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PREFACE

o . -

This report describes the work performed under the DOT/FAA High-Velocity
Jet Noise Source Location and Reduction Program (Contract DOT-05-30034).

° Investigation, including scaling effects, of the aerodynamic
and acoustic mechanisms of various jet noise suppressors.

] Analytical and experimental studies of the acoustic source
distribution in such suppressors, including identification
of source location, nature, and strength and noise reduction
potential.

|

: . Investigation of in-flight effects on the aerodynamic and
] acoustic performance of these suppressors.
:

The results of these investigations led to the preparation of a design guide
report for predicting the overall characteristics of suppressor concepts,
from models to full scale, from static to in-flight conditions, as well as

a quantitative and qualitative prediction of the phenomena involved.

The work effort in this program was organized under the following major
Tasks, each of which is reported in a separate Final Report:

Task 1 - Activation of Facilities and Validation of Source Location
Techniques.

Task 2 -~ Theoretical Developments and Basic Experiments.
Task 3 - Experimental Investigation of Suppression Principles.

Task 4 - Development and Evaluation of Techniques for In-Flight
Investigation.

Task 5 -~ Investigation of In-Flight Aeroacoustic Effects on |
Suppressed Exhausts. ;

Task 6 - Preparation of Noise Abatement Nozzle Design Guide Report.

Task 1 was an investigative and survey effort designed to identify acous-
tic facilities and test methods best suited to jet noise studies.

Task 2 was a theoretical effort complemented by theory verification ex-
periments which extended across the entire contract period of performance.

Task 3 represented a substantial contract effort to gather various test
data on a wide range of high-velocity jet noise suppressors. These data, in-
tended to help identify five optimum nozzles for in-flight testing in Task 5,
provided an extensive high quality data bank useful to the preparation of the
Task 6 design guide as well as for future studies.

iii
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Task 4 was similar to Task 1, except that it dealt with the specific
test facility requirements, measurement techniques, and analytical methods
necessary to evaluate the in-flight noise characteristics of simple and

complex suppressor nozzles. This effort provided the capability to conduct
the flight effects test program of Task 5.

Task 6 embodies the salient results of Task 2, 3, 4 and 5, and combines
them with other contractor results into a noise abatement nozzle design

guide which permits acoustic and performance prediction of future high-speed
engine-suppressor installations,

The present volume, a supplement to the design guide, documents two jet
noise prediction methods developed under the contract: the engineering cor-
relaticn of (M*S) model and the unified aerocacoustic model (M*G*B) (each
capable of accounting for flight effects). The objective of this report is
to provide users with a description of the methods and associated computa-
tional procedures in sufficient detail that either method can be implemented
and utilized as a useful engineering tool. The empirical M*S method is
capable of predicting static and in-flight acoustic characteristics of multi-
element suppressors applicable to both advanced turbojet and variable-cycle
engines. The theoretically based M*G*B method is capable of predicting static
and in-flight aerodynamic and acoustic characteristics of jets from nozzles
of arbitrary shape, and as such provides more insight into the fundamental
mechanisms involved in a given configuration's noise signature.

iv
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1.0 SUMMARY

This supplement to the Task 6, Noise Abatement Nozzle Design Guide
documents two computerized jet noise prediction techniques: the engineering
correlation method, and the unified aeroacoustic prediction model. A com~
plete description of the computer programs are provided, including examples
of input preparation and output cases, plus a listing of the FORTRAN com-
puter code,

1.1 THE ENGINEERING CORRELATION (M*S) METHOD

A comprehensive, empirical, jet-noise-prediction method has been de-
veloped by correlating extensive data from this program with available data
from other published sources. This engineering correlation prediction model
has been designated as the M*S model (after the authors: Motsinger and
Sieckman) for ease of reference, as well as to distinguish it from the more
theoretical prediction model (M*G*B) developed by authors Mani, Gliebe and
Balsa.

The data were correlated by means of basic engineering principles and
physical parameters. The resulting M*S prediction methods includes unsup-
pressed conical nozzles; multitube and multichute, single and dual-flow,
suppressed nozzles; and multitube/chute nozzles with hardwall and treated
cjectors.

1.2 THE UNIFIED AEROACOUSTIC PREDICTION (M*G*B) METHOD

A unified aerodynamic/acoustic prediction technique has been developed
for assessing the noise characteristics of suppressor nozzles. The technique
ucilizes an extension of Reichardt's method so as to provide predictions of
the jet plume flow field (velocity, temperature and turbulence intensity dis-
tributions). The turbulent fluctuations produced in the mixing regions of
the jet are assumed to be the primary source of noise generation, as in the
classical theories of jet noise. The altering of the generated noise by the
jet plume itself as it propagates through the jet to the farfield observer
(sound/flow interaction or fluid shielding) is modeled utilizing the high-
frequency shielding theory based on Lilley's equation.

These basic modeling elements (flow field prediction, turbulent mixing
noise generation, and sound/flow interaction) have been coupled together in
a4 discrete volume-element formulation. The jet plume is divided into elemen-
tal volumes, each roughly the size of a representative turbulence correla-
tion volume appropriate to that particular location in the plume. Each
volume element is assigned its own characteristic frequency, spectrum, and
acoustic intensity. The sound/flow interaction effects for each volume ele-
ment are evaluated from the flow environment of the clement. The individual




volume elements are assumed to be uncorrelated with each other, so that the

total contribution t¢ tne farfield is simply the sum of the individual volume
element contributions.

The programs presented herein are primarily directed toward prediction
of high-velocity jet noise (1500-2900 feet per second) for arbitrary nozzle
shapes, including sound pressure level spectra at any observer location.
Static as well as in-flight capability is included in both models; however,
the tlight data base and subscequent verifications are somewhat lTimited at
the time of this program's conclusion.




2.0 INTRODUCTION

Many jet noise sunpressor nozzles have been designed utilizing intuitive
notions of how to suppress jet noise which have demonstrated substantial
noise reduction, but often at the expense of considerable thrust loss as well
as increased engine weight, manufacturing cost, and complexity. Seemingly
minor changes in suppressor nozzle design, for the purpose of improving
chrust performance, often result in substantial loss of noise suppression.

It is therefore highly desirable to have available a quantitative prediction
technique for estimating the aerodynamic flow field and acoustic characteris-
tics of suppressor-type nozzle configurations, so that design and optimiza-
tion studies can be made prior to construction and testing in order to mini-
mize the time and cost of development. Ideally, any technique should be
sensitive to the controllable design variables and contain a little empiricism
as possible. When empiricism is necessary, it should be based more or less

on physical characteristics (flow, acoustic propagation, etc.) engineering
principles rather than on geometric parameters.

The computer programs included herein represent a conventional engineer-
ing correlation technique and a more theoretical approach derived from engi-
neering principles. The design engineer can exercise either or both models,
depending on the type of results required. The correlation method provides a
preliminary design prediction of aerodynamic and acoustic performance; the
theoretical M*G*B method provides a means of assessing the relative impor-
tance of various jet noise mechanisms.

Section 3.0 describes the computer program for the engineering correla-
tion jet noise prediction methed (M*S model); Section 4.0 presents the com-
puter program for the unified aeroacoustic prediction method (M*G*B model).
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3.0 ENGINEERING CORRELATION (M*S) JET NOISE
PREDICTION COMPUTER PROGRAM

3.1 INTRODUCTLON

This section documents the computer program for the prediction of jet
noise by the engineering correlation method (M*S). The mathematical model
appears in detail in Reference 1. A description of the computer program is
provided herein including examples of input preparation and output cases, plus
a listing of the FORTRAN computer code.

The computer program is written in FORTRAN Y language. It has been
programmed for use on both the GE/Honeywell 6080 and the CDC 7600 computers.

The range of valid application of the program, the limiting assumptions,

and documentation of the data base used for developing the correlation can be
found in both the Task 3 (Reference 1) and Task 6 (Reference 2) reports.

3.2 PROGRAM NOMENCLATURE

Table 3-1 defines the FORTRAN symbols used in the program. The listing
and descriptions of input variables are given in the Input Description section.

3.3 DESCRIPTION OF PROGRAM AND SUBROUTINES

Table 3-2 gives a description of the overall flow of the computer program
including all routines used in each step. Figure 3-1 gives a detailed flow
chart of the computer program logic. A description of the main program and each
of the subroutines is given in the following paragraphs.

M#S Routine - This routine reads the input curves needed for the various
prediction routines. Depending on nozzle type it reads the nozzle input,
initializes variables, and computes flow parameters and flow and physical
geometries. The computation of gamma (ratio of specific heats) involves an
iteration using input temperature and pressure ratio. The output and use of
prediction subroutines are controlled by this routine.

