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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 beingconducted continuously by industry and 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 modeling could be achieved.

Wherever the data bank Is limited, reasonable assumptions are made.

This report supersedes the previous report, "V/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

J aeroacoustics engineers and scientists, it is written in two parts. The first4 •part provides the descriptions of jet-propulsive-lift 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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SUMIARY 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 V/STOL aircraft. Thus, this report supersedes the

previous report of August 1973.

The following six jet-propulsive-lift systems are consudered:

o Vectored Thrust

o Externally Blown Flap

o Upper Surface Blowing Flap

o Internally Blown Flap

o Augmentor Wing

o Hybrid System

These concepts appear to have the potential for development of environmentally

acceptable STOL airc.afL. A brief description of each integrated propulsive

"ystem is presented, including geometry and flow field.

Noise source categories for the aircraft types identified in this investiga-

tion are: internally generat d engine, jet mixing, lift augmentation system,

and non-propulsive systems. State-of-the-art theoretical developments and

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

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

t iaddition to the generation and propagation characteristics of noise sources,

[A
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atmospheric attenuation, effect of aircraf. motion, ground reflection effects,

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

reduction techniques were considered in developing the noise prediction model.

A .. putr 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 (OASPL), perceived noise levels (PNL), and tone-corrected

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

aircraft. Computations can be made for a fixed position of the aircraft 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.

Part 1 of this report describes the analysis of radiated sound from V/STOL

aircraft. The various noise sources and acoustic effects identified with jet

propelled V/STOL aircraft are:

o Internally Generated Engine Noise

o compressor/fan
o turbine

o excess engine

o Jet Noise

4 o mixed flow jet exhaust

o co-axial flow

o Lift Augmentation Noise

o impingement

o wall jet

o trailing edge

2
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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 II presents the computer program and its use for prediciton of V/STOL

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 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 - airframe aerodynamic noise

(2) FAN - single stage fan noise

(3) TURBNE - engine turbine noise

(4) JET- jet mixing noise

(5) EXCESS - excess engine noise (core)

(6) AUGWNG - noise of complete augmentor wing high lift system1' (7) WNGJET - jet mixing noise from wing slot nozzle

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

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

(10) WAKE - noise from trailing edge wake

i4



(11) TRAIL - trailing edge noise

(12) APU - noise from auxiliary power unit (PNL only)

In addition, the following 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

(4) FWDSPD - effect of aircraft forward motion

(5) DOPLER - Doppler frequency shift due to motion of the source

(6) REDUCE - noise reduction features

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

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

k 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 appear and the characteristics of the sources may change. Therefore,

the noise prediction program must be continually modified to reflect the

V, changes in noise source characteristics. In additihn, 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 ow this

subject are currently underway in the industry. Likewise, acoustic feedback

phenomena and the noise generation by orderly structure of turbulence and core

engine noise are yet to be completely 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 unoerstanding of any particular noise

generating and propagating mechanism, or as additional experimental evidence

becomes available, the analytical model and the computer program may be modi-

fied by urdeting only the affected modules.

A't



This program may also be used to predict the noise levels for reduced takeoff

and landing (RTOL) aircraft, since the integrated propulsive-lift 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, smallhr regional airports, and

probably from new downtown V/STOL ports 2 as illustrated in Figure 2. These

V/STOL aircraft will have 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 -irframe. The integrated propulsive lift

system provides more lift, higher thrust-to-v'eight ratios, and shorter take-

off and landing distances than conventional turbofan transport aircraft 3, 4.

' I j

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-!ift 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 procedures2 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.

U.S
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1. UESCRIPTION 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-lift 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 function 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 veloci.ty, 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 (EB)

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-lb. 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 or 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 SUr, FACE 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 surfac .

and is turned downward over the deflected flap by the Coanda principle. This

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

7k



(a) Vectored Thrust (VT)

(b) Externally Blown Flap (EBF)

(c) Upper Surface Blown Flap (USB)

Figure 1I-1. Powered-Lift Concepts
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(d) Internally Blown Flap/Boundary Layer Control
(I BF/BLC)

(e) Internally Blown Flap/Jet Flap
(I BF/J F)

Figure 1-.1 (Continued)



()Augmentor Wing (AW)

(g) Hybrid (USB with IBF)

Figure 1 -1. (Concluded)
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(EBF/USB)" or "Over-the-Wing Blown Flap (01w)" configuration, As in the case

of the EBF concept., the lift augmentation is obtained by the combination of

flow deflection and wing supercirculation. 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, creat~ng shielding

and diffraction.

1.4 INTERNALLY BLOWN FLAP (IBF)

The IBF concept illustrated in Figures 1-id and 1-le uses flow fron the power

plant and ducts it internally to generally high-aspect-ratio slot 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 thd amcount of flow and how it is used to promote lift augmentation. The

additional noise of the IBF powered-lift 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 sr.all

and is used essentially to prevent separation of the local boundary layer.

There is no lift from flow deflection, and lift augmentation is primarily

:e,,ied by the improved aerodynamic 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, ;s obtained by flap-deflected flow and jet-induced super-

circulation, as well as the improved aerodynamic performance of the flaps.l'I
1.5 AUGMENTOR WINP (AW)

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

first into the wing and thed out of a wing nozzle system into a flap augmentor

1-5



shroud system as shown in Figure 1-1f. The additional lift, during take-off

and landing is obtained by the augmented and deflected Jet strs-.%, the

boundary-layer control provided by the induced air, and the supercirculatlon

produced by the flap efflux. Because of the ducting size limitations, these

systems are generally operated at high nozzle pressure ratios (on the order of

2.5). Therefore, high noise levels can be generated from this type of lift

augmentation and care must be exercised in configuration design to maximize

shielding and to provide acoustic liners in the wells of the augmentor (flap)

shroud. The AW system can be further classified depending on the type of

engine usadb

j'j Two-Stream Egjine

The engine in this case Is typically a low-bypass-ratio turbofan having a fan

[I pressure ratlo between 2.5 and 3.5. There are only two exhaust systems: the

fan exhaust (which is ducted In Its entirety to the augmentor flap). and theI,.) hot core Jet exhaust (which may be discharged through a conventional or a
~vectorial nozzle).

'I'

1. .2 Three-Stream Engine

In this case, there are two streams of fan exhaust in addition to hot core

Jet: a high-pressure exhaust with pressure ratio of between 2.5 and 3.0 which

S, t 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 nozzle. As

before, the turbine exhaust may or may not be vectored. O'Keefe ind Kelly'1 l

Indicate that the three-stream engine aircraft Is slightly heavier and noisier

than the two-stream 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/IBF concept, which is shown schematically In Figure 1-1g. Reference 1-2

describes one such concept where the socondary blowing !s a flap knee.

Searle 1-3 has presented some of the acoustic test results for this Hybrid

configuration.

1-6



* 2. NOISE-SOURCE COMPONENTS

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 levels from each source.

This also would aid ;n devising any viable noise control techniques and in

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 model.

2.1 INTERNALLY GENERATED ENGINE NOISE

The noise generated within the engine by the fan, compressor, turbine, combus-

Mtion, 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

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) dlszrete-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

1-' is generally thought of as comprising the following unstead-flow phenomena:
I 4

(I) Vortex shedding from the stator blades.

(2) Lift fluctuations resulting from the inflow turbulence

4 (3) Turbulent boundary layer on the rotor- and stator blades.

9.1
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The discrete-tone noise is generated at the frequency corresponding to the

integer multiples of the fundamental blade passage frequtncy 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. It would thus be expected that, for the fans without IGV'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 frequency.

However, the experimental results indicate that the energy is redistributed

into the frequencies other than tone frequencies. Since the resulting noise

spectrum contains all harmonics of the rotational speed, it is known as

combination-tone noise (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, and hence the combina-

tion tone noise is insignificant compared with the blade-passage frequency 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 I-4 have developed a prediction procedure 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



between 1.35 and 1.6; fan diameter, from 30 to 100 inches; and fan gap/chord

ratios between 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:
*, I

PNL - 10 loglo W + 20 loglo (PR'286 -1) + K, (1)

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 OASPL of the fan/compressor has the same

relation as above except for the constant, then,

OASPL - 10 loglo W+20 logl 0 [PR* -2 ] -20 loglo 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, k, 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

- Iyears, 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

1-10
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tones (corresponding to the turbine blade passing frequencies) superimposed on

a broadband noise. Turbine noise is generally dominant in the aft quadrant

and peaks between 1100 and 1200 from the inlet.

Kazin and Matta 1- 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 OASPL at 0 = 900 is

derived.

Ol AT\ Vrel ATOASPL =8.75 log1 + 20 log)0 (-a + 10 log 10 -- + 138.9, (3)T stage R

where

AT 1 - Ideal work extraction

T APR) = Inlet Enthalpy

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

Vrel = relative tip speed at the inlet of the first stage

S ~Rel + VAxial Flow' ft/sec.

Ca - speed of sound, ft/sec.

AT = turbine stage exit area, ft
2

y = ratio of specific heat5, 1.4

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

It is assumed that the peak OASPL occurs at 0 =1200 from te inlet. The

-C' directivity pattern given in Reference 1-6 is used to compute the OASPL at any

given direction. This directivity DI(O) is derived empirically from the test

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

OASPL (e) = OASPL 0=900 + DI (6)

1-13
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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 studiesl-? 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 lip.

Crightonl-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:

AN
OASPL = 60 log 10 Vj + 10 log 10 -+ 20 logl 0c

R

+ 10 loglo [(1 - cos (180 - 0)] + K (4)

where K =20. The peak frequency of the excess noise occurs at a nondimen-

sional frequency, fD/Vj, corresponding to 0.3. The one-third octave 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 Companyl-9, 1-10 to develop a unified jet
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I ,

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 presently uses a method developed recently by Stone1-11 for NASA's

Aircraft Noise Prediction office, which is a semi-empirical relation based on

the test results f model jet flows 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 subsonic 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 900 from the

inlet is given by:

OASPL = 10 log 10 AN Pa 4 Ca
s =90 o o o + 20 10910 + 5log

+ 10V, - +75 logi0 (a)

[ 0 .6 + ( -)P a C a

Ca

IU ogo [ + 0.01 + K, (5)I Ca

L

where subscripts a and ;SA refer to amoient conditions and international

standard atmospheric conditions, respectively.

V IThe source convection and refraction through flow shear layer affect the

directivity of the 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

" I 1-18
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derived for different angles. The nondimenslonal frequency parameter Is given

as,

fD J(L) 0.4 (1 + cosO')
s 7-( (6)

VjTa
0.1

where 0' O(Vj/Ca)

Plug Nozzles - The OASPL for plug nozzles at e=900 is given as,

A p Ca
OASPL = 10 log 10 (-.) + 20 log 10 (- A) + 40 log1 0 ,C-0.900 R ;IAC A)

. 3 5[ 3 (V )1 V
+ 10 - I o90 (U + 75 log0 (

+ 1 0.6 + V _ 3.5 1a a

a

10 i0J 1 1+0. 1 ( + 3 log 10 (0.01 + 2) + K, (7)

where h - gap height

D - circular nozzle diameter at nozzle exit plane.

The directivity 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 h 0.4 T 0.4,(1+ cos")
0e a(8)

Vj

t where Dh - hydrauic diameter of the nozzle

De equivalent circular nozzle diameter.

, 1-20



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:

OASPL -OASPL c 6T900 5 10910(T2  + 10 loglo

+(1 - , 1.2  f(9)

where OASPLc 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

Am for A2 <29.7
- A1  A1

2
! (m =6.0 for - > 29.7.

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

nozzle with the modification of Strouhal number given as,

1-2|! 1-21



~S1
SS S

1- F (S) T

where S1 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 NOISE

The noise generation and propagation of the lift-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: imp'ingement,

wall jet, trailing edge, and trailing-edge wake. In the case of vectored

t .rust, noise generated by the flow over the turning vanes is the only noise

source in addition to the basic jet engine. However, the increased flow tur-4J 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-lift

system is too complicated to allow for further separation of the noise sources.

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

2.3.1 Impingement 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 resultsl-12, 1-13 indicate that the impingement

noise is primarily due to the Reynolds' stresses (quadrupole sources) modified

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

1-22
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the impingenent area and the impingement velocity are the correlation parame-

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

I 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 valocity 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:

Vip8 sin 2 a
cas

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-lift 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 Pa and ca are constant, the expression for OASPL may be derived as:

(OASPL) 10 log10 Ai Sin 2  + 80 logi0 Vip + K. (10)

( 0A )900 R

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

the experimental results of reference 1-14 as,

v. +r c l ~ vX + J ) -1/ar0.15
, "VjC n De  l+M+ J

" where a 4 [1 + 8/3 (De/Dh - 1)-1

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

(wing/flap) along the jet axis

1
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De = equivalent circular nozzle diameter with the same exit area of the

nozzle = 2 / A/t

Dh = hydraulic diameter for slot and multi-lobed nozzles

= De for circular and coaxial nozzles

Cn = effective nozzle coefficient (assumed to be unity)

Mj = jet Mach number.

The impingement area is given as,

Ai = lsh i for slot nozzle

= 7Tdi 2/4 for axisymmetrical nozzles

I= nozzle width (for slot nozzles)

hi and di = width and diameter measured in the impingement plane for 50% of

the peak impingement velocity for slot and circular nozzle,

respectively.

The dimensions hi or di are estimated from the empirical relations given by

Bradburyl-15 as:

hi 0.109 x I + 0.55 for slot nozzle, (12)

d~x
4 ,- e0. 0.27 il for circular nozzle, (13)

-e DDe+ 0

where p = jet velocity/free-stream velocity.

Directivity - The directivity of OASPL is derived from the experimental data

of reference 1-13 and i5 presented in Figure 1-11. Figure 1-11a gives the

directivity index DI(O,a) to be added to the OASPL predicted from equation

(10) as a function of 0 and a. (See the insert in Figure 1-11 for the defi-

nition of 0 and a.) The directivity in C-plane is assumed to be as A(0+a)cos¢,

1-27A
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where A (6+a) is derived from the experimental data rnd given in Figure 1-11b;

I 4 =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/Vip 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 Wall 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-

1 tuating pressures on the surface and, therefore, is from fluctuating forces

" I(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 noise prediction, the noise generated in the inner

layer region is neglected except at the trailing edge (which is discussed in

subsection 4.3.3)."C'

Reddy and Brown1-16 and Reddyl 1 ? have discussed the noise mechanism of a wall

jet with reference to USB. The acoustic intens;ty generated in the wall jet

region of USB and IBF can be written as:
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Pa
I -a(bt) Vm

8
, ~ Ca5

where b, k = the width and length of wall jet, respectively

Vm = maximum velocity in the wall jet.

Assuming that Pa and Ca are constant, the wall-jet noise at an angle e=900 is

given by:

OASPL=90o = 10 logl 0(-R- ) + 80 logl0 Vm + 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, 6, and the maximum velocity. Therefore, the nondimensional frequency

(Strouhal number) may be written as:

f6

V m

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 hrailing-Edge Noise[1 The test results of EBF and USB lead many people to assume that trailing-edge

noise is a dominant source of the high lift system. Haydenl- 1 8 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

! k1-31
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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 Hall 1-20 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<<, 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.

Powell -2 1 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 of this "edge noise" varies as the 6th power of

typical velocity.

From these theoretical developments and the experimental results, it is rea-

sonabie 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 an4 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 edge. The radiated sound intensity of the trailing-edge noise

may be written as:

P• iI a V Vt (W, e
C2 t e
Ca

where Vte = maximum velocity at the trailinc edge

W width of the jet at the trailing edge

6te = jet thickness at t:he trailing edge.
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Assuming the density and speed of sound to be constant, the equation for OASPL

may be written as:

Wte
OASPL =900 50 log]0 Vte + 10 log]0 (-W) + K (15)

where K = 4.

Directivity and Spectra - From the experimental results the directivity of

OASPL is derived to be:

DI(,) = 10 log1 o {cos 2 (() + sin)(~~ 2 I+sn) (16)

where 0 is the angle from the inlet axis

6f is the flap angle

4@ = elevation angle (4) 900 flyover location).

The nondimensional spectral distr;btion is assumed to depend on the velocity

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

f te
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

Whitesides 1-22 measured the flow characteristics for a simplified corfigura-

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 thic!kress is

* !defined as the dimension between the trailing edge and 50% of the maximum

* velocity. The width and thickness, respectiveiy, are given by
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W
= 0.33 X- + 1.5

Di D

te 0.42 X1 -0.75 X'D2 Do.2 0.2
e=0.5 for L < 0.5,

D22

where x'is the length between the trailing edge and the geometrical

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

surface)

D is the diameter of a circular nozzle or width of a slot nozzle.

D2 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 6te is derived from the experimental data of reference 19 as,

" .te 0.5RL 0. 5 h 2 Rc (7

L9 + 8 h" i ==t 0.5 (- ) + 8 ( ) + 0.2 c-- c- (17)

4 'where RL = flow run length (distance between the nozzle exit and flap

trailing edge

Rc = radius of curvature of the flap

0c = 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 tw those of a free jet. The mean-flow profiles in

this region are nonsji,etrical 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. It 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:

W6te
OASPL = 80 log1 0 Vte + 10 log1 0 (-- -) + K . (18)

R

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 edge as a controlling variable. The nondimensional

frequency is given as:

S f te

,Vte

i
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2..5 Augmentor Wing Noise

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

is complex, 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 al1-2 4 and Gibson 1- 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:

AN LF
O peak 60 loglo Vj + 10 log 10 -2- 5 og0-!- + K. (19)

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

AN - area of the wing nozzle

LF = length of the flap.

The peak OASPL occurs at azimuthal angle, 6 peak = [1800 - (6f + 450)]. The

directivity is established as given in Figure 1-19a with reference to Opeak

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

* - iband is shown in Figure 1-20. The Strouhal number is based on the hydraulic

2, diameter of the nozzle and the jet velocity.

Reference 1-1 gives the test 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 ae.odynamic noise and auxiliary power unit noise, called "non-

propulsive" sourceE, are ditcussed 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 powcr units. In recent

years, there were several test programs conducted by Healy 1-26. 1-2?

Gibson1-28 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:

og10  (AR)w
OASPL = 10logl0 2 (AR J + 28.0

In deriving this expression, the following assumptions were m=4e:

(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).

Hardin 1-31 developed an empirical relation using the published and unpublished

test data of several commercial, military, and executive aircrafts of all

sizes. Linear regression analysis was applied for 53 measurements to obtain

the relation:

Va.S 6+325 (20)
OASPL(Flyover) = 10 log 10  ..62 2+ 32.56.(

R'6 -(AR)'0

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.
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Revelll- 3 2 1-33 attempted to derive an expression relating the radiated noise

to the steaiy-state lift and drag. Hardin et al - 3 1 also 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:

OASPL = 10 log 10  Sin2  () V5 SW _ ) + 7.0 . (21)
(AR)2  (l a)

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

J1-21, where
4 fmax = 1.3 Va/t( -Ma cos) and

t = maximum thickness of the wing

Ma aircraft Mach number

= elevation angle

1 SW = wing area.

2.4.2 Auxil!ary Power Unit Noise

_ 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 ;s 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 maximun bleed air in

pounds per minute as:

t:
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PNL = 0.11 WB - 20 log R + 103

or (22)

PNL = M106 SHP - 20 log R + 106

where WB - maximum bleed air in lbs/min

SHP = maximum shaft horsepower.
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1 t 3. NOISE PREDICTION METHOD

The noise prediction method developed here ;s 'fr jet propeiied 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 location 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 , betwein 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 (I/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 at:

AdBi =ai

- where ai 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 conditions are

required by the FAA for aircraft certification as specified in FAR - Part

S36i436"

H 1-49
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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,

AdB = 10 loglO (N).

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 comlonents 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) experiments. 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 ambient air. It 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 velocity gradient is a function of relative jet veloc-

ity. Therefore, the propagation characteristics of the aiLraft noise sources

can also change. In addition, motion of the source with respect to the ob-

server results in Doppler frequency shift and redirectivity. As the data base
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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 componenL with any degree of confidence. Tests are being conducted

at the Lockheed-Georgia Comrany 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 incorooration 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 5y 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 Turnerl-39 have der:ved the following expression for the

Doppler frequency shift of the aircraft ncise.

D( fo 1 (23)
f s - MAcOseA

where fo = observed frequency

fs = source frequency

MA = Mach number of the source (aircraft)

.\ . OA  angle between the flight path and olserver

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

source Mach number.

For angles BA close to 900, 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 0A =90 t 450, the change in
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frequency due to Doppler shift is negligible. However, this expression is
i computerized to account for any change in the observed frequency.

I

r

3.2.2 Effect of Aircraft Motion on Acoustic Energy

Internally Generated Engine Noise - The experimental results reported by

von Giahn and Goodykoontz 1-40 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 internafly.;anerated 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 8th power of the jet exhaust

velocity. It has been customarily aseumed that the turbulence intensity de-

pends on the relative velocity of the jet with respect to freestream (Vj-Vo),

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:

PA

I _ [Vj -VA/C] 8  (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

jets. Lighthill -41 has given the acoustic efficiency (relation between the

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

" Acoustic Power Vj 5

Mechanical Power K a

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 -Va)/ca] 5 ,
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and therefore, the radiated sound power of the jet may be written as:

3 (V j - Va ) 5

Sound Power - PjANVJ3  - 5 " (25)
Ca

The test results of subsonic jet with conical nozzles1- 38 , 1-42, 1-43 indicate

that the radiated sound intensity in the direction 90° from the inlet axis

varies as relative velocity (VJ-VA/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:

AdB = 50 loglo (1 - Va (26)

Even though these results are derived from the subsonic 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.

Lift-Augmentation Noise - The noise-generation mechanism of a propulsive lift

system is complex and consists of the combination of fluctuating stresses

(quadrupole), fluctuating forces (dipole), and fluctuating masses (monopole).

It is not possible to evaluate accurately the effect of the freestream veloc-

ity (aircraft motion) on the radiated sound from each source of the high-lift

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

ration using the limited experimental data and knowledge of the physical

phenomena of noise generation and propagation.

' Several investigators1 -3 8 , 1-44, 1-45, 1-46 attempted to study experimentally
the effect of forward speed on the radiated noise generated by the high-lift

systems. The following generalized empirical relation is derived from theIA data of these references for EBF, USB, and AW:

Va K
Aj L dB = 10 loglo [1 - , (27)
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where K ig a fainctin nf dirsetion, and high-lift ...... V IE.. o* l 0 K --

with azimuthal angle, 4 for flyover location is shown in Figure 1-26.

in 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 log1 0 [(1- VA/C Co•6f)]K (28)

where 6f= 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 I. 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-

cussed by Thomas 1 - 4 7 and Miles 1 - 4 8, zonsist of a series of acoustic cancel-

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 SAE 1 4 9. 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:

",. : ii r)
sin (

Ni 10 log 1 o (1 + + i os A=) (29)
z2  Z (i Ar) s i
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where

Ni = reflection index for ith one-third-octave band source pressure

level, dB

Z = rR/r

rD = length of direct sound ray, ft.

rR = length of reflected sound ray (rRl + rR2), ft.

r = (rR-rD), ft-

Ai = ca/fi = wave length of the ith one-third-octave band center

frequency

ca = speed of sound

fi = center frequency of the ith band

ai = (Af/2fi)2 = 2n /1 + (Af/2fi) 2

Af = frequency band width

bf/f i = 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.

Comparisons of theory with experiment, reported in references 1 -47 ' - indi-

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

EBF noise. Therefore, in this program, the ground reflections are computed

using equation 129) with the assumptions of a perfectly reflected surface and

white-noise poii,: 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

.o the aircraft, 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

,.: iby 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.

Feherl- 51 and Wiener 1- 52 have adapted optical-diffraction theory to estimate

the shielding effect of structural components on suund radiation. Based on

these methods, Swift and Tibbettsi -5 3 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 logl 0 (NF) + 10

where NF = 2 [(a+b) -S]/X, Fresnel number; a, b, and s are defined in

F;gure 1-31

X= 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 reduction 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-lift noise dominates over the othe- sources. Several exploratory

studies are being conducted at Lockheed and several other organizations to

urderstand 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 Wirtl- 54 . The detailed study

of suppression of the engine internal noise is beyond the scope of this pro-

gram. Therefore, the effec 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 che 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 t L jjat o)N ;
3ive nr.L s ae _u -.tl, .ed tor, suppressing lift-augme'itation or flow-

su-faze *-tterac' or '¢ '.. ( e of a porous or compliant material at the
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4 I 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 al1-55 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 al1-38 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:
PNL = -1 (0.5 + sin) for EBF

PNL = -2 (0.5 + sin ) for USB

and it is assumed to be independent of azimuthal angle, 0.

