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PREFACE

The overall objectives of this study are to identify the noise sources unique
to V/STOL aircraft with jet-propulsive-lift systems and to develop a computer
program to predict far-field noise levels. Several investigations are being
conducted continuously by industry anq government agencies to improve the
noise prediction and suppression methods of various components of aircraft
noise. The development of this program used available aeroacoustic theories
and test data such that appropriate and effective modefing could be achieved.
Wherever the data bank is limited, reasonable assumptions are made.

This report supersedes the previous report, ''W/STOL Noise Prediction and
Reduction' (No. FAA-RD-73-145), developed under the same contract (No.
DOT-FA72WA-3099) . In order to make this report useful for a large segment of
; aeroacoustics engineers and scientists, it Is written in two parts. The first
part provides the descriptions of jet-propulsive-1ift systems of V/STOL air-
craft, the analyses of noise source characteristics, and the derivation of the
equations to predict aircraft noise levels. The second part describes the
computer program and its use to predict the noise levels of V/STOL aircraft
using operational and geometrical parameters.
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SUMMARY AND CONCLUSIONS

The primary objective of this investigation is the formulation and development
of a unified program to predict far-field noise from jet-powered V/STOL air-
craft of the type which utilize propulsive-lift systems. A substantial part
of this report is the study conducted under phases 5 through 8 of Contract
DOT-FA72WA-3099. The investigation conducted under phases 1 through 4 and re-
ported in August 1973 (Reference 1) is also updated and revised to reflect the
advancement in the definition and understanding of noise generation and propa-
gation of jet-powered Y/STOL aircraft. Thus, this report supersedes the

previous report of August 1973.
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The following six jet-propulsive-lift systems are consudered:
%ﬁ ' o Vectored Thrust
;é‘ o Externally Blown Flap
;% o Upper Surface Blowing Flap
%‘ o Internally Blown Flap
{’ o Augmentor Wing
;%i % o Hybrid System
;i; These concepts appear to have the potential for development of environmentally
tz ccceptable STOL aircrafi. A brief description of each integrated propulsive
;§; cystem is presented, including geometry and flow {ield.
3

Noise source categorieslfor the aircraft types identified in this investiga-

tion are: internally generated engine, jet mixing, lift augmentation system,

and non-propulsive systems. State-of-the-art theoretical developments and
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experimental data were utilized in evaluating the characteristics of noise

sources and establishing the relative significance of each source.

Experimental data of various components of propulsive-lift system noise were

P
A\ o

P

< »
[N A )

extensively used in developing the analytical procedures for aircraft noise
prediction. In areas where neither theoretical nor experimental data were
available, engineering judgement and intuitive knowledge were used. In

addition to the generation and propagation characteristics of noise sources,
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atmospheric attenuation, effect of aircraf. motion, ground reflection effects,

AT o ety g AR
R

extre ground attenuation, shielding of sound by aircraft componencs, and noise

reduction techniques were considered in developing the noise prediction model.

A computer prograr was developed, based on the analytical model, to compute

the contribution of each noise source generated at the aircraft and propagated .
towards an observer on the ground. One-third octave band spectra, overall

sound pressure levels (0ASPL), perceived noise levels (PNL), and tone-corrected

perceived noise levels (PNLT) can be computed for each source and for the total

£
4
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aircraft. fomputations can be made for a fixed position of the aircrafi over a
defined (variable) flight profile, either for a specified observer location or
for various observer locations along any sideline. The program also has a

| capability of selecting the maximum noise levels along a sideline for a given
aircraft position and repeats the procedure for various aircraft positions to
identify the location of observer and aircraft where the absolute maximum

noise occurs. These features are considerable improvements over the original

program which only could predict noise levels at a given point, A simplified

logic diagram used in developing the computer program is given in Figure 1.

KAy PR
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1
Part | of this report describes the analysis of radiated sound from V/STOL
aircra’t. The various noise sources and acoustic effects identified with jet
e propelled V/STOL aircraft are:
2
e

v
G
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<

2

o Internally Generated Engine Noise

(:"7‘“

,

o compressor/fan

o turbine

o excess engine

o Jet Noise
o mixed flow jet exhaust

o co-axial flow

o Lift Augmentation Noise
o impingement
o wall jet

o trailing edge
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o trailing edge wake

o augmentor wing

o Non-Propulsive Noise
o airframe

o auxiliary power unit .

o Propagation and Flight Effects
o effect of aircraft motion
o ground reflection
o extra ground attentuation

o shielding by aircraft components

o Noise Reduction Features

The development of methodology and sources of information used are discussed

in this part of the report.

Part || presents the computer program and its use for prediciton of V/STOL

S

aircraft noise for any aircraft position over a defined flight profile,.

The program consists of a main control program and 22 subroutines. The noise
from each scurce defined for V/STOL aircraft is predicted by a separate sub-
routine. The following subroutines have heen developed to predict the

radiated noise from 12 different sources:

(1) AERO - airframe aerodynamic noise

oo (2) FAN - single stage fan noise
“f: (3) TURBNE - engine turbine ncise

Ei (4) JET- jet mixing noise
£; (5) EXCESS - excess engine noise (core?

b (6) AUGWNG - noise of complete augmentor wing high lift system

3 (7) WNGJET - jet mixing noise from wing slot nozzle )

% (8) IMPING - noise from impingement of jet flow on wing flap surface

{ (9) WALJET - noise from jet flow over wing/flap surface

(10) WAKE - noise from trailing edge wake
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(11) TRAIL - trailing edge noise
(12) APU - noise from auxiliary power unit (PNL only)

in addition, the foilowing 10 other subroutines calculate the propagation

effects, noise reduction, and interpolation functions:

(1) EGA - effect of extra ground attenuation
(2) GRE - effect of ground reflection

(3) SHIELD - effect of wing shielding

(k) FWDSPD
(5) DOPLER - Doppler frequency shift due to motion of the source
(6) REDUCE - noise reduction features

(7) PNLREV - perceived noise level (PNL) calc..ations from a 1/3 octave

effect of aircraft forward motion

1

band spectrum
(8) TONE - tone corrections to PNL from a 1/3 octave band spectrum
(9) GIRC - table interpolation routine for single independent variable
tables
(10) DTAB2 - table interpolation routine for tables with two independent

variables.

The main program (STOLPROG) and the 22 subroutines form a unified noise predic-
tion tool for V/STOL aircraft. However, experience indicates that as new
concepts of propulsive systems and noise suppression are developed, new noise
sources apnear and the characteristics of the sources may change. Therefore,
the noise prediction program must be continually modified to reflect the
changes in noise source characteristics. In additiun, several acoustic tech-
nology items are still under development. For example there is not yet a full
understanding of forward speed effects and several research contracts ov this
subject are currently underway in the industry. Likewise, acoustic feedbacx
phenomena and the noise generation by orderly structure of turbulence and core
engine noise are yet to be compietely understood. These are only a few
examples of new and emerging technology. The novelty of this program is that
as the state of the art advances in uncerstanding of any particular noise
generating and propagating mechanism, or as addiiional experimental evidence
becomes available, the analytical model and the computer program may be modi-

fied by updeting only the affected modules.




This program may also be used to predict the roise ‘levels for reduced takeoff
and landing (RTOL) aircraft, since the integrated propulsive-1ift systems are
similar to those of V/STOL aircraft.
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INTRODUCTION

It is anticipated that V/STOL aircraft will play a major role in meeting the
short-haul transportation requirements in the 1980's. This will include air-
craft operations at existing large airports, smallar regional airports, and
probably from new downtown V/STOL ports2 as illustrated in Figure 2. These
V/STOL aircraft will nave much shorter ground runs and will climb out of the
airport and make landing approaches at steeper angles. Terminal area opera-
tions, in the case of regional or downtown airports, may cause increases in
noise exposure for adjacent urban areas and also possibly for suburban areas
under the low altitude cruise path. |In addition to operations, the other
primary difference between conventional and V/STOL aircraft is in the marner
the engines are integrated into the 3irframe. The integrated propulsive lift
system provides more lift, higher thrust-to-weight ratios, and shorter take-

off and landing distances than conventional turbofan transport aircraft$: 4,

Figure 2. Proposed Jet-Poweied STOL Operation
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A great deal of effort has already been, and continues to be, devoted to the
development of new V/STOL aircraft configurations and to understand their
noise characteristics. During the past few years, substantial amounts of
static model tests, and limited model tests with forward speed, have been con-
ducted on various propulsive-lift system concepts to define noise characteris-
tics and estimate community noise levels. Some experimental investigations
have also been conducted to explore possible noise reduction features. The
resulting test data have been utilized to establish scaling laws and to
estimate aircraft noise levels on the ground during take-off and landing

operations.

Since there were no unified noise prediction standards available for this
class of aircraft, the current program was undertaken which utilized available
test and analytical data to evolve a noise prediction procedure. A preliminary
version of the prediction procedure51 was released in 1973. The present
report, which includes the analyses of much new technical material, updates the

original version into a more accurate and usable form.

This report is written in two separate parts. The first part describes the
analyses of noise generation mechanisms, radiated sound fields, and the
methodology for prediction of full-scale far-field noise levels. The second
part consists of the description and uses of the noise prediction computer

program.
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PART 1

ANALYSIS AND DISCUSSION
OF NOISE CHARACTERISTICS

} .
. N. N. Reddy
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This (6 a wo-part nepont. The §in8t part consists o4
Sections 1-3, descrnibing the analyses and anatytical

a3 model fon prediction of V/STOL noise. The second pant
o consdsts of Seetions 4 -6, describing the development
> and use of the V/STOL nodise prediction program.
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1. UDESCRIPTION OF POWERED-LIFT SYSTEMS

In recent years several concepts have been evolved to provide the propulsive
lift required for short take-off and landing operations. The six integrated
powered-1ift systems outlined below offer good development potential for
V/S/RTOL aircraft.

1.1 VECTORED THRUST (VT)

For the vectored thrust concept, lift augmentation is obtained by changing the
engine vector. This is accomplished by deflecting the flow from the exhaust

nozzle dowrward as shown in Figure 1-1a. To minimize flow turning losses,

turning vanes are often used in a swivel nozzle. The flow through the turning
vanes generates additional turbulence and noise which is a funciion of the
flow velocity at the vanes. Beyond the general dependence on velocity, there
is no theoretical or empirical formulation available to estimate the noise as
a function of parameters such as velocity, turning vane dimensions, number of
vanes, or the angle with which the flow turns for this additional vane-

generated noise.

1.2 EXTERNALLY BLOWN FLAP (EBY)

The externally blown flap concept refers to a configuration with the engine
below the wing and the engine exhaust directed toward a slotted-flap arrange-
ment as shown in Figure 1-1b. This configuration is also known as ''Externally
Blown Flap/Lower Surface Blowing (EBF/LSB)'" and "Under-the-Wing Externally
Blown Flap (UTW).''" The lift augmentation is obtained by the flap-deflected
flow and the associated wing supercirculation. The flow-surface interaction
and the modification of the flow by the introduction of the wing/flap in the

flow are the additional noise-source mechanisms of this high-lift system,

1.3 UPPER SULFACE BLOWING CONCEPT (USB)

In the case of the upper surface blowing concept (Figure 1-ic), the engine is
located over the wing, and the exhaust is discharged on the upper wing surfacc
and is turned downward over the deflected flap by the Coanda principle. This

configuration is also known as 'Externally Blown Flap/Upper Surface Blowing

1-1
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(a) Vectored Thrust (VT)

Z

N
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(b) Extemally Blown Flap (EBF)

L

(c) Upper Surface Blown Flap (USB)

Figure 1-1, Powered-Lift Concepts
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(d) Internally Blown Flap/Boundary Layer Control
(IBF /BLC)

e

(e) Internally Blown Flap/Jet Flap
(I8F/JF)

Figure '-1. (Continued)
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(f) Augmentor Wing (AW)

(g) Hybrid (USB with IBF)

Figure 1-1, (Concluded)
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(EBF/USB)" or "Over-the-Wing Blown Flap (0TW)' configuration., As in the case
of the EBF concepe, *he lift augmentation is qbtained by the combination of
flow deflection and wing supercircﬁlation: The modified flow and the flow-
wing/flap interaction are the major additional noise mechanisms. The propaga-
tion characteristics of the engine and jet noise change due to the unique

location of the engine exhaust on the wing/flap surfaces, creating shielding
and diffraction.

1.4 INTERNALLY BLOWN FLAP (IBF)

The IBF concept illustrated in Figures 1-1d and 1-1e uses flow from the power
plant and ducts it internally to generally high-aspect-ratio siot nozzles on
the wing/flap upper surface or trailing edge. This concept may be further
subdivided as either boundary layer control {(BLC) or jet flap (JF), depending
on the amcunt of flow and how it is used to promote lift augmentation. The
additional noise of the iBF powered-1ift concept results from the interaction

of the flow from the slot nozzles with the wing and flap surfaces.

1.4,1 IBF/BLC

The amount of flow from the wing and/or flap knee nozzle is relatively sunall
and is used essentially to prevent separation of the local boundary layer.
There is no 1ift from flow deflection, and lift augmentation is primarily

:z=~nsed by. the improved asrodynamic performance of the flaps during take-off
and landing.

1.4,2 |IBF/Jet Flap

A substantial amount of mass flow from the power plant is used to blow on the
wing/flap surface and, possibly, from the flap trailing edge. Lift augmenta-
tion, in this case, is obtainad by flap-deflected flow and jet-induced super-

circulation, as well as the improved aerodynamic performance of the flaps.

1.5 AUGMENTOR WINE (AW)

In the case of the augmentor wing concept, turbofan exhaust air is ducted

first into the wing and then out of a wing nozzle system into a flap augmentor
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shroud system as shown in Figure 1-1f. The additiona) 1ifi during take-off
and landing Iis obtained by the augmented and deflected jet stre-.a, the
boundary-layer control provided by the induced air, and the supercirculation
produced by the flap efflux. Because of the ducting size limitations, these
systems are generally operated at high nozzle pressure ratios (on ths order of
2.5). Therefore, high noise levels can be generated from this type of 1ift
augmentation and care must be exercised In configuration design to maximize
shielding and to provide acoustic liners in the walls of the augmentor (flap)
shroud. The AW system can be further classifled dapending on the type of '
engine usad,

1.5.1 _Two-Stream Engine

The engine In this case Is typically a low-bypass-ratio turbofan having a fan
pressure ratlo between 2.3 and 3.5. There are only two exhaust systems: the
fan exhaust (which is ducted In Its entirety to the augmentor fiap), and the
hot core jet exhaust (which may bs dischurged through a conventional or »
vectorial nozzle).

1.5.2 Three-Stream Engine

in this case, there are two streams of fan sxhaust in addition to hot core
Jet: a high-pressure exhaust with pressure ratio of between 2.5 and 3.0 which
supplies the augmentor, and a low=pressure fan exhaust with pressure ratio of
between 1.3 to 1.5 which Is discharged through a conventional nozzlie. As
before, the turbine exhaust may or may not be vectored. 0'Keefe 3nd Knlly1°1
indicate that the thres-stream engine alrcraft is slightly heavier and noisier
than the two-strsam version.

1.6 HYBRID SYSTEM

Theoretically, this is a combination of any two of the above-mentioned con-
cepts. Practically, however, there is one combination which has been studied
in some depth, and which has been shown to offer good potential. This is the
USB/1BF concept, which is shown schematically in Figure 1-1g. Reference 1-2
describes one such concept where the socondary blowing !s a flap knee.
Searlel=3 has presented some of the acoustic test results for this Hybrid

configuration.




2. NOISE-SOURCE COMPONENTS

P

Sound from a V/STOL aircraft is radiated from different aeroacoustic source
components. To evaluate the sound source mechanisms from which the dominant

noise radiates, it is necessary to estimate the noise lavels from each source.

This also would aid in devising any viable noise control techniques and in
j changing the operational parameters to reduce aircraft noise. The sources are
identified and their contributions to the radiated noise are predicted using
the available theories and experimental data. In the current incomplete
development of the state of the art, engineering judgement with physical rea-

soning is used in formulating the prediction mode!.

2.1 INTERNALLY GENERATED ENGINE NOISE

The noise generated within the engine by the fan, compressor, turbine, combus-
2 tion, and other mechanisms is propagated through the inlet and exhaust of the
‘ jet, as shown in Figure 1-2. Although the noise-generating mechanism itself
may not be unique to the V/STOL aircraft, the propagation characteristics are

different and depend on the location of the engine and the exhaust relative to

S

the airframe. Some of the sources which have been investigated experimentally
or analytically are discussed below.

2.1.1 Compressor/Fan Noise

Two types of noise are generated by the rotating blades inside the ducts:

(a) broad band, and (b) discrete-tone noise. In addition to these two types,

a combination-tone noise is also generated by unsteady airflow past the
rotors and stators of the several fan or compressor stages. The mechanism

is generally thought of as comprising the following unstead~flow phenomena:

(1) Vortex shedding from the stator blades,

Yoo h o

£
[y
-

(2) Lift fluctuations resulting from the inflow turbulence

(3) Turbulent boundary layer on the rotor and stator blades.
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Figure 1-2. Basic Engine Noise Sources
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The discrete-tone noise is generated at the frequency corresponding to the
integer multiples of the fundamental blade passage frequency radiated from the
fans and compressors. It appears that the dominant tone noise for fans with
inlet guide vanes is produced by the blade chop through the wakes from the
inlet guide vanes. |t would thus be expected that, for the fans without 1GV's,
the magnitude of the sound generated is of lower level, even though the mecha-

nism is the same as blade chop through the inflow turbulence.

In addition, the interaction between rotor and exit guide vanes (EGV) produces
noise in a way similar to the IGV-rotor interaction. Experimental data indi-
cate that the significant parameter to be considered in rotor-EGV noise is the

blade/vane number ratio.

As a rotor tip speed goes to supersonic velocity, a shock would be formed on
each rotor blade, and these shock waves propagate upstream and radiate as a
system of Mach waves out of the inlet duct. These would appear in the far
field as a series of tones at multiples of the blade passage freguency.
However, the experimental results indicate that the energy is redistributed
into the frequencies other than tone frequencies. Since the resulting noise
spectrum contains all harmenics of the rotational speed, it is known as
combination-tone noige (buzz-saw), consisting of a series of tones, each with
the same order of magnitude and separated by a fixed frequency. The presence
of inlet guide vanes attenuates the Mach wave system, a2nd hence the combina-
tion tone noise is insignificant compared with the blade-passage frequercy or

jet noise.

There are several theoretical methods to predict fan noise. But due to some
of the uncertainties of the generating mechanisms and the complexities of
propagation through the inhomogeneities within the inlet and exhaust

ducts, there is no single unified method.

Recently Burdsall and Urban?=¢ have developed a prediction précedure for the
fan/compressor noise using experimental data which requires detailed geometri-
cal and operational parameters. The results apply primarily for single-stage,
guide-vaneless fan/compressors. The other application features are: design

rotor tip speed, between 1100 and 1600 ft. per second; fan pressure ratio,

1-9
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between 1.35 and 1.6; fan diameter, from 30 to 100 inches; and fan gap/chord
ratios tetween 0.5 and 1.1. However, for advanced design, the details of a
new engine are seldom available and may vary from one engine to the other.
Also, since the detailed development of fan/compressor noise prediction method
is beyond the scope of this study, a simplified prediction procedure developed
and used in the previous report is adapted. The expression is derived from
the data in reference 1-5 where it is given for the maximum 500-foot-altitude

noise level (PNL) as a function of weight flow and fan pressure ratio
as:

.286_1) + K, (1)

PNL = 10 log;g W + 20 log;p (PR
where K = 100 for single stage, and
K = 105 for two-stage fan
W = weight flow through the fan (pounds weight/sec)
PR = fan pressure ratio.

If it is assumed that the radiated 0ASPL of the fan/compressor has the same
relation as above except for the constant, then,

. 286
QASPL = 10 ]Oglo W+20 IOg]_O [PR

-1] -20 log;y R+K. (2)
The directivity of the noise is assumed to be the same as that given in Ref-
erence 1-4, which is illustrated in Figure 1-3. The nondimensional spectral
distribution given in Figure 1-4, derived from the experimental data is used
for the noise prediction. The constant, Kk, in equation (2) is derived, to give

the same PNL as given in equation (1), to be 127.

2.1.2 Turbine Noise

Turbine noise can become a floor for the engine noise, when the fan/compressor
and the jet noise are reduced either by treatment of the inlet and exhaust fan
ducts and/or by the use of high-bypass-ratio jet engines. Thus, in recent
years, the need to predict turbine noise has been realized. The fundamental
mechanisms of noise generation in a turbine are similar to those of
compressors/fans. However, the test results of far-field noise from a turbine

indicate that a typical turbine noise spectrum consists of high-frequency
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tones (corresponding to the turbine blade passing frequencies) superimposed on
a broadband ncise. Turbine noise is generally dominant in the aft quadrant

and peaks between 110° and 120° from the inlet.

Kazin and Mattal-6 have developed a semi-empirical relation to predict the
turbine noise. This method uses theoretical developments of noise-generation
mechanisms similar to that of fan and compressor, and a large body of test
data. This method requires knowledge of the stage pressure ratios, the blade
tip speeds, the turbine stage exit area, and the spacing between the blade

rows. From these results, the following equation for the QASPL at 6 = 90° is

derived.
oy A
0ASPL = 8.75 log; (41) + 20 logyg (1) + 10 Togyp —F + 138.9,  {3)
stage a R
where
(él -1 - ('19 —1 Ideal work extraction
T PR Inlet Enthalpy

PR = total-to-static pressure ratio of all the stages

relative tip speed at the inlet of the first stage

2 2
=\ /VRel * Vaxial Flow ft/sec.

Cs = speed of sound, ft/sec.

Viel

turbine stage exit area, ft?

>
]
]

Yy = ratio of specific heats, 1.4

R = distance from the jet exit to the observer, ft.

It is assumed that the peak OASPL occurs at 6 =120° from tie inlet. The
directivity pattern given in Reference 1-6 is used to compute the OASPL at any
given direction. This directivity DI(8) is derived empirically from the test

results and is shown in Figure 1-5. The OASPL at any given angle is given by,

OASPL (8) = OASPL 6 = 90° + DI (o).
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The one-third octave band spectral distribution is presented in Figure 1-6, as
a function of the percentage of the engine thrust. Turbine noise prediction
could be improved and needs further study on the effect of various parameters

influencing the far-field noise.

2.1.3 Excess Engine (Core and Tailpipe Noise

Test results of jet noise studiesI-7 indicate that the sound intensity in the
low-velocity range does not necessarily follow velocity raised to the power 8.
In general, this velocity exponent is less than 8; the actual value depends on
the factor such as the type of noise generated upstream of the nozzle exit,
and the turbulence level of the flow before it leaves the nozzle exit. In the
case of real engines, the internal noise may consist of combustion, turbine,
and obstruction noise. In addition to these internal noise sources, the tur-
bulent flow interfering with the nozzle exit plane generates noise, which may
behave like that from dipole sources. This additional noise of the jet at low
jet velocities is termed "excess noise'! which includes the noise generated by
combustion, flow interaction with the obstructions in the tailpipe, and the

interaction of turbulence with the nozzle 1lip.
Crighton1‘8 has considered the monopole (fluctuating mass) and dipole fluc~

tuating thrust) as sources located at the nozzle exit plane and derived the

following expressions for the radiated sound:
Ay
0ASPL = 60 logyg Vy + 10 10910'5’ + 20 logyp¢

+ 10 logyg [(1 = cos (180 - 8)] + K (4)

where K=20. The peak frequency of the excess noise occurs at a nondimen-
sional frequency, fD/Vjy, corrzsponding to 0.3. The one-third nctave spectral

shape shown in Figure 1-7 is derived somewhat arbitrarily at this point.

2.2 JET NOISE

At the present time, there is no single satisfactory jet noise prediction

method. Extensive theoretical and experimental investigations are currently

being conducted at Lockheed-Georgia Company7'9: I-10 to develop a unified jet

1-15
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noise-prediction model. This model accounts for the temperature changes, air-
craft motion and from low subsonic to supersonic jet Mach numbers. As soon as
the results of this work are available, they can be incorporated into this

prediction program without much effort.

The program presantly uses a method developed recently by Stonel~11 for NASA's
Aircraft Noise Prediction office, which is a semi-empirical relation based on
the test results cf model jet tlows and Lighthill's theory. This method is
adapted to suit the computer program and to be consistent with the prediction
procedure for the other noise sources of V/STOL aircraft. The jet noise pre-
diction is only for subsoniz velocities with a single mixed-flow exhaust from
circular, plug, and slot nozzles, and separate flow exhaust from co-annular
nozzles. Since the effect of forward speed is included separately in this

report, the relative velocity effect is left out in the following equations.

2.2.1 Mixed Flow Jet Exhaust

Circular Nozzles - The overall sound pressure levels (OASPL) at 90° from the

inlet is given by:

OASPL = 10 log1g N 4 20 log (—pf'—) ~ 40 iog L
8=90° d10 RZ 10 o1sA 10 CrsA
vy >5
3 (E: il vy
- + 1 ——
+ 10 NEX 1] logyg ™ 75 logyq (Ca)
0.6 + (E—
a
[ L
J
- 1y 10910 1+ 0.01 (‘(':'; + K, (5)

L

where subscripts a and iSA refer to ambient conditions and international

standard atmospheric conditions, respectively.

The source convection and refraction through flow shear layer affect the
directivity of ths radiated noise as a function of angle from the inlet. From
the experimental results and the theoretical description of the convection

and refraction effects, the spectral distribution given in Figure 1-8 is

1-18
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derived for different angles. The nondimensional frequency parameter is given
as,

0.4 (1 + cos8') :
( (6)

0.
where 8' = 6(Vy/C,) !

Plug Nozzles - The OASPL for plug nozzles at 6 =90° is given as,

0ASPL6_90° 10 logg (——0 + 20 log;g (pISA) + 40 log)g ( A
v, 35
3 (D) 0 S
+ 10 - 1] logyg (31) + 75 logyo (F5)
VJ a a
0.6 + \—-)
v, S 2h
=10 Togyo [140.1 () [ +3 logyp (0.01 + 3N +K, (7
a .

where h = gap height

D = circular nozzle diameter at nozzle exit plane.

The direcrivity and spectra are assumed to be the same as for a circular

nozzle, except that the nondimensional frequency parameter is redefined to

include the effect of the plug as,

D 0% T 0.4 .(1 + cosé")
fDe (b") ("'r';)

S = A , (8)
vy

where Dp, = hydrau’ic diameter of the nozzle

De = equivalent circular nozzle diameter.

1-20
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Slot Nozzles - For the slot nozzle of aspect ratio (width-to-height ratio)
less than about 10, the OASPL, directivity, and the spectra are predicted in
the same way as for a circular nozzle. However, the modified nondimensional

frequency parameter derived for a plug nozzle as in equation (8) is used.

2.2.2 Co-axial Nozzles

The experimental data and theoretical formulations to predict noise from co-

axial jets are sparse. The following empirical relation is derived for jet
noise as a function of area ratio, velocity ratio, and temperature ratio with

core jet as reference:

T
OASPL - OASPL; o =5 loglo(?;-) + 10 logy,

(9)

where OASPL. is the OASPL for core jet alone and is given by the equation for

circular nozzle (equation 5) or plug nozzle (equation 7).

The exponent m is given by,

A2 A2
m—l.lKT for E < 29.7
A2
m=6.0 for 2 29.7 .
2

The directivity and spectra are assumed to be the same as for a circular

nozzle with the modification of Strouhal number given as,
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where S, is the Strouhal number of core jet alone as given in equation (6) and

F(s) is given in Figure 1-9,

2.3 LIFT-AUGMENTATION SYSTEM MOISE

The noise generation and propagation of the 1ift-augmentation of various jet-
powered-lift systems is discussed. The common noise source mechanisms for all
the configurations except augmentor wing and vectored thrust are: impingement,
wall jet, trailing edge, and trailing-edge wake. In the case of vectored
turust, noise generated by the flow over the turning vanes is the only noise
source in addition to the basic Jjet engine. However, the increased flow tur-
bulence and the change in the jet flow direction do change the characteristics
of the jet noise. The noise mechanism of the augmentor wing propulsive-1ift
system is too complicated to allow for further separation of the noise sources,

The sources of various propulsive 1ift systems are shown in Figure 1-10.

2.3.1 I|mpingement Noise

Experimental observations indicate that the radiated sound of a jet flow is
increased substantially when a rigid surface is introduced into the flow. One
of the mechanisms of this additional noise is the impingement of the turbulent
flow on a surface. The impingement region is defined as the region in the
vicinity of the geometrical stagnation point on the surface, where the simi-
larity of the flow cannot be established. This noise is a function of the
flow characteristics (turbulence and mean flow) and the geometry of the rigid

surface such as angle of inclination to the flow direction and the dimensions.

Since the physics of the generating mechanism of impingement noise is not
completely understood at the present time, a theory cannot be developed.
However, the experimental results{=12, 1-13 jndicate that the impingement
noise is primarily due to the Reynolds®' stresses (quadrupole sourcesj modified

by the presence of the rigid surface. It is suggested in rcference 1-12 that

1-22
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(d) Internally Blown Flap/Boundary Layer Control
Figure 1-10. Noise Sources of Powered - Lift Systems
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the impingement area and the impingement velocity are the correlation parame-

ters to be used in predicting the far-field noise from impingement. The

impingement area is somewhat arbitrarily defined at this time as the area

within 50% of the peak impingement velocity in the plane of the rigid surface.

The peak impingement velocity is defined as the maximum velocity in the plane

of the rigid surface in the absence of the surface. Therefore, the equation '
for the overall sound intensity is given as:

PaAi

. 8 cin2
I~ V‘p sin‘a

Ca

where Ai is the impingement area
Vip is the impingement velocity

a is the angle between the jet axis and the surface.

To predict the impingement noise of high-1ift systems, a is the angle between
the jet axis and wing/flap surface at the geometrical impingement point. (In
the typical EBF, the mean flap angle is considered to be a.)

Assuming p, and c; are constant, the expression for OASPL may be derived as:

Ai Sin2a

(0ASPL) o2

= 10 log,, + 80 log), Vip + K. (10)

8=90°

The impingement velocity is estimated by the empirical relaticn, derived from

the experimental results of reference 1-14 as,

v, T 0.15 X al-i/a
Py g 2T
vy Cp De v 14M,

where a = 4 [1 + 8/3 (0g/D - 1)1}

X} = distance between the nozzle exit plane and the rigid surface

(wing/flap) along the jet axis

1-26
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Do = equivalent circular nozzle diameter with the same exit area of the
nozzle = 2V A/n

hydraulic diameter for slot and multi-lobed nozzles

o
>
#t

De for circular and coaxial nozzles

effective nozzle coefficient {assumed to be unity)

o
>
It

= jet Mach number.

=
[
L

The impingement area is given as,

A; = Igh; for slot nozzle

L]

1di2/4 for axisymmetrical nozzles
= nozzle width (for slot nozzles)

hj and d; = width and diameter measured in the impingement plane for 50% of
the peak impingement velocity for slot and circular nozzle,

respectively.

The dimensions h; or d; are estimated from the empirical relations given by

Bradburyl"l5 as:

P X; 1
ol 0.109 " - 0TES y 5 for slot nozzle, (12)
Y ulp-1) h
fl =0 89-11 ! for circular nozzle (13)
De De 1+ _9.27__ Xij
wu=1) DO

where n = jet velocity/free-stream velocity.

Directivity - The directivity of OASPL is derived from the experimental data
of reference 1-13 and is presented in Figure 1-11., Figure 1-11a gives the
directivity index DI(8,a) to be added to the OASPL predicted from equation
(10) as a function of 6 and . (See the insert in Figure 1-11 for the defi-

nition of 6 and «.) The directivity in ¢-plane is assumed to be as A(6+a)cos¢,
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Figure 1-11. Directivity of Impingement Noise
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where A (8 +0a) is derived from the experimental data and given in Figure 1-11b;

¢ =90° corresponds to the fly-over plane.

Spectral Distribution = There is neither theoretical explanation nor enough

experimental data available to estimate the spectral distribution of impinge-
ment noise as a function of directivity. In this report the nondimensional
spectral distribution derived from the experimental data of reference (15) is
used and assumed to be independent of direction. Nondimensional frequency
fDi/V;p sin? appears to correlate well with the experimental data. The non-
dimensional spectral distribution based on one-third octave frequency shown in

Figure 1-12 is used in the prediction model.

2.3.2 WMall Jet Noise

In the USB and IBF cases the wall jet is formed immediately after the impinge-
ment and/or attachment of the jet flow on the wing/flap surface. But, in the
typical EBF configuration, the impingement location, and for IBF/JF, the wing
nozzle location are very close to the trailing edge. Therefore, a developed

wall jet does not exist for these configurations.

As the free boundary region of the wall jet (away from the surface) generates
the noise by the process of mixing with the ambient air, the mechanism is simi-
lar to fluctuating stresses (quadrupole sources). Close to the surface (inner
layer), the large mean shear produces a high turbulence intensity. The noise-
generation mechanism in the inner layer is associated with the induced fluc-
tuating pressures on the surface and, therefore, is from fluctuating forces
(dipole type). Even though the turbulence intensity is large, the volume of
the inner layer is very small compared with that of the free boundary region.
Therefore, in wall-jet roise prediction, the noise generated in the inner
layer region is neglected except at the trailing edge (which is discussed in

subsection 4.3.3).
Reddy and Brown=16 and Reddy1'17 have discussed the noise mechanism of a wall

jet with reference to USB. The acoustic intensity generated in the wall jet

region of USB and IBF can be written as:
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Y
I~ 2= (be) V,®
Ca

where b, &

Vi

the width and length of wall jet, respectively

maximum velocity in the wall jet.

Assuming that py and C5 are constant, the wall-jet noise at an angle € =90° is

given by:

by,
OASPLy_ggo = 10 logm(ﬁ) + 80 logjg V,, + K (14)
where K = 105,

Directivity and Spectra - The directivity of OASPL is derived, based on the

knowledge that most of the sound radiates perpendicular to the surface. Since
no experimental data are available to indicate the directivity of the wall-jet
noise alone, the directivity given in Figure 1-13 is derived somewhat arbi-
trarily and accounts for the diffracted sound field for a finite or a semi-

infinite surface.
The spectral distribution is assumed to depend on the thickness of the wall

jet, &, and the maximum velocity. Therefore, the nondimensional frequency

(Strouhal number) may be written as:

The peak Strouhal number is assumed to be 1.0, and the one-third octave

spectral distribution is shown in Figure 1-14.

2.3.3 Trailing-Edge Noise

The test results of EBF and USB lead many people to assume that trailing-edge
noise is a dominant source of the high 1ift system. Haydenl-18 formulated an
analytical expression for the trailing-edge noise as the dipole sources gener-
ated by the fluctuating momentum imparting from the surface at the trailing

edge to the unbounded free field. He showed that the radiated sound intensity

1-31
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varies as a typical velocity raised to the power 6. Groschel=19 from his ex-
perimental investigation concluded that the dominant part of the total sound
energy of the jet flow over a finite plate is generated from the region close
to the trailing edge. His results indicate that the sound intensity varies as
the velocity raised to power 5. The jet flow leaving the trailing edge mixes
with the ambient air and generates very high turbulence intensities near the
trailing edge. Ffowcs-Williams and Hal17720 have studied the effect of fluc-
tuating stresses (quadrupole sources) near the scattering edge of a semi-
infinite rigid plane. They found for the eddies near the edge (2kr<<1, where
k is the wave number, and r is the distance between the edge and the turbulent
eddies), the far-field sound intensity varies as the typical velocity raised
to the power 5.