Following the preliminary calculations, control is routed through the
multielement, conical, or dual-flow section of the program. In the multi-
element part, calculations are first made for the postmerged noise. The
coefficients for the Potter and Crocker equation are set up, and, because it
is a third-order equation (after simplification), a Newtonian convergence
routine is used to determine the first root. Density and diameter are then
calculated and a check is made for other possible roots. Static and total

2N




FORTRAN
Symbol

A
AA8, A8
AJ

AJA
AJR
ALT

AN1
ASK
AQ

Al
Al
A2
A3
A3
A4
Ab
A5
A5

A6

A7
A9

Bl
B2
B3
B8
B9

cJ
CMAX
C1
C1J
c2

C3
c4
c9

Table 3-1. Definition of FORTRAN Symbols.

Meaning

Ejector treatment parameters
Inner nozzle flow area
Acoustic angle, degrees

Jet plume spreading angle, radians
Acoustic angle, radians

Input altitude or arc distance
Noy Weighting

Number of elements

Intermediate variable

Ambient speed of sound

Intermediate variable

Ratio of merged to exit area

Ratio of merged to exit area
Single-flow nozzle total exit area
Intermediate variable

Intermediate variable

Ejector treatment PWL Insertion loss

Area of multielement merged stream

Ejector treatment SPL insertion loss at
glven acoustic angle

Ratio of ejector inlet area to nozzle
total area

Multielement nozzle area ratio

Outer nozzle flow area

Shock strength parameter, B

Intermediate variable

Intermediate variable

Intermediate variable

Tube or chute/spoke cant angle, radians

Tube or chute/spoke cant angle, degrees

Normalized OASPL jet mixing noise curve-fit

coefficients
Ten dB down value for EPNL
Intermediate tone correction
Jet mixing noise OASPL corrections
Intermediate variable
Jet mixing noise relative velocity
exponents

Inner stream specific heat
Outer stream specific heat
Local speed of sound

Related
Subroutines

MS, EJECTS

MS, SHKSUB

MS, SUB3, SUB5S

EXTP, SHKSUB, EJECTS

MS, EXTP, EJECTS
MS, EXTP

PNLPT

MS

PNTTS8

MS, SUB1

SHKSUB, PNTT8
MS, EJECTS

MS

EJECTS

ECTS

a8

EJECTS

&

EJECTS

MS, EJECTS
MS

MS

SHKSUB
EXTP

EXTP

EXTP

MS

MS

MS, SUB1
PNTT8

TPNLC

MS, SUB1
EXTP, SHKSUB

MS, SUB1
MS

MS

MS, SHKSUB
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FORTRAN
Symbol

D
DE
DEK
DEN
DIS
DJ
DN
DoP
DT
DUM
DO
D1
D2
D3
D4
D5
D7
D8

D9

El
E3
E9

FpP
FO

F1
F2
F3

GJ
Gl
G2
G3
G8
G9

H1

Table 3-1.

Meaning

Intermediate variable

Hard-wall ejector reference effect at oy
Flight Effect at 90° on Shock Cell Noise

Density correction (pj/po)¥
Intermediate variable
Characteristic element dimension
Nozzle outer diameter

Doppler Factor

Tube diameter

Intermediate variable

Shock-noise normalization parameter

Reference far-field distance
Hard-wall ejector reference effect
Ejector radius or diameter
Equivalent area diameter

Merged flow diameter

Initial time for EPNL

Nozzle characteristic dimension for shock

noise
Final time for EPNL

Jet mixing noise spectral distribution at 6

Intermediate Variable
Ejector effect

EPNL

EGA indicator

Center frequency

Intermediate variable
Peak frequency

Critical frequency for effective number of

elements

Intermediate variable
Intermediate variable
Intermediate variable

Shock-cell noise prediction input curve
Critical refraction angle indicator

Intermediate variable

Outer stream ratio of specific heats, ¥y

EGA at output distance
Intermediate vy

Inner stream ratio of specific heats, ¥y

Output sideline or arc distance
Intermediate variable
Index

Definition of FORTRAN Symbols (Continued).

Related
Subroutines

MS, PNTT8
EJECTS
SHKSUB
SUB1

EXTP

MS

MS

EXTP

MS

SUB1

SHKSUB

MS, EXTP, SHKSUB
EJECTS

EJECTS

MS, EJECTS

MS

PNTT8

MS, SHKSUB
PNTTS8

SUB1

EXTP

EJECTS

PNTT8

MS, EXTP, PNTTS8
MS, EXTP, SHKSUB
PNTT8, EJECTS
TPNLC

EJECTS

MS

MS, SHKSUB
MS, SHKSUB
SHKSUB

MS, SHKSUB
MS

SHKSUB

MS

EXTP

MS

MS

MS, EXTP, PNTT8
SHKSUB

MS, SUB1, SUBS,
SUB4, SUB2, SUB6,
EXTP, SHKSUB, TPNLC,
PNTT8, EJECTS




FORTRAN
Symbol

IDCASE
IDENT
M

IP

I1
TIAS
I1CASE
IIP
ISPLF
J

JJ

K

KK

KSTART
KT
KO
K1
K2
K6
K7
K8
K9
L
L1
L2
L3
L8
L9

-1

\ N1

<

' oJ
i
. 09

PA
L PJ
PTCOR

Al

Table 3~1. Definition of FORTRAN Symbols (Continued).

Meaning

Case Description

Run Description
Intermediate variable
Intermediate variable
Indicator

Noise component identification
Case Description
Intermediate variable
Intermediate variable
Index

Index

Index

Jet mixing noise spectral distribution

curve-fit coefficients
Index
Intermediate variable
Intermediate variable
Extrapolation indicator
Intermediate variable
Intermediate variable
Shock-noise case indicator
Index
Print Indicator
PNL calculation coefficients
Output acoustic range
Ref lected axial source location
Ejector length
Ejector length effect
Ejector length to suppressor nozzle
equivalent diameter
Mach number
Maximum PNL
Intermediate variable
Number of elements in nozzle
Flight Effects Exponent Indicator
Angle indicator
OASPL
Critical refraction angle
OAPWL
PNL
Air attenuation
Intermediate variable
Tone correction
Ambient static pressure

Related
Subroutines

MS

MS

MS

EJECTS

TPNLC

MS, PNTT8

MS, PNTT8

MS

TPNLC

All Subroutines

PNTT8, EJECTS
SUB1, SUB3

MS, SUB1
SHKSUB
PNTTS8

MS

MS, SUB3

MS

SuB1, EJECTS
MS

SHKSUB, EJECTS
MS

MS, PNLPT
EXTP

EJECTS
EJECTS
EJECTS

MS, EJECTS

PNTT8

MS

MS

MS, SUBI

MS, SUB1

SUB1, SUB3, PNTT8
MS, EJECTS

SUBS, SUB6, PNTT8
SUB3, PNTTS8

EXTP

MS

TPNLC

MS




Table 3-1. Definition of FORTRAN Symbols (Continued).
FORTRAN Related
Symbol Meaning Subroutines
Pl m (3.14159) EXTP, SHKSUB
P3 Frequency EXTP, EJECTS
P4 Inner nozzle total to ambient pressure
ratio MS
PS5 Outer nozzle total to ambient pressure
ratio MS
P9 Nozzle total to ambient pressure ratio MS
Q Spherical spreading effect EXTP
Q1 Intermediate variable MS, PNTTS8
2 Jet mixing noise normalization parameter SUB1
R Intermediate storage variable SUB4, SUB6
RJ Ambient density MS, SUB1
RJ1 Intermediate variable SUB1, PNTTS8
RP Centerbody plug radius MS
RS, RR Specific resistance EJECTS
RVE Flight Effects SUB1
RX Specific reactance EJECTS
R1 Tube equivalent radius MS
R2 Nozzle outer diameter MS
R} Inner flow density MS
R4 Chute/spoke outer flow width MS
RS Outer flow density MS
R6 Chute/spoke inner flow width MS
R7 Outer nozzle duct height MS, SUB1
R8 Outer nozzle radius ratio MS
R9 Centerbody plug radius MS
S Predicted SPL MS, SUB1, SUB3,
SUBS5, SUB4, SUB2,
SUB6, SHKSUB,
’ PNTT8
SBAR Intermediate variable TPNLC
SC Intermediate variable TPNLC
SJ Intermediate variable MS, PNTTS8
, SL Input sideline distance MS, EXTP
’ SP Intermediate variable TPNLC
' SPI. Intermediate variable TPNLC
4 SPLP Intermediate variable TPNLC
SPLPP Intermediate variable TPNLC
SS Outer chute/spoke width MS
¢ SX Source location MS
S1 Shock~-cell noise prediction input curves MS, SHKSUB
S1J Outer element spacing to characteristic
. diameter ratio MS
/ S2J Relative source strength EJECTS
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FORTRAN
Symbol

S6
T
T
T
TC
TC2
TC3
TJ

TT3, T3
TT4, T4
TT5, TS
TZ
TO
T1
T2
T8

U3
us

vJ
Vo

vl
V6
v?
v8

V9

WE
WJ
Wi
W5
w8

XJ
X0

X1
X2

Table 3-1.