Noise reduction obtained with the secondary blowing at the trailing eoge 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.LA Empirical relationships for the maximum (optimum) noise reduction are derived

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

PNL = -2h sine for EBFV PNL = -4h sin4 for USB

where h is slot thickness in inches.
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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:

PNL = 0(3 S)Sino

where Vj = 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
4 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 lining 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

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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4. NOISE PREDICTION PROGRAM DESCRIPTION

The following subsections will describe the computer program developed to pre-

dict 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 noise generated on takeoff or approach by six

powered-lift systems:

(1) Vectored Thrust (VT)

(2) Externally Blown Flap (EBF)

(3) Upper Surface Blowing (USB)

(4) Internally Blown Flap (IBF/BLC and IBF/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 df.veloped to predict the

radiated noise from 12 different sources:

(1) AERO - predicu airframe ae:-odynamic 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) AU;WNG - predicts noise of complete augmentor wing high lift 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

1 (12) APU - predicts noise from Auxiliary Power Unit (PNL only)
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In addition, 10 other subroutines calculate the propagation effects or noise

reduction, or they perform functions necessary to the prediction procedur-!s:

(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 spectrum to account for Doppler frequency shift due

to motion of the source

(6) REDUCE - determines total effect (APNdB) of noise reduction

features discussed in following 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 program (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 macroscopic viev., of the program

. .operation.

4.1.1 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.
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(I) In put geometric variables of aircraft

'~ I 1) Engine exhaut nozzle
2) Wing and flap
3) Optional data for various '//STOL

Iconfigurations
(2) Input the required operational voaesl

1 ) Jet veloc ity and area (thrust)
2) Aircraft location with respect to observer

o sideline distanci
a altitude
o azimuth angle

(3) aeoher variables for aircra ft 'acation
surce to observer distance

Caclaeevation angle

(4) Calculate 1/3 octave band spectra for
each noise component accounting for:

o spherica.l divergence
o atmospheric attenuation
o forward speed (level and

frequency shift)
a ground reflection
o extra ground attenuation
a noise reduction features

(5) Calculat- total system noise

1 ) Add component spectra to give total
1/3 octave bond sound pressure levels

21 Calculate OASPL, PNL., and PNLT

for each spectra

(7) Add PNLA ta PNL and r'NLT to obtaintol

OPTION I

a aircraft position data
o aircraft velocity

o component and toal spectra
aOASPL, PNI, and PNLT for each spectra

OPTION 2

Increment azimuth angle by 100 for 10P - 170P
Return to step (3) untI 1760 obtoiined

a aircraft postionol data
o aircraft velocity
aoarray at aumuth anglet source to

ss'ILI observe distance, PNL, and PNI.T

OPTION 3

L ~ Increment azimuth antjle as in Optian ?
with altitude being tincremented as specified,

* lfot each uzirruth swe-ep or a given altitude,
~it~ elect the maximum PNLY

a side I ne distance
.1 aircraft velociy

a array of altitride, distance along fligtit parh,
elevation angle, azimuth angle of rax PNL,
source to -i5'seiver distance, moan PNL, max PNI.T

o ",umum PtI and PNI.T f-am .Jrray of mrax PNL's

and PINLI s and tho voluts of positional variables
for this m..m,)n pount

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

tions along the sideline with an azimuth angle range from 100 to 1700.

(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.

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

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

segoented 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 when

certain program options are used. These optional inputs are also shown with

the options which require them.

ITITLEI

' INOPTSINOPTGINENGI

ISLDISTIALTIAZMANGIVACIFLTANGI

If NOPTG = 3 INALTIALTINCISTDISTI

- INK(1)INK(2)INK(3)INK(4)INK(5)INK(6)INK(7)!NK(8)INK(9)INK(10)1tJK(11)INK(12)I

IALPHAlIX1YlI

-*: IFLAPIlFLAP21FLAP31FLPAGIlFLPAG21FLPAG31

:f ?/K(4) = 1

INOPTJI

i if VNOPTJ = I or 3 IDPLUG!DPRIMIVJPRIMITTPRIMIANGNOZI

j , f1 NOPTJ = 3 IDANINIDANOUTIVJSECITTSECI

'f ,10K2J = 2 IHNOZIWNOZIVJPRIMITTPRIMIANGNOZI
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If NK(6) = 1 IHWNOZIWWNOZIVJWNOZIEJLIEJANGI

If NK(7) = 1 IHWNOZIWWNOZIVJWNOZIANGWNZITTWNOZI

If NK(1) = 1 ISAIARITHICK I

If K(2) = 1 IWFFIPRFIDFITFITREATFITREATAI

If NK(3) = 1 IPRTIVTIPTIDTURBIBLADESITRPMIPCTPITREATTI

If aJJ(12) = I INOPTAIXXI

INREDI

If NRED= 1

INRIINR21NR31

If =R 1 JHSLOTJ

The variable TITLE is an alphanumeric list that is input with a 1OA6 format.

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

integers and are input with 15 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.

NOPTS Option that denotes which aircrafc configuration is to be

analyzed as follows (Figure 2-2).

1 = VT

2 = EBFLA 3 = USB
4 -IBF, either Boundary Layer Control (BLC)

or Jet Flap (JF)

5 = AW

6 = Hybrid, combination of USB and IBF/BLC.
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WING REF. PLANE

ENTER VALUES OF 0.0 FOR: ANG NOZ()
ALPHA], X1, Y1, FLAP], FLAP2, FLAP3,
FLPAG1, FLPAG2, FLPAG3

(a) VECTORED THRUST (NOPTS =1)

ANGNOZ ALPHA

[ii7 (b XTRALYBLW FA (OTS=2

FLAP2,~~~ FLP3 FPA2,FLAG

() UPPERNRACEY BLOWN FLAP (NOPTS 2 )

Figre2-. HghLit Sstm onfguaton

W2 IG-6. 
L N



WNING REF -PL.ANE

P14A 1  FLPAGI

ENTER' HWNOZ/2 FOR Y1
ENTER 0.0 FOR:

XI, FLAP2, FLAP3, FLPAG2, FLPAG3

ANGNOZ = ALPHA]

(d) INTERNALLY BLOWN FLAP/BOUNDARY LAYER CONTROL (NOPTc 4)

ANGWNZ

~e) NTENALY BLWN LAPJETFLAP] (NOPS FLA4)

Figure 2-2. (Continued)
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PLAN

WiNG E.JAN

ENTER 0.0 FOR:

FLAP] 1FLAP2, FLAP3
FLP, 1 A2 FPG

~ ANGNOZ =-ALPHAl

(f) AUGMENTOR WVING (NOPTS =5)

X 1 ~W IN G RE,-, L N

ANGNOZ =ALPHAI

(g) HYBRID (NOPTS =6)

Figure 2-2. (Concluded)
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NOPTG Key to select the desired program option discussed in Section
' I4.1.1.

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 100 to 1700.

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

tions, and select the maximum noise during flight profile.

NENG Number of engines desired on the aircraft.

SLDIST* Perpendicular distance from projection of aircraft centerline on

horizontal plane to the desired observer sideline as shown in

Figure 2-3 (feet).

ALT* Aircraft altitude for single !ocations; the starting altitude whenVNOPTG - 3, (feet), not less than 4 feet.

AZMANG* Azimuthal angle from forward aircraft centerline to the line from

thne aircraft to the observer; value is initialized internally to

10 if NOPTG - 1 (degrees).

VAC Velocity of aircraft along flight path (knots).

FLTANG Angle between aircraft flight path and horizontal plane, see

Figure 2-3, (degrees).

NALT Number of points on profile to be used with NOPTG = 3.

ALTINC 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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STDIST Distance to desired reference point from start of flight profiie

segment for NOPTG = 3, see Figure 2-3 (feet).

NK(1) Keys to select the noise source subroutines to be called; the value

of index I 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.

ALPIAI Angle between the jet exhaust centerline and the wing centerline

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

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

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

YI Vertical distance from wing surface to the center of the nozzle

exit (feet).

FLAPI Length of first flap (feet).

FLAP2 Length of second fldp, 0.0 if only I flap (feet).

FLAP3 Length of third flap, 0.0 if only I or 2 flaps (feet).

FLPAGI Angle between the centerline of first flap and the wing reference

plane (degrees).

FLPAG2 Angle between the centerline of second flap and the wing reference

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

FLPAG3 Angle between the centerline of third flap and the wing reference

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

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

1 = circular nozzle, with or without plug

2 = slot nozzle

3 = coaxial nozzle, with or without primary plug.
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* N0~.DPRIM D PLUG

r-ANGNOZ(+

NOPTJ I CIRCULAR NOZZLE WITH OR WITHOUT PRIMARY PLUG

HNOZ

WNOZ

NOPTJ =2 SLOT NOZZLE

DPI DNU DPLUG

NOPTJ 3 COAXIAL NOZZLE WITH OR WITHOUT PRIMARY PLUG

Figure 2-4. Nozzle Configurations
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DPLUG Diameter of nozzle plug; enter 0.0 if no plug is present (feet).

DPRIM Outer diameter of primary nozzle; diameter of mixed flow nozzle if

NOPTG = 1 (feet).

VJPRIM Velocity of exhaust from primary nozzle; velocity from mixed flow

nozzle if NOPTG - I (ft/sec.).

TTPRIM Total temperature of primary flow; total temperature of mixed

flow If NOPTJ - I (°R).

ANGNOZ 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).]

DANIN Inner diameter of secondary annulus (feet).

DANOUT Outer diameter of secondary annulus (feet).

VJSEC Velocity of secondary flow (ft/sec.).

TTSEC Total temperature of secondary flow (OR).

HNOZ Height of engine slot nozzle (feet).

WNOZ Width of engine slot nozzle (feet).

HWNOZ Height of wing slot nozzle (feet).

WWNOZ Width of wing slot nozzle (feet).

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

EJL Length of ejector AW configuration (feet).

EJANG Angle of ejector relative to wing reference plane (degrees).
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ANGWNG Angle of centerline of wing slot nozzle relative to wing reference

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

rTWNOZ Total temperature of wing slot nozzle flow (OR).

SA Surface area of wings (Ft2).

AR Aspect ratio of wing.

THICK Maximum thickness of wing (feet).

WFF Weight flow through fan (Ib/sec).

PREF Pressure ratio of fan.

DF Diameter of fan (feet).

TF Temperature of fan exhaust flow (OR)

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

input as positive (APNdB).

TREATA Attenuation of fan noise due to treatment in the exhaust duct,

input as positive; set value very high when using AW-2S

configuration (APNdB).

PRT Overall pressure ratio of the turbine.

VTIPT Maximum tip speed (ft/sec).

DTURB Maximum diameter of the turbine (feet).

OA

BLADES Maximum number of blades.

TRPM Turbine shaft RPM (revolutions/minute)

t
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1 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

noise.

S1- use bleed capacity (BC).

2 = use output shaft horsepower (SHP).

XX Value of BC in lb/sec for NOPTA 1.

Value of SHP in horsepower for NOPTA - 2.

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

configurations.

0 - not used.

1 - used.

NR1 Key to denote use of first noise reduction feature,

0 - not used.

1 = used.

o less than 3 flaps on EBF.

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

NR2 Key to denote use of second noise reduction feature.

0 = not used.

1= used.

o treatment on last flap trailing edge of EBF or USB,

o multi-lobe nozzle with lined ejector on AW.

.1
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NR3 Key to denote use of third noise reduction feature.

0 - not used.

1 - used.

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

HSLOT Height of slot used for trailing-ed~e blowing (feet).

4.1.3 Suggested Subroutine Combinations

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-lift 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.

i',A
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4.2 STOLPROG - MAIN PROGRAM

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. It also issues all

call commands to the desired noise-source prediction subroutines.

The program receives partially corrected 1/3 octave-band spestra (SPL) from

the source prediction subroutines, as described in Section 4.3. Through cal-

culations and subroutine calls, STOLPROG determines values to account ror the

following effects:

o number of engines on the aircraft

o ground reflection

o fuselage shielding

L, o extra ground attenuation

o level change due to forward speed

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.
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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, WAKE, 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 (OASPL), 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).

" 
.
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Figure 2-6. Continued.
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~Figure 2-6. Continjed.
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Figure 2-6. Continued.
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Figure 2-6. 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, 770 F, 70% R.H.)

(5) Doppler frequency shift.

The3e 1/3 octave-band spectra are theni 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.

S' I"-2
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4.3.1 AERO - Airframe Aerodynam;i Noise

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

motion of the airframe 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) aircraft 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 Is given by

OASPL - 10 log 10  VAC5  SA + 7.0
AR2  (1 - XN)4

where XMN is 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. AEIRO 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 methodology for the calculation procedure is described in Sections 2.1.1.

Provisions are made to P- imt for inlet and/or exhaust duct treatment

effects. The subroutint. 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 ,,:i e 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) weight flow through fan (WFF)

(6) pressure ratio of fan (PRF)

(7) diameter of fan (DF)

(8) temperature of fan flow (TF)

(9) Insertion loss (APNdB) due to inlet treatment (TREATF)

(10) insertion loss (APNdB) due to exhaust duct treatment (TREATA)

(11) key to determine type of high-lift 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 (XI)

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

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

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

OASPL = 10. log 10 (WFF) + 20 9oglo (PRF0 286 -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).
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4.3.3 TURBNE - Turbine Noise

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

turbine. 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 v"riales

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

(2) azimuthal angle (AZMANG)

(3) atmospheric absorption coefficients (ALPHA)

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

(5) pressure ratio of turbine (PRT)

(6) velocity of blade tip (VTIPT)

(7) diameter of turbine main stage (DTURB)

(8) number of turbine blades in main stage (BLADES)

(9) turbine RPM (TRPM)

(10) percent power of operation (PCTP)

(11) insertion loss (APNdB) due to turbine treatment (TREATT)

(12) key to determine the type of high-lift system (NOPTS)

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

(1) distance along the wing from projection of nozzle exit to wing

trailing edge (Xl)

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

exit (YI)

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

(4) flap angles (FLPAG1, FLPAG2, and FLPAG3).

The reference OASPL is given by

OASPL 8.75 *logl 0  (1 - 1 0.286 + 20 Plog 0lT

+ 10 I ogl0 (AREA) + 138.9
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I
where AREA = turbine area (DTU4..." ) 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 nozzle 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-lift 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) outer diameter of primary nozzle (DPRIM)
(8) velocity of exhaust from primary nozzle (VJPRIM)

(9) total temperature of exhaust from primary nozzle (TTPRIM)* ] (10) angle of nozzle i relative to the horizontal (ANGNOZ)

For NOPTJ =3,

(11) inner diameter of secondary nozzle (DANIN)

(12) outer diameter of secondary nozzle (DANOUT)

(13) velocity of exhaust of secondary nozzle (VJSEC)

(14) total temperature of exhaust of secondary nozzle (TTSEC)

For NOPTJ =2,

(15) height of nozzle (HNOZ)

(16) width of nozzle (WNOZ)

(17) velocity of exhaust (VJPRIM)

(18) total tamperature of exhaust (TTPRIM)

(19) angle of nozzle £ relative to the horizontal (ANGNOZ)

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

(1) distance along the wing from projection of nozzle exit to wing

trailing edge (Xi)

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

exit (YI)

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

(4) flap angles (FLPA61, FLPA62, and FLPA63)

The reference OASPL is given by

OASPL = KA + A + B + C

where

KA = 134 when no plug is used

= 134 + 3 • 1ogi 0(O.1 + 2 (e2)) with plug

H = annulus height of primary

B2 = outer diameter of primary (DPRIM),
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A - 0-logi0(AN -( OA 2 CA 4
10,0.0765, c ,/

AN - nozzle area

RHOA = density of ambient air

CA = speed of sound in ambient air,

3.K (RHOJ
0 6 +0 K.6 + 3 5  1)

K - ratio of primary jet velocity to speed of sound in ambient air

(VPRIM/CA)

R:iOJ = density of primary exhaust

C = 10 log 10  
K .

1 + 0.01.KK4.

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

The subro,,tiie 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 (DEQUIV)

(7) velocity of equivalent unplugged circular nozzle (VEQUIV)

(8) key to determine type of high lift 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 (Xl)

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

(3) l-,gth of flaps (FLAPI, FLAP2, and FLAP3)

(4) flap angles (FLPAGI, FLPAG2, and FLPAG3).

' The reference OASPL is given by

OASPL = 10 * ogo(100 A U6)

where A = equivalent nozzle area , D

U = VEQUIV

The output is the 1/3 octave band spectrum.

:2
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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 lift system as one source. This subroutine, therefore,

should be called only for NOPTS=5 (AW configuration) and should be the only

high-lift noise source subroutine called. The methodology used to develop

this prediction procedure is described in Section 2.3.5.

The required variables are:

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

(2) azimuthal angle (AZMANG)I (3) elevation angle (ELVANG)

(4) 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) velocity of wing slot nozzle exhaust (VJWNOZ)
1(9) length of ejector (EJL)

(10) ejector angle (EJANG)

The reference OASPL is calculated using the expression,

OASPL 60 •logl0 (VJWNOZ) + 10 • 1ogl 0 (AREA)

- 5 -ogl 0(EJLHW/1O) - 30.6

where

AREA = nozzle area (HWNOZ .WWNOZ)KEJLHW = 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-lift 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

Scan 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
~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. It 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 IBF/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 appliedL 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 (FLPAG1, 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,

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

instead of the 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).

I.
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4.3.8 IMPING - impingement Noise

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 (AI) 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 variables are:

(1) key to determine type of high-lift system (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) equiva;ent 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)

A (11) angle between nozzle centerline and wing centerline (ALPHAI)

(12) distance along wing from projection of nozzle exit on the wing

to wing t.e. (Xl)

(13) vertical distance from the wing surface to the center of the

<Inozzle exit (YI)

(14) length of flaps (FLAPI, FLAP2, and FLAP3)

(15) flap angles (FLPAGi, FLPAG2, and FLPAG3)

i (16) key to determine nozzle configuration (NOPTJ)
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NOPTJ = 2

(17) height of engine slot nozzle (HNOZ)

(18) width of engine slot nozzle (WNOZ).

The reference OASPL is calculated using the expression,

OASPL = 10 *log 10 (Al - sin 2 (ALPH)) + 80 log 10 (VIP) - 74.

The output is the 1/3 octave band spectrum.

The restrictions of this subroutine are:

j (1) NOPTS must be 2, 3, or 6; values of 4 or 5 will send control back

jto 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 Xl 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 IBF/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 lift system (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)

"'i (7) flap lengths (FLAPI, FLAP2, and FLAP3)

(8) flap angle (FLPAGI, FLPAG2, and FLPAG3).

I, 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 J and wing j (ALPHA1)

(5) oistance along the wing from projection of engine nozzle center to

wing t.e. (Xl)

(6) vertical height from the wing surface to nozzle center (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

r NOPTS(1) equivalent nozzle diameter from WNGJET (DEQUIV)

(2) equivalent exhaust velocity from WNGIET (vEQULIV)

(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 ,logl 0 (XPRIM *B) + 80 logl 0 (U) - 105

where U = VEQUIV,

NOPTS = 3, 4, or 6

. "OASPL - 10 *log 10 (RL ,B) + 80 log 10 (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 nozzles.

(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-lift 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

(IBF/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-lift 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 (FLAPl, FLAP2, and FLAP3)

(7) flap angles (FLPAGI, 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 (XI)

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

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

t (4) jet equivalent exhaust velocity (VEQUIV)

(5) jet equivalent exhaust total temperature (TTEQ)

2-88



(6) nozzle exit equivalent diameter (DEQUIV)

(7) nozzle exit hydraulic diameter (HO).

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 exhauist 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) (Xl).

The expression used for OASPL in this subroutine is:

OASPL - 10 log 1o (DELTA. B) + 80 loglo (VTE) - 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 zero and that Y1 will be input zs 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.

* - I 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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4.3.11 TRAIL - Trailing Edge Noise

This subroutine calculates the 1/3 octave-band spectrum of the noise generated

by engine high-lift airflow leaving the flap trailing edge. The methodology

for the calculation procedure is discussed in Section 2.3.3.

This subroutine should normally be called for NOPTS-2 (EBF), 3 (USB), 4

(IBF/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-lift noise sources (impingement, wall-

jet, wake, and trailing 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 illustrated 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

ALPHA1 Is assumed to be zero. Wing shielding Is not calculated separately but

Is included in the diroctivity 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 OASPL is calculated from the following expression:

OASPL - 10 log. 0 (DELTA. B) + 50 logl 0 (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 location 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 le noise level produced by the auxiliary power unit

and radiated to dn 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 (NOPTAm 1) uses the expression,

PNLAPU = 103.0 + 0.11 - BC

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

two (NOPTA - 2) uses the expression,

PNLAPU - 106.0 + 0.106 -SHP

The output is the perceived 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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U4.4.1 EGA - Extra Ground Attenuation

This subroutine 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 923 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 accommodate 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 reflectirg

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

and the reflected ray can be determined, for use in the above methodology.

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 00 - 900

(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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4.4.3 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 (OD)

(5) 1/3 o.b. center frequencies (F).

SD, BH, and OD 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:!ted 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.-. 2-25).
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4.4.4 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

tAPNdB = 10. k 1010 (1 - VAC cos(ANG)IVEL)

where:

k - power factor which varies with high lift 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 - 4)

VEL - nozzle velocity (VEQUIV for NOPTS - 1, 2, 3, 6;

VJWNOZ for NOPTS - 4, 5)

The required variables are:

(1) key to determine type of high-lift system (NOPTS)

(2) NOPTS - 1, 4 none

(3) NOPTS - 2, flap length (FLAP1, FLAP2, FLAP3)

(4) NOPTS 3, 6 , tlevation 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) mustIbe less than the nozzle velocity (VEL).

'" ] The subroutine logic path is shown in the following flow chart (Figure 2-26).
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4.4.5 DOPLER - Frequency Shift Due to Forward SpeedrThis subroutine shifts 1/3 octave-band spectra up or down in frequency as required

to account for the change in frequency resulting from the aircraft moving

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

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:

D 0.445449 no shift; print diagnostic

0.445449 < D 5 0.56123 3 1/3 o.b. downward

0.561231 < D 0.707107 2 1/3 o.b. downward

0.707107 < D 5 0.890899 1 1/3 o.b. downward

0.890899 < D < 1.122462 no shift

1.122462 < D < 1.414213 1 1/3 o.b. upward

1.414213 D < 1.781797 2 1/3 o.b. upward

1.781797 D < 2.244924 3 1/3 o.b. upward

D > 2.244924 no shift; print diagnostic

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

The required variables are:

(1) aircraft velocity along the flight path (VAC)

(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 (Figure 2-27).
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4.4.6 REDUCE - Noise 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 lift systems, only, as follows:

EBF (NOPTS = 2)

NR1 - 1 Number of flaps (1-3)

NR2 - 1 Treatment on the last flap trailing euge

NR3 - 1 Slot blowing at last trailing edge

USB (NOPTS = 3)

NRI = 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 I input for NRED implies that one of the no;se reduction features

has been applied and the values for NRt, NR2, and NR3 should be checked.

The rcquired variables are:

(1) key to determine the type of high-lift system (NOPTS)

(2) which noise reduction features applied (NR1, NR2, NR3)

(3) length of flaps (FLAPI, FLAP2, FLAP3)

A (4) elevation angle (ELVANG)

(5) equivalent nozzle velocity if system is EBF or USB (VEQUIV)

(6) slot height if trailing edge blowing is used (HSLOT)

(7) wing nozzle temperature if system is AW (TTWNOZ)

(8) wing nozzle velocity if system is AW (VJWNOZ).

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

features.

2-122



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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I 4.4.7 PNLREV - Calculation of Perceived Noise Level

This subroutine calculates the perceived noise le!el (PNL) from octave or 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)

I - 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 rantge of the spectrum must be

(a) 24 -1/3 octave bands centered from 50 Hz 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 . the 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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4.4.9 GIRC - One Independent Variable Table Interpolation

This function routine interpolates a value of a dependent variable for the

desired value of the Independent variable. It requires an array of independent

variables and the corresponding array of dependent variables.

