4 81.5 82.8 83.3 83.6 84.0 84.9 85.1 t5 .8  85.7 85.1 84.6 64.0 83.7 
77.4 78.;. 79.9 80.9 82.1 82.4 82.4 82.7 83.5 84.2 84.3 84.1 83.6 83.1 82.4 82.1 
76.2 77.5 78.6 79.5 80.5 80.8 81.0 81.2 81.9 82.5 82.5 82.2 81.4 80.8 80.1 79.7 
74.6 76.0 77.0 77.9 78.8 78.9 78.8 78.8 79.5 79.9 79.8 79.5 78.7 78.1 77.4 77.0 
72.3 73.6 74.6 75.3 76.2 76.3 76.1 76.1 76.7 77.1 77.0 76.7 76.0 75.4 74.6 74.2 
69.6 70.9 71.3 72.6 73.4 73.4 73.4 73.4 73.9 74.3 74.0 73.6 72.5 71.8 71.0 70.5 
66.8 68.1 69.0 69.7 70.4 70.4 69.9 69.7 70.1 70.3 70.0 69.5 68.6 67.8 67.0 66.6 
6>.2 64.4 65.2 65.8 66.5 66.G 66.0 65.8 66.2 66.4 66.2 65.8 65.0 64.3 63.5 63.1 
59.2 60.4 61.3 61.9 62.6 62.5 62.4 62.2 62.7 63.0 62.8 62.4 61.6 60.9 60.1 59.6 
55.6 56.9 57.7 58.4 59.1 59.1 58.9 58.7 59.2 59.4 59.1 58.6 57.6 56.9 56.0 55.5 
52.1 53.4 54.2 54.8 55.5 55.4 54.9 54.7 55.0 55.2 54.9 54.4 53.5 52.7 51.8 51.3 
66.1 49.3 50.1 50.7 51.3 51.2 50.8 53.6 50.9 51.1 50.7 50.2 49.3 48.5 47.6 47.1 
43.9 45.1 45.9 46.4 47.0 46.8 46.5 46.2 46.5 46.6 46.2 45.5 44.4 45.5 42.6 42.1 
33.4 40.6 41.3 41.8 42.4 92.1 41.5 41.1 41.3 41.3 40.8 40.2 39.2 38.3 37.4 36.8 
34.1 35.3 36.0 36.4 36.9 36.6 36.1 35.7 35.9 35.9 35.5 34.8 33.9 33.0 32.1 31.5 
28.4 29.6 30.3 3C.8 31.3 30.9 30.5 30.1 30.2 30.2 29.6 28.8 27.5 26.5 25.5 24.9 
22.3 23.4 24.1 24.5 24.9 24.5 23.6 23.0 23.0 22.9 22.3 21.6 20.5 19.6 18.6 18.0 
15.3 16.4 17.0 17.4 17.7 17.2 16.7 16.2 16.2 16.1 15.6 14.8 13.7 12.7 11.8 11.2 

S a w 0  
POWER 
LEVELpDB 
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NASA GASP IOISC MODULE WTWT 

s s s s ~ ~ r ) ~ s s s ( r g s ~ s s s u # ~ s s ~ s s s s ~ s s s s s s s s s s s m s s s s s ~ s s ~ s s w ~ s s ~ s ~ s s ~ ~ ~ # s ~ ~ s ~ # s s ~ # ~ ~ # ~ m # s w # # ~ ~ ~ # ~ ~ s s ~ # s ~ # s ~ ~ a ~ . ~ ~ ~ ~ # # ~  
LE%h%nlE73'. NOISE W E D I C T I ~ I  AT ?ARS6 SIDELII4E COtOITIO(4 

~ s s m . . s m * * * ~ s ~ ~ w s ~ ~ * s s ~ s ~ s ~ v ~ * ~ s s s s s s b s * s s s ~ s s ~ ~ a # a m ~ * ~ ~ # * m * ~ m ~ ~ ~ * * ~ ~ m ~ ~ ~ s ~ s s s s s n ~ s u m s s s m s * # s # s ~ s b # s s s s s c m s s s s s s s ~ s # * w w a s ~ m e s s s m a #  
tm1.s~ SURCL: ATW ss OISTU(CL = 100.0 ss ~ I E - T H I R D  a T A v e  BUD I)Q OVERAI.L C M G ~ R  CUIPO)JEMT WLY HOISE LCVLL w r  
s~~smss...aes~s.ss~ss~~ssss~~sssssss~~sss~ss*~ss~~~ss#s~c~~s*~s~v#~ssssmsns#*s#c*.swr~ssss~va~sss~s~ssss#~~ss~#s~#~s~ssssssvswesss 

UJU(O WCSSWE LEVCLtOB 
HIKE lOCATIO(tS 1H OCGRELS 

10. 20. 30. 40. 50. 60. 70. 80. 90. 100. 110. 120. 1 3 0  140. 110. 160. 
S S ~ ~ S S S H S S S ~ S S S S S S S ~ S ~ S S ~ S S S ~ O * ~ # O ~ S S ~ ~ S ~ S ~ S S U S ~ S S U S S S ~ ~ O S O S S S S ~ ~ O S S O S ~ S S ~ S S S ~ S ~ S S # S S S S S O S O S S S #  

45.2 46.0 46 .7  47 .2  47.8 48.2 48.6 49.0 49.4 53.4 55.4 54.3 10.5 45.7 41.4 39.2 
46 .1  46 .9  47.6 48.2 4 8 . 7  49.2 49.6 50.0 60.4 54.4 56.3 55.3 51 .1  46.7 42.4 40. t  
4 7 . 1  47.9 48.6 49.2 49 .7  50.2 50.6 51.0 51.4 55.4 57.4 56.3 52.5 47.7 43.4 " o P  
46.1 48.9 49.6 50.2 50.7 51.2 51.6 52.0 52.5 56.4 58.4 57.3 6 3 . 1  48.7 44.4 4 . t  
49 .1  49 .9  50.6 51.2 51 .7  52.2 52.6 53.0 53.4 57.4 59.4 56.3 5 4 . 1  49.7 45.4 43.0 
50.1 53 .9  51.6 52.2 52.7 55.2 53.6 54.0 S4.4 58.4 60.4 59 .3  55.6 80 .7  46 .5  44.3 
51.1 51.9 52.6 53.2 53.7 54.2 54.6 55 .1  5 5 . 1  59.4 61.4 60.4 M . 6  51.7 h T . 1  45.3 
52 .1  53.0 53.6 54.2 5 4 . 8  55.2 55.6 56.0 56.5 60.4 62.4 61.3 57.6 32.7 48 .4  4 6 , e  
53.1 54 .0  54 6 55.2 55.7 56.2 56.6 57.0 57.4 61.4 63.4 62.3 10.6 51.8 1 9 . 1  4 7 . 1  
54.1 54.9 55.6 56.2 56.7 57 .2  57.7 58 .1  58.5 62.5 64 .4  63.4 89.6 54.7 80.5 46.3 
55.2 56.0 56 .7  57.5 57.8 58.3 56.7 59 .1  59.5 63.4 65.4 64.4 60.6 61.7 11 .8  49.3 
56.2 57.0 5 7 . 7  58.2 50.8 59.P 59.6 60.0 60 .5  64 .4  66.4 65.4 61.6 16 .6  62.8 50 .3  
57.1 57.9 58.6 59.2 59 .7  60 .2  60.6 61 .1  61.5 65.5 67.4 66 .4  62.6 17 .6  81.5 5 1 . 1  
58.2 59 .0  59.7 60 .3  60.8 61 .3  6 1 . 7  6 2 . 1  62.6 66 .5  68.5 67.6 65.6 58 .8  54.Y 12.4 
59.2 60.0 60 .7  6 1 . 1  6 1 . 8  62 .3  62 .7  63 .1  6 3 . 5  67.5 69.5 68.6 64.6 19 .8  55.6 13 .6  
b0.2 61 .0  6 1 . 7  62.3 62 .8  63.3 63 .7  64 .1  64.6 68.5 70 .1  49.5 65 .8  61.0 W . 7  84.8 
61.2 62.0 62.7 63.3 6 3 . 8  64 .3  6 4 . 8  65 .3  65 .7  69.6 71 .8  70.4 6b.Q 61,s 57.2 11 .0  
62.3 63.7. 63 .8  64.4 6 4 . 8  65.2 65 .4  65 .8  66.2 70.1 72.0 71.0 67.2 6L.4 58 .1  s S . 9  
62.8  61.6 64 .3  64 9 65.4 6 5 . 8  64.3 66.7 67 .1  71.1 73.1 72.0 66 .3  61.S 19.2 67.e 
63.7 64.5 65.2 65 .8  66.4 66.8 67.3 67.7 66.2 72.P 74.1 73.1 69.3 6 4 . 1  60.2 58 .1  
64.8 65.6 66 .3  6 b . 9  67.4 6 7 . 4  6 8 . 3  6 8 . 7  69.2 73.1 75.1 74.1 75.3 6 6 . 1  61.L 59 .1  
65 .7  66.5 67.2 6 7 . 9  68.4 68.9 69.5 69 .7  70.2 74.2 76.3 75.4 71.6 36.9 62.7 00.6 
66 .7  67.5 68.2 6 8 . 9  69.5 70.1 70.6 71.2 71.8 75.9 78.1 77.2 73.7 69.0 64.9 62.8 
66 .1  68.9 69 .7  7C.5 71.2 71.8 72.5 73.2 73.9 78.2 80.4 79.6 76.1 71.1 67.6 61.3 
70.2 71.5 71.9 72.7 73.5 74.2 75.1 75.8 76.5 80 .7  8 t . 9  82.0 78.3 73.6 69.4 67 .5  
72.6 73.5 74.3 75 .1  75.8 76.5 77.1 77.7 78.3 82.5 84.7 83.6 60 .2  78.8 71.4 69.b 
74.4 75.3 76.1 76.6 77.5 78.2 78.9 7905 80 .1  84.2 66.4 85.4 61.6 76.9 72.7 70.6 
76.1 76.9 77.7 78.4 79.1 '19.7 40.2 60 .7  61.3 151.5 87.6 66 .7  83 .1  78.4 74.O 72.1 
76.9 77.6 78.6 79.3 80 .0  80 .7  b1.3 81 .9  62.6 86.8 89 .1  N . 3  W . 8  80.0 76.1 74.0 
77.6 78.5 79.3 80 .1  8 0 . 9  81.6 8O.S 83.2 83.9 8 6 . 1  90.4 89 .1  81.6 8 1 . 1  76.9 74.7 
78.9 79.0 8 0 . 1  81.5 82 .3  83 .1  83.5 84.9 64.9 8 9 . 1  91.1 90.1 86.7 81 .9  77.7 711.5 



**+**+****  
Oh1 20-20X t 

LIttEAR M A P  85.6 86.6 87.4 M1-1 80.0 8*.4 90.1 90 -7  94.e 97.1 96,1 92.6 07.6 03.7 6l.I 146.3 
A-SCALE 81.7 82.5 81.3 64.1 84 .7  85 .4  0 6 . 0  86.6 87.5  91.4 91.6 91.7 69.1 b 4 . S  60.2 715.1 141.Q 

* * * * b t * * * *  

Ol l50 -XOK t 
1 INEAR 8L.Q 01,9 82.7 83.4 64.1 6 4 . 7  05.3 85.9  & . S  46.6 91.7 91.6 86.1 61,Q 79.3 97.1 139.6 

*-%ALE 60 .3  81.1 8i.9 82.6 63.3  e3.9 $4.5 e5 ,1ras ,7  69.9 92.0 91.1 B7.4 82.7 76.6 7b,4 lw.8 
4 4 + + + , * * + 4  