Powel11~21 argued, for the case of turbulent flow over a rigid surface reach-
ing the edges and beyond, that there is a possible flow around the edge;
therefore, a true dipole radiation should emanate from the edge of the plate.
The radiated sound power cf this ''edge noise' varies as the gth power of

typical velocity.

From these theoretical developments and the experimental results, it is rea-
sonable to assume that the trailing edge noise is an important noise source of
UsB, EBF, and IBF configurations. The magnitude and the spectral distribution
of this noise source depends on the turbulence intensity interfering with the
edge, the spectral characteristics of the turbulence generated near the trail-
ing edge, and the mean velocity gradient. At the present time, it is not
possible to separate these effects and formulate the radiated noise of the
trailing edge accurately as a function of operational and geometrical vari-
ables. Therefore, the trailing-edge noise is estimated assuming that the
pertinent parameters are peak velocity, width, and the thickness of the flow
at the trailing edga. The radiated sound intepsity of the trailing-edge noise

may be written as:

Pa
|~ =5 V2 (Wede)
Ca
where V., = maximum velocity at the trailing edge
W = width of the jet at the trailing edge
Sre = jet thickness at the trailing edge.

1-34




Assuming the density and speed of sound to be constant, the equation for OASPL

may be written as:

Woeo
OASPL = 50 log;y Vie + 10 logy, (-E§—a + K (15)

9=90°

where K = 4,

Directivity and Spectra - From the experimental results the directivity of
OASPL is derived to be:

. 9+5f 1
DE(8,0) = 10 logyp {cos? (—5—) - % (1 + sing)} (16)

where 6 is the angle from the inlet axis

8¢ is the flap angle

¢ = elevation angle (¢ =90° flyover location).

The nondimensional spectral distr.bation is assumed to depend on the velocity

and the jet thickness at the trailing edge and may be written as:

fGt:e

vte

The nondimensional spectral distribution of the trailing-edge noise obtained
from the experiments of reference 1-17 is used in prediction. These are pre-

sented in Figure 1-15.

Evaluation of the Flow Characteristics at the Trailing Edge - Yu, Reddy, and

WhitesidesI~22 measured the flow characteristics for a simplified configura-
tion of EBF. Since they are the only experimental data available, these
results are generalized to estimate the velocity, flow width, and flow thick-
ness at the trailing edge of the EBF. Flow width is defined as width along
the trailing edge between 50% of the maximum velocity. Wall-jet thiclness is
defined as the dimension between the trailing edge and 50% of the maximum

velocity. The width and thickness, respectively, are given by
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-0.7
e - 0.42 (551) 75 for X5 o5
2

D, D,
)
te X
5, 0.5 for D; < 0.5,
where x'is the length between the trailing edge and the geometrical

impingement point (intersection of jet axis and the wing/flap

surface)
D1 i3 the diameter of a circular nozzle or width of a slot nozzle.

02 is the diameter of a circular nozzle or height of a slot nozzle.

The maximum velocity at the trailing edge is estimated from the empirical

curve shown in Figure 1-16.

In the case of USB and IBF, there is no systematic experimental data available
to predict the jet spreading as a function of the geometrical properties of
the wing/flap. Therefore the jet width at any axial distance x from the
nozzle exit is assumed to be the same as the width of the nozzle. The jet

thickness 8., is derived from the experimental data of reference 19 as,

Ste Ry, 03 h,? Re 8¢
—_— = — — —s 1
== 0.5 () +8(RC) +0.2 (=) (17
where R{ = flow run length (distance between the nozzle exit and flap
trailing edge
Rc = radius of curvature of the flap
6. = flap angle (radians).

In a typical USB configuration, the trailing edge velocity is same as the jet
velocity. However, if the flap length is unusually large, then the actual

trailing-edge velocity should be computed. In this formulation, it is also
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assumed that a slot nozzle is used for the case of USB. However, when a
nozzle of other than rectangular shape is used, it is necessary to establish

the equivalent width and height of the slot nozzle.

2.3.4 Trailing-Edge Wake Noise

The flow after leaving the trailing edge (trailing-edge wake) possesses
characteristics similar to those of a free jet. The mean-flow profiles in
this region are nonsymietrical with greater shear closer to the surface/edge
than the region away from the surface as shown in reference 1-16. Even though
the noise-generating mechanism is basically the fluctuating stresses (quadru-
pole sources), the propagating characteristics do change due to the change in
the velocity gradients. The source strength distribution in the flap wake
taken from reference 1-23 are shown in Figure 1-17. 1t should be noted that
the only mixing noise (in the wake) away from the edge is estimated. The
interaction of turbulence near the trailing edge with the edge is accounted
for in the trailing-edge noise. Since there are not enough experimental data
available to account for the convection and refraction effects of the wake

noise, a simple empirical relation is used to estimate the wake noise:

Ws
R

0ASPL = 80 log,, Vie * 10 logy (—2) + K. (18)

The velocity, width, and thickness of the wall jet at the trailing edge are

evaluated as described for the trailing edge noise.

Directivity and Spectra = The directivity is derived somewhat arbitrarily,

using some of the jet noise experimental data and is given in Figure 1-18.

The spectral distribution is assumed to be the same as jet noise with the jet
thickness at the trailing edse as a controlling variable. The nondimensional

frequency is given as:

fs
g = te
Vte
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2.3.5 Augmentor Wing Noise

Since the noise-generating mechanism of the augmentor flap high-lift system

is compliex, it is not meaningful to divide sources further. The experimental
data are used to predict the noise of the augmentor flap of a baseline con-
figuration, which is defined as a slot nozzle with a hard wall flap and a
shroud as shown in Figure 1-le. Dorsch et a11-24 and Gibsonl=25 have conduct-
ed some experiments to study the noise characteristics of AW using a slot
nozzle and a hard wall flap and shroud. These experimental data are used to

develop a noise prediction model. The peak OASPL is given by:

Ay Lg
where Vj = velocity of the jet (in the wing)

AN = area of the wing nozzle

L = length of the flap.

The peak OASPL occurs at azimuthal angle, 8 peak = [180° - (8¢ + 45°)]. The
directivity is established as given in Figure 1-19a with reference to Bpeak
using the experimental data. The directivity as a function of elevation angle

(from fly-over plane to sideline plane) is also empirically derived and given
in Figure 1-19b.

Assuming the spectral distribution of radiated sound to be independent of the
azimuthal and elevation angle, spectral distribution based on one-third octave
band is shown in Figure 1-20. The Strouhal number is based on the hydraulic

diameter of the nozzle and the jet velocity.
Reference 1-1 gives the tesi data for the augmentor wing using multi-element

nozzles and treated flap and shroud. These data are incorporated in the AW

noise-reduction features.

2.4 NON-PROPULSIVE NOISE

Airframe aerodynamic noise and auxiliary power unit noise, called "non-

propulsive' sourcee, are dizcussed below.
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2.4.1 Airframe Noise

Airframe noise is defined as the noise generated by the motion of the aircraft
through the air. This excludes the noise produced by the propulsive system
and other power generating units such as auxiliary power urits. In recent
years, there were several test programs conducted by Healyl-2€, 1-27,
Gibsonl-28, 1'29, and Smith et al1~30 to measure the airframe noise of dif-
ferent size aircrafts. Healy, in reference 1-26, derived the expression for
the OASPL of an aircraft using the measured dat. for four aircrafts with two

engines and a glider as:

i 4 VorSw
I. a
0ASPL = 10 log [—Ezi (AR)u}* 28.0 .

In deriving this expression, the following assumptions were made:
(1) The exponents of velocity and AR are integers.
(2) The noise generation mechanism is pure dipole.

(3) The measurements are conducted in far field (compact source

assumption).

Hardinl=31 developed an empirical relation using the published and unpublished
test data of several commercial, military, and executive aircrafts of ail
sizes. Linear regression analysis was applied for 53 measurements to obtain

the relation:

4.93 0.72

v *Sy

d
1.62 2:06

OASPL(Flyover) =10 logm{ + 32.56 . (20)

This analysis shows that the sound does not decrease according to the far-
field spherical divergence law (1/R2). This has probably occurred because
some of the measurements used in the analysis are not really of the far-field
type. The velocity index is close to 5, which may be due to the combination
of sources with different velocity indices. The primary difference between
these two equations is the exponent of aspect ratio, AR. There is no theo-

retical justification to prefer one over the other.




Revel11-32, 1-33 - tempted to derive an expression relating the radiated noise
to the steady~state 1ift and drag. Hardin et atl-31 a1s0 attempted to esti-
mate tne noise levels by computing the noise generated by each component, but
the state of the art does not permit airframe noise prediction by the compo-

nent method with any confidence,

The empirical relation developed by Healy or Hardin et al should be used to
predict the noise levels. Since the relation developed by Hardin is more
scientific and used more data than Healy's, the following equation which is

a modification of equation (20) is used:

sinZg V2 :Sw _ 1

0ASPL = 10 lo
0 R TR (1oMy)

+7.0. (21)

The nondimensional spectra based on one-third octave band is given in Figure

1-21, where

foax = 1-3 V3/t(1 - M, cosd) and
t = maximum thickness of the wing
Mg = aircraft Mach number
¢ = elevation angle
Sy = wing area.

2.4.2 Auxiliary Power Unit Noisa

The noise generated by t:e auxiliary power unit (APU) has several components
(such as compressor, turbine, and exhaust). In general, when the aircraft is
in operation with the propulsive system working, the noise generated by the

APU is not significant. However, when the aircraft is stationary and the APU

is in operation, this noise source could be important.

APU noise is estimated using the near-field noise test data from references
1-34 and 1-35 using the maximum shaft horsepower or the maximum bleed air in

pounds per minute as:
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PNL = 0.11 Wg - 20 log R + 103

(¢}

PNL = 0,706 SHP - 20 log R + 106

where  Wg = maximum bleed air in lbs/min

SHP = maximum shaft horsepower.

(22)




3. NOISE PREDICTION METHOD

The noise prediction method deveioped here is for jet propelied V/STOL aircraft
configurations. The geometry of the aircraft flight path with respect to the
observer used in computing the noise levels is shown in Figure 1-22. The one-
third octave band sound pressure level spectra, OASPL, PNL, and PNLT are com-
puted for each source of the aircraft and the summation for the total aircraft
at a given observer locaticn along the sideline and at an aircraft location
along the flight path. Since the acoustic data base for these aircraft are
very limited, the static test data with the theoretical background are used to
identify the sources and their characteristics. The effect of aircraft motion
is considered separately in formulating the noise~prediction model. In many
instances, it has been necessary to apply engineering judgement in estimating

the noise levels. A substantial part of the analyses is carried out by Guy Swift.

3.1 RADIATED SOUND FROM THE AIRCRAFT

The noise generated by the various sources of the aircraft are considered to
have originated from a single point. Thus, the distance between the various
sources (e.g , betwe=n the engines) is negligible compared with the distance
between the observer and the aircraft. The radiated sound is assumed to vary
according to the spherical divergence law (1/R2). Atmospheric attenuation for
the sound propagating from the aircraft to observer is computed using the
standard procedure given in reference 1-36. The attenuation of each one-third

octave band SPL for a distance, R, is given a::

R
AdB; = (m) a;

where a; is the atmospheric absorption coefficient for the ith third-octave
band frequency, which is a function of ambient temperature and relative

humidity.

In this prediction program, the absorption coefficients for a day with 77°F
and 70% relative humidity given in Figure 1-23 are used. These conditicns are

required by the FAA for aircraft certification as specified in FAR - Part
362"56.
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For multiple-engine aircraft, the increase in noise is estimated with the
assumption of that each engine produces and radiates noise independently.

Therefore, the increase in noise level for N identical engines is given by,

However, depending on the engine locations, configuration of the aircraft, and
location of the observer with respect to the aircraft (elevation angle and
azimuthal angle), the noise generated by some of the sources will be shielded
by the aircraft components and refracted through the other engine flows. Since
this type of attenuation is a complicated phenomena and no experimental data

are available, these effects are estimated as a function of elevation angle:

AdB = - 2 cos¢ .

3.2 EFFECT OF AIRCRAFT MOTION

The characteristics of the noise sources (generation and propagation) are
determined based on the static (without forward speed) exgeriments. The air-
craft motion or the freestream flow does influence the noise generation and
propagation of the sources. The degree of influence depends on the noise
production mechanism and the geometric location of the source. Since V/STOL
aircraft noise levels are generally critical during take-off and landing

operations, the aircraft speeds considered here are less than 150 knots.

Basically, aerodynamic noise production depends on the fluctuating quantities
in the flow such as turbulence, temperature, and density. Sound propagation
depends on the inhomogeneities in the path such as flow shear and the presence
of the rigid surfaces. The turbulence properties of the flow mixing depends
on the relative velocity of the flow with respect to the awbient air. 1t may
be reasonable to assume that the noise-generating mechanism of flow/surface
interaction is not influenced by the aircraft motion. However, the flow
spreading and thus the Qelocity gradient is a function of relative jet veloc-
ity. Therefore, the propagation characteristics of the aircraft noise sources
can also change. 1In addition, motion of the source with respect to the ob-

server results in Doppler frequency shift and redirectivity. As the data base




for assessing aircraft motion on the aerodynamic noise is limited; it is not
possible to assess this effect on the directivity and spectral distribution of
each noise componeni with any degree of confidence. Tests are being conducted
at the Lockheed-Georgia Company using a free-jet anechoic room to evaluate the
effect of aircraft motion on jet noise. The EBF test data taken in the ane-
choic wind tunnel for NASA Lewis Research Center during last year (1974) are
still being analyzed and are not now available for incorporation in this
program. However, the preliminary results of EBF tests published in reference
1-38 and other test results are used in formulating the analytical model to

predict the noise.

3.2.1 Effect of Source Motion (Doppler Frequency Shift)

When a sound source is in motion with respect to an observer, the observed
frequency is different from the frequency emitted by the source. This shift
in frequency, known as Doppler shift, is a function of the source Mach number
and the angle between the source direction and an observer (elevation angle).
Mangiarotty and Turner?=39 have derived the following expression for the

Doppler frequency shift of the aircraft ncise.

f
S R S
b(f) = fg 1 - Mpcosp (23)

where f, = observed frequency
fs = source frequency
Mp = Mach number of the source (aircraft)
85 = angle between the flight path and olserver

The Doppler shift, D(f), is shown in Figure 1-24 as a function of 6,5 and

source Mach number.

For angles 6p close to 90°, and/or for small aircraft Mach numbers, the
Doppler frequency shift is negligible as indicated in this figure. Since the

maximum noise of V/STOL aircraft occurs for 84 =90 + 45°, the change in
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frequency due to Doppler shift is negligible. However, this expression is

computerized to account for any change in the observed frequency.

3.2.2 Effect of Aircraft Motion on Acoustic Energy

Internally Generated Engine Noise - The experimental results reported by

von Giahn and Goodykoontzl‘40 indicate that the internally generated noise is
not affected by the aircraft motion. Since the freestream does not influence
the fluctuating properties of the flow inside the engine, it is reasonable to
assume that the generation mechanism of interns!ly -znerated engine noise is
independent of the aircraft velocity. The change in propagation properties

due to change in velocity gradient of the jet flow is assumed to be negligible.

Jet Noise - Jet noise is generated from the turbulent flow developed by the

mixing of jet exhaust with the ambient air. Using the similarity relation, it
is known that the sound intensity varies as the gth power of the jet exhaust
velocity. It has been customarily assumed that the turbulence intensity de-
pends on the relative velocity of the jet with respect to freestream (V;-V,),
and thus the sound intensity may be estimated by using the relative velocity
in place of jet velocity. Thus, the radiated sound intensity from the jet

mixing may be expressed as:

2 [V -vacl® (24)
Ca

However, the test results indicate that the reduction in jet noise due to the
forward speed is less than this equation indicates. Therefore, an attempt is
made to deduce the effect of aircraft motion on jet noise using a global
relation between the radiated sound power and the mechanical power of subsonic
iets. Lighthill1'41 has given the acoustic efficiency (relation between the

acoustic power and mechanical power) of the jet, in the static cases as:

_ _Acoustic Power _ !i)S
Mechanical Power cy

Since the mechanical power of the jet is independent of forward speed, it

is assumed that the acoustic efficiency of the jet varies as [(Vj-vy)/c,]>,




and therefore, the radiated sound power of the jet may be written as:

(v,~-v,)?°
e (25)

Sound Power -~ pJANVJ3 .

Ca

The test results of subsonic jet with conical nozzlesI=38, 1-42, 1-43 jndicate
that the radiated sound intensity in the direction 90° from the inlet axis
varies as relative velocity (Vj-Vy/c) raised to a power between 5 and 6.
Therefore, in the prediction program, neglecting the effect of forward speed

| on directivity and spectral distribution, the incremental SPL to be added to
the static results is given as:

v
rdB = 50 logyy (1 - -\73 : (26)
J

Even though these results are derived from the subscnic jets with simple
conical nozzles, the same equation is also used for nozzles of the other

shapes. These results are illustrated in Figure 1-25.

B

Lift-Augmentation Noise - The noise-generation mechanism of a propulsive 1ift

system is complex and consists of the combination of fluctuating stresses

(quadrupole), fluctuating forces (dipole), and fluctuating masses (monopole).
It is not possible to svaluate accurately the effect of the freestream veloc-
ity (aircraft motion) on the radiated sound from each source of the high-1ift

system. Therefore, the empirical relation will be derived for each configu-

g ration using the limited experimental data and knowledge of the physical
E phenomena of noise generation and propagation.
k- };i Several investigatorsl'sg’ 1-44, 1-45, 1-46 attempted to study experimentally
:zi the effect of forward speed on the radiated noise generated by the high-Tift
% systems. The following generalized empirical relation is derived fron the

data of these references for EBF, USB, and AW:

K
adB = 10 log,, [1 - 21, (27)
J
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'n case of IBF/JF and VT, the equation is modified to account for the deflect-

ed angle of the flow. Thus, the relation is given as:

AdB = 10 log,, [(1 v;

(28)

where 8¢ = flap angle in the case of IBF and nozzle deflected angle in the

case of VT,

The values of K for various V/STOL configurations is given in Table |. The

effect of aircraft motion for the vectored thrust concept is shown in Figure
1-27.

3.3 GROUND REFLECTION PROCEDURE

Acoustic measurements taken in the vicinity of the ground (reflecting surface)
are distorted as compared with free-field measurements. These effects, dis-

1-47 and Mile51'48, consist of a series of acoustic cancel-

cussed by Thomas
lations and reinforcements in the measured spectra, whether they are the model
tests or full-scale flight tests. A generalized method of correcting measured
spectra for ground effects is currently being formulated by SAEI-49.  These
are functions of the acoustic impedance of the ground (reflecting surface),
the location of the observer with respect to ground and source, source size,

and the frequency band width.

The reflection index, N, for a point noise source over a perfectly reflecting
plane analyzed in one-third octave bands is taken from reference 1-49 as shown

in Figure 1-28. These values are computed from the equation:
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where

N;i = reflection index for jth one-third-octave band source pressure
level, dB

Z=rg/rp

rp = length of direct sound ray, ft.

rp = length of reflected sound ray (rRl + rg,), ft.
r = (rp-rp), ft.

A; = cg/f; = wave length of the ith one-third-octave band center

frequency
c. = speed of sound
f; = center frequency of the ith pand
a; = (af/2f;)
B =2n/1 + (Af/2f;)2
Af = frequency band width

Af/f; = 0.231 for one-third~octave band analysis

Figure 1-29 indicates the first few cancellations and reinforcement frequen-
cies as a function of the difference in distance between the direct and

reflected wave paths.

For a distributed source in a finite volume, a similar analysis may be con-
ducted by assuming a number of discrete sources, each having the same white-
noise characteristics.

1"‘47_, 1-48 indi_

cate that Equation (29) yields very reasonakble correction factors for jet and

Comparisons of theory with experiment, reported in references

EBF noise. Therefore, in this program, the ground reflections are computed
using equation /29) with the assumptions of a perfectly reflected surface and
white-noise poii:t source. For the other reflecting surfaces (with different

acoustic impedance) the formulation has to be modified.
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3.4 EXTRA GROUND ATTENUATION (EGA)

The presence of open ground terrain influences the characteristics of sound
close to the ground propagating in the direction parallel to the ground
surface. These effects are known as Extra Ground Attenuation (EGA), and are
largely due to the refraction and scatter effect of the inhomogeneities near
the ground and the residual ground attenuation. The inhomogeneities are the
presence of wind, temperature gradients, and atmospheric turbulence on the
boundary of the ground. Reference 1-50 describes a widely accepted industry
standard for predicting EGA with the assumption of wind velocity of 10 miles
per hour and a thermal gradient of an average day. The EGA contributes mainly
for sideline noise with elevation angles of less than about 40 . The attenua-
tion is assumed to be independent of wind direction, and azimuthal angle,
equal to that for downwind propagating with a speed of 10 mph. EGA is com=
puted in the computer program using the results presented in Figure 1-30 taken
from reference 1-50 for downwind propagating with a speed of 10 mph. Effects

of EGA is considered for the aircraft-to-observer distance less than 100 ft.

The ground absorption effect sometimes referred as ''ground dip' has been ob-
served in the frequency range of 300 to 600 Hz. The magnitude of this effect
depends upon the acoustical impedance of the ground, which could be about 5 dB
for distances above 1,000 feet for soft grounds. This effect is negligible if
the ground is a perfectly reflecting and, therefore, not included in EGA

computation,

3.5 SHIELDING OF SOUND BY AIRCRAFT COMPONENTS

Rigid surfaces can be effective sound barriers for sound sources close to the
surface. Since the aerodynamic noise sources of an aircraft are located close
to the aircratt, the aircraft components can provide effective shielding in
certain directions, although the actual effectiveness of such shielding de-
pends on the location of the sources relative to the structural components.
The noise sources of a high-lift system that are most effectively influenced
by the shielding phenomena of the aircraft structural components are: (1)
aft-radiated engine, (2) jet mixing, (3) impingement, and (4) wall-jet mixing

noise. In general, the forward-radiated engine noise is not shielded. For
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the case of multi-engine aircraft, some noise could be shielded by the fuse-

lage and the nacelles.

Feher!™91 and Wienarl=92 have adapted optical-diffraction theory to estimate
the shielding effect of structural components on suund radiation. Based on
these methods, Swift and Tibbetts!~%% formulated the shielding of aft-radiated

engine and jet mixing noise by the wing/flap in the fly-over plane.
In the case of the USB concept, the aft-radiated engine and jet mixing noise
sources are located on the wing/flap surface. The reduction in noise levels

due to shielding for these sources in the fly-over plane is given by:

AdB = 10 ]Oglo (NF) + 10

where Np = 2 [(a+b) -S]/X, Fresnel number; a, b, and s are defined in
Figure 1-31
A = sound wave length.

The description of directivity and spectral distribution for the flow-surface
interaction noise (for example, impingement and wall jet noise) of propulsive-
lift systems include the presence of rigid surfaces. Therefore, the shielding

is not included separetely for these sources.

3.6 NOISE REDUCTION FEATURES

To evaluate the noise reductiun possibilities, it is necessary to identify the
relative importance of the noise sources and their generation and propagation
mechanisms. In the case of V/STOL aircraft, it is very well established that
the high-1ift noise dominates over the other sources. Several exploratory
studies are being conducted at Lockheed and several other organizations to
understand the noise characteristics and to develop any feasible noise-
suppression techniques. The present state of the art is not advanced enough
to develop a method to incorporate a generalized noise reduction method of
V/STOL aircraft. However, the possible noise control features for each of the
sources and the inclusion of these techniques in the noise-prediction program

of each configuration are discussed.
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The best method of reducing jet noise and the high-iift system noise is to
reduce the jet velocity. However, the reduction of jet velocity requires that
the nozzle exit area be increased to have the same mass flow and thrust, thus
calling for larger and heavier powerplants. For cost effectiveness, therefore,
noise-control techniques must be adopted to the lift-augmentation system with

a minimum performance loss.

3.6.1 Internally Generated Engine Noise

Other than the design 'of the basic fan, compressor, and turbine, one of the
common methods of suppressing this type of noise is by treating the inlet and
exhaust system with sound-absorbing materials. Some of the novel liner treat-
ment designs for this purpose are described by WirtI=5¢, The detailed study
of suppression of the engine internal noise is beyond the scope of this pro-
gram. Therefore, the effeci of suppression is added as a reduction in SPL

(AdB) for the unsuppressed noise sources (fan/compressor, turbine, and core

engine).

3.6.2 Jet Mixing Noise

At present, jet noise reduction is achieved by reducing the jet velocity (with
an increase in exhaust area) and the use of bypass engines and the multi-lobed
or multi-tubed nozzle. In the case of bypass engines, the noise could be
minimized by having the velocities of the two streams as close as possible.
The use of multi-elements for the nozzle exhaust (tubes or lobes) is effective
in reducing the noise at high jet velocities. However, at the low subsonic
velocities which are typical in V/STOL takeoff and landing operations, the
test results indicate that jet noise actually increases. Although the reasons
are still not well known, the tentative explanation is that the noise gener-
ated by the interference of turbulence with the nozzle lip and the so-called
"tail-pipe noise' increases at low velocities. The use of different nozzle

shapes is directly incorporated in the jet-noise prediction program.

3.6 3 _{t-Augmentat- on Noise

Tive metr.ds ave _u .etls sed tor suppressing lift-augmentation or flow-

su-face “~terac’ om 0 <x. (U .e of a porous or compliant material at the
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trailing edge (trailing edge treatment), (2) having a secondary flow at the
trailing edge (trailing edge blowing, (3) use of different numbers of slots
in the flap, (4) use of different nozzle shapes, and (5) ejector treatment in
the case of the augmentor wing.

Externally Blown Flap and Upper Surface Blown Flap - Trailing-Edge Treatment
and Trailing-Edge Blowing - Hyden et all~° have found from their preliminary
experimental investigations that the use of porous material in the place of a
trailing-edge section and modification of flow field by introducing a secon-

dary flow at the trailing edge offer potential for reducing the radiated EBF

and USB noise. However, they have neither evaluated the performance charac-
teristics nor optimized the modifications of the trailing edge. Pennock

et q11-38 conducted static tests using a large-scale model of EBF and found
that a moderate amount of noise reduction could be achieved either by replac-
ing part of the last flap with a perforated plate or a compliant material, or
by using secondary blowing at the trailing edge. Using these results, empiri-

cal relationships are established for optimum noise reduction in terms of PNL:

PHL = -1 (0.5 + sing) for EBF

PNL = -2 (0.5 + sing) for USB

and it is assumed to be independent of azimuthal angle, 6.

Noise reduction obtained with the secondary blowing at the trailira ecge is a
function of the height of the slot and the velocity of the secondary flow, as
illustrated in Figure 1-32. However, at very high secondary flow velocity

(>400 fps) the noise generated by the secondary flow itself becomes dominant.
Empirical relationships for the maximum (optimum) noise reduction are derived

using the experimental data from references 1-35 and 1-56.

PNL = -2h sin¢ for EBF

PNL = -bh sin¢ for USB

where h is slot thickness in inches.

1
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Figure 1-32. Noise Reduction Due to Trailing Edge Blowing for EBF




Effect of Number of Flap Segments - In the case of the EBF, it is found that
an increase in flap segments increases the radiated noise levels. From the
experimental results of reference 1-38, the following expression is derived
for the change in noise levels as a function of jet velocity and the number of
flap segments:

804

PNL = --Tzr(B ~S) *Sin¢

where V; = jet velocity in ft/sec.

S

number of slots.

Use of Multi-element Nozzle - Replacing a single element (circular or rectangu-
lar) nozzle with a multi~element nozzle reduces the impingement velocity in the
case of EBF, and thus the flow-surface interaction noise may be reduced.
However, at low velocities, it is experimentally found that the EBF noise can-
not be reduced by this technique. Replacement of a circular nozzle by a multi-
element nozzle and an acoustically treated ejector is found to be an effective
way to reduce the noise without any perfcrmance penalty, as indicated in
references 1-57, 1-58, and 1-59. Using these data, a maximum noise reduction
of about 6 PNdB in the flyover plane and 3 PNdB in the sideline plane may be

obtained.

Augmentor Wing - A basic design of Augmentor Wing with a slot nozzle and hard-

wall ejector is excessively noisy. Extensive experimental noise control
studies of AW have been reported in references 1-10 and 1-11, and the impor-
tant features of noise reductions are summarized in Figure 1-33. High noise
reductions are obtained by: (1) replacing the slot nozzle by multi-element
nozzles and (2) acoustically !ining the internal walls of the ejector. Since
the actual noise reductions are sensitive to decail design, it is not possible

to generalize concerning the actual results which may be expected.

internally Blown Flap and Vectored Thrust Configurations - No general trends

L I

or novel methods are used to reduce the noise generated by these configura-
ticn and flow parameters which are included in the basic noise prediction

model.
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PART 11

! DESCRIPTION AND USE OF COMPUTER PROGRAM

by

D. F, Blakney
J. G. Tibbetts
N. N. Reddy

This 44 a two-part neport. The §irnst pant consists of
Sections 1 -3 descrnibing the analyses and analytical
model for prediction of V/STOL noise. The second part
consdsts of Sections 4 -6 descnibing the devefopment
and use of the V/STOL noise prediction progham.

£

,.
SN
¢ 4
NP YL l";_ -t




-

TABLE OF CONTENTS

LIST OF FIGURES . . .

NOISE PREDICTION PROGRAM DESCRIPTION

k.1 General Description . . . . . . . . . ..

4
L

.
1.2

Program Options . .

Input Parameters .

4.1.3 Recommended Subroutine Combinations .
4.2 STOLPROG - Main Program
L.3 Source Prediction Programs .

4.3.1

4
4
4
4
4
4
L
4
4
4

.3.
.3.
.3.
.3.
.3.
.3.
.3.
.3.
.3.10
3.1

WO o~ Oy Ut B WwWwN

AERO - Airframe Aerodynamic Noise . .
FAN - Fan Noise . .

TURBNE ~ Turbine Noise . . . . . « ¢« « « « .

JET - Jet Exhaust Noise . . . . .
EXCESS - Excess Engine Noise . .
AUGWNG - Augmentor Wing Noise .
WNGJET -~ Wing Jet Noise .

IMPING - Impingement Noise
WALJET -~ Wall Jet Noise .

WAKE - Trailing Edge Wake Noise .
TRAIL - Trailing Edge Noise .

4.3.12 APU - Auxiliary Power Unit Noise
4.4 Additional Subroutines . .

4.

4
L
4
4
b,
4
A
A
4

b1
4.2
4.3
ok
4.5
4.6
b7
4.8
5.9

EGA - Extra Ground Attenuation
GRE - Ground Reflection Effect

SHIELD - Shielding from Aircraft Components .

ooooo

FWDSPD - Forward Speed Effects on Level

DOPLER - Fregquency Shift Due to Forward Speed .
REDUCE - Noise Reduction Features .

PNLREV - Calculation of Perceived Noise Level

TONE - Calculation of Tone Corrected PNL

GIRC - One Independent Variable Table Interpolation .

.4.10 DTAB2 - Two Independent Variable Table Interpolations .

% PRECEDING PAGERANK, NOT FILMED

ot




TABLE OF CONTENTS (Continued)

5. MACHINE REQUIREMENTS
5.1 Operating System . . . .

. ¢ ¢ e T e ¢ e s e s e & s s e + e &

5.2 Resource Estimates

6. DIAGNOSTICS . . .

—a

APy ib';; 2o on

*
aut®

£
2t

PO

-




Figure No.
2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8

LIST OF FIGURES

Title

Logic Diagram for V/STOL Noise Prediction . ., . . . . .
High-Lift System Configurations . . . . . . . . . . ..
Flight Path Geometry . . . . « « ¢ o ¢ ¢ ¢« ¢ ¢« o « o & .
Nozzle Configurations . . . . « ¢« v v ¢ v v ¢« v v o .
Recommended Subroutine Combinations . . . . . . . . ..

STOLPROG Flow Chart . . ¢ v ¢« v v v v v ¢ o o o v o o

AERO Flow Chart . . . . . . . . .. e Ce e
Shielding Geometry . . . . . . . C e e e e e e e e ..
FAN Flow Chart . . . . . . . .. e e e e e e e e e
TURBNE Flow Chart . . . . . e e e e e e e e e e e

JET Flow Chart . « « v v ¢ v ¢« ¢ ¢ o ¢ o o o o &

EXCESS Flow Chart . . . . . e e e e e e e e e e e e
AUGWNG Flow Chart . . . . . . . e e b et e e e e e .
WNGJET Flow Chart . . . . . e e et e e e e e e e .

High-Lift System Geometry Schematic . . . . . .+ « . . .
IMFING Flow Chart . . . « v v v v v ¢ v v L v v v 0 o
Flow Geometry Schematic . . . . . . . . . e e e e e
WALJET Flow Chart . . . . . . . . e e e e e e
WAKE Flow Chart . . . . . ¢ v ¢ v v v v v 0 v v v v o
TRAIL Flow Chart . . . « « v « ¢« o o v v v v v o

APU Flow Chart . . « v v ¢« & v v ¢ o o o o v o o s v

EGA Geometry . . . . . e e e e e e e e e e e e e e
EGA Flow Chart . . . . . . . e e e e e e e e . e
GRE Flow Chart . . + + « ¢« v v « ¢ « + &

SHIELD Flow Chart

2-iii




Figure No.
2-26
2-27

2-28

LIST OF FIGURES (Continued)

Title Page
FWOSPD Flow Chart . . . . . . B 23 A ¥
DOPLER Flow Chart . . . &« &« v v ¢« v ¢ o v v e e v e e 2-120

REDUCE Flow Chart . . . . . . . e e e e e e e e e 2-124




I
X,
fes.

TR A A —— i

o+ vl

I

4, NOISE PREDICTION PROGRAM DESCRIPTION

The following subsections will describe the computer program developed to pre-
dizt the noise generated by V/STOL aircraft. They present detailed flow
charts of each program, along with the descriptions which include the required

input and the applicable limitations.