Entrance into this function Is of the form

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

where

ARG - interpolant

X -array of independent variable

Y -array of dependent variable

NX - length of arrays X and Y

IORDER - 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, IERR)

where

ANS - interpolated value from Y

XX - Interpolant in X direction

ZI - interpolant in Z direction

X - array of X value (single subscript)

Z a 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

Y - array of Y [double subscripted: Y (NZ, NX)]

M - row dimension of Y

IERR - 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

Nthat 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 REUIREMENTS

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 level 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 noise source subroutines used to describe aircraft system

(2) output option (NOPTG) 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-lift system,

were computed using NOPTG - 3 with 16 points on each flight profile. The sub-

routines 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

ExternaPy 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 IS NOW XXXXX.XX STOLPROG)

occurs when ALT is less than 4.0.

(2) NOPTG CANNOT RE SET EQUAL XXXXX (STOLPROG)

Ioccurs when NOPTG is other than 1, 2, or 3.

(3) STOD CANNOT BE LESS THAN 10.0 FEET

YOUR VALUE IS 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 IS NOT ACCEPTABLE FOR SUBROUTINE

DOPLER THEREFORE NO SHIFT WAS USED (DOPLER)

occurs when D is a 2.244924 or D 0.44599.

(6) SPL EXCEEDS 150 dB (PNLREV)

occurs when I 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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DATA FOR NOPTzi OPTION

I BASELINE HYBRID AIRCRAFT
2 *6 1. 4
3 500. 4.0 906 8o. 8.0
4. . 1 1 1 1 ' 1 0 1 1 1
5 190 8.6162 0.6710
6 5*5815 0.0 0.0 30. 0.0 0.0
7 .. 2
8 1.3206 8o54 600o 565. 12.
9 090456 173086 640, 0.0 565.
10 2304. 6.72 1.367
11 214. 1.255 6.0999 519. 17.5 18.0
12 1.105 .1400t 2.8974 60, 17400. 59, 0.0
13 2 200.
14 0
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BASELINE HYbRII) AIRCRAFT

AIRCRAFT VELOCITY = 80.0 KNOTS
SIDELINE D)ISTANCE = 09.0 FEtT
AIRCHAFT ALTIT1IUE = 4.0 FEE.T
AZIMUTHAL ANG~LE = 90.0 L)EG,
ELEVATION ANGLE .0 DEG*

SOURCE TO OBSERVEH D)ISTANCE = bow0.0 FEFT

AINFRAME FAN AND JET EXCES' HItbH LIFTr
FREGIJENCY AER0DYNW~IC TUJRHINh. FXHA'JNT ENGINE '-VSTLM Tt)TAL

(HZ) (0~b) (IMF) (DII) (013) (0mI) CDh

50 49.2 54. M0. 15.2 15,.7 7.a6f

Hoe h1.5 54.5 fi1.6 69.4 15.6 /,

100. 69.2 b4*9 62.2 bb.), 11111"
12b. 72.0 1"59.4 2,7 h6 9. 7m.b (9.6

160. 70.6 bb.7 b2.th h0.4 7M,4 f9,1
200. b8e 1 ',694 b2. 7 b7om 1i 1.b t9.2
2b0, 65.9 h7.0 62ob ")4.m 71'b 18.1
315. 62*5 '5,7.1 blob '1.2 /5.07 -1*
40".e b5.a1 b37,b 1.0 48.,? 74.7 ,01
bo0* ')b5.1 .53,2 h0.4 4 s*3 fi.4 f 6.8
630. !32.0 59.9 !3403 42.1 7198 f215

H0 0 48.5 61.2 13694 59.0it 79. '1.0
1O00 4.4.3 "19.8 M5) 2 6.0 68.704,t

1250. 40.6 "0.0 b55.11 32.1 6-9.2t-7*,
1600. 36.7 1-)b 55 6!.5 ) 2M t-,4, 6t!,
20U0. 32.1 58.2 51.8i 25*2 h2,4t,9
2500. 28.7 1181.b 44,4 21 ob h092 t-2 e
3150. 24o3 ','9.*2 47.5 11.6 "1.) 701.hil
4000. 18.2 11401 44,4 12.7 14 'S0boo

1000. 16.4 b8.6 41e2 7,m.8 1 50d8-,
6300. 1.) 55.bbs1 65. 1.5 6 44,.8,-)0t
m 0 0. U.0 413.7 2.5.6 .62, 3 4~9
1000P* .0 4M.6 24.6 .0 ',,4 u

()ASPL 1b.8 71.3 71500 f8 0n 81.
WNL ftb.1 63.6 ft.8 to.1 91.6 a1

'NLT 16,7 85.4 80.0 7901 146 o

MAXiMUMi APU NOISE VioA2 Pf\10h

*TOTAL SYqTtM 'WNL 94.5 6P th

*TUV-AL SYSTEM W-NLr 454 'JNt)H*
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DATA FOR NOPTG=2 OPTION

*' II BASELINE HYBRID AIRCRAFT
2 * .6 2* 4 -

3 500o 4.0 90. 0 .

5 12. 8,6162 046710
6 5.5815 0.0 0.0 30.0 000 0.0
7 2
8*1,206 8.54 600A.565. 2.

9 0.0456 1703086 640. 0'.0 565.
10 2304. 6.72 1.*367
11 214,* 1.255 6,0999 519s 17.5 1800
12 1.105 .1400. 2.8974 609 174'jO* 59o 0.0

I13 2 200.
14 0
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HASth.LINt HYBRID AIRCRAFT

AIRCRAFT VELOCITY = M0.0 KNOTS

SIDELINE DISTANCE = bOO,0 FEET

AIRCRAFT ALTIJL)E = 4.0 FEET

ELEVATION ANGLE = 0 ItEGo

SOUCE TO

AZIMUTHAL OBSERVER TOT AL TOTAL

ANGLE DISTANCE PNL PNLT

(DEG( FT) (JNDB ) (PN)H)

10.0 2879,94 67*b h79t

20.0 1l4bl9 78.8 18.8i
000 10000 Mb2 )ib,2

410.0 777q 8904 89.'

bOO bb2,7 91.2 91.2

bO.o b77,4 92.3 42o3

70.0 b-3291 92. 1298

80.0 bO 7.7 9.12 44'8

90.0 bOUOu 143.5 Yb,4

1OU.U br7o7 9606 .503

110.0 b32,1 93" 93.?

120.U 7 t o 4 92o 92o 1

130.0 b52o! 90.4 40.4

140.U I t t 9 87.2 M?.2

ibOD 1000.0 82.8 82.8

160.0 1461.9 lo ib..1

170,0 2879.4 6492

L)VRS 00021 FPOF 000000 FUPh 0Oou!nJ ERMI) 01)('1.1I'

TASK: UNITS=2 CPtIl11 Rt-_F=41 WD=4571M C1)RE=21
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i
DATA FOR NOPT =3 OPTION

1 BASELINE HYBRID AIRCRAFT
2 6 3 4
3 500o. 4.0 90. 80. 8.0
4 10 50.0 2000.0
5 1 1 1 1 1 0 1 1 1 1 1
6 12. 8.6162 0.6710
7 5.5815 000 0.0 30. 0.0 0.0
8 2
9 13206 8.54 600o 565o 12.

10 0.0456 17.3086 640. 0.0 565.
11 2304o. 6.72 1.367
12 2149. 1.255 6.0999 519o 17.5 18.0
13 1.105 14009 2.8974 60. 17400. 59, 0.0
14 2 200.
15 0

v
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B, COMPUTER PROGRAM LISTINGS

The jotoa~ng pctge convain the ptoguar &6tn 4  6o& aU

~the pxou.o9,w6 deve~oped andfo,% u.4ed in thZ,6 p'Ledi&tion

puocedme 6jo' VISTOL a..ZcAa,~t noi~e.
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STOLPROG

1 DIMENSION SPLL(6,24),SPLF(2,24).SPLARO(24)SPLLFT(2flPSPLFAN(2.)
2 2 SPLT(24)PPNLTOT(17)pPNLTC(17)PPNLMAXC5O),PNLTMX(50),ALTUDE(50o)
3 3 AZMAXC50)PDISTMXt5o),XDIST(5O)PELV(5O),AZIMU(17)PDIST(17,
4 4 PTITLEC10)PNKC12),SPLJET(2L4)PSPLEXS(24),GRSPL(24),EGSPL(24)
5 C*
6 C*.**** COMMON BLOCK *~~*
7 C*
8 COMWAON NOPTSPNOPTJPSTOD.ALTAZMANGPELVANG,
9 2 VAC.DPLUGDEQUIVeVEOUIVFLAP1,FLAP2,FLAP3,FLPAGlFLPAG2,

10 3 FLPAG3,TTEOHNOZPWNOZVJWNOZPHWNOZPWWNOZANJGNOZANGWNZNRED,
11 4 NR1PNR2. NR3eHSLOTPEJLpEJANGPWFFpPRFPDF, TF, TREATFPTREATAPRTP
12 5 DTURBeBLADESTRPMPCTPSAPARpTHICKPNOPTABCSHPDPRIMDANINp

13 6 ANOTXl.Y1 PVTIPTpVJPRIMPVJSECPTTPRIMPTTSEC, XCNPTTWN4OZH D
14 7 ALPHAlPTREATT
15 COMMON /ATMO/F(24)PALPHA(k4)
16 C*
17 C***** DATA STATEMENTS AND VALUE INITIALIZATION **
18 C*
19 DATA F/50op63op30., lOOopl25opl6Oot2O0.,25Oop3l5op4O0.p53X,
20 2 630. ,BO~.pl000. pl25O, .l6O0.p2OO)J. 2500. .3l50. e400. .500).
21 3 6300*p8000*vl0000*/
22 C**** ATMOSPHERIC ABSORPTION IS FOR 77 DEGsF, AND 70 % RH, ****
23 DATA ALPHA/3o09p3*llo0el4#Ool7o0*22PO*28pQ*35PO*44PO*55PO*70P
24 2 0.88p1lllpl41p1.77e2.23p2.8Rp3.63,4.59e3.87e7,6lp8.56,11.O8,
25 3 15.08P20.34/
26 NALT:1

2, 7 NANG=1
28 XCN1.0O
29 DELDBL=0O

30 DELUD8J0o0
31 DELL=0*0
32 DO 20 l:1,24
33 DO 10 J:1s6
34 10 SPLL(JI)=0,0
35 20 CONITINUE
36 DO 40 1:1,24
37 DO 30 J:1,2
38 30 SPLF(JtI):040
39 SPLJET(I)=0.0

40 SPLEXS(I)=0.0
41 SPLARO(I)=0.0
42 SPLFAN(I)=0*0
43 SPLLFT(I)=0.0
44 40 CONTINUE
45 PNLAPU:0.0
46 C*
47 C** READ BASIC FLIGHT PATH DATA
48 C*
49 READ(S5O ti9) TITLE
50 READ(5#501) NOPTSPNOPTGPNENG

52 READ(5,502) SLDISTPALTPAZMANGPVACFL.TANG

54 VAC=VA*1.69*COS(FLTANJG/57.2957795)
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STOLPROG

55 C*
56 C***1i' READ KEYS FOR SUBROUTINE CALLS **

57 C*

60 C*k ** READ INPUT DATA FOR PREDICTION SUBROUTINES *i*

61 C*
62 C***i* READ FLAP GEOMETRY AND NOZZLE LOCATION **

63 READ(5p502) ALPHAlPX1,Y1
64 READC595O2) FLAP1,i LAP2pFLAP3,FLPAGlFLPAG2,FLPAG3

* ~65 C*ic*lc* READ ENGINE NOZZLE DATA*i''
6-1 IF(NK(4)*NE.1) GO TO 44
67 READ(5p50l) NOPTU
68 IF(NOPTJ*EQ*2) GO TO 42
69 READ(5#502) DPLUGDPRIMVJPRIMTTPRIMPANiGNOZ
70 IF(NOPTJi.EQ,3) READ(5p502) DANINDANOUTPVJSECTTSEC
71 GOTO 44
72 42 READ(5#502) H NOZPWNOZ.VJPRWVTTPRIMvANGINOZ
73 44 CONJTINUE
74 C** ** READ WING NOZZLE DATA **

*75 IF(NK(6)*E.2.) READC5p5O2) HWNOZPWWNOZVJWNOZPEJLPEJAtIG
76 IF(NK(7) .EQol) READC5#502) HWNIOZWWNOZPVJWNiOZAN4GWZTTWJOZ
77 C** * READ DATA FOR OPTIONAL SOURCES **icick
78 IF(NK(1)*E~o.) READ(5P5O2) SAPARPTHICK
79 IF(NK(2)oE~o.) READ(5P5021 WFFPPRFPDF#TFpTREATFFTREATA
80 IF(NK(3),E~o.) READ(9p50?2 PRTFVTIPTDTURB,8LADESFrRP~vpPCTI)tTRE.r
81 IF(K(12).NE.1) GO TO 46
32 READ(5p503) NOPTAPXX
33 IF(NOPTAeEQ*1) BC=XX
84 IF(NOPTAoEQ.2) SHP=XX
85 46 CONTINUE
86 C* READ INPUT FOR NOISE REDUCTION OPTIONS
87 READ(5P501) NRED
88 IF(NRED*NE,1) GO TO 48

*89 READ(5P5O1) NR1,NR2,NR3
90 IF(NR3sEG.1) READ(5#502) HSLOT
91 48 CONTINUE

*92 C*
93 C*4* CALCULATE GEOMETRIC VALUES PLUS EXTRA GROUND ATTENUATION,
9)4 C** GROUND REFLECTION EFFECTS#AND FORWARl SPEV-D EFFECT*k
95 C
96 ENG=FLOAT(NEPJG)
97 ENJC=1fl.0*ALOG10(ENG)
98 IF(NOPTGNE.1) NArAG=17
9,1 DO 210 J2=1,NALT

1010 IF(ALT*LT.'U.O) GO TO 270
101 IFCNOPTG*NE41) AZMANG=1O0

102 XR=SQRT(SLDIST**2+(ALT-4.0)*4,2)i$103 IF(XRoLT.o010) GO TO 50
104 ELVANIG:ASIN( (ALT-4.0)/XR)*57.2957795

10 O O6

106 50 ELVANG=90.0
107 60 CONTINUE
108 ENJCOR=ENJC-2. 0*COS (ELVAfIG/57. 2957795)



tTLPO
109 DO 160 J1:1,NANG
11.0 STOD=XR/S IN(CAZMANG/57. 2957*795)
ill IF(STODoLT.10e0) GO TO 285
112 CALL EGA(EGSPL)
11.3 CALL GRE(GRSPL)
114 C*
115 C***** CALL STATEMENTS FOR SUBROUTINES **
116 C*
117 IF(NKC1)*EQ*1) CALL AERO(SPLARO)
118 IF(NK(2)*EQ41) CALL FAN(SPLF)
119 IF(NK(3)oEQ.1) CALL TURBNE(SPLF)
120 IF(NK(4.)*EQ*1) CALL JET(SPLJET)
121 IF(NK(5)*EQ,1) CALL EXCESS(SPLEXS)
122 IF(NK(6) ' EQ.1) CALL AIJGWNG(SPLL)
123 IF(NK(7).EQ.1) CALL WNGJET(SPLL)
124 IFCNKC8)oEQe1) CALL IMPING(SPLL)
125 IF(NK(9).EQ.1) CALL WALJET(SPLL)
126 IFCNK(10).EQ.1) CALL WAKE(SPLL)
127 IF(NK(I1).EQ.1) CALL TRAILCSPLL)
128 IF(NK(i2).EQ.1) CALL APU(PNLAPU)
129 IF(VAC4LE*090) GO TO 70
130 CALL FWDSPD(DELDBL)
131 NOPTF:NOPTS
132 NOPTS:1
133 CALL FWDSPD(DELDBJ)
134 NOPTS:NOPTF
135 70 CONTINUE
136 IFCNOPTS*NE*2) GO TO 75
137 NRED:1
138 NR1=1
139 75 IF(NRED*NE*1) GO TO 80
140 CALL REDUCE(DELL)
14.1 80 CONTINUE
14.2 C*
14.3 C***** CALCULATE TOTAL OF HIGH LIFT NOISE **
14.4 C* SU2.
14.5 SM=
14.6 DO 110 I1#24
14.7 SUM1=040
148 DO 100 J=1.6
149 IF(NK(J+5)otNE.1) GO TO 95
150 IFCSPLLCJPI)*LEs0.1) GO TO 95
151 SPLL(JPI):SPLL(J,1)+ENJCOR+GRSPL(I)-EGSPL(I)+DELDBL4DELL
1.52 95 IF(SPLL(JPI)*LT*O.0) SPLLCJFI)=0.0
153 IFCSPLL(JoI)eGT*0.0) SUM1SUM1+0.3*c(SPLL(JI)/10.0)
154 100 CONTINUE
155 IF(SUM1.GT*0.0) SPLLFT(I)=1040*ALOG10CSUM1)
156 IFCSUMloGT*,0) SUM2=SUM2+SUMl
157 110 CONTINUE"I158 IF(SUM2eGTo0.0) OASPLL=10.0*ALOG10(SUM2)
159 CALL PNLREV'SPLLFTpPNP2)
160 PNLLFT:PN
161 CALL TONE(SPLLFTPPNoPNLC)

162 Pt4LFTT=PNLC
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163 C*
164 C***** CALCULATE TOTAL OF FAN AND TURBINE NOISE **i
165 C*
166 SUM2=040
167 00 130 I~lo24
168 SUM1=0.0
169 DO 120 J:l2
170 IF(NK(J+1)*NE.I.) GO TO 115
171 SPLF(JI)=SPLF(JI)+ENJCOR-EGSPL{I)+GRSPL(I)
172 115 IF(SPLF(Jplt)sLTOO) SPLF(JPI)=0.0
173 IP(SPLF(JPI)*GT.0,0) SUM1=SUMI+1040**(SPLF(JI)/10.0)
174 120 CONTINUE
175 IF(SUM1.GTo0o0) SPLFAN(I)=0o*ALOG10(SUM.)
176 IF(SUM1.GT90s0) SUM2=SUMZ+SUMI
177 130 CONTINUE
173 IF(SUM2*GT*0*0) OASPLF:10*0*ALOG1OCSUM2)
179 CALL PNLREV(SPLFANFPN#2)
180 PNLFAN=PN
181 CALL, TONE(SPLFANPPNPPNLC)
182 Pt4LFNT:PNLC
1 8'%jC*
184 C** CALC!ILATE OASPL AND PNL FOR AIRFRAME NOISE **
185 C*
186 IF(NK(l)oNEe1) GO TO 141
187 SUM1:0*0
188i DO 140 I~1t24
189 SPLAROCI)=SPLAROCI)-EGSPL(I)+GRSPL(I)
190 IFCSPLAROCI)mLTs0*O) SPLARO(I)=0,fl
191 IF(SPLARO(I)*GT.o.O) SUM1:SUM1+10.0**(SPLARO(I)/10.O)
192 140 CONTINUE
193 IF(SUM1.GT*0.0) OASPLA=10,O*ALOG10(SUM1)
194 CALL PNLREV(SPLAROPPNP2)
195 PNLARO:PN
196 CALL TONE(SPLAROPPNPPNLC)
197 PNLART=PNLC
198 141 CONTINUE
199 C*
20:) C ***** CALCULATE OASPL AND PNL FOR JET AND EXCESS NOISE **

201 C*
202 SUM1~o.0
203 SUM2=000
204 DO 145 I~1P24
205 IF(NK(4)oNE.1) GO TO 142
206 SPLJET( I)=SPLJET( I)+ENJCOR-EGSPL( I)+GRSPL( I)+DELDBJ
207 142 IF(NK(5)*NE.1) GO TO 144
208 SPLEXS (I) =SPLEXS( I) +ENJCOR-EGSPL-(I )+GRSPL( I)
209 144 IF(SPLJET(I)oLT*,0O) SPLJET(I):0.*O
.210 IF(SPLEXSCI)oLT.0s0) SPLEXS(I)=3e0
211 IF(SPLJET(I).GT*0.O) SUM1=SUM1;l-O.0**CSPLJETCI)/10.O)
212 IF(SPLEXS(I).'lTo0.O) SUM2=SUM2+1040* (SPLEXS(I)/10.O)
213 145 CONTINUE
214 IF(SUMlGTs0*0) OASPLJ:1OeD*ALOG1O(SUM1)
215 IF(SUM2oGToO*O) OASPLE=10. 0*ALOGjo (SUM2)
216 CALL PNLREV(SPLJETPPNP2)
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217 PNLJET=PN
218 CALL TONE(SPLJETPP)JPNLC)
219 PNLTJT=PNLC
220 CALL PNLREV(SPLEXSPPNP2)
221 PNLEXS:PN
222 CALL TONE(SPLEXSpPNpPNLC)
223 PNLTEX:PNLC
224 C*
225 C***** CALCULATE TOTAL NOISE FROM COMPONENTS***
226 C*
227 SUM2=OsO
228 DO 150 1:1#24
229 SUM1=040
230 IF(SPLARO(I)*GT*Oo.0 SUM1=SUMI+1O.0**(SPLARO(I,/1O90)
231 IF(SPLFANCI)oGT*Oe0) SUM1=SUM1.100**(S.LFAN(I)/10.o,
232 IF(SPLJE-T(I)tGT*0,0) SUMJ=SUM1+100*c(SrFLJET(I)/10.o)
233 IFCSPLEXS(I)*GTe0.0) SUM1=SUM1+10.0**(SP-LEXS(I)/10.0)
234 IFCSPLLFT(I) .GT*0.0) SUMi=SUM1+10.O**(SPLLFT(I),10.0)
235 SUM2=SUM2+SUM1
236 IF(SUM1.GT*0*0) SPLT(I)=10.0*ALOG10CSUM1)
237 150 CONTINUE
238 IFCSUM2*GTe0.0) OASPLT=1O,0*ALOG1O(SUM2)
239 CALL PNLREV(SPLTPNP2)
2.40 PNL:PN
241 CALL TONE(SPLTPPNpPNLC)
242 PNL.T=PNLC
243 IF(PNLAPU*LE*Q.0) GO TO 152
244 SUM1:10.0**(PNL/l0.0)+l0.0**(PNLAPU/10.O)
245 SUM2=1O.0**(PNLT/10.0)+10.0**(PN..APU/10.r)
246 PNLTOT'J1)=10,0*ALOG10 (SUMl)
247 PNLTC(Jl)=l0.0*AL0G10(SUM2)
248 GO TO 154
249 152 PNLTOT(Jl)=PNL
250 PNLTC(Jl):PNLT
251 154 CONTINUE
252 DIST(Jl):STOD
253 A7IMU(J1:=AZMANG
254 AZMANG:AZMANG+10 *
255 160 CONTINUE
256 ELV(J2)=ELVANG
257 ALTUDE(J2)=ALT
258 IF(NOPTG*NEo3) GO TO 230
259 C*
260 C***** DETERMINE MAXIMUM NOISE FOR SIDELINE POSITIONS *C''
261 C*

*262 PNLM=0.0
263 DO 170 J1~lPNANG

264 LFU'NLTC(J1)*LT*PNLM) GO TO 170Ii]265 PNLM=PNLTC(Jl)
263 NMAX=J1
267 170 CONTINUE
268 PNLMAX(C 2) :PNLTOT(CNMAX)41 269 PNLTMX C J2) :PNLTC (NMAX)
270 AZMAX(J2)=AZIMU(NMAX)
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271 DISTMX(J2)"-DIST(NMAX)

2732C*** CALCULATE DISTANCE AL,;.>G THE FLIGHT PATH **I

274C*
275 IF(J2,GT.1) GO TO 180
276 XDIST(1:=STOIST
277 10GO TO 200GOT19

279 XDISTCJ2)=STDIST+' 'At.TU!3EC(J2)-ALTUDE(l) )/TAN(FLTANG/57.2957795))
280 GO TO 20f
281 190 XDIST(J2)=STDIST-(UALTUDE()-l..)/TAN(FLTANG/572957795))-,((
282 2 ALTUDECJ2)-4.0)/TANlFLTANG/57e2957?95f)
283 200 CONTINUE