Meaning
Nozzle outer radius
Temperature
PNL

Flyover time

Cutoff effect

Intermediate variable
Intermediate variable
Intermediate variable
Intermediate variable

Nozzle total temperature

Inner nozzle total temperature
Outer nozzle total temperature
Initial time for EPNL

Ambient temperature
Intermediate variable
Intermediate variable

Total temperature

Arc or sideline indicator
Nozzle fully expanded velocity
Outer nozzle fully expanded velocity
Intermediate variable
Suppressor merged velocity
Aircraft velocity

Ratio of merged velocity to exit velocity
Intermediate variable

Intermediate variable

Fully expanded jet velocity input to jet
mixing noise routine

Fully expanded jet velocity input to
shock~-cell noise routine

Density exponent curve-fit coefficients
Density exponent

Intermediate variable

Inner stream weight flow

Outer stream weight flow

Weight flow

Source location

SPL

Intermediate variable

Point of merging

Potter and Crocker equation coefficient

Potter and Crocker equation coefficient

Potter and Crocker equation coefficient

Definition of FORTRAN Symbols (Continued).

Related
Subroutines

MS, EJECTS
SUB1

SUB3

PNTTS

MS

TPNLC

TPNLC

PNLPT, PNTT8
PNTT8

MS

MS

MS, SUB1

PNTT8

MS, SUB1, PNTT8
PNTT8, EJECTS
MS

MS, SUB1

MS, EXTP, PNTT8
MS

MS

SUB3, PNLPT

MS

MS, SUBI,
SHKSUB, PNTT8
MS

MS

MS

MS, SUB1

MS, SHKSUB
MS, SUB1
SUB1

SUB1, PNTT8
MS

MS

MS, SUB1

MS, EJECTS
SUB3, EXTP, PNLPT
SUB1, EJECTS
MS

MS
MS
MS

N




FORTRAN
Symbol

X3
X4
Y

YJ
Y1
Y1J
Y2
Y9
Z1
ZJ
ZK
zz
zZ1
Z2
Z3
5
8
29
Z9

Table 3-1. Definition of FORTRAN Symbols (Concluded).

Meaning

Potter and Crocker equation coefficient
Specific reactance
PWL

Intermediate variable

Intermediate variable

Intermediate variable

Intermediate variable

Nozzle type indicator

Intermediate variable

Intermediate variable

Intermediate variable

Ef fective number of elements effect
Intermediate variable

Intermediate variable

Intermediate variable

Number of rows of tubes

Effective number of elements adder
Total number of elements adder
Constant

10

Related
Subroutines

MS

EJECTS

SUB5, SUB4, SUB6,
PNTT8

SUB5, EJECTS
MS, SUB4, SUB6
MS -

MS

MS, SUB1
SHKSUB

EXTP, EJECTS
SHKSUB

MS

SUB1, PNTT8

MS

MS, PNTTS8

MS

MS

MS

MS, SUB2

]




Table 3-2. Overall Flow of Program.

1. Read Input Curves (M*S).

2, Read Input and Calculate Flow Parameters for each Stream (M*S),

The Following through 11 are used or Skipped as Necessary.

3. Determine Postmerged Noise (M*S, SUB1, SUBS).
4. Determine Premerged Noise (M*S, SUB1),
S. Determine Premerged Cutoff and Shielding Effects (M*S),

6. Calculate Ejector Effects and Correct the Premerged Noise (M*S, ZJECTS,
SUBS).

7. Sum the Premerged and Postmerged Noise (SUBS).

8. Calculate Shock Noise for Outer Stream and Apply Cutoff, Shielding,
and Ejector Effects (M*S, SHKSUB, EJECTS, SUBS).

9. Add to the Sum of Premerged and Postmerged (SUB6).

10. Calculate Shock Noise for Inner Stream (M*S, SHKSUB, SUB5).

11. Add to the Sum of Premerged and Postmerged and Outer Stream Shock
(SUB6).

12. Extrapolate and Calculate OASPL, PNL and PNLT (this may be done after
each Component is Calculated for Print Purposes) (SUB3).

' 13. Print Output and Calculate EPNL (PNTTS).

11




M*S Routine

READ INPUT
CURVES

'

READ INPUT
INITIALIZE
VARIABLES

'

CALCULATE
FLOW PARAMETERS

YES
RESET
VARIABLES

l

CALCULATE OUTER
STREAM FLOW
PARAMETERS

Figure 3-1. Computer Program Flow Chart.
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e

YES

CALC
COEFFICIENT 'S
TO POTTER AND
CROCKER EQN

CALC REVISED

CALC NEW
VALUE OF V.,V

Is
DIFF <
1% OF NEW
VALUE?,

CALC V
D AND R FOR
MERGED REGION

—1__

PRINT

Figure 3-1.

OUTER DIA

NO

END

PRINT "DID
NOT CONVERGE''

YES

NO V = NEW

13

CALCULATE
OTHER

IF POSSIBLE
ANSWER

SET SAE
CONICAL
ROUTINE
VARIABLES

YES

N
\
O

Computer Program Flow Chart (Continued),




SET D
A0, 78, 29, K

SET SAE

CONICAL V
ROUT INE
VARIABLES SET ANGLE
INDICATOR
]
' CALC XC
' )
N CALC POINT
: OF MERGING
f
}
\
!
)
b
4
4
Figure 3~1., Computer Program Flow Chart (Continued).
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‘ SET CRIT

SET 72 AND
RADIUS
RATIO TO O

Y

CALC RADIUS
RATIO

FREQUENCY

SET D

CALC NORMALIZED
SOURCE 1OCATION

CALC ARSORTTION
EFFECT

Figure 3-1.

Computer Program Flow Chart

CALC ABSOLUTE

SOURCE LOCATION

AND STORE IN
X ARRAY

SET
(X/D)/ (X/D) PEAK

AND INITIALIZE
CUTOFF TO O

CALC CUTOFF

1

CORRECT CUTOFF
FOR RADIUS
RATIO EFFECT

SET SPlL TO
SPL AT 8(.

(Continued),

CORRECT SPL
FOR CUTOFF
AND ABSORPTION




END FREQUENCY
AND ANGLE 1.0OPS

NO
YES
SET SHOCK
ROUTINE
VARIABLES
y
CALL
SHKSUB
K7 - 2
’
>
\
)
\
!
4
¢
Figure 3-1. Computer Program Flow Chart (Continved),
~N
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YES

SET
Kl

NO

CALL
SUB3

Figure 3-1.

SET CHUTE/SPOKE
CORRECTION

Computer Program Flow Chart (Continued),
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SET SAE CONICAL
ROUTINE INPUT

PRINT
"TOTAL NOISE"

SET SHOCK
ROUT INE
VARIABLES

|

CALL
SHKSUB

Figure 3-1. Computer Program Flow Chart (Continued).




PRINT "CONICAL

NOZZLE NOISE"

o

Figure 3-1. Computer Program Flow Chart (Continued).




PRINT
"COANNULAR
NOISE"

20

CALC WEIGHT
FLOWS AND AREAS

CORRECT OUTER
STREAM WEIGHT
FLOW AND AREA

L -

YES
SET POST-MERGED |
VARIABLES CALC TOTAL
WEIGHT FLOW
Figure 3-1. Computer Program Flow Chart (Continued).




It 4

o

N4

VELOCITY AND
TEMPERATURE

SET SAE ROUTINE

NO

SET AREA AND
WEIGHT FLOW

SET AREA AND
WEIGHT FLOW

CALL
SUBL

Figure 3-1,

Computer Program Flow Chart

OUTER
STREAM MACH
NO, > 1

SET SHOCK
ROUTINE VAR

SET
CORRECTION

21

(Continued).




»

SET SHOCK
ROUTINE VAR

SET D8

SET D8

Figure 3-1.