PERCEIVZO 
HOISL L t V L  

92.9 93.7 PQ-O N.9 9S.9 eb.5 97.1 97.7 96.3 104.4 304.6 103.6 99.9 98.2  91.0 86.9 
W L f C  RIL 9Z.9 95,6 W.6 911 S . 0  96.6 97.) 97.7 9 d . l  IOI.6 804.6 103.7 101.0 91.1 9 i . l  86.9 

P***rSTAlIC iCveLs AT mrew cmarcreu TO cu sm orr coarnm cn DCG P, YO KT RH) POR FLYOVER P ~ ) C O Z C T Z ~  ONLY 
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NASA GASP mise ~ U L E  OUTPUT 

~ * a m * a ~ a r ( a * a a a ~ ~ a a i i ~ ~ a ~ a ~ ~ a ~ * ~ a * ~ ~ a * w ~ ~ w ~ ~ ~ a w ~ ~ ~ w ~ a ~ a a ~ ~ ~ ~ a a a ~ a ~ ~ ~ ~ ~ * a ~ ~ ~ a ~ ~ ~ a ~ ~ a ~ a a a a a a ~ ~ a a ~ a a + ~ a a a ~ a ~ a a a u w a a ~ w ~ ~ ~ ~ a ~ a a a a ~ a a ~  
LEAR36AFE731 NOISE PREDICTION AT FAR36 SIDELINE CONDITION 

~ ~ ~ * m ~ ~ w a w ~ * ~ w a ~ a a ~ ~ a i ~ a ~ ~ ~ a a ~ a ~ ~ ~ a ~ m m m w ~ ~ m ~ ~ a ~ ~ w ~ a a ~ w u a a ~ a a ~ u a w a ~ a a ~ n ~ a ~ w a ~ a ~ a a ~ ~ ~ ~ a a a * ~ ~ w ~ a a a a a m a a a a a a a a ~ a a ~ v a a ~ u ~ m ~ a a a a a a ~ a a a a a a ~  
N'JISE SMRCE= TOTL *a DISTANCE = 100.0 ** ONE-THIRD OCTAVE BAN0 AW OVERALL FtKiINE COHPOl4ENl SOURCC NOISE LEVEL 3UnnARY 
*a*a**~aata**aw*a****a*a*a**aa*a~a~n**a*~a~**aa*a~aw~a*awa*a~*~a*a*awaaa~*aaaaaa*aaaaaaaaaa*a*aa~aa*aua*ma*aaaa*~~*aaaawawaaa~aaaa*aa 

1./J OCTAbE 
BAND CENTER 

FREWEtlCY 
**a**-*** 

20.0 
25.0 
31.5 
40.0 
50.0 
63.0 
80.0 

100.0 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0 

1000.0 
1250.0 
1600,O 
2000.0 
2500.0 
3150.0 
4000.0 
5000.0 
6300.0 
8000.0 

10000.0 
12500.0 
16000.0 
20000.0 

SOUND PRESSURE LEVELtDB 
HIKE LOCATIONS I N  DEGREES 

10. 20. 30. 40. 50. 60. 70. 80. 90. 100. 110. 120. 130. 140. 150. 160. 
a***a*a*ia*a*a***aa**aaa*****w*aaa~aaa****aa**w~~wa**wwaaa*aw~awaaa*wa~%*aaaaaaaa*am*awavaa*a*aa 
62.1 62.4 62.8 63.3 63.8 64.4 65.1 66.0 67.1 68.4 69.8 72.1 75.8 78.9 81.4 84.2 
64.3 64.6 65.0 65.5 66.0 66.6 67.4 68.3 69.3 70.6 72.1 74.5 78.8 82.3 84.7 86.8 
66.7 67.0 67.4 67.9 68.4 69.1 69.8 70.7 71.7 73.0 74.5 77.0 81.8 85.8 87.9 89.2 
t 9 . 0  69.3 69.7 70.2 70.7 71.4 72.1 73.0 74.1 75.4 76.9 79.5 84.7 89.3 90.8 91.6 
71.1 71.5 71.9 72.4 72.9 73.6 74.4 75.3 76.4 77.7 79.1 81.8 87.7 92.1 92.9 93.3 
73.4 73.8 74.2 74.7 75.3 76.0 76.7 77.6 78.8 80.0 81.5 84.4 90.5 94.3 94.5 94.7 
75.6 76.0 76.4 76.9 77.5 78.2 79.0 79.9 81.1 82.4 83.8 86.7 92.5 95.9 96.2 95.9 
77.3 77.6 7d.O 78.6 73.2 79.9 80.8 81.7 82.9 84.3 85.7 88.6 93.8 97.1 97.6 96.8 
78.7 79.0 73.4 80.0 80.7 81.4 82.2 83.2 84.4 85.8 87.3 90.3 95.2 98.0 98.7 97.2 
79.9 80.3 80.7 81.3 82.1 82.8 83.7 84.7 86.0 87.3 88.9 92.0 96.3; 98.8 99.3 96.8 
81.0 81.4 81.9 8'2.6 85.5 84.2 85 .1  86.1 87.4 86.7 90.3 93.2 96.7 98.9 99.0 95.9 
82.1 82.5 03.1 83.8 84.7 t15.5 86.2 87.1 88.3 89.6 91.2 94.0 96.6 90.3 97.8 94.4 
82.9 83.4 84.0 84.7 85.6 86.3 87.1 87.9 89.1 90.3 91.8 94.3 96.2 97.3 96.1 99.6 
83.5 84.1 84.7 85.4 86.3 86.8 87.4 88.1 88..2 90.3 91.8 93.9 95.1 95.8 94.3 90.7 
83.9 84.4 85.0 85.8 86.4 86.9 87.4 87.9 88.9 90.1 91.5 93 .1  93.8 94.2 92.5 88.9 
84.1 84-7 85.5 86.3 86.8 87.2 87.9 88.0 88.7 89.9 91t2 92.3 92.4 92.5 90.7 86.8 
85.4 86.3 87.2 88.1 88.2 88.2 88.0 87.7 88.3 89.5 90.7 91.4 90.9 90.8 88.7 84.8 
85.6 86.5 87.4 88.3 88.3 88.4 88.6 88.0 86.2 89.2 90.4 90.5 89.7 89.3 87.1 83.2 
b i .0  88.1 89.3 90.5 90.6 90.7 91.5 69.8 68.8 89.4 90.1 89.7 88.4 87.7 85.4 81.2 
90.3 91.6 92.7 93.8 93.3 92.6 91.1 88.9 87.9 88.5 89.3 88.7 87.3 86.2 83.8 79.9 
89.6 90.7 91.7 Q2.6 92.1 91 .1  91.6 83.5 88.3 86.7 89.2 88.4 87.1 81.7 83.3 80.1 
90.6 91.9 93.1 94.3 94.0 93.7 94.3 91.7 89.6 ,89.Z 89.2 88.1 86.2 84.5 81.7 78.1 
93.3 9Q.5 95.6 9t*.5 95.7 94.7 92.7 89.6 87.6 87.7 86.2 8 7 3  85.3 83.3 80.2 76.4 
91.4 92.4 93.0 93.5 92.3 91.1 89.3 86.9 86.2 87.6 89.0 89.2 91.9 89.5 85.9 82.1 
89.0 90.1 90.9 91.8 91.2 90.7 92.4 91.9 92.7 93.7 95.4 92.1 88.2 85.1 80.7 76.4 
96.2 97.4 97.2 96.8 95.0 92.5 87.8 86.0 85.8 87.4 88.7 88.2 87.0 84.3 80.3 76.4 
90.4 90.9 90.3 89.6 87.5 85.7 85.0 84.9 86.2 88.7 90.3 90.2 90.3 87.8 83.9 80.1 
89.1 90.0 90.0 90.1 88.7 87.5 88.8 88.9 90.0 91.6 9e . l  91.3 88.5 85.3 80.9 77.1 
92.9 94.0 93.8 93.3 91.5 89.2 85.7 85.5 86.3 89.1 90.9 90.5 89.2 86.1 8Z.0 78.6 
88.7 89.4 89.0 88.6 86.8 85.6 86.3 86.7 87.8 90.1 92.0 91.3 88.6 85.0 80.7 77.5 
88.9 90.0 89.9 89.9 88.8 87.0 85.9 86.2 86.9 90.2 92.Z 91.3 88.2 84.2 79.9 77.0 

5 0  
POWER 
LEVEL100 
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u ~ m u u m s u u * u u u * ~ ~ m u * u ~ ~ u u * ~ ~ ~ ~ ~ a u ( ~ ~ u u ~ u ( ~ b u e u u # * ~ a ~ ~ u u ~ u ~ . * * u ~ ~ m ~ ~ u ~ ~ ~ ( u u u e ~ w u ~ * ~ * * ~ a ~ ~ s a u ~ ~ * ~ t ~ f f * ~ e e ( ~ ~ u ~ u ( r i ~ ~ . ~ ( r e e ~ ( ~ ( ~ # ~ ~ ~ . e e u ~ ~ ~ ~ ~  
3.0 5130.2 160.9 3398.: 33.5 2.6 FAN1 57.4 56.5 95.8 46.0 

F A 1 0  2s.6 2 4 . 9  15.2 14.1 
CQW3 53.9 5 4 . 0  51,O 44.9 
JET 58.8 59.4 55.3 48.4 
A T W  38.8 39.3 32.5 27.9 
TOTL 63.0 63.8 87.0 51 .S 

W * ~ * ~ I * * U * I I ) * * * U I * * * ~ U ~ . l . M * U * U * I ~ * U * S U ~ * U ~ Y * U * ~ ~ * U O * I * H H ~ * * * M # f f * l t l U * * U U U W ~ * U ~ U U f f * ~ * I O U U W f f 1 B U M I ) . f f Y ( H ( ( M H ~  

25 .0  11410.7 1341.1 3663.5 154.9 21.9 FAN1 31.0 31.7 21.3 21.1 
FUQ 46.7 49.2 33.8 34.6 
Cot36 65.3 65.5 61.9 65.8 
JET 76.6 77.2 73.3 64.9 
ATUR 40.4 41.1 32.6 30.2 
TOTL 77.P 76.9 73.6 65.4 

U ~ I U * * * * * U * 1 U * U ~ L * ~ U U * U * * * M M U * U ~ ~ 1 U * U I 1 ~ U * I U ~ * I ) ~ U * * f f * ( l U U U * I * U & U U + U * * ~ * + H * ~ * * U ~ ~ ( r t W U f f ~ 0 * H U * . * : * ~ # % L W W f f I H I * ~ t ~ ~ t C ~ M  

25.5 115~' .1  1367.9 3789.2 155.4 21.1 FAN1 30.4 31.0 20.7 20.4 
PUI) 45.5 47.6 32.6 33.9 
COne 6 4 . 8  65.0 61.5 55.3 
JET 75.8 76.2 72.7 64.1 
ATUR 39.5 90.1 31.9 29.Q 
TOTL 76.5 78.1 73.0 64.6 

*UUW**U~~U****U**iliHYtUWH*U**N(*~*UUU+~HS*U**I***UU*WUUHIUU(HHHHI*Ytl(HWHI*UU*W~~(I***~ffXUUb~**HI*HHCI+.*(WWIW~tIWMM 
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NASA LEWIS RESEARCH CENTER PAS€ 26 
NASA GASP NOISE MODULE OUTPUT 

*******************************************~******************N**************************w*****#****w**************************** 

L E A R M n F E 7 3 1  NOISE PREDICTION AT F A R M  SIDELINE CONDITICN 
****************************u*******~Y**********************************u***************~***************#********************u*****~ 

SU;tMRY CUTPUT OF PREDICTED NOISE LEVELS 
************w************>************************************:#***********************w******#***************************b****wfi** 