* I 284 ALT:ALT+ALTINC
285 210 CONTINUE
286 C*
287 C***** DETERMINE THE MAXIMUM NOISE DURING FLIGHT PROFILE *ic
2 88 C*
289 PNLM=0*0
290 DO 220 J2=1,NALT
291 IFCPNLTMX(J2)oLToPNLM) GO TO 220
292 PNLM=PNLTMX CJ2)
293 NMAX=02
294 220 CONTINUE
295 PMAX=PNLMAX(NMAX)
296 PTMAX=PNLTMX CNMAX)
297 ATMAX=ALTUDE(NMAX)
298 ELMAX=ELV(NMAX)
299 AZMX=AZMAX(NMAX)
300 DMAX=DISTMX(NMAX)
301 XMAX=XDISTCNMAX)
302 230 CONITINUE
303 VAC=VAC/C1.69*COS(FLTANG/57.2957795))
304 GO TO (235p241.P250)PNOPTG
3050C*
T06 C***** WRITE STATEMENTS FOR NOPTG = 1 *~~

A>3070C*
308 235 WRITE(6#601) TITLEVACSLDISTALTAZIMU{1),ELVANGSTOD
309 WRITEC6F6O2)
310 WRITE(6p6O3) t'FI)SPLAROCI),SPLFAN(I),SPLJETCI),SPLEXS(I)p
311 2 SPLLFTCI)pSPLTCI))pI11p2+)
312 WRITE(6p604) OASPLAOASPLFOASPLJOASPLEPOASPLLOASPLT
313 WRITEC6p6O5) PNLAROPNLFAN2PNLJETPNLEXSPNLLFTePNL
314 WRITE(6p606) PNLARTPPNLFNTPPNLTJTPNLTEXPNLFTTPPNLT
315 WRITE(6e607) PNLAPUpPNLTOT(1I) PNLTC(1)
316 WRITE(6p608)
317 GO TO 260'1318 C*
319 C***i* WRITE STATEMENTS FOR NOPTG =2 **
320 0*
321 240 WRITE(6t609) TITL,E,-"VACSLDISTALTELVANG
322 WRITEC6P610)
323 WRITE(6p6lt) ((AZIMU(J)PDIST(J)pPNLT0T(JjV*NLTC(J))eJ=I1.NAHGC)

v32Lj WRITE(6p608)
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i-I325 GO TO 260

327 C***i'* WRITE STATEMENTS FOR NOPTG :3***
328 C*
329 250 WRITE(6#612) TITLEPVACPSLDIST
330 WRITE(6P613)
331 WRITE(6#614) ((ALTUDE(J),XDIST(J),ELV(J)PAZMAX(J),DISTMX(J),
332 2 PNLMAX(J)PPNLTMX(J.))#J=1#NALT)
333 WRITE(6P615)
334 WRITE(6F613)
335 WRITE(6t614) ATMAXXMAXPELMAXPAZMXDMAXPPMAXPTMAY
336 WRITE(6v608)
337 260 CONTINUE

I.338 GO TO 29 t
33S9C
340 C***** ERROR MESSAGES***
341 C*
342 270 WRITEC6s616) ALT
34+3 GO TO 290
344 280 WRITE(6v617) NOPTG
345 GO TO 290
3Z+6 285 WRITE(6P618) STOD
347 290 CONTINUE
348 C*
349 C***** FORMAT STATEMENTS FOR INPUT***
350 C*
351 501 FORMAT(1215)

*3G2 502 FORMAT(8F10,1)
353 503 FORMAT(1I5p3F1091)
354 505 FORMAT(10A6)
355 C*
356 C*****,FORMAT STATEMENTS FOR OUTPUT **1
357 C*
358 601 FORMAT(lHlp/pl5X~10A6,//t35X.'AIRCRAFT VELOCITY VP'F5*1#
359 1 ' KNOTS'e/p

*360 2 35XF'SIDELINE DISTANCE IPF6*lp' FEET'e/p35Xp'AIRCRAFT ALTIT'
361 3 P'UDE = ,F7*1#' FEET',/t37XP'AZIMUTHAL ANGLE IP'F5,1#' DEG.
362 4 /p37Xp'ELEVATION ANGLE ',F5*lp' DEGo',/p25X9

4363 5 'SOURCE TO OBSERVER D14STANCE = 'PF7,1*' FEET')
364 602 FORMAT(//,23XP'AIRFRAME't5XP'FAN ANl5vJ~p5rXE~pX
365 2 'HIGH LIFT'P/,10XP'FREQUENCY'e3Xe'AERODYNAMIC'p3XP'TURBINE',
366 3 3Xp9EXHiAUST',3X,'ENGINE'e4X,'SYSTEM',5X,'TOTAL',/,13X,'(HZ)',
367 4 9XP'(DB)'o8XP'(DB)'.6XP'(DB)'p5Xe'(DB)'p6Xp'(DB)',7XP'CDB)'e/)

I.A368 603 FORMAT(12XF6,0,7XF5.1,7XF5.1,5XF5.,4XPF5.1,5XF5.1,6X#F5.1)
369 604 FORMAT(//,12X, 'OASPL' .8X.F5.1,7XF5.1,5XF5.I.,4XF5.i,5XF5.i,6x
370 2 F5*1)
371 605 FORMAT(13XF 'PNL' o9XPF5.1p7XeF5*i,5XPF5*1,4XeF5.1,5XtF5 106XPF5.
372 606 FORrAAU13X. 'PNLT' ,8XpF5.1p7XF5,5XpF5.1lI4XF5.1p5XPF5.1,6Xp

-j373 2 F5,1)
374 607 FORMAT(///#34Xe'MAXIMUM APU NOISE: 'pF54p' PNDB',///,',32XP
375 2 34('*')p/p32Xt'* TOTAL SYSTEM PNL = ',F5*1,' PNDB *'P/,32X#
376 3 '*',32X,'*',/p32Xp'* TOTAL SYSTEM PNLT '.F5*1e' PNDB *'p/,
377 4 32XP34('*'))

378 608 FORMAT(1H1)
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1379 609 FORMAT(1HI.,/,1OXPlOA6,//,19X,'AIRCRAFT VELOCITY: ',F5,
380 1. ' KNOTSlp/Fl9Xp
381 2 'SIDELINE DISTANCE vp'F6'slu' FEET'p/pl9XPIAIRCRAFT.ALTITUDE v
382 3 F7ll' FEETIP/P~lXP'ELEVATION ANGLE = 'OF5's1p' DEGW)
383 610 FORMAT(//p26XP'SOURCE TO'P/,1OX,'AZIMUTHAL'p8X,'OBSERVER',7X,r384 2 'TOTAL',7X,'TOTAL't/Pl2XP'ANGLE',1OXp'DISTAN E',8XP'PNL',8X,
385 3 IPNLT',/pl2X,'(DEG),2.2X,'(FT).',8X,'(PNPB)'p6X,'(PNDB)'e/)
386 611 FOIRMAT{ 12XtF5'sl,10XtF7.1e7XF1l7X'F5.1)
387 612 FORMAT(1.Hlp/,20X,10A6,//,39Xo'AIRCRAFT VELOCITY OP'F561P

388 1 ' KNOTS'p/p39XP
389 2 'SIDELINE DISTANCE = IPF6*lp' FEET')
390 613 FORMATC//,23X,'DISTANCE'P28X,'SOURCE TO'./#24X.'ALONG'p6XP
391 2 'ELEVATlON'e3Xe'AZIMUTHAL',4Xe'OBSERVER',3Xe'MAXIMUM',3X,
392 3 'MAXIMUM'o/,10Xt'ALTITUDE'p3X#'FLIGHT PATH',5X#IANGLE',7XP
393 4 'ANGLE',6X,'DISTAN'E',5X,'PNL',7Xp'PNLT',/,12X,'(FT)'p9X*'(FT)',
394 5 8X.'(DEG)'p7Xt'{DEG)'p8X,'{FT)'p6X,'( PNDB)',p4X.'l(PNDB)',P/)
395 614 FORMAT(10XPF7.1,5XF'.p7X.F5'.1,7X.F5.1,6XF7.,5XF5.1,5XeF5.1)
396 615 FORMAT(/////#37Xe'***** MAXIMUM NOISE *****I)
397 616 FORMATC1Hlp/ol0XP'ALTITUDE CANNOT BE LESS THAN 4.0 FEET',/p
3S8 2 lOXt'YOUR VALUE IS NOW ',F8.*2p/PlHl)
39Q 617 FORMAT(lH1p/tl0X#'NOPTG CANNOT BE SET EQUAL '11l5p/1H1)
4.00 618 FORMATC1H1,/,1OXt'STOD CANNOT BE LESS THAN 10.0',
401 2 /p10X.'YOUR VALUE IS NOW PF6#3p/P10XP
402 3 'INCREASE YOUR VALUE OF ALT OR SLOIST')
403 STOP
404 END

4
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1 SUBROUTINE AENO( SPLANO)
2 D)IMENSION RATIO(20),DIFF(20)PSPLARO(24)
35 COMMON NOPTSNOPTJF(24) ,ALPHA(24) STOt)PALTPAZMANOPELVANOp
4 2 VAPPtGUQIPEtIP-AlFA~FA~FP~PLA2
5 3 FLPAG3,TTEQHNbZWNOZVJWNOZHWNZWWNOANGNOAN WN7pNR i!)9
b L4 NN1,NR2.NN3,HSLOTPEJLEJANOWFKRFPDL-Th TPTREATFPTNEATA#tPNTP
7 b 0TLJRHP MLADESP TPMP CTPp SAP ARTHICK NOTAMCP HPP),'NIMP ANINP
8 b OANUTXlY1,VTI'QTPVJPNIMVJSECPTTWNIMTTSECXCNPTfWNOZPH)
9 7 PAI-PHA1,TREATT

10 DATA NATIO/0.0019b3125,0.09390b25,0.007125Oo015,25e0. tL12bo
11. 2 0.0e62b,0.12b,0.25,0.5,1.0,2.0.4.0,8.0p, .032.0tb4.0U128Uoe
12 3 213b*0P,)12#0,1024*0/
13 DAT 'A fIFF/201.pl79.'157. .135.,113.P91.,b9o p47.t25. Ol~b~-)b
14 2 36.5,4b.'),bbobpbbobp76.5p8bobp9b.5p106b,)/
lb XMN=VAC/1116*0

16 ;MAX~lo3*VAC/(THICK*(1...XMN*COS(A/MANG/b7.29h)7/9b) ))
17 OASPL=10.*AL0010( C(SIN(AZN ANG/! 7o29b7f9b) )**2*VAC**b*S8)/
18 2 (AR**2*(l.-XMN)**J))+7o0
19 DO 10 I~1p2'+
20 IFAT=F(I)/FMAX

*21 S~C=IHC(FRATPHAT1OPDWFP20pl)

23 IFCSIPLARO(I)eLT90*0) SPLARO(I0r)
24 10 CONTINUE
2-l)CALL U'vLER(SPI.ANO)
2h HtTLJlN

27 t.NL
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1 SUJBROUTINE FAN(SPLF)
2 DIMENSION SPLF(2,24)SPJLSH(2f)PSPLFO(24)*SLAI-T(2fl,
3 2 XANGLEC19),XL)IRA(19)eXDLNF(19),XSN(9)XSP.C(9)
4 COMMON NOPTSNONTJF(24) ,ALPHA(24) tSTODeAL-TAZMANGptLVANbo

6 6 FLPAG6PTTE iHNOZpWNOZiVJWNOZPHWNOZWWNOZp ANGNOKZPANGiWNZ~ t4EL),
7 4 NNleNN29N.3pH;LOTpEJLpEJANGPW1-FIORFI)F#TFPTREATFTREATAIJNT

b D L)RUtipHLAESPTRPMPPCTPAARTHICKPNOTAI-CPSHJDPRIMD4NIII,

(4 6 L)ANOtITXI PYVTHTVJPRMVJSECTTO1?IMTTSECXCNTlWNOZH)
10 7 PALPHAlPTREATI
11 DATA XqNGiLE/0.p10.t20.,5.,t4O~p,0.,6O.,70.,p8ip40. .(1plUJ,t
12 2 l2ge,1i0.'140.,15O.,16O.,17.1I3O./
13 DATA K)R/1.-b,1.-3p1.-1,1.-4,74-~p20
14 2 l~t*poFl4-*p40-*t70
lb D)ATAXIN/.-181..140M .,2-06-b-4b-.7
16 2 -. ,l~-1p1.-3p1.-bp1.
17 D)ATA, XSN/3.5bb. 6.p7.,9.p11.pLI~ 17. .20./
idi DATAXSC-37-2b-O',7s-.,1.,.Y5-l.-2/
1( L))0 2 1:1,24
20 2 SwLSH-(I)=0*9
21 V1-=U.S9*SQRT(TF*(1.O-1.0/(PNF**0.2Mbf)
22 OASPL=10.0*AL0G10(wFI-)+20.0*ALO(,1O(PNF**0.,28b-1.O)+127.o
26 DIRF=ciIRC(AZMANGXANLEPX)IRiF,19,1)
24 [DIA,INC(AZMANGPXANiLEXD1NRA,14,1)
2", lF(NOPTSNE.3*ANI).NOPTSNE*6) 60O TO '5

*26 XLP1X+FLAP1*COS (FLP/7 295779))+FLfA2*COS (- LJAG32/b7 oP,17 '(41))
27 2 +FLAP!*CS(FLG6/b7,29,i779hb

29 2 +FLAP3*SIN(LJAG6/72"7145)
30 EPI=l80.0-AMANG-((ATAN(H/XL3) *97,2L.77Q&1)
61 HAIJ=SgkT(XLP**2+HR**2)
62 HH=HAI)*S I N(ES/b7.295h 171
36 SDSQT(A)**2-*I**2)
34 OL)=STOD-SD
3b IF(MHLE*0,0) GO TO h
6h CALL SHIELI)(SPLSHI,IDMH)F DF LVAN(i)
37 b CONTINUE
3m DO 10 I11.24
39 u~lsroi-=2oO*ALO(,10(STOD)+cSTOn,/10ouOo)*AI.-'H~i( )
40 tNF(1 D/
41 Il-(SNoLE.3.b) SC11.0*ALG10(SN)-1(4.b,
42 IF(SN.(,3*b.ANDoSN.LTq20O) S~C(l4~~~o,-rp~-t-F4l

44 SP-LFON( .1)=OASNL-DIRF-DISTO1-+SOEC-TREATF
4b S'wL.A1F (I )=ASL-DIA-ISTF-+S--C-TEATA "LFlI L;(146 IF(NOPrS..5.6ON 3 TS,,h0,b) c;LAFT(1)=S t; (I-1';u

48 0(SPQLAFr(1).LT,0.0) SP-LAf-T( T)=0.

44 10 CONTINUE
bO CALL I)OPLER(SwLt;OR){ 5 CALL DO'PLEH(SPLAFT)

n2 ~SlJMU 0
b3 DO 20 1:1,24
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bb AFT=090

bb IfHSP-H)(I)tGTqO.0) FOK=10*O**(SPLFrUR(I)/10.O)
57 It-(StPLA-T( I) GT.0O) AFT~t1.O**(SPL0;T( I)/1O.O.
58 SUM=FOR+Af-T
59 IF(SUMGT.0.U) SLF(lpI)=0*ALO~10(S(jM)
b0 20 CONTINUE
61 RETURN
62 ENU
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SUbH1WITNT(JRBNE(SI"LP
*2 DIMENSION SPLF (2p24),XANGLE(19)OXUIR(1.Y),XtP1C10).XtN2(10)p

3 2 XSC1(ioSL(2)SPLSH(24)XSPEC2(b,10),XPCT(6)
4 COMMON N\OPTISPNOPTJF(2+) ,ALHA(2f) STOU.ALTu PZ.MANG,ELVAN6.

5 2 VACOPLIJ(ipDE(tlVVEQtjIVFLAPFLAP2FLAPjFLNA61,t;LPAb2,
6 3 r- LPA6i65,TTEQ. HNOZ, WNOZ, VJWNOZ, HWNOZ, WWNOi!PANGNo7, ANGWN. "NED.
7 4 NRl 0NN2,NNR3,HSLoTEJLEJANGPWI-FPI*-,OFTFtTREATh-;tRNATA.t4RT.
8 OT, I)R8,MLALESTRPMI'JCTPSA ARPTHICK PN0PTA F C PSHI)RMpL)AN1NP

9 6, t)ANOITX1.YlVTIPTVJPR1M,JSECTTPRIMTISCXCNTTWqNO?, HD
10 7 FALPHA1,TREATI
11 DATA XANGLL/O.,10.,20.P30,P4.,'90..b0.7O,H0.e9#Ol.l~ 110.
12 2 120.e130. .l40. elbO. #160.9170. #180./

im DATA XPCT/bO.,,0..lfl7,80.,qUP0..100/

13DT 1b.86,1216,7,10.Y,11.8,12.Z4.I4.4151 7.O,17.l2,18.2,1P.t4

21 3 12.9614.3,168,1M.'-yll.0,2.M4,?14,22.M,2.5. ~ol1I .)213.0'1l.t

24 6f 1A.0,20.b,23.O,24.0,24o.5,?b.0#2S.3*/
?b DO 2 11,P24

26 SWLSH (I)=0, 0

29 2 11.lh".0)+10. O*ALOG1 ( AREA)+138. Y

31 ASLOSLDHTFT
32 8P=LAUES*TRtPM/f60*0

34 XL=lFAICr(-P~l"72110-)+LP*U; LAi/-72- Y ))

3b 2 +FLAP3*C0S(FL'wA66/57,24)77(4b)

37 2 +FLAP A*S IN (ILPAG3/6-)7 a29, 7 /9b)
38 S~c=1t30s0-AZMANG3-( ( 4TAN(HP/XLP) )*l37.21,7P 1)

~*39 HAD=Sf)RT(XLP**2+HP**2)
40 ~ HNA)*SlN(EPS/57o2yb7/4Y-)
41 qD=L)RT(A**2-1H**?)
42 OO=STOO-SI)
46 1F(HH*LL.0.O) 60 TO
44 CALL SHIFLW(SP1SH'-)DF*<,OU.F~tLVANG)

46 00 101 !1.24
47 RATIOF(l)/HPF

W3 lP(HATlOLE.1.0) S;PEC=1C(qTOXN1,XqPEClr101)
49 IF(RATIO.G6T.1.0) SPCITH(AIPCPYFR#IC~gf)li

41 bo 2 XSI-'C2P6PIERR)
U1 SwL( j)=oASI-L-S'-EC-2OO*ALOG10(S;ToD)-(SToL)/1o0'J.)*AL'OHA( I)

b4 10 CONT I NUE
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CALL LOPLEH(SPL)
b6 00 20 1124+

bm 20 CONTINUE
by RETUJRN
60 tNO
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1 SUt3NOMJINE JE'T(SPLJET)
2 DIMENSION SPLl24)SPLSH(24)
.5 1PS'PLJET(24)
4 2,THTP(9)POASDIR91l)VRAT(b)PANAT4(12). ;(b,12)
b IRLAL MAMCMCI-,NPRPK,<APLOGST(17),LOGS
b COMMON N0PTSNOP'TJPF(24),ALPHA(24) ,STOALTA.MAN,,ELVANU,
7 2 VAo)~)iDQJ~~foIV LRtLPp:~-tLA1 LJ~~
8 .5 FLPA(-i3eTTE(~,HNOZ, WNOZt VUWNO?., WNOZ, W"INO7p ANGNO7,AN6(\W/f, NRLI),

[ 4 NRlNR2,N3HSLOTtEJLJANWtFvPPFOI-TFTAT,TRA" .PWTP
10 b U~)~fLD~TPPC~SPRTIKNPA~~~HJD4mlA~l
11 6 DANOtJTXYVTI'T.VJPRIMVJSFCTlWRMTfSECXCNTTWO0;,HI)
12 7 PALPHAlPTREATT
13 OATA VRAT/O.2,0.4p,G6p.8p, /
14 OATA ARATP/0,,.2,.3,4,.bpob.7.M1.Ol2p.'J.,6/

16 1 29b#*30pp.30 r*~0,3np
17 2 O.0..17,.245#,.jbp,675,.43b..48,.53,.61,.bb.73,.f(8,

144 0.0w .20, 28bo .36b, .43' .44t .54, s9.be*6 71b. ,7h, .605,

21 DIAA THTP/0.0,1l0. '12fl.,30. ,140. ,bO. v160. '110.v180.
22 DATA L0(3ST/-1.b#-i .4,-1.2,-l.Op-0.,-41.bp-0.4,-9.?P 0.0'
2.5 1 0.2,0.4,0.6o.M,1it.0,1.2.1.4,1 .6/
24 OATA ((OASDIR(IJ)J=1,17),I=lq)/.54e2,2'4,6,25.,?0r.7,19*t,

26 2 34.2,?9.6,2',.,?0.b1l7,1,14.LLl?'itllI.3,1X8,1l.1.
27 3 1.2. ,1.54lb.5,17.5,1q.8,22.1,24.,,p
28 4 3.,2~~.,1~,721.1.,0M1.p1p2L.

.51 7 19*2t2l*b,24*,?h.bp?M,(4p
652 M 32.b,26.1-,,2.ll,ll.!,,9.7,q.41 0 *7#

66 912.8pl,bplo.52l.1t24. ,?6 ,7,2 (4,6e32.4.5b.l,
34 1 31*b,2b*2,1M*6,13.6,1~.,7.6,P.2.l?.l1,1)*3,
3b 2 l8b2.~op8h3143)~6~plq

36 3 30.2e23.M,17.5,1?.410.6pt.3p4.311.-'21.7.
6t ~4 2b*b,24.4,35.33.24.9p4'.7'48.,','2.2.