SET
CORRECTION

Computer Program Flow Chart (Continued),
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PRINT YES ﬁ

3 S %
NO SUB3 i

CALL
PNTTS8

GO TO
26

Figure 3~1. Computer Program Flowchart (Continued),




a) SUBROUTINE SUB1
SET C, LOG
(v/C) AND W Q
NO
INTIALIZE
TEMP VAR
YES CALC W

vl e
CALC (P/PISA)

’ DO FOR
} 15 ANGLES
1

CALC
, NORMALIZATION
| CALC V
b PARAM LC Vg
CALC ABSOLUTE CALC LOG
OASPL FOR 15 (FD/VJS)
ANGLES

Y !

CALCULATE CALC SPECTRAL
FLIGHT EFFECTS DISTRIBUTION AT
GIVEN FREQUENCY

!

DETERMINE ANGLE
AND TEMPERATURE
INDICATORS

!

CALCULATE SPL
AND CORRECT FOR

FLIGHT EFFECTS

/ ReTury \

Figure 3-1. Computer Program Flow Chart (Continued).
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v

DO FOR
15 ANGLES

b) SUBROUTINE SUB3

SET X
ARRAY

NO

SET ANGLE
AND INPUT
DISTANCE

Y

RESET
S ARRAY

O

Figure 3-1.

YES

—alil]—

CALL
PNLPT

CALL
TPNLC

F—ﬂ!—

SET P, T,

Computer Program Flowchart (Continued),
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¢)  SUBROUTINE SUBS

SET
OAPWIL, - O
DO FOR
OAPWL
POWER = O NS
FREQUENCY
LOOP
DO FOR +
15 ANGLES
DETERMINE
OAPWL IN DB
SET ANGLE
[ Y
|
| CALC STRIP
J AREA AND
POWER
: END ANGLE
LOOP
' !
)
. CALC POWER
‘ IN DB
!

Figure 3-1. Computer Program
Flowpath (Continued).




d) SUBROUTINE SUB4 e) SUBROUTINE SUB2
DO FOR
24 FREQ
SET R = §
FOR 15
ANGLES
APPLY
SET Y1 =Y CORRECTION
TO S ARRAY

Figure 3-1. Computer Program
Flowchart (Continued).
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i) SUBROUTINE SUB6

SET
OAPWL = O

DO FOR
24 FREQ

LOG SUM S
AND R
ARRAYS FOR
15 ANGLES

1

LOG SUM Y
AND Y1
ARRAYS

SUM FOR
OAPWL

END FREQ

LOOP

Figure 3-1.

DETERMINE
OAPWL IN DB

Computer Program

Flowchart (Continued).
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g) SUBROUTINE EXTP

CALCULATE
ACOUSTIC RANGE

NO SET P3 = LOWER
LIMITING
FREQUENCY

YES
SET CALCULATION
DISTANCE

DETERMINE EGA CALCULATE AIR

FROM CURVEFIT ATTENUATION

OUTER 1000 FEET

F > 4000 |
?

MODIFY EGA
FOR FREQ

!

COMPUTE

EXTRAPOLATED .

SPL'S AND APPLY
DOPPLER SHIFT

Figure 3-1. Computer Program Flowchart (Continued),
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SET FORMAT

PRINT FREQ
AND SPL

PRINT OASPL

PRINT PNL

<>

o\
NO

>

Figure 3-1,

h) SUBROUTINE PNTT8

il

i

Computer Program Flowchart

SET C AND
MINIMUM
ACOUSTIC RANGE

!

INITIALIZE
VARIABLES

{

DETERMINE
LEVEL FLYOVER
TIMES

1

NORMALIZE TIMES
TO OVERHEAD

=

SET NUMBER
OF ANGLES

'

DETERMINE

N AND
P LTMAX

CORRESPONDING
TIME

(Continued).




SET 10 DB
DOWN POINTS

!

DETERMINE INITIAL
TIME (EXTRAPOLATING
USING FIRST TWO
POINTS IF NECESSARY

!

DETERMINE FINAL
TIME (EXTRAPOLATING
USING LAST TWO
POINTS IF NECESSARY

!

INTEGRATE BETWEEN
10 DB DOWN POINTS

l
> [ rsrumn \

Figurce 3-1. Computer Program
Flowchart (Continued).




i) SUBROUTINE EJECTS

INITIALIZE
EJECTOR EFFECT

!

CALCULATE
APPROXIMATE
FREQUENCY
OF PEAK NOISE

!

CALCULATE
LENGTH EFFECT

CALCULATE
EJECTOR RADIUS DETERMINE
* DIRECTIVITY
CALCULATE
EFFECTIVE
AREA RATIO DO FOR
? 24 FREQ
. CALCULATE
REFEXENCE ASPL DETERMINE
ASPL
1
)
\
!

2

Figure 3-1. Computer Program Flowchart (Continued).

. 32




DETERMINE
EFFECTIVE
MACH NO.

!

DETERMINE LOWER
LIMITING CENTER
OR UPPER LIMITING
FREQUENCY

CALCULATE NOZZLE
AND EJECTOR DIA
AND EJECTOR
LENGTH

!

DETERMINE
RESISTANCE

Figure 3-1.

!

CALCULATE
REACTANCE

RESISTANCE
AND REACTANCE

RESET
VALUES

DO FOR
7 ANGLES

CALCULATE
ANGLE, COEFF

OF REFLECTION

ABSORPTION (DB)

Computer Program Flowchart (Continued).




DO FOR 25 SUM OVER LOWER
SOURCE LIMITING, CENTER
LOCATIONS AND UPPER
LIMITING
FREQUENCY
CALCULATE 1
SOURCE
LOCAT ION CALCULATE
PWL REDUCTION

DETERMINE 1

EFFECTIVE DETERMINE
SOURCE LEVEL REDUCTION
{ DIRECTIVITY
DETERMINE t
NUMBER OF
REFLECTIONS ADD RESULTING

SPL REDUCTION
TO HARDWALL
EJECTOR EFFECT

CALCULATE
POWER REDUCTION

Y 6 { reTuRs \

DETERMINE FOWER

REDUCTION OVER-

ALL REFLECTION
ANGLES

NO FLOW CHART IS SUPPLIED FOR THE FOLLOWING
ROUTINES BECAUSE OF THE COMPLETE NATURE OF
THEIR DOCUMENTATION IN PUBLISHED LITERATURE

e SHKSUB

e PNLPT
e TPNLC

Figure 3-1. Computer Program Flow
Chart (Concluded).
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temperature are determined, the input variables to the conical nozzle noise
routine are set, the noise is calculated, and flight effects are applied if
necessary. This component is then extrapolated and (if desired) printed.

The premerged noise is then calculated. The effective number of tubes
and the critical angle are determined. Then the length of the potential
core, Xo, the point of merging (used for cutoff only), and the radius ratio
are determined. The axial location of the beginning of peak noise generation,
X,, and the critical frequency for absorption are calculated before entering
tge frequency loop to calculate source locations, absorption effects, and
cutoff effects. These are then applied to all angles forward of critical
with angles aft of critical set equal to critical angle SPL. Ejector effects
are determined and applied before extrapolation and (if desired) printed.
Shock-cell noise (if applicable) is determined after summing the premerged
and postmerged components. It is then corrected for ejector effects and
flight effects, whereupon multielement corrections are applied, extrapolated,
printed, and added to the other components. The total is then extrapolated
(if required) and printed, and a return is made for the next case.

The conical part of the routine calculates the conical mixing noise and
shock noise, applies flight effects, extrapolates and prints them separately
if desired, sums them, and prints the total; after which, a return is made
for the next case.

The coannular part uses the premerged and postmerged routines of the
multielement part if a suppressor is involved. Variables are set, and, if a
suppressor is involved, the postmerged routine of the multielement part is
entered to calculate merged flow conditions. Mixed conditions are then

determined and the merged noise is calculated, extrapolated, and printed (if
desired).

The premerged noise is now calculated in accordance with whether a sup-
pressor is present or not. This component is extrapolated, printed if desired,
and added to the postmerged. Outer-stream, shock-cell noise is determined,
depending on whether a suppressor is present or not, extrapolated, printed
(if desired), and added to the other components. Finally, the inner stream
shock is computed, extrapolated, printed (if desired), and added to the other
components. The total is then extrapolated as required, and printed; and
control is returned for the next case.