4.1 GENERAL DESCRIPTION

This program predicts the ncise generated on takeoff or approach by six

powered=-1ift systems:

(1) Vectored Thrust (VT)

(2) Externally Blown Flap (EBF)

(3) Upper Surface Blowing (USB)

(4) Internally Blown Flap (!BF/BLC and I1BF/JF)
(5) Augmentor Wing (AW)

(6) Hybrid System (Hybrid)

The program consists of a main control program and 22 subroutines. The noise
from each source defined for V/STOL aircraft is predicted by a separate sub-
routine. The following subroutines have been developed to predict the

radiated noise from 12 different sources:

(1) AERO - predicts airframe aerodynamic noise

(2) FAN - predicts single stage fan noise

(3) TURBNE - predicts engine turbine noise

(4) JET - predicts jet mixing noise

(5) EXCESS - predicts the excess engine noise (core)

(6) AURWNG - predicts noise of complete augmentor wing high 1ift system

(7) WNGJET - predicts jet mixing noise from wing slot nozzle

(8) IMPING - predicts noise from impingement of jet flow on wing flap
surface
(9) WALJET - predicts noise from jet flow over surface of wing/flaps

(10) WAKE - predicts noise from trailing~edge wake
(11) TRAIL - predicts trailing-edge noise
(12) APU - predicts noise from Auxiliary Power Unit (PNL only)

2-1
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In addition, 10 other subroutines calculate the propagation effects or noise

reduction, or they perform functions necessary to the prediction proceduras:

(1) EGA - calculates spectral effect of extra ground attenuation

(2) GRE ~ calculates spectral effect of ground reflection

(3)  SHIELD - calculates spectral effect of wing shielding

(4)  FWDSPD - calculates total effect (APNdB) on noise level of aircraft
forward motion

(5) DOPLER - shifts spzctrum to account for Doppler frequency shift due
to motion of the source

(6)  REDUCE - determines total effect (APNdB) of noise reduction
features discussed in foilowing sections

(7)  PNLREV - calculates perceived noise level (PNL) from a 1/3 octave

band spectrum

(8) TONE - calculates tone corrections to PNL from a 1/3 octave band
spectrum

(9) GIRC - table interpolation routine for single independent variable
tables

(10) DTAB2 - table interpolation routine for tables with two independent

variables.

The main pregram (STOLPROG) and the 22 subroutines listed above form a unique
prediction tool for use on V/STOL aircraft. The module concept used, with

each source and effect accounted for in a separate subroutine, allows for the
future updating of technology for individual elements without a major rewrite

of the entire prediction program.

The logic diagram shown in Figure 2-1 gives a macroascopic viev. of the program

operation,

L.1.1 Program Options

As shown in Figure 2-1, the program has three main options:

(1) Predict noise for a fixed aircraft position and a fixed observer

position.

o
[}
(5]




(U] {nput geometric voriobles of a’tcraft

1) Engine exhoust nozzle

2) Wing and flap

3) Optional data for various V/STOL
conhgurations

nnn e

(2) Input the required operational variobles

1) Jet velocity and areo (thrust)
3 2) Aircraft location with respect to observer
g o sideline distanc
e
|
b

o altitude
' o azimyth angle
.

: @) Calculate other variables for aircraft location
i o source to observer distance

i o elevation angle
i
;
i
i

|

. ‘ 4 Coleulate 1/3 octave band spectra for
i each noise component accounting for:
1 o spherical divergence
) o otmospheric attenuation
o forward speed {level and
‘ frequency shift)
o ground reflection
. o extra ground ottenuation
o noise reduction features

! !

N (5) Calculate total system noise

1) Add component spectro to give total
1/3 octave band sound pressure levels

2) Calculate OASPL, PNL, and PNLT
for each spectra

!

()] r Calculate moximum PNL, from the APU ]

7) #dd PNL, to PNL and PNLT to okitain total
PNL and PNLT for the asreroft

(8) Quitput
OPTICN }

o owcraft position dato

o aircraft velocity

o component and totof spectra

o OASPL, PNL, and PNLT for each spectro

fre e e e — ——— e — —— .

OPTION 2

tncrement azimuth angle by 10° for 10° - 170°
Return to step (3} until 1707 obicined

o

aircraft pos.tional data

awrcraft velociry

o orray of az.muth angle source to
obsesve distance, PNL, and PNLT

e —— e e e - — o — e —m e ——

OPTION 3

o

Increment azimuth angle as in Option ?

with olhitude being incremented a3 specified;
for eacn azimuth sweep at a given oltitude,
select the maximum PNLT

o sidelne distance

o arciaft velociry

o orroy of altitude, distance along flight poth,
elevation anyle, azimuth ongle of rox PNL,
soutce 16 sbserver distonce, max PN, max PNLT

o max:mum PNt ond PNLT f-om orray of max PNL's
ond PNiI 5 and the values of positional variables
for this maximyni point

Figure 2-1. Logic Diagram for V/STOL Noise Prediction
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(2) Predict noise for a fixed aircraft position and 17 observer loca-

tions along the sideline with an azimuth angle range from 10° to 170°.

(3) Predict maximum noise during flight profile segment.

The output for each option is also described in Figure 2-1 and exemplified in
the sample cases presented in Appendix A.

IS S S S S

The aircraft operational parameters (such as nozzle velocity and flap angle)

must remain constant during the flight profile described for option 3. For

segn 2nted takeoffs or approaches, each segment must be a separate program
execution.

4.1.2 Input Parameters

The required input parameters for the program are presented below. Each line

of variables represents one card image. Some parameters are read only whe:

certain program options are used. These optional inputs are also shown with
the options which require them.

| TITLE|

i A

|NOPTS |NOPTG |NENG |

|SLDIST|ALT|AZMANG | VAC | FLTANG |

If NOPTG = 3 |NALT|ALTINC|STDIST|

< INK(1) [NK{2) [NK(3) |NK(L4) [NK(5) [NK(6) [NK(7) INK(8) |NK(9) [NK(10) |NK(11)|NK(12)]
: |ALPHAT|X1]Y1|
=g§ |FLAP1|FLAP2|FLAP3|FLPAGT|FLPAG2 | FLPAG3|
-
& If NK(4) = 1
¥
. INOPTY|

If NOPTJ = 1 or 3 |OPLUG!DPRIM|VJPRIM|TTPRIM]ANGNOZ]

-m:-u-.m.‘__* A

1f NOPT = 3 |DANIN|DANOUT | VJSEC| TTSEC|

{ LF HOPTY = 2 |HHOZ |WNOZ | VUPRIM| TTPRIM|ANGNOZ |
|
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!
i If NK(6) = 1 | HWNOZ |WWNOZ | VIWNOZ | EJL | EJANG|
ro If NK(7) = 1 | HWNOZ | WWNOZ | VUWNOZ | ANGWNZ | TTWNOZ |
! If NK(1) = 1 | SA|AR| THI CK|
E If NK(2) =1 |WFF | PRF | DF | TF | TREATF | TREATA|
; ' If NK(2) =1 |PRT|VTIPT|DTURB|BLADES | TRPM|PCTP | TREATT|

T

If NK(12) =1 |NOPTA| XX|

|NRED |

foi

"
-

If NRED = 1

okt

| NRT|NR2 |NR3 |

If NR3 = 1 |HSLOT|

The variable TITLE is an alphanumeric list that is input with a 10A6 format.

NOPTS, NOPTG, NENG, NALT, NK(!) NOPTJ, NOPTA, NRED, NR1, NR2, and NR3 are all

‘ % integers and are input with 5 formats. The remaining variables are single-
\

precision real numbers and are input with F10.1 formats.
The input variables, their units, and definitions are as described below.
TITLE Alphanumeric heading of not more than 60 characters; generally

used to identify the V/STOL configuration for which the predic-

tions are made.

a NOPTS Option that denotes which aircrafi configuration is to be
nf? analyzed as follows (Figure 2-2).
"
N 1= VT
;? 2 = EBF
3 = UsB
L - |BF, either Boundary Layer Control (8LC)
or Jet Flap (JF)
5 =AW

6 = Hybrid, combination of USB and IBF/BLC.
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Fee
N3

/ WING REF. PLANE

ENTER VALUES OF 0.0 FOR: « ANG NOZ (+)

ALPHAL, X1, Y1, FLAP1, FLAP2, FLAP3, \
FLPAGI, FLPAG2, FLPAG3

(o) VECTORED THRUST (NOPTS = 1)

P X\ FLAPG?2

)\ ik
9eN FLPAG3

ALPHA oM

ANGNOZ = ALPHAI

(by EXTERNALLY BLOWN FLAP (NOPTS = 2)

ENTER 0.0 FOR:
FLAP2, FLAP3, FLPAG2, FLPAG3

(c) UPPER SURFACE BLOWN FLAP (NOPTS = 3)

Figure 2-2. High Lift System Configurations
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£F. PLANE
WING RED

e s

gp——
; Fr
*. AP FLPAGI

a

o

X 1

S /“J( ALPHA 1(9)

A

S

T ENTER HWNOZ/2 FOR Y1

b ENTER 0.0 FOR:
X1, FLAP2, FLAP3, FLPAG2, FLPAG3

ANGNOZ = ALFHAI

(d) INTERNALLY BLOWN FLAP/BOUNDARY LAYER CONTROL (NOPTS = 4)

B L

ANGWNZ

ENTER 0.0 FOR:
X1, Y1,
FLAP1, FLAP2, FLAF3
FLPAG!, FLPAG2, FLPAG3

ANGNOZ = ALPHAI

te) INTERNALLY BLOWN FLAP/JET FLAP (NOPTS = 4)

Figure 2-2, (Continued)
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f WING REF.
| SN
3 5./(\
i / EJANG
LPHAIY)

"

ENTER 0.0 FOR:
X1, Yi
FLAP1, FLAP2, FLAP3
FLPAGI, FLPAG2, FLPAG3

ANGNOZ = -ALPHAI
() AUGMENTOR WING (NOPTS = 5)

ENTER 0.0 FOR:
FLAP2, FLAP3
FLPAG2, FLPAG3

s : FLPAG)
.4 ANGNOZ = ALPHA!

5 (g) HYBRID (NOPTS = 6)

i Figure 2-2. (Concluded)

"
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| 23
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NOPTG

NENG

SLDIST*

ALT=

AZMANG*

VAC

FLTANG

NALT

ALTINC

S R R R OV T TS SO AN DA T N

Key to select the desired program option discussed in Section
“.‘.]'

1 = calculate noise for single aircraft location and single
observer location

2 = calculate noise for single aircraft location and 17
observer locations along sideline with azimuth angle
varying from 10° to 170°,

3 = calculate values in option 2 for several aircraft loca-

tions, and select the maximum noise during flight profile.
Number of engines desired on the aircraft.
Perpendicular distance from projection of aircraft centerline on
horizontal plane to the desired observar sideline as shown in

Figure 2-3 (feet).

Aircraft altitude for single locations; the starting altitude when
NOPTG = 3, (feet), not less than 4 feet.

Azimuthal angle from forward aircraft centerline to the line from
tiie aircrafiL to the observer; value is initialized internally to
10 if NOPTG = 1 (degrees).

Velocity of aircraft along flight path {knots).

Angle between aircraft flight path and horizontal plane, see

Figure 2-3, (degrees).
Number of points on profile to be used with NOPTG = 3.
Increment to be applied to altitude between points on Flight

profile for NOPTG = 3, positive {+) for takeoff, negative (-)
- for approach, (feet).

%The value of STOD computed from SLDIST, ALT, and AZMANG must be
greater than 10 ft.
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Figure 2-3. Flight Path Geometry
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i

ﬂ i
Vo £ ¥ Ak,

A

STDIST

NK(1)

ALPHA1

X1

Y1

FLAP1

FLAP2

FLAP3

FLPAG1

FLPAG2

FLPAG3

NOPTJ

TR R A TR Y Y A = T T AT Pl eari- b A o e IR TR AR

Distance to desired reference point from start of flight profiie
segment for NOPTG = 3, see Figure 2-3 (feet).

Keys to select the noise source subroutines to be called; the value
of index | corresponds to the subroutine number listed in Section
4.1 (e.g. NK(1) is for AERO, NK(2) is for FAN, etc.).

0 = subroutine not called.

1 = subroutine called.

Angle between the jet exhaust centerline and the wing centerline

positive in the direction of the wing, see Figure 2-2 (degrees).

Distance from projection of the center of the nozzle exit on the

wing to the wing trailing edge, see Figure 2-2 (feet).

Vertical distance from wing surface to the center of the nozzle
exit (feet).

Length of first flap (feet).
Length of second flap, 0.0 if only 1 flap (feet).
Length of third flap, 0.0 if only 1 or 2 flaps (feet).

Angle between the centerline of first flap and the wing reference

plane (degreres).

Angle between the centerline of second flap and the wing reference

plane; enter 0.0 if only 1 flap is present (degrees).

Angle between the centerline of third flap and the wing reference

plane; 0.0 if only 1 or 2 flaps are present (degrees).

Key to denote type of engine nozzles used, see Figure 2-4.

1
2

3

circular nozzle, with or without plug

"

slot nozzle

coaxial nozzle, with or without primary plug.
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DPLUG

DPRIM

VJPRIM

TTPRIM

ANGNOZ

DANIN

DANOUT

VJSEC

TTSEC

HNOZ

WNOZ

HWNOZ

WWNOZ

VJIWNOZ

EJL

EJANG

Diameter of nozzle plug; enter 0.0 if no plug is present (feet).

Outer diameter of primary nozzle; diameter of mixed flow nozzle if
NOPTG = 1 (feet).

Velocity of exhaust from primary nozzle; velocity from mixed flow
nozzle if NOPTG = 1 (ft/sec.).

Total temperature of primary flow; total temperature of mixed
flow if NOPTJ = 1 (°R).

Angle of nozzle centerline relative to wing reference plane
[horizontal line through center of nozzle exit; positive (+) in
downward direction, see Figure 2-4 (degrees).]

inner diameter of secondary annulus (feet).

Outer diameter of secondary annulus (feet).

Velocity of secondary flow (ft/sec.).

Total temperature of secondary flow (°R).

Height of engine slot nozzle (feet).

Width of engine slot nozzle (feet).

Height of wing slot nozzle (feet).

Width of wing slot nozzle (feet).

Velocity of flow from wing slot nozzle (ft/sec.).

Length of ejector AW configuration (feet).

Angle of ejector relative to wing reference plane (degrees).
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ANGWNG

ITWNOZ

SA

AR

THICK

WFF

PREF

DF

TF

TREATF

TREATA

PRT

VTIPT

DTURB

BLADES

TRPM

Angle of centerline of wing slot nozzle relative to wing reference

plane [horizontal line center of wing slot nozzle (degrees)]

Total temperature of wing slot nozzle flow (°R).
Surface area of wings (Ft2).

Aspect ratio of wing.

Maximum thickness of wing (feet).

Weight flow through fan (1b/sec).

Pressure ratio of fan.

Diameter of fan (feet).

Temperature of fan exhausi flow (°R)

Attenuation of fan noise due to treatment in the fan inlet,

input as positive (APNdB).

Attenuation of fan noise due to treatment in the exhaust duct,
input as positive; set value very high when using AW-2S
configuration (APNdB).

Overall pressure ratio of the turbine.

Maximum tip speed (ft/sec).

Maximum diameter of the turbine (feet).

Maximum number of blades.

Turbine shaft RPM (revolutions/minute)




3 ,_-«:-! ”
PCTP Percent thrust.
TREATT Attenuation of turbine noise due to turbine treatment (APNdB).
NOPTA Key to denote the parameter to be used in calculation of APU

i noise.

i . 1 = use bleed capacity (BC).
: 2 = use output shaft horsepower (SHP).

i
!
e XX Value of BZ in lb/sec for NOPTA = 1,
S Value of SHP in horsepower for NOPTA = 2,
a

NRED Key to denote the use of noise reduction features on the V/STOL
configurations.

0 = not used.

1 = used.

i A

NR1 Key to denote use of first noice reduction feature.

0 = not used.

1 = used.

o tless than 3 flaps on EBF.

o multi-lobe nozzle with hard wall ejector on AW.

o multi-lobe nozzle with lined ejector on AW.

Z,,“ NR2 Key to denote use of second noise reduction feature.
o,
k- “1i 0 = not used.
N 1 = used.
X
. :% o treatment on last flap trailing edge of EBF or USB.
<t
X




NR3 Key to denote use of third noise reduction feature. e

0 = not used.

1 = used.

o blowing at last flap trailing edge on EBF or USB.

HSLOT Height of slot used for trailing-edge blowing (feet).

L.1.3 Suggested Subroutine Combinaticns

The program is designed to use particular noise sources for each type of V/STOL
configuration. However, to allow for possible future program changes or
developments, the selection of subroutines to be called is left as an optional
input parameter. Figure 2-5 shows the subroutines that should be used with each
configuration. Other combinations, which are not described in this report,

might be "tailor-made' to fit future high-1ift systems which may be evolved.

The AW=2S is a two-stream configuration where all the fan air is used to power

the wing slot. The AW-3S has some fan air exiting through the fan nozzle.
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4.2 STOLPROG - MAIN PRUGRAM

STOLPROG is the main control program for the prediction method outlined
previously. This program handles all the necessary Input and output functions
to predict the noise levels for a selected configuration. 1t also issues all

call commands to the desired noise-source prediction subroutines.

The program receives partially corrected 1/3 octave-band spectra (SPL) from
the source prediction subroutines, as described in Section 4.3, Through cal-
culations and subroutine calls, STOLPROG determines values to account ior the

following effects:

number of engines on the aircraft
ground reflection

fuselage shielding

extra ground attenuation

jevel change due to forward speed

0 0O ¢ ©o ©o o

noise reduction features.

The effect of number of engines is computed as 10 -Loglo(N), where N is the
number of engines. This single value is applied throughout the entire spec-
trum. The value of fuselage shielding for the multiple engines is determined
by 2 + cos (ELVANG), where ELVANG is the aircraft elevation angie. The other
effects are calculated in the individual subroutines discussed in the follow-
ing sections,

The values of the above corrections are applied to the individual source

spectra as,

o number of engines and fuselage shielding —all spectra except
AERO

o level correction for forward speed — JET, AUGWNG, WNGJET,
IMPING, WALJET, WAKE, and TRAIL

o noise reduction features -- AUGWNG, WNGJET, IMPING, WALJET, WAKE,
and TRAIL,

2-18




The spectra from FAN and TURBINE are combined to form the spectra output under
the heading Fan and Turbine when NOPTG = 1 (see Appendix A, Sample Output).

The spectra from AUGWNG, WNGJET, IMPING, WALJET, WAKé, and TRAIL are combined
to form the spectrum output under the heading High Lift System when NOPTG = 1,

_ STOLPROG also calculates a total spectrum for all the noise source spectra and
determines the overall sound pressure level (CASPL), perceived noise noise

level (PNL), and tone-corrected PNL (PNLT) for each spectrum.
Data are stored, parameters are incremented, and the above process is repeated

as required to obtain the necessary data for the output option selected
(NOPTG) .

2-19




STOLPROG

£

¥

¢

e

t
Ve
M

¢

r

| Initialize
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] varicbles
: 1[ ' — 11
: ‘: Read -
| basic flight Flight Path
; path data Dato

3 Write
- error
.a' H mescage
S
» [}

. 1
'i‘ '::fdok"e;): eys for Calling
4 caliing Subroutines
4 subroutines
3

Read wing, flap,
nozzle, fon, turbine,
wing nozzle date
os required

1

Calculate correctio
for number of
engines and
fuselage shielding

Data for
Prediction
Subroutines

Write
error
message

Yes

No

Calculate eleva-
tion angle from
altitude and
sideline distance

Y (®)
R )
-
N No
¢
o ‘( Set AZMANG Yes
3 - 10,0
’ Calcvulate
! . source to
{ observer
distance

i Figure 2-6. STOLPROG Flow Chart.
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3 Write
Error
Message
E
A EGA
4 Subroutine
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3 : reflection effects |umgpme] Ground
Pf 1 Reflection
; . Subroutine
\ {GRE)
4 |
|
‘ Subroutine (1)
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]
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a
A
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‘ v
. Noise
Determine ) Pt Reduction
effect of noise Subroutine
- | reduction features | (REDUCE)

Figure 2-6. Continved.
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Figure 2-6, Continved.
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Figure 2-4, Continued,
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4.3 SOURCE PREDICTION PROGRAMS

The individual noise source prediction subroutines, with the exception of APU,
compute an index value of OASPL at one foot from the source in a reference
direction (elevation and azimuth). Although this index OASPL is calculated at
one foot from the source, it is equivalent to far-field radiated noise. From
this index value, the 1/3 octave-band spectrum of sound pressure level (SPL)
at a given distance, azimuth, and elevation angle from the source is calcu~

lated considering the following effects:

(1) directivity (azimuthal and elevation)

(2) spectral distribution (conversion to 1/3 o.b. SPL's)

(3) spherical divergence

(4) atmospheric attenuation (using values for a FAA day, 77°F, 70% R.H.)
(5) Doppler frequency shift.

These 1/3 octave-band spectra are then returned to the main program where they
are modified to account for other effects, as described in Section 4.2, to
give the actual spectrum received by the observer.

The subroutine APU calculates only PNL corrected for spherical divergence.

The following subsections describe and present detailed flow charts for the

noise source prediction subroutines.
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4.3.1 AERO - Alrframe Aerodynamic Noise

This subroutine calculates the 1/3 octave-band spectrum resulting from the

motion of the alrframe through the atmosphere. The calculation procedure is
based on the methodology discussed in Section 2.4.1.

The required variables are:

(1) source to observer distance (STOD)

(2) azimuthal angle (AZMANG)

(3) atmospheric absorption coefficients (ALPHA)
(4) 1/3 o.b. center frequencies (F)

(5) atircraft velocity (VAC)

(6) wing surface area (SA)

(7) aspect ratio (AR)

(8) maximum wing thickness (THICK)

The reference OASPL ac a distance of one foot i3 given by

5,
OASPL = 10 log;q —at:SA +7.0
ARZ (1 - XMN)*

where XMN s the aircraft Mach number,

The output is the 1/3 octave-band spectrum.

The subroutine logic path is shown in the following flow chart {Figure 2-7).
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Figure 2-7, AERO Flow Chart,
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4.3.2 FAN - Fan Noise

This subroutine calculates the total 1/3 octave-band spectrum for the forward
and aft components of fan noise produced by a single-stage turbofan engine.

The methodoiogy for the calculation procedure is described in Sec:ions 2.1.1.

Provisions are made to 2~ unt for inlet and/or exhaust duct treatment

effects. The subroutine a' o calculates the geometrical relations (shown in
Figure 2-8) needed to calculate the shielding effect on the aft fan component
when the USB (NOPTS =3) or Hybrid (NOPTS =6) option is exercised. The source

Is located at the center of the noz.ie exit for these calculations.

The required variables are:

(1) source-to-observer distance (STOD)

(2) azimuthal angle (AZMANG)

(3) atmospheric absorption coefficients (ALPHA)

(k) 1/3 o.b. center frequencies (F)

(5) weight flow through fan (WFF)

(6) pressure ratio of fan (PRF)

(7) diameter of fan (DF)

(8) temperature of fan flow (TF)

(9) insertinon loss (APNdB) due to inlet treatment (TREATF)
(10) insertion loss (APNdB) due to exhaust duct treatment (TREATA)
(11) key to determine type of high-1ift system (NOPTS)

If NOPTS =3 or NOPTS =6, the following are also required:
(1) distance along wing from projection of nozzle exit to wing trailing
edge (X1)
(2) vertical distance from wing surface to center of nozzle exit (Y1)
(3) length of flaps (FLAP1, FLAP2, and FLAP3)

(4) flap angles (FLPAG1, FLPAG2, and FLPAG3).
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| The reference OASPL is given by

0.286
OASPL = 10 - log;o (WFF) + 20 « logy, (PRF ~1) +127.0

! - The output is the total 1/3 octave-band spectrum composed of the forward and

aft component spectra.

The subroutine logic path is shown in the following flow chart (Figure 2-9).

b Tl Ml i s

N

——

b A ke Nl

-

g

2-33




FAN

a1 arain

Set
variable
H values
g
E i
; i
- { Calculate
] i flow velocity
) | through the fon
i
S
i
£} t
;‘ |
3 i
4 { Calculate
S total OASPL
Y
Determine  — '
directivity index Int T°b'|°',
for forward radiated (eé;;:cu)lon
- component
Ey -
A 3
Determine | S, Tabl
: directivity index nt ° ‘e'.
E for aft radiated :G'P';g) ion
! component B
N
;
- A
il . Calculate for
A shielding effect
P 1 effective boundary
SR N height
1w 2)source to
. A boundary distance
" .(:x: J)boundary to
. observer distance
B
.o
A
]
Lo
'
4 t Figure 2-9, FAN Flow Chart,
< 1
. 2- 3 }_’
N
< .

-
v




No

T ST

J Determine ———— Shielding
;’ spectral Effects

' corrections Subroutine
; for shielding ™ | (SHIELD)

| =0,
| A)  Dotoop 1:=1,24

D — — —— — —— p— — —  —- — — i — —— — —— —— —— — —

Colevlate soectral

corrections for

1) spherical
divergence

2) atmospheric
ottenvation

1

Caleulate
Strouhel
number for
eoch 1/3 O.B.

Yes Calculote
spectral

r-
|
!
|
|
l
|
|
|
I
I
|
|
| distribution
|
l
|
|
|
I
l
I
|
|
|
l
|
|
|
|
|
|
l
|
|

Determine | Table
spectral Interpolation
distribution (GIRC)

L.
!

Calculate forward

rodiated component

1/3 O.B. SPL's

corrected for

1) directivity

2) spherical
divergence

3) atmosphetic
attenuation

4} inlet trreatment

PN ¥

Fe,
t

. -

o

Figure 2-9, Continued,

.—.—._.—_—————._—_—_—_-—__—-——-——_———-—_—_.————-——._——-—.—_‘

2-35

Ot ety PPN o

B




Colculate oft

rodiated component

lcorrected for

1) directivity

2) sphericol
divergence

3) atmospheric
attenvation

4) duct treatment

Apply shielding
corrections to
aft radiated
component

A

Set forward
component
SPLFOR(1) = 0.0

!

Set aft

component
SPLAFT(i)* 2.0

e e e e e e e e e e e e e e e e e e e e

Correct forward Doppler
component for Shify
frequency shift due Subroutine

to forward spaed  [eimm— (OOPLER)

l

Corract aft — Doppler
¢component for Shift
frequency shift dus Subroutine
to forward speed [ (DOPLER)

l

Sum forword ond
aft components to
give total fon
noive at observer

Return

Figure 2-9, Continued,

2-36




o 4,3.3 TURBNE - Turbine Noise

, : (1
| (2)
. (3)
2 (4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)

(1)

(2)

(3)
()

turbine.

This subroutine calculates the 1/3 octave-band spectrum from the engine

The methodology used to develop this prediction procedure is dis-

cussed in Section 2.1.2. The shielding effects are determined as discussed
for fan noise (Section 4.3.2) for the source located at the nozzle exit.

The required variabies are:

source-to-observer distance (STOD)

azimuthal angle (AZMANG)

atmospheric absorption coefficients (ALPHA)

1/3 o.b. center frequencies (F)

pressure ratio of turbine (PRT)

velocity of blade tip (VTIPT)

diameter of turbine main stage (DTURB)

number of turbine blades in main stage (BLADES)
turbine RPM (TRPM)

percent power of operation (PCTP)

insertion loss (APNdB) due to turbine treatment (TREATT)
key to determine the type of high-lift system (NOPTS)

If NOPTS =3 or NOPTS =6, the following are also required:

distance along the wing from projection of nozzle exit to wing

trailing edge (X1)

vertical distance from wing surface to the center of the nozzle
exit (Y1)

length of flaps (FLAP1, FLAP2, and FLAP3)

flap angles (FLPAG!1, FLPAG2, and FLPAG3).

The reference OASPL is given by

| . 0.286 VTIPT
0ASPL = 8.75 - logo (1 - (zps) ) + 20+ logyy (777275

+ 10 + logyo (AREA) + 138.9
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DTURBZ+7
— )

where AREA = turbine area ( . The output is the 1/3 octave-band

spectrum.

The subroutine logic path is shown in Figure 2-10.
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4.3.4 JET - Jet Exhaust Noise

This subroutine calculates the 1/3 octave-band spectrum (SPL) from the engine
core and/or fan exhaust. The methodology used to develop this prediction pro-
cedure is discussed in Section 2.2.

This subroutine will calculate the noise for three nozzie configurations as
shown in Figure 2-4 and listed below:

(1) circular, with or without plug
(2) slot

(3) coaxial, with or without plug in primary nozzle.

For each configuration, the diameter (DEQUIV) of an equivalent area unplugged
circular nozzle, an equivalent velocity (VEQUIV), a hydraulic diameter, and an
equivalent temperature (TTEQ) are calculated. These four values are a'so used
in EXCESS and the ''high-1ift source' subroutines for values of NOPTS equal to

2, 3, and 6. Therefore, JET must be called before these subroutines.

The subroutine accounts for the effect of the presence of turning vanes in the
flow of the vectored thrust configuration. It also calculates the geometrical
relations (shown in Figure 2-8) needed to calculate the shielding effect when
the USB (NOPTS =3) or Hybrid (NOPTS =6) option is e ercised. The source is
assumed to be located 2-DEQUIV downstream of the nozzle exit for these calcu-

lations. The shielding values are applied to the jet noise spectrum.

The required variables are:

(1) source-to-observer distance (STOD)

(2) azimuthal angle (AZMANG)

(3) atmospheric absorption coefficients (ALPHA)
(4) 1/3 o.b. center frequencies (F)

(5) key to determine nozzle configurations (NOPTJ)

For NOPT3 =1 or 3,

(6) diameter of primary plug (DPLUG)
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(7)
(8)
(9)
(10)

outer diameter of primary nozzle (DPRIM)

velocity of exhaust from primary nozzle (VJPRIM)

total temperature of exhaust from primary nozzle (TTPRIM)
angle of nozzle ¢ relative to the horizontal (ANGNOZ)

For NOPTJ =3,

(1)
(12)
(13)
(14)

inner diameter of secondary nozzle (DANIN)
outer diameter of secondary nozzle (DANOUT)
velocity of exhaust of secondary nozzle (VJSEC)

total temperature of exhaust of secondary nozzle (TTSEC)

For NOPTJ =2,

(15)
(16)
(17)
(18)
(19)

If NOPTS =

(1)

(2)

(3)
(4)

height of nozzle (HNOZ)

width of nozzle (WNOZ)

velocity of exhaust (VJPRIM)

total tamperature of exhaust (TTPRIM)

angle of nozzle § relative to the horizontal (ANGNOZ)

3 OF NOPTS =6, the following are also required:

distance along the wing from projection of nozzle exit to wing
trailing edge {X1)

vertical distance from wing surface to the center of the nozzle
exit (Y1)

length of flaps (FLAP1, FLAP2, and FLAP3)

flap angles (FLPA61, FLPA62, and FLPA63)

The reference OASPL is given by

where

OASPL = KA+ A+ 8B + C

134 when no plug is used

KA =
H .
=134 + 3 - !oglo(o.l + 2 (EE ) with plug
H = annulus height of primary
B2 = outer diameter of primary (DPRIM),
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4 N ST /27y

: RHOA 2 CA 4
Loy A=10 - '°91°(A" '(0‘0765) (31780 )

AN = nozzle area

RHOA = density of ambient air

! CA = speed of sound in ambient air,
i
I 3.5
- . (3K . . RHOJ
8 =10 (_-—__0.6+K3'5 1) logm(-——RHoA)

K = ratio of primary jet velocity to speed of sound in ambient air
(VPRIM/CA)

density of primary exhaust

7.5

! R40J
K )

C =10+ logyy (——r
Yy s0.01.k0°

The output is the 1/3 octave-band spectrum,

The subroutine logic path is shown in the following flow chart (Figure 2-11).
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4.3.5 EXCESS - Excess Engine Noise

This subroutine calculates the 1/3 octave-band spectrum for the excess engine
noise source which includes core and tailpipe noise. The definition and dis-

cussion of this source and the prediction method is presented in Section 2.1.3.

The subroutine also calculates the geometrical relations (shown in Figure 2-8)
needed to calculate the shielding effect when the USB (NOPTS =3) or Hybrid
(NOPTS =6) option is exercised. The source is assumed to be located at the

center of the nozzle exit for these calculations.

The required variables are:

(1) source to observer distance (STOD)

(2) azimuthal angle (AZMANG)

(3) atmospheric absorption coefficients (ALPHA)

(4) 1/3 o.b. center frequencies (F)

(5) engine nozzle angle relative to horizontal (ANGNOZ)

(6) diameter of equivalent unplugged circular nozzle (JEQUIV)
(7) velocity of equivalent unplugged circular nozzle (VEQUIV)
(8) key to determine type of high 1ift system (NOPTS).

If NOPTS =3 or NOPTS =6, the following are also required:

(1) distance along wing from projection of nozzle exit to wing trailing
edge (X1)

(2) vertical distance from wing surface to center of nozzle exit (Y1)

(3) length of flaps (FLAP1, FLAP2, and FLAP3)

(4) flap angles (FLPAG!, FLPAG2, and FLPAG3).

The reference OASPL is given by

OASPL = 10 - log;o(100 A U®)

DEQUIVZ « &
'__T—_)

where A = equivalent nozzle area (

=
H

VEQUIV

The output is the 1/3 octave band spectrum.




Since this subroutine uses two values calculated in JET, it must never be

called unless JET has previously been called.

The subroutine logic path is shown in the following chart (Figure 2-12).
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4.3.6 AUGWNG - Augmentor Wing Noise

This subroutine calculates the 1/3 octave band-spectrum considering the entire
augmentor wing high 1lift system as one source. This subroutine, therefore,
should be called only for NGPTS =5 (AW configuration) and should be the only

3 ( high=1ift noise source subroutine called. The methodology used to develop

1 this prediction procedure is described in Section 2.3.5.

The required variables are:

(1) source-to-observer distance (STOD)
(2) azimuthal angle (AZMANG)
(3) elevation angle (ELVANG)

ART e
-
B
S’

atmospheric absorption coefficients (ALPHA)
¢\ (5) 1/3 o.b. center frequencies (F)
§ (6) height of wing slot nozzle (HWNOZ)
« {7) width of wing slot nozzle (WWNOZ)

(8) wvelocity of wing slot nozzle exhaust (VJWNOZ)
length of ejector (EJL)
(10) ejector angle (EJANG)

bR
-
\¥e)
o’

The reference OASPL is calculated using the expression,

OASPL = 60 - logy, (VJWNOZ) + 10 - log,o(AREA)

- 5+ logyo (EJLHW/10) - 30.6

where

AREA = nozzle area (HWNOZ « WNOZ)

EJLHW

ratio of ejector length to nozzle height (EJL/HWNOZ).

The output is the total 1/3 octave-band spectrum produced by the augmentor

wing high-1ift system.

In this calculation procedure the AW is considered to be a slot nozzle with

hard-wall ejector. The use of multi-lobe nozzle with/or without lined ejector

can reduce the noise levels substantially. The effect of these modifications
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are determined in the noise reduction option described in Sections 4.1.2 and

i
|
5 4.4.6.
} The subroutine logic path is shown in the following flow chart (Figure 2-13).
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4.3.7 WNGJET - Wing Jet Noise

This subroutine calculates the 1/3 octave band spectrum of jet noise from a
wing slot nozzle. The methodology is the same used in JET. |t assumes that
the nozzle will be located at the wing trailing edge for the Hybrid (NOPTS =6)
and IBF/BLC (NOPTS =4) configurations and at the last flap trailing edge for
the 1BF/JF (NOPTS = 4),

This subroutine calculates the diameter (DE) of the equivalent area circular
nozzle; DEQUIV will be set to that value for the IBF (NOPTS =4). Also, the
value of VEQUIV is set to VJWNOZ for the IBF case.

The geometrical relations (Figure 2-8) needed to calculate the shielding
effect are also calculated in this subroutine. The source is assumed to be
located 2DE downstream from the nozzle exit. The shielding values are applied
to the wing jet noise spectrum. The value of the shielding effect is set to
0.0 for the IBF/JF since the wing slot nozzle is at the flap trailing edge.