40 7 34.7,2M,,7,22.,1~7.7l6.,1m.722%1,2.4.il.4,
41 H 3b,40.Pp4b,6,.)n.4pb).lp6nl.p64,MP69,h/

*42 ')U 1.0 T=3o24
465 10 S';P-H ( I) =0 0
44 '=33
4, r) i=32 114

46 T~sqb19,
47 T= rl PIRI M

hi aI3=ANIN
b2 B4=UANOI Fr

4 ~C411'6o
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bb AVAC/CA

b7 TTA=TSA*TRA
b8 RHOA=39*1/TSA

60 NHOJ=(.39. /T)*NI"N**( ((AM-l.)/(iAM)
hi1 THETA=AMAN6.+AN(bNOZ
62 THETAP=T~tTA*(U/CA)**0*1
63 60O TO (12913#14)t NOP'TJ

h4 12 AN=3.lt*(H2*R2-R1*Bl)/4.
hb DM=82-M1

bb HU=DH
67 DEQU I V=S(4wT (Rt2H*
6m IF(H1.(6T.0.iUl H=(82-b1'/2*

79 VI)tJIVDVJtNIM

71 TTE=TIPHIM
72 GOTO ]b
763 135 AN=WNOZ*HNOZ
74 fH49*AN/(2**WNOZ+2.*HNOZ)

Pi U~fEQIVSR(*A/e

77 HD=DH
78 VEQWJVVJPRIM
?9 vrEQ=TTrpH1m
80 GOL TO lb
81 14 AwH1=3sl4*(H2*82-bl*11)/4*
82 A%EC=3. 14*( 4*BL4-H3*H3) /4.
83 AN=APRI
84 UH=B2-Hl

8115 1E=SQRT C 2*B2".Bl*Hl)
8b Dt!Q0 I V=S(oR(4.* (A"RI+ ASEC)/13. 14)

88 HO=4.*(AIJRI+ASt:C)/(3.14*(M1+M2+.5+M4))
A9 TSPRI=Tr,~-NM((AM-1.)/2)*VJD'NIM**2)/(5AM**i)
90 TSSEC=TIS5C-( ((GAM-1./2)*VSC**2)/(GAMA*R*G)

42 ~WSEC=(21169*ASEC*VJSEC)/(N*T%;EC)
(43 TTEQ=(TTtC*WSEC+TT0 RIM*WPNI)/(WctiC+WPHI)

494 VEII=VSCWE+JPI*PI/WE+PI

9b ARAT=ASEC/APHI
Yb ARP=ALO(G0(l6+ASEC/APH1)

97 VR=VJSEC/VJPRIM
98 tJ:VJRRIM

94 lb CONTINUE
100 STF=(T/TIA)**(094*(l.+COS(THETAW/b7.5)) )*IDH/UE)**0.4

101 MC=0*62*1u/CA

10.3 A=10.*ALO(310(AN*((RHOA/0.O0f6S)**2)*(CA/11llh)**4)
104 K~tJ/CA

loh H=10.*(((3.*K**3.b)/(0.b+K**3b))-1)*ALU610(RHOJ/NHoA)

108 C CALCULATE OASPL AT 90 DEG FROM E14N #6 OW NASA TMX71b18
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JET

109C.~
110 KA=134,

ill IF(NOPTJ,E(,.1.,AND.B1.oGT.0.0.OR.NUPTJ*Et .3@AND.B1.GT.O.n) KA=

112 1 l34o+3.*ALOG1O(0.10+2.*(H/b2))
11i OAS90KA+A+R+C
114I 1F(N0'PTJ.Nii.3) 60 TO 16
115 IFCARAT.GE,29.7) M=6.0
11h IF(ARAT*LT.29,7) M=191*SGNT(ARAT)
117 FS=DTAH2(ARPPVRPAIRATPVNAT,12,.9,1,1Fqp,b,IEN?)
113 OASDEL=5.*ALOO(TTPRIM/TTcEC)+10.*ALOG1lO((1.'"
119 1 VR)**NI+1*2*(1.+((ARAT)*VR*VP))
120 2 **4/(1.+ARAT)**3)

* I121 OAS90=OAS90+L)AS1)EL
1?2 11S CONTINUE
123 I)ELV=0*0
124 fI-(NOPTSoE.gel) DELV=3.0
l2b 1F(NOPTS.NE,*1%ANU.NOPTS9NF&b) (30 TO 35~
126 XLP=X+FLA.'*C0S(FLPAG1/57.29h719b)+FLAPJ2*COS(FLWAG2/
127 1 l2b79)FA3CO(LA6b~257h
12A XLP=XLP-2.*L)E

130 2 b~2b7b+LP*l(ILA3S,4)74)
131 I-PS=I180.-AZMAN6i-( (ATAN(HO/XLP) )*'?*29577Q41)
132 RAD=S(WRT( XLP*XLLU+HJ*HP,

136 bH=RAD*S1N( Ewc/57,2957749)
134 rD~S(0RT(RAf*RAD-BH*BH)
13b OV=ST0D)-Sf)
136 I-(8H.LE.0,9) (i() To h

*137 CALI_ SHIEI-D(SPLS3HSDB3HeI),FELVIAN6~)
138 3b CONTINUE~
139 OAS90OAS90+DLV

141 [F(NOPTJ.EQ*3) SFCOAX=1./(3.-(TISEC/TT'PRIM)*FS)
142 0)0 18 J=IF24
143 %;T(F(J) *DE./lJ*STF
144 IF(NOPTJ.EG*3) ST=ST*Sl-COAY
145 LOGS:AL061O(S1)
146 DI =TH(.()PHTPLGTTTPILptp~-[IP~lPO

147 C

149 C ***I*** O- =OAqPL - SI'L - MCF

*111)0 C RtEF FIG W-1 NASA TN1X 71618

152 fF(NOPTS*E(0.3.0RNOPTc;.EQ6) SOL (J) ~~(J) -SPLc;H(J)
1b3 1M fF(S0L(J),LT,0,.i) SOL(J)=n.0
154 CALL L)OPLER(SOL)
1 11) b 0)0 82 J=1#24
156 M2 SPLJET(jISL(J)

jj I*E(R
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I. EXCESS

I sIJmROIITINE EXCESS(SPLEXS)
2 DIMENSION SN1(5),Y10(,),
3 1SWL(2L4)tSPLEXS(24)SPLSH(24)
4 COMMON NOFPTS.N0I3TJpFC2+) ALPHA(24) ,STODALTAZMANGELVANG,
b 2 VAPP((oEIIP~~lVFA~p-A~FA~FP6PLA~
6 .5 FLPAG.5,TrEQPHNOZWNOZVJWNOZPHWNOZ, WwNOZANGNoZAN(GWNZNNE
7 4& NR1pNR2,NR3PHSLOTPEJLEJANGWF PIRFDFPTFTNEATFtTREATAOR
H 5 DTURHiPBLADESPTHPMPCTPSA9ARPTHICKNPTAPBCSHJPDIJRIMDANI
9 E, OAN~tTXlYlVTIPTVJPRIMPVJSECPTTPIMTSECPXCNTTWNo7H)

10 7 FALPHA1,TREATT
11 DATA SN1/*2vo25F*3p*3bp*4/
12 t)ATA Y1O/-11.4p-7q2p-5*HP-6.4p-7*9/
13 0O 10 I=1,24
14 10 SPLSH(1:0O
15 Ai:3.14*0EQtiIV*DEQtJIV/4.
1b UVE~JIV
17 Em1oo
18 THETA:18O.-AZMANG-AN6NO7
19 X=E*E*A*1i**b*(1...COS(THETA/57.6))
20 OASPL=0,0
21 IF(X*GT.1.0) OASL10**ALOb10(X)-70*0
22 IF(N04TS*NE*3*ANDoNQPTS*Nt.6) GO TO 3b
23 XLPXl+FLAPI1*COS( FLPAG1/57,29b779b) +FLAP.2*COS ILPAG2/
24 1 b7.29b7'i9b)+FLAP3*CO-(FLPAG.3/579574b)
25 HP=Yl+FLAP1*SIN(FLPAG/572q7795)+FLAJ2*SIN(-L'JAG2
2b 2 b7.29b77Yb)+FLAP3*SIN(FLPA3/7295774b)
27 FPS=180,-AZMANIG-((ATAN(HP/YLP) )*b,7*o(57/4.)
28 RAn=SQRT( XLJ*XLP+HP*Hw)
29 ~ HRA0*SIN(E'PS/5929577qb)

4.-30 SD~rOPT (RAl*RAD-HH*I*1)
31 OD=STO()-SI)
32 IF(B3HsLE*0o0) bt) TO 3b
365 CALL SHIEL(D(SPLSH-1SDPtBHOI),FELVANGI
34 S's CONTINUE
3,) DO 26 J~lt24

36SN=F(J)*DE(QtlV/IJ
657 IF(SN*LE.0.2) SPEC=52*36*AL(G10 (SN)+2bo2
I8 11(SN.(E.0.4) 3PEC=.2H.b*ALOG10(SN)-92
39 IF(SN*GT.0*,AND*SN9LT*O.4) SQC=GIC(SNPSN1,YI0,v. 1)
40 SP()OSLSE-0*LGOSTD-LH()(TD111*

41 TF(NOPTS9EQo3oOR.NOPTS*EQ.6) SPL(J)=SPL(.J)-SPLSH(J)
42 26 IF(SPL(J)*LT*O.0) SPL(J)0')
43 CALL D)OPLER (StL)
44 0O 82 J~lp24

45 H2 SPES() SLJ
4h RETURN*147 END
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* ALJWNG

1 SUH-ROUTINE AUGWN(i(SPLL)
2 DIMENSION SOLL(6p24)PSHL(2tu),XANGLE(16),XI)iR(1b3),XIN(18),XSPLC(1b)
3 2 PXELV(10)PXEUIR(10)
4 COMMON NOPTSNOPTJF(24) ,ALPHA(24) PSTODFALTAZMANGELVAN~,

:2 VACDI)-L~I)iDEO1JIV, EIIP-AIP-A~FA~F~3~oLA2
6 3 FLO A G3 PTTEfp HNOZP WNUZP VjN7 W"~.
7 4 N~lN1 N2,NR3pHSLOTEJLpEJANG, WHF P"Nt- e FpTFPTRFATF# TREATAPPT,

q 6 LANo IT X PY PVTipro VJPN1IMr VJsECPTT3R I MPTTs;ECp CNPTI wK10PHI)
10 7 v ALPH-Al PTREATT
11 nAT4 AGt/7.,6~-0p4.-f.e2.-0e.'f.2.3.
12 2 40*pb0*p60.p79sv80*/
13 DATA XJN1.p0O80b5~03010000~e.e.e.)
14 2 ll.0v11.0ePi.0P7.0/

* lb UATV\ XSN/(b01 p0.02p0.04,0.06,O.0M,0.lp0.2p0.3p0.40.bp0S),0.f~
16 2 l~nvl,15v,0v,0,0tl0,0/
17 DATh
18 2 l3.,14.S,1l3.5,22*b'3.0p39 e,'47.0/
19 DATA XELV/0.,l0. 20. #30. 40. '50. 60 .P70. *Pm0. #40*1
20 DATA~ XEDIR/5. #2.1e1.S# 1. ,0.7p0.4p0.2p0.lp0.05().0/
21 F-JLHW=EJL/HWNOZ
22 ANtA=HWNZ-*W~IN07
23 ANGORMA7MANG-(l80.O-(FJMN6+4i.0))
24 PERM=2.0*HW.NOZ+2. 0*WIANO7
2,1 HI)IA=4.0*AREA/rPEHMi

2h DIN I7RC( AN NPM, XANC7LE, XDIR, 16e )
27 OIREINC(LVAN(iXELVXEID1H~lnl1)
2?8 (OArL~b0.0*LO(0 (VJWN7) +10.0*ALO(10 (AR) -.0*ALO(-fl(InIW )
29 2 -30.h
30 OAS;PL=OASPL- I R-DI PE
31 DO) 10 I1,p24
32 r-N=F( I)*Ht)IA/VJUWN07
3- SPEC~bIHC(SNPXSNPXS~tCvlA,1)
14 SPL(I=oA;PL-EC2 0*ALrol0(STI))(cOr)/Or')*AtJ-H4( 1)

3h 10 CONTINUt

67 Ct4-I 1OPLL(SPL)
38 DO 20 l~lp24

39 SPL~l(,)=SPL(I)
40 20 CONTINUIE
41 RE T, N
42 N
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WN(GJET

I SUBROUTINE WNGJET(SPLL)
2 DIMENSION SPL(2L1)#SPLSH(24)

4 2PTHTW(9) ,OASDIR(9,17) PVNAT(b) ,ARATIP(12) .FSP(b, 1?)
5 RNEAL MAMCMCl-,NNRKKALOGST(17),LOGS
6COMMON NOI;TFNOPTJF(24) ,ALPHA(21) ,STOOALTAZMANGELVANj,

7 2 'IACP DPLIJUP DEGUIV VEOWUVP FLA'-i;?-LAW2oI;LAP,5p FLPAG1 tFLPAG~2P
Ak 3 FLPA(33TTGHNOiWNOZPVJWNO7,HWNOZWWNOZANGNOZANGWN7,NNED,
9 14 NRlpNR2eNR3,HSLOTPEJLEJAN(iWFFPRFfFTFTREAT..pTI.ArA#PRT,

* 110 h' DT1JNMBLADESPTNIP.lPCTPPSAARTHICKNOPTA pBCSHPpDPRIMI)ANINP
11 6 1)ANOIJT, XI#l, 1VTIPTVJPNIM, VJcE-CPTTPPIMTTSEC, XCNT'TWNO7PH)
12 7 PALPaHAIPTREATr
13 [DATA VRAT/O.2p0e4@0,6o0*8,1.O/
14 DATA ARATP/0* P.2p,3p o4tobt o6,,,.pM,1,o,121.d4pb/
lb OATA ((ISP( IuJ),J=19 12) *I -l,5)/0.0..13b,.lY,.23,.26,.2',.29,
16 1 #295p.30,.30p.30,.30,
17 2 0Ot .17,.2L4b, .31b, 37b, .435, .48, 53#e blu .67b, 73, .78
18 3 O0,.23,.32b,.4l,.47,,.b35,.58' ,.b3,.71,. f6bt.82,.8b,
19 4 Oop2t2b*6#4p4P54o8 *691P7pM~
20 5 0.0,.16p.23,.29,.3b,.40b,.45,.50, .'iM,.b64',,,7r1,.79/
21 DATA THTP/O*u,110.,120,130.,140.o9.,16O. ,70.e180,o/
22 DATA LOS/16-,#I2-,p-,F06-,*0200
23 1 no2,0.4,0.6,0.81.,1.l21.l.,1.b/

24 DATA ((OASDIR(IJ),J=1,17),I:1,9)/34.2,29.6,2!.,p20.7,17.1,
2b 1 14.4.12.b,11.3,10.M,1I .,ll2.,13.4,15*3rl7.5,lg*8,2?l,24.b,
2b 2 34.2.29.6,2S.p20.7,l7ol,14.4,12.9,11.5,1O.8,11.1,
27 3 12. ,13.4.lb.3.17.b,19.M,22.1,24.b,
28 4 38,1,32.,,26.7,2l.b,17.2,14..ll.Q,1O.M,ob,1l. pl2.4e
29 b 14*2v1b,5p18.8e2l.1p25.6o2,bo9e p

31 7 l9.22,1624oF26*5t28.9p
32 8 32.6.26o5.20.1.lb.. 1.be9. 7,9.4,10.7,
33 9 l2.8l,t5p,18.3,2l.l,24. ,2b.7,29.b,32.4t, ".1*

3b 2 18.fo22.,2b.3,2M.6,3l.Y,3.*2:.i8.6,41.9,
36 3 30.2,23.8,173124lO.6,1I .3.14.3,17.9.21.7,
37 4 25.6.29.4t.5.St 37.2,40.9,44.7.4M.hb2.2.

38 5 33.5,27.4,21.1,15.6,13.8,15.7lM32,82.,50,Lf,
A39 6 34.bti8.8,42,9,47,,5l.1,b52th9.3,

40 7 34.7,28.7,22.B,17.7,1b.l.18.7p22.1,26.4,31.4,
41 8 3bl,40.9.45.6bO04,b'~.1.b0..h4.8.b9.6/
42 HO0 10 I1#24
43 10 SPLSH(I)=0e0
44 R=53,34

4") 6=32174
46 TSA:bl9o

Si47 T=TFWNOZ

48 tlJVJWNOZ
49 GAM:1.o4
bo CA=111b.
bi MA=VAC/CA
112 THA=19+((GAM-19)/2)*MA*c2
b i TTA=TSA*TNA
b4 HHOA=34, ?/TSA

A- 27



WNGJLT

511 NtPR1./(1.e.J**2/(2.*G*(GAM/(GAM-1.) )*R*T))**((3AM/((3AM-1.))
bb RHOJ'(39*7/T)*NPR**( (CAM- 1.)/G'AM)
b7 THETA=AZMANG+ANGWN7
58 THt:TAP=THETA*(I)/CA)**O.1
b9 ANZWWNOZ*HWNOZ I
ho DH4.*AN/(2*WWNOZ+2,*HWNO/)
b1 Ut=SNT(4**AN/31I)
62 IF(NO.DTS.Nle.4) (if) TO 13
63 DEQJIV=DE

6111 VE~tIIV=VJWNOZ
66 TTEQ=TTrWNOZ
67b 13 CONTINUE

(14 MC=09b2*11/CA
70 MCF=30.*ALOG1O(1.,MC*( (I,+MC**h)**-0,2)*COS(TH-1TA/b(.6))
71 A=10.*ALO(310(AN*( (RHOA/0.07bb)**2)*(CA/111b.)**I)
72 K=U/CA
73 M:10.*(U(3*K**3b)/(06+K**3b))-1)*ALO10RHOJ/RHOA)

A 74 C=1O.*AL0G10( CK**7.b)/(1.+.01fl*K**4.5))
7b C
76 C CALCULATE OASPL AT 90 DEG~ PROM EQ~N WS OF NASA TMX 1161$
77 C
714 KA=164,

74 OAS90=KA+A+b+C

80 IF(FLAW1.LE*Oo0) (30 TO 3b
81 XLX1=Y+FLAP1*COS(FLP-AGI/57.2w')714b") +FLA0O2*COC(FLPA(,2/
M2 1 b7,29n77Y5)+FLAP,3*COS(FLG43P.'b7?~t9b))
83 XLP=LP-X1l.2**r)E
84 HP=Yl+FLAP1*SIN(FLPA6l/b7.2957'9b-)+LAP2*SIN(FLPAG2/

811) 2 57.2957795)+FLAP3*SIN(FLP(33/5729,7h))
86 tS=180."AZMANG-( (ATAN(HP/xLU) )*17.2'457795)
87 RAD=S(oRT( XLP*XLP4HP*Hi3)

*8M HHHA*SIN(EP/7.2457199)
89) SD=SQRT(KAD*RAD-HH*BH)
90 O1)=STOO-S)
91 IFCB3H*LE*0s0) (i0 TO 6b
92 CALL SHIELU(SPLSHSHH0t), -eELVAN3)
93 35 CONTINUE

At 94 1)O 18 J=1#24
9b qT=(F(J)*UE/LJ)*STF

(46 L')(S=ALO(31O(ST)
7 1IFF=ITAM2 (LO(STHETAPPLOGS ~HP1.9,eAfI 4 IERt4)

99 C
100 C *****F* =1 OAS;PL - SPL MCF

.k 101 C REF FI(6 #b NASA TM1X 71618

102 C-i4 103 IF(FLA'1.O-T.O.0) SPL(J)=!S;LU)-S'LSH(J)
104 18 11{(SPL(J)*LTe0o0) SPL(J)=O*0
109 CALL 1)OWLER(SI)L)
106 DO0 M2 J=1924
107 82 5IOLL(2pJ)=SPL(J)
108 RETUJRN

1014 END
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IMRING

1 SUbRWUTINE IMPINGISPLL)
2 DIMENSION S0LL(6p24)eSPL(24)FSPLUA(9)F
3 2 PNGUIR(4,1l1)PPNGANG(4)PTHETA((14),THEDIR(lb),ELVDIN(lb)
4 REAL MSN(9)PMJPLAM
b COMMON NOPTSPNOPTJPF(24) ,AL4HA(24) PSTOL)'PALTD AZMAN(OeLLVANGP
6 2 VACUPLUGPDEIJIVe VE(QIIIVFLAP1,FLAP2, FLAP3e FLPAiMG1 LAGi2,

7 3 FLPAG3p TTEG, HNOZe WNOU, VJWNOZe HWNO0e WWNOZP ANGNOCV ANGWNZP NREDP
8 4 NRlNR2,NR3,HSLOTEJLEJANGWF -,PRFDFpThTREATFpTPEATAPRTP
9 h UTIJRBPMLADESTRPM, PCTPe SAP ARTHICK, NO'TAP RCPSHP, UPRIMpUANINi,

10 6 DANOhiTX1,Y1,VTIPTVJPRIMVJSECe rTPRIMPTTSEC#XCNTTWNO7,HD
11 7 PALPHA1,TREATT
12 DATA THEDIR/0. p30.'bO. p90. o120.t1~0.'165. t180. 210.'
13 2 240*,270*p300*,330.'.i40*#360o/
14 D)ATA ELVUIR/-5.,0,li,1.9,2.2,3.5,10.0,1h.0P14.0,4.0,
111 2 2*OU*7F-2o7,-11*0p-11.3F,')@/
16 DATA MSN/.0Mpo.10. sb. .2. 25. .. 3. 4. .bp 6/
17 DATA SPLOA/-2bo4,-22op-17op-1ho5.-149p-15o..1h2-17obp-8.',/
18 DATA WNGANG/15.,.O,P60,0./
19 flATATHTA/.3.b.9.1Q.2.p0.M020.

L.2u 2 240s,270o,300o,330.,360./
21 DATA ((PNGDIN(JJ),J~l,14),I=3,4)/-14o,-12o,-10.'-3..

r22 2 -2,,-10.,-19,,-23o,-23,,-25o.-2bo.-18op-1bop-14o.
*23 3 -13o,-Il.,-Mop-iop0.0e-5oe-23,,-2b*e-26.o

24 4 -2.bot-23op-16op-14.,-13op
2b b -6. ,4. -2.pO.0oOpt-8. .-20. e-23..
26 6 -24..-22op-17.p-12*v-8op'6.e
27 7 O.p0v00p000.0p-7. p-19ep
28 M -23. ."23. -22. P-l8. p6. t1. .0.0/
29 TF(NOPTS.EOe4.OR.NOPTS.EQ.b) 60( TO 90
30 GAM~lo4
31 x0=010
32 Rb3o64
33 (iC=32o2
34 T=TfEQ
3b O=VE(4(JIV
36 TST((iM1 *)*)(o(A**C
37 MJZ~iI/SORT cGAM*R* TS*cC)
3m 1F(VACoGTo0.1) LAM=U/(VAC)
39 C *************************v****

*40 C CALCtJLATION OF XwP IMPINGEM'T AN(iLE 4LPHA &IMPINGFEMIT ARE.A
K 41 C

42 IF(NOPTS.EQ*2) 60O TO 20
43 C
4~4 C *****1Sti, HYB~RID ********v**

46 I1;(ALPHA1.LEo0*0) GO TO 90
47 ALPH=ALPHA1
4H XP=Yl/SIN(ALPHAl/57o3)
49 60 TO 26
50 C
bi C **********EF**p********b2 C
53 20 NFLAPS=0

")4 IF(I-LA01.(,T.0.0) NFLAPS1l
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IMP I N(37

IF(FLAP2,GT.0.O) NFLAPS=2
b6 IF(FLAP3.GT.O0O) NFLAPS=3
57 1Ff NFLAQSGTO) AV6FA=(FLPAG1+-FLPAG2+FLPA53)/NFLAPS
58 IF(NFLAPSEQO) AV(bFA=0.O
b9 X6=Yl*TAN( (90.-AV6FA)/57.6)
60 XA=X1+Xb
61 ZL=FLAP1+FLAP2+FLAP3
6,2 IF(ALPHA1.LT.0*0) GO TO 24
63 c
64 C E8IF WITH ALPHA1 (,E 00*****
65 C
6b 1FCALPHA1.LEsO.U) GO TO 28
67 XC=Yl/TAN(ALPHA./57,3)
68 IF(XCo(7Eo~l) GO, To Ph
69 XPY/SIN(ALPHAl/57,3)
70 ALPH=ALPHAJ
71 60OTO 26
72 28 ALPH=ALWHA1+AV($iFA
73 PHI~lM0*-ALPHA1-AVb.A
74 XP=SIN(AV($FA/57.3)*XA/SIN(PHI/b7.3)
7b XH=XP*COS(ALPHAl/57.3)
7b ,fE1=ZL*COS(AV6FA/b7,3)+Xl
77 If:(XH.($E.XE1) 6$0 TO 90
78i GO To 2b
79 24 CONTINUE

81 C EBF WITH ALHHAl LT 0.0*******
82 C
86 ALI'H=AV$F"A+ALQ-HAl
84 PHI=180.-AVGFA
bb XI':SIN(t-HI/57)*XA/SIIN(ALI'H/b'7.6)
86 XH=Xp*CoS(-ALH'HAl/b7.3)
87 XE1=ZL-*COS(AV(iFA/b7o3)+Xl
Am D>(XH.($E*XEI) GO TO 'Q0
H84 26 CONTINUE
90 ($0 TO C12#13P12)t NOPTJ
(41 12 DH=HL)
92 L)E=:L)LUI v
93 IF(VACLr.0.1) DIR=0.089*(XP-XO)/DE

9b 2 SOIRT(LAM*(LAM-1.)))*((P-X)/lE))
96 D1IL)IR*DE

(47 AI=3,14*tDI*Dl/4,
98 (0 TO14

100 UH=HU
101 IF(VAC.LT.0.1) HIR=0.109*(XP-X0)/HN0/i
102 IF(VAC.($T*0.1) HIN=0.109*( (XP-XO)/HNOZ)/(1.+(0.nl/SNPT(LAM*
106 2 (LAM-1.)))*qONT(()Q'-XO)/HNOZfl
104 H1=HIH*HNOZ
lob AI=WNOZ*Hl
lot) UI=H1
107 14 CONT'40t.-
108 A=4*O
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*1 IMP IN(U

109 IF(NOPTJ.EQ.?),A=4./(l.*+(8./3.)*(DE/U)H-1.))
110 V114i(.+((0.15*XP)/(XCN*DE*SORT(1.+MJ)))**A)**(-1./A)

112 C
113 C CALCUJLATE OASPL A DIRECTIVITY EFFECTS
114 C DIRECTIVITY FIRST CALM't IN FLYOVER PLANE.
115 C THEN CORRECTED FOR ELEVATION