SUB1 Subroutine - This subroutine provides SAE ARP 876 (1975 revision)
conical nozzle noise predictions and determines and applies mixing noise flight
effects. Use and limitations are as described in the aforementioned documents.
Output from this routine is on a one-foot arc. Basically, polynominal curve
fits of the data in SAE ARP 876 (1975 revision) were used. A correction was
made to the predicted OASPL to increase the accuracy of the routine based on

available data on suppressor nozzles. This correction amounts to +1 dB at
all angles and frequencies.




SUB3 Subroutine ~ This routine resets the variables for input into the
extrapolation and PNL calculation subroutines. It determines whether extra-
polation is required and calls EXTP. PNLPT is called to determine PNL and
OASPL.. TPNLC is called from PNLPT to determine PNLT. The variables are then
reset maintaining the newly calculated values.

SUB5 Subroutine ~ This routine calculates sound power level from sound
pressure level for each one-third-octave band, and then antilogarithmically
sums them to obtain the overall levels.

SUB4 Subroutine ~ This routine places previously calculated sound pres-
sure level and sound power level in other variable name storage for future
use in the program.

SUB2 Subroutine - This routine adds a constant value to the one~third-
octave band SPL at all angles and frequencies.

SUB6 Subroutine - This routine antilogarithmically sums different SPL
and PWL spectra to obtain a total spectra, and then sums the total PWL
spectrum to obtain OAPWL.

EXTP Subroutine - This routine extrapolates an input spectrum to a
desired acoustic range using the inverse-square law (spherical spreading),
air attenuation per SAE ARP 866 (Reference 3), and, if desired, extra ground
attenuation (EGA) per the routine presented in SAE AIR 923 (Reference 4). A
curve fit of the 59° F, 70Z relative humidity, standard-day-air attenuation
is used, as well as curve fits for EGA., The routine automatically accounts
for range changes from angle to angle on a sideline and includes the option
of a 100-ft laver of FCA, full EGA, or no EGA as per SAF AIR 923.

SHKSUB Subroutine - This routine predicts shock-cell noise by the pro-
cedure defined in SAE ARP 876 (1976 proposed revision). Output from this
routine is on a one-foot arc. The definition of D8 was varied to allow
calculations for nonround nozzles. Shock-cell noise flight effects are
determined and applied in this section.

PNLPT Subroutine - This routine sums the SPL in a given sp.ctrum anti-
logarithmically to obtain OASPL and uses the procedure defined in SAE ARP
865A (Reference 31) to calculate PNL.

TPNLC Subroutine - This routine calculated tone-corrected PNL via
Section B36.3 of the FAA Noise Certification Document (Nov. 17, 1969) as a
function of the uncorrected one-third-octave spectrum SPL.

PNTT8 Subroutine - This routine sets the format and prints the noise
output from the main program. It prints the identification of the noise out-
put and one-third-octave band SPL and PWL for 24 frequencies and 15 angles
(20° to 160° to the inlet) as well as OASPL, PNL, and PNLT for each angle.

The second part of the routine calculates EPNL (if required) according
to the procedure described in FAR Part 36, using PNL rather than PNLT. Times

associated with given acoustic angles for a level flyover (assuming the
enpine centerline is parallel to the ground) are determined first.  Peak PNL,
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the associated time, and the 10-dB down levels are determined. Initial and
final times are then determined by linear interpolation (using, when necessary,
extrapolation using the first or last two points). The PNL history is then
integrated between the 10-dB down points by summing half-second increments
(determined by linear interpolation) to obtain the duration correction. This
is added to the maximum PNL to obtain EPNL; the EPNL is then printed. It
should also be noted that the program automatically calculates an EPNL for
static sideline cases assuming a 300 ft/sec flyover velocity.

EJECTS Subroutine - This routine first determines the effect of a hard-
wall ejector of given geometry in terms of the reference SPL. Directivity
and spectral effects are then determined. If no treatment is present in the
ejector, control is returned to the main program. If treatment is present,
an impedance prediction routine for SDOF treatment (single degree of freedom)
is entered. The resistance and reactance of the treatment panel is determ-
ined; this yields a coefficient of absorption. The location of a given
source and the strength relative to the peak are then calculated. The co-
efficient of absorption multiplied by the number of reflections for a given
acoustic angle plus the relative source strength when summed over all sources
yields an SPL reduction. This, when integrated over all angles, gives a sound
power insertion loss. This reduction is log-averaged over the lower limiting,
center, and upper limiting frequencies for the given one-third-octave band.
The sound power insertion loss is then converted into a delta SPL for each
acoustic angle and added to the hard-~wall effect. Control is then returned
to the main program.

3.4 INPUT DESCRIPTION

The input data are supplied through NAMELIST input format. Any number of
successive cases can be run consecutively, limited only by the users execu-
tion time available. Each successive case requires only the INPUT NAMELIST.
The data from preceding cases remain in storage; thus, only those variables
which are to be changed from the preceding case input value need be included
in the INPUT file of succeeding cases.

The input format is given in Table 3-3. The definitions of each of the
input variables given in Table A-3 are given in Table 3-4. All variables are
preset to zero before the first-case input is read. Only the input variables
listed under a nozzle type in Table 3-3 need be input for any case. Notes on
the input follow the tables. Further descriptions of input variables are
given in Figures 3-2 and 3-3.

3.4.1 Notes on Input

1. The ALT variable is used as the main distance indicator; therefore, for
ground static arc or sideline cases the distance of interest is input through
this variable, and the SL variable is set to zero. In flyover cases, ALT is
used as the altitude indicator, and SL is used as the sideline distance.

2. EGA is "Extra Ground Attenuation' as defined in SAE AIR 923 "Method for
Calculating the Attenuation of Aircraft Ground to Ground Noise Propagation
During Takeoff and Landing.”" The "100-ft layer" is defined in Figure 3 of the
above-ment ioned document.
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3. Major nozzle dimensions are input in feet; element or ejector-treatment
dimensions are input in inches. This alleviates inputting very small numbers
(i.e., 0.1 inch versus 0.0083 foot).

4. Cant angles for multitube and multichute/spoke nozzles are defined in
Figure 3-4.

5. The "A" variables are input as 10 if treatment other than SDOF is used.
In this case RR and RX must be input.

6. The specific resistances and reactances of the treatment used in the ejec-
tor are input through the RR and RX variables. Values at the lower limiting,
upper limiting, and midpoint frequencies are used. For ease of input, the
program assumes the value at the upper limiting frequency of one one-~third-
octave band to be equal to the value at the lower limiting frequency of the
next highest band. Therefore, only 49 values must be input.

3.5 OUTPUT DESCRIPTION

The output format is generally self-explanatory. The input is printed
out using the nomenclature defined in Table 3-5. Output flow conditions
follow. Finally, SPL and PWL spectra, OASPL, OAPWL, PNL, PNLT, and EPNL are
printed as required.

A warning flag 1s built into the iterations for gamma and merged vel-
ocity. The flag message for either iteration is: DID NOT CONVERGE; and
when it appears the run terminates. Gross input errors have been the only
cause of this message encountered in the development of the program.

At the beginning of each run, an unlimited number of cards can be input
for the run identification. (A case identification card is available before
each case also). The format for each card is:

60 - Character Title Card, Columns 1-60

To enter the case section of the input the following card is required:
CASES (Starting in Cclumn 2)

The run or case identification cards may be omitted but the "CASES"

card must be present. The case identification is saved and will be printed
on succeeding cases unless another case identification card is read.
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Table 3-3. Input Format.

(FOR CONICAL NOZZLES)

Column

2

A 4

(60-Character Identification Card, Columns 1-~60)
$ INPUT Y9 =1,

P9 = , TT3 = , A9 = R

K9 » ALT = » SL ,




Table 3-3. Input Format (Continued).

(FOR SINGLE-FLOW, MULTITUBE NOZZLES)

Column
2
4

(60-Character Ildentification Card, Columns 1-60)

o e e e e N b NSRRI A 7

$ INPUT Y9 = 2,

1]

N = , RP = B9

DT = , A7l = Z5 =




Table 3-3. Input Format (Continued).

’ ’

’ ’ ’ ’ ’

» ’ ’ ’ ’

) s ’ ’ ’

’ ’ ’ ’ ’

’ s ’ ’ ’

’ ’ ’ ’ ’

RX = y Y ’ ’ ’

’ ] ’ ’ s

’ ’ ’ ’ ’

’ ’ ’ ’ ’

’ ’ ’ ’ ’
'
.

) ’ ’ ’ ’

: ) ’ ’ ’ ’
1
)
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Table 3-3. Input Format (Continued).