The required variables are:

(1) source-to-observer distance (STOD)

(2) azimuthal angle (AZMANG)

(3) atmospheric absorption coefficients (ALPHA)

(4) 1/3 o.b. center frequencies (F)

(5) height of wing slot nozzle {HWNOZ)

(6) width of wing slot nozzle (WWNOZ)

(7) velocity of wing slot nozzle (VJWNOZ)

(8) angle of nozzle centerline relative to horizontal plane (ANGWNZ)
(9) total temperature of wing slot nozzle exhaust (TTWNOZ)
(10) flap lengths (FLAP1, FLAP2, and FLAP3)
(11) flap angles (FLPAG!, FLPAG2, and FLPAG3).

The values of items 10 and 11 should be 0.0 for the IBF/JF configuration.
The reference OASPL is calculated using the same equation as shown in JET,

Section 4.3.4, with the nozzle dimensions being those of the wing slot nozzle

instead of tie engine nozzle and the value of KA is always 134.
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The output is the 1/3 octave band spectrum.

The subroutine logic path is shown in the following flow chart (Figure 2-14).
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4,3.8 IMPING - impingement ioise

This subroutine calculates the 1/3 octave-band spectrum for the jet flow im-

pinging on the wing or flaps using the methodology developed in Section 2.3.1.

It is assumed that only the EBF, USB, and Hybrid can have impingement noise;

therefore, this subroutine is set up to handle only these three configurations.

Using the geometrical parameters in Figure 2-15, the impingement area (Al) is
calculated as a function of impingement velocity (VIP) and angle of impinge-
ment (ALPH) for calculating the reference OASPL.

The shielding effects of the wing and flaps for the USB and Hybrid configura-
tions are programmed into the directivity indices which are applied in the
calculation of OASPL.

The required variablies are:

(1)  key to determine type of high~lift system (NOPTS)
(2) source-to-observer distance (STOD)
(3) azimuthal angle (AZMANG)
() elevation angle (ELVANG)
(5) atmospheric absorption coefficients (ALPHA)
(6) 1/3 o.b. center frequencies (F)
(7) equivaient nozzle diameter from JET (DEQUIV)
(8) equivalent exhaust velocity from JET (VEQUIV)
(9) equivalent exhaust total temperature from JET (TTEQ)
(10)  hydraulic diameter from JET (HD)
(11)  angle between nozzle centerline and wing centerline (ALPHA1)
(12) distance along wing from projection of nozzle exit on the wing
to wing t.e. (X1)
(13)  vertical distance from the wing surface to the center of the
nozzle exit (Y1)
(14) length of flaps (FLAP1, FLAP2, and FLAP3)
(15)  flap angles (FLPAGI, FLPAG2, and FLPAG3)
(16)  key to determine nozzle configuration (NOPTJ)
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. NOPTJ =2

] (17)  height of engine slot nozzle (HNOZ)
H
l (18) width of engine slot nozzle (WNOZ).
i

The reference OASPL is calculated using the expression,

| OASPL = 10 - logyg (Al »sin? (ALPH)) + 80 + logye (VIP) = 74,

e L b

| The output is the 1/3 octave band spectrum,

The restrictions of this subroutine are:

———

E ! (1)  NOPTS must be 2, 3, or 6; values of 4 or 5 will send control back
. } to STOLPROG with no calculations.
{ (2) flow for the USB and Hybrid must impinge on wing.

(3) JET must be called prior to IMPING.

The subroutine logic path is shown in the following chart (Figure 2-16).
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4,3.9 WALJET - Wall Jet Noise

This subroutine calculates the 1/3 octave-band spectrum from the formation of
the wall jet on the wing and/or flap surface, using the methodology developed
in Section 2.3.2.

The basic geometrical relations used in this subroutine are the same as those
shown in Figure 2-15 for IMPING. However, this subroutine must also calculate
values of the flow parameters from the IBF/BLC wing slot nozzle over the
surface. The relations used for IBF/BLC are the same as those shown for the
USB and Hybrid with ALPHA1 and X1 being assumed to be 0.0.

The parameters associated with the flow over the surface are also calculated
as shown in Figure 2-17. The EBF may have either a slot or circular/coaxial
nozzle but the USB and Hybrid are assumed to have only a slot nozzle. The
IBF/BLC is assumed to have a wing slot nozzle. The other three (VT, IBF/JF
and AW) configurations do not have any wall jet flow and therefore, no provi-

sion is made to account for them.

The shielding effects of the wing and flaps for the USB, Hybrid and 1BF/BLC
configurations are programmed into the directivity indices which are applied

to the reference OASPL.

The required variables are:

(1) key to determine type of high 1ift sysiem (NOPTS)
(2) source-to-observer distance (STOD)

(3) azimuthal angle (AZMANG)

(4) elevation angle (ELVANG)

(5) atmospheric absorption coefficients (ALPHA)

(6) 1/3 o.b. center frequencies (F)

(7) flap lengths {FLAP1, FLAP2, and FLAP3)

(8) flap angle (FLPAG!, FLPAG2, and FLPAG3).

NOPTS = 2, 3, or 6

(1) equivalent nozzle diameter form JET (DEQU!V)
(2) equivalent exhaust velocity from JET (VEQUIV)
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(3) equivalent exhaust total temperature from JET (TTEQ)

(4) angle between engine nozzle ¢ and wing ¢ (ALPHA1)

(5) aistance along the wing from projection of engine nozzie center to
wing t.e. (X1)

(6) wvertical height from the wing surface to nozzle centar (Y1)

(7) key to determine engine nozzle configuration (NOPTJ)

NOPTJ = 2

(8) height of engine slot nozzle (HNOZ)
(9) width of engine slot nozzle (WNOZ)

NOPTS = 4

(1) equivalent nozzle diameter from WNGJET (DEQUIV)

(2) equivalent exhaust velocity from WNG.IET (VEQUIV)

(3) equivalent exhaust total temperature from WNGJET (TTEQ)
(4) height of wing slot nozzle (HWNOZ)

(5) width of wing slot nozzle (WWNOZ)

The reference OASPL is calculated using one of the following expressions,

NOPTS = 2

OASPL = 10 - log, (XPRIM + B) + 80 log;o(U) - 105

where U = VEQUIV,

NOPTS = 3, &4, or 6
0ASPL = 10 * logyo {RL *B) + 80 log;q(U) - 105

where U = VEQUIV.
The output is the 1/3 octave~-band spectrum.

The restrictions of this subroutine are:

(1) USB, Hybrid and IBF/BLC must use slot nozzies.
(2) JET or WNGJET must be called prior to WALJET.

The subroutine logic path is shown in the following flow chart (Figure 2-18).
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4.3.10 WAKE - Trailing Edge Wake Noise

This subroutine calculates the total 1/3 octave-band spectrum of the noise
levels generated in the wake of the propulsive high-1ift airflow downstream of
the flap trailing edge. The methodology for the calculation procedure is dis-
cussed in Section 2.3.4.

This subroutine should normally be called for NOPTS =2 (EBF), 3 (USB), 4
(1BF/BLC), and 6 (HYBRID). For NOPTS =4 (IBF/JF), this subroutine should not
be called. For the Hybrid configuration, wake noise is calculated only for
the engine exhaust airflow; the wake noise component of the flow from the slot

nozzle is assumed to be insignificant.

The geometrical relationships required by WAKE are calculated within the sub-
routine and are shown in Figure 2-15. The geometry for IBF/BLC is similar to
Figure 2-15(d), except ALPHA1 is assumed equal to zero. Shielding is not

applied to wake noise.

The key input variables are:

(1) key to determine type of high-1ift system (NOPTS)
(2) 1/3 o.b. center frequencies (F)

(3) atmospheric absorption coefficients (ALPHA)

(4) source-to-observer distance (STOD)

(5) azimuthal angle (AZMANG)

(6) flap lengths (FLAP1, FLAP2, and FLAP3)

(7) flap angles (FLPAG!, FLPAG2, and FLPAG2).
If NOPTS = 2, 3, or 6, the following are required for the engine exhaust
nozzle:

(1) distance from nozzle exit to wing trailing edge measured parallel to
wing centerline (X1)

(2) distance from nozzle exit to wing surface measured perpendicular to
wing centerline (Y1)

(3) angle between nozzle centerline and wing centerline (ALPHA1)

(4) jet equivalent exhaust velocity (VEQUIV)

{(5) jet equivalent exhaust total temperature (TTEQ)
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(6) nozzle exit equivalent diameter (DEQUIV)
(7) nozzle exit hydraulic diameter (HD).

For NOPTS =2, NOPTJ is also required; a key to indicate nozzle exit geometry.

For NOPTS = 2, NOPTJ is also required; a key to indicate nozzle exit geometry.

ters required are:

(1) height of the slot nozzle (HNOZ)
(2) width of the slot nozzle (WNOZ).

If NOPTS =4, the following wing nozzle parameters are needed:

(1) jet total temperature (TTWNOZ)

(2) jet exhaust velocity (VJWNOZ)

(3) height of the wing nozzle (HWNOZ)

(4) width of the wing nozzle (WWNOZ)

(5) distance from nozzle exit to wing trailing edge measured parallel
to wing centerline (normally = 0.0) (X1).

The expression used for OASPL in this subroutine is:
0ASPL = 10 log;, (DELTA +B) + 80 logy, (VVE) - 111.0

where VTE is the velocity at the trailing edge and DELTA and B are illustrated
in Figure 2-17.

The restrictions are: (1) For NOPTS =4 (IBF/BLC), this subroutine assumes
that ALPHA1 will be input as ze}o and that Y1 will be input &s HWNOZ/2, and
(2) for NOPTS =3 (USB) and 6 (HYBRID), the engine nozzle exit dimensions must
be described in terms of an equivalent nozzle height and width if a slot
nozzle is not used.

The output is the 1/3 octave-band spectrum for the wake noise component.

The subroutine logic path is shown in the following flow chart (Figure 2-19).
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k.3.11 _TRAIL ~ Tralling Edge Noise

This subroutine calculates the 1/3 octave-band spectrum of the nolse generated
by engine high-1ift airflow leaving the flap trailing edge. The methodology
for the calculation procedure is discussed in Section 2.3.3.

Thie subroutine should normally be called for NOPTS = 2 (EBF), 3 (USB), 4
(1BF/BLC), and 6 (HYBRID), but should not be called for NOPTS = 4 (IBF/JET FLAP).
For the Hybrid configuration, this Is based on engine nozzle geometry and air-
flow parameters. As with all the high-1ift nolse sources (impingement, wall~
jet, wake, and tralling edge), for the Hybrid configuration, it Is assumed that
the dominant component nf these sources is derived from the engine nozzle air-
flow and that the wing nozzle contribution may be neglected.

The geometrical relationships used in TRAIL are calculated within the sub-
routine and are lllustrated in Figure 2-15, The geometry for IBF/BLC configu-
rations is similar to the USB and Hybrid as shown in Figure 2-15(d), except
ALPHA! s assumed to be zero. Wing shielding is not calculated separately but
Is included In the dlractivity of the noise.

The required input variables for TRAIL are the same as those described for WAKE
In the preceding section, except that WAKE also requires the aircraft elevation
angle relative to the observer {ELVANG).

The reference 0ASPL is calculated from the following expression:
OASPL = 10 log,o (DELTA - B) + 50 logyy (VTE) - 6.0 + TURB

where VTE is the velocity at the trailing edge and DELTA and B are shown in
Figure 2<17. TURB is a factor added to account for the locatlon of the
turbulence center.

The restrictions which apply to WAKE (Section 4.3.10) also apply to TRAIL.

The output is the 1/3 octave-band spectrum of sound pressure levels,

The subroutine logic path Is shown in the following flow chart (Figure 2-20).
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4,3.12 APU -~ Auxiliary Power Unit

This subroutine calculates “e noise levef produced by the auxiliary power unit
and radiated to an observer located some finite distance from the source. Due
to the limited amount of data available for this noise source this prediction
method, discussed in Section 2.4.2, yields only the perceived noise level
corrected for spherical divergence to the source-to-observer distance. It does

not account for any directional effects.

There are two options for this prediction: one is based on the bleed capacity,

and the other is based on the shaft horsepower output of the APU.

The required variables are:

(1) key to denote which option of calculation is used (NOPTA]
= 1 uses bleed capacity (BC)
= 2 uses shaft horsepower (SHP)

(2) source-to-observer distance (STOD).

Method one (NOPTA=1) uses the expression,
PNLAPU = 103.0 + 0.11 - BC

to determine the perceived noise level (PNLAPU) at distance of 1 foot. Method

two (NOPTA = 2) uses the expression,

PNLAPU = 106.0 + 0.106 « SHP .
The output is the peiceived noise level radiated to the observer.

The subroutine logic path is shown in the following flow chart (Figure 2-21).
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4.4 ADDITIONAL SUBROUTINES

In addition to the twelve major noise source prediction subroutines, discussed
in Section 4.3, the overall program includes ten subroutines which perform
auxiliary functions. These functions, due to their length and frequent use by
the main program and/or the twelve major subroutines, were programmed as
separate subroutines. The following are the descriptions, with detailed flow
charts (for the six subroutines programmed for this prediction procedure), and

explanatory figures for these ten subroutines.
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L.4,1 EGA - Extra Ground Attenuation

This subroucine calculates the changes in SPL spectra resulting from all or a
portion of the acoustic ray path being within the turbulent boundary layer of
the earth, estimated to be 100 feet. The curves presented in SAE AIR 922 for
the 10 knots downwind condition form the basis for this calculation as de-
scribed in Section 3.4. The conditions could be varied to accoomodate other
wind conditions by replacing the stored data in the subroutine with that for
the desired conditions.

The required variables are:

(1) source-to-observer distance (STOD)

(2) aircraft altitude (ALT)

{3) 1/3 o.b. center frequencies (F).
Using these values and the known observer height (4 ft), the length of the
acoustic ray within the 100 ft. boundary layer of the earth can be determined

based on the geometrical relations shown in Figure 2-22.

The output is an array of spectral corrections to be subtracted from the pre-
dicted SPL spectra.

These values are maximum when ANGLE (see Figure 2~22) is 0.0 degrees and are
0 when ANGLE is greater than or equal to 30.0 degrees.

The subroutine logic path is shown in the following flow chart (Figure 2-23).
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4.,4,2 GRE - Ground Reflection Effect

This subroutine calculates the spectral changes resulting from the acoustic

cancellations and reinforcements caused by the reflection of the acoustic rays

from a surface. These effects are calculated considering a perfect reflectinrg
surface; however, the equations can be modified to include other surfaces as
described in Section 3.3.

The required variables are:

(1) source-to-observer distance (STOD)
(2) aircraft elevation angle (ELVANG)
(3) aircraft altitude (ALT)

(4) 1/3 o.b. center frequencies (F).

- From these and the known observer height (4 ft.) the length of the direct ray
* J and the reflected ray can be determined, for use in the above methodology.

g The output is an array of spectral corrections to be added to the predicted
free-field spectrum.
The restrictions for this subroutine are:

(1) the elevation angle must be between 0° - 90°
(2) the value of acoustic cancellations are limited to -30 dB.

The subroutine logic path is shown in the following flow chart (Figure 2-24).
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L.,4,3 SHIELD - Shielding from Aircraft Components

This subroutine calculates the spectral change produced by shielding of the
noise source by the wing/flaps. The wing shielding effect is computed spec-
trally using the optical diffraction method described in Section 3.5

The required variables are:

(1) aircraft elevation angle (ELVANG)
(2) source-to-barrier distance (SD)
(3) equivalent.barrier height (BH)

(4) boundary-to-observer distance (0D)
(5) 1/3 o.b. center frequencies (F).

SD, BH, and 0D are calculated by the calling subroutines based on the individu-
al source locations. The geometrical variables used for these calculations are
shown in Figure 2-8,

The output is the change in SPL resulting from the shielding. The values of
wing/flap shielding are lir:ited to a minimum of 0 and a maximum of 20 in any

1/3 octave band. The value of fuselage shielding Is discussed in Section 4.2 .

The subroutine logic path is shown in the following flow chart (Figu.z 2-25).
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2 L. 4.4 FWDSPD - Forward Speed Effects on Level

This subroutine calculates the change in PNL (APNdB) resulting from the forward
speed of the aircraft, as described in Section 3.2. Values are calculated

using the equation

APNdB = 10+ k « log;q (1 - VAC cos(ANG)/VEL)

where:
k = power factor which varies with high 1ift system and configuration

as described in Section 3.2.2.

VAC = aircraft velocity along flight path.

ANG = nozzle angle (ANGNOZ for NOPTS = 1, 2, 3, 6;
ANGWNZ for NOPTS = &)

VEL = nozzle velocity (VEQUIV for NOPTS = 1, 2, 3, 6;
VJWNOZ for NOPTS = L, 5)

The required variables are:

(1) key to determine type of high-1ift system (NOPTS)
(2) NOPTS = 1, 4 none
: (3) NOPTS = 2, flap length (FLAP1, FLAP2, FLAP3)
; (4) NOPTS = 3, 6 , zlevation angle (ELVANG)
: (5) NOPTS = 5, elevation angle (ELVANG)
ejector angle (EJANG)
(6) all values of NOPTS require values of ANG and VEL described above
(7) aircraft velocity (VAC).

The output is the change in PNL level (APNdB) of the system specified by the
incoming value of NOPTS.

The restriction for this subroutine is that the aircraft velocity (VAC) must

be less than the nozzle velocity (VEL).

The subroutine logic path is shown in the faollowiag flow chart (Figure 2-26).
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L.4k.5 DOPLER - Frequency Shift Due to Forward Speed

This subroutine shifts 1/3 octave-band spectra up or down in frequency as required
to account for the chanrge in frequency resulting from the aircraft moving

toward or away from the observer. The Doppler frequency shift methodology is

T O P W D

briefly described below. The detailed discussion is presented in Section 3.2.1,

The value of the Doppler ratio (D) is calculated and determines the amount of
frequency shift as follows:

< 0.445449 no shift; print diagnostic
0.44s54k9 < D < 0.56123 3 1/3 o.b. downward
0.561231 < D < 0.707107 2 1/3 o.b. downward
0.707107 < D < 0.890899 1 1/3 o.b. downward

0.890899
1.122462 <
1.414213 <
1.781797 <

1.122462 no shift

1.414213 1 1/3 o.b. upward
1.783797 2 1/3 o.b. upward
2.244924 3 1/3 o.b. upward
2,244924 no shift; print diagnostic

A

A

A
o O U O O O O O ©O
A A

1v

where D is the ratio of source frequency to observed frequency (f/fo).

The required variables are:

n T Aemne oy .

(1) aircraft velocity along the flight path (VAC)
h (2) azimuthal angle from aircraft centerline to the observer (AZMANG)
(3) 24-1/3 o.b. sound pressure levels.

The output is the shifted 1/3 o.b. spectrum.

The restrictions for this subroutine are:

(1) there must be 24 -1/3 o.b. SPL's in a single subscripted array
input
(2) the value of D must be 0.445449 <D < 2.244924,

The subroutine logic path is shown in the following flow chart (Fiqure 2-27).
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Figure 2-27. Continued.
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L.,4.6 REDUCE - Nolse Reduction Features

This subroutine calculates the reduction in PNL (APNdB) achieved through the
use of certain noise reduction features, described in Section 3.6. These are

defined for three types of high 1ift systems, only, as follows:

EBF (NOPTS = 2)
NR1 = } Number of flaps (1-3)
NR2 = 1 Treatment on the last flap trailing eage
NR3 = 1 Slot blowing at last trailing edge

uss (NOPTS = 3)
NR? = 1 No reduction applied
NR2 = 1 Treatment on the last flap trailing edge

NR3 = 1 Slot blowing at last trailing edge

AW (NOPTS = 5)

NR1 = 1 Multi-element nozzle with hard-wall ejector

NR2 = 2 Multi-element nozzle with lined ejector
NR3 = 1 No reduction applied.

A value of 1 input for NRED implies that one of the noise reduction features
has been applied and the values for NR1, NR2, and NR3 should be checked.

The rcquired variables are:

N (1) key to determine the type of high-lift system (NOPTS)
,;5 - (2) which noise reduction features applied (NR1, NR2, WR3)
" . (3) length of flaps (FLAP1, FLAP2, FLAP3)
‘ ?1 (4) elevation angle (ELVANG)

~§; (5) equivalent nozzle velocity if system is EBF or USB (VEQUIV)
ae % (6) siot height if trailing edge blowing is used (HELOT)

:’33 (7) wing nozzle temperature if system is AW (TTWNOZ)
p M. (8) wing nozzle velocity if system is AW (VJWNOZ) .

}

SN The output is the APNdB produced by one or more of the noise reduction

features.




The restrictions for this subroutine are:
{1) system type must be EBF, USB, or AW
(2) only one noise reduction feature may be used with AW.
- The subroutine logic path is shown in the following flow chart (Figure 2-28).
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4.4.7 PNLREV - Calculation of Perceived Noise Level

This subroutine calculates the perceived noise le:el (PNL) from octave cr 1/3
octave-band spectrum. It utilizes the methods defined in SAE ARP-865A. The
mathematical formulation of the Noy Table, defined in that document, is used

in order to save both space and time during program execution.

The required variables are:
(1) spectrum

(2) code to distinguish between octave band and 1/3 octave band
spectra (NOCT)

1 = octave band
2 = 1/3 octave band.

The output Is the perceived noise level of the input spectrum.

The restrictions for the subroutine are:
(1) The frequency range of the spectrum must be

(a) 24 -1/3 octave bands centered from 50 Mz to 10,000 Hz or
(b) 8 octave bands centered from 63 Hz to 8,000 Hz.

(2) The sound pressure level! in any band must not exceed 150 dB.

The procedures for this calculation are well defined and have been in use for

several years. Therefore, no flow chart is presented for this subroutine.
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4.4.8 TONE - Calculation of Tone Corrected PNL

This subroutine calculates the correction to be applied to the perceived noise
level, due to irregularities in the spectrum. The program uses the methods
and equations defined in Appendix B of FAR Part 36.

The required inputs are:

(1) 1/3 octave-band spectrum

(2) perceived noise leve .- - :he spectrum.
The output is the value of the tone corrected perceived noise level.

This program requires that the input spectrum consists of 24 values of sound
pressure level.

The methods for this calculation are well defined and have been in use for

several years. Therefore, no flow chart is presented ror this subroutine.
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L4.4.9 GIRC -

One Independent Variable Table Interpolation

This function
desired value

variables and

Entrance into

where
ARG =

X =

Y =

NX =

IORDER

routine interpolates a value of a dependent variable for the
of the independent variable. It requires an array of independent
the corresponding array of dependent variables.

this function is of the form

ANS = GIRC (ARG, X, Y, NX, IORDER)

interpolant

array of independent variable

array of dependent variable

length of arrays X and Y

1 Indicates first order interpolation
2 indicates second order interpolation.

Upon return from this function ANS will contain the interpolated value.

This is provided as a system routine to users of the Lockheed-Georgia Company

UNIVAC 1106 computer. It has been operational for several years and is

generally accepted as accurate for interpolations. Therefore, the internal

workings of this routine were not investigated and no flow chart is provided.
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4.4.10 DTAB2 - Two Independent Variable Table Interpolation

This function routine interpolates a value of a dependent variable for the
desired values of the two independent variables. This is done from arrays of

the independent variables and the corresponding double-subscripted array of
the dependent variables.

Entrance into this function is of the form

ANS = DTAB2 (XX, Zi, X, Z, NX, NZ, KX, KZ, Y, M, [ERR)

where

ANS = interpolated value from Y
XX = interpolant in X direction
Zl = interpolant in Z direction
X = array of X value (single subscript)
Z = array of Z value (single subscript)
NX = number of values in X
NZ = number of values in Z
KX = 1 for linear interpolation in X
= 2 for curvilinear interpolation in X

KZ = 1 for linear interpolation in Z

2 for curvilinear interpolation in Z

array of Y [double subscripted: Y (NZ, NX}]
M = row dimension of Y

IERR

<
L §

1 for successful interpolation

2 for unsuccessful interpolation
The value of IERR is returned from the function routine.

The interpolation is first performed in the Z direction for enough values so
that the interpolation can then be performed in the X direction using these
interpolated values.

This routine is provided for UNIVAC 1106 users at the Lockheed-Georgia Company.
It has been operational for several years and is generally accepted as accurate.
Therefore, the internal workings of this routine were not investigated and no

flow chart is provided.
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5. _MACHINE REQUIREMENTS

This program is designed to operate on the UNIVAC 1106. Approximately 20K
decimal words of 36 bits each are required for execution. Data input is

through cards or 80 character card images. Output may be obtained on a line
printer only.

5.1 OPERATING SYSTEM

The program has been developed on a UNIVAC 1106 under EXEC-8 ievel 27. However,

it Is also checked out on the NASA Langley CDC 6600 under KRONOS with a FTN
compiler.

5.2 RESOURCE ESTIMATES

The central processor time required to process a job depends on three major
factors:

(1) number of nolse source subroutines used to describe aircraft system
(2) output option (MOPTG) selected
(3) number of points on flight profile for NOPTG = 3.

The most computational time is required when NOPTG = 3 is selected since it
requires data for 17 observer locations for each point on the flight profile.

The noise levels for the baseline aircraft, of each type of high-1ift system,
were computed using NOPTG = 3 with 16 points on each flight profile. The sub-
rout!nes called for each system were those suggested in Section 4.1.3. The

following table shows the time required for each execution and output cycle of
the computations:

Aircraft Type CPU Time-minutes
Vectored Thrust . 3.58
External'ly Blown Flap 3.57
Upper Surface Blowing 3.43
internally Blown Flap 4.23
Augmentor Wing 4.55
Hybrid 5.05
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6. DIAGNOSTICS

The following are a list of the error messages which may be printed, and the
program which prints them:

(1) ALTITUDE CANNOT BE LESS THAN 4.0 FEET
YOUR VALUE (S NOW XXXXX.XX STOLPROG)
occurs when ALT is less than 4.0.

(2) NOPTG CANNOT BRL SET EQUAL XXXXX (STOLPROG)
occurs when NOPTG is other than 1, 2, or 3.

(3) STOD CANNOT BE LESS THAN 10.0 FEET
YOUR VALUE 1S NOW XX.XXX (STOLPROG)
INCREASE YOUR VALUE OF ALT OR SLDIST.
occurs when STOD is <10.0 ft.

(4) RELATIVE VELOCITY NOT ACCEPTABLE TO SUBROUTINE FWDSPD (FWDSPD)

occurs when VAC > VEL.

(5) THIS VALUE OF D X.XXXXXXXXXX * XX !S NOT ACCEPTABLE FOR SUBROUTINE
DOPLER THEREFORE NO SHIFT WAS USED (DOPLER)
occurs when D is 2 2.244924 or D < 0.44599.

(6) SPL EXCEEDS 150 dB (PNLREV)
occurs when 1 of the 1/3 o.b. SPL's is greater than 150 dB; the

returned value cf PNL will be 0.0.
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A. SAMPLE CASES

The gollowing pages contain sample input and output
for the three progham options {NOPTG) available with
this prediction progham.
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DATA FOR NOPTG2i OPTION

1 BASELINE HYBRID AIRCRAFT

2 6 1 4 . . .

3 500, 4,0 90, 80, 8.0

4 1 1 1 1 1 0 1 1 1 1 1 1
5 12. 8,6162 0,6710 ,

* 6 5,5815 0.0 040 30, 0.0 040

7 .. 2

8 1,3206 8454 600. 565 12,

9 0.0456 17.3086 640, 040 565,
10 2304, 6,72 1,367
11 214, 1,255 640999 519, 17.5 18,0
12 1,105 . 1400, 2,8974 60, 17400, 59, 0,0
13 2 200,
14 0

-
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BASELINE HYBRI!) AIRCRAFT

AIRCRAFT VELOCITY = 80,0 KNOTS

SIDELINE DISTANCE = 500,00 FERT

AIRCRAFT ALTITUDE = 4,0 FEET

AZIMUTHAL ANGLE = 90,0 LEG,

ELEVATION ANGLE = «0 DEG,

SOURCE TO OBSERVER DISTANCE = 00,0 FEHT

AlRFRAME FAN AND JET EXCESS HIoH LIFT

FREQUENCY AERODYNAMIC TURB [NE FXHAUST ENGINE SYSTEM TOTAL
(HZ) (hy) (NB) (DOH) {DH) (D8) (He)
50 49,2 By, R 11 Y] 95,2 5.7 ‘Teb
63, HBec b5, 1 61.4 T34 7,1 %
80. fle.Dd 54,5 fl.6 6Y, 4 I"eb 1o T%e!
100, tbh,2 54,9 62,2 2] PR,] 77,1 1744
12%, 7240 "S54 62,7 b3 H THD 9eb
160, 70.6 B9, 7 62,6 60.4 78,9 19417
200. 68 H H6. 4 H2.7 H7e4b fRe b 19,2
250, 69,9 57,0 62,5 Hi o H 7/.b TH.1
315, 62.5 7.1 bled 1.2 1567 /re2
4on, 59,1 57,6 61.0 UHs,2 Tu,? el
500, H5Hel 58,2 60,4 4he % 4.4 5.4
630, 52.0 5Y,Y HY,3 42,1 71.48 249
H09O. 48,5 61.2 HHe U 39,0 049 {le0
1000, L C ) %9.H8 5l.2 36,0 A8 7 DY D
1250, 40.6 54,0 591 2.1 6.2 tTed
1600, 36,7 HHd,6 3.5 2846 e S EDeHO
2000, 32.1 HH,2 1.8 292 2.4 el PRV
2500, 28.7 H8.D 49,4 21eH Qe 2 aV. 24
3150, 24,3 hY,2 4745 17.6 fo WP 6le/
4000, 18,2 HY,1 diqu 12,/ S4, 4 60.d
5000, 15,4 bBH. S 41.2 Te¥ H) et Sy,
6300. Deb bo.1 35,9 3 YoM nneh
80900, ) 4h,7 23¢8 0 42.D 4neY
10000, o0 UK, 6 24,9 0 LIRS U, t
OASPL 6.8 T1e5 75,0 8,6 Hl4D Mg h
PNL ’6He1 83,9 1/.8 /Gs1 Yl.6 “3,9
WNLT 16,7 #85.4 4040 7041 H3.8 YD 4

MAXEMUM ARU MOISE = 74,2 WNDH

MR KKK KRR R KRR kKRR R Kbk KXY L A EX ¢ Kk
* TOTAL SYSTEM PNL = Y48,5 MNUIH %
® *

* TOTAL SYSTEM WNLT = 9bh.4 WUNDH %
KARKF KK¥ KFRK R KKK kb kokk AR kk ¥k Kk k¥ okt d
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DATA FOR NOPTG=2 OPTION

1 BASELINE HYBRID AIRCRAFT

2 .6 2 4 . .. ..

3 500, 4e0 90, .80, 8.0 ,

4 1 AN S S | 0 1 1 1 1 1 1
5 12, 8,6162 0.6710 . . ..