116

* I118 IF(NOPTS*Eq*3*ORNOPTq.EQo6) THEON6=36O.
11~4 1 -ALPHA1-A?MANG
120 IF(NOPTSEQ.2) THEPN6=AZMAN(5-ALPHAl

121 THTALP=ALPH+THEPNO

123 ELVDB=iIRC(THTALPpTHEDIRPELVDlRplbp2)
124 THEDM=ELV0F1*COS(ELVANG/b7.3)
125 OASHL=OA~wL+ATHEDB-THEDB
126 C
127 C CALCULATE SPECTRA
12H C
129 D0 17 J~lo24
130 SN=F(J)*0I/(VIP*SQRT(SIN(ALOH/b7,3H))
131 IFCSN*LE*0*08) DEL=37,37*ALOG1O (SN) +l5*b9
132 IF(SN*ciE*09b) DEL=-l5*3K*ALOG10 (SN)-2?*O
133 IF(%NGT.0,08.AND9SN.LT.O.6) t'EL2GIRC( SNMSNpPLflAp,42)
134 SPL(J)=OASPL+DEL-20.*ALOGIO(STOD)-ALPHA(J)*(STOD/109O.)
13b 17 IF(SPL(J)oLT*0.0) SPt(J)20.0
136 CALL LOPLER(SPL)
137 DO 92 J~1,24
138 A2 SPLLf3pJ)=SP-(J)
139 90 CONTINUE
140 RETURN
141 END
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1 StJBROLJTINE WALJtT(SPLL)
2 DIMENSION SPLL(6p24)PTHEUIR(15)),ELVDIR(I1h)p

3 2 SPL(24),AN(OLE(37)PDEL(37),OAS90(17)*14 REAL LSNPLOG3ST(17)
5 ~COMMON POPTSPNOPTJPP (24) pALP'IA(24) pSTODPALTPA7MANGpELVANGt

6 2 VAPPtOD(IItEIIP;AIFA~FA.pLJbt-.A2
7 3 FLPAG3,TTEOHNOZPWNOZVJWNOZHWN7WNO7ANOiN07,AN6WNZNRFU,
m 4 NR1,NR2,NR3pHSLOTPEJLEJANGPWF -PHDFP r-,TREATFTREATN.P'IT,
q 5 OTIJRbMLADESTRPMPPCTHPSAPA~,THICK.NOTAI3CSHPDP1Mi)ANIN#

*10 6 DANOUITX1,'f1VTIPTVJPRIMVJSECTTPRIMTTSECPXCNPTTNO,HI)
11 7 PALPHAlPTREATT
12 DATA LoGS)T/-1.6,-1.4,-1.2,-l.0,-O.8,-O.6p-O.4p-0.2p
13 1 O.0O.2e0.4p0.bpO.8p1.0,l.2.1.4,1.b/
14 DATA 0AS,90/-32.4,w2H*3p-24e4p-20.6p-17. 1e-14.4.-12.')p
15 1 -11.2,-10.7,-10.7,-11.S,-3o2-lbo5-lM2,-21.2p24.5,-?.7.6/

16 DATA ANGLE/0qp10.,20.e3,p40.p50O., 70.e80.p90.e10'%,It9..
17 1 120.e.l30. .140. .150 l60. .170. .180e.l90. 200. 210.t'-,0.'
18 2 230. .240. .2b0. 260.. 270. .2809 290at3gn.,t31l. .620..
19 3 330*p340*v3b0.,360*/

21 2 -0.2.1 . P-1.7#-2.9,3o9,4.,5p-9.5p-b.3p-b.5.-7.6p-4.99
22 3 -l2,9,-l7.#-24*4p-35*4,-35*8p-37*,-37*b,-37.2,-j6.,t-3").bp

*23 4 -33*2p-28.p-19*p-13.,-9sp-6.)/
24 DATA THEDlw/0. .30 '60. .90. p195. .120..lbe .180.2l0g.
21 1 240*p270*,2M0,p3on..330.#360,/
26 DATA EL"IUIR/1.9,2.2,3.5.10.,16..14.,4.,2.p,7,
27 2 -2.7.-11..-1!.3,-5,0.5t,9/
2H C
29 C OASPO = 1-NC(LO6ST) SPECTRA~ SHAPE FOR N (%.NE 'JET NU1StE AT
30 SC 90 DEb FR NO? AXIS
31 C

*32 GAM1.4
36 R:5 3*34

rl34 GC=32o2
3b IF(NOPTS.L@.4) bO TO 4

. ,36 T=TrEO

8 GO TO b
39 4 T=TTWNOZ
40 U)=VJWNOZ
41 b TS=T-( ((iAM-1)*UJ*U.)/(2* *AM*H*(iC)
42 MJ=I)/SONT(,AM*H*TS*GC)
43 0EDE~thANJV
414 IF(VAC.(6To0*U) LAM=U/VAC
451 C ******* DE~TERMINE NO. OF FLAPS & AVEH FLAP AN6~*~*-
46 C
47 Nf'L APS~o
4H IF(FLAN1.(iT,090) N*-LAPS=1
49 IF(FLAP2.(,T,0,0) NI-LAPS=2

no IF0AP6,T.0,0) NFLAPS=3
51 IF(NI-LAP9,6.T*0) A~tA(-P~lFP~2FP~6/ LP
.52 IH(NILA'-.EQ.0) AV/63A=0.0

b3 IFNPc)tQ3UOcE ,,',oJSE46 GO TO 00
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5h C *******~**EHF COMFUTATIONS **i*****c**~
56 C****
57 XB:-Y1/TA(AVGFA/7. 3)
58 XA=X1+Xt3
59 ZL=.FLAl"1+FLA!2+FLAP3
60 IF(ALPHAleLTo'0,0) GO TO 30
61 C ******** ALPHAl OE 0.0 *****

62 IF(ALPHAleLE.0*0) GO TO 2M
63 XC=Yl/TAN(ALIPHAl/S7s3)
64 IF(XCoGEoXl) 60 TO 28

6b XP=Yl/SIN(ALPHAl/57,3)

67 GOTO32
68 2M PHI=180o-AVO tA-ALPHAl
69 XP:SIN(AVGFA/67.3)*XA/SIN(PHI/5793)

- . .0 IF(ALPHAleLE*0.0) Xt':XA
71 ~ SXP*SlN(ALRHAl/57*3)
72 P=(Yl-SS)/SIN(AVGFA/57o3)
73 XPRIM.L-P
74 IF(XPRIM*LE*090) 6O TO 90
7b G0 TO32
76 30 CONTINUE
77 C ******** ALPHAl LT 0.0 *********1
78 PHIm180.-AVGFA
7L4 GANMA=AVGFA+ALPHAl
m 8 RR=SIN(-ALPHAl/75)*XA/SIN((AMmA/b, )
81 P:Yl/SIN(AVGFA/5793)
842 XPRIM=ZL-P-RR
83 IF(XtPIM.LE.0.0) GO0 TO 90
84 XP=SINCPHI/57.3)*XA/SIN(GAMMA/5i7.3)

8b 32 CONTINIJL
86 6O TO (12p13t12)p NOPTJ
87 12 IF(VAC.LE*O.0) DIR=0*089*X/)t
818 IF(VAC*GT.O.O) DI=009X/))cQT1+02/QTLM(A-9
89 2 ) )*XP/t)E)
90 DI=DIH*LDE

.791 IF(XPRIM.LE*Dl) 60 To) 90
92 XPHIM=XPRIM-1-U
93 I80*33*XPRIM+leb*UE

A94 XPE=PRIM/JE
VI;4 915 F(XP~b..LTo0ob) XPDE=O0.b

** . 16 ELT=0*42*DE/(XtPUE)**0*7b
97 C0TO 10
98 13 IF(VACLE*0.0) HIR=O.o9D*XP/HN07
94~ lF(VAC*GT*0s9) HI=019X/NZ/1+D*W'/QTLM(A-0)

100 2 *S(QRT(XP/HNOZ))
101 HI=HIR*HN07
102 IF(XPNIM.LE.HI) 6O TO 90
103 XPRIM=XPRYM-HI
104 H=0*33*XPRPli+1ob*WN07
105 XPH=XQ~RIN/HN07
1oh IF(XPH.LT.O*b) XIJH=Oo5
107 O)ELTA=0*42*HNOZ/( XPH)**0.7b

*10A G 6TO70
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109 bO CONTINUE
110 C *********~*****i~*c**********

Il1 C ******* JSB3 F HYBRHID A ItiF/'iLC COMPUTATIONS*******~
112 C*****************K**************i**-
113 C EsF/1JSi a ISF/?iLC & HYt3RII) ASSUME SLOT NOZZLES
114 C
lib IF(AiYPHA1.(3T.0*0) XP=Y1/SIN(ALPHAI/57o3)
116 IF(ALPHA1.LT.0.0) (60 TO 90
117 XW=XP*COS(ALPHAl/b7e3)
118, IF(ALPHA1,LE.O.0.ORPNOTSE .4) XW=0.0
119 7L:FLAP1+FLAP2+FLAP'3
120 THET=2**AVGFA
121 RC=ZL/(TH-ET/57,3)
122 RLMX1-XW+7L
123 IF(RL*LE.0.0) 60 TO 90
1241 H=HN0OZ
12b IF(N0PTSE.A.4) H=H-WNOZ
12b WMWNOZ
127 1F(NO1JTSE(.l) W=WIVNOZ
128 DELTA=H*(0.b*S(QNT(RL/H)+H.*(Hi/NC)**2+02*(C*TH-ET/(H*b)7,3)1
129 DELTA=tH+DELTA)/2.
130 XF=ZL*CoS( AVGFA/57*3)
1.51 XLS=Xl+XF
132 M~W
133 70 CONTINIUE
134 C *******COMPITE 0AS'WL *****

13b C
13tb I(NO-TS.E(4.3.ON.NO'PTS.E(.4.)RNOPTS.EQb) OASPL~l0.*ALOG619(HL.*t
137 1 +80.*ALOG1O(U)-10b.
13H IF(NOPTS.EQ,2) OASIPL=10.*ALO"ilO(XPRIM*8H)M,0*ALU61uU~J)-10ob,
139 PSI1=AZMANG+AVGPA
140 IF( NOIRTS,EOo3.ORNOPTSEE(.4.U)RNPT.E(4.6) WSI1:3,O.-A/MANb-AV(i*
141 DIRECT=(GIRC(PSI1,ANGLEDEL,28P1)
142 ELVL)R=GIRC( PSI1l THEniripELVD)IR, 1),2)
143 THEDM=ELVI)H*COS( ELVANG/57,3)
144 0ASPLOA;0L+t)1RECT-THEDi
14b 00 61 J=1e24
146 LSN=ALOG10- (J) *DELTA/MJ
147 SPEC=G1RC(LSNvLOGSTP0AS90pl7v1)

149 M1 IF(SPL(J).LT,0*O) SPL(J)=090
44 11h CALL DOIPLEfR(SPL)

ibi no 82 J~lP24
152 82 SPLL(4#J)=SPL(J1
1b3 90 CONTINUE
154 PETUJRN

1bb END
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I SUHRQtJTINE WAKE(SPLL)

2 DIMENSION SPLL(e,.2'fpVTER(9)fXIPR(q)?
3 2 StL(2Lf)ANLE(19),VAL1(19),OAS90(17)
'4 REAL LSNrLOGST(17)
b COMMON NOPTSNOPTJF(?4)PALHA(2Lf) STODALTAZMAN6,ELVAN6,
6 2 VACDPLIJGDEGJIVVERJIVFLAPPFLAP2,FLAP3,FLPAG ,FLPA2
7 3 FLPAG3,TTEQHNOZe WN07,VJWNC'ZHWNOZWWN07, AN6NOZ, AN6WNZPNRFD.p

*8 '4 N~lNR2,NR3pHSLOTPEJLEdANGWFFPNFDFPTpTREATFTREATAP'I T
9 5 DTIJRBPHLADESpTRPNMPPCTPPSAPARPTHICKPNOJTAPMCSH.PFDPRIMPDAKIINP

10 6 DANOIJTFp lVPVTIPTPVJPRIMPV4JSECPTTPRIMPTTSECXCNPTTWNOZPHI)

11 7 PALPHAIPTREATT
12 DATA VTER/.9lp.91p.9,.89p.85,.8P .75F.68p.62/I: 13 DATA XPR/.5p1, el.5t2.'2.5e3. p3.5p4. 9Lf5/
14 DATA LOCST/-16.-1.4,-1.2,-1.0,-0.8,-0.6,-0.4,-0.2,
1'l 1 0.0,0.2.0.4,0.6e0.8p1.0e1.21.'4,1.b/
16 DATA OA9/3*#2ot2ot-06-7l-44-2b
17 1 -19p 0l-07-l5-32-~~-~~-1?-43-76
18 DATA ANGiLE/0.,10.p2.e.30.e'I0.pb0,,l,0.,70.pM0. p90.,100.,110.'

* 19 1 l20opl30.pl4.0.,150.p16O.pl70.elR0./
20 DATA VAL1/-7,v-6*p-5o5 ' -5op-4ep-3#5,-2o5p-2ot-1.,o5v
21 1 1.5e3. p4,bv6,p7,p6. p4s5p3. p./
22 C
23 C
24 GAM1L4
25 R=53934L1
26 6C=32*2
27 lF(NQwTS.oCQ.4) GO TO 3
28 T=TTfl
29 Li=VEfUIV/
30 GO TO 4
31 3 T=TIWNOI
32 tf=VJWNOZ
33 4 CONTINUE
34 TS=T- ( C6AM-1 o) *1J*t)/ (2. *GAM*R*(iC)
35 MJ=tJ/SQHT(GAM*R*TS*GC)
36 ll (NOPTS*tEQ') 60 TO 12
.37 DE=DEQ~IIV
3H DH=H0
'19 60 TO13

40 12 AN=WWNO7.*HWNOZ
41 UE=SQRT(4o*AN/3. 14)
42 DH=4o*AN/ C29*WWNUZ+2.*HWNOZ)
43 13 CONTINUE

j44 A=4*0

46b C ******* DETERMINE NO* OF FLAPS 8 AVER FLAP AN6****
'47 C<'148 NFLAPSZ0
49 IF(I-LAP1.GT*090) NPLAPSIl
h0 IF(FLAP2,GT.0.0) NFLAPS=2
b1 IF(I-LAP36To0.o) NFLAWS=3
b2 II- (NFLAPcs.GT. 0) AVG3FA=(CFLP~bl+FLPAG2+F-PA63) .'NFLAPS7%53 IF(NFLAPS*E~.0) AVGFA=OoO
&)4 IFCNOPTS.E0,3.OR.NOPTS.E0,4.()R.NOPT5.,EOb) GO TO 60
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bbC

5A XH=Y1/TAN(AVGFA/b7.3)
bq XA=X1+XB
60 ZL=FLAP+FLA2+ ;LAP3i

61 IF(ALPHA1.LT.O.0) 6O TO 30
62 C ******** ALPHAl GE 0.0 *****~

63 IF(ALP,4Al*LE,0.0) 60 TO 28
64 XC=Yl/TAN(ALPHAl/bl*3)
6b IF(XCoGEoXl) GO TO 2M
6e) XPRIM=ZL+(Xl-XC)
67 XPY/SIN(ALPH-Al/b7,3)
68 GO TO 3?
69 2M PI1180.-AVGFA-.ALPHAj
70 XP=SIN(AVGFA(57.,i)*XA/IN(PHI/b7.5)
71 IF(ALPHA1.LE.0O) XP=XA
72 rS=XP*SIN(ALPHAl/57*3)
73 P=(Yl-SS)/SIN(AVGFA/57*3)
74 XPRIM=ZL-P
7b IF(XPRIM*LEi.090) GO TO 90
76 GO TO 32
77 30 CONTINUJE
78 C ***4***** ALPHA1 LT 0.0 *****

79 PHI=18O.-AVbFA
80 GAMMA=AVC4FA+ALPHAl
81 RH=SIN(-ALPHAl/b7,3)*XA/SIN(GAMMA/b7.3)
M2 P=Yl/SIN(AVGFA/5~7o3l
83 Xt'NIM=ZL-P-RH
84 IF(XP'RIM.LE*0*0) 60 TO 90
Mb XP=IN(H/97,5)*XA/XIN(GAMM /b7.3)
Mb 32 CONTINUEt:
87 VIPR=(l.+((0.1b*XP)/(xCN*DE*S(QNT(1.+MJ)H)**A)**(-1,/A)
88 V1w=V1PR*U
M9 XPODZXPRIM/)E
90 I/TEVIP=(GINC(XPODXPRVTER,9#1)

* 91 VTE=VTFVIP*VIP
42 60 TO ( 3LF4P63)p NOPTJ
93 33 H0..56*XPHIM+l.b*DE
94 XPUE=XPHM/)E
95 IF(XPIDEoLT,0.b) X}'DE=0..'
9b IELTA=0.42*D)E/(XIPDE)**0,75
97 (i0 107 0
9A 354 b=0e3.5*XPIM+l.b*WNOZ
99 XPH=XPR IM/HNOZ

100 IF(XWH.LT.0.b) XWH=1O0b
101 DELTA=Oo42*HNOZ/ (XPH) **0.75

102 6O TO 70

104 C****************************1*E
2.05 C *******ISt t HYBRID & IBIF/RLC COMPOTATIONS

107 IF(ALPHA1.GT.0O) XP=Yl/SIN(LPHA17.3)

108 IF(ALPHA1.LT.O09) 60 TO PO
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109 XW=XP*COS(ALPHA./b7o3)
110 IFCALPHA1.LE.0.0.ORNPTSEG.4) XWO0
ill ZL=FLAPI+FLAP2+FLAP6
112 THET=P,*A :FA
113 HC=ZL/''Hh.T/b7,3)
114 RL=Xl-XW9+ZL
lib IF(RL*Lto0*0) 60O TO 90
116 W=WNOZ
117 IF(NOPTS*EQ*~4, W=WWN07
118 H=HNOZ
119 II-(NOPTS*EQ*4) H=HWNOZ
120 DELTA=H*(0.b*SQIRT(NL/H)+8.*(H/NC)**2+0.2*(RC*THET/(H*5193) 1)

121 VTE~l 1
122 *-=7L*CoS( AVGFA/b7*3)
123 XLS=X1+XF
124 H=W
12b 70 CONTINUE~
126 C ******i'CJMP(ITE OASIPL *****

127 C
128 OASPL=109*ALO(,10(DELTA*8)+80.*ALOG1lO(VTE)-111.0
129 DANG=AMAX1 (-LPA(j1FLPAG2,FLP~(,3)
130 PS1l=AZMANG+0Atq6
131 I)~C=ICI~lAGEV~o~l
112 0ASPL=0ASPL+UIPFCT
1311 UC) Ml Jm1.24
134 LSN:ALoJt(J)*0hLTA/VrE)

l~b SPEC=GIRC(LSNLO(3TOAS90,17p1)
136 S LJ=AP+PC2,AO1(SO)APAJ*SO/01*

138 CALL DOD'LER(SPL)
134 D0 82 J=1#24
1uO) 82 qPLL(bpJ)=SPL(J)
141. 90 CONTINUEr
142 RETURN
143 END
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SUBROUTINE TRAIL(SPLL)
2 DIMENSION SPLL(6e2'flPVTER(9)pXPR(9)IPSTN(1b)pDEL(16)
3 2FSPL(2'fl
4 COMMON NOPTSPNOPTJF(2I) ,ALIPHA(24) ,STODPALTPAZMANGELVAN.P

15 2 VACUPLtJGPfEUIVVEQ(JIVPFLAPlFLAPpFLAP3,FLPA(ilFLPAG2,
6 3 FLPAG3pTTE~iHNOZPWNOZVJWNOZPHWN07,WWNOZp ANGNOZANGWNZtNREDP
7 4 NR',NR2,NR3,MSLOTEJLEJAN(5,WFFP~PR OFrTFTRFATFPTPEATAPPT,

8 5 9T~FLDSTPPCPSPRTIKNRAHFHP1RMDNN

10 7 PALPHIA19TREATT
11 DATA VTER/.91p.9lp.9p.89p.o35,.8,.75,.68P.62/
12 nATA XPR/.5pl.pl.5p2.,2.5p3.p3SpLIop4.5/
13 DATA CSTN(I.),I~1pl16)/.bp.7,.8p.9p1.pl.1.1.2e1.3e2.p4.p7. plO.'

19DATA (DLrP=P6/X*p1*?-lo#loplo-ll-l~
16 2 20.:Lfoip20*p:0:iM9:/,...,...*7-469p-0,

19 GAM=1*4
20 TUR8:0 o0
21 IF(NOPTS.EG.3.OR.NOTSEQ.4.OR.NOPTSEQ*.6) TIJRR=(-4o0)
22 R~b3o64
23 GC=32*2

* 24 IF(NOPTS.EQ'f) GO TO 3
*25 T:TTEG

*26 1i=VEQt)IV
27 GO TO4
28 3 T=TTWNOZ
29 (J=VJWNOZ

430 4 CONTINUE
31 TS=T- ( (6AM-1.)*IJ*I) /(2 *GAM*R*GC)
32 MJ=U/SQRT(GAM*R*TS*GC)
34 IF(NOPTS.E.LI) GO TO 12
34 DE=DEQ I IV

39 UH=HD
36 GO0TO13
37 12 AN=WWNOZ*HWNOZ
3?M LE=S0T(49*AN/3*14)
39 IOH:4.*AN/(2.*WWNOZ+2.*HWNOZ)
40 13 CONTINUE
41 A='4*0

43 C ******* IETLNMINE NO, OF FLAPS & AVER FLAP~ AN(.- **'~

4bC

i*46 IF(FLAPloGT,09O) NFLAPS~l
47 IF(FLAPR.GTO90) NgLAPS=2

48 IF(FL.AP3,OT*0.O) NPLAPS23
49 lF(NFLARS.GT.o) AVGFA=(FLPAG1+FLPAG2+F;LPAG3)/NFLAP5
50 IF(NFLAOS.EQ,O) AV(UFA=0.0

b~lIF( NOPTSoEQ.3. OR.NODTS.EQ.4.OR.NOPTS.EQ.6) GO TO 60
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§5 X8=Y 1/TAN(AVGFA/57*3)
56 XA=Xl+XMi

N7 7L=FLAtP1+ FLAP2+FLAP3
bt3 IF(ALPHAILT.0.O ) GO TO 30
59 C ******** ALPHAI GE 0.0******
60 IF(ALPHA19LEs0.0) GO TO 28
61 XC~yl/TAN(ALPHA1/b7s3)
62 IF(XC.GEXl) GO TO 28
63 XPRIM=7L+(Xl-XC)
64 XtPY1/SIN(ALPHA1/57e3)

65 GO TO 32
6b 28 PHI1180-AVI-A-ALPHA1
67 YP=SIN(AV6FA/b7.3)*XA/SIN(PHT/57.3)
68 IF(ALPHA1.LEsOo0) XP=XA
(-4 SS=XP-*SIN(ALPHl/5,793)
70 P=(Y1-SS,-)/SIN(AVGFA/57*3)
71 XIPRIM=ZL-P
72 IF(XPRIM*LE*..0 GO TO 90
73 GO TO 32
74 30 CONTINUE
7b C******** ALPHA1 LT 0.0******

?b PHI=180*-AV6FA
77 6AMMA=AV(0-A+ALPHAl
7H NP=SIN(-ALPHAl/b)793)*XA/FIN(3AMMA/51,3)
79 P=Yl/SIN(AV3FA/b7,3)
80 XPH1M/L-11-RH
H1 IF(XP4IM*LE.0*0) GO TO 90
82 XP=SIN(PHI/57.3)*XA/SIN(GAMmA/57.3)

81 2 CONTINUE
M4 VIPN:(1.+((0.1b*XP)/(XCN*1)E*S(QRT(1+MJ))H**A)**(-l./A)

W.3 V1P=V1PR*1U
m8h xwoL)xpRIm/I)E
87 VTEVID=61RC(XPOOXPNVTER#9pt)
88 VTE=VTEVIP*ViP
t39 GO TO (3,.iP4 P,5~ NOPTJ
40o 3 5 B= 6.* X PR I+.I*DE
91 XPDE=XPRIM/ULE
92 IF(X~t)E.LT.0.5b) XPDE=0.5
93 I)ELTA=0. 42*th/ ( XPrE) **0.T7h-
94 (U O70

* 'b 34 b0.35~*XwRIM+1.5*WNOZ

~;x.96 Z WH=X PPRIM/ HNO I P~ .