(FOR SINGLE-FLOW, MULTICHUTE/SPOKE NOZZLES)

Column
2
A 4

(60-Character Identification Card, Columns 1-60)

$ INPUT Y9 = 3,

N = » RP = , B9 = s

R4 = , R6 = , S8 = , A7 = ,
TT3 = , P9 = o NFLT =

K9 = , ALT = , SL = , U = ’
E9 = , VO = , A6 = , L9 = ’
A = s s s s

RR and RX as per the multitube nozzle case.

$
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Table 3-3. 1Input Format (Continued).

(FOR DUAL-FLOW NOZZLES WITH MULTITUBE
SUPPRESSORS ON THE OUTER STREAM)

Column
2
4

(60-Character Identification Card, Columns 1-60)

$ INPUT Y9 = 5,

RP = , DN = , AA8 = , A9 = ,
TT4 = , P4 = , TT5 = , P5 = ,
N = , DT = , A7 = , B9 = R
25 = , S1J = , NFLT = ,

K9 = , ALT = , SL = , U = .
E9 = , VO = , A6 = , L9 = ,

)
A = ’ ’ ’ ’

RR and RX as per umultitube case.

$
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Table 3-3. Input Format (Concluded).

(FOR DUAL-FLOW NOZZLES WITH MULTICHUTE/SPOKE
SUPPRESSOR ON THE OUTER STREAM)

Column
2
A 4

(60-Character Identification Card, Columns 1-60)

$ INPUT Y9 = 6,

RP = , DN = , AA8 = , A9 = ,
TT4 = , P4 = , TT5 = , P5 = ,
N = , B9 = , NFLT = ,
RG = , R6 = , S8 =__ AT = ,
K9 = , ALT = , SL = , U = __
E9 = , VO = , A6 = , L9 = ,
. A = s , , s

RR and RX as per multitube case.

2 $
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Table 3-4. Input Variable Descriptions.

(FOR COMICAL NOZZLES)

Variable Note Description
P9 Nozzle Total to Ambient Pressure Ratio
TT3 Nozzle Exit Total Temperature, ° R
A9 Nozzle Exit Flow Area, ft2
K9 Print Indicator:

0 = Total Nozzle Noise Only
1 = Nozzle Componcnt and Total Noise

ALT 1 Altitude, Ground Sideline, or Arc Dis-
tance at which Prediction is to be made,
ft

SL 1 Sideline Distance at Which Prediction is
to be made, ft (Used for Flyover Cases
Only)

U Arc or Sideline Indicator

= Predictions to be made on an Arc
Predictions to be made on a Sideline
(or Flyover)

N
I

E9 2 EGA Indicator
0 = No EGA
1 = Full EGA
= 100-ft Layer of EGA

N
i

Vo Aircraft Flight Velocity

NFLT Flight Effects Indicator
1 = "“"Free Jet"
2 "True Flight"




Table 3-4. 1Input Variable Descriptions (Continued).

(FOR SINGLE-FLOW, MULTITUBE NOZZLES)

Variable Note Description
N Number of Tubes
RP 3 Centerbody Plug Radius, ft
B9 4 Tube Centerline Cant Angle, degrees
DT 3 Tube Diameter, in.
A7 Nozzle Area Ratio
Z5 Number of Rows of Tubes Counting Center

Tube (if Present) as zero

S1J Tube Centerline Spacing to Tube Diameter
Ratio

TT3, P9, K9, ALT, .

SL, U, E9, VO Same as Conical Nozzle

Ab Ratio of Ejector Inlet Area to Nozzle
Total (or Annulus) Area (Input Zero for
no Ejector)

' L9 Ratio of Ejector Length to Suppressor
Nozzle Equivalent Diameter

A1) 3,5 Ejector Treatment Faceplate Thickness, in.
; A(2) 3,5 Ejector Treatment Hole Diameter, in.
\ A(3) 3,5 Ejector Treatment Cavity Depth, in.
? A(4) 3,5 Ejector Treatment Open Area Ratio
* RR 6 Ejector Treatment Specific Resistance,

Rayls (49 Values Required)

' RX 6 Ejector Treatment Specific Reactance,
Rayls (49 Values Required)




Table 3-4. Input Variable Descriptions (Continued).

(FOR SINGLE-FLOW, MULTICHUTE/SPOKE NOZZLES)

Variable Note Description
N Number of Elements
RP 3 Centerbody Plug Radius, ft
B9 4 Chute/Spoke Exit Cant Angle, degrees
R4 Outer Circumferential Flow Dimension, in.
R6 Inner Circumferential Flow Dimension, in.
ssS Outer Circumferential Element Dimension,
in.
A7 Nozzle Area Ratio

TT3, P9, K9, ALT,

SL,

A6,

v, E9, VO, Same as Conical Nozzle

L9, A, RR, RX Same as Multitube Nozzle
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Variable

Table 3-4.

Input Variable Descriptions (Continued).

(FOR DUAL-FLOW NOZZLES WITH A MULTITUBE
SUPPRESSOR ON THE OUTER STREAM)

‘Note
RP

DN

AA8

A9

TT4

P4

TT5

P5

N, DT, A7, B9,
Z5, $S1J, A6, L9,
A, RR, RX

K9, ALT, SL, U, E9, VO

Description

Centerbody Plug Radius, ft

Nozzle Outer

Inner Nozzle

Outer Nozzle

Inner Nozzle

Inner Nozzle
Ratio

Quter Nozzle

Outer Nozzle
Ratio

Diameter, ft
Flow Area, ft2
Flow Area, ft2

Exit Total Temperature,

° R

Total to Ambient Pressure

Exit Total Temperature,

Total to Ambient Pressure

Same as Multitube Nozzle

Same as Conical Nozzle

48

R




Table 3-4. Input Variable Descriptions (Concluded).

(FOR DUAL-FLOW NOZZLES WITH MULTICHUTE/SPOKE
SUPPRESSORS ON THE OUTER STREAM)

Variable Note

RP, DN, AA8, A9,
TT4, P4, TTS, PS5

N, B9, R4, R6, SS, A7

K9, ALT, SL, U, E9, VO

A6, L9, A, RR, RX

Same

Same

Same

Same
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Description
as Dual-Flow/Multitube

as Multichute/Spoke
as Conical

as Multitube




——

DT
O oé’ Multitube
0

Multichute or
Multispoke

Multitube,
Dual Flow

Multichute or
Multispoke,
Dual Flow

. Figure 3-2. Nozzle Types Included in the Correlation.




Nozzle

Observer
For a ground arc or

sideline case, "SL" is
set to zero and the
required distance is
input as "ALT."

Figure 3-3. FORTRAN Symbol Convention for Acoustic Arena
4 Variables.




Multitube Nozzles

-—
’1:5 Cant Positive

Multichute/Spoke Nozzles

| s Cant Positive

Figure 3-4, Definition of Cant Angles for Multielement Nozzles.

52




v @

Table 3-5. Output Symbol Descriptions.

Symbol Description

ARD Suppressor Nozzle Area Ratio

AT Area of an Individual Flow Element

A5 Merged Flow Area

A6 Mixed Flow Area

A8 Inner Nozzle Flow Area

A28 Outer Nozzle Flow Area

DUCT H Outer Nozzle Duct Height

D5 Diameter of the Merged Flow Stream

PO Ambient Pressure

PT8/P0O Inner Nozzle Pressure Ratio

PT28/P0 Outer Nozzle Pressure Ratio

RHO5 Density of the Merged Stream

RHO8 Density of the Inner Stream

RHO28 Density of the Outer Stream

TO Ambient Temperature

TTS Total Temperature of the Merged Stream
TT6 Total Temperature of the Mixed Stream
TT8 Total Temperature of the Inner Stream
TT28 Total Temperature of the Outer Stream
U5 Fully Expanded Merged Velocity

U6 Fully Expanded Mixed Velocity

U8 Fully Expanded Inner Stream Velocity
U28 Fully Expanded Outer Stream Velocity
wé Mixed Stream Weight Flow

PWL Sound Power Level, dB re: 10-'13 watts

OASPL Overall Sound Pressure Level re:
2 dynes/m?

OAPWL Overall PWL

PNL Perceived Noise Level, PNdB

PNLT Tone-Corrected PNL, PNdB

EPNL Static Effective Perceived Noise Level,
EPNdB




3.6 SAMPLE CASES

Example cases for a conical nozzle with and without EGA, a dual-flow
nozzle with a multitube suppressor and a treated ejector, and a dual-flow
nozzle with a multichute suppressor are given. The input data cards are
listed in Table 3-6 as per the format given in Table 3-3.