6 5.5815 0.0 0.0 30 0.0 0.0

7 2 . :

8 1,3206 8,54 600, 565, 12,

9 0,0456 17.3086 640, 0.0 565,
10 2304, 6472 14367
11 214, 1.25% 600999 519, 17.5 18,0

12 1,105 . 1400, 2.,8974 60, 17420, 59, 0.0
13 2 200,

14 0




BASELINE HYBRID AIRCRAFT
AIRCRAFT VELOCITY = H0.0 KNOTS
SIDELINE DISTANCE = 500,0 FEET
AIRCRAFT ALTITUUE = h,0 FEET
ELEVATION ANGLE = «0 DEG,
SOUHCE TO
AZIMUTHAL OBSERVER TOTAL TOTAL
ANGLE DISTANCE PNL PNLT
(LVEG) (FT) (NDY) (PNDH)
10.0 2879,4 67+6 hT7e6
20.,0 1461.9 7848 7848
3040 1000.0 8642 86,2
40.0 7779 8Y9.4 R, &
50,0 652.7 91.2 Y1,.2
60.0 5T77.4 9243 YZ,3
70.0 532,1 ¥2.8 H2,.8
HO.V 507.7 Y3.2 Yu,.H
90,0 50040 93,9 Yoe 4
10040 507.7 Y3.6 Yhed
110490 532.1 Y3.7 Y8, 7
120,0 N7/ 92,7 Y2, 7
130.0 6524/ Y0,.4 Y0.4
140.U0 71149 87,2 HT7.2
150.0 1000.0 82,8 #2.8
160,90 1461,9Y I19¢5 1hed
170.0 2879,4 Oh,2 661

DOVRS 000921 FPOF 0000090 FRUF 0000N0 ERMD Quandn
TASKS UNITS=2 cru=11 REFZY] WNS=UST 114 CORE=21




! DATA FOR NOPTG=3 OPTION
1 BASELINE HYBRID AIRCRAFT
2 6 3 4 . , _
3 500, 4,0 90, 80, 8.0
4 10 50,0 2000,0
5 1 1 1 1 1 0 1 1 1 1 1 1
6 12, 8,6162 0,6710 ]
g 505815 0.0 0.0 30, 0,0 040
2
9 1.3206 8,54 600, 565, 12,
10 0,0456 17,3086 640, 0,0 565,
11 2304, 6,72 1,367
12 214, . 1,255 6.0999 519, 175 18,0
13 1,105 1400, 2,8974 60, 17400, 59, 0,0
14 2 200,
| 15 0
e
o :“.,,:&.
A )
b &
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..
L b,
1
T
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5
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B« COMPUTER PROGRAM LISTINGS

J The §ollowing pages comiain the program Listings fon all
the progros developed and/on used in this prediction
% procedure gon V/STOL aircragt nodse.
N 'A
R
"%
)
N
L%
4

B S PR




STOLPROG

DIMENSION SPLL(6,24)»SPLF(2024)»SPLARO(24) ¢y SPLLFT(24) 9 SPLFAN(2 +)
2 SPLT(24)sPNLTOT(17)»PNLTC(17)9PNLMAX(S0) »PNLTMX(50) »ALTUDE(50) »

Semdh e, Ao 2 R o

et Snmearrpet e W

VL. N

MO FUNEP

3 AZMAX(50) +DISTMX (50 » XDIST(S50) »ELV(S50)»AZIMU(17)»DIST(17}
4 »TITLE(10)»NK(12)»SPLUET(24) »SPLEXS(24) »GRSPL (24) »EGSPL(24)
Cx
Chkxkk COMMON BLOCK &k kx kkkk
Cx
COM'ON NOPTS»NOPTJ»STOD»ALT»AZMANGELVANG)
2 VAC»DPLUG,DEQUIV,VEQUIV»FLAPL)FLAP2)FLAP3)FLPAG1FLPAG2,
S FLPAGI» TTEQsHNOZ» WNOZ» VUWNOZ » HWNOZ » WWNOZ » ANGNOZ » ANGWNZ » NRED »
4 NRI/»NR2.NRI/HSLOT»EJLIEJANG»WFF o PRF pDF » TF» TREATF » TREATA»PRT)
5 DTURB»BLADES: TRPMyPCTP»SA» ARy THICKs NOPTA»BC» SHP»DPRIMyDANIN,
6 DANOUT» X1 Y1 VTIPT»VJUPRIMyVJISEC» TTPRIMy TTSEC» XCNpe TTWNOZyHD
7 +»ALPHAL,» TREATT
COMMON /ATMO/F (24) ¢ ALPHA (24
Cx -
Cxxxkkx DATA STATEMENTS AND VALUE INITIALIZATION #k&iAx
Cx . )
DATA F/500063Q'30. 7'100.'1250'1600'200. '2500 '315.'“00.'303.!
2 6304980049100 040125049160040209)4¢250049¢315049400349500¢r
3 630042800040100004/ )
Ckrkkxx ATMOSPHERIC ABSORPTION IS FOR 77 DEG.F. AND 70 % R H, *kkkX
DATA ALPHA/D0409904119061490417906229062890:¢3500,4490,55¢0.,70»
2 06830101101 e¢411107712¢23102¢B81340304¢5913.8717:61+18.56¢11.08,
3 15.,08020434/
NALT=1
NANG=1
XCN=1,0
DELDBL=0,0
DELD3U=0,0
DELL=0,0
DO 20 I=1,24
DO 10 J=1:6
10 SPLL{JrI)=0,40
20 COMNTINUE
DO 40 I=1,24
DC 30 J=1.2
30 SPLF({JyI1)1=0,0
SPLUET(I)=0.0
SPLEXS(I)=0,0
SPLARO(I)=04.0
SPLFAN(I)=0,.0
SPLLFT(I)=0.,0
40 CONTINUE
PNLAPU=0,0
Cx
Cx¥xkx READ BASIC FLIGHT PATH DATA kkxv%
Cx
READ{(5,50%) TITLE
READ(5+501) NOPTS»NOPTG»NENG
IF(NOPTGLT.1.0RNOPTG,GT.3) GO TO 230
READ(5+502) SLDIST»ALT»AZMANG» VAC»FLTANG
IF(NOPTGJEG«3) READ(5,503) NALT»,ALTINC»STDIST
VAC=VA %1 ,69%COS(FLTANG/57,2957795)

A-9



5%
56
57
53
59
60
61
62
63
64
65
65
67
63
59
70
71
72
73
74
75
76
77
78
79
80
81
32
a3
84
85
86
87
83
89
90
91
92
23
9%
95
9%
97
28
91

109

101

102

103

104

195

106

107

108

STOLPROG

Cx
Cxkk¥k READ KEYS FOR SUBROUTINE CALLS *kkkxk
Cx , ‘
READ(5,501L) (NK(I),I=1s12)
Cx
Cxkkkx READ INPUT DATA FOR PREDICTION SUBROUTINES %% xkk
Cx*
Cxkxkx READ FLAP GEOMETRY AND NOZZLE LOCATION *kik%x
READ(5,502) ALPHAl¢X1,Y1
READ(59502) FLAP1»FLAP2FLAP3,FLPAGL)FLPAG2,FLPAG3
Cxkkkk READ ENGINE NOZZLE DATA Xx¥kik
IF(NK(4)NE.1) GO TO 44
READ(5»501) NOPTJ
IF(NOPTU.EQ.2) GO TO 42
READ(5+502) DPLUG»DPRIM» VUPRIM» TTPRIMy ANGNOZ
IF(NOPTJ.EQ.3) READ{5,502) DANIN,DANOUT,VJSEC,TTSEC
GO TO y4u
42 READ{59502) HNOZ»WNOZ»VJIPRINMs TTPRIM» ANGNOZ
44 CONTINUE
Chkkkk READ WING MNOZZLE DATA %kxkk
IF(NK(B)¢EQel) READ(5¢502) HWNOZ» WWNOZ» VUWNOZ»EJL » EJANG
IF(NK(7)4EQel) READ(52502) HWMNOZ» WWNOZ» VUWHOZ » ANGWNZ,» TTWNOZ
Cxkkkx READ DATA FOR OPTIONAL SOURCES *xkk
IF(NK(1)+EQe1l) READ(S59502) SA»AR» THICK
IF(NK(2) 4EQe1) READ(5+502) WFFPRF»DF» TF» TREATF» TREATA
IFINK(3)¢EQel) READ(5¢502) PRT»VTIPT+DTURB,BLADES, TRIMyPCTP» TREATT
IF(NK(12)«NEs1l) GO TO 46
READ (5¢503) NOPTA» XX
IF(NCPTALEQ.1) BC=XX
IF(NOPTAL.EQ.2) SHP=XX
46 CONTINUE
Ckkxkkk READ INPUT FOR NOISE REDUCTION OPTIONS *kxik«x
READ(5+5031) NRED
IF(NRED«NE.1) GO TO 48
READ(5,501) NR1,NR2)NR3
IF(NR3IEQ.1) READ(B»502) HSLOT
48 CONTINUE
Cx
Cx«kkk CALCULATE GEOMETRIC VALUES PLUS EXTRA GROUND ATTENUATION,
Cxkkkk GROUND REFLECTION EFFECTSs,AND FORWARD SPEI'D EFFECT *tkkX
Ck
ENG=FLOAT(MENG)
ENJC=1040%ALOG1IO(ENG)
IF(NOPTGWNE,1) NANG=17
DO 210 J2=1/NALT
IF(ALT LTe&0) GO TO 270
IF(NOPTG,NE.1) AZMANG=10,0
XRESAQRT(SLDIST*4x2+ (ALT=4,D) %k «2)
IF(XR4LT+0.01) GO TO 50
ELVANG=ASIN({ (ALT~440) /XR) %57,2957725
GO TO 60
59 ELVANG=90,0
60 CONTINUE
ENJCOR=ENJC =2 ,04COS(EIL.VANG/B7,2957795)
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130
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136
137
138
139
140
141
142
143
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145
146
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148
149
150
151
182
153
154
155
156
157
158
159
160
161
162

Cx
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DO 160 J1=1,NANG
STOD=XR/SIN(AZMANG/57 42957795)
IF(STOD.LT+10.0) GO TO 285
CALL EGA(EGSPL)

CALL GRE(GRSPL)

Cx4xkx CALL STATEMENTS FOR SUBROUTINES  #kkkk

Cx

Cx

79

75
80

IF(NK(1)4EQ,1) CALL AERO(SPLARO)
IF(NK(2) sEQ41) CALL FAN(SPLF)
IF(NK(3) EQ.1) CALL TURBNE(SPLF)
IF(NK(4) sEQqe1) CALL JUET(SPLJET)
IF(NK(5) +EQe1) CALL EXCESS(SPLEXS)
IF(NK(6) sEQe1) CALL AUGWNG{SPLL)
IF(NK(7)4EQs1) CALL WNGUET(SPLL)
IF(NK(8)+EQ@s1) CALL IMPING(SPLL)
IF(NK(9).,EQs1) CALL WALJUET(SPLL)
IF(NK{10)+EQes1) CALL WAKE(SPLL)
IF(NK(11)4EQe1) CALL TRAIL(SPLL)
IF(NK(12),EQs1) CALL APU{(PNLAPU)
IF(VAC.LE.0,0) GO TO 70

CALL FWDSPD{DELDBL)

NOPTF=NOPTS

NOPTS=1

CALL FWDSPD(DELDBJ)

NOPTS=NOPTF

CONTINUE

IF (NOPTS,NE.,2) GO TC 75

NRED=1

NR1=1

IF(NRED.NE.1) GO TO 80

CALL REDUCE(DELL)

CONTINUE

Cxx¥xk CALCULATE TOTAL OF HIGH LIFT NOISE *%kxk

Cx

25
100

110

SUM2=0,0

DO 110 I=1,24

SUM1=0,97

DO 100 J=1+6

IF(NK({J+5) (NEW1) GO TO 95

IF(SPLL{J»I)4LEWDs1) GO TO 25

SPLL{JeI)2SPLL{Je I)+ENJCORSGRSPL (1) =EGSPL (1) +DELDBL+DELL
IF(SPLL(JrI) ¢LT4040) SPLL(U»I)=0,0
IF(SPLL(J»I)¢GTe040) SUMIZSUM1+10,0%k(SPLL(JsI)/1040)
CONTINUE

IF(SUM1,GT(0.0) SPLLFT(I)=10,0%AL0OG10(SUM]L)

IF(SUM]1 ,GTL0,0) SuM2=SUM2+SUM1

CONTINUE

IF({SUM2.GT.0,0) OASPLL=10,0%ALOG10¢{SUM2)

CALL PNLREV/SPLLFT»PN»2)

PNLLFT=PN

CALL TONE(SPLLFTPNsPNLC)

PNLFTT=PNLC

A-11
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163 Cx
164 Cx*xxx CALCULATE TOTAL OF FAN AND TURBINE NOISE kkki
165 Cx
166 SUM220,0
167 DO 130 I=1,24
168 SUM1=0,0
; 169 DO 120 J=1,2
| 170 IF(NK(J+1).NE 1) GO TO 115
! 171 SPLF(J» 1) =SPLF (Js I) +ENJCOR=EGSPL { 1) +GRSPL{T)
I 172 115 IF(SPLF(Jr]1) 4LT40,0) SPLF(J»I)1=0,0
8 173 IF(SPLF(JrI) «6T¢040) SUML=SUM1+10,0%¥(SPLF(JsI)/10,0)
S 174 120 CONTINUE
| 175 IF(SUM1.GT.0.0) SPLFAN(I)=10.0%ALOG10(SUMYL)
| 176 IF(SUM1,GT,0.,0) SUM22SUM2+SUM1
S 177 130 CONTINUE
- 178 IF(SUM2,GT.0.0) OASPLF=10.0%ALOG10(SUM2)
i 179 CALL PNLREV{SPLFANsPN»2)
; 180 PNLFAN=PN
J 181 CALL TONE (SPLFAN,PNyPNLC)
X 182 PNLFNT=PNLC
' 183 Cx
184 Cxkkxk CALCULATE OASPL AND PNL FOR AIRFRAME NOISE *kkkk
185 Cx
186 IF(NK(1)«NE«1) GO TO 141
- 187 SUM120,0
. 188 DO 140 I=1s24
% 189 SPLARO( 1) =SPLARO({I)=EGSPL (1)+GRSPL(I)
190 IF(SPLARO(1) 4LT4040) SPLARO{I)=0,N
191 IF (SPLARO(I) «6T¢0,0) SUM1=SUM1+10,0%k(SPLARO(I)/10,0)
192 140 CONTINUE
193 IF(SUM1,GT.0,0) OASPLA=10,0%ALOG10(SUM])
194 CALL PNLREV(SPLARO»PN»2)
195 PNLARO=PN
196 CALL TONE (SPLAROPN¢PNLC)
197 PNLART=PNLC
198 141 CONTINUE
199 Cx*
: 200 C *xk¥xkx CALCULATE OASPL AND PNL FOR JUET AND EXCESS NOISE *kkkxk
. 201 Cx
4 202 SUM1=0,0
by 203 SUM220,0
) 204 DO 145 I=1,24
ﬁ( 205 IF(NK(4)4NE41) GO TO 142
;d 206 SPLUET (1) =SPLJET(1)+ENJCOR=EGSPL (1) +GRSPL (1) +DELDBJ
T3 207 142 IF(NK(5).NE.1) GO TO 144
i} 208 SPLEXS (1) =SPLEXS (1) +ENJCOR=EGSPI( 1) +GRSPL(T)
C 209 144 IF(SPLUET(I)4LT40,0) SPLUET(I)=0,0
.210 IF (SPLEXS (1) 4LT40,0) SPLEXS(I)=J,0
l 211 IF(SPLUET(I) ¢6GTe0e0) SUMLIZSUM1:+1040%% (SPLUET(1)/1049)
. 212 IF(SPLEXS (1) ¢5Te0.0) SUM22SUMZ+1040%k(SPLEXS(I)1/19,0)
213 145 CONTINUE
. 214 IF(SUML.GTe040) OASPLUZ10,04AL0OG10(SUML)
1 215 IF(SUM2,6GT.0.0) OASPLE=10.,9+AL0OG10{SUM2)
216 CALL PNLREV(SPLUETPN»2)
. A-12
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217 PNLJUET=PN

218 CALL TONE (SPLJUET»PHN»PNLC)

219 PNLTUT=PNL.C

220 CALL PNLREV(SPLEXS»PN»2)

221 PNLEXS=PN

222 CALL TONE (SPLEXS»PN»PNLC)

223 PNLTEX=SPNLC

224 Cx

223 Cxxikxkx CALCULATE TOTAL NOISE FROM COMPONENTS k4 kkx

226 Cx

227 SUM2=0,0

228 DO 150 I=1.,24

229 SUMi=0,0

230 IF(SPLARC(I) 4GTe0.0) SUMIZSUM1+10,0%x(SPLARO(I)/10,0)
231 IF(SPLFAN(I)4aGT4040) SUMIRSUM1+10,0%x(SFLFAN(I)/10,0)
232 IF{SPLUET(1)GTa040) SUMIZSUM1+10.0%4{(SFLUET(I)/10,0)
233 IF (SPLEXS(I)eGTe040) SUMISSUM141040%*(SPLEXS(I)/10,0)
234 IF(SPLLFT(I)¢GT40s0) SUMI=SUM1+10.0%*(SPLLFT(I)/10,0)
235 SUM2aSUM2+SUM1

236 IF(SUM14GTe0.0) SPLT(I)=10.,0%ALOG10(SUML)

237 150 CONTINUE

238 IF(SUM2,GT.0.0) OASPLT=10.0%ALOG10(SUM2)

239 CALL PNLREV(SPLTsPN»2)

240 PNL.=PN

241 CALL TONE(SPLT+PNyPNLC)

242 PNL. T=PNLC

243 IF(PNLAPUGLLE.0,0) GO TO 152

244 SUM1=106,0%%k (PNL/1040)+1040%% (PNLAPU/10,0)

245 SUM2=10 0%k (PNLT/10.0) +104 0% & (PN_APU/10. ")

246 PNLTOT/J1)=10,0%AL0OG10(SUM1)

247 PNLTC(J1)=10,0%ALOG10({SUM2)

248 GO TO 154

249 152 PNLTOT(J1)=PNL

250 PNLTC{J1)aPNLT

251 154 CONTINUE

252 DIST(J1)=STOD

253 AZIMULJL) SAZMANG

254 AZMANG=AZMANG+10,0

255 160 CONTINUE

256 ELV(J2)2ELVANG

257 ALTUDE(J2)=ALT

258 IF(NOPTG4,NE.3) GO TO 230

259 Cx

260 Cxxxkxkx DETERMINE MAXIMUM MOISE FOR SIDELINE POSITIONS k& ko
261 Cx*

262 PNLM=0,0

263 DO 170 J1=1/,NANG

264 IF(XNLTC(J1) 4LT«PNLM) GO TO 170

265 PNUM=PNLTC(J1)

265 NMAX=J1

267 170 CONTINUE

268 PNLMAX (J2)=PNLTOT (NMAX)

269 PNLTMX (J2) =PNLTC (NMAX)

270 AZMAX (J2) SAZIMU(NMAX)
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DISTMX(J2)=DIST(NMAX)

Cxxxkk CALCULATE DISTANCE ALJ.'G THE FLIGHT PATH kkkkk

IF(J2.GT.1) GO TO 180
XDIST(1)=STDIST
GO TO 200

180 IF(ALTINC.LT.0.,0) GC TO 190

XDIST(J2)=STDIST+/ (ALTULE (J2)=~ALTUDE(1))/TAN(FLTANG/57.2957795))
GO TO 209

190 XDIST(J2)=STDIST=(((ALTUDE(1)=4,0)/TAN(FLTANG/57,2957795))~((
2 ALTUDE(J2)=4,0) /TAN(FLTANG/57.2957795) })
200 CONTINUE

ALT=ALT+ALTINC

210 CONTINUE
Cxxkkk DETERMINE THE MAXIMUM NOISE DURING FLIGHT PROFILE *%xik

PNLM=0,0

DO 220 J2=1,NALT

IF (PNLTMX(J2) LT.PNLM) GO TO 220
PNLM=PNLTMX (JV2)

NMAX=02

CONTINUE

PMAX2PNLMAX (NMAX)
PTMAX=PNLTMX{NMAX)
ATMAXSAL TUDE (NMAX)

ELMAX=ELV (NMAX)

AZMX=AZMAX (NMAX)

DMAX=DISTMX (NMAX)

XMAX=XDIST (NMAX)

CONTINUE ,
VAC=VAC/ {1.69%COS{FLTANG/57,2957795))
GO TO (23%5e240,250) ¢ NOPTG

Ckx¥x¥x WRITE STATEMENTS FOR NOPTG = 1 skkkk

235 WRITE(6+601) TITLE,»VAC»SLDIST,)ALT,AZIMU{1) »ELVANG,STOD

WRITE(60,602)
WRITE(60603) ((F(I)»SPLARO(I) »SPLFAN(I) SPLUET(I)»SPLEXS(I)»

2 SPLLFT(I)»SPLT(I))»I=1r24)

WRITE(6,604) OASPLA»OASPLF»OASPLJ»OASPLE»OASPLL yOASPLT
WRITE(6+605) PNLARO»PNLFAN,PNLJET» PNLEXSs PNLLFT»PNL
WRITE(601606) PNLART»PNLFNT¢PNLTUT»PNLTEX,PNLFTTsPNLT
WRITE(6+607) PNLAPUsPNLTOT(1)sPNLTC(1)

WRITE(6+608)

GO TO 260

Ckxkkx WRITE STATEMENTS FOR NOPTG 2 2 *kkkkk

240 WRITE(6,609) TITLE,)VAC)SLDIST»ALT,»ELVANG

WRITE(6+610)
WRITE(6r5611) ((AZIMU(N)»DIST(UN »PNLTOT(J) s FNLTC(J)) »JT14NANG)
WRITE(6+608)
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325 GO TO 260
326 Cx
327 Cxxxk¥x WRITE STATEMENTS FOR NOPTG = 3 xokkkk
328 Cx
329 250 WRITE(6+612) TITLEsVAC»SLDIST

) 330 WRITE(6+613)
331 WRITE(6+614) ((ALTUDE(J) o XDIST(J)2ELV{J) s AZMAX(J) s DISTMX(J)»
332 2 PNLMAX{(J) o PNLTMX(J) ) »J=19NALT)
333 WRITE(6+615)

. 334 WRITE(6+613)
335 WRITE(61614) ATMAXy»XMAX»ELMAX e AZMX»DMAX ) PMAX ) PTMAX
336 WRITE(6+608)
337 260 CONTINUE
338 GO TO 2%
339 Cx
340 Cx¥kxk ERROR MESSAGES *xk¥x
341 C*
342 270 WRITE(60616) ALT
343 G0 TO 290
344 280 WRITE(6+617) NOPTG
345 GO TO 290

346 285 WRITE(6+618) STOD
347 290 CONTINUE

348 Cx

349 CHxxkxk FORMAT STATEMENTS FOR INPUT sokkkk

350 Cx

351 501 FORMAT(1215)

352 502 FORMAT(8F10.1)

353 503 FORMAT(115,3F10,41)

3sy 505 FORMAT(10A6)

355 Cx

356 Cxxkxkx FORMAT STATEMENTS FOR OUTPUT ik«

357 Cx

358 601 FORMAT(1H1»/¢15X»10A6+9//+35Xs *AIRCRAFT VELOCITY = "yFSelr

359 1 ' KNOTS's/»

360 2 35X»'SIDELINE DISTANCE = "9F6e410?! FEET'»/»35X»'AIRCRAFT ALTIT®
361 3 »'UDE = '"9F 7419 FEET'»/»37Xe'AZIMUTHAL ANGLE = "9F5.1s" DEG,1
362 4 /»37X»'ELEVATION ANGLE = "2oFS5e¢lr" DEG,'»/9»25X0

363 5 'SOURCE TO OBSERVER DiSTANCE = '"»F7,1' FEET")

364 602 FORMAT(//923Xs'AIRFRAME ' »5X»*FAN AND' »5X» *JET" »5X¢ - EXCESS' » 3X)
365 2 "HIGH LIFT's/»10X»'FREQUENCY ' »3X» ' AERODYNAMIC Y p3X» *TURBINE"
366 3 3Xe 'EXHAUST ' 2 3X» YENGINE Y o U4Xo *SYSTEM p5X» ' TOTAL Y » /o 13Xt {HZ) 7
367 5 9Xe ' (DB) ' eBArt (DB) ' 9o6Xe *{DB) *»5Xet{(DB) " 96X» " (DB)Y 2 7Xe ' (DB) ' /)

" 368 603 FORMAT(12XrFBe0¢7X1FBelr7XsFS5e195XsFS54124X»FS5,4195XeF5,196X+F5,1)
369 604 FORMAT(//012X1'OASPLY 1 BXIFS el 0 TXoF D 1o BX0FS 10 UX2FB 41 05X9F5,106X
370 2 F5.1) ) ) .
371 605 FORMAT (13X '"PNLY 09XsFS e 10 7XeFS e Lo5X1FS54104X0F541195X0FSe106X90F5,1
372 606 FORMAT (13X e 'PNLT ' 98X FBalr 7XsF54 195X eFB 10 4XsF5.1085XsFS5¢106X»

373 2 FS.1)

374 607 FORMAT(///+34Xe *MAXIMUM APU NOISE = '»F5,1r' PNDB'»////¢32X»
375 2 3U(r%k")p/»32Xs *x TOTAL SYSTEM PNL = '"»F5,1»' PNDB %'/ 32Xy
376 3 TRYp3I2Xe k9 /9»32Xe 'k TOTAL SYSTEM PNLT = '9»F5.,10" PNDB %',/
377 4 32X»34('%'))

378 608 FORMAT(1H1)
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609 FORMAT(1H1»/¢10X»10A6+//919Xs 'AIRCRAFT VELOCITY = 'F5,.1»
1 ' KNOTS'»/»19X»
2 'SIDELINE DISTANCE = 'yF6.l1r" FEET'»/+19Xs ' AIRCRAFT, ALTITUDE =
3 F7¢l10? FEET"/'ZlX"ELEVATION ANGLE = "9F5¢10" DEG,')
610 FORMAT(//vZGXo'SOURCE TOt»/010X» YAZIMUTHAL Y » 8X»s * OBSERVER? » 7X»
2 'TOTAL'v7Xo'TOTAL'1/112X9'ANGLE'leX"DISTANCE'oBX"PNL'.SX:
3 'PNLT"/r12Xv'(DEG)’o12X"(FT)'.BX:'(PNDB)'v6Xv'(PNDB)"/)
611 FORMAT(12XrF541210XsF70107XsFS5e1l07XrF541)
612 FORMAT(1H1+/+20Xs10A6+//¢39Xs " AIRCRAFT VELOCITY = *)F5.1
1 ' KNOTS'»/»39X»
2 'SIDELINE DISTANCE = '9F6.1r"' FEET')
613 FORMAT(//223Xe 'DISTANCE? 928X *SOURCE TO'» /924X e 'ALONG 'y 6X»
2 'ELEVATIONY »3X» *AZIMUTHAL ' »4X» 'OBSERVER? » 3X» *MAXIMUM? y 3X,
3 'MAXIMUM?® » /9 10Xe YALTITUDE ' o 3X» 'FLIGHT PATHY ¢ SXs YANGLE* 37X

4 YANGLE' 26Xs *DISTANCE? ;SXs 'PNLYsTXs "PNLTY9/912X0 Y (FT) " sOXs * (FT) ¥

5 8Xs! (DEG) *»7Xe* ({DEG) " 9y8X» ! (FT) ' »6Xs ! (PNDB) * p4Xs ' (PNDB) "¢ /)

614 FORMAT(10XoF74205X0F8elrTXsFS¢1rTXoF5e106XsFT¢1r5XsFS5,1905XrF5,1)

615 FORMAT(///77937Xe " kkkxk MAXIMUM NOISE kkkkk?) ‘
616 FORMAT(1H1/s/+10Xs "ALTITUDE CANNOT BE LESS THAN 4,0 FEET'»/»
2 10X»'YOUR VALUE IS NOW '"9»F8,2¢/¢1H1)
617 FORMAT(1H1+/+10Xs 'NOPTG CANNOT BE SET EQUAL ', 1I5»/1H1)
618 FORMAT(1H19/+10X,*STOD CANNOT BE LESS THAN 10,0'»
2 /»10X»'YOUR VALUE IS NOW *»F6439/210X»
3 'INCREASE YOUR VALUE OF ALT OR SLDIST')
STOP
END

A




AERO

1 SUBROUTINE AERO(SPLAR0D)

2 DIMENSION RATIO(20)DIFF(20)SPLARO(24)

3 COMMUN NORPTS» NOPTJUe F(24) » ALPHA(24) » STO» ALT» AZMANG Y ELVANG»

4 2 VACrUDUPLUGYDEQUIV: VEQUIVIFLARLYFLAR2»FLARZ)FLPAGL»FLPAG2)

5 3 FLPAG3, TTEQe HNOZ» WNOZ» VUWNOZ » HWNOZ » WWNOZ» ANGNOZ» ANGWNZ p NRE() e
& 4 NRL1/NR2yNRIvHSLOT EJLr EJANGy WFEpPRF oD p TH» TREATF» TREATA» PRTy
7 5 DTURHy BLADES, TRPMp PCTR» SAr ARy THICK» NORTA» BCy SHP ¢ DPR [My DAN [N
] 6 DANOUT» X1 Y12 VTIST» VUPRIMy VUSECY TTRPRIMp TTSECe XCNe TTWNOZ» HI)
9 7 2 ALPHAL» TREATT

10 DATA RATIO/0,001953125¢0,0039062590,007812590,015625¢0,03125»
11 2 0,40625506125006252065914002,004,008,0016,0232,0r64,0012H8.,0¢
12 3 2956,00512,001024,0/

13 DATA NIFF/2016017902157:913569711340914060,0U47.9254910,716.512h,5
14 2 36.5146,9156,D160¢99T76,5186,5090¢50106,%/

15 XMN=VAC/1116,0

16 EFMAXZ] , 3*¥VAC/ (THICK®) (1 , =XMNRCOS(AZ/MANG/5H7 42957 /199)) )

17 OASPL=10,%ALOGI0{ ( (SIN(AZMANG/HT 42957 /9% ) ) % ¥2%kVACKkXxH%S48 )/

14 2 (ARX*2% (] =XMN) %%U))+7,0

19 DO 10 I=1,24
20 FRAT=F (1) /FMAX
21 SPECZGIRC(FRATYRATIOWDIRF»2001)
22 SWLARO( [)=OASPL=SPEC=20,%ALOGL1O(STUN)=(STUD/10010,) *ALLPHA(T)
23 IF(SYLARO(L) 4LT+0.0) SPLARO!I)I=0,1
24 10 CONTINUE
25 CALL DOMLER(SPI.ARO)
26 RETURN
27 END

A‘]7

|
SRR
T S




-

oo S .
s e i K A

~
pthmdin,

B min - AT I e

.t s 20 v e o e e 2

“

CAINDTDTT F OUN

JOTOU U UTFEFEFEFEFFFFFFOLGOLVGOGLLOLLUWOLOOGNNNNNNMNNNINP 2 P s
FONPRPROLCINCUOUFOVLNPRPCLCINTUFOLNRPROECINGITFORMROLIEINIUT FN=O

10

FAN

SUBROUTINE FAN(SPLF) _
DIMENSION SPLF(2924) » SRLSH(24) » SPLFOR(24) » SPLAFT(24) ¢

2 XANGLE(19) o XDIRA(1Y) o XUIRF(19) ¢ XSN(Y) » XSPEC(Y)

COMMON NOPTS»NOPTUrF(24) p ALPHA(24) » STOD» AL T» AZMANG e L VANG
VACsDRPLUGrDEQUIVy VEQUIVe FLAPL» FLAPZ2 ) FLARAS FLPAGL FLPAG2
FLPAGSy TTEQesHNOZ » WNOZ» VUWNOZ 9 HENOZ » WHNOZ p ANGMOZr ANGWNZ s HRE D »
NRLoNRZ» NRIyHSLOT» EJLr EJANG o WHF p ORFy DiF o T » TREATR » TREATA P PRTy
DTURB» BLADES» TRPMpPCTR 1 SA» ARy THICK s NOPTA» BCr SHRYp DPRIMe DAN LM
DANOUT s X1 o YLe VTIVTe VUPRIMp VUSECY TTRR My TTSEC s XCNp TTWNOZ ¢ HID
¢ ALPHAL» TREATT

DATA XANGLE/Qe?10e2206r30e240,¢90,06000 7040804290, 0100,¢110,

2 1204913040 14069150,0160,9170,2180,7
DATA XDIRA/=16e?2=15,0=108,1=13,71=121=1T1e2=10et=Yr=Tolhr=l,6r~2.0¢

2 1e612e892400=14l49~2¢30~U4,00=5,2¢=7.0/

UDATA XUIRF/=2,61=1821e001 4420801400 0,2¢=0,61=2.61=4,br=H,71

2 =Y9e49-=10er~11er-12, P=13er=1l8,0=1Her=16,/

DATA XSN/J3.5HeHe PGerTorYerllarilierl?, 020,/

DATA ASPEC/«13479=12e59=10e9¢~T7 529,991 =10,¢=Y,50=11,Y0=12,:/
DO 2 f=1r24

SPLSH({I)=0,0

VEZ109eD9H%SARTITER(1,0~1,07 (PRF¥%¥0,2H46)))

OASPL210, 0%ALOGLO(WFEF ) +20,0%ALOUGLI0 (PRF¥X(,286=1,0)+127,0
DIRFZGIRC(AZMANG e XANGLE » XDIRF 199 1)

DIRAZGIRC(AZMANG s XANGLE» XUIRA»1991)
IR{NOPTS NE ¢ 3 ANNGNORTS NELHB) GO TO S
XLR=X1+FLARPLI*COS(FLRPAGL/57 42957 7Y% ) +FLAVY2XCOS(FLRAG2/57 42957 ‘YY)

2 +FLAPSRCOS(FLRAGA/DT 298T779%)
HRE2Y1+FLARLI*SIN(FLPAGL/S7,29587 79%) +FLAR2¥S IN(FLIPAG2 /57,29 ] /i)

2 +FLARPIMXSIN(FLPAGS/HT7,2907/9%)

EWSZ18H0,0~AZMANG= ( { ATAN{HP/XLW) Y %57 ,29%7 7Q%)
RADZGART ( XLLW¥kk2+HI%%x 2 )

BHERADXS IN(EPS/HT7.290 779%)

SUZSORTIRAD¥ 2=k %2 )

ON=STOD=-SL

IF(BHLEL.0.0) GO TO b

CALL SHIELDU(SPLSH»SDeHH» ODs FrFLLVANG)

CONT INUE

DO 10 I=1r24

DISTORZ20, 0% 8ALOGI0(STOD)+(STON/100040) kAl PHA{ L)
SN=F (1) %DF/VE

IF(SNGLE3.H) SPECT11,0%¥ALOGLO(SN)~19,bn
IF{SN,OT 345 ANDSNeLT420,0) SWECZGTIRC UGN ¥SMy XSWECrYr 1)
IF(gNothZOQO) qptC:'-?ob*AL()blO(SN)"Z.é
SPLFOR(I) 20ASPL=DIRF=DISTUF+SPEC=TREATKF

SPLAFT (1) SOASPL=DIRA=D{STOF+SPEC=TREATA
IFINORTS  EQe 34 URGNOPTS, 0, 6) SRLAET( [)=SRLART(1)=SRLSH( 1)
IF(SPLEFORIL) LT4040) SPLEOR(1YZ0.0

CONT INUE

CaLl. DURLER(SPLIFOR)

CALL DOPLER(SPLAFT)

SIM=0,0

U0 20 I=1,24

FUORZ(0L0

~NJ>rUT FOON
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FAN

AFT=20.0

IF(SPLFOR( L) e6T,0e0) FOR=10.0%%(SPLFUR(I)/10,0)
IF(SPLAFT(I) ¢GTe0,0) AFT=10,0%%(SPLAFT(I)/10.0)
SUM2FOR+AFT

IF(SUMeGTe0,0) SPLF(1rI)=10,0%ALOG10(SEM)
CONTINUE

RETURN

END
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SUBROQUTINE TURBNE (SPLF)
DIMENSION SPLE(2024) 9 XANGLE(19) o XUIR(19) o X+tR1(10)» XER2(10)»

2 XSPEC1(10)»SPL(24) »SPLSH(24) » XSPEC2(6910) »XPCT(6)

COMMON NUPTSsNORTJ»F(24) » ALPHA(24) » STODs ALTe A ZMANG e ELVANG

2 VAC»DPLUGYDEQUIV VEQULVe FLAPL s FLARP2 ¢ FLARS) FLPAGL ¢ FLPAG2

3 FLPAGSy TTEQrHNOZ» WNOZ» VUWNOZ » HWNOZ » WUHINUZ » ANGNO 70 ANGWNZe NRED »

4 NR1oNR2sNRIyHSLOTr EJL s EJANGy WEE 9 PRIy DF p TFy TREATE » TREATA¢PRT)

S DTURBYBLADES) TRPMy RCTR»SA» ARy THICK s NOPTA» BC» SHP» PR LMy UANIN,

6 DANOUT» X1 YL VT IPT» VUPR (M VUSEC) TTRRIMy TYSECr XCN» TTWNOZ» HD

7 »ALPHAL» TREATT
DATA XANGLt/O.le.vZO.'60.'40.'50.060.970.vHO.090.'10U.f110.'