Y8 I)ELTA0e42*HNO0Z/(XPH)**o,7b
qq (20 TO 70

109 bo CUNT I N1 J
101 C **4***********~*******~***

102 C US o**~**~IS HYBRID 14 IBF/8LC COMPUTATIONS****

7,104 1FPfALP~HAGT.0*0) XPY/;NAQ~/-76
lob IF(ALPH~l.LT.0.0) GO TO 90
lot XW=X J*COS ,)( A LPHA 1/P)1,6)
107 Ih-(ALPH.41,LE.0O,OR.NOPTS.En.4) XW=0.0
10ti /L=Ft-l'l+FLAP;2+FLAVP3
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109 THET=29*AVc3FA
110 RC=ZL/(THET/57o3)
ill HL=X1-XW+ZL
112 IF(RLqLti.O.0) 60 TO 90
113 W=WNO?.
114 IF(NOPTSoE~o4) WZWWNOZ
11b H=HNOZ
116 IF(NOPTS*EG.4) HZHWNOZ
117 OELTA=H*(0.5*SQRT(RL/H)+8.*(H/RC)**2+0.2*(RC*THET/(H*b7.3) ))
11d VTE=IJ
119 XF=ZL*COS(AVGFA/57*3)

*120 xLs~xl+XF
121 W
122 70 CONTINUE
123 C *******COMPWrE OASPL ******

.12b OASPL=0*ALG10(VTE)+10*AOGU3*1,)ELT)-.+TIRB3

126 IF(NFLAPS*E~o1) PSIl=(AZMANG+FLPAG1)/b7*3
127 I(NFLAPS'EQ..2) PSI1F=(AZM-AN'GFLPAG2)/b7*3
128 IF(NFLAPS*E..3) PSI1=(AZMANG+FLPAG3)/57,3
129 )IRECT=COS(PSI/2)**2)*(Oo")+Oo5*SIN(ELVANG/57*3))
130 IF(DIRECToLE90*0) OAS0'=Lo0.
131 IF(DIRECT .GT.0.0) OASQL=OASPL+l0**ALQGl0(DIRFCT)
132 IF(OASPLeLTO.0) OASPL=Oe0
133 DO) F1 J~le24
134 SN=F(J)*DELTA/VTE
135 IF(SNGE.0,6) SPEC=GIHC{SNsSTNDEL#l6,1)
136 IF(SNeLT.O.6) SPEC=24o67*ALOGlO(SN)-8o83
137 SPL(J)=OASPL+SPEC.-20.*ALO610(STOD)-ALPHA(J)*(STUD/1000,)
138 MI IF(SPL(J).LT*090) SPL(J):0.0
139 CALL DOPLER(SPL)
140 DO 82 J:1,24

14 82 SPLL-(b J) =SPL (J)*1 142 90 CONTINUE
143 RET6*RN
144 END
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1 5UBRI~OJTINE APU I NLAPIJ)

2 COMMiON NOPTSPNOTJFt24) ,ALPtiA(24) PSTODPALTP AZMANtOELVANGP

I3 2 VACFPPLUG ' DEGIJIVPVEGIJIVFLAP1,FLAP2,ILAN3,FLPAGlPFLPAG52P
L4 3 FLPAG3,TTECOPHN0ZPWNOZp VJWNflOZPHWNOZPWWN'OZtANGNOZP ANGWNZP NRED
b ~4 NRIPNR2r NR3eHSLOTPEJLPEJANUpWFFPPRFeDFpTFPTREATFPTREATAtJNT
b 5 UT1JNb,8LAOESTRPMPCTPSAIRTHICKNt)PTAMC, SHPtfPRIMUANIN
7 6 DANOUTX1,PYIPVTIPTVJPRIMIJSECTTRIMpTTSECXCNTTWNOZI)
a 7 PALPHAIPTREATT

I 9 IF(NOPTA.E0.2) GO TO 5fl
10 PNLAPti~lO3.0+0.11*BC-s20.*ALoGl0(STOl)
11 RETI JRN
12 b,0 INLAPJ160+0.106*SHP-20.*ALOGIO(STofl)
13 RETURN

14 END
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EGA

1 SUBROUTINE EGA(EGSP~L)
2 DIMENSION E(USPL(24),XDIST(19)tXANG(4),VAL(4,19)VAL2(4l,9),
3 2 VAL3(4l,9),VALI4(4lf9)PVAL5(4.,19),VAL6(d+,19)
4 COMMON NOPTSNOPTJF(24) ALPHA(24) STOD.ALT.AZMANGPELVAN3.
5 2 VACeDPLU(iDEOtJIV, VEQUIVFLAPI1r.LAP2,FLAR3,FLNJAG31 FLPAGi2e
6 3 FLPAG3.TTEGOt1NOZ. WNOZVJWN0Z.HWNOZPWWN07. ANGNOZ, ANGWNZ, NRftJ.
7 4 NRItNtR2,NR3,MSLOTEJLEJAN(UWFFPRF,0FTFTREATFTREATANRT,
8 5 OTtiRBILADESTRPMPCTPSA, ARPTHICKNOPTA13CPSHPPDP-RIMPDANIN,
9 6 UANOUT.X1,Y1,VTIPTVUPRIMPVJ',ECPTTPRIMTTSECXCNPTTWNOZHD

10 7 PALtPHAI.TREATT
11. DATA XU)IST/0.0,I00..200.,300.,4.00.,500.,600.,f09.,00900..O~
12 2 lOgQop125O*pl5OOopj750.p2OQ9.p25JQ*p309!jog3500,#4000./
13 DATA XANG/O.O,1O,0*2O.0t30,0/
14 DATA (,(VAL4A*NZ.PNX)PNX=1,19),NZ=1,4)/ op,0.590.5Q8,09.1.0,p

*15 2 1.gl*t. lBo*.~3*p'pop4~464~~~ 00.0.9.
16 3 oOO.0P.0O.pOtp.0.Q.0.QO.0.O.0.0.0.O.9.1.0.*lO20.b3..0..1 2.
17 4 1.8 0P00D00000.1,1.0o1# 0,2#0, it0*405p ..b#.bt 0*5F
18 5 0 ' bF0.95P0 7.0 , *t.9p 00 ,0.0o,0.9,O.po00.0..0.Ot,0.0,0.0.fl.0,p
19 6 0.0,0.0O.O0.Q0000*00.0.0.0f~oojo~/
20 DATA ((VALR(N~fNX),PNX=1,19),NZ,l4)/ 0.0.0.7p1.0#1.08.1.34.
21 2 2.O,2.O,2.1,2.o3,2.o8,3O4Op4.6ph.2,6.O,6.H,7.0,7.0P 7.0.
22 3 O.O,*0 .O ~~~~~O.O0000000O.~2,0.3.0.4,O.9,0.9.1.0'1.1.1.2,1./H

*-23 4 2.0.*O2.5,3.0 O.QO.O04.,008p,l16,0.2,0.2,0.2~o.3Q.LI8,o.64,
24 5 0.76Fq*8,O.84vO.8HO. 96g'1.O.1.22Fl.42.1.9mv 00.00.00 .Q.ooo
2b 6 O.OO.OO0OOOOOOQ0O.O.~~~~~OOOO,OOO0..,00O. 0./
26 DATA ((VAL3(NZPNX) .NX~119) .NZ~1.4)/ 0,00,9Flo2o1.3hp1.7Hp2e5,
27 2 2.3,2.~,3.1,36Lf.0.5, j,6 *Q,6*9,7,5 p9 6,Q*0,t*2 '4.2, 0.0, 02bp
28 3 0.2b,0.29,0.33P,5?,9.1.01.l.1,1.pl2.1.7.1 .9,222?7.3.0.
29 4 3.'5.b4.0, 0.O,0.1,0.16,0.32P,.4,0.4,0.L,0.160.6hp,0MI192.
30 b 1.1. 1.18, 1.26.1.42,.5.1.74.2.04.2.26. 0.00,900.,00,0099900
31 6 .0.0.0.0. 0.0.0,0.0.0.0.0F..0.0.0.0.0.0.0.00' 0.0.0./
32 DATA ((VAL4(NZ,NX),NX~l,19)PNZ1,lp4/ 0.0p1.,lJl4p.b.4v222390s
33 2 3*10 o5,4..OP4 5,b.0,6.3,7.60i.M,9.8,10.#8,1l,11.2,11.2# 0.0.
34 3 0O.ObeOb,')O65pe3..01.2.1.5' e1.8 9,2.0p,4.2.M,3.1.3.3,4.0,4.3
35 4 #590,b~bp 0.0,0.12,0.24,0.4.8,0.6.0.h,0.6.0.74t..4..2. 1.2M,

*36 b lo4.,*5 2p, 6 4 ,1.8m,2 oQ, 2 26,2o6bp2* 4  Posopoeo0*0p0oe0.0.'J.()
37 6 .0O000.0.0.0.oo0.00000.0.0.0000.9.9. .0.0.0to/
38 DATA ((VAL5(NZFNX)#NX~lvl9)tNZ:1,4)/ 0.Q,1.3ple6o1.q2p2.6hp3*2p
39 2 3.6,4.2,4.9b.5,6.0.7.8,9.0,10.2,11.2.12.3.13.,1 i.5.13.d.t 0.0
40 3 P0.7bp,75,0.7b,0.48,1.5, 1.9,2.1,2.b,2.8e3.0,3.7,4.0,4.3.4.M,
41 4 b*3tb.Oi6.bp7#0p U.n0,l18,3?,a*64,0.8,Q.8,9*M,0,q2,1.023..36
42 5 ,1.b4.,1.7,1.86,2.02,2.34.,2.5,2.78,3.28.3,69, 00,00.0,O.'.),l~
4.3 6 0.0,0O,0.0,toO.00000,~OOOOO.0.,O.00.0..0.00,0..0.0
~44 DATA ((VALb(N7,NX)vNX~lt9),N7=1lv4/ 0.9,1.St,M2.2p3.1,4.O.4.br
45 2 b.1,5.8,p6.4.70,p4.1, 10.8.2.Op13.0. 14..014.M,1'.1, 15.2. 0.0,j]46 3 l*p*#*?*v*p*p*v .63M~l~qb361637.1 .7,q
47 4 8.3p9.0p 0.0,9.2,0.4.,0.8.1~.01.01.0,.l,1.2,1.b,1.820.2.,'t
48 5 2.4p2.8.3.0p3.3# i*9t4*3p O.0p,p0.0o,0,.0p0.0p0.0op0.0,0.9,
49 6 0.0..0,O.0.POQ.0.00.O.0'OO.0'0.0*/

I: 50 (LISTcQT(STOD**2-(ALT-4.0)**2)
AN(.LE=ASIN( (ALT-.)/TD

52 UDIST=96 0/rIN (ANGLE)
b3 DIST=AMlNl(ST0DoJDIST)
b4 DO 10 I~1.24
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6 6A

b5 10 EGSPL(l);:0,0
bb ANG=ANGLE*b7.29b7*795

b7 XF(AN~,,GT.0.O0) GO TO 30
58 ~00 20 1-i24

59 IF(F(I).LT*75,0) EGSPL(I)0TA2(DISTANGXDISTtXAN,19~l~l,1

61 F(I)GT: bOsANDF(IT15 0) EGSPL(1)=DTAH2(DISTANGP
62 2 XOISTP)XAN5,19,~l,1e1VAL2,4p.IERR)
63 IF(K(I).GT.1SO.O.AND.F( I) .LT300.0) EG9PL( I)=flTAA2(DIST#ANGo
64 2 XDISTvXANG19p4p,VAL3p ' XIER)

IF(F(I).GT.300.0AND,i'(I).LT.6Oooo) EGSPL(I)=()TA82(DISTvANG#
I 66 2 Xr)ISTPXANG,1q~t4,1,1,VAL4,LIIRP)

67 IF(F(I).(GT,600.0.ANDoF(I).LT.1200Q.Q E(GSPLWD)MTA2(DlTAN,P
68 2 XDIST.XANG,19L4,1,1,VAL~pL4eIERN)
69 IF(F(U.(0T*1200*0) EGSPL(I)=UTAB2(DISTPANGPXDISTPXAN(ipl9,4,

*70 2 1llVALbt4tIEHR)
71 20 CONTINUE
72 30 RE.TURN
73 END
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1 SWHtROIITINE GRE(GRSPL)
2 DIMENSION (3HSPL(24)
3 COMMON NOPTSNOPTJF(2)PALPHA(24)P STODALTAZMANGPELVANG,
4 2 VAoPUiD~)VVGIPL~oFA~FA~ L3~lFP~~
b 3 FLPAG3, TTE~tHNOZPWNOZPVJWNOZtHWN)ZP WWNOZANGNOZ, AN(bWNZpNtkLOP
6 4 N~tRt,3HLTELEA~PFoRtFTPRAFTtAAP~
7 5 DTIJRt~,bLADEt*RPMIJCTtJSAARTHICK, NORTAPiCSHPDI'RIMOANIN,
8i 6 DANOITPX1,YlVTIPTVJPRIMeVJSE-^pTTPRIMtTTSECPXCNTTWNO?,HD
9 7 PALPHAIPTREATT

10 GDIST=SGRT(STOD**2-( ALT-4.0)**2)
11 IF(ELVANG.GT,*O.3) PORDO='4.*GDIST/(ALT+4.0)
12 IF(IiLVAN(i.LT.0.3) PORD-w=GOIST/2.O
13 PORD~iGDISTl-PORDO
14 R0=$)ToD
15 HHSR(**+OD*2+OTAT*+OD*2

16 IF(hLVANG'.OT.89.8.AND.)AZMN.Ge~T8.8.'ADAZMAN(.LT90'c3) HN:RD+.00
1? Z=P*R/RD

19 C=1116 00
20 AL=O *72b 70190 3
21 HETA=6. 02456O92
22 00 10 I1024
23 XLAMDA=C/F(I)
24 AI=AL*DR/XLAMDA
25 SliBETA*DR/ XLAMDA
2b biRSPL(I):10.*A.LUc311+1/Z**2+((2.,Z)*(SIN(A1)/Al)*COS( 3)))
27 IF(cRSPL(I)*LT.-30*O) GRSPL(I)=-30*0
28 10 CONTINUE
29 RETURN
30 END
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SHIELD)

StJB QVTIE $t IE D( LP 0 SDBH pD ,F L VA

2 D ,IMIENSION F(2'+)POELSPL(24)
3 REAL N

- 5 C SO = DISTANCE FROM SOURCE TO HARR4IER OR WING (FT)
6 C
7 C SH = BARRIER HEIGHT (FT)

9 C 00 = L'ISTANCE FROM HARRIER TO 01KSERVER (FT)

11C
12 C CALCULATE ESTIMATE OF WING SHIELDiN; EFFECT

14 CONST=(SD*(SGRT(l.+((H*H)/(D*S)-1)+*(SQT(1+tiH*3H)/

lb 2 (OU*))))-1.))/5b7.5
lb 00.10 Xlp?'4
17 N=F(I,)*CONIT

is ~IF(N.LEp10.0) AE3=10.*ALOGlO(N)+1O.

20 DELSRJL( I)AE3*';IN( ELVANGi/57.295779b)
21 IF(IELSPL(1)eLT*.o.) DELSPL(I)0.0U
22 10 CONTINUE
23 RETURN
241 END
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FWDSPUL

1 SUBSROUTINE. FWOSPD(r)LLDMF)
2 DIMENSION XLS61(3),XLSb2(3),XLSM3C3)PXI)Sb3(3),XAW(2,3),XELvI(J),
3 2 XFLP(2)
4 COMMON NOPTSPNOtJTJF(24) #ALPHA(24) iSTOD, ALTu AZMANGPELVAN3v
5 2 VACUPLUGDEOIJIVVE(4IJlVFLAP1PFL4I2,FLAP3,FLPAG1,FLPA3i2,
6 3 FLP4i33,TTEGHNOZ, WNOZVJWNOZHWNOZPWWNO7, AN(3NOZANGWNZNNEDt
7 4 NRlNIR2,NR.~,HSLOTEJLPEJANGWFFPPRFPDFTt TEATFTEAT4,IJT,

85 DTU)RHBLADESPTRPMPCTPPSAPARPTHICKNOPTAE3CSHPDPHIMPDANIr~p
I)' IANOUTPX1,YlVTIPTVJLJNIMP%/JSECPTTPPIMTTCPCXCNPTTWNOZPHU

10 7 PALPHAlPTREATT
11 DATA XLSI1/1.3,L4*2,6.1/
12 DATA XLSR2/0*R5p,.50b/
13 DATA XLSB3/-n.'PeI.8 P490/
1'4 DATA XlISB3/O.0,099v,.8/
15 DATA ((XAW(NZPNX),NX2lp3),NZ=1P2)/O.og,1.0,18pO.OpI.0,t-1.8/
lb DATA XELV/0.0p30#OP9090/
17 DATA XFLP/3b*0P6540/
18 P0WER=0,9
19 GO TO (l00,200,4n0,100,300,t400),NoPTS
2f) 100 POWER:'5,0
21 G0 TO 500
22 200 IF(i;LAP1.GTe0*0) POUWER=GIRC(ELVANGXELVXLSM1.3,1)
23 IF(FLAP2.GT*0.0) POWER=3IRC(FLVANriXELVPXLSM2,3,1)
24 IF(Fl-AP3.(iT.0,0) POWE =IRC(ELVtANtpXELVXLSR3,.5,1)
2b GO TO 500

*26 300 POWER=DTAH2(ELVANGPEJANGXELVPXFLPP3p2pl,1,XAWP2pIERR)
27 60 TO 500
28 400 POWER=GIRC(CELVANGP XELVP XtIS,3p 1)
29 bOO IF(NOPTS*EfQ.4*OR*NOPTSEn.b) GO TO 5bO

*30 ANGLE=AN6NOZ
31 VEL=VLIIIV
32 6O TO b60
33 bbO ANGLE=ANGWN7
34 VEL=VJWNlZ1: 3b 560 CONTINUJEGOT O

*37 UELIJM -10.*POWER*AL0G310( l.-VAC*COS( iNGLE/57,2Y42771'b /VEL)
3H RETURN
39 600 WRITE(6Pb0l)

*40 601 FORMAT(1H1,bX,'NELATIVE VELOCITY NOT ACCEPTARLE TO SOHIROUINEIP
41 2 1FWDSPDI#/#1Hl)
42 RETURN

43 END
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DOPLERCOPY AVAILABLE TO DOC DOES NOT
YPERMIT FULLY LEGIBLE PRODUCTION

I SUBRO11TINE. LER (SPLS)
2DIMENSI0, S2)oXStPL(30)

3 R~EAL MA~ APA2)CTOLTAMNVNG
14 CoMMO JtNQPTSvNOtPTJF(24)ALH24PTDLPZMNEVNp
b 2 V~~,PIUPEIIPEUVFAPPLPtLP?-P6*LA2
6 3 FLPA(33,TTEQHN07,WNflZVUWNOZHWNOZWWNOZ, ANGNOZ. ANGWNZNREDp

* 7 14 N". NR?,NR3, HSLOTEJLEJANG, WH 'PRF~flFTF, TREATFTNEATA, ORT'
m DTI,RRBLAOFSPTN.PMPPCTPSAARPTHICKeNIJTABCSH.IDPRIMDANIN,
9 h~ DANOtJTXlY1,VTI0TVJPRIMVJSECTTPRIMTTSECXCNTTWNOZHI)

10 7 PALPH~lPTREATT
11 NSHIFT=O
.12 no lo I=1P24
13 10 X9PL(I+3)i-SPLS(I)
14+ D0 20 I=301,-i
1s 20 XSLI=9XP(II-SLI2

'115 Thu 30 I=28#30
17 30 XSPL(I,)m?*XSPL(1-1)-XSPL( 1-2)
.18 MAC:-VAC/.1116'00

jq D=1p/(.0-MAC*COS(AZMANG/572957795))
20 TF(0.L T.1,0) GO TO 40
21. IF(I)aLT.1*122462.) .60,. TO 9O
22 11(D.GE.1.122462ANDDLT1I1421i) NSHIFT~l
23 IF(D.GE.1.41121.3 .ND).t).LT. 1.78179 #1 NSHIFT=2
24 IF(fl.GE.1. 781797.AND.U.LT.2244924) NSHIFT=3
25 IW(DGE*2*241924) GO TO 70
26 60 TO bO
27 40 IF(DebT*O.89089.) GO.TO '50
28 IF( U.LE.0.890899.ANODGT.0.70710 fl NSHIFT=-1
29 IF(D.LE.O.7073.Q7.AND.D.GT.O.bS1231) NSHIFT=-2
30 IF(D.LE0.56231ANDD.GT044544.;) NSHIF-T=-3
31 IF(D*LEo0.44b449) 6O TO 70
32 bO DO b0 I=4p27it I36 SPLS( I-3)=XSPL( T+NShW T)
3'4 60 CONTINUE
35 DO 65 I~lp24
3b IF(SPLS(I).LT*0C,, 9RLS(I)=O0*'iI37 bb CONTINUE
38 HETIJHN

*34 70 WRITE(boh0l) D
40 bOl FORMAT(lHlp5XtlTHIS VALUE Wt D I tElb.1Oo' IS NOT ACCEW'TAKL -'e
41 2 9 FOR SUHROI)TINE UOPLt.R' F/PbXpITHFREFORF NO SHIFT WAS; IJSEDT)

42 RETu RN

*43 ENU
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- REDUJCE

1 ~SUSROYTINE.REXJCEnEF.
>~12 D!MENSION.k XPR9)PiHkD(9) pXLIN.(9)tXVEL(9)

~COMMON NOTtOTJF2) STPD.ALTAZMANGPELVANGP
£4 2 YAtvOPLU)GDFQt'iIVPVEQUIVP,F APleFLAP2,FLAP3,FLPAG1,FLPAG2,
5 3 FLPtA3,TTEOP HNOZ, WNOZe VJWNOZHWNOZ, WWNO7.ANGNOZPANGWNZ, NREDP
6 4+ NRipNR2t NR3e HSLOTPEJLe EJANG. WFF, PRFeDFtTFP TREATFP TR'hATAPPRTP
7 5 DTtJNB,8LADESvTRPMPCTPSAARPTHICKNOPTA,8CSHPPOPIMDANIN
8 6 OANOITX1,V1,VTIPTVJPRIMVJSECTTPRIMPTTSECXCNPTTWNOZHD
9 7 PALPHAlPTREATT

10 DATA XPR/1.0,1.5p2.0P2.5p2.6p20 7p2.8,2.993.0/
11 DATA XHRD/£4gOPQ.Opm4.5t9.5,..10.5p-11.0e-l1.5,-2O..12.3/
12 DATA XLIN/090,-5o0,-10.0,1l5.0,-16.0,-17.O,-l8.OlMo7,-19.5/
13 OEL1=0.0

$ 14 DEL2=0O
15 DEL3=0*0
16 G0 TO (90091009200#900P30OP200)FNOPTS

*17 100 IF(NR~4j..o) GO TO '110
18 IF(FL.AP1sGT,o0..0) S~1.
19 IF(FLAP2APT.0.0) $=:2o

20 IF(F .AP3oGTo0.0) S=3,
21 DEL1=-(803.81/VE!nUIV)*(30-S*SINELVAN6/57.295779h)
22 120 IF(NR2oNEol) 60TO 90
23 DEL2=-.( 0b+SIN(ELVANG/57.2957795)I

27 120 IF(NR2.NE*1) GO TO 200
2b DEL2=-(20 HS*1*(O.5+SN(ELV N G 57o29b79))

29 210 IF(NR39NE91) GO TO 900
30 OFEL3=-49.0*HSLOT*12*SIN(ELVANG/57.295779b)
31 G0 TO 900
32 300 00 310 I=1#9
33 XVEL(I)=109.b9b*SQRT(TTWNOZ*(1.-l./(XPRCI)**.28b)))
34 310 CONTINI3E
3b 320 £F(NRINE*1) GO TO 330
36 DEL1=GIRC(VJWNOZFXVELtXHRDt9p1)
37 60 TO900
3H 330 IF(NH2,NEe1) GO TO 900
39 DEL2=GIRC(VJWNOZPXVEL)(LINt9p1)
40o 900 LELP=DEL14UEL2+DEL3
£41 RhTlIJRN
£42 END