HAX T INE AT ANGLE sDEG TIME AT ANGLEaDEG HAX T I f l E  AT HAX TIME AT 
EPNL FWLTC HAX HAX OW DUR MAX MAX MAX OVERALL MAX A-WEIGHTED MAX 

C O n W N E N l  0 0  DB PNLTC PNLTC CORR TIME PNL PNL PNL DB OVERALL DB A-WEIGHTED 

F W I  66.7 69.0 9.0 56.7 -2.3 11.0 68.3 9.0 56.7 59.7 6.0 60.1 5.5 

F A M  73.3 77.2 14.0 98.2 -3.9 9.5 73.6 14.5 102.9 59.8 12.5 60.5 12.5 

COrs 75.5 76.8 14.5 102.9 -1.3 15.5 76.5 14.5 102.9 72.6 16.5 66.9 14.0 

JET PS.5 86.4 18.0 130.0 -0.9 15.5 86.1 18.0 130.0 81.0 27.5 75.0 16.0 

A T W  66.4 70.7 15.0 107.4 -4.3 8.0 70.4 15.0 107.4 58.9 13.5 58.2 13.5 

TOTL 88.1 88.5 15.0 107.4 -0.5 16.0 87.1 16.5 119.8 81.3 

FAR36 STAGE 3 NOISE L I M I T  FOR INPUT AI!?CRAFT 1.3 94.0 EPN(DB) 

~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ * ~ ~ ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ ) ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ * ~ ~ l ~ l ~ ~ ~ ~ ~ ~ l ~ ~ ~ ~ m ~ ~ ~ + ~ ~ ~ ~ ~ ~ ~ + ~ w ~ ~ * ~ w w w i ~ w ~ u * ~ ~ ~ ~ * ~ i ~ + l m * w x * ~ r c H w w m ~  
*****FLYOVER AIRCkPFT NOISE PREDICTION CASE COnPLETED***** 

*************************~******H(*********************~**************************************~******~~**U~***~~**II*(~*~~ 

*****PSEU)OTOHES BELOW 1000 HZ WERE ELIHINATED PER FAA FAR36, B36.5.M a ( IPSEVD= l ) .  
w***FLYOVER NOISE LEVELS I N C L W E  A DOPPLER SHIFT. 



h) NASA LEWIS RESEARCH CENTER PAGE 27 
w NASA GASP NOISE ~ O O U L E  OUTPUT 
Q\ *******u**********************uu***u****************************************Y*******u****u*********wu**u****u**wu*1C1**~******u*u 

LEAR36nFE731 NOISE PREDICTION I T  FAR36 SIDELINE CONDITION 
*********************~*********************u******u*******************u*******u***u*u**u***********u*****~*uw*u~*************b**** 
++++++++++INPUT VARIABLE STATUS AT J08 E!Ul+++++ 
++++++++++INPUT VARIABLE STATUS AT JOB EhD+++++ 

INPUT DATA - USER INPUT A N 0  DEFAULT VALUES USED 
**r***********(l*******Z**Xf**u****uu**u****************~*******u**********~u**************u*u**uYI**u******u*u***~*:u+************* 
CONTROL VARIAPLES * 
*****************u*u 

IFAA= 3 SIDELINE, IW(IT= 3 FULL , ZSTACS 3 ICAB= 0 I S I =  0 (ENGL UNITS1 

********u*************u* 
ENVIRONMENTAL VARIABLES* 
*******u**************** 

ANGLE (ARRAY) = 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0 140.0 150.0 160.0 

U***4******+***U**~UUUU 
ENGItIE/AIRCRAFT SYSTEM * 
uu*************u****u**u 

+++++ENGINE VARIABLES+++++ 
ENGINE TYPE(NTYE)= 1 ( F A t t  I ........................ ENGINE CMlWNENT ARRAY(ICOHP1 = 1 4 5 6 0 0  

FAN CDH8 JET ATUR NONE NONE 

*************E*I 

FLIGHT PROFILE 
**************** 

*****A STRAIGHT LINE PROFILE WILL BE COMPUTED FROM A CW~INATION OF THE ABOVE VARIABLES. 

**********I***** 

FLIGHT OPTIONS * 
******I********* 

*****THE FLIGHT laOFiLE WILL BE TERMINATED WEN THE OVERALL ENGINE PNLTC I S  10 0 8  BELOW I T S  )IAi(Ir(W1 VALUE (IOUR=l). 



NASA LEiJIS RESEARCH CENTER PAGE 28 
NASA GASP NOISE MODULE DUTPUT 

****..**C*****************************i)****************************)r*************************~************************b************ 

LEAR36/TFE731 NOISE PREDICTION AT FAR36 S IDELINE CONDITION 
************YI***************************************************************************U***~**************************U*********** 

++++++++++ I t IPUT VARIABLE STATUS AT JOB END+++++ 
++++++++++INPUT VARIAYLE STATUS AT JOB Et;D+++++ 
**********u**********************u** 1 

ENGINE COMPONENT VARIABLES AT INPUT* 
****************I******************* 

***** A DOPPLER FREQUENCY S H I F T  W I L L  BE APPLIED TO ALL  SOClRCE STATIC SPECTRA AS A F M T I O N  OF FL IGHT MACH NO. AND ANGLE FROn INLET. 



APPENDIX A 

Sample Test Case 4 

Level Flyover Condition for a Turboprop-Powered 
Executive Aircraft 



h, 
h, NASA LEUIS  i €SEARCH C L W E P  ' I  b. 
0 NASA $ASP HOISL W U L E  W P U T  

O O * O * O U # * V ~ ~ ~ W ~ ~ M H ) . 4 O b W ~ ~ ( I H I M U M ~ * ~ O * ~ O * O ~ ~ H ~ 8 4 O I ~ V W V # O V U ~ O ~ W * * ~ * U I * * C W 9 I C + O ~ ~ 1 I * # U * W U ~ U ~ M O ~ ~ ~ ( I I ; V ~ ~ ~ ~ U V ~ 1 ~  # ~ t V ~ ' + ~ ~ Y O I ~ U I ~ . ~  

t l ITSW5IS)cI  WJZJ/TPE331 NOISE PPEUlCTXOI4 AT FAR36 1 0 0 0  FT LEVEL PLYOVLA 
U a ~ ~ O O O O V O ~ ~ ~ O ~ O ~ i l O O n U O *  # O ~ S O ~ ~ ~ # W O ~ O ~ Z ~ S Y C U ~ o C ~ O O D C ~ ~ ~ - Z b ~ * ~ ~ ~ O # ~ * L * O * ~ * ~ V O * W ~ Y V V C * W ~ ~ ' * ~ * ~ O ~ V V W ~ W # l W 4 0 ~ W W ~ # ~ ~ H ~ * ~ r  .BVWVb.M*O*#'ff 

I H W T  DATA - USER I l t P J T  Al.3 OEFAU1.T VALLES USED 
~ ~ V O * ~ C ~ * W U O W O ~ ~ O O # # O O O * O # ~ ~ ~ O O ~ ~ C O J ~ t ~ ~ ~ # # W V O * O b W O b * * M W W * U U C U U # # V b V V ~  C.U4C C J V  

COIiTPOL YAZIABLES * 
.***u*u.*u.**u**4o** 

I F A 4 -  4 FLYOVER , I W V T =  3 P'JLL , ISTAG. 3 ICAB-'  1 1SrJ 3 - .I. ' h s - 7 5  

O O * ~ ~ * W ~ O O ~ W O O ~ ~ # O H ~ I O ~  

EWIROI4FlEHTAL VARIABLES* 
*..*** u**.*.**m~***.*... 

+ * * t *E tGI t4E  VARIABLES** *+ t  
i 'VtfE TYPE(!nYE )= 3 (PROP) . . . . . . . . . . . . . . . . . . . . . , . . EMGZHli COXIPWEH: M R I Y  I ICOtlP) = 5 4 8 6 8 0  

CENF Ctk lB JET 4TUR PROP HONE 

*~~***.****.*~** 
FLlGHT PROFILE * 
U U V * Y I C # * M 4 * * U O d  

*****A STRAIGHT L I N Z  PROFILE WILL  bL CGHRITEO eR0H A C m i N A T I O N  O I  THE ABOVE' VAb8I.kBtE5. 

****.**.**.*..** 
FLIGHT OPTIOttS * 
****~*U*.**UM*.. 
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h, 
h) 
&a NASA LEWIS RESEARCH CENTER PAGE 10 

NASA 6ASP NOISE  HODULL W'IPUI 
aaaa****a*****a****aa*a***aa**a*aa**a**aa****#a~aa*********#***a~~aa**w~*a**aw~***M*Maw**a*aaa*a#a***a*aaaaa*aaaaaaaaaaa*aa**awv~*aaa 

n I T s u e I s n 1  W ~ J / T P E ~ ~ ~  ~K)ISE PREDICTION AT FARM 1000 F T  LEVEL FI.YOVCR 
U * * a * * * 1 U * * * W 1 * U * * 1 + * * . * * ~ U V * * V W ~ U b U * * * * U * U N * # ~ N * # ~ * * * ~ U * * U U * ~ * W V * V ~ W ~ U # ~ * * ~ W U U ~ P * U W V * V U * ~ U * * ~ U # ~ U U ~ W W ~ V U W f f f f W V ~ W U W # ~ U f f U ~ U U ~ U V # ~ ~ ~ * U V U ~  

OETAILED FL IOVER t lO ISE  LEVELSsBY COMPOt4ENT, AT EACH 1/2 SECOt(D INTERVAL  ALO)X; THE PROFILE 
*Ca**.*****a***aaa**************a*aa****v****aa*aa~~*****a**a******M******a*w*****a*a*#a*.u**a*a****a*aaa*aaa#*aa*a*av~~a*aav*a#ava# 

EttGIt4E- €LEV 
TI~E RAIGE ALTZTCIDE SLAI~T OBSERVER ANGLE WIL WLTC OVERALL A-WCXGHTED 
SEC FEET FEET D I S T l F T  AttGLEsDEG DCG COnW(4EHT 08 DB 08 OB( A 1 

0 .0  5671.4 1000.0 5758.2 10 .0  10 .0  c ~ t n  58.3 58 .8  52.9 49.3 
COne 45. 2 46.0 40.4 37.0 
JET  31 . O  31.5 27 .1  20.4 
ATUR 27.8 28 .3  20.8 17.8 
PROP 99.2 64 .7  60.3 49 .4  
TOTL 63.4 66. I 61.0 92.9 

**a****n*w*a**a****a~**aa**v*****w**aa*s**a~**a*******~*n*e**~~***aw**aaa~*aaam*~*a*aa#aaaw*waaw*wa~a*a**uaamaaaa*~aaaw~aaaaw*#a*~va 
0 .5  5481.4 1000.0 5571.1 10 .3  10.3 CENT 59 .0  59.5 53 .3  50 .0  

COHB 45 .9  46.7 41.0 37.7 
JET  31.5 32.0 27.4 21 .O 
A N R  28.4 28.9 21.3 18.4 
PROP 59.9 65.6 60 .8  50 .2  
TOT1  64.1 66 .8  61.6 53.2 

* ~ ~ ~ * ~ ~ b ~ * ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * D ( I ~ ~ ~ ~ * ~ ~ ~ ~ t ~ ~ ~ ~ ~ M ~ ~ ~ ~ ~ ~ W ~ ( I ~ ~ ~ ~ * I ~ ( I ~ ~ ~ # ~ W ~ ~ ~ W ~ ~ ~ # ~ ~ # ~ ~ ~ ~ ~ ~ # ~ ~ W W ~ ~ W # # ~ ( I ~ ~ ~ ( I ~ I ) ~ ~ * I , ~ ~ W ~ ~ ~ ~ ~ # ~ ( I V ~ ~ ~ ( I ( I ( I ~ ~ ( 1 ~ ~ ~ ~ ~ ~  