2 1206013069 1U40491504216049170,90180,/

DATA XDIR/14.§v15.5012.2v11.3010.2-9.2vB.2v7.20h.2vb.2'5.§'1.Iv

2 06011,003.2144909.7164206,8/

DATA XFR1/7061006200630 04490650 0.600,700,800,991,0/

DATA XFR2/14101,211e321et4916591e6014791,801,992,0/

DATA XSPECI/abQO'1800'15.0'15.”'1205'12.0'1100'1“05'1000'1ﬂ0”/

DATA XPCT/5060606¢70,0804990,0100,/

DATA ((XSPECZ2(NZeNX)»NXZ1010) ¢ NZ=1¢6)/10e65913.0012e5012,0¢12.5
1340013201370 14.0014,5010e7011e4912:,2013,2018,2915,00150,3560
196¢869160,2¢16,7210699116e8912:.90 1444015, 7017:0017e52018,0201140
1869911.1912.2913.6015.6217.39219:0919,68920,18220.622147911,3»
1206’14.5'16.“'IH.Q'ZIQO'210“40?2.24'2?.“'23.ﬂ'l’o”'lSoO’lh-Of
1800'20.5'23.0'2“.0'2“.5'?500'25.5/

DO 2 I=1.24
2 SWLSH(IY=0,0

AREAZZ,141592654% (DTURB*%2) /4,0

OASPL2M, 7H¥AL0GI0(140=(140/WRT) ¥%0,286)+20,0%4L0GLOIVTIVT/
2 1116,0V+10,0*ALOGI10(AREA) +13H,Y

DIRZGIRC (AZMANG)» XANGLE p XD IR» 199 1)

OASPLZOASHFL=DIR=TREATT

BRFZRLADES*TRPM/ 60,0

LFEINOR IS NE ¢ 3, ANDNOR TS NELH) GO TU %
XLH=X1+FLARLRCOS(RLPAGL/HT7 . 290 7 795) +FLAPZ2XCOS(FLRPAGZ/ 9T, 24957 ‘Y9)
2 +FLAP3%COS (FLPAGS/S57,24957798)

HPZ YT +FLAPT XS IN(FLPAGL /5742957 /9%) +KLARZ*SIN(FLMAGR/D 7o 2957 195)
2 +ELARSXSIN(FLPAG3/ST 4295 7795)

EPS=180, 0=AZMANG={ ( ATAN(HP/XLP) ) 57,2957 79%)

RADZSHRT{ XLP*¥2+HP*.%2)

BHERAD®S IN(ERS/S7,2957 /9%)

SUZSART (RAD* ¥ 2=HH¥ X2

0D=STOD=SH)

IF(BH,LE,0,0) GO TO %

CALL SHIFLU(SPLSH)SDeBEPOU»FeELVANG)

5 CONTLINYE

HO 10 I[=1,24

RATIO=R( L) /HPF

[FIRATIOLE1,0) SPECZGIRCIRATLIO XERL e XSPECLe10011)
IF(RATIO 6T, 1.0) SPECSDTARZ (RATIOBCTReXFR29XPCTe100hele Ly
2 XSWEC2+ 61 IERR)

SRL (1) TOASPL=GREC=20, 0¥ALOGIO(STOD)=(STOLN/100Y, ) *ALWYHA(T)
IF(NORPTS  EQ 3 UR NORTE  ENH) SRL L) =S [ =SRLSH L)
IF(SRLII),LT,0,0) S¥L(1)=0,0
10 CONTINUIE

o (NS AP~ € V]
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CALL DOPLER(SPL)
DO 20 I=1r24
SPLE(2s I)=SPL(T)
CONTINUE

RETURN

END

TURBNE
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46
47
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49
50
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93
Hi

19

JET

SUBROUT INE JET(SPLUET)
DIMENS [ON SPL{24) » SPLSH{24)

19 SPLJUET(24)

2yTHTP () »0ASDIRIO9r1 7)) » VRAT(D)  ARATR(12) e kS (59 12)

REAL MA» MCoMCh ) NHRp Ky KA LOGST(17) 2 LOGS

COMMON NOBRTSyNOPTJr F(24) » ALPHA(24) s STOD» ALTr AZMANG ELVANC
VAC» DPLUG» DEQUIVIVEQU IV FLARL ) FLAR2) FLAW S  FLYAGL » FLWYAGZ
FLPAG3» TTEQs HNOZ» WNOZ» VUWNOZ ¢ HUNOZ ¢ WHINOZ » ANGNO 7 s ANGWN/p NREL) 9
NRI¢NRZ s NRI s HSLOTr EJLr EJANGe WhF s PRE S DR » TRy TREATH s TREATAYWRT
DTURB» BLADES» TRPMy RCTH» SAr ARy THICKy NOPTA» BC e SHP o DVR IMy 1 AN [Ny
DANOUT» X1 YL VT IRTs VUPRIMp VUSFCr TIPRIMy TISEC e XCNe TTWNOZ, HI)
P ALPHAL» TREATT

DATA VRAT/0,2¢04490,H20,891,0/

DATA ARATP/Der 20630440 eD1eBr 70 e821,00142010u4r1,6/

DATA ((FSP{L1rJ) e Jd=19e12) 0121953 /0600 0139119042351 420512801 ,2Y0

1 02950050'050!.50'05n'

2 0,00 017024505190 37H9 08399 4B D31 e611OTOr e TEr 4 IRy

3 0002623103290 64190 oeUTH1 03504082 6356710476972 H20 800

4 0a0re20202852,36D92,UBr 495 5U)p 358599 ,66006T7159 476 8050

D 0e09616202390299 4399 JUOD2 UM oD 489 6UDY 70270/

DarAa THTP/O.O’IlOo'1?00’150.'1“00'1300’1600'1700'1H0./
DATA LOGST/=1:6r~1elr=142r=1e0r=0,89=Nybr=0,Ur=0,2¢0,0>

1 062104400460 0.801.001,221e80),6/

DATA ((OASDIR(IsJ)rdR1017) 0 IZ199)/78U,2029,692%.020.7017,10
18049212501 1e39100H0 11,1012, 0135,89159,3917,5014948922,0024,%,
A4e2029,6129, 90206 7017 ,1014,U912,9011,3010,He11,1
126013549 15e39117.45919,89122410244590
38e 1232002667921 eD017,2¢148,011.9910,8910,5917,¢12440
1462116511880 21,1023,6029.9
ADeD129eH023eD2176¢611U,1911,89110,499,9910,hr124218,20r 1A
192921 ,6028e02645H028,9»

3246126592061 915:9011¢H99,799,U0107
12,8010¢59018:392141024,9128,7929,6032.4035,1
31e992H,2¢18,6913.6910, '708'”.2-‘1?.1' 16 3
18,6022, '25.5'2”.6'310"" AN 2138 ,6911 ,Y
30e2023.H917e3012:8490106H01 103714, 3017,49021,7
296029, U4933,30372040,90UB,T7HU4R,He"H2,20
b5.b'27ou'2101'1boﬁ' 1308'lbo 7'1“.3'21 OH’Q(').].'JO.Q'
34.?‘)'38.8'42.90‘47. '5101'5b.2"’9.5'

AU, T7928,7922489 177016, 101H,7:22,1226,4051,U2
36.1°80,914D AN 4rHN, 1rHN AL, HpHY 0/

NO 10 T=1,24

SRILSHIT)=0.0

RZH3, 34

=32,174

TSA=Hh1Y,

T=T1PRIM

U2VJIPRIM

Bi=DVLUo

H2=0PRIM

H3=VDANIN

B4=0ANOUT

BAM=1 .4

CAz1116,

~NJ>U FON

INT T FOGNR CXINT T FOGNOR
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iHRLOE R P -

P R i I (e

tole) MAZVAC/CA

o] o) TRAZ1 o4 ( (GAM™] 4 ) /2,4 ) kMAX %2

57 TTASTSA%TRA

58 RHOA=3Y, 7/TSA

nY NPRZ1 7 (1e=UKR%2/ (2 XG5k ( GAM/ (GAM=1,) ) XR¥T) ) %% { GAM/ ( GAM=2 4, ))
60 RHOUS (8Y, 7/T) kNIPR®.% ( (3AM=]1,) /GAM)

61 THETASAZMANGHANGNOZ

62 THETARSTHETAX (U/CA) %%(0,1

63 GO TO (12913014) 9 NOPTJ

64 12 AN=3I, 14%(H2%xR2-R1%8B1)/4,

65 DH=H2~=11

66 HU=DH

67 DEQUIVSSNART (H2%H2~H]1%H])

64 IF{H1,6T.0,0) H=(B2=B1)/2,.

69 DE=DEQUIIYV

70 VEQUIVaIVURKIM

71 TTEQSTIPRIM

72 60 TO 1>

78 13 AN=WNOZ¥*HNOZ

T4 NHIY G XAN/ (2 4 XkWNOZ+2 , *xHNOZ)

™ DEQUIVISART (4. xAN/3.14)

16 Ve=PEQUILY

77 HO=DH

78 VEQUIVESVUPR M

1Y TTEQETTPRIM

80 GO TO 15

M1 14 APRIZ3, 14%(H2%B2=H1*H1) /4,

82 ASECS3,1Uux ({HY4xHL=H3*K3) /4,

8y ANZAPR]

84 UH=H2=H1

Hh DE=SQART (H2%B2~H1%H1)

86 DEQUIVIESHRT(UG , x (APR[+ASEC)/73,14)

H7 F(H1,67.0,0) H=(R2=H1)/2,

48 HOZY ok (AXRI+ASEC) /(3,14%(H1+H2+B3+1H4})

K9 TSPRIZT PR IM=( ! (0AM=1,)/2,) *VJUPRIMK%2}/ (GAMER*®()
90 TCSSECETTISEC=( ( (GAM=1,) /2, ) ¥*VUSEC*%2) / (GAMKR*G)
91 WPR[=2(2110XAPRIKVUIVRIM) / (RRTSPR])

92 WSET= (2116 ®ASECRYUSEC) / (RXTS JEC)

93 TTEQ=(TTSECKXWSECH+TTORIMRWPR[) Z/ (WSEC+WPR L)

94 VEQUIVZ(VJISECRWSECH+VUPRIMEWRR ) / (WSEC+WPR])

9% ARAT=ASEC/APRI

Y6 ARPZALOG10 (1, +ASEC/APRIL)

97 VR=VJSEC/VUPR IM

948 USVUPR M

(18] 15 CONTINUE
100 STFS(T/TIA)®%x(0,U4%(]1,+COSITHETAR/5743)) ) x(DH/DE) **0,. 4
101 MC=0,62%1)/CA
102 MCF=30,*ALOR10(1¢+MCR( (1,+MCkkH) ¥%x=0,2) %CUOS(THETA/H7,3))
103 A=104*%ALOGLO (ANX( (RHOUA/0,0765)%%x2) x(CA/1116A, ) kkU)
104 K=U/Cca
10 H210,%{ ( (AekKX%k3 D)/ (0,0+K¥ %3 H))=1,)%kAL0G10 (RHOJ/RHOAQ)
106 CZ10%4L00C10 U (KX%kT,5) /(140,01 NkKx%l H))
107 C

108 C CALCULATE OASPL AT 90 DEG FRUM EQN #6 OF NASA TMX71618
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2
£7),

109
110
111
112
119
114
1ib
116
117
113
119
120
121
122
123
124
125
126
127
128
1249
130
131
132
133
134
135
136
137
134
139
140
141
142
143
144
145
146
147
148
144
190
1n1
152
153
154
155
156
157
198

C

OO0

16

a5

* Kk

18

H2

KA=134,
IF(NOPTUEQe1,AND¢B1¢GTe0e 0, ORNUPTU EQe3,ANDB1,GT,0.0) KA=
1 1344+5,%AL0G10(0610+2,%(H/B2))

04S90=KA+A+R+C

IF(NOPTJNE.3) GO TO 16

IF(ARAT ,GE+29,7) M=6,0

IF{ARATLT,29,7) M=1,1%SQRT(ARAT)

FSEDTAH2( ARPe VRy ARATR P VRAT 129150101 ¢FSP)phy [ERR)
OASDELES xALOGLO(TTRRIM/TTSEC) +10 . %ALOG10( (1.~
1 VR)%¥M+1,2%(1.+( (ARAT) RVR%kVF))
2 X4/ (1 +ARAT) %% 3)

OAS90=0AS90+0ASDEL

CONTINUE

NELV=0,0

IF{NORPTS,EQ,1) DELV=3,0
[F(NOPTS,NE, 3. AND NORPTS,NF,6) GO TO 3%
XLP2X1+FLAWLIXCOS({FLPAGY /5742917 795) +FLAP2*COS(FLYAG2/
1 57.295779H)+FLAP3X*COS(FLRPAGS/HT,295779h)
XLP=XL.P=2, *DE
HP=Y1+FLAVLXSIN(FLIPAGL/57 42957795 ) +FLAR2XSIN(FILPAG2/
2 17,295 7795) +FLARI®XSIN(FLRPAGI/NT 29577495}

EPSZIH0 ¢ ~AZMANG={ (ATAN(HR/XLP) ) kN T ,2YNHT795)
RAD=SQRT{ XLPk XLP+HW%HE,

BHIRAD®S IN(ERS/5T7,295779%)

SDICERT (RAD¥RAD=BH¥BH)

0U=STOL=SN

IF(BHLELO,0) 60 TO 3h

CALL. SHIELD(SWLSH» SDeBHr Qe Fe ELVANG)

CONT INUE

OASYO=0ASYI0+DELY

[F{NORTU,ER3) SFCOAXZ],/(1,~(TISEC/TTPRIM)*FS)

NO 18 J=1,24

ST={F (J)YXDE/1)) *¥STF

IF(NORTU,EQ,3) STI=STxSHCOAYX

LOGS=ALOGBI0(ST)

DIFF2DTAH2 (1.0GS) THETAR) LOGST» THTP» 1 79901010 OASD LR 9y [FR1?)
SPIL{J)Z0ASYD=DIFF=MCF=20,%8L0OGIO (STON) = ALYHALN ¥ (STOD/10%0,)

K kK DIFF = OAGPL = SPL, = MCF
REF K16 #  NASA TMX 716418

[FINOPTSEQe 3 OR NOPTS  EQ,6) SPLIJ) ISR (J)=SPLSH( U}
IF(SRLIJ) (LTe0s1) SPLIU)=0,0

CALL DOPLER(SWL)

DO 82 J=1,24

SELJET (U =SPL (W)

RETURN

END
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EXCESS

1 SUNMROUTINE EXCESS(SPLEXS)
2 DIMENSION SN1(5)sY10(9)
3 1SPL(24) s SPLEXS (24 } » SPLSH(24 )
4 COMMON NOPTS»NOPTU»F(24) s ALPHA(24) s STOD» ALT » AZMANG » ELVANG »
5 2 VAC/»DRLUGIDEQUIV) VEQULIVIFLARL» FLARP2 FLAP3» FLPAGT » FLPAG2
; 6 3 FLPAGA» TTEQ»HNOZ» WNOZ» VUWNOZ » HWNOZ » WINOZ » ANGNOZ ¢ ANGWNZ » NRE
] i 7 4 NR12NR2»NR3»HSLOT» EUL2 EJANG WFF » WRF » DF » TF » TREATF » TREATA» OR
S 8 5 DTURB»BLADES» TRPM» PCTP»SA» ARy THICK» NOPTA» BCy SHR» DR IM) DAN
2 9 6 DANOUT» X1 Y1 s VTIPT) VUPRIM VUSECH TTRR IMp TTSEC» XCNp TTWNOZ » HD
o 10 7 »ALPHAL» TREATT
¥ 1 31 UATA SN1/029025'03'o5b'o‘+/
A . 12 DATA Y10/=11,4r=7.21=5,8p=6,41=7,9/
E- | 13 DO 10 I=1,24
; 14 10 SPLSH(I1)=0,0
SR 15 A3, 14X%DEQUIVHDEQUIV/Y
t 16 USVERUIV
17 E=10.
3 18 THETAZ1H0 o =AZMANG=ANGNO?,
] 19 XZERERAK! JkkOK (1 ~COS(THETL/5T.5) )
20 OASML=Q,0
21 IF(XeGTele0) OASPLT10¢%ALOGLO(X)=T70,40
22 IF (NOPTS(NE,3,AND,NOPTS,NE.6) GO TO 35
s 23 XLP=X1+FLAP1¥COS{FLPAGL1/57,2957795) +FLAP2XCOS{ FLPAG2/
‘ 24 1 57.2957795) +FLAP3*COS(FLPAGY/57 42957 795)
25 HPZY1+FLARL*S IN(FLPAGL/S57,2957795) +FLAM2%S IN( FLPAG2/
26 2 97.2957795) +FLAPIXSIN(FLPAGA/5T,2957749%)
27 EPS=1H80,=AZMANG={ ( ATAN(HP/XLP) ) %57 ,2957 /9%)
28 RANZSART ( XL % XLIP+HP®HW2)
29 BHERAD®SIN(ERS/S7,2957795)
30 SD=SORT(RANKRADwRH*RBH)
31 0D=STOD=S1)
32 IF(BHLEL0.0) GO TO 3%
33 CALL SHIELD(SPLSHsSDsBH» 0Dy F 9 ELVANG®
} 34 3 CONTINUE
3h DO 26 J=1s24
36 SNZF (J) XDEQUIV/Y)
L 87 TF(SNeLE,0¢2) SPEC=52,36%¥ALOG10(SN)+25,2
4 a8 IF(SNeGE,0,4) SPECZe28,5%kALUG10{SN)=1Y,25
T A 39 IR (SN GOTe 02 ANDSNLT,0,4) SUECIGIRCISNISNI»YI09501)
> 40 SPL{JU) =0ASPL+SPEC=20,*AL0G10 ( STOD) =ALPHA (J) * (STOD/100 1, )
N 41 TF(NOPTS EQe 3, 0R, NOPTS,EQ,6) SPLIJ)ZSPL () =SPLSH(J)
0 & : 42 26 IF(SPL(J) LT,0.0) SPLIJIZ0.Y)
sy 43 CALL DOPLER(SPL)
4y DO H2 J=1r24
45 H2 SPLEXS (J)=SRL(J)
46 RE TURN
u7 END
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i
35
36
57
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AUGWNG

SUHROUTINE AUGWNG (SPLL)

DIMENSION SPLL(6224) pSPL{24) s XANGLE(16) ¢ XDIR{16) 9 XSN(18) » XSPEC(18)
2 o XELV(10)» XEDIR(10)

COMMON NOPTS»NORTU»F(24) » ALPHA(24) s STODs ALT» AZMANG» ELVANG)
2 VACDFLUGyDEQUIVy VEQUIVsFLAPL»FLAR2 ) FLAP3»)FLRPAGL FLPAGLZy
3 FLRPAGI» TTEQ»HNOZ» WNOZ» VUWNUZ» HWNUZ» WWNCZ i ANGMNOZ s ANGWNZ e NRED
4 NR1yNR2sNRIPHSLOTrEJL e EJANG) WEF o WRE 2 DF» TR o TREATF» TREATA)RPRT
m DTURBYBLADRES) TREMyRCTR» S8 p ARy THICK e NORTA»HC» SHRP» DPR TMy DAN [N
6 DANOUT» X1 Y1 VTIPTy VUPRIM VUSEC» TTRRIMy TTSEC e XCNe TTWRNNOZ» HD
7 +ALPHAL» TREATT

NATA XANGLE/--’O.O'-E’O.'-SO.'-L‘O.'-3n. "'20."'100'0.0'1”0’200'.50-'
2 400'500'600'700'800/

DATA XDIR/12.59106008,0064595¢003,001e000,00065616002,907:5H¢
2 11,0011.008,007,0/

DATA XSN/0,01900,02¢0e0490,0600,0820,120.,2006390eU4904D00eH20480
2 lon’105'2.0'“.0'600'1000/

DATA XSPEC/316¢0025,019:59216051 1047213400951 9,0279:5910.5011,50
2 15.218,5018,5922eH5033,0039,0047,0/ .

NATA XELV/0e0106920,930,24069¢506960,27042RD,290,/

DATI-\ XEDIR/5.'2.1'1.\‘)'1.00.7v0.‘4'0.2!0.1!0.05").0/
FJLHWZEJL/HWNOZ

ARE ASHWNOZ¥WWNOZ

ANGRRMZAZMANG= ( 180,0=(FJANG+U45,0))

PERM=Z2 , 0¥HWNOZ+2 , OxWWNOZ

HDIAZL , 0AREA/PERM

DIR=GIRC (ANGPRM) XANGLE» XDIRe 1691}
DIREZGIRC(ELVANGy XELVe XEDIR2? 109 1)

OASPL=60, 0% ALOGIO0 (VUWNOZ) +10,0%ALOGI0(AREA) =9, 0% ALOGIN(FN HW/17,0)
2 "'30.(')

OASPLZ0OASPL=D IR=1) IRE

DO 10 [=1,24

SNZF([)xHDIA/VJIWNO?

SHECZGIRC{SN XSN» XSPEC?»1801)

SPL (1) =OASRL=GPEC=20,0%ALOGI0(STOD) ={STON/100M, ) ¥ AL 2HA( L)
IF(SPLIT) ,LTe0,0) SPLIL1)=0,0

CONT INtIE

caLt DORLER(SPL)

DO 20 [=1.24

SPLIL(Le 1) =SRL(T)

CONT INVE

RE FURN
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WNGUET

SUBROUTINE WNGJUET(SPLL)
DIMENSION SPL(24)»SPLSH(24)

1,SPILL{6024)

2/ THTP(9) »OASDIR(Y917) r VRAT(H) 0 ARATP(12}9FSP(5912)

REAL MAyMCrMCHpNHRp Ky KA LOGST(17)»L06S

COMMON NOPTS)NORTU»F(24) » ALPHA(24) » STOD» AL Ty AZMANG» ELVANG»
VAC»DPLUGyDEQUIVy VERUIVe FLARL: FLAW2 . FLARS»FLPAGLY»FLPAG2
FLPAG3» TTEQy HNOZ» WNOZ)» VUWNOZ » HINOZ» WWNOZ » ANGNOZ » ANGWNZ s NRED »
NR1¢NRZ2/NRI»yHSLOTY»EJLy EJANGIWFF )y PRFyDF» TF» TREATE » TREATA» PRT
DTURH» BLADES» TRPMy PCTR» SA» ARy THICK » NORPTA »BC ) SHP» DPRIMy NDANIN,
DANOUTe X1 o YL o VTIPT o VUPRIMy VUKEC» TTRRIMy TTSECr XCNyp TTWNO7» HD
tALPHAL» TREAT

DATA VRAT/0:290,400,A904H921,0/

DATA ARATP/O.'02'05'04'.b!06'o7'.”’100'102'10“']0@/

DATA ((FSP(Io)rJd=1012)012105)70600,1350619962350 42650 62890 ,2Y9

1 029590309 ,300430r4300

2 0.0' 017'02459 .Slb' 0375' 0435' U8 .56' .bl'_.ﬁ?b' .75' .780

3 000'025'.525'.“1'.“75'053590585'0b5'071'o’hb'oﬂg'oah'

4 0.0'0200028590365'043'049'054'05850.6690715'076'0305'

9 00090160023'029'035'0405'0959050'.589.645'.70'.75/

DATA THTP/040911049120.92130,92140,2150,2160,92170,0180,/
DATA LOGST/=1:69=1,41=1:21=1409=0,8r=0,61=N,4,«0,2¢0.0

1 0,20044904600.8:14001,2210471.6/

NDATA ((OASDIR(Iv ) pU=1917) 0 12109) /3442129602569 2067017,1
140“'1205'1105'100H'1101'120'15.“'15.5'17.5'19.392?01'24050
3U4e2029:69251204 7917012 14,U4912,5011,3010.8011,10
12471344015,3017e5019,8922,1024 .5
384113251264 792165017:2014849211¢9910.H110e50114012:40
1402'16.5'1“.”'21.1'25.6'25.9'
35.b'29.b'25.b'1706' 14.1'11.8' 10.’5"9.97 1006' 12.'1“.1'16.'\'
19.2'2106'24. '26.5'2”.9'
32¢6126695020e10156911450Y9,709.4010,7
12.”'15.5'1”.3'21.1'24. '26.7'2906'5204' K".l'
3151256201860 13,6010,07¢809:.2112,1019:3¢
18,6122412963128,6031.993H,2038.6041,9»

30062123821 7,30124020e60133734,301749021,7
25:6129¢413345903742040,9984,7148,5915H2,2¢
3345027449214 1015:69213,8115:7918,3921.8926,1230,4
AU eH1 38,8042, U7415141155:2909.3»
B3UeT79128,71224801767916,1018,7122,1126,4031 44

36, 1r40,92U5,6950,49591160.r64,Br6Y 6/

NO 10 I=1.,24

SPLSH(I)=0.,0

R=53,34

G=32.,174

TSA=H19,

T=TTIWNOZ

USVJWNOZ

GAMZ]1 .4

CAz=1116,

MA=VAC/CA

TRAZ1 4+ ({ (GAM=1,) /72, ) XMAXX2

TTA=TSAXTRA

RHOA=39, 7/TSA

~N3> T FOUN

TN RLFUNPPS, LCENTFTFUNR

A-27




5h
56
57
58
59
60
61
62
63
64
65
66
67
a8
(s
70
71
72
73
74
75
76
77
78
79
40
81
B2
H3
84
8%
86
87
88
89
90
91
92
03
9y
Yh
96
97
94
99
100
101
102
103
104
105
106

WNGUET

NPRZT1 o/ (1 4=Uk%k2/ (2, %Gk (GAM/ (GAM=1,) ) ¥R%T) ) *x% ( GAM/ (GAM=1,))
RHOUS (39 7/7) %NPR¥*x ( ( GAM=1, ) /GAM)
THETA=AZMANG+ANGWN7
THETARSTHETAX (1)/CA) %x*x0,1
ANZWWNOZ¥HWNOZ \
DH=Y o AN/ (2 ¢ *WWNOZ+2 o *kHWNO Z)
DESSART (U4, xAN/3,14)
IF(NOWTS,NE.4) 6D TO 13
DEQUIV=DE
HD=DLH
VEQUIV=VJWNOZ
TTEQ=TTWNOZ
13 CONTINUE
STF(T/TTAY k% (044% (1, +COS(THETAP/57¢3) ) ) (DH/E ) %%x(0, 4
MC=0.62%1/CA
MCF=30,%ALOGLI0( 1, +MCK( (1, +MCEXN) X*%k=(,2) ¥COS(THETA/H/e35))
A=10,%ALOGIO (AN ( (RHOA/Q.0765H)%x¥2)%(CA/1116, ) %¥¥y)
K=U/CA
BZ10e X ({ (B, kKk*3 . 9) /(0,6+KRk%I D) )=, ) *kALOGLO {RHOJ/RHOA)
Co10.,%ALOGI0( (Kk%T7,5)/{14+0,010%K%k¥4,5))
C
C CALCULATE OASPL AT 90 DEG FROM EQN #6 UF NASA TMX/161A4
C

KAZ] 34,
OASY0=KA+A+H+C
IF(FLARP1,LE,0,0) GO T0 3b
XLRP=X1+FLAPLRCOS(FLPAGL/S5T74297790) +FLAP2¥COS(FLRPAG2/
1 57.2957795) +FLARIXCOSIFLWAGA/ ] 4 2UDT 795}
XLR=X Pe X112, %xE
HRPIY1+FLAPLXSIN(FLPAGL /57,2957 /Y ) +FLAPZ2XSIN(FLPAGR/
2 H7.2957799) +FLAPIXSIN(FLIPAGE/HT 2907 749%)
EPS=180,~AZMANG=( (ATAN(HP/XLW) ) ¥R T ,2495774Y5)
RADSSART( XLP%k XLP+HP%RHR)
HH=RADXS IN{EPS/ST 42957 /19%)
SD=SART(RADRRAL-BH%BH)
OL=STOL=SL
IF(BHLE.04,0) 80 TO 45
CALL SHIELD(SPLSHrSDerHH» O} ke ELVANG)
35 CONTINVE
DO 18 U=1,24
ST=(F(J)®DE/U) %STF
LNGS=AL0G10(ST)
DIFFSDTAB2(LOGS» THETAR» LOGST e THTR) 179991910 OASD IRy Iy LERK)
SPLIJ)SOASY0=DIFF=MCF=20,%ALO0GL0(STOD)=4LPHA(J) X (STUN/10N1Y, )
C .
C Mk kokok DIFF = OASPL ~ SPL = MCH
c REF FIG #> NASA TMX 71618
C
IF(FLAPL1.6T,0,0) SPLIJ)=SPLIY)=SRLSH{J)
18 1P (SPL{U) «LT.0.0) SPL(J)20,0
CALL DOWLER(SPL)

DO 82 J=124
82 SPLL(2yJ)=SPLLY)
RETURN

END
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IMPING
1 SUBROUTINE IMPING(SPLL)
2 DIMENSION SPLL(6924) »SPL(24) »SHLOALY)
3 2 PNGDIR(4r14) o PNGANG(4) » THETAG(L14)» THEDIR(15) PELVDLIR(1Y)
4 REAL MSN(9) »MJr LAM
o] COMMON NOPTS»NORTJUr F(24) » ALPHA(24) s STOD» ALT» AZMANG ELVANG)
6 2 VACQUPLUGpDEQUIV'VE@HIV'FLAPI!FLA”ZOFLAPS!FLPAGI'FLPAGZO
7 3 FLPAGIy TTEQy)HNOZ» WNOZ» VJWNOZ )y HWNOZ » WANOZ» ANGNCZ e ANGWNZ» NRED
. 8 4 NR1vNRZ2NRIrHSLOTrEJLeEJANGo W PRF e DF e TF» TREATF » TREATAP PRT
9 % DTURBeBLADES» TRPMy BCTPy SA» ARy THICK» NOPTA» BC e SHRPy DPRIMp DANI Ny
10 6 DANOUTs X192 Y1 VTIPTy VUPRIMy VUSEC TTPRIMy TTSEC» XCNy TTWNOZ » HD
11 7 +ALPHALl» TREATT
12 DATA THEDIR/0e 930260, 090,0120,2150,0165,2180,9210,°
13 2 2U00.,927049300,0530,9234040360,/
14 DATA ELVDIR/=5,90:521e912:2903:.51104021640014,004,0
15 2 2:000079=2679=11,09=11,3¢=h,/
16 DATA MSN/QOH'QIOO015'02'025'.5004005'06/
17 DATA SPLOA/‘Zb.“"ZZ.'“17."1505"1409"150"1602'-1705"1805/
18 DATA ”NGANG/1500500960.'900/ K .
19 DATA THtTAG/Oo)30.'bOo’990'100;'120.'1500'1300'2100'
20 2 2404927049 300603304¢360.7
21 DATA ((PNGDIR(I» )2 U210 14) 2 IV pl4) /=1l 09 =1249=10,42=34»
22 2 =201=100r=1Y41=2341223,1=25,1=2H,1=18,r=16,r=1U,
23 3 =13er=11ler=Her=1,00,01=H,0=23,9=2540=26,
24 § =2549=23er=160r=1Uer=134
25 O =B r=ler=2:¢0:0r0,01=84r=20,9r=234
26 6 =2Ue1=22¢0t=17,1=1241=8,0=6,
27 7 06000,000.00040910400=To0~=1Y,>»
28 B =23,1=23492=2241=18,1=640=1,10,0/
29 TF(NORPTSEQ 4, OR«NOPTS,ER,D) 60O TO 9Q
30 GAMZ1 .4
31 X0=0,0
32 R=H3, 34
33 6C=32,.2
34 TSTTEQ
3b t=VEQUIV
36 TS=2T=( (GAM=1, ) kL)%]) / (2 4 *GAMKR*(5C)
37 MUZ1)/SORT ( GAMXR%x TSk GC)
38 IF({VAC,6T.041) LAMRU/(VAC)
30 € HORROROROK R HOK KR KKK KOKSROKOK KKK A KO ROK R RROR K K F K Kok kK OR RKOR R KOk K oK K
40 C CALCULATION OF XP o IMPINGEM'T ANGLE ALPHA & IMPINGEM!'T AREA
G1 C  fokokok ok kR ROK ¥OK 0K KKK KR K kK R K K kR kR K OK Kok sk Kok KkOR K R AOK OK SO ok Kok Kok
. 42 IF(NOPTS,,EQ.2) 6O TO 20
43 C
44 C  kxxkkkk LISHey HYBRID xkkkokdkkkkokRoforkorkokokor xokok ok
4% C
46 IF(ALPHAL,LEL.0,0) GO TO 90
47 ALPHZALPHA]
48 XP=Y1/SIN{ALPHAL/57.3)
49 60 TO 26

B0 C koK KoK sk skokokokokok ok sk kokoOK KKK ROR ORI R OKORk OK K K OoR K ok ok KOk Kok kR ok ok ok Kok
bl C AR KR KRR F kR KKk R RERF  dodokok ok kokokok ok okokkokok sk okok

B2 € KRR KR R KK ok Kok ok kK ok OROKKOK AOK SOR HOK KKK KK KK ROK ok KK RO KR Kok R K KK
53 20 NFLAPS=0

hiy IF(FLAPL,OT,0,0) NFLAPSZ1
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T
! IMP ING
bh IF(FLAP2,6T,0.0) NFLAPS=2
6 IF(FLAP3,6T.0.,0) NFLAPS=S
57 IF(NFLAYS,6T,0) AVGFAS (FLPAG1+FLPAG2+FLPAG3) /NFLAPS
58 IF(NFLAPS,EQ,0) AVGFA=0,0
59 XB2Y1%TAN( (90,~AVGFA) /57, 3)
60 XA=X1+XB
; 61 ZL=FLAPL+FLAP2+FLAP3
| h2 IF(ALPHA1,LT,0,0) GO TO 24
: 63 C
! G4 C EBF WITH ALPHAL GE 0, Q%kksorskokkoks kok
1 65 C
f 66 IF(ALPHAI.LE.O.U) GU TU 28
; 67 XC=Y1/TAN(ALPHAL/57,.3)
! 68 IF(XCsLELX1) GO TO 28
R | 69 XP=Y1/SIN(ALPHAL/57,3)
70 ALPH=ALPHAL

GO TO 26

28 ALPH=ALPHALI+AVGFA
PHIZ1HB0.~ALPHALI~AVGFA
XPISIN(AVGFA/ST743) %XA/SIN(PHI/ DT, 3)
XHEXP)COS(ALPHAL/57,3)
XE1=Z2LxCOS(AVGFA/D7,3)+X1
IF{XH,GE.XE1) G0 TO 90
GO TO 26

24 CONTINUE

EBF WITH ALPHAL LT 0,0 sokksokdorkkortxk

ALPHIAVORFA+ALVYHAL
PHIZ180,~AVGFA
XP=SIN(FHI/Z/ST . 3)xXA/SIN(ALPH/DT7 4, 3)
XHEXPRCOS(=ALPHAL/ D7 . 3)
XE1=ZILkCOS(AVGFA/DT7,3)+X1
IF{XH, GE.XEL) GO TO 4Q
26 CONTINUIE
GO TO (12¢13012) NOPTJ
12 UH=HD
LDE=DEQULYV
IF‘VAC.LT.OQl) DIR=00089*(XP“XO)/DE
IF(VAC,6Te0.1) DIR=(0,08Y9% (XP=X0)/DE)/SART(1,.,+(0.,27/
2 SORT(LAM¥(LAM=1,)))1%({XP=X0)/Nk))
DI=DIR*DE
Al=3,1u4xDIxD1/4,
GO TO 14
15 DE=DERUIV
DH=HD
IF(VAC.LT.041) HIRZ0,109% (XP=X))/HNOZ
IF(VAC.GT40,61) HIR=0,109%((XP=X0)/HNOZ) /(14 (04D /SORTILAMY
2 (LAM=1,) )y xSAERT((X3=X0) /HNOZ))
HIZHIR*HNOZ
Al=WNOZxH]
DI=H]
1& CONTInWUE
A=4,0
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IMP ING
109 IF(NOPT\J.E@.?’ . A=4o/(1.0+(80/\50 )*(D_E/l)H"lo M)
110 VIPRZ(1,+((0615%XP)/ (XCN¥DE*SURT (14 +MJ) ) ) k%A) X%k (=~1,/A)
111 VIPIVIPR*U)
112 C
113 C CALCULATE OASPL & DIRECTIVITY EFFECTS
114 C DIRECTIVITY FIRST CALC'D IN FLYOVER PLANE
116 C THEN CORRECTED FOR ELEVATION
116 C
117 OASPL=10,%ALOG10( (AX) * (SIN(ALPH/SET7,3) ) *¥%2) +80 ¢ *ALOG10(VIP) =74
118 IF(NOPTS,ERe 3. OR, NOPTS,EQ.6) THERNGZ3A0,
119 1 ~ALPHA1=-A7MANG
120 IF(NOPTS.EQ,2) THEPNGZAZMANG=ALPHA]L
121 THTALR=ALPH+ THEPNG
122 ATHEDHB=NTAB2 ( THEPNG» ALPH» THETAG» PNGANGe 14249191 9s PNGUIRw 4y [ERW)
123 ELVDB=GIRC(THTALP» THEDIRY'ELVDIR? 159 2)
124 THEDRIELVNH*COS(ELVANG/ b7, 3)
125 OASPL=NASWL+ATHEDB=-THEDB
126 C
127 C CALCULATE SYECTRA
128 C
129 DO 17 J=1+24 ,
130 SN2F(J)*DI/ (VIP*SART(SIN(ALPH/DT743!)))
131 IF(SN,LE.0,08) DEL=37,37%*ALOG10(SN)+15.59
132 IF(SNeGE+0,6) DEL==15,38%ALOGI0(SN)=22,0
133 IF(SNeGTe0s08,AND¢SN,LT,0.6) I"'ELZGIRC(SNyMSNy SPLOArY9,2)
134 SPL(J) SO0ASPL+DEL=20+*ALOG10(STOD) =ALPHA(U) *(STOD/2000,)
135 17 IF(SPL(J}LT.0.0) SPL(J)=0,0
136 CALL DOPLER(SPL)
137 DO R2 J=1,24
138 82 SPLL(3»J)2SPL(J)
139 90 CONTINUE
140 RETURN
141 END