A- 48



P'NLNEV

1 SJBIROITINE PNLREV CSPL, PN, NOCT)

2 REAL SPL12£4)PL15,2£4),M(£4,24)?LL(5,8),MM(14,H)
3 DATA ((L(LpJ)PJ1.,24)pl=1P5)/
£4 +Lf9.0,44o4O39O340PP30.027.0,24&.p2.oopl8.0pl6.0p16.0,1b.0
5 lvlb.0,l6.Oplb.0p1.0*P9.0v5.0,L&O,5.,6.0,lO.0,17.0p2l.0,
6 25b,b1.0,46.0,42eO,3'I.O,36.0,3?,.30.027.0,25.0,2b.0925.e
7 325.0P25.0.23oQt2..Op 18.0v15.O,14,0P2.4O15O17.0e23.0,29.Op
8 464.0p60s0p56*0P53 ' OP5.0,48O'46O£440,£42.0,£40.0e40.0i£40.
9 540.0,4o038p34032O30.0,29*0,29.0.30.0931*OP379OP4190t

12 8,52e0,5l.O4.947O£46O450,£430,£42.O,41.O,£40.OP40.0,4.Ot
13 940o0,40O,3890,340952,Op3Oo0,2990P29*Op30O,3loO6£4*OP3790/

115 +.O79*)2p.06816,.O6816t.05941O*.53O3.O59640,.05315
16 l.Ob3Ol3t,047712P.Q047712e.OS53013p.0r53Q13.aO681bP.D79iu.059b4t

18 37*.034859.04022X,.O373&94*.03£4M59,,037349,.O37349,.0L43973,
19 4,043478P.O40570,.O36831,,03b851p.O3533b,.0335'6p.03S'l36P.0320blp
20 5.03067'9,6*.0301Q3,7*.02996P .O4228ib,.0£4228P7p lb**03nlnf3p9*,OP9Y6/
21 DATA((LL(IeJ)PJ=IP8)#II1pb)/
22 144.0P30.0P21.0, l6.0,16.0p9.~pOpS., 7.0w
23 2b1.0,39.0,30.0e25.O,25.0,180p£4.0p23.0,
24 360OOb1.0.£44.OP0,£OP40.32.0'29.0,37.0p
25 4M5.M~3,79.76p7£4*91i.P t1')O.p100.pl0O.*44*29p
26 5)b1.O,46.0,42.040.0,40.032.0u29.O,34.O/
27 DATA((MM(IpdpJzJ=8)tI~1,£4)/
28 1*068160t6**053013P*079b20,
29 2.058098,.043573..0373492*034859,O37344,03448bgp.037349P
30 3.04Ob7O,.03b336e.032O51wP2*.03O103#2*.O299b0,.04228bI
31 4 )**030103p3**029460/

3 jb IF(NOCT.EQ,2) 60 TO 17
3 N0CTM1 OCTAVE BANn INPUiT

34 NOCT=2 ONE-THIRD OCTAVE HAND INPIUT

36 SUM2=0*0
37 D0 26 li-1P8
38 IF(SPL(I).GE9LL(1,I)) 00 TO 20
39 ANOYM!OO0
40 GO TO21
£41 20 IF(SwL(I)sGE*LL(2pI)) GO TO 22
42 ANOY=.1*10,0**(M!4(lI)*CSPL(I)-LL(1,I)))43 60 (5TO21
£44 22 IF(S%)L(I)*GE*LL(3pl)) GO TO-23

4b ANOY=10.O**(MM(2pI)*(SP'L(I)-LL(3tI)))
46 GO TO 21
47 23 IF(SPL(I).(GE9LL(4FI)) 60 TO 24
48 ANOY=10.0**(MN1(3,1)*(S;PL~1'i-LL(3,I)))
49 GO 0r() 2 1

10 24 IF(SPL(I)*GT.150o0) GO TO 25

b2 GO TO 21
53 25 WRITE6P6O2)
54 t,02 FORMAT(///P1OXP'SPL EXCELDS 150 DH'///)



7f~ PNLREV

b5 GO TO 1..1
66 21 IF(ANOY.LE*SUM2) 00 T0 26
5 7 SIJ2ANOY

68 26 StUMl=SUM1+ANOY
b9 IF(StIMl.LT '.0,01) GO TO 30
60 IF(SIJM2*LT.0.01) GO TO 30
61 IF(SIJM2eGT*SUM1) 0O TO 30
62 IPN=40o0+33,22*ALO10(StjM2+3*(SM.. IiM2))
63 101 RETURN
64 17 SUM1=Oo0
bb SUM2O00
hb DO 16 I=IP24,

67 IF(SL(1).GE.L(pI)) (60 TO 10
t~o ANOYO00

69 60OTO 11
70 10 IF(SPL(l).GEt.L2,n GO TO 1.2
71 ANOY:.1*lO.0**(M(1PI)*(SPL(I)-L(1,I)
72 (G0TO ii...

76 12 IF(SI'L(.I),GE.L(3pIl)GO TO 1
74 ANOY=10,O**(M(2,I)*(SPL(Um-L(3,I)I)
75 GO TO 11
76 :: IF(SPL(.I)eGE*L(4vI)) GO To 14
77 ANOY=10.U**(M(3p I)*(SPL( I)-L(3p I)))
78 GO TO 11

79 14 I(SPL(I)oGT*150o) GO TO lb

68 1 ANY10*(41*(Pl)L5))

90 IFSJ2.0SM)G TO

M'X 2 GO WRTO 1

94 T 100REJN
l9b 1 IF(NOYD*IM)6 O1

M6i SU2=NO

87 1 (M=I)lAO

71I(UIL*00)G O3
89 T(S!J~oLT*0*0) GOTO0



4 TONE

1 SUBRUUTINE TONE(SPLpWNpPNLT)
2 DIMENSION SPL(24),SS(25),S8AR(25),SPLP(2b)
3 CMAX=0O
4 SS(3)=OO
5 StPLP(2)=SPL(2)
6 SPLtP(3)=SPL(3)
7 DO 60 I=0,24
m SPLP(I)SPL(I)
9 SS(1)=SPL(i)-SPL(I-1)

10 IF(A1S(SS(I)-SS(I-j))-5*0) 60#60#10

11 10 IF(SS(I)) 3OP30P20
12 20 IF(SS(I)-SS(I-1)) 60P60PSO
13 30 IF(SS(I-1)) 60pbOP40
14 40 SPLP(I-1)=O~b*(SPL(I-2)+SPL(I))
lb 60OTOb60

17 IF(IoE(Q.24) SPLP(24.):SPL(23)+S,(25)
18 60 CONTINUE
19 SS(3)=SPL(4)-SPLP(3)
20 00 80 1=49.24j21 SI=PPI-PP11
22 80 CONTINUE
23 SS(2b)=SS(24)

25 StAH(I):.3535366*(SS(I)+SS(1+1)+SS(I+2))
26 YOCONTINUE

27 SIPLP(3)=S 0L(3)
28 00 100 I=4P24
29 SPLP( I)=SPLP( I-1)+S8AR( I-1)
30 10CONTINUE
31 1)O 1b0 I=3#24
32 1-=SPLLl-SPLP(I)

34 110 IF(F-?090) 1209130P130
3b 120 C=F/6,0
3b bO TO 140
37 130 C=6 * 65335,
38 140 IF(I.GE.11.AND.I.LE*21) C=2.*C
39 IF(C'.GT.CMAX) CMAX=C
40 lbO CONTINUE
4+1 P~NLTPN+CMAX
42 RETURN
43EN

A-5
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'4* c X=:C1 MUENT TfHLE
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!2 4 r y-

34* 4. C 9f 1 1-11

3 X ).j( l)- ."

53* f~ r :,

4 'C 7: ::,

42* EIf

44*. c- t
" 3' CnNTINUI

4 c ., r I:=,"

7r(~ L1CF CL)(1+E '
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2* r DTA!J IJCtJtiLL TNTERPOLATIC!'
3* C XX=VALUL T'- RE INTERPOLATEt, Y 'PECTI(cN

4* C 71:=VALUE TC BE INTERPOLATEL, Z CIPECTION4
3* C X= X TALILE
F * C 7= 7 l~dLE
7* C .X:NUM93EP Y VALUES IN TABLE
8* C l'?7.kUlPBEP Z VALUES IN TAPLL
9* C KX~l IF LINEAR INTEIPCLATflN V IRLCTIO'

cr C =2 IF CUP"VILINLAP
11* C K Z:=A.iF L.WEAR .k4TEl;P.)LATIltjf " JlILCTl~rj
12* C :2 IF CL!rVILIP.EAR
13* Y= Y:I AR'ItY

il, C :.' P W ClM.[tSICN Y ARPAY
15* C lE(?R1l SUCCESSFLL RETLRN
16* r :2 LtUI~.LESSFUL RLTU'f

11rDMLNSI'JN X~~Zl9()X(),24
.1?'I ISV(.).2.XINT(Z1

13* C':?!
2r* .rNx(l)=tx
21* iN xt l) =14z
22* IXX!1):I =X

24* rOr 2(c, "-lv
'! 5 * IF t IINX ( 1-'1 Jlliv11 t ,1 P

2E* 1' I(Ir ~ eli

29* f' ASCENDII, C.ACLP
?9* ?21 0) 21 J:1.,?NX

.11 CCN~i~lUW
32' VALLL :ilY-rML LNL LETr~

3 7 25 gJo ?s J=1#,NZ

.3C 0 CNT YN lw
4~ ~ 0 -T 22

41' 1) VLNDI'N" J: UEP
A42* 3 r% ' ! 31.:1INX

43' IF(X(Jl-XYJ (J,4il*;1
44* 31 CCTI:NUE

4 S'C C TU 22

4 3* CCOSTINUF
43* T 1 122

r VALV'- E' UAL VALUL -N I 4ULL

4n~ T3 15'

A- 53



3* C XX:VALUL T,1 RE INTERPOLATEL Y CIPFCTIVN

2* C J-Y1=AU TC BEIt~NTERPLATL CPCTO

7* C .X=NUM3EP Y VALUES IN TABLE
8' C f%?:7,:,U1,EP Z VALUEF IN TAPLE
9* C KX=l ILF LINEAR INTE'qPULATfljN V D)IRECTION

irl* C =2 IF CUPVILINLAP
11* CKL:=. IF LIN:EAR .1N~-%L73 '? JI)LCT10r4
12* = 2 IF CU~f1VILIN,.EARF
130 Y: Y A'4
14* :, p-W CIrM~t,,.ICN Y ARFAY

15. C ICUt=1 S UCCLSSFL RETMR
16* r :2 USULCESSFUL RLTL'Ft
I1 I IMLNSI'JN X(1)tZ(j.)tY(1),X2(~4)z24~2e1(7~(()
i?* USVU1)91XINT(23
13* 1:?!

22* I?(xfil= x

24* ')C 2rr 1, .

23* C As;CE,%0rLb CACLl'
?9* 2.1 010 21 j=1,NX

V2 VA LUL I Y,,, .,L; L N CFL

15 GO) TO 1I

37* 25 90 ?s J=19142

39* S C 0NT I N lu
*4fl 0, r 22

41* J ~ s:: i3uER

42* 3! f3l ~ 1N

44* 31 PCK1T:NUE
4 S 4* C C TV U22
4 6 * S CC 3V J:1,Kz*1 43* 0 T 22

bt'* C VALVE E'^UAL VALU1 NIAL

4 12 INT I
'I 53* GO TO 1 11
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CC TO in9" 011, )T :Y (1

113*

CURT! VATLABIE TO BUG DlOES NOT
PERMIT FULLY LEGIBLE PRODUCTION

111' '/ ":

*1
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C. BASELINE AIRCRAFT NOISE PREDICTIONS

The 6oUowung pages contx&Zn the inpLU~ and outpWt Sucm the

ptedationt So&i the 6even baae.ne h.Zgh-ZZit aitc.u~t.

fhe pkedictout we~e made u.6ing an lZ'Aat vetoecLty o6 80
knot6 and 0 Fnot6, to show a compa./tZon betwen in-Stigh~t

and .6tae teCAatt6.
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DATA FOR VT (STAVIC)

1 ASELINE. VECTORII) THRIIS'i AI14CI *r-
2 1 3 U.

3 4,0 . 4., 0.>
4 t bf) 291t

-5 0 1 1 1 1 0 Ij

6 -40. 5 3 5 e 4

7 3*45 2*1L4 0.0 20. 4f),

9 0.1) 2.~i' ?OP. 1b? 409
10 29118"4 ,.02 62 4 6li5. n.

1 - A3 1"5 6.3 f2.17, ~ 18

12 1,01 141)It. 2,L4936 O 17L~" ~
13 2 ;A0 9'

14

* A-57
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DATA FOR VT (INFLIGHT)

1 BASELINE VECTORED THRUST AIRC!AFT
2 1 3 4
3 50 , '.0 90. 80. 8.0
4 to 5, 200.
5 11 1 0 0 0 0 0 0
6 -40. 3.43 3.43
7 3o.4 2.74 0.0 20. 40. 00
8 3
9 0.0 2obbb4 709o 1629. 40.

10 2,58.4 5,2624 68b. 602.
11 2492.06 6s5128 1,367
12 873*.6 1.3 6.3 b0. 17.5 18,
13 1i05 1409. 2o4936 60. 174n'. 54. n.
14 2 ?000
lb 0

,A-54
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DATA FOR E:F (STATIC)

1 BASELINE tBF AIRCRAFT
2 2 3 4
3 60', 4.0 90, 0.1. 80
4 10 50.0 2009.0

1 5 0 1 1 1 1 0 0 1
6 7.0 12.4583 3.9106

1 7 3.0416 1a96bb 1,6833 12. 29 2 .
8 3
9 0.0 1.7625 700. 1529. -7*0I 10 1,7625 4*838M 650. 5O'f,

11 778 1.25 I,9 bE, 17.5 I H.0
12 10105 1400, 2.3352 60. 1,740o -14, fit
13 2 ?000

1 14 (1
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DATA FOR EBF (INFLIGHT)

I BASELINE -HF AIRCHAFT
2 2 3 '4
3 500, 4U. 90, 80, 8.0
4 10 50.0 29. , .
5 1 1 1 1 1 0 0 1 1 1 1
6 7.0 12,4583 ,59106
7 3e0416 1,96bh 1,6836 12. 20. bi
8 3
9 0.1 1.i625 70O0 lb24o -7.0

10 1.762b 4,83PH 650.
11 1445.89 6, 4.765 1.367

I 12 778. 1.25 5.9 556, 17.5 18.0
13 1,lOb 14090 2,3",52 60, 1740), 59,
14 2 200.

1A-6
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DATA FOR USS (StATIC6

I ASELINE USB AIRCRAFT
2 3 3 4
35500. 4.0 90. 0.0$s
4 10 50.0 20oooo
5 0 1 1 1. 1 0 0 1 1 1 1 1
6 .00 1533 Q.9
7 6*2b 0.0 0.0 25e 0.0 0.0

S8 802
9 1.80 7,25b 717. 662o 0'.0

K 10 b75. 1.3 boo 602. 17.b 18.0
11 1.10b 1400. 1.9789 60.0 17400. 59, 0.0
12 2 20.0.
13 0

" I
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DATA FOR USS (INFLIGHT)

1 BASELINE USS AIRCRAFT
2 3 3
3 .00. . 4* go 80. Boo

4 1o 6o.0 20.0
5 0. 0.0 25. o 0 1.1
6 0*0 3. 0,976,25 000 o~o 25, 000 000

[ 2

-
036

10 9O7090 6.9052 1 6.
; 575o 1o3 5"0 602', 17ob ',x 0

12 1o*105 14009 1,9789 60o0 17400s a9o OoO

14 0

t
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DATA FOR IBF/bLC (STATIC)

1 BASELINt. ItF/BLC AINCI<APT
2 41 3 4
3 bof 9 4.0 go. 0.,80
41 10 b000 20?' '1)

0 1 1 1 1 0 1 0 1
6 0.0 0.0 09b

17 2 , 158i&1 1.241m 12.0 20 9

10 I *83 1, S9-4" 720. 60?0
1 i 0.983' 1611*0 68,11 0.1 6020
12 544 1.3 b .68 ho. 17."'i
13 1.105 140. t 2opti0 bO3 0749~ ~

I14 2 Wo 0
113

IA-6



COPY-AVAILABLE T9 DOC-DOESIIOT
PERMIT FULLY LEGIBLE PRODUCTION

X~ LL

0 u , -I-- F- .,-,, J

-, x

A) ,C,. , .,

0, . .... % . .g -, _

... .. $ _

Qj jL

'U-

f'. -. '



* DATA FOR IBF/BLC (INFLIGHT)

1 BASELINE IBF/:LC AIRCRAFT

2 4 3 4
3 500. 4.0 900 80, 8.0
' tO 50.0 200009
5 1 1 1 t 1 0 1 0 1 1
600 oo 0.5
7 2,3 "  1.5583 1*2916 12,0 20.1" 25,

9 0.9 1,833' 7009 1629. 000
10 198333 3.9958 720v b02o
11 0.0836 15.0 6850 0." 602.
12 1410.26 6&5039 1.367
13 ,b'4 , 1.3 5.68 60?, 17oh 14I,
14 1*lOb 140o. 2.2480 6u, 174n!, .(-

15 2 2009
16 0

,A 7
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DATA FOR IBF/J" (STATIC)

1 BAShLINE I3F/JF AIRCRAFT

2 40 38 .

3 500. 4,. 90. 0. 8.0
4 10 50,9 20U' .9

0 1 1 1 1 0 1 0 0 0

b 0.0 0.0 0.9 p

7 0.0 9.0 Oo9 . 0.' 0.

8 3
9 0U 2.2397 to .b7, ub?

10 2.2397 4*lOb8 71M, 60?.,

1 11 0,196 17:4083 67b. 40. 6024

12 blt. 1.3 S.4,4 bO:. 17.5 .

13 i.lOb 140". 2,1530 b.. 1740' .

14 2 20U.

I-
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OATA FOR ItF/JF (INFLIGHTI

1 BASELIN-. ISF/JF AIRCPAFT
2 4 3 4
3 501,- 4.0 90. 80 '1.0
4 10 5000 0

:15 1 1 1 1 1 0 1 0 0
6 0.U 0.Q 0.00
7 0.0 0. 40 QrK *8 3

10 2o2397 4 ; i0118 71be or.
11 0O196 17.4086 6Th. 40, 602,
12 12Jbbefl 6, 1+81,7 1*367
1s hile 10.5 b,44 I'0f 1-1 7b .
14 1.105 141-1 2*1h)30 60. 1 740w. L9

16 0

'1 A-75
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DATA FOR AW2S (STATIC)

I BASE.LIE AW2 AIRCAFT

3 50. 4.0 90, 60.0 8,06
4 10 50.0 2000.0 b 0 0 0 2

5 0 1 0 1. 1 1 0
6 0.0 0.0 0.0

70.0e 0.0 0.0 0.0 0.0 0.0

b9 0.0 2o2426 774. 1411. 000
10 099166 15. 1400. 3s4166 20.
11 187. 3.0 3.08 747. 17.5 150o

*12 2 200.
13 0

I

A- 77



X21 NNNINNNNNNN x(2a N~
9- v- vr4 4r4 4 -4 r4 

'zZ J)CfllD
x 2. a NNNC NNWN 'NNW 'x it ,
< - 9-4 194 v4 *4 4 4 v- 4 .

U,

z~~~ w 0o....0 11

0O OzIiU u -XP94 t- OijP- u
>u~ rncc.rz y9~r 0 n

u If 0 8 ;;;4
Z aJ W00c o~ooc-

04 Z-~ .q.4.N.4 .... N . 0 7

LL J b-.4e.~4
N -1

4 6-J J z

r.L <~ < -

rY -4 AJD *. * ** * *l.JI

u 4Jr XDi. n v) X C 7 c

z4 I- Ir x* C

-j

9- 0- N N .nt )C

A--



I; ]OATA FOR AW- S (INFLIGHT)
1 BASE~iNE AW-2S A!RCRAO"
2 5 . 4
3500 , ..0 90 o00 oo 600

• 9~~~I 0, 0 .Q 200O6 7Q,, ,1, 061 1 0. 0 00 0~ 00 00

i i139.54 6o2773 11367 0.0,0.

r 1

i 1 17. 30 308 747'0 171513 2 200. 50
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DATA FOR HYBRID (STATIC)

I BASELINE HYBRID AIKCRAFT
2 ,6 3 4
3 500. 4.0 90. 0.(0 8.0
'4 10 50.0 2000.00

*5 0 1 1 1 1 0 1 1 1 1
6 12. 896162 0.6710
7 5.5815 0.0 0.0 30. 0.0 000

9 193206 8.54 600. 56bo 12o
10 0.0456 1703086 640. 0.0 565.
11 214. lo255 6.0999 519o 17.5 18.0
12 1.105 1400. 2,8974 60.9 17400, 59o 0.0
13 2 200.
14 0
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DATA FOR HYBRID (INFLIGHT)

i BASELINE HYBRID AIRCRAFT

2 6 3.4I 500. 4e.0 90. 80. 80
4 10 50o 2000.0
5 1 1.1 1.1 0 1 1
6 12. 8.6162 0.6710
7 5.5815 0.0 0.0 30, 0.0 0.0
a 2
9 1.3206 8,54 600. 565, 12.

*. 0.0456 17.3086 640o. O.O 56b.
X1 2304. 6.72 1.367
12 214. 1.255 6.0999 519. 17.5 18,0

I 13 10105 1400. 2o8974 60. 17400. 59. 0.0
" 14 2 200.

15 0

2
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I D. HAND-CALCULATION PROCEDURE

The 6otowiLng ptaeu du~c'Lbe az ipti4ed ptocedwte

~to catu&zte the VISTOL ai c~'ttt noi.6e manutly.
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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-i.

The noise source components which contribute to the radiated sound for any

propulsive-lift 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 geometrical 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, PRstage is assumed to be the same as overall

total to static pressure ratio of the turbine, and AT 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 ratio of

fluctuating thrust to steady-state thrust, e, is assumed to be 10. Figure 1-7

is used to estimate the spectral distribution.

JET MIXING NOISE

1 Equation (5) with K =134 is used to compute the OASPL at azimuthal angle,

6 =900 for circular and slot nozzle jets. Equations (7) and (9) are used to

calculate the OASPL for plug and co-axial .Jzzle jets, respectively. In these

equations, Ca/CISA and Pa/PISA are assumed to be unity. In the case of the VT
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L Select V/STOL
Aircraft Configuration

Identify Noise Sources
for Selected Configuration

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

4-
Apply Corrections for For-
ward Speed to Applicable
Noise Source Spectra

Apply Noise Reductions for
High-Lift System Noise
ePNL = ASPL, (Constant
across Spectra)

Add Source Spectra to Ob-
tain Total Aircraft Spectra
at Selected Distance

Apply Following Corrections
to Total Spectra
o Atmospheric Attenuation
o Ground Reflection
o Number of Engines

(Including Factor for A/C
Geometry and Observer Lo

* Location)

Cciculate OASPL, PNL,
and PNLT for Aircraft at
Observer Location

[ Calculate PNL for APU
and " PNL for EGA to
Add to the Aircraft PNL

Figure A-1 Noise Prediction by Hand Calculation Procedure
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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 Tj/Ta = 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 00 <0 <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 Acoso,

where A Is determined from Figure 1-11(b). Vip Is assumed to be the same as

jet velocity, Vj. Al 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, IBF/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 Z is

the distance between the nozzle exit or impingement point and the fiap trail-

ing edge. Vm is the same as the jet velocity, Vj. The directivity as a

function of elevation angle, is given as Acoso, where A can be obtained from

Figure 1-11b with a=0. With 6 as the average value between the nozzle

height, h, and the 6 te calculated from equation (17), Figure 1-14 is used to

determine the spectral distribution.

Trailing Edge: Equation (15) is used to determine OASPL at 0=900. For ESF,

the constant, K, is assumed to be -6; Vte is determined from Figure 1-16 with

V, =Vj; the jet thickness and width (6te 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; Vte is assumed to be the same as Vj; w is the same as the width of

the nozzle; and Ste 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=-II

and Figure 1-18. The spectral distribution is calcolated as given under jet

mixing noise with the definition of Strouhal number as S = f~te/Vte-

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 Wince: 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 aircraft motion for the total high-lift 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 I (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 APU 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 cose, 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',.

using the procedures of SAE ARP 865A. Tone corrected PNL (PNLT) are calculated

as described in FAR 36, Appendix B.
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