1.0 5291.4 100o.o 5386.3 10.7 10 .7  CENT 59 .7  60 .5  53 .8  50.7 '% 8 
C C ? 5  46.6 47.4 41.6 38.5 
J E T  32.0 32.5 27.8 21.8 
ATUR 29.0 29.5 21.8 19.0 
WOF 60.7 66.5 61.4 51.0 
T O I L  64 .8  67.5 62 .1  54.0 

aa***a*a**a***maaa**a*a*aaaaaaa*****YI**aaaaa*aaa*v*v***aau~a*aaa*a#*vWaaa**aWa***aaaaa*aa**a*~WaaMvaaaaaaaaaaaaaavaaaa~a~a**Waaaa 
1 .5  5101.4 1000.0 5197.7 l l . C  11.0 CENT 60 .5  61.2 54.4 51.4 

cam 47.4 48 .1  42.3 39.3 
J E  1 32.5 33.1 28.1 22.1 
A T W  29.5 30.1 22 .3  19.6 
PROP 61.5 67.4 62 .0  51.9 
TOTL 65.5 68.3 62.7 54.8 

a a a a a a ~ ~ * * ~ ~ a w ~ a ~ ~ a * r ~ a ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ a ~ a ~ v a ~ ~ ~ a ~ w ~ ~ a ~ ~ a ~ a a ~ a a ~ ~ a ~ a a a a ~ ~ a a a a a a a a ~ ~ ~ a a ~ a a a w a ~ a a a a a a a a w a a a a a ~ a ~ w ~ a a a a a a a ~ a ~ a a a ~ ~ a a a a a a a  
2 .0  4911.4 1000.0 5011.4 1 1 5  11.5 CENT 61.e 62.0 54.9 52.1 

CDtiB 4 8 . 1  4 8 . 9  43.0 40.1 
J E T  33.0 33.6 28.5 22.7 
ATUR 30.2 30.7 22.9 20.3 
PROP 62.3 66 .4  62.6 52.9 
TOTL 66.2 69.1 63.3 55.6 



PlASA LEWIS RESELPCl4 CEt(IEP PbOL 4 
MAS* GASP l # J I 5 €  ItODULE OUTPUT 

O S O S S S S S O ~ O O ~ ~ O ~ 0 ~ ~ O O ~ D S S O S S S H O V S ~ S ~ O S ~ O W ~ S ~ ~ S ~ O ~ S ~ S ~ S ~ ~ S S S O S S S S ~ ~ ~ ~ ~ # S C ~ I # S # # S # @ # # # S P S S 8 S S ~ S S S S C W ~ S S I ~ ~ S ~ S S ~ ~ W S ~ ~ ~ S ~ ~ ~ S # ~ S S W S S S O O  

RITU81SMI t U 2 J / T P E 1 3 1  )(015E W E D I C T I D 1 4  AT F b R 3 6  1 0 0 0  FT  LEVEL FLtCtCu 
o o s o o o a o s s o ~ o s s o ~ o ~ o s s a o ~ s s o t ~ s ~ ~ s ~ o a o a ~ s o ~ s o a s ~ s s ~ s a S S ~ ~ a ~ a s S ~ ~ ~ m ~ ~ s @ ~ m S I S ~ S S ~ # # W # ~ ~ ~ ~ S v ~ ~ s s S # s ~ 0 s ~ # ~ o s s D # ~ 8 s ~ o e e s ~ w ~ o o ~ ~ o w 0 * ~ o * ~ m ~  

IlOTSE S W C E =  CElfT +* D 1 S T b ) L E  X 1 0 7 . 0  O I I E - 7 H I P D  OCTAVE BAtD UI)  VdERhLL E l G I t E  CU1PO)lEtfl S7JPCE tIJISE LLi'CL S ' f i l h R f  
e ~ s ~ s ~ s s s o o ~ o o s s s o o a ~ ~ ~ e ~ ~ s s s o s ~ ~ s ~ s s ~ o ~ s ~ ~ e o o ~ ~ s o ~ S s * * W s S S S o S O S s O S S ~ s S W S S ~ # ~ s ~ S S ~ S ~ S S * S S ~ S ~ U s d S ~ s a w m e ~ ~ s ~ # s e o ~ o ~ S ~ s s S a o U # ~ s S ~ S ~ m S 0 ~ S  
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NASA LEI I IS  RESEARCH CEtlTER PAGE 5 
NASA GASP NOISE PlOOULE OUTPUT 

* u u ~ ~ u u * ~ * w u u u u u u w u u ~ ~ w * * * u u u ~ ~ u ~ ~ u w ~ u u u ~ ~ ~ ~ n u ~ u w ~ ~ w w ~ w w w u ~ ~ w w w w ~ w ~ u w ~ w u w u ~ w u u w w ~ u ~ w ~ ~ ~ ~ u u ~ ~ ~ w u ~ * w ~ ~ * w ~ ~ w ~ ~ * w u ~ ~ ~ ~ u u ~ w w w ~ u w w u ~ ~ u ~ m u u  
MITSUBISHI  WZJ/TPE331 NOISE PREDICTION AT FAR36 1000 FT  LEVEL FLYOVER 

***UWUUUW**UWUU*U*4*WWU*UUUWUU****WWUUUU***W*WU*U~WMU*W*WWU*U**U*U*~WWW*W*W*WN*W*WWWUU*W*MUU#*W**N*UW~WW*V*WW*U~~WU*WW~WUUWWU** 

NOISE SOURCE= COtlB ** DISTANCE = 100.0 ** OtlE-THIRD OCTAVE BAtm AttD 0VERAI.L Eft3It4E CM(POI4ENT SOURCE t(O1SE LEVEL SUMHARY 
* u i ~ * u w u + u w u w u u u u * * u w u * * u u u w w v * u u u w u u w * u u w ~ * w * * * ~ u w w u * w * * u ~ u ~ w u ~ ~ ~ * u u ~ u u u w * w u u * w w ~ w * u u u u * ~ * ~ w * ~ w * u * ~ * * w w w n w * w w w u w u w w w ~ w u u w * ~ w w u w * * * e  

1/3  CCTAVE 
BAtm CEtlTER 

FRECUEttCY 
uuuu*n*uit 

20 .0  
25.0  
31.5 
40 .0  
5 0 . 0  
6 3 . 0  
80.0  

100.0  
125.0  
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0  

1000.0  
1 ' 5 0 . 0  
1600 . O  
2000.0 
2500.0 
3150.0 
4000.0 
5000.0 
6300. U 
8000.0 

10000.0 
12500.0 
16000.0 
20000 .o  

SOL'tnI 
H IKE LOCATIONS I N  DEGREES 

10.  20. 30. 40.  50. 60.  
u w ~ u u * u * * u u * u u u * ~ u ~ * w u u ~ u w u u u ~ n ~ ~ u w ~  

23.2  25.0  2 6 . 7  28 .5  30.6 32.0 
27 .2  29.0 30.7  32.6 34.7  36.1 
31.3 33.1  34 .8  36.6 38.7 4 0 . 1  
35 .3  37 .1  38 .9  40 .7  4 2 . 9  4 4 . 3  
3 9 . 5  41 .3  4 3 . 1  45 .0  4 7 . 1  4 8 . 6  
4 3 . 8  45 .6  4 7 . 3  49.2  5 1 . 3  52.7  
4 7 . 9  49.7  51.4  5 3 . 3  5 5 . 3  56 .7  
5 1 . 8  53 .6  5 5 . 2  56.8  5 8 . 7  59.9  
5 5 . 1  56.8  5 8 . 4  6 0 . 1  62.0  63.2 
5 8 . 3  6 0 . 1  6 1 . 6  6 3 . 3  65 .1  66 .2  
61 .4  6 3 . 0  6 4 . 5  66 .0  6 7 . 7  68 .6  
6 3 . 9  65 .5  6 7 . 0  68 .5  70.2  71.2  
6 6 . 3  6 7 . 9  69 .4  70.9  72.5 73.3  
6 8 . 3  6 9 . 9  71.2  72.3  7 3 . 7  74.4 
6 9 . 4  71.0  72.2 73.7  7 4 . 9  75.2  
70.2  71.5 72.4  72.8  73.6 73.6 
6 8 . 5  69 .8  70.6 71.3  72 .1  7 2 . 1  
6 7 . 0  68.2  6 9 . 1  6 9 . 8  70.4 70.2 
6 5 . 1  6 6 . 3  6 7 . 0  6 7 . 3  67  7 67.4  
62.2  63.4  64 .0  64 .5  64.9  64.6 
59.4 60.5  6 1 . 1  61 .5  6 1 . 9  61.4  
56.2  57.2 57 .7  5 7 . 8  5 8 . 0  5 7 . 3  
5 2 . 1  53 .1  53.6  5 3 . 8  5 4 . 1  53.F 
48 .2  49 .2  4 9 . 8  5 0 . 1  50 .4  49.9  
44.7  4 5 . 7  46 .3  4 6 . 6  46.8  46.2 
40 .7  41 .7  42 .2  4 2 . 3  42.4 41 .7  
36.0 37.0 37.5 37.6 37 .7  37.0 
31.0 32 .0  32.4 32 .5  32.5  31.7 
25.4 26.3 26 .7  26.6  26.5  25.6 
18 .7  19.6 1 9 . 9  20.0 1 9 . 9  19.0 
1 1 . 3  1 2 . 2  12.6  12.2  12.0  11.0  

sW)m 
POWER 
LEVEL,DB 

87 .6  
91 .8  
96.0  

100.2 
104.3 

117.4 
120.0 ;O 
122.4 
124.E 
125.6 
125.9  
125.1  
123.7  33 
121.8 
119.5  
116 .8  
113.7 
110 .3  
1 0 6 . 6  
103.0 

99.5  
95.7  
91 .7  
87 .a 
82.9  
78.0  
73.0  
6 7 . 7  



**+*+***t* 

OA( PO-POK) 
LINEAR 77.3 78.7 79.8 80.8 81.9 82.3 82.6 82.9 83.9 84.7 85.0 85.0 84.5 83.2 79.9 76.5 133.6 

A-SCALE 75.2 76.5 77.5 78.3 79.1 79.2 79.2 79.2 79.8 80.3 80.3 80.0 79.3 77.8 74.3 70.8 129.5 
+*****t*** 

OA( 50-1OK I 
LII IEAR 77.3 78.7 79.8 80.8 81.9 82.3 82.6 82.9 83.9 84.7 85.0 84.9 84.5 83.2 79.9 76.5 133.6 

A-SCALE 75.2 76.5 77.5 78.3 79.1 79.2 79.2 79.2 79.8 80.3 80.3 80.0 79.3 77.8 74.3 70.8 129.5 ****+*****  
PERCEIVED 

NOISE LEVL 
PtiL 84.1 85.4 86.4 87.4 88.4 88.6 88.6 88.9 89.8 90.4 90.4 90.0 89.4 67.9 84.4 80.6 

PNLTC 84.4 85.7 86.6 87.6 98.7 88.9 88.8 89.0 89.9 90.5 90.5 90.2 89.5 88.0 84.5 81.0 

*****STATIC LEVELS AT AHBIEHT CORRECTED TO FAA STD DkY COttDITIONS (77 DE6 F ,  70 PCT R H I  FOR FLYWER PREDICTIONS ONLY 