S A0S0 AP S
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WALJET

SUBROUTINE WALJET(SPLL)
DIMENSION SPLL(6924) s THEDIR(19} o ELVDIR{1D) 0

2 SPL(24) s ANGLE(37)»DEL(ST)»0ASY0{17)

REAL LSNeLOGST(17)

COMMON NOPTS»NOPTJrF(24) 0 ALPHA(24) » STOD» ALT» AZMANG ELVANGy
VAC/»DPLUG»DENMIIVe VEQUIVIFLARLy FLAR2»FLAWA»FLIPAGL» FLPAG2,
FLPAG3» TTEQ» HNOZe WNNZ e VUWNOZ» HWNOZ » WWNOZ p ANGNOZ » ANGWNZ » NRED »
NR1»NR2»NRAI»HSLOT»EJL» EJANGrWFF pPRF o DF ¢ Th o TREATF» TREATA» PR T
DTURByHLANES» TRPMs PCTHy SA» ARy THICK» NOPTA» BC» SHRp DPRI[Mp AN [Ny
DANOUT ¢ X1 Y12 VTIPTy VUPRIMe VISEC» TTRPRIMp TTSEC » XCNy TTWNOZ» HD
e ALPHALl» TREATT

DATA L()GQT/-1.6'-1.4'-1.2v"1.00-0.8"'0.6'-0.4'-0.29

1 04000620040 046r0:891,001,2014421.6/

DATA OASYN/=32,41=28 39 =24 U4s=20,69=1710=1Uelhr=12,%

1 "'1102"'1007"‘1007'-1105"'1502"'1505"1802""2102"2“‘05"2706/
DATA ANGLE/O»'100'20.'30,.'40'!500'.600’700'600'90.'1000'1101'

1 12040130491480492150,90160,¢170,7180¢2190,9r200492210,22:'04°

2 230492U40,12506126049270,0280,9229042300,9310,952047¢

3 350.'3400'350.'360./

DATA DEL/=6e69=6,11=5,4r=U461=3,T9p=2,7r=1e7r=112=0,420,0»

2 =0e2r=101r=1:.71=2.91=3491=U 51 =5,51=6,31=0,51=74,61=9,9

3 -IZOQ'-I.?."24.“'-3\5.4"35.8'“37. "37.5'-37.2'-66. 7"“3“0:}'

4 -3302"'280 "'lqo"15. "9. "'6.6/

DATA THEDIH/O.'500'60.'900'1Obo'1200'1500'1”0.'2100'

1 240.'270.'280.'50”.'350.'3600/

DATA ELVUIR/1,90242¢3:.5010e2 160218 orl 02,0047
2 =2¢71=1140=11,31=5,00,521,9/

N3O FOHN

0ASY0 = FUNC(LOGST) SPECTRA SHARE FOR ENGINE JET NOISE AT
90 DEG FR NOZ AXIS

GAM=1,4
R253, 34
6GC=x2.2
IF(NORTSEQ8) 6O TN 4
T=TTEQ
H=VEQUIV
60 TO b
4 T=TTWNOZ
U=VJWNOZ
5 TOZT=( (GAM=1, ) %ktJ%l)) / (2, KGAMKR¥GC)
MU=/ SART( GAMXR*kTS*GC)
DE=DRQUIV
IF{VAC.GT.0,0) LAMIU/VAC

45 C xwvkkkx DETERMINE NO, OF FLAMS & AVER FLAP ANG *KX%¥ &%

up C
47
uH
49
o0
51
92
53
b4 C

NFLARPSZ0

IF(FLAP]1,6T,0,0) NFELAMSZ]

IF(FLARPZ2,6T,0.,0) NrLAPSZ2

IF(FLAPS,6T,0,0) NFLAPS=23

IF(NFLARS,6T,0) AVOFAZ(FLPAGL+FLPAG2+FLWAGS) /NELAPS

IFINFLAPS,EQ,0) AYGFA=0,0

IF(NORTS EQe 34 ORVNOMTS EN U NRGNORTS, EQ, 6 GO TO 60
SR KK Sk R OK KE 2 8 KRR ROK K KOE FORROK KK ROk 0K 3 oK Rk Rk Kok KKK K 0k ok ok ok ok Rk
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WALJUET

5% C xdokk ok kokkkok kK kokk EBF COMPUTATIONS o8 3K 9 oK B K K K K K K ke K K KoK
56 C kdkokkkkokokok Aok ok dokok ok ok ok ook ok koK ook etk ok ok Kok ok ok ok ok KokoK 3 Kok ok ok Kok %

57 XBZY1/TAN(AVGFA/57,3)

58 XA=X1+X8

59 ZL=FLAPL+FLAP2+FLAP3

60 IF(ALPHAL,LT.0,0) GO TO 30

61 C ®kdokkkkk ALPHAL GE 0,0 *%okkkkxorksk
62 IFCALPHAL,LE,0,0) GO TO 28

63 XC=Y1/TAN(ALPHAL/ST7,,3)

64 IF(XCsGE.X1) GO TO 28

65 XPRIMSZL+ {X1~XC)

66 XP2Y1/SIN(ALPHAL/ST7.3)

67 GO TO 32

68 28 PHI=180,~AVGrFA~ALPHAL

/9 XR2CIN(AVGFA/DT 3)xXA/SIN(PHI/ 574 3)
70 IF(ALPHAL,LELD,0) XP=XA

71 SS=XPXSIN(ALPHAL/S57,3)

72 PZ(Y1=SS)/SIN(AVGFA/57,3)

73 XPRIM=ZL =P .

T4 IF(XPRIM,LE,0.0) GO TO 90

75 G0 TO 32

76 30 CONTINUE .
77 C dokxkkkkk ALPHAL LT Q40 dokdokkdkksk :

78 PHI=1H0,~AVGF A

79 GAMMA=AVGF A+ALPHAL

RO RRESIN(~ALPHAL/5T . 8) *XA/SIN(5AMMA/ST, 3)
81 P=Y1/SIN(AVGFA/57,.3)

82 XPRIMZZL=P=RR

a3 IF (XPRIM(LEL0,0) GO TO Y0

84 XP=SIN(PHI/57,3) %XA/SIN(GAMMA/ST . 3)
85 32 CONTINUE

86 GO TO (12+13,12) 9 NORTY

87 12 IF(VACJ.LE.0.0) DIR=0.089%XP/lt

88 IF(VACJGT,0B,0) DIRT(0,089%XP/DF) /SART{14+(0,27/SART (LAMK (LAM=1,)
89 2 ) )%XP/DE)

90 DI=DIRXDE

91 IF (XPRIM,LE.DI) GO TO 90

92 XPRIMZXPR IM=D I

93 BI04 35%XPRIME 1, H¥DE

94 XBUE =XPR IM/DE _

95 IF (XPDE,LT,0,5) XPDEZ0,b

96 DELTAZ0 o 42%DE 4 ( XPDE ) %%0 ¢ 75

97 GO TO 70

98 13 IF(VACsLE,0e¢0) HIRZO0.109%X9/HNO?
99 IF(VAC,GT¢040) HIRZ(0,109%X2/HNUZ) /(1,4 (0,55/SORT(LAMK(LAM=1¢) )
100 2 *SQRT(XP/HNOZ))

101 HI=HI1R*HNO7

102 IF (XPRIM,LE.HI} GO TO 90

103 XPR [MZXPRTM=H]I

104 B0+ S3XXPRIMEL o SXWNOZ

105 XPHZXPR IM/HNOZ

106 IF(XPH,LT.045) X9H=0,5

107 DELTA=0, 42%HNOZ/ ( XPH) %%0 4 75

108 GO TO 70
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109 60 CONTINUE

110 C k¥R R KRR KKK KKK Ok R ORAOR K K KRR K 10K K o ok 0K o e ok o ok o OK o o Kk Rk

111 C exxopxioxkkkk UUSHB o HYBRID & IHBF/3LC COMPUTATIONS skkskoktokkkokukok

112 C %okdskokokoRkkokok ok ook Bk Kok ok ok ok Ak KOK K ok ok KKK K 3 K o ok ok 3K 3K i 3K K 5K oo R Kok o e ek KRR KO K Rk ko

113 C EBF/USH & IBF/BLC & HYHBRID ASSUME SLOT NOZZLES
114 C
i 115 IF(AILPHAL,GT,0,0) XP=Y1/SIN(ALPHAL/57,3)
! 116 IF(ALPHAL1,LT,0,0) GO TO 90
; 117 XW=XP%COS (ALPHAL/57,43)
i 118, IF(ALPHAL JLE.0s0s ORANOVTS,EN,4) XW=0,0
| 119 ZL=FLARI+FLAP2+FLAP3
| 120 THET=2,%AVGFA
| 121 RC=ZL/ (THET/5743)
| 122 RL=X1=XwW+2ZL
f 123 IF(RL,LE.0,0) GO TO 90
i 124 HTHNOZ
! 125 IF(NOPTS,EQ.4) HZHWNOZ
126 W2WNOZ
127 IF(NOPTS EQe4) WSWWNOZ
128 DELTASH® (0 5XSART(RL/H) +8, % (1H/RC) ¥%2+0, 2% (RCKXTHET/ (H¥5H7,3) ) )
129 DELTAS{H+DELTA) 72,
130 XF=ZLXCOS(AVGFA/5743)
151 XLS=X1+XF
132 R=W

133 70 CONTINUE
134 C NokokokokRokokkkk COMPUITE OASRLL %k ok dodokoiokkx

L K

135 C
136 IF (NORPTSEQe3 4 ORNOPTSEQelh o IR NOPTS.ER.B) OASHL=10,*ALOGLO (RL*H
157 1 +80,%ALDG10(U) =105,
138 IF(NOPTS.EQ,2) OASPL=10,*AL0G10(XPRIM®B)+80,*ALOG10(U) =105,
139 PSI1=AZMANG+AVGFA
140 IF (NOPTS EQe 3. ORGNUPTSEQelh e UR,NOPTS,EQe6) HS11=5A0,=AZMANG=AVGH
141 DIRECT=GIRC(PSI1sANGLE»DFLy 28 1)
142 ELVDR=GIRC(PSI1y THEDIRPELVDIR)1502)
143 THEDR=ELVIH*COS(ELVANG/S5T743)
] 144 OASPLZ=OASPL+D IRECT=THEDB
2N 145 DO Bl J=1,24
' 146 LSN=ALOGLO (F (J)*DELTA/Zt)
e 147 SPEC=GIRC (LSNs LOGST» 0ASYDr17-1)
L] 148 SPL(J) TOASPL+SPEC=20,¥Ai.0610¢( STOD) =ALPHA ()% (STOD/1010,)
iﬁ 149 81 IF(SPL(J)4LT,0,0) SPLIJI=0,0
oy 150 CALL DOPLER(SBL)
) 151 DO #2 J=1,24
% 152 82 SPLL(49J)2SPL(J)
& 153 90 CONTINUE
! 154 RE TURN
Y 15 END

A-34

P
\J




fey
OCLENCUT E LGN

11

[l ol el el ol
CENITT FOGN

NNNNDNONN
N EFEGNMO

e NONN
O L~

Of b i 8 Ol O O
INQUFOCN

£ £ &
o L

42
43
uy
45
46
47
4H
49
50
51
52
53
54

C xxxxkk¥ DETERMINE NO, OF FLAPS & AVER FLAR ANG x®kkkkik

C

12

13

WAKE

SUBROUTINE WAKE (SPLL) .
DIMENSION SPLL(60¢24)» VTER(9) »XPR(9)

2 SPL(24)rANGLE(19)9oVALL1(19),0AS90(17)

REAL LSNeLOGST(17)

COMMON NOPTSONOPTdvFQZQ)'ALFHA(ZQ)vSTOD'ALT'AZMANGOELVANG'
VAC»DPLUGYDEQUIVe VEQUIVeFLARL FLARP2yFLARS» FLPAGL »FLPAG2,
FLPAGA» TTEQ» HNOZ» WNOZ» VUWNCZ» HWNOZ » WUNO 7 » ANGNOZ » ANGWNZ» NRF D9
NR1»NR2yNRIpHSLOTH»EJLy EJANGCIWFF 9 PRF 9 DFy TF» TREATF» TREATA» PRIT
DTURB» BLADES» TRPMy PCTP» SA» ARy THICK» NORTA» BCo» SHP» DPRIM) DAN LNy
DANOUT» X1 o Y1 e VTIPTy VUPRIMe VUSEC) TTPRIM) TTSEC» XCN» TTWNOZ » HI)
» ALPHAL » TREATT

NDATA VTER/291906911 0992 e890 85181750689 ,62/

DATA XPR/ 4501621050202 2:503,03.504,04,5/

DATA LOGST/”I06"1o“"l02'-1oO"Ooﬁ"Ooﬁ"Oo“"OoZ'

1 060006290449 0¢6204801,001:2r1,401.6/

DATA OASY0/=32,49=2R,31=24,49=20,6rm=17,1r=1U,4r=12,5

1 =1162r=10e791=10471=11¢5r=13,21=15:51=18,2¢=21,29=24,3¢1=27.6/
DATA ANGLE/Op'10.'200'50.'“00!500'500'700'30.'900'1000'110-'

1 1200'150.'1400'150.'1600'1703'1800/

DATA VALl/-7."60'”5.5!'50"uc"305"205"20"10'0.5’

1 16950360 8,506007406,04:,503401./

N>R EUN

GAM=]1,.4

R=53, 54

6C=32.2

IF(NORTS,EQ,4) GO TO 3
T=TTEQ

UsSVEQUIV

GO TO 4

T=TIWNOZ

USVJUWNOZ

CONT INUE

TS2T=( (GAM=1 4 ) X1 J%(]) / (2, *GAMXR*(C)
MUU/SQRT ( GAMRR* TS%GC)

IR (NOPTS.EQ.4) 60 TO 12
DE=DEQUIV

DH=HD

60 TO 13

ANZWWNOZxHWNQZ
DESSART (44 kAN/3,14)

DHSY o * AN/ (2 g *WWNOUZ+2 4 ¥*HWNOZ)
CONT INUE

A=4,0

IF(NURTUGER.2) ASU,/(1.+(8Be/34)*%(DE/DH=1,))

NFLAPS=0

IF(FLAP1,6T.0,0) NFLAPS=1

IF(FLAP2,6T«0,0) NFLAPSZ2

IF(FLAPS,GT.0,0) NFLAVS=3

IF{NFLAPS,GT,0) AVGFA=(FLRPALI+FLPAG2+FILPAGS) /NFLAPS
IF (NFLAMPS,EQ,0) AVGFAZ20,0
IF(NOPTSEQ 34 OR NORPTSEQ 4 IR,NOPTE ,EQ,6) GU TU 60
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BN € R RoR kR ke kok ok KRR KKK KR AOKAKRO KRR KK KRR K AR AR KKK KoK KRR K KRR KKK
56 C soxkkkickkkkkkdk ERF COMPUTATIONS kdokkkkk ok Kk KRR KKK KRR KX KKK KK*K
§7 € okskokokak kot ok koK Kok ko kok sk ok sk Kk Kok R Kk ok o Kok R K R oK R KKK ROR K K KRk KRk

58
59
60
61

XB=Y1/TAN(AVGFA/57,3)
XA=X1+X8
ZL=FLAP1+FLAP2+FLAPRPS
IF(ALPHA1,LT.0,0) GO TO 30

62 C okkiokkiok ALPHAL GE 0,0 kkskskokkokokk ok

63
64
6d
66
67
68
6Y
70
71
72
73
T4
7
76
77
78
79
80
81
H2
83
84
#Y
86
87
88
89
90
91
v2
93
94
985
96
97
94
Yy
100
101
102
103
104
105
106
107
108

C

28

30

17 (ALPHA1,LE.0,0) GO TO 28
XC=Y1/TAN(ALPHAL/57,43)
IF(XC.GE+X1) GO TO 28
XPRIM2ZZU+(X1=XC)
XP=Y1/SIN(ALPHAL/57,3)

GO TO 32

PHIZ180,-AVGFA~ALPHAL ,
XP=SIN(AVGEA/ST ¢ 8) ¥XA/SIN(PHL/57 4 3)
IF (ALPHA1,LE.0.0) XP=XA
SS=XPXSIN(ALPHAL/57,3)

P=(Y1~§%) /SIN(AVGFA/57,3)
XPRIMZZL~P

IF(XPRIM,LE,0,0) 60O TO 90

60 TO 32

CONTINUE

ok kkokkk ALPHAL LT 040 dokkkskokks &

32

33

sS4

60

PHI=180.=AVOFA

GAMMA=AVGFA+ALPHAL
RRISIN(~ALPHAL1/57,3) *XA/SIN(GAMMA/ST,3)
PZYL/SIN(AVGFA/S7 . 35)

XPRIMSZL =P=RR

IF(XPRIM,LE.0,0) GO TO 90
XPZSIN(RPHI/ST « 3) ¥ XA/SIN(GAMMA/ ST 4 3)
CONTINUE
VIPRZ(1e+((0e1D%XP) /{ XCNKDEXSQRT (14 +MJ) ) VKA kK (=], /A]j
V1PV IPR*

XP0OD=XPR [M/DE

VTEVIRZGIRC{XPOD» XPRYVTER» G2 1)
VTESVTFVIP%kV]IP

GO TO (33r34933)» NOPTJ

H=0, 33%XPRIM+1 , 5%DE

XPUE=XPR [M/DE

[F(XPDE.LT.0eD) XPDE=0,5H
DELTAZO,U42%DE/ (XPDE) *¥x0, 75

60 TO 70

B=0,33%xXHPRIM+] 4 H%kWNOZ
XPH=XPRIM/HNOZ

IF(XPHLT,0,5) XPH=0,D
NELTA=0,42%HNOZ/ ( XPH) *%x0, 75

50 TO 70

CONT INUE

C . HROKOROK Kok 0Kk R AOKKOKRR KK RO RKOKROKOK R K KK HOK R KO ROK R ¥ 0k ok Kok ko K K K
C xkkkkikckkk UYSB » HYBRID & IBF/RLC COMPHUTATIONS ¥okikioksooktokiokk
C k¥ kK F ko ORI KK AR KRR K R R KRR O R RORKOR YRR ROR R ok KRk ok b ke kokod

IF(ALPHAL,GT,0.0) XP=Y1/SIN(ALPHAL1/%7,.3)
IF(ALPHALLLT.0.D) GO TO 90
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109 XW=XPxCOS(ALPHAL1/57,3) ,

110 IF(ALPHAL LEs 0,04 ORNOPTS,EQel4) XW=0,0
111 ZLZFLARL+FLAP2+FLAPS

112 THET=2,%A\ JFA

113 RC=ZL/"HET/57,. 3)

114 RL=X1~=-Xw+2ZL

115 IFIRL.LE«0,0) GO TO Y0

116 WZWNOZ

117 IF(NOPTSEQ,4) WEWWNOZ

114 H=HNOZ

119 I+ (NGPTS.EQ,4) HZHWNOZ

120 DELTASH®(0,5%GART(RL/H) +H, % (H/RC) ¥ %240, 2% (RC¥THET/ (H%*57,3) )
121 VTE=Y

122 X=2LkCOS{AVGFA/DT,3)

123 XLS=X1+XF

124 Haw

125 70 CONTINUE
126 C ook COMPUTE OASPL sk kokw kokokok ok

127 C

128 OASPL=104*ALCG10 (DELTA*B) +80,%ALOG10(VTE)=111,.0
129 DANG=AMAX1 (FLPAGL»FLPAG2/sFLPALS)

130 PSI1SAZMANG+LANG

131 DIRECT2GIRC(VSi1 ¢ ANGLEP VALL121901])

1% OASPLIVASRL+DIRECT

134 DO 41 J=1.24

134 LSN=ALO10/F (J)®NELTA/VTE)

155 SPEC=GIRCILSNYLOGST»OAS90»1701)

136 S (J) SOASPL+SPEC=20, *ALOG10(STOD) =ALPHA{U) * (STUL/1000,)
37 A1 IF(SPL(J)LTL0,0) SPIL.{J)=0.,0

134 CALL DOPLER(S®PL)

1394 DO H2 J=1,24

140 82 SPLL(D»J)=SPLIY)

147 Y0 CONTINUE

142 RETURN

143 END
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TRAIL

SUBROUTINE TRAIL(SPLL)

DIMENSION SPLL(6224) 2 VTER(Y) o XPR(Y9) »STN(16) o DEL(16)

20SPL(24)

COMMON NOPTSsNOPTJUrF(24) o ALPHA(24) » STOD» ALTe AZMANG ELLVANG
2 VAC DPLUGyDEQUIVyVEQUIVFLARL)FLAP2»FLAP3»FLRPAGLy FLPAG2
3 FLPAG3» TTEQsHNOZ» WNOZ 9 VUWNOZ» HUNOZ » WWNOZ » ANGNOZ » ANGWNZ ¢ NRED »
4 NR?*INR2)NRI»HSLOT»EJLyEJANGIWEF > PRIPDFp TF» TREATF » TREATA PRT)
5 DTURBYBLADES» TRPMyRCTRPeSA» ARp THICK e NORTA» RCr SHW s DPRIMy DANINY
A DANOUT» XLo Y1 VTIPTs VUPRIM) VUSEC) TTPRIMy TTSECe XCN» TTWNOZ» HD

7 2 ALPHAL» TREATT

DATA VTER/e919 910699899 ,850 480,759,681 .62/

NDATA XPR/ 4501471450 2,12:503403:504404,5/ ,

DATA (STN(I)rI=1016)/¢60 671081 e991¢01¢1014201:312404407492104¢
2 200'400'600'800

DATA (DEL(I)»I=1o 16)/-;4 3'-12 89-11.7'~11 29-11.'-11 1r=11,3¢
2 -11.9'-15.1-20 51=25,51=28,8r=35,6r=42,7»=46,9r=50,/

GAMZ] .4
TURBZO0, 0
IF(NO“TS EQe I ORe NOPTS EQ 4, OR NODTS EN6) TURR=(={,0)
R=53, 54
GC=32.2
IF(NOPTS.EQ.4) GO TO 3
=TTEQ
U=VEQUIV
GO TO 4
3 T=TTWNOZ
UnVJUWNOZ
4 CONTINUE
TS2T=( (GAM=1, ) *lJxl])) /(24 *GAMRR*GC)
MJIZU/SQRT ( GAMRH®xTS*GC)
IF(NOPTS.EQ.4) GO TO 12

DE=DEQUILIV
DH=HD
GO TO 13

12 ANZWWNOZ*HWNOZ
DESSART(4 AN/ 3, 14)
DHIY X AN/ (2 o *kWWNOZ+2 o XHYNOZ)
13 CONTINUE
=4.0
IF(NOPTULEQGe2) AZH,/(1e+(Be/3,)*(NE/DH=1,))

43 C wxxiokkk DETERMINE NO, OF FLAPS & AVER FLAPR ANG kkk®k¥x

44 C
45
46
47
48
49
50
51
u2 C

NFLAPS=0

IF(FLAPY1 ,6T,0,0) NFLARSZ]

IF(FLAPZ,.GT.0.0) NFLAPS=2

[F(FLAP3,68T.0.0) NFLAPS=3

LIF(NFLAPS,GT,0) AVGFAS(FLPAGL+FLPAG2+FLPAG3) /NFLAPS
IF(NFLAVS EQ,0) AVGFAZ=0,0

IF(NOPTS EQe 3¢ ORNOPTS EQe 4o URNOPTS,EQ,6) GO TO 60

A A K K HOK K K KRR KK K 0K K K KR KKK KKK K KKK K K KK K KKK R KR KK KK KOk K

53 C kxkkxkkkrkkkkk EBF COMPUTATIONS wkiokkkkkk kR ok ok ok ek kR ok K kR Kok ¥ x
o4 € ok Kook KK Rk KRR OK O 0K OK R HOK R KOK Bk ok Kok Kok kKR KK R K ORR RORR Rk RO Rk ok okkoke
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TRAIL

55 XB=Y1/TAN(AVGFA/57,3)
56 XA=X1+XRH
¥4 ZLEFLARI+FLAP2+FLARS
H4 IF(ALPHAL,LT.0,0) GO TO 30
859 C skxkxiokk ALPHAL GE 0,0 #odokdkkkkok kxk
‘ 60 IF(ALPHAL1,LE.0.,0) GO TO 28
; 61 XCZY1/TAN(ALPHAL1/57,3)
! 62 IF(XC,GE«X1) GU TO 24
i 63 XPRIM=7L+(X1=XC)
i sS4 XP=Y1/SIN(ALPHAL/5T7.3)
§ 65 60 TO 32
E 6b 28 PHI=180,-AVGFA=-ALPHAL
i 67 YP=SIN(AVGFA/ST 3V R XA/SIN(PHI/ST.3)
; 68 IF(ALPHAL ,LE,0,0) XP=XA
: 6Y SS2XPASIN(ALPHAL/5T7+3)
{ 70 PEZ(Y1=SS)/SIN{AVGFA/S7.3)
: 71 XPRIM=ZL=~P
72 IF(XPRIM,LE,0,0) GO TO 90
73 GO TO 32

74 30 CONTINVE ,
7H C wockkokdkokx ALRPHAL LT 0,0 *dkkkkkkkkx

76 PHIZ180,~AVGFA
77 GAMMAZAVGRA+ALPHAL
7H RPESIN(=ALPHAL/57,3) *XA/SIN(SAMMA/S 7, 3)
Ty 79 P=Y1/SIN(AVGFA/5T,3)
» 4o XPR [MZ 2L ==K
81 IF(XPRIMLE,0,0) GO TO 90
82 XP=SIN(PHI/57,3) %XA/SIN(GAMMA/57, 3)
43 52 CONTINUE
j By VIPRI(14+((0s15%XP)/ (XCNRDEXSQRT (14 +MU) } ) RKkA) Kk (=14 /A)
N Rb ViRV PR
) 86 XPOLZXPR IM/DE
87 VTEVI®=2GIRC(XPOD» XPRy VTERY 9y 1)
HR VTESVTEV IPxV P
) 49 GO TO (33,3425%) NORTJ
L 9o 35 BI04 33KXPRIMEL, H*DE
k- 91 XPLE =XPR IM/DE
: 92 IF(XRPDELLT,0.5) XPDE=0.5
- 93 DELTAZO0 . 42%DE / ( XPDE ) %%0 4 T
. 94 6O TO 70
B o5 95 34 BI04 35%XPRIMEL, S¥WNOZ
Yy 96 ARHIXPR IM/HN /2
. % 97 [F(XPH,LT.0.,D}) XPHZ0,b
- % ) 98 DELTAZ0. 42 KHNOZ/ ( XPH) %%0 4 75
A 99 LU TO 70
2. - 109 60 CONT INUE
p. » 101 C %k kKA K ¥Rk 0K K 0k R K KOk KOROK R OROR KRR K ORKOK AR K K Ok %K KK KKk K KKK KO Kok
| 102 C #xixstoerkkprkkeerr USB » HYBRID & I[BF/BLC COMPUTATIONS *kkkkkx
103 C okkok & kok K £k & 40K K0k 50KK K KKK NORKOK R KR KK =0k ok K K ok ok Kk Kk K OK 30K KOF KK KK K K KORK KOk KOK
s 104 IF(ALPHAL (6T, 0.0) XPIYL/SIN(ALPHAL/ ST 3)
-} 105 IF(ALPHAL,LT,0,0) GO TO 90
g 106 XWZ X% COS(ALPHAL /D7, 3)
: 107 IF (ALPHAL . LE,0,N,OR NOPTS,EN, 4) XW=Z0,0

b 108 JLSFLAP] +FLAR2+FLARS




L R

WP A,
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.
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109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

C
c

70

TRAIL

THET=2,*%AVGFA
RC=ZL/(THET/57.3)
RL=X1=XW+2ZL
IF(RL,LE.0.0) GO TO 90
WZWNO2

IF(NOPTS,EQ.4) W=WWNOZ
H=HNO2

IF(NOPTS.,EQ.4) H=HWNOZ
DELTASHR (0 5%SARTIRL/H) +8, % (H/RC) %k%2+0 2k (RCE¥THET/ (H¥57,3) )
VTE=U
XFZLxCOS{AVGFA/57,43)
XLS=X1+XF

HawW

CONT INUE

ookl COMPUTE OAGPL X¥kkokdok ok Kk

81

82
90

OASPL=50,*ALOGI0(VTE) 410+ *ALOGLD (BXNELTA)=~6,+TIRB
IF (NFLAPS,EQe1) PSI1Z(AZMANG+FLPAGL) /5743
IF(NFLAPS,EQ,2) PSII=(AZMANG+FLPAG2) /57,3
IF(NFLARS,EQ,3) PSI1=(AZMANG+FLPAG3) /57,3
JIRECT=(COS(PSI1/2,)%*2)%(0,9+0,5%SIN(ELVANG/57,3))
IF(DIRECT,LE,0,C) OASPLZ0,0

IF(OIRECT(GTe040) OASPL=0ASPL+10,*¥ALOG10(DIRFCT)
IF(OASPL,,LT,0.0) 0ASPL=0.0

DO Rl J=1,24%

SN=F (J)*DELTA/VTE

IF(SN,GE,0,6) SPEC=GIRC(SNySTNyDELe16+1)
IF(SNJLTe0.6) SPEC=24,67%xALOG10(SN)~8,83
SRL(J)=0ASPLASPEC=20,*%AL0G10(STOD)=ALPHA(J)Y* (STOD/1000.)
IF(SPL(J) 4 LT.0.,0) SPL(U)I=0.0

CALL DOPLER(SPL)

DO 82 J=1:24

SPLEL (6 J)ISPLIY)

CONTINUE

RETURN

END
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SUBROUTINE APU(PNLAPU)

COMMON NOPTS'NOPTJ'F(24)'ALPHA(Zu)rbTOD'ALT'AZMANb'ELVANG'
VAC!DPLUG!D&@UIV'Vt@UIV'FLAPlvFLAPZ'FLAP3OFLPAGI'FLPAGZ'
FLPAGSOTTEQ'ﬁNOZ'WNOZrVJWNOZ'HWNOZDWWN070ANGNOZ'ANGWNZ'NRtD
NRIONRZfNRSOHSLOT'EJL'EJANOOWFF'PRF'DF!TF'TREATF'TREATA'PRT
UTURU'BLADES'TRPM!PCT“'SA'PR'THICKDNDPTA'HC'QHP'HPRIM'UANIN
DANOUTvXI'YI'VTIPTrVdPRIMdeSECvTTPRIM'TTSECvXCNoTTWNOZ'HD
» ALPHAL» TREATT .