Table 3-6. Input Data Card Listing Sample Case.

AR STECKMAN TASK 3 HIGH VELOCTTY JET NNISE PRCGRAM
GENERAL ELECTRIC Cn, BLNG 300 BRIN 79 M.D, K77 X2241
MS e FNGINEERING CORRELAYION MONEI e= CDC VERSICN
CASES
CONICAL NOZZLF CHECK CASE
$INPUT YOu1,
P83 247, TT3IN1380, A9#2.346, RP#D, K9gi,
ALT#&2400, U#2, FO980, VO#3S0, A680, 1980, AsUx0,
$
SINPUT E9n2S$
DUAL FLCW MULTI=TUBF CHFCK CASE
SINPUT Y9as,
RP#1,423, DN¥6,687, AABNT.6U49, A98S 0RY, TT4#1010,
PUgy 567, TTIS#1632, PSEY PTR, K941, N#g9,
DTe3,672, AT42.75, ROxg, 2543,
S1J#2 B18, ALT#320, U#¥1, EQ#0, VO®O0.
A6HO, LO#O, A#4#0,
A6#1,303,L.983,952,Anur10,
RKR#U9x0,311,
RX#=R7,135,+77,549,=69, ?39.-61.153.-50 949,48,463,
-43,269,=38,767,=347 611,31, 008.-27,ba;.-?a 219,221,620,
=19,.367,=~-17, 287,-15 484,-13,819,%12.277,°10.,954,-9,6%2,=-8,608,
*7,702,°6.864,=6,08R,5,370,<4, T62,=4,2%2,«3,.771,-3%, 3“?0
«2,96R,=2,619,=2, 251;-1 970,11, 722.-1 4R7,1 278,=1,077,~,8R2,
- 70“!'05'50'.3“7" 185, = -0'00.'8‘;.“0]:.703 1.,1,1,794,4,097,

~

s
) DUAL FLCOW MULTI-CHUTE CHECK CASE
$INPUT Y9my,
\ RP# 624, DN®2.671, AAB¥ _B11, A9#1.,585, TT4#1470,
) PU®y 490, TTS%1750, PS#3,97, K9#0, N¥p0,
' BO9#0, RUw2,874, R6#2,060, SS#2.159,
. AT#1,75, ALTH#P400, tI¥2, EQSy0, VON3ISH,
A6#0, LO980, AsdxQ,
3
1
o NOTE: The symbol # indicates an equal sign (=),




X X XX XXX XXX
XXX XXA OO XXXXXX
XXXX  XAXX X X
XX AXXX XX X X
XX XX XA XXAXXX . .
X X XX XXX XX X
X X X X XX
XX XK . XX
X X XX XX X X X X
X X XA XX XX X X
XY XXX X X OXXXXX XKXXXX XXRXXX X x
x0T X X x X X XX XX
XX X XX XX XX X XX X
XXX X XXX X XXXX X X
X X X X X x X
XXX XX X XX XXX X XXXXXX A X

HIGH VELOCITY JET NOISF PROGRAM(CONTRACT (H0T~05+30034)
19 == ENGINFERIMNG CORRE| ATION

A Lk CKMAR TASK 3 HIGH VELOCITY JFT NOISF PROGRAM
GEM' RAL FLECTRIC CNe  RLNG 30t RIN 79 M,D., h77 X226
MS == ENGINEERING CORRELATION MODEL == CDC VERSION
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3.7 PROGRAM SOURCE CODE LISTING

computer.
(1)
(2)
(3)
(%)
(5)
(6)
€))
(8)
9

This section contains the FORTRAN IV source code listing for the engi-
neering correlation computer program, suitable for running on the CDC 7600

The listing of subroutines is as follows:
Main Program (MS)
SUB1 (Contains SUB1 through SUB6)
EXTP
SHKSUB
PNLPT
TPNLC
PNTTS8
A block data listing

EJECTS
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4,0 UNIFIED AEROACOUSTIC PREDICTION MODEL (M*G*B) COMPUTER PROGRAM

4.1 INTRODUCTION

This section describes the computational algorithims and associated
computer program that provide the necessary link between the symbolic
representation of the M*G*B model and the actual numerical results of the
prediction method.

The computer program is written in FORTRAN IV language. It has been run
on both the GE/Honeywell 6080 and CDC 7600 computers, and can easily be modi-
fied for running on other systems. The program subdivides the jet plume
utilizing a built-in grid system which requires minimal input for specifi-
cation. This grid system can be superseded by the user through more complex
input if desired. The nozzle geometry is input through discrete point coor-
dinates for each nozzle element boundary, and up to 109 elements can be input
for a given case. A maximum of 24 axial stations along the jet plume is
permitted, and up to 200 radial points per axial station can be accommodated.
These limits can be changed if so desired by modifying the appropriate
DIMENSION and COMMON statements in the program logic.

The limiting assumptions made in developing the method have been dis~
cussed in Reference 1, but it is appropriate to summarize them here to warn
against indiscriminate violation of these limitations. They are as follows:

1. The exhaust nozzle elements should be coplanar; that is, each tube or
chute of a multielement configuration should exhaust at the same axial
plane. However, nozzle element exit planes can be staggered, provided
that the mixing layer of a given element does not impinge on the wall
of another element.

2. The jet exhaust gases must all be of the same constituent, for
the calculation cannot accommodate gas mixtures or species concen-
trations.

3. Within any nozzle element, the flow is assumed to be uniform at the

exit plane.

4, The time-averaged static pressure is assumed to be constant and
uniform throughout the jet flow field and surrounding ambient
field.

5. The exhaust nozzle elements must discharge axially, radial mean
flow and swirl are neglected in the model.




6. The effects of shock formations on mixing and turbulence levels are
neglected.

These assumptions and limitations are those which pertain to the types
of problems which can be analyzed. There are, of course, additional assump~
tions that went into the formulation of che model itself which may restrict
the accuracy of the model, but which do not restrict the type of problem
which can be analyzed. The user is advised to consult Reference 2 for the 1
details of the model formulation.

4.2 PROGRAM NOMENCLATURE AND SYMBOL CONVENTION

The jet plume and nozzle geometry coordinates are computed in the MAIN
routine. The jet plume is divided into KX axial slices, specified by KA
(1 < KA < KX). The FORTRAN symbol variables for the various coordinate
parameters and indices are shown in Figure 4-1. Note that the radial sub-
division, specified by index M (1 < M < NR), proceeds in increments DSIG(KA),
from SIG = RMIN(KA) to the maximum value set by NR. The value of NR is
determined during the calculation from the location where the axial momentum
flux is within a certain tolerance of being equal to the ambient level, i.e.,

|RU2 - RU2E(1)]| < RU2M

where RUZM is a specified input tolerance. The maximum allowable value of NR
can be specified by the input variable IQUIT. The program dimension sizes
limit KX and IQUIT to the following maximum values:

KX < 24 IQUIT < 200 i

The nozzle geometry itself is input as a number (NEST) of boundary ele- §
ments. Each element is specified by coordinate pairs RA(I,J) and DALP(I,J), ;
where RA(I,J) denotes the radius and DALP(I,J) denctes the angular increment, i
as shown in Figure 4-1. The index I denotes the boundary contour point number,
and the index J denotes the boundary number. The reference angular location
for each boundary is given by ALPO(J). For each boundary, the exit-plane
values of total pressure PT(J) and total temperature TT(J) are also
specified. Boundary Number One (J=1) is always considered to be the ambient
field.

The farfield acoustic calculations are performed on either a constant-
radius arc or a sideline parallel to the jet axis, according to whether the
input variable NUMANG is set equal to 1 or 2, respectively. For NUMANG = 1,
the input DIST is the arc radius; for NUMANG = 2, DIST is the sideline dis-
tance. The acoustic arena geometry specification in terms of FORTRAN vari-
ables is shown in Figure 4-2, Note that a distinction is made between the
source-to-observer distance RSTAR and the nozzle-to-observer distance RADIUS.
The observer angle relative to .the jet axis THETA is always in units of
radians, while the observer angle relative to the inlet axis THETD is in
units of degrees. The farfield sound pressure level SPL(I,J) is computed at
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every 1l/3-octave frequency from FMIN to FMAX, at ten-degrece increments 1rom
THETD = 20° to 160°.

A list of the important FORTRAN symbols used in the computer program is
given in Table 4-1, along with their algebraic equivalents where possible, A
complete description of all of the input variables and examples of input
preparation are given in Section 4.5.