) U S A  LEWIS RESEARCH CElnEP PbGE 6 
t1b9A 6ASP W I S E  W V L E  OUTPUT 

* * - . * * . * * * * * * * * * * . * * * * * * * * * * * o * * * o * * * * * * * * * * * * * * * * * * * * * * * * * - * * * * * * * * * * * o * V * * # ~ - 4 * ~ * * * ~ v * * ~ o ~ * ~ * * * * * * * * V * * * * * * * * * * * * * o s * * * * * v * * v ~ # * * *  

t f ITS0%I5HI  W 2 J / T P E 3 3 1  l IOI9E PREOICT10(1 AT FbPM 1 0 9 0  f T  LEVEL FLTO'IEP 
* * * * * * * * * * * * * * * * * * * * S 8 * * ~ * * ~ * ~ s * S t * # * * * * * * # S * ~ ~ O * S * * * * * ~ * ~ * ~ ~ # ~ ~ * * V * ~ ~ * # ~ * ~ ~ D V # S * ~ s ~ ~ . O S L ~ ~ V * ~ ~ ~ * ~ W * W * S V ~ ~ W S ~ V ~ ~ # * # O S S ~ # U # * ~ W t ~ * V ~ ~ V S ~  

r ) ISL  c&IrvC€= JET **  DISTblCF 1 0 0 . 0  ** OIIE-THIPD OCTA'JE Pb)D A)10 CriEPALL EtGIf lE C Y P M l t t U  SCWCE t(0LSE LE'IEL S V 8 l I P i  
* ~ S ~ ~ * * ~ * * ~ 0 ~ ~ ~ ~ ~ * * ~ S ~ ~ ~ ~ S S ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ V ~ * ~ ~ ~ * ~ ~ 0 ~ ~ ~ ~ ~ 0 ~ ~ ~ 0 ~ ~ ~ ~ ~ S S ~ ~ ~ ~ ~ b ~ ~ * ~ ~ S ~ 0 S S S ~ S 0 ~ ~ ~ ~ 0 4 ~ S ~ ~ W ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ V ~ ~ ~ ~ V ~ S ~ ~ ~ S ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ 0 ~ D  



N 
W 
0 

**********  
0Af 20-2OK I 

LItIEAR 6 2 . 7  62 .7  6 2 . 6  62 .6  6 2 . 5  6 2 . 5  6 2 . 5  6 2 . 5  6 2 . 5  t .2 .6  62 .7  62.7  6 2 . 8  6 3 . 4  6 3 . 8  6 3 . 0  113.4 
A-%ALE 59 .5  59 .4  5 5 . 3  59.2  59 .0  5 8 . 9  5 8 . 8  58 .7  56 .6  58.6  58.5  58 .0  56.0  53.1  51.1 48.2  106.8  

**********  
0 1 1  50-10K 

LI IEAR 62 .6  62 .5  6 2 . 5  62.'* 6 2 . 4  6 2 . 3  6 2 . 3  6 2 . 3  6 2 . 3  6 2 . 4  6 2 . 5  62 .5  6 2 . 5  62 .7  62.7 6 1 8  113.0 
A-SCALE 5 9 . 4  59 .4  59 .3  59 .1  59.0  5 8 . 9  58.7 58.7 58 .6  58 .5  58 .5  58.0  56.0  53.1 51.0  48.2 106.8  ********** 

PERCEIVED 
W I S E  LEVL 

n4L 71 .7  71.7  71.6  71 .4  7 1 . 3  7 1 . 1  71.0  7 0 . 9  7 0 . 8  7 0 . 6  7 0 . 8  70.2  68 .1  65.2  6 3 . 1  6 0 . 1  
PIILTC 71.8  71 7  71.6  71.5  71.3  71.2 71.0  7 0 . 9  7 0 . 9  70 .8  70 .8  70.2  6 8 . 1  6 5 . 3  6 3 . 1  60 .1  

H * * * S T b T I C  LEVELS AT AHBIEIF CWRECTED TO FAA ST0 DAY C O t Q I T I W S  ( 7 7  D L 6  F P  70 PC1 RU) FOR FLYWER PREDICTIO(4S WLY 



NASA LEWIS RESEARCH CENTER PAGE 7  
NASA GASP NOISE noouLE OUTPVT 

N U * N N N U * * N N * U U ~ R N ~ N U U ~ N * U U U N N N U * ? . * U I r I ~ N N U N N N N ~ ~ Y f f N U U * Y C N ~ N U N U ~ U ~ U V N i ~ U f f f f U N I : I N i U N ~ 1 N f ~ N B ~ N N N N N N U N U N N U N N ~ ~ N I ~ N N N ~ ~ U U N N N * N N N V N N N ~ ~ ~ b ~ ~ ~ ~ N  

n I T S U B I S H 1  FaJ2J/TPE331 t lOISE PREDICTIOtl AT FAR36 1000 FT LEVEL FLYOVLR 
~ ~ ~ u u ~ ~ ~ * n ~ u ~ ~ ~ ~ ~ ~ + u ~ ~ ~ ~ ) ~ ~ ~ ~ a u ~ ~ u u ~ u u ~ ~ ) f u ~ ~ ~ n ~ u ~ u u * u ~ ~ ~ ~ u ~ ~ ~ u ~ u u ~ ~ ~ u ~ ~ ~ ~ u ~ n ~ u ~ w u w ~ n u r ~ u m u ~ n ~ ~ ~ ~ ~ ~ * ~ ~ ~ u u ~ ~ ~ ~ ~ u a ~ n ~ u ~ ~ u v ~ ~ u u ~ ~ ~ u v ~ ~ ~ u ~  
NOISE COURCE= ATUR +*  OISTAtXE = 100 .0  *+ ONE-THIRO OCTAVE 6AtfD A t 0  OVERALL EI:GIttE COnPOtlEtiT SOURCE NOISE LEVEL SU191ARY 
* N * Z U N * V * ~ * L t N U ~ * * 1 ~ O U * * * N U I U N U U N U * N * N N N N N N U N U N N U N U * N N U U N * N N ~ U * Y U * V * N N U U ~ N U ~ ~ N N N U W N N N N N N U N N N V N * U N N f i N U N U # * * N N U ~ U N N N * W N W W V ~ W U U ~ U N ~ U ~ U *  

1 / 3  OCTAVE 
BAND CEt4TER 

FREWEIKY 
*****N*N* 

20 .0  
25 .0  
31.5  
40 .0  
5O.G 
6 3 . 0  
8 0 . 0  

100.0  
1 2 5 . 0  
160.0  
200 .0  
250.0  
315.0 
490.0  
500.0  
6 3 0 . 0  
800.0  

1000.0  
1250.0  
1600.0  
2000.0 
2500.0 
3150.0 
4000.0 
5000.0  
6300 .0  
8000.0  

10000.0 
12500.0 
16000.0 
20000.0 

SOUIJO PRESSURE LEVEL ,OB 
HIKE LOCATICtlL I N  DEGREES 

1 0 .  2 0 .  30.  4 0 .  5 0 .  6 0 .  70 .  8 0 .  9 0 .  100.  1:O. 120.  130.  140.  150.  160. 
*****I******* ~ * * * * * * * ~ * * * N * * * * N * * * N * * * * * * * Y N * * N u * N N N * N N * * w * N * N N * * N ~ ~ * ~ * N N * ~ N * N N * u N N u N N  

32.6  33.3  3 3 . 8  34.2 34.5  34.7  3 4 . 8  35.0  35.2 38 .9  40 .7  39.5  35.6  30.7 26.3 2 4 . 1  
33.6  34.3  34.8  35.2 35.4 35. ;  3 5 . 8  36.0 36.2 3 9 . 9  41 .7  4 0 . 5  36.6 31.7 2 7 . 3  25.1  
34.6  35 .3  35.8  36.1  36.4  36.6  36 .8  37.0  37.2  4 0 . 9  4 2 . 7  41 .5  37.6 32.7  28 .4  26 .1  
3 5 . 5  36.2  3 6 . 8  3 7 . 1  37.4  37.6  3 7 . 8  38 .0  38.2  42 .0  4 3 . 8  4 2 . 5  38.6  33.7  29.4  27 .1  
36.5  37.2  37 .8  38.2  38.4  38.6  38.8  39.0 39.2  4 2 . 9  4 4 . 7  4 3 . 5  39.6 34.7  30 .4  28.1  
37.6  3 8 . 3  38 .8  39.1 39.4  39.6 39 .8  40 .0  40 .2  4 3 . 9  45 .8  4 4 . 6  40 .7  35.7 31.4  2 9 . 1  
38 .5  39.2  3 9 . 8  40 .1  40 .4  40 .6  4 0 . 8  41.0 41 .2  45 .0  4 6 . 8  4 5 . 6  41.6  36.7  32 .4  30.1  
39.5 40 .2  4 0 . 8  41 .2  41 .5  41.7 4 1 . 8  42 .0  42.2  4 5 . 9  4 7 . 7  4 6 . 5  42.6  37.7  33.5 31.1  
4 0 . 6  41 .3  4 1 . 8  42.2 42.4  42 .6  4 2 . 8  43 .0  43 .2  46 .9  48 .8  47 .6  43 .7  38.8  34.4  32.2 
4 1 . 5  42 2  4 2 . 8  4 3 . 1  4 3 . 4  43.6  43 .8  44 .0  4 4 . 3  48 0  49 .8  48 .6  4 4 . 7  39.7 35.4  33.1  
42 .5  43.2 4 3 . 8  44.2 44.5  4 4 . 7  4 4 . 9  45 .0  45.2 49 .0  5 0 . 8  49 .6  45 .6  40 .7  36 .4  3 4 . 1  
43 .6  4 4 . 3  4 4 . 8  45.2 45 .5  45.7  45 .8  46.0  46.2  50.0  5 1 . 8  50 .6  46.7 41 .7  37.4  35.2 
60 .6  4 5 . 3  4 5 . 8  4 6 . 2  4 6 . 4  46.6  4 6 . 8  47 .0  47.2  5 1 . 0  5 2 . 8  51 .6  47 .7  42 .8  38.4  36.2 
4 5 . 5  46.2  4 6 . 8  47.2  47 .4  47 .7  4 7 . 9  48 .1  4 8 . 3  52 .0  5 3 . 8  5 2 . 6  4 8 . 7  4 3 . 8  39 .4  37.2  
46 .6  4 7 . 3  4 7 . 8  48.2 4 8 . 5  48.7 48 .9  49 .1  4 9 . 3  5 3 . 0  5 4 . 8  53 .6  49.7  44 .8  40 .5  38.2  
47 .6  4 8 . 3  4 8 . 8  49.2 49.5  49 .7  49.9  5 0 . 1  50.3  54 .1  55 .9  5 4 . 8  5 0 . 8  45 .9  41.5  39.2 
48 .6  4 9 . 3  4 9 . 8  56 .2  5 0 . 5  50 .7  5 0 . 9  5 1 . 2  51 .4  55 .0  50 .8  5 5 . 3  51 .4  46 .4  42.0  39 .8  
49.6 50 .3  5 0 . 9  51.3  51.6 51.7  5 1 . 8  51 .7  5 1 . 9  55 .6  5 7 . 4  56.2 52.3  47 .4  43.0  4 0 . 8  
5 0 . 6  51 .2  51.7  5 1 . 9  5 2 . 1  52 .2  5 2 . 4  52.6  5 2 . 8  56.6  58 .4  57 .2  53 .3  48 .4  44 .1  41.8  
5 1 . 1  5 1 . 8  5 2 . 3  52 .7  5 3 . 0  53 .2  5 3 . 4  53 .6  5 3 . 9  5 7 . 6  59 .4  5 8 . 2  5 4 . 3  4 9 . 4  45 .1  42 .8  
5 2 . 1  5 2 . 8  5 3 . 3  53.7  54 .0  5 4 . 3  5 4 . 5  54 .6  5 4 . 9  58 .6  6 0 . 5  5 9 . 3  55 .4  50.5  46.2  4 3 . 9  
5 3 . 1  5 3 . 8  5 4 . 3  54 .7  55 .0  55 .2  5 5 . 4  55.6  5 5 . 9  59 .7  6 1 . 5  6r. .3 5 6 . 5  51 .7  47 .4  45.2 
5 4 . 0  54 .7  55.2  5 5 . 6  5 6 . 0  56.2  5 6 . 5  54.7  57 .0  6 1 . 0  6 3 . 0  62 .1  5 8 . 5  53 .7  49 .5  4 7 . 4  
5 4 . 9  55 .6  5 6 . 2  56.6 5 7 . 0  5 7 . 4  5 7 . 9  58 .4  5 9 . 0  6 3 . 1  65 .2  64 .2  6 0 . 6  5 5 . 9  5 1 . 8  49 .7  
56 .2  57.0  5 7 . 7  5 8 . 4  59 .0  5 9 . 5  6 0 . 1  6 0 . 6  61 .2  6 5 . 5  6 7 . 8  57.2 63 .6  5 8 . 9  5 4 . 8  52 .7  
58 .1  5 8 . 9  59 .7  6 0 . 3  61 .0  6 1 . 7  6 2 . 4  6 3 . 4  6 4 . 1  6 8 . 2  7 0 . 3  6 9 . 3  6 5 . 7  6 1 . 0  5 6 . 8  54.7  
6 0 . 1  6 1 . 0  6 1 . 9  62 9  6 3 . 6  6 4 . 2  6 4 . 8  6 5 . 3  6 5 . 9  70.0  7 2 . 3  71 .4  6 7 . 8  6 3 . 2  59 .1  57 .0  
6 2 . 3  6 3 . 2  6 3 . 9  6 4 . 5  6 5 . 1  6 5 . 8  6 6 . 4  6 7 . 1  67 .8  72.1  74 .3  73 .4  6 9 . 9  6 5 . 4  6 1 . 3  5 9 . 3  
6 3 . 5  6 4 . 4  6 5 . 2  6 6 . 0  6 6 . 7  67 .4  6 8 . 1  6 8 . 8  6 9 . 0  74.0  7 6 . 5  ' 5 . 8  7 2 . 4  68 .0  6 4 . 1  6 2 . 1  
64 .6  6 5 . 5  6 6 . 3  67 .1  6 7 . 9  6 8 . 8  6 9 . 7  70 .6  71 .7  7 6 . 4  7 9 . 1  7b 8 7 5 . 4  71.0 6 7 . 1  6 5 . 1  
6 5 . 1  6 6 . 0  6 6 . 8  68 .2  69 .2  7 0 . 1  71.1 72 .8  74 .1  7 8 . 8  8 1 . 7  81.2  7 7 . 8  73.3 6 9 . 3  6 7 . 3  