IF(NOPTA,ER,2) GO TO 50

PNLARPUZ103,0+0,11%BC=20,%*ALOGLO(STON)

RETURN

PNLAPUZ=106,0+0, 106%SHP=20,*AL0G10 (STON)

RETURN

END
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36
37
38
39
40
41
42
43
44
4%
46
47
48
49
50
h1
52
b3
54

EGA

SUBROUTINE EGA(EGSPL)

OIMENSION EGSPL(24) o XDIST(19) e XANG(4) p VALL(4919) » VAL2(49»19Y)
2 VAL3(4919) VALY (4019) » VALS(4919) » VALB(4919)
COMMON NOPTSsNORTU»F(24) s ALPHA(24) » STOD» ALT» AZMANG» ELVANG)
VAC»DPLUG DEQUIVy VEQUIVYFLAPL FLAPZ, FLAP3»FLWAGY o FLPAG2y

FLRAG3» TTEQy HNOZ» WNOZ» VUWNOZ » HWNOZ » WWNOZ » ANGNOZ » ANGWNZ» NRED»
NR1LsNR2/NRIyHSLOT EJLr EJANGY WFH » PRE 9 DF ¢ TF» TREATF » TREATA P PRT
DTURB» BLADES » TREM» PCTP» SA» AR THICK» NORTA» BC» SHP DPR IMy DANINYy
DANOUT» X1 e Y1 VTIPT) VUPRIMy VUSEC) TTPRIMs TTSEC XCNe TTWNOZ y HD

e ALPHAL» TREATT
DATA XUIST/06021004020049300,7400,¢50069600,9700,2800,09004¢
2 1000601250,21500621750,22000692500,93000.93500,24000,/

DATA XANG/0¢001040020,0930,0/

OATQ ((VALl(NZ'NX)'NX‘1'19)0NZ‘104)/ 0s0» 0 500,8:0 8'0 991,00
2 1,071.2'1,391.802,042,6o5_2!3_8:4 Crlh 304, 6'4,8'5 0y Oee0eDr
3 00006090600 06000409060¢0,090,090,020.090409¢04190.2¢0.521.001,2»
4 198’ .099'0.0'09090-0'001'0 1'0:1 0+290,300, 4904590, 590, 5910490
5 065r065106790:8+90,9» 0:090600060900,02040024070.0204000,020,07
6 040006020600 06000402040004090,0+0,0/

DATA ((VALZ2(NZpNX) »NX=1019) »NZZ1+4)/ 0¢0+04791.001,0891434»
2 2:0002¢00201920312:803.004,0r4.6054296,006,827.007,007,0

3 060006000407 040r060+060206120,2¢043704490,5704971:091,1914201,7/
4 2,0’205'500' 0¢000e60490,0897N0416104200,2104220.3800,U4Br0s6Y
5 0,7690e8r0,84¢0,8H00.9601.001.2201,4291.5R» 06000s0004000,00
6 000'0.0'000'000'0.09000'000'000'0.0'000'000'0.0'0.0'0.0'000/
DATA ((VALS(NZyNX) o NX=1919) ¢ NZ=194)/ 04000.9r1429¢1.3601,7R02435
2 203'2.8'301’3.6'900'591'6.0’6.997ob'806'q00'”.?'902' 0s000425
3 062510625006 3320:5006921¢001461916191:291.7010912.022.202,7¢3.09
4 3.504,00 0602042004161 043200,4004490el49204HH20,6m9r0,H891,020

5 16101:1891:2691,4291591.7492,04192,269 0eNr0eDr0.0r0.09¢0.001,0
6 '000'000}000'0.0'0.0'000'000'000'0.0'0.0'0.0'000'0.0/

DATA ((VALHINZyNX) o NXZ19019) e NZ2198)/7 Be0r1e301e491,6U02,2213,00
2 36103.504,004:515,0066307.618,809:,89110,8r11,1011,2011,20 040
3 0a5006510650066501,001,291:501eB01,902,002,4+2,823,193,%044004,3
4 15,0105 006090,129r0,2490.489046970.020,60047420,84¢1,120142H9
o} 104’1.52'1.64'108“'200'2026'2066'2094 '0.0'000’000'000'000'000
6 '000'000'000'000'000'000'000'0.0'0.0'0.0!0.0'0.0'000/

DATA ((VALSINZyNX) ¢t NX=1919) ¢ NZ=19U)/ 0,00163¢1e691,9202.6003,20
2 306'“02'“.9'505'600'708'900'1002'11.2'12.3'1500'1505'13.8' 0,0
3 '0075'0.75'0.75'0.98'1.5'1.9'2.1'2.5'2.8'3.0'5.7'“.0'4.3'“08'

4 9431640165970 0eNt041890e32¢0.6490.890,8e0,800,92¢1,02¢1,36
S 21eDUr1eT11e860240212e3402.502,7813,2803,62, 0¢000,00r0e90060)¢
6 000'000'000'000'000'000'000'000'000'0.0'000'0'0'000'000'000/
DATA ((VALB(NZyNX) oNXZ1219) pNZZ104)/ 040r1e591.,802,2¢3,104,004,5
2 5e1r5.816049T7e009419010,89222,0013,0918,0018,89715:410152¢ OeNe

3 1009360110021 0302607265236023,3593e80b41928,915e306,11665074197,9
4 8B,309,0¢ 060906210049 0e8016001.0016091.192102¢1e601,812:002:¢70
S 240280 3,003,313.5914,32 060206000600 00¢0e0rPc0204000,0¢0460¢
6 000'000'000'00O'0.0'0.0'000'000'000'000/

GDIST=SART(STOD**¥2~ (ALT~4,0) %x%2)

ANGLE=SASIN((ALT=4,0)/STOD)

UDIST=96,0/SINIANGLE)

DISTIAMINL (STOD»UDIST)

DO 10 I=1,24
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73

EGA

10 EGSPL(I)=0,0

ANG=ANGLE*57,2957795

IF(ANG,GT,30,0) GO TO 30

DO 20 I=1.24 _ )

IF(F(I)oLTe75.0) EGSPL(I}=DTAB2(DISTrANGy XDISTrXANGr1Y9sl4slrlr
2 VALle4)y IERR)

IF{F(1)eGTe75e0,AND4F(I),LT,150,0) EGSPL(I)=DTAB2(DISTsANG,
2 XDISTrXANG»199U4r1e19VAL2r4e IERR) ‘

IF(F(1)eGToe150,04ANDF(1),LT,30040) EGSPL(I)=DNTAR2(DIST s ANG»
2 XDIST»XANG»1994» 1912 VALIr 4 JIERK)

IF(F(I)eBTe30040,ANDeF (1) o,LT¢600,0) EGSPL(I)=DTAR2(DIST»ANGs
2 XDISTrXANG» 19949192 VALY Y4y IERR)

IF(F(T)e6T,600,04ANDGF(I)LTe120040) EGSPL{I)=NTAS2(NDISTs ANG
2 XDISTeXANG?19r4r 1012 VALRe4» IERK)

IF(F(I),6T41200.,0) EGSPL({L)=UTAB2(DISTrANGeXDIST» XANG1Y¢ 4y
2 1212 VALOP Y IERR)

20 CONTINUE
30 RETURN

END
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GRE

SUBROUTINE GRE (GRSPL)

DIMENSION GRSPL(24)

COMMON NOPTS»NORPTJUF (24) » ALPHA(24) » STOD»ALT» AZMANG» ELVANG
VAC»DPLUGy DEQUIVy VEQUIVe FLAPL FLARP2 s FLARPS ) FLPAGL» FLPAGZ)
FLPAG3» TTEQr HNOZ» WNOZ» VUWNOZ » HWNOZ s WWNOZ » ANGNOZ » ANGWNZ » NRED »
NR1/NR2y N'¢3rHSLOT EUL» EJANGY WFFp HRF 9 DF » TF » TREATF » TREATA» PRT
DTURB» BLADES » TRPMy PCTH» SA» ARy THICKy NOPTA»BC» SHR» DPRIM) DANIN)
DANOUTe X192 Y19 VTIPT» VUPRIMy VUSEC» TTPRIM» TTSEC» XCN» TTWNOZ» HD
v ALPHAL » TREATT

GDIST=SORT(STOD*%2~( ALT=U 40) *%*2)

IF(ELVANG,GTe0,3) PORDO=U ,*GDIST/ (ALT+4,0)

IF(tLVANb.LT.O 3) PORNC=GDIST/2,0

PORDS'GDIS'-PORDO

RO=STOD

RRESART (4, **2+PORDO**2)+§GRT(QLT**2+PORDS**2)

~NITRNREFEOGN

IF (ELVANGGT, 89,8, AND. AZMANG, GT 89,84 ANDs AZMANG, LT, 904 3) KRERD+H, 0
ZERR/RD

DRERR=RD

C31116,0

AL=0,725707903

BETAZ6. 324956092

DO 10 I=1,24

XLAMDAZC/F (1)

AI=AL*DR/XLAMDA

B1ZHETA*DR/XLAMDA

GRSPL(1)2104*ALOGLO (1, +14/2%%24+( (2,/Z) % (SINCAL) /ALY *COSIHL} )}
IF(GRSPL(I) 4 LT,=30,0) GRSPL(I)==30.0

CONTINUE

RETURN
END
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SHIELD

SIBROUTINE SHIELD(DELSPL.¢SD»BHr OD» F» ELVANG)
DIMENSION F(24)¢DELSPL(24)

REAL N

SO = DISTANCE FROM SOURCE TO WARRIER OR WING (FT)
BH = BARRIER HEIGHT (FT)

0D = DISTANCE FROM BARRIER TO OHSERVER (FT)

CALCULATE ESTIMATE OF WING SHIELDING EFFECT

10

CONST=(SD* (SQRT(1+( (BHEBH) / (SDXSD) ) ) =1, ) +UDK (SART (1 4+ ( (BHXBH) /
2 (0L*OD)))=14))/567,5

DO 10 I=1,24

NSE(I)*CONST
IF(N,LE.10,0) AE3=10,*ALOG10(N)+10,
IF(N.6T.10.0) AE3=20.

DELSPL (1) SAES*SIN(ELVANG/S7,2957795)
IF(DELSPL(1) (LT40.,0) DELSPL(I)=0,0
CONTINVE

RETURN

END
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100

200

300

400
500

bb0

560

600
601

FWDSPL

SUBROUTINE FWDSRD(NDELDKF)

DIMENSION XLSB1(3) o XLSB2(3) s XLSB3(3) » XUSB(3) » XAW(293) o XELV(S)
2 XFLP(2)

COMMON NOPTS»NORTU»F(24) » ALPHA(24) s STODs ALT ¢ AZMANG» ELVANG»
2 VACrUPLUGYDEQUIV, VEQUIVeFLARL P FLAV2FLARIyFLPAGL»FLPAG2),
3 FLPAG3» TTEQ»HNOZ» WNOZ» VUWNNDZ » HWNNZ » WWNOZ » ANGNOZ» ANGWNZ » NRED) »
4 NR1yNRZ2yNRA»HSLOT»EJLIEJANGy WFF s PRFyDF » T » TREATF » TREATA » PRTy
5 DTURBrBLADES» TRPMy PCTR» SA» ARy THICK» NOPTA»BC» SHR» DPRIMs DANIN,
7 DANOUT» X1 Y12 VTIPTy VUPRIMy VUSEC) TTPRIMy TTSEC XCNe TTWNOZ ) HD
7 +ALPHAL» TREATT

DATA XLSB1/1.3¢4,2¢6,1/

VATA XLSB2/0.25¢3,0¢5,0%/

DATA XLSB3/=N,8,1.8/4,0/

DATA X1iISB/04000699 3,8/

NATA ((XAWINZ)NX) s NX2193) 92 NZ2=192)7040¢716¢0r1e8r0e00r=1,00=1.8/
DATA XELV/0.0030.0990.,0/

DATA XFLP/35,0065,0/

POWER=0,0

GO TO (1000200:400,100,300,400) »NOPTS

POWER=5,0

60 TO 500 ,

IF(FLAPL1,GT4040) POWERSGIRC(ELVANG) XELVsXI.SB1»391)

IF(FLAP2,65T,0,0) POWERZGIRC(ELVANG) XELVy XLSB2,301)

IF(FILAP3,6T.0,0) POWERZGIRC(ELVANG, XELV XLSR3y391)

GO TO 500

POWERSDTARZ2 (ELVANGr EJANGe XELVe XFLP» 30201019 XAW 29 IERR)

GO TO 500

POWER=GIRC(ELVANG, XELV) XUISBr301)

IF{NOPTSEQ %44 ORNOPTS.ER,S) GO TO 550

ANGLE=ANGNOZ

VEL=VEQUIV

6O TU 560

ANGLE=ANGWN?

VEL=VUWNNZ

CONTINUE

IF(VAC,GE,VEL) GO TO 600

DELDBRFZ10, *POWER®ALOGL0(1,~VACKCOS(ANGLE/S7,2927795) /VEL)

RETHIRN

WRITE(62601)

FORMAT(1H195Xs *RELATIVE VELOCITY NOT ACCERPTABLE TO SURROUTINE'»

2 ' FWDSPD'»/»1H1)
RETURN
END
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35
36
37
38
39
4o
41
42
43

10

20

[ ]

30

49

50

60

6b

70

601 FORMAT(1H1/,»S5X»'THIS VALUE OF D = '9E15,10¢" IS NOT ACCEFTAHLE'»

SOPLER LGOPY AVAILABLE TO DDG DOES NOT
&t"' | PERMIT FULLY LEGIBLE PRODUCTION

SUBROUITIN PLER(SPLS)

DIMENS ION S{24) » XSPL(30)

REAL MA L

COMMONE-NOPTSy NORTU» F(24) » ALPHA(24) » STOD» ALT» AZMANGY ELVANG»
VAL DPLIGy DEQUIVy VEQUIVIFLAPL 2 FLARP2)) FLAP3 FLPAGL s FLIPAGZ
FLPAG3» TTEQr HNOZ» WNNZ» YIWNOZ p HWNOZ p WWNOZ » ANGNOZ » ANGWNZ 9y NRED »
NR1 ¢ NR2rNR3» HSLOTsEJL 2 EJANGr WHF» PRF pNF» TF» TREATE » TREATA» VRT»
DYURRy BLADES » TRPMy PCTRy SA» ARy THICK I NOBTA»BCr SHP» DPRIM» DANINY
DANOUT ¢ X1 Y19 VTIPTy VUPRIMy VUSECY TTPRIMy TTSEC» XCN» TTWNOZy HD
» ALPHALl» TREATT

NSHIFT=0

NO 10 I=1y24

XSPL(I+3)=SPLS(]I)

DO 20 I=S%elr~1

XSPLIL) =24 %XSPLIT+1)=XSPL(I+2)

bo 30 1=28,30

XSPL(I) =2, %XSPL(I=1)=XSPL([~2)

MAC=VAC/1116.0 )

D=1.0/(1, O-MAC*LOQ(A7MANG/57 29577495) )

JF(D,LTel1,0) GO TO 40

IF(DLLTa1s122462) GO TO &0

1R (DeGEe14122462,AND,DeLTo1.41421%) NSHIFT=1
IF(D,GEe1e41U4213,ANDGDLT,1,78179/) NSHIFT=2
IF(D,GE«1e¢ 781797 AND D, LT,2.244924) NSHIFT=3
IF(D,GE.2,2404924) GO TO 70

GN TO b0

IF(D,6T.0,890899) GO TO »0
IF(DLE0aB890R9Y,ANNGDGT40.707107) NGHIFT==]
IF(U.LE.O.707107.AND.D.GT.0.5ﬁ1251) NSHIFTz-Z
IF{DLE.D0.561231,AND DD GT.0,44544Y) NSHIFT==3
IF{DJLE Q. 445449) G0 TO 70

DO 60 I=4»27

SPLS(I=3)=XSPL( T+NSHIKFT)

CONTINUE

N0 6% I=1,24

IF(SPLS(I) ,LT.0.0s SPLS(I)=0,0

CONT INUE

RETURN

WRITE(6»601) D

NPT EFE OGN

2 ' FOR SUBROUTINE DOPLER' »/»5X%y ' THEREFORF NO SHIFT was USED?)
RETIIRN
END
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900

REDUCE

SUBROUTINE REDUCE(DELP) .

DIMENSION XPR(9)'XHRD(9)'XLIN(9)9XVEL(9)

COMMON NOPTS;NOPTJDF(Z“))ALPHA(Z“)DSTOD'ALT'AZMANGoELVANG'
VACrDPLUG'DFQUIV'VEQUIV'FLAPI'FLQPZ'FLAPS'FLPAGIOFLPAGZD
F'PAGBvTTEQ'HNOZ!WNOZ'VdWNOZvHWNOZvWWNO?.ANGNOZOANGWN?.NRFD'
NRlvNR20NR59HSLOT!EJL'EJANboNFFtPRFODF'TFvTREATF!TRtATADPRTv
DTURB!BLADESVTR“M.FCTP!SAOAR!THICKv NORTA»BC» SHP»DPRIMe DANIN,
DANOUT» X192 Y1 o VTIPT) VUPRIMy VUSEC» TTPRIMy TTSECe XCN» TTWNOZ9 HD
? ALPHALl» TREATT ) _

DATA XPR/1:0031¢502,012e6502,602,792,812,993,0/

DATA XHRD/U440r0,00=4,591=9,5+10,5r=11:0r=11e51=120r=12,3/

DATA XLIN/GeOr=5,0r=10,Cr=15.0¢-16¢09=17:0+=18,0r=18,7r»~19,5/

DEL1=0.0

DEL2=0.0

DEL3I=0.0

GO TO (900010092200090003002200) »NOPTS

IF(NR1NE,1) GO T0O_ 110

IF(FLAPY,GT.0.,0) S=1,

IF(FLAR2,GT,0,0) S$=2,

IF(FLARP3,6T,0,0) S=3,

NDEL1==(803, 81/V:QUIV)*(3 O-S)*SIN(tLVANb/b7 295779%)

IF(NR2,NEs1) GO TO 120

DEL2==(0.5+SINIELVANG/57,2957795))

IF(NR3,NE,1) GO TO 900

DEL3==(2,0%HSLOT*12,0%SIN(ELVANG/%742957795))

60 TO 900

IF(NR2,NE.,1) GO TO 210

DEL2= -2 0% (0 5+SIN(ELVANG/BT7,2957790))

IF(NR3,NE,1) GO TO 9909

DFELI==4, D¥HSLOT*12 , *SIN(ELVANG/57,.,2957795)

GO TO 900

DO 310 I=1.9

XVEL(I)IS10Y,HIYDOXSART(TTWNOZX (1 e=1,/7(XPR(I) ¥ 286} ))

CONT INVE

fF(NR1 ,NE,1) GO TO 330

DELI=GIRC{VUWNOZ» XVELe XHRD?Y¢ 1)

60 TO 900

IF(NR2,NE,1) GO TO 900

DEL2=GIRC{VJUWNOZ ¢ XVEL» XL.IN?9» 1)

DELP=DELL1+VUEL2+DEL3

RETURN

END

N>R FOUN
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1 SUBROUTINE PNLREV(SPL»PNeNOCT)
2 REAL SPL(24)oL(5r24) s M(4224)rLL(5,8) 9 MM(U4,H)
3 DATA ((L(I'd)vd‘1v24)rl“1v5)/ .
4 +49,0044,0039,0034, 0v50.0v27 0r24, 0v21.0v18.0916.0.}6 0016,0
5 1016, 0:16.0915.0;12 009.0r5,00860¢540066001040017,0021,0¢
i 6 25500'bloO'“boO!“Zp0'5900'5600'3300'&0,0'27.002500'25.0'25.0'
7 325.0'2500'2300'2190'1800'1500'1“9001490'15.0'1700'23.0'2900'
' 8 464.0'60.0'56.0'5390'5100'48.0046,0'“4.0'4?00'4000'“000'40.0'
i 9 54000'40.0'3800'3400';200'3000'2990'2900'5000'5100'37.0'4100'
; 10 691,010185.,880H7 320 79,850T9, 7617596173960 74,91094,630¢100,9100,
: 11 71000'1000'1000'100-'1000'1000'10“0'100p'1000'1000'100.'44029950072
E % 12 8052.0'51.0'490904700'4600'45.0'43.0'4200'41.0'“0.0'4000'40.00
e 13 QUD,0r40,0938,0034,0932,0030400229¢0029¢003040¢31402354,0037,0/
; 14 DATAC{M(IsJ) pJ=1924) 2 I=194)/
i 15 +00799521 4068169 ,0681672,05964910%, 053013'.0596400.0560151
16 1-053015'.047712'o047712'o05301390053013'o06816'.0795?0.05964v
E 17 2.058098 , 0580989 ,0522889 4 047534 » s O4I5T39 s 0435739 s 0402219 4037349
5 18 37%.s034B59 404022194 0373499 Uk, 0IUBST ) (0373499, 0373U4Fr 4 0UI573
i 19 4,043478r,0U05709e0368319,0368319,0353369,0335%35940353359,032001
20 5403067506%,030103»7%,029967 ,042285, ,0U22R5915%,0301103»9%,02996/
21 DATAC(LLITrJ) e J=198) 9 I=1D)/
22 144,00304002100016600166009,0¢5,0017,0¢
A 23 25100'39,0'500“'2500'25.0'18.0'14-0'2300'
\ 24 36040051,0044,0040,0040.0932,0029.0¢3740
p 25 4HSABITYe T6r THe9191004 2100491004100, #4429y
26 591¢0186,0042:0940,0040.0032,0029,0¢34,0/
27 DATAC(MM(TIodr o JE108)r IS4}/
28 1,068160:A%,053013»,079520»
¥ . 29 2.0580989,0435739,03734992%,034859»,0373449),034859,0372349
éf 30 3,0405700,035336+.03205192%,030103+2%,0299601.0422H5»
i Ubhk,030103,3%,029460/
3 SE. IF(NOCT.,EQ.2) GO TO 17
3 33" NOCT=1 GCTAVE BAND INPUT
- u C NOCT=2 ONE=THIRD OCTAVE BAND INPYT
S 35 S1M1=0,.0
e 36 SUM2=0.0
T 37 D0 26 =218
; a8 IF(SPL(I),GE,LL(1,I)) GU TO 20
39 ANOY=0.0
40 60 TO 21
41 20 IF(SPL(I).GE.LL(20I)) GO TO 22
42 ANOY=,1%10,0%%« (MM(1» 1) *{SPL(I)=LL{(1»]1)))
‘ 43 GO TO 21
4y 22 IF(SPLII)GE.LL(3»1)) GO TO 23
- 45 ANOY=10,0%x (MM( 2y 1) (SPLIT)=LL(3»I)})
46 50 TO 21
47 23 IF(SPLII)JGE.LL(4,1)) GO TO 24
48 ANOY=10,0%x (MM 3y 1) % (SPL{1Y=LL(391)))
49 GO 10 21
el 2u IF(SPL(I).6T.150,0) GO TO 25
h1l ANOY=10, 0% {MM(4, )X (SHLID)=LL(5r1)))
b2 G0 TO 21

55 25 WRITE(6,602)
54 602 FORMAT(///210X» *SPL EXCELDS 150 DRB'»///)
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55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
75
74
75
76
77
78
79
80
81
82
83
84
as
6
87
84
89
90
91

93
94
9%

21

26

101
17

10
12
13
14
15

601

11

16

30
10

PNLREV
60 TO 101 | S
IF(ANOY.LE,SUM2) GO TO 26
SUMZZANOY
SUM1=SUM1+ANOY
IF(SUM1.LT.0,01) GO TO 30
IF(SIM2,LT,.0,01) GO TO 30
IF(SUM2,6T.SUM1) GO TO 30 ,
PNZ40,0433,22%AL0G10 (SHIM2+, 3% (S1IM]1 =S1IM2) )
RETURN
SUM1=0,0
SUM2=0,0
DO 16 I=Sir24 . | .
IF(SPL(I),6E,L(1rI)) GO TO 10
ANOY=0,0
GO TO 11
IF(SPLII) (BE,L(201)) GO TO 12
ANOY=¢1%10,0%% (M1 I) R (SPLII)=L(191)))
GO TO 31 ..., ..
IF(SPLI)4GE,L(3¢1)) GO TO 13
ANOY=10,0%%(M(2,)I)%(SPL(Y =L (3p1)))
GO TO 11
IF(SPLII) (GE,L(4»I)) GO TO 14
ANOY=10,0%%k (M(3» 1) % (SPL{I)=L(3)[)))
GO TO 11
IF(SPL(I),GT,150,) GO TO 15
ANOYZ10,0%%x (M(4p [) % (SPLIY)=L(50[)))
GO TO 11
WRITE(60601)
FORMAT(///7910X) *SPL EXCEEDS 150 DR'»///)
GO TO 100
IF (ANOY,LE,StIM2) GO TO 16
SUM2=ANOY
SUM1=SUML +ANOY
IF(SUML,.LT,0,01) GO TO 30
IF(SiM2,LT.0.01) GO TO 390
IF(S1M2,6T,StIM1) GO TO 30
PNZ40,0+35,22%ALOG10 (SUM2+, 15% (SIM]1=SLIM2) )
GO TO 100
PN=0,0
RET. RN
END
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TONE

SUBRUUTINE TONE (SPL» PNy PNLT)
DIMENSION SPL(24)/9S5(25) 2 SBAR(25) »SPLRP(2Y)
CMAX=0,0

SS(3)=0,0

SPLPR(2)=8WL(2)
SPLP(3)=SPL(3)
DU 60 I=4e24
SPLE(I)=SPL(T)
SS{I1=SPL(1)=SPL{I-1)
IF{AHS(SS{I)=SS(I=1))=5,0) 60:60+10
IF(SS(I)) 30030020
IF(SS(I)=S5(1=1)) 60260050
IF(SS(I=1)) 60960940 .
SPLP(I=1)=0,5%(SPLL{I=2)+SPL(I))
60 TO 60
SPLP(I)=0.0%(SPL(I=1)+SPL(I+1))
IF( 1., EQ.24) SPLP(24)2SHL(23)+55(29)
CONTINUE
SS(3)=SPLP(4)=SPLIP(3)
DO 80 124,24
SS(I)=SPLP(I)=SPLIP(]I=-1)
CONT INUE
SS(2D)=8S(24)
00 90 I=3.23
SBAR(I)=3333535%(SS(I)+SS(1+1)+SS(1+2))
CONTINUE
SPLP(3)=SPL(35)
DO 100 I=4,24
SPLP(I)=SPLP( I=1)+SBAR(I-1)
CUNTINUE
DO 150 I=3,24
FIESPL{1)=SPLP(])

TF(F=3,0) 150,120»110
IF(F~20,0) 120,130:130

=F/6,0

b TO 140

C=36335359
IF(L.0E,11,AND,I,LE,21) C=2,%C
IF(C,6T,CMAX) CMAX=C
CONT INUE
PNLT=PN+CMAX
Rt TURN
END
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C., BASELINE AIRCRAFT NOISE PREDICTIONS

The following pages contain the inputs and outputs grom the
prediction fon the seven baseline high-Lift aircrafi.

J The predictions were made using an aircragt velocity of 80
, knots and 0 knots, to show a comparison between in-§Light
‘E' g : and static nesults.
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DATA FOR VT (STATIC)

BASELINE VECTOR:D THRUST AIWCHART

1 3 u

a0, 4,0 Qo,
10 509, 2911 ',

0 1 1 1 1
-Uf}, 5.’43 SeltH
3,45 2. 74 0.0

)

0.9 20804 rae,
20804 ne 2624 ~85,
AT45.6 1o Hed
1705 14915, 2,4936

2 200,

i
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DATA FOR VT (INFLIGHT)
1 BASELINE VECTORED THRUST AIRCI'AFT
2 1 3 4
3 500, 4,0 990. 80. 8.0
4 10 50, 2007, '
5 1 1 1 1 1 0 0 0 0 0 0 1
6 =40, S.43 LI Y]
T 3.4 2.74 0,0 20. 40, 0.0
8 3
9 0,0 245854 700, 1629, 40,
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12 873.6 1.3 6ed 602, 17,5 18,
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14 2 209,
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DATA FOR EBF (STATIC)

BASELINE tBF AILRCKAFT

2 3 4
500, 4,9 90. 0.t

10 5040 2000,0

0 1 ] 1 1 0 0
7.0 12,4583 3,9106
J.0416 1.4Y660 1.,0833 12,

3
0. 17625 700, 1529,
1.7625 48384 650, o Ja¥ S
T8, 1.2% 5.9 o JaT ol
1.10% . 1400, 243452 60,

2 20C.

0
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DATA FOR EBF (INFLIGHT)
BASELINE EBF AIRCRAFT
2 3 4
5C0, 40 90. 80,
10 50,0 2000G,40
1 1 1 1 1 0
7.0 12,4583 35,9106
J. 0416 1,9606h0 1.6834 12,
3
0e0 1,7625 7004 1529,
1.7625 4,8384 6590, 556,
1445,89 6 4765 1.367
778, 125 5.9 546,
1.105 1400, 2,352 60,
2 200,
n
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DATA FOR USB (STATIC)

1 BASELINE USB AIRCRAFT
2 .3 3. 4 .
3 500, . 4.0 ., 90,
4 10 $0.0 200040
5 . 0 11 1.1
g 6 0.0 5,33 0.9
; 7 6,25 0.0 0.0
E, 8 2
[ 9 1,80 7.255 17,
; 10 575, 1.3 5,0
t 11 1,109 1400, 1,9789
’ 12 2 200,
13 )
) A-6
; 5
F?_‘_)
b

0.0
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8,0

0.0
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DATA FOR USB ( INFLIGHT)

BASELINE USB AIRCRAFTY

.9 3. 4 . .

500, . 4.0 90, 80, 8.0
10 50,0 200040 ,

, 1 1. 1 1 0 0 1 1 1 1 1

0.0 533 0.9 . .

6.252 0.0 0.0 25, 0,0 0.0

1.80 7,255 717, 662, 0.0

970.0 6,4552 1,367 o ,

5750 103 5.0 602. 1705 ‘JAﬁ;O

1,105 .. 1400, 1.978Y 60,0 17400, 59, G.0
2 200, :
0
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DATA FOR IBF/BLC (STATIC)
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DATA FOR IBF/BLC (INFLIGHT)
1 BASEL INE IBF/HSLC AIRCRAFT
2 4 3 i
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2 DATA FOR IBF/JF (STATIC)

3 1  BASELINE I3F/JF AIRCRAFT
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DATA FOR IBF/JF (INFLIGHT)

BASELINE IBF/JF AIRCHAFT
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DATA FOR AW=28 (STATIC)

1 BASELINE AW=2S AIRCRAFY

2 5 3. 4 . .

3 500, 440 . 90, 0.0

4 10 50.0 2000,0
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8 1 |
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13 0
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BASELINE Aw-28 AIRCRAFT
5 3 4
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DATA FOR HYBRID (STATIC)

1 BASELINE HYBRID AIKCRAFT
2 , 6 3. &4 , C
é 3 500, 4,0 90, 0.0 8.0
§ 4 10 50,0 2000.,0 .
5 0 1 1 1 1 0 1 1 1 | 1 1
6 12, 8.,6162 0,6710
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DATA FOR HYBRID (INFLIGHT)

1 BASELINE HYBRID AIRCRAFT
2 .6 3. & ) e .
3500, . . 4,0 90, 80, 8,0
4 10 50.0 . 2000.0
. 5 .1 1.1 1.1 0 1 1 1 1 1 1
6 12, 8.6162 0,6710 , ,
7 5.5815 0.0 0.0 30, 0,0 0.0
. 8 2 ,
91,3206 8,54 600. 565, 12,
10 0,0456 17,3086 640, 0.0 565,
11 2304, 6.72 1,367 .
12 214, 1.25% 6,0999 519, 17,5 18,0
13 1,105 1400, 2.8974 60, 17400, 59, 0.0
14 2 200,
15 [t}
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D. HAND-CALCULATION PROCEDURE

The following pages describe a simplified procedure
to caleulate the V/STOL aircragt noise manually.
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A method is described to estimate the noise levels of V/STOL aircraft without
the use of a computer, The analytical model discussed in sections 2 and 3 is
used with a few modifications. These modifications simplify the procedure to
enable the hand calculations with little sacrifice in accuracy. The general

procedure used in calculating the noise levels is shown in Figure A-1.

The noise source components which contribute to the radiated sound for any
propulsive-1ift concept of V/STOL aircraft are selected from Figure 2-5. Using
the flight path geometry given in Figure 1-22 or 2-3, the contribution from
each of the sources to the radiated noise is computed. The details of calcu~
lating the one-third octave spectra, PNL, and PNLT, using the gcometrical and

operational variables, is discussed in this Appendix.

INTERNALLY GENERATED ENGINE NOISE

Fan/Compressor: The unsuppressed OASPL is calculated using equation (2) with

K=127 and Figure 1-3. The spectral distribution is determined from Figure
1-4. The effect of noise suppression by duct treatment is determined by add-
ing a reduction in SPL (AdB) to the unsuppressed radiated noise.

Turbine: Equation (3) and Figure 1-5 are used to estimate the OASPL. For a
turbine with more than one stage, PRgpage IS assumed to be the same as overall
total to static pressure ratio of the turbine, and Ay is turbine exit area.
The spectral distribution is computed with the use of Figure 1-6. The effect

of duct treatment is estimated as described under Fan/Compressor.

Excess (Core and Tailpipe): Excess noise which includes core and tailpipe

noise is calculated using equation (4) with K=-70. The percent ratic of
fluctuating thrust to steady-state thrust, €, is assumed to be 10. Figure 1-7

is used to estimate the spectral distribution,

JET MIXING NOISE

Equation (5) with K=134 is used to compute the OASPL at azimuthal angle,
6 =90° for circular and slot nozzle jets. Equations (7) and (9) are used to
calculate the OASPL for plug and co-axial ..ozzle jets, respectively. In these

equations, Ca/CISA and pa/p|5A are assumed to be unity. In the case of the VT
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Select V/STOL
Aircraft Configuration

; !
Identify Noise Sources
for Selected Configuration

v |
* Calculate OASPL and

Spectra for Each Source
at Desired Location

:

Apply Corrections for
Acoustic Treatment
(Fan and Turbine)

:

Apply Wing Shielding
Corrections to Appropriate
Noise Source Spectra

$

Apply Corrections for For-
ward Speed to Applicable
Noise Source Spectra
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Figure A-1. Noise Prediction by Hond Calculation Procedure

A-87




=

’;Qécflﬁ»jﬁin

s u¥

S T
PP e

"

concept, 3 dB are added to the OASPL to account for the additional noise
generated by the turning vanes.

Generally the temperature and convection effects are small. Thus, equation
(8) with T;/T, =1 is used to calculate the Strouhal number. However for co-
axial jets, the Strouhal number should be modified using the equation on page
1-22 and Figure 1-9. The curve in Figure 1-8 for 0°<6' <110° is used to
evaluate the spectral distribution.

The effect of aircraft motion on jet noise is calculated either using equation
(26) or Figure 1-25. The estimated reduction in SPL (AdB) is added to the
static jet noise spectra. The Doppler frequency shift due to motion of source

with respect to an observer is neglected.

LIFT~AUGMENTATION NOISE

Impingement: Equation (10) with K==74 and Figure 1-11 are used to compute
OASPL., The directivity as a function of elevation angle is given as Acos¢,
where A Is determined from Figure 1-11(b). V;p is assumed to be the same as
jet velocity, Vy. A is calculated using equation (12) or (13). The spectral
distribution is obtained from Figure 1-12,

Wall Jet: Wall jet noise contributes primarily in the case of USB, {BF/BLC,
and Hybrid. The OASPL is calculated using equation (14) with K=-105, and
Figure 1-13. In the equation, b is taken as the width of the nozzle and % is
the distance between the nozzle exit or impingement point and the fiap trail-
ing edge. Vp is the came as the jet velocity, Vj. The directivity as a
function of elevation angle, is given as Acos¢, where A can be obtained from
Figure 1-11b with a=0. With & as the average value between the nozzle
height, h, and the 8, calculated from equation (17), Figure 1-1k is used to
determine the spectral distribution,

Trailing Edge: Equation (15) is used to determine OASPL at 6 =90°. For EBF,

the constant, K, is assumed to be -6; Vie is determined from Figure 1-16 with
Vi =Vy; the jet thickness and width (8ye and w) are calculated using equations

on top of page 1-37. For all the other configurations, the K is taken as -10,
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because the distance between the turbulence and the edge is farther compared
with EBF; V¢e is assumed to be the same as Vy; w is the same as the width of
the nozzle; and 8y, is determined from equation (17). The spectral distribu-

tion Is evaluated from Figure 1-15,

Trailing-Edge Wake: The OASPL is determined using equation (18) with K=-111
and Figure 1-18. The spectral distribution is calculated as given under jet
mixing noise with the definition of Strouhal number as S= f§,./V¢e.-

Wing Nozzle Jet: The jet noise from the wing nozzle for the case of IBF/JF is
calculated using the same procedure as discussed for jet noise. For the other

configurations, the wing nozzle jet noise is neglected.

Augmentor Wing: The OASPL is calculated using equation (19) with K=<30.6 and
Figure 1-19. The spectral distribution is determined from Figure 1-20.

The effect of aireraft motion for the total high-1lift system is calculated
using equations (27) and (28). Equation (27) is used for EBF, USB, IBF/BLC,
AW, and Hybrid; equation (28) is used for IBF/JF and VT. The value of the
exponent K in these equations is determined from Table | (page 1-60). The
Doppler frequency shift is neglected.

NON-PROPULSIVE NOISE

Airframe: Equation (21) is used to calculate OASPL for airframe aerodynamic

noise. The spectral distribution is determined from Figure 1-21.

Auxiliary Power Unit (APU): Contribution of APU noise to community is

generally small. However, for comparison, the maximum PNL from APYU is esti-

mated using equation (22).

NOISE REDUCTION FOR HIGH-LIFT SYSTEMS

Maximum noise reduction by trailing edge treatment and trailing edge blowing
for EBF and USB configurations is given by the equations on page 1-71. The

expressions given for USB can be used for the Hybrid configuration also. By
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reducing the number of flap segments in the case of the EBF, the noise could be

reduced. This effect is calculated using the equation on page 1-73.

in the case of AW, the noise reductions by the use of a multi-element nozzle

with a hard-wall or acoustically treated ejector is determined from Figure 1-33,

The reduction in noise levels (APNL) are applied by reducing the sound pressure
levels by APNL across the spectra.

PROPAGATION AND OTHER PHENOMENA

Number of Engines: For multi-engine aircraft, the increase in noise is esti-

mated by,

AdB = 10 log(N) where N = number of engines.

The fuselage shielding is determined using the expression,

AdB = - 2 cos¢, where ¢ = elevation angle.

The other propagation effects are given below.

Wing Shielding: For the USB and Hybrid, the internally generated engine and

jet noise are shielded from the community by the wing/flap. The shielding
effect for these sources is calculated by using the equation on page 1-68.
Internally generated engine noise sources are assumed to be at the center of
the nozzle exit, and the jet noise source is at two equivalent nozzle diameters
along the jet axis, downstream of the nozzle exit.

Atmospheric Attenuation: Atmospheric attenuation for one-third octave bands

is given by the equation on page 1-49 and Figure 1-23. Ground reflection

effects are calculated using equation (29) or Figure 1-28.

Extra Ground Attenuation: Extra ground attenuation is estimated as APNL from

Figure 1-30. This reduction in noise level is added to the total aircraft

noise at the observer location.
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SUBJECTIVE NOISE CALCULATIONS

Perceived noise levels (PNL) are calculated for one-third octave band SPL's
using the procedures of SAE ARP 865A. Tone corrected PNL (PNLT) are calculated
as described in FAR 36, Appendix B.
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