4,3 DESCRIPTION OF PROGRAM AND SUBROUTINES

A flow chart of the computer program logic is shown in Figure 4-3. 1t
indicates the sequence of operations, the interconnections of various portions
of the program, and their functions. A description of the main program and
each of the subroutines is given in the following paragraphs.

4.3.1 MAIN

The main program initiates the computation and controls the sequence of
operations. It reads the input data, computes the grid system for the aero-
dynamic flow field, and computes the various required nozzle exit plane flow
parameters such as velocities, Mach numbers, momentum and enthalpy fluxes,
etc. The main program prints out all input data, nozzle exit conditionms,
nozzle geometry, and coordinate system parameters.

The main program controls and executes the jet plume flow field compu-
tation. After each axial slice has been evaluated, the MAIN program calls
subroutine SLICE to perform the requested acoustic calculations. Upon com~
pleting the calculations at all axial slices, MAIN then calls OUTPUT to per-
form some final calculations and print out the farfield noise levels. 1If
additional cases are requested, the entire procedure is repeated, beginning
with reading of input data; otherwise the execution is halted.

) 4.3.2 ARCCOS (X)

f \ This is a function subroutine which computes the principal value of the
arc cosine of the variable X. It is used in MAIN in evaluating certain
! angles relating boundary coordinate points and flow field location points.

4,3.3 ERF(X)

This function subroutine evaluates the error function of argument X
" using polynomial approximations as given in Reference 3. It is used in
MAIN for evaluating flow field integrands.




FORTEAN
Symbol

AA
AAA
ABDTH
ABLE
ABPA
ACH
ACHM
ACH2
AK
AL
ALFA
ALP
ALPHT
ALP®
AMUIN
AMULT
AO
ATOTAL
B
BETA
BETAIN
BETAMC
BK
BKR
BOT
BUG

C

CH
CHX
CJOCO
CM
CMAX
CMC
CMMC
CMVR
CNST
CcO
COEF
CONV
CONVF
CONVO
CONV2
CON

Table 4-1, List of FORTRAN Symbols,

Meaning

Air attenuation factor
Intermediate variable
|a¢]

Intermediate variable

| 4o

Mach number M

Average mach number

M2

Sound level constant
Lighthill parameter
Frequency constant

Angle

Convection constant oy
Reference boundary angle
Input turbulence constant ug
Intermediate value for ug¢
Speed of sound Cj

Total flow area
Intermediate variable
Shock strength parameter 8
Input turbulence constant B¢
Convection constant RMc
Intermediate variable
Intermediate variable
Intermediate variable
Intermediate variable
Constant

Spreading parameter Cn/Cp
Spreading parameter Chx
Ratio of C3/C,4

Spreading parameter Cp
Intermediate variable
Intermediate variable
Spreading constant Cj
Spreading constant C)
Constant

Ambient speed of sound Cj,
Conversion factor
Convection factor

Flight dynamic factor
Convection factor
Modified convection factor C
Constant
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Related Subroutines

ATMOS
LSPFIT, MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN, OUTPUT
MAIN
MAIN
MAIN
SLICE
MAIN
MAIN
MAIN
MAIN
MAIN
LSPFIT
SHOCK
MAIN
MAIN, SLICE
SLICE
MAIN
LSPFIT
MAIN
LSPFIT
MAIN
MAIN
SLICE
MAIN
TPNLC
MAIN
MAIN
MAIN
SLICE
MAIN, SLICE, SHOCK
OUTPUT
SHOCK
SLICE
SLICE
SLICE
SLICE




Table 4-1. List of FORTRAN Symbols (Continued).

FORTRAN
Symbol

CON2
COST
COSTO
CcP

CT
CTSQ
CTH
CVR
DALP
DDTHE
DDTHED
DELRA
DELSIG
DELTA
DELTIN
DEQ
DIA
DIRECT
DIST
DJET
DPHI
DRMIN
DS
DSIG
DSPL
DSPL1
DSPL2
DTHED
DTHM
DU
DUDR
DV

DX

EF

EFE

EM
EMACH
F

FAC
FC
FIRSTU
FIS

FM

Meaning

Constant

Cos ¢

Cos ¢

Specific heat Cp

Cos ©

CosZ @

Cos 6

Intermediate variable
Boundary coordinate Aa
Tolerance on A8, radians
Tolerance on A6, degrees
Transformcd boundary radius Av
Transformed radius Ar
Turbulence constant 8¢
Input array of &,
Equivalent diameter Deq
Reference Dg

Directivity ?actor
Sideline or arc distance
Reference diameter

Ad

Ar ~ minimum value
Source strength amplitude
Ar

Mixing noise pressure
Intermediate variable
Intermediate variable
A9, degrees

Maximum increment of ¢
Intermediate variable
3u/ar

Eddy volume dV

Axial step size Ax
Enthalpy flux

Enthalpy flux

Mach number

Exit Mach number
Intermediate variable
Intermediate variable
Center frequency

Flight velocity U,
Intermediate variable
Mass flow
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Related Subroutines

SLICE

MAIN

MAIN

MAIN

SLICE, CRD
SLICE

SHOCK

MAIN

MAIN

SLICE

SLICE

MAIN

MAIN

MAIN

MAIN

MAIN, SLICE, SHOCK
MAIN

SLICE

MAIN, SLICE
MAIN

MAIN

SLICE

SLICE

MAIN, SLICE
SLICE, OUTPUT
SHOCK

SHOCK
SLICE

MAIN

MAIN

MAIN, SLICE
SLICE

MAIN, SLICE
MAIN

MAIN

SLICE

MAIN, SLICE, OUTPUT
LSPFIT

PNLC

SLICE

MAIN, SLICE
MAIN

MAIN




Table 4-1, List of FORTRAN Symbols (Continued).
FORTRAN
Symbol Meaning Related Subroutines
FMAX Maximum observed frequency MAIN, OUTPUT
FMIN Minimum observed frequency MAIN, OUTPUT
FO Observed frequency SLICE, SHOCK, OUTPUT
FpP Peak frequency SHOCK
FR Frequency ratio SLICE
FRSQ Intermediate variable SLICE
FS Source frequency SLICE
GAM Specific heat ratio vy MAIN, SHOCK
GAMA Gas constant parameter MAIN
GEXP Gas constant parameter SHOCK
GM Shielding function CRD
GOSQ Shielding function CRD
G2 Shielding function SLICE, CRD
HF Spectrum function SLICE
HPSI Intermediate variable MAIN
HTR Stagnation enthalpy MAIN
1 Index ALL
1 Ic Index LSPFIT
IDENT Title (80-characters) MAIN
11 [ndex TPNLC
IMH Index MAIN
IQUIT Maximum number of points MAIN
1s Index MAIN
ISSY Index MAIN
ISAVE Index LSPFIT
ISYM Symmetry indicator MAIN
IT Symmetry indicator MAIN
J Index ALL
JMAX Maximum band number OUTPUT, SHOCK, SLICE
JMIN Minimum band number OUTPUT, SHOCK, SLICE
J1 Index CRD
J11 Index CRD
J2 Index CRD
J21 Index CRD
J211 Index CRD
K Index, also wave number MAIN, SLICE, PNLC
KN Surrounding boundary index MAIN
KNCAS Case counter MAIN
KNK Surrounding boundary index MAIN
KX Number of axial slices MAIN
L Index MAIN
LAVG Shock spacing SHOCK
LEAF Number of boundary leaves MAIN
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FORTRAN
Symbol

LEAV
LINE
LPHI
LQ

M
MACH
MAXNOY
MC
MCIN
MIN
M.J

N
NBREF
NCASE
NCBDY
NCELL
NCOUNT
NN
NODE
NOV
NOY
NPAGE
NPR
NPRINT
NPTS
NR
NRI
NTP
NUM
NUMANG
NUMK
NXC
OAPWI.
OASPL
OBSTN
OMEGR
PAA
pPC
PGC
PHI
PI
PI02
PI2

Table 4-1. List of FORTRAN Symbols (Continued).

Meaning

Number of boundary leaves
Printout counter

Number of flow field leaves
Index

Index

Mach number

Maximum noy value
Convection Mach number
Input array of Mc¢

Input array of Mo

Jet exit Mach number

Index, also number of shocks
Reference boundary number
Number of cases

Number of centerbody points
Number of shock cells
Counter

Acoustic calculation selector
Intermediate variable
Minimum number of points
Noy value

Page counter

Printout counter

Printout selector

Number of points

Number of points

Index

Number ot turning points
Number of boundary points
Arena selector

Number of boundary points
Index

Overall power level

Overall sound pressure level
Observed