soul ID 
POI!ER 
LEVEL ,OB 



N 
W 
h, 

++++++++++ 
0A( 20-20K) 

LINEAR 71.4 72.2 73.0 73.9 74.7 75.4 76.2 77.2 78.2 82.8 85.4 84.8 81.4 76.9 72.9 70.9 136.9 
A-SCALE 68.1 68.9 69.6 70.3 71.0 71.6 72.2 73.0 73.7 78.1 80.4 79.7 76.2 71.7 67.6 65.6 130.1 

++++++++++ 
0Af50-10K 1 

LINEAR 67.3 68.1 68.8 69.5 70.0 70.6 71.1 21.7 72.3 76.4 70.6 77.7 74.1 69.5 65.4 63.3 125.9 
A-SCALE 66.6 67.4 68.1 68.7 69.3 69.8 70.3 70.9 71.4 75.6 77.7 76.8 73.2 68.5 64.4 62.3 124.8 

++++++++++ 
PERCEIVED 

NOISE LEVL 
PNL 79.1 79.9 80.6 81.1 81.7 82.2 82.7 83.3 83.9 87.9 90.0 89.0 85.3 80.6 76.4 74.3 

PNLTC 79.2 80.0 80.6 51.2 81.7 82.2 82.8 93.4 83.9 88.0 90.1 89.1 85.4 80.7 76.5 74.4 

*****STATIC LEVELS AT MBIEM CORRECTED TO FAA STD DAY CONOITIONS (77 DE6 FI 70 PCT RH) FOR FLYOVER PREOI5TIOEi3 ONLY 



NASA LEUIS  RESEAPCH CEtCER PAGE 8 
NASA GASP tiOISE MOOULE OUTPUT 

****Y******************w**t******~**********kM*u***n*Y****n*m~u*****k**************************%*****~***********w***v******~~**~4~* 

~ I A T S U B I S H I  WZJ/TPE331 NOISE PREDICTION AT FAR36 1000 FT LEVEL FLYOVER 
* ~ * * ~ C * ~ * * ~ * * U ~ * ~ ~ * ~ ~ U * * W ~ ~ ~ ~ Y ~ R ~ ~ I ~ ~ ' C ~ ~ U ~ ~ ~ U ~ U U ~ N V ~ ~ ~ #  f * * X * W X U * V * *  

NOISE SOURCE= PROP ** DIETANCE = 100.0 *& M E - T H I R D  OCTAVE BAND AND OVEPALL EtR;IltE COIIPDIIENT SOLIRCE NOISE LEVEL SL':lflARY 
* ~ m ~ ~ * * * m * ~ ~ r ~ ~ ~ * ~ ~ ~ * * * ~ * * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i * ~ ~ ~ * ~ * * * ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ * ~ * ~ * ~ ~ ~ ~ * ~ * ~ * * u n ~ * ~ ~ * ~ ~ u ~ ~ ~ u ~ ~ ~ ~ ~ ~ m ~ ~ * ~ ~ ~ * * ~ ~ * ~ ~ ~ ~ ~ * ~ ~ * u ~ " w w ~ ~ ~ ~ * ~ ~ * * u ~  

1 / 3  OCTAVE 
BbtlD CEttTER 

FREWEttCY 
********* 

20 .0  
25 .0  
31 .5  
40 .0  
50 .0  
6 3 . 0  
8 0 . 0  

i o 0 . 0  
125 .0  
160 .0  
200.0  
250.0  
315.0  
400.0  
500.9  
630 .0  
' 00 .0  

1000 .0  
1250.0  
1600.0  
2000.0  
2500.0 
3150.0  
4000.0 
5000.0  
6300 .0  
8000.0 

10000.0 
12500.0  
16000.0  
20UOQ .O 

SWNO F'I?ESSVRE LEVEL,DB 
MIKE LOZATI0I:S I N  DEGREES 

1 0 .  LO. 30 .  4 0 .  5 0 .  6 0 .  70 .  8 0 .  90.  1 0 0 .  1 1 0 .  120 .  130.  140.  150.  160.  
* * ~ ~ * A * Y * * * I * * * * * * * * * * * * * * * * * * * * * * * * * * * Y * * * * * * * * C * * * * * * * * * * * * * V * * * * ~ * * * * % * * * w * * * * ~ * * 3 * * * * * * * * ~ * *  

21 .8  21 .7  21 .5  21 .2  20.7  1 9 . 8  18 .5  17.1  1 6 . 8  18 .7  2 1 . 6  2 4 . 3  2 6 . 5  28.2  29.4  30 .3  
2 3 . 8  23 .7  2 3 . 5  23 .2  2 2 . 7  2 1 . 8  20.5  19 .1  18.8  20 .7  23.6  2 6 . 3  2 8 . 5  30.2  31.4  32 .3  
25 .8  25.7  2 5 . 5  25.2 2 4 . 7  2 3 . 8  2 2 . 5  21.1  20.8  22.7  25.6  28 .3  30.5  32.2 33.4  34.3  
27 .8  2 7 . 7  27 .5  27.2  26.7  2 5 . 8  24 .5  23 .1  22 .8  24.7 2 ? . 6  30.2 32 .4  34.1 35 .4  36.3  
29 .8  29 .7  29.5  20 .2  2 8 . 7  27 .8  2 6 . 5  25 .1  2 4 . 7  26.6  29 .6  32.3  34 .4  36.2  37.4  38.3  
3 1 . 8  31 .7  31 .5  31 .2  30.6  2 9 . 5  28 .5  27.1  26.8  28 .7  31.6 18 .0  28 .8  3 8 . 4  45 0  48.7  
33.7  33.7  33 .5  33.2  32.7  3 1 . 8  30.5  1 2 . 3  2 8 . 7  47 .2  6 3 . 8  93.3  92 .0  91.1  8 5 . 5  8 3 . 3  
3 5 . 8  35.7 3 5 . 5  1 7 . 3  30.0  46.3  6 3 . 7  96.4  99.3  96.1  92 .8  5 7 . 1  4 8 . 1  41 .8  36.2 37.2 
4 9 . 6  5 3 . 2  6 8 . 5  9 9 . 2  9 9 . 1 1 0 1 . 0  96 .7  51 .1  32 .7  1 9 . 5  1 9 . 7  1 8 . 6  36.9  4 4 . 3  49 .2  51 .7  
30 .3  98.5  9 7 . 3  5 9 . 4  43 .3  25 .7  1 7 . 1  22 .2  34.7  49 .8  63 .2  86.7  8 5 . 3  8 3 . 7  7 8 . 9  75.8  
31.4  25 .2  23  3  2 7 . 9  37 .0  49 .7  63.4  89 .9  91 .8  89 .3  86.2  5 6 . 3  49 .9  47.7  49.6  5 1 . 3  
5 2 . 4  59 .7  6 8 . 0  92 .7  92.6 93.6  8 9 . 9  51 .0  33.5 4 8 . 3  6 0 . 1  82 .6  8 2 . 4  80.6  77.2 73.6 
8 3 . 1  91.9 9 Q . 7  5 8 . 8  46 .4  48 .7  6 0 . 4  86.3 8 8 . 6  89 .0  8 8 . 5  8 4 . 3  8 1 . 6  7 8 . 3  74.3  70.2 
51 .4  5 7 . i  6 4 . 6  8 8 . 8  90 .9  91.7  91 .7  87 .4  8 6 . 3  P5.2 8 3 . 9  8 2 . 4  7 9 . 8  76 .5  72.6  68.6  
8 1 . 6  92 .2  9 3 . 3  90 .6  8 9 . 6  88 .2  8 7 . 1  85 .5  8 4 . 5  :3.6 8 2 . 3  80 .6  7 8 . 1  75.1  71.4 67 .6  
7 7 . 9  88 .1  88 .7  8 8 . 7  8 7 . 8  8 6 . 5  8 5 . 5  8 3 . 8  8 3 . 1  8?.6  8 1 . 9  81 .6  79 .4  76.w 72 .6  68 .7  
7 6 . 3  86.5  8 7 . 1  8 6 . 9  8 6 . 3  8 5 . 3  8 5 . 0  8 4 . 9  8 4 . 4  83 .6  82 .4  80 .2  77 .6  74 .5  70.8 67 .0  
75 .2  85 .7  86.7  37.9  87 .5  86 .5  8 5 . 5  83.3  8 2 . 4  81.7  6 0 . 7  79 .8  77.5  74.4  70.7  6 7 . 0  
7 6 . 3  8 6 . 5  8 7 . 1  8 6 . 5  85 .7  84 .5  8 3 . 8  8 3 . 1  82 .3  81 .5  8 0 . 2  7 8 . 3  75 .7  72.4  6 9 . 9  6 5 . 5  
74 .4  84 .6  8 5 . 5  8 6 . 1  65.5 84.3  8 3 . 3  8 1 . 4  60.' 79 .7  78.6 7 8 . 7  75 .7  72.2  6 8 . 1  6 4 . 6  
74 .2  8 4 . 3  8 5 . 0  89 .5  8 3 . 7  82.5 8 1 . 7  8 1 . 9  00 77.1  7 2 . 7  6 1 . 3  58 .3  57 .0  57 .1  57.6  
72 .5  8 2 . 6  8 3 . 3  8 5 . 0  8 3 . 4  8 0 . 7  75 .9  5 8 . 5  49  ' 45 .6  47 .1  5 4 . 2  55.6  56 .6  57 .3  57.8  
7 1 . 0  7 9 . 4  77 .6  6 6 . 1  59.2  57 .0  47 .4  50 .9  4 9 . r  5 0 . 2  52 .0  5 3 . 7  5 5 . 0  5 5 . 9  5 6 . 5  5 6 . 9  
5 9 . 7  5 6 . 8  5 5 . 3  58 .3  5 7 . 5  55.5  5 3 . 1  58 .5  4 8 . 9  49 .5  51 .2  52 .8  5 4 . 0  54 .8  5 5 . 4  5 5 . 8  
6 1 . 2  6 0 . 7  6 0 . 0  5 5 . 8  5 7 . 3  55.2  5 2 . 7  4 9 . 9  48 .2  45 .7  5 0 . 3  51.7  5 2 . 8  53.6 54.1  54 .5  
6 0 . 8  6 0 . 4  5 9 . 5  5 8 . 3  56 .6  54 .4  5 i , 7  49 .e  4 6 . 9  4 7 . 3  4 8 . 8  5 0 . 2  51.2  5 1 . 9  52 .4  52.7  
6 0 . 1  59.5 58.6  5 7 . 3  55 .5  51.2  5 0 . 4  47.3  45.3  45.6  4 6 . 9  48.2 4 9 . 1  4 9 . 8  50 .2  50.5  
5 8 . 8  5 8 . 2  57 .2  55 .8  5 3 . 8  51.9 48 .4  45.2  43 .1  4 3 . 3  44.6  45 .8  46 .7  4 7 . 3  47.7 4 7 . 9  
5 6 . 9  56 2  53 .1  53 .6  51 .6  9 .0  4 5 . 9  47 .6  40 .6  4 0 . 5  41.7  4 2 . 8  43 .7  4 4 . 3  44 .7  44 .9  
54 .1  5 3 . 4  5 2 . 3  50 .6  4 8 . 5  4 5 . 8  42 .6  39.2 36 .9  36 .9  38.1 39.2 4 0 . 1  40 .6  41 .0  4 1 . 3  
50.4  49.7  48 .5  46.7  44 .4  41.7 38 .4  34.9 32.6  32.6 33 .7  34 .9  35.7  36.2 36.6 36 .9  
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NASA L E C I I ~  PESELS)CH c~tnew PICE 12 
UA9A 6A3P t(b1SE (OOULE OUTPVI 

s ~ o o * ~ m ~ ~ * # a * o * ~ o * ? f ~ ~ * ~ ~ ~ s ~ # m m s # * s s ~ ~ s ~ m # e ~ s s o o o # ~ # * s # a s s s s ~ s o ~ o m ~ * s ~ * * s o s s o ~ m o m o ~ ~ ~ ~ ~ ~ m s s o s # a o o a e s u a o o o ~ ~ s s s s ~ s w s s u s m u s ~ m s s e s s s s s ~  

n zTwxsn1 W?J/TPEJJL IIOISE P P E D I L I I ~ I  AT FIR% 1000 FT LEVEL r i r u v m  
w * s m s s m + s o ~ ~ s m - ~ o ~ * s * ~ s ~ o u s s s r s s ~ m e s m o m s ~ o s o m a ~ s ~ ~ s s s w m s * u u s w ~ o ~ ~ ~ * s s o s m ~ o u o o m s o o a u w e ~ u s o s * m ~ m s u m o s ~ ~ s m o m m # s s u m s s m s ~ ~ w e ~ m m s m s = ~ m ~ e s ~  

JU71ARY W T W T  OF PPEDICTEO M I S €  LEVELS 
s s ~ e s ~ m s * o ~ s s s s s m s s s m m u m s s u s s ~ b ~ # ~ ~ m ~ ~ m ~ # s s o s # ~ s ~ e s o m s s s s o # m s m s s s s o o s s m ~ a ~ s o m m # a s m s u e a s o s v s o ~ s s o ~ s s s ~ ~ m # o u o ~ o s ~ s o ~ ~ ~ s s ~ ~ ~ m ~ m m s s s o s o m  

HAX T I ~ E  AT A~GLP.DEG TIWC AT A ~ G L E , D E ~  ~ U X  rx r r~  AT n u  TIM AT 
EPIIL P ) ~ ~ T C  w t u x  DIXJ OUR t u x  nrr n u  OVEPALL n ~ x  A-YEISHIED R ~ X  

C ~ ~ P Q A I ~  03 013 RILTC PIILTC CORP TIRE PIIL P)(L PIIL 08 W ~ C ~ A L L  OD A-YFIGHTEO 

JET 4 9 . 7  53.2 15.0 9 . 6  -3 .4  10.0 52 .7  15.0  91.6 46.6  15.0 42 .  I 15.0  

* ~ ~ ~ ~ ~ ~ # ~ C ~ ~ S ~ # ~ O ~ ~ ~ O W ~ ~ S S ~ B ~ I ~ ~ O ~ ~ S O O O U O # # ~ # S ~ S ~ ~ S # ~ O ~ U ~ S U O ~ U # S ~ U ~ ~ O S ~ S S ~ ~ B ~ H W # I W U S ~ ~ ~ V ~ ~ O ~ * V ~ ~ ~ ~ ~ ~ ~ ~ ~ # # I ( I O ~ ~ ~ ~ ~ ~ ~ S ~ O ~ B Z U ~ ~ * ~ S ~ ~ W  

om***fLrwEa AIRCRAFT tnxs~ PI)EDICTIOII CASE C O M P L E ~ C O ~ * * * ~  
m o u ~ a s a m a ~ s w m m m ~ ~ o ~ a m m m o s o ~ e s m a o s s m s ~ m ~ ~ o o ~ * s u ~ a ~ v a ~ u ~ a a ~ o ~ u m ~ s a v n u e ~ a ~ e ~ w o e e ~ e s ~ ~ ~ e w e u u e o m a ~ ~ o ~ v e e ~ e s ~ a ~ ~ e a ~ a ~ a a a m e * a m u a o a ~ ~ a a ~ ~ e ~ m  
.****FL'IWEl) II)ISE LEVELS ItltLME A DOPPLER 9 ) I I F T .  



NASA LEUIS  RESEARCH CENTER PAGE 13 
NASA 6ASP t40ISE WlWlLL OUTPUT 

* e a ~ ~ ( ~ w ~ m ~ ~ ~ ~ ~ ~ ~ ~ u ~ w ~ ~ ~ ~ ( ~ ~ ~ ~ n ~ ~ m ~ a ~ a ~ a a ~ ~ s ~ a w ~ ~ ~ u ~ ~ ~ * s u a ~ n * * n a w * ~ * a ~ a w ~ ~ * a ~ ~ ~ ( ~ ~ u u a ~ ~ ~ ~ n ~ * * a ~ w ~ * a ~ i u ~ ~ u w ~ ~ ~ ~ e w w ~ ~ ~ e a ~ ~ ~ w ~ ~ ~ a ~  
H I T S B I S H I  W2J/TPE331 NOISE P R E O I C T I W  AT FAR36 1000 PT LEVEL FLYOVER 

~ ~ w w a u * ~ w ~ s ~ ~ ~ ~ ~ * w ~ w a a ~ u * * ~ ~ ~ ~ ~ a ~ u ~ u ~ u ~ s ~ a u a e u ~ a a ~ w ~ ~ ~ w a a a a a ~ ~ a ~ ~ w ~ a ~ ~ ~ a w f i a a ~ a a v u ~ a u ~ ~ ~ u ~ v u w w u ~ ~ ~ w ~ w ~ e e a u a a ~ a v ~ u ~ ~ ~ u ~ ~ ~ ~ a e w ~ m ~ ~ w ~  
*#*#****~*~@#*********** 
CABIN NOISE PREDICTIONS * 
~ s ~ ~ u w ~ w ~ a * ~ ~ w ~ w u m w ~ w ( ~ ~ m  

PROP DIAtIETERf F T )  8.17 NO BLADES : 4 
HORSEPOUER = 665.0 RPH = 1591.0 
T I P  CLEARUCEIFT)  = 1.00 AXIAL  DISTANCE(FT)  = 0 .0  
VELOCITVI KNOTS) = 225.1 A L T I T W E (  F T  1 = 1000. 
OUTSIDE A I R  TEHPI F 1 = 59.0 CABIN PRESI P S I  = 0 . 0  
O I S T  AFT FOR B L  CALC= 10.00 

CALCULATED CONSTAttlS 

PARTIAL '.EVEL 1 = 137.54 PARTIAL LEVEL 2 = 0.12 
NO OF BLADES CORR = 0 .0  AXIAL  CORR 0.0 
ALT1TU)E CORR -0.15 XOD~YOO rn 0.0 , 0.12 
R O T A T I m A L  T I P  HALH = 0.609 HELICAL T I P  HACH = 0.698 
PPESHIRIZTIOH CORR = 0 . 0  BLADE SHEEP CORR 3 0 . 0  

EXTERIOR SPL IMTERIOR SPL 
HARr(ON1C FREOUENCY A-UATE HARtO4IC W 1-LOSS NEAR-FIE W ( C f f i I H  I 

A-UEIWTEO SPL 
OVERALL SPL 



BOUlOARY LAYER NOISE 
 BAT^ FaEa SPL-OUT SPL-IIJ 

A-WEIGHTED SPL 2 127.13 80.47 
OVER-ALL SPL : 127.77 85.19 

TOTAL BWNOARY LAYER At@ PROPELLER NOIS:' INSIDE CABIN 
110.4600 95.8608fA) 



h, 
P b  

NASA LEWIS RESEARCH CENTER PAGE 1 4  
NASA GASP NOISE HOOULE OUTPUT h, ****************C******WY**********************~*****n*************w*n********w************************n**************************** 

HITSUBISHI MU2J/TPE331 NOISE PREDICTION AT FAR36 1000 FT LEVEL FLYOVER 
***************i**********n***nw******Y***r)***********~******n******nn*******~*********************~******n**********************w** 
++++++++++I+lPUT VARIABLE STATUS AT JOB END+++*+ 
++++++++++It4PVT VARIABLE STATUS AT JOB E M ) + + + + +  

INPUT DATA - USER INPUT AND DEFAULT VALUES USED 
~ * * * * ~ m * * ~ * * * ~ ~ * ~ * n * * * ~ Y * * * * Y * Y I * T * * * ~ * * ~ * ~ * * * * u n * * n * n * * * * * ~ * * ~ * * ~ ~ * * ~ ~ w * ~ ~ * * ~ * * * * ~ * * * * * a * * ~ * w * w * * ~ ~ w ~ * w * n * ~ ~ * * * * * ~ ~ ~ * ~ * * * ~ w n * * e ~ ~ ~ w ~ * * ~ * ~  
CONTROL VARIABLES * 
*************I****** 

IFAA= 4 FLYOVER , IPOUT= 3 FULL , ISTAG= 3 ICAB' 1 I S I S  0 (ENGL UNITS) 

........................ 

ENVIROMIENTAL VARIABLES* 
***********f*****Y****** 

ANGLE (ARRAY) = 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0 140.0 150.0 160.0 

********n*************** 
ENGINEt'AIRCRAFT SYSTEM * 
***************W******* 

+++++EtGINE VARIABLES+++++ 
ENGINE TYPEfNTYE)= 3 (PROP) ........................ ENGINE COHPWENT ARRAY(1CWP) = 3 4 5 6 8 0  

CEWF corw JET ATUR PROP NOME 

**************** 
FLIGHT PROFILE * **************** 

*****A STRAIGHT LINE PROFILE WILL BE COMPUTED FROM A COWBINATION OF THE ABOVE VARIABLES. 

*****I********** 

FLIGHT OPTIONS * 
*************l** 
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APPENDIX A 

Sample Test Case 5 

Near Field and Cabin Noise Predictions for a 
Turboprop-Powered Executive Aircraft 

PRECEDING PAGE BLANK NOT IJUlDD 
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NASA LEWIS RESEARCH CENTER PAGE 1 7  
NASA GASP NOISE IWOULE OUTPUT 

*M~*~**Y*I***~*~Y(~***~~*~~**~**Y*~*~~~*~***~***~*~Y****~~~*~****~***I*******C*********~**~N*****)H(~**~~*~*Y~**Y*~~~**K(~~*****~I*)I*U~~ 
CABIN NOISE TEST CASE, AE90  COHUAt4OER 680E 

**************I*YI**Y*********Y****u**************************************************M*)I********u********w********************u****~ 
*******************an*** 
CABIN NOISE PREDICTIONS ........................ 

PROP DIAMETCR( F T I  7 75 NO BLADES - - 3 
HORSEPOWER = 243.7 RPM = 1765.0 
T I P  CLEAPANCE(FT) = 0.38 A X I A L  DISTANCE(FT)  = 0.0 
VELOCITY (KIIOTS ) = 160.0 ALTITUDE(F1)  = 7500. 
W T S I O E  A IR  TEI\P(F = 55.3 CABIN PRES(PS1) = 0 .0  
D I S T  AFT FOR R L  CALC= 10.00 

CALCULATE0 CONSTANTS 

PARTIAL LEVEL 1 = 131.93 PARTIAL LEVEL 2 = 8.15 
NO OF BLACSS CDRR = 2.50 A X I A L  C,ORR = 0.0 
ALTITUDE CORR = -1.15 XO0,YOD = 0.0 , 0.05 
ROTATIONAL T I P  HACH = 0.644 HELICAL T I P  MACH = 0.688 
PRESSWIZTION CORR = 0.0 BLADE SWEEP CORR = 0.0 

EXTERIOR SPL INrERIOR SPL 
HARt(ON1C FREQUENCY A-MATE HARMONIC WT T-LOSS NEAR-FIELD (CABIN)  

A-WEIGMTED SPL 
OVERALL SPL 



Cp KXWDARY LAYER NOISE 
BAm FREQ SPL-UJT SPL-IN 

A-WEIGHTED SPL = 119.70 74.02 
WER-ALL SPL = 120.25 79. ?6 

TOTAL 80cR)AoY LAYER AND PPOPFLLER NOISE INSIDE CIBIN 
113.96 08 98.67 D B l A 1  



W 3 A  LEUIS  P E S E M M  CEtITER Oh= 16 
NA3A GASP t(3ISE r(03ULC WRIT 

*oos**b s ~ e m ~ ~ ~ e s o ~ o o e ~ m e ~ ~ e * o ~ ~ ~ ~ e e e ~ e ~ m m m e ~ m ~ e ~ m u ~ s ~ e ~ e s ~ a e m m e e m ~ m e s * e e d ~ ~ e m m e ~ ~ ~ ~ # e e e ~ ~ e e m s d ~ m e s m w e m s e e m m u s e e ~ a e ~ ~ m s s m ~ e s ~  

C A 6 I M  NOISE TEST CASE I AERO C O n W : 3 E R  680E 
m o m e e e m s e r o * #  e e ~ ~ s s m ~ o ~ e o e ~ ~ o ~ e o ~ m m ~ ~ ~ e ~ e ~ * s m m m m e * e m e e e m ~ ~ ~ w ~ e ~ # e 8 t e ~ e m m e o # e m e m b e m s e m ~ m m m # ~ s e w ~ s ~ ~ m e e e e m e ~ e a ~ m ~ m m ~ ~ ~ e ~ s e ~ ~ ~ m s a s - ~ ~ ~  
* * * * * t * 4 * r l t l ~  '#ARIABLE STATUS AT J08 E ) D * + * ' +  
* * * * * + + * t * I t t F U T  VAQIABLE STATUS AT JOB O O * t * t r  

It IPUT DATA - USER I I I W T  U(D DEFAULT \'ALVES M E 0  
~ m ~ ~ e e ~ o ~ e ~ e ~ s o e s e e e o ~ o s ~ e e e ~ ~ e e e o m e e e s e ~ ~ ~ ~ ~ m m # e m ~ m # m ~ e e m ~ m m m e m # m ~ e m m e m e m m ~ ~ m ~ m m e w ~ ~ s e m e m m ~ m e m m e s e e ~ m m o w m e e m m m w s e ~ m ~ ~ m e m e ~ v ~ ~ e ~ m e m ~  

CW4IPOL VAQJABLES l .................... 
IFIA= 7 c r e r t c  or, I P W T = ~  FULL 

* * 4 * * E M G I t R  V&l) IABLES+++t+ 
Et8GI)E T l F E l h \ f E ) =  4 I 0 7 H R )  ....................... .E lG I ) (€  CQ(PO(EM A R R A Y (  I C O n P )  = 8 6 5 6 8 0 

PROP C Q ? l  JET A T I R  WOP K1(E 

................ 
FLIGHT O P T I a 4  
as* #.*4meeee**.* 





APPENDIX 8 

Campilation ~f Graphical Procedure Charts 
for Propell er and Cabin Noise 

Estimates, From References 12, 3 3  an? i4 





PlOPElLER OIIIYIIER - FI 
Far-Field Partial Noise Level Baaed on Blade Count and Propeller Diameter 

(Figure 4 from Reference 12) 

Figure 2, A p ,  R 



40 100 loo0 
WTAWCE FROM PROPELLER CE~TER - n 

Atmospheric Absorption and Spherical Spreading of Sound 

(Figure 5 from Reference 12) 

Figure 3 ,  Ap. B 



AZIMUTH AMBLE - OEBREES 

Directivity Index 

(Figure 6 from Reference 12) 

Figure 4 ,  Ap. B 



Figure 5 ,  Ap. 8 



ORIGMAL PAGE IS 
w POOR QUALITY 

Sweep Correction to Overall Far-Field Noise Level of 
Current Technology Propellers 

(Figure 22 from Reference 14) 

Figure 6, Ap. B 







-120- I I I I 
A 

8 1 I m I I I 
0.4 0 5  0.6 0.7 0.B 0.g C.4 0.5 0.6 0.7 0.8 0.g 

, , +  

0.4 05 0.6 0.7 0.8 04 

HELICAL TIP MACH NUMBER 
 ear-~ield Harmonic Level Distribution -2,  - 3 ,  and - 4  Bladed Propellers 

(Figure 27 from Reference 14) 

Figure 9, ~ p .  B 



ORIGINAL PAGE IS 
OF POOR QUALm 

FUNDAMENTAL 

Near - 
HEL!CAL TIP MACH NUMBER 

-Field Harmonic Leve l  Distribution -6 and -8 Bladed Propel 

(Cont'd) 

(Figure 27 from Reference 14) 

l e r  s 

Figure 9, Ap. £3 (Cmtinued) 



DIMENSIOWLESS FORE AND AFT POSITIOW. XI0 

Variation of Overal1,Pree-Space Propeller Noise Levels 
with Axial Position X/D   ore and A f t  of Propeller Plane 

(Figure 25 from Referr -e 1:  ' 

Figure 10, Ap. B 



ORIGINAL PAGE IS 
O f  POOR QdAiTrY 

E f f e c t  of Cabin Pressurs on Interior Wise Level 

(Figure 30 from Reference 1 4 )  

Figare  11, A p .  B 



Fuselage Transmission Loss 
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(Figure 29 from Reference 141 

0 -RE0 BATA - ORIEBlcnea ~ ~ l l a E  
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Figure 12, Ap. B 
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Overall Boundary Layer Noise Level 

(Figure 31 from Reference 14) 

F i g u r e  13, Ap. 6 



MSTANCE FROM FUSEUQ NOSE. FT. 

Reference Frequency, FR, for Boundary Layer Noise 

[Figure 32 from Reference 1 4 )  

Figure 14, Ap. B 



ORIGINAL PAGE !S 
Of POOR QU-. 

Frequency Correct ion for Altitude Effects 

(Figure 33 from Reference 14) 

Figure 15, Ap. B 



Boundary Layer Noise Frequency 

(Figure 34 from Reference 14) 

Figure I€, Ap. B 



Near-Field Noise Tip Sweep Correction 

(Figure 28 from Reference 14) 

Figure 17, Ap. B 



M I I G W  PAGE IS 
OF POOR QUALITY 

Effect of Altitude on Near-Field Propeller Noise 

(Figure 18 from Reference 14) 

Figure 18, Ap. B 



APPENDIX C 

SYMBOLS 

2 2 Area, m (ft ) 

ALT Altitude, m(ft) 

NO. of rotor blades 

Speed of sound, m/s (f t/s) 

Diameter, m (ft) 

Propeller diameter, m(f t) 

Distance aft of aircraft nose for boundary layer 
calculation for cabin noise, m(ft) 

Decibel, dB 

frequency, Hz 

Specific heat ratio 

Characteristic partial sound pressure level, dB 

Sound pressure level, dB 

A-weighted Lz, dB 

Perceived noise level, dB 

Tone-Corrected LPN, dB 

Effective perceived noise level, dB 

Sound power levei, dB 

logar i thm, base 10 

Mach No. 

Propeller rotational tip Mach No. 

Propeller reference tip Mach No. 



APPENDIX C (Cont'd) 

SY'IBOLS 

NBP 

r pm 

RSS 

SHP 

Propeller helical tip E1ach No. 

Mass flow, kg/s (lb/s) 

Fresnel number 

No. of propeller blades 

2 2 Pressure, N/m (lb/ft ) 

2 2 Cabin pressurization, N/m (lb/ft ) 

Pressure ratio 

Ground reflection coefficient 

Source-to-observer distance, m(ft) 

rotational speed, rpm 

Rotor-stator spacing, percent 

Shaft horsepcwer, hp 

Temperature, K(OR) 

Transmisssion loss of fuselage sidewall, dB 

Velocity, m/s(ft/s); also, number of stator vanes 

aircraft or observer orthogonal position components, m(ft) 

Angie of attack, deg 

Angle from static engine inlet to observer, deg 

Flight path angle, deg 

Angle from flight engine inlet to observer, deg 



APPENDIX C (Cont'd) 

SYMBOLS 

(a elevation angle, observer to aircraft, deg 

A difference or correction, as in AdB 

6 relative tip flow angle at compressor inlet, deg; 
also, source-receiver path length difference between 
direct and diffracted sound fields, m(ft); also, phase 
of ground reflection coefficient; also, cutoff factor 

h wave length, m(ft) 

Subscripts 

0 Ambient or aircraft 

1 Fan, first-stage compressor inlet 

2 Second-stage compressor inlet 

3 Combustor inlet 

4 Turbine Inlet 

5 Turbine Exit 

6 Nozzle or Diffuser Exit 

BB Broadband 

bp Blade passage 

D Design condition 

i One- th i rd octave frequency band 

oa Overall 

peak Peak 

r Rece iver or observer 
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SYMBOLS 

re f  Reference 

r e 1  Re la t ive  

t Rotor t i p ,  or t o t a l  

tone D i s c r e t e  tone 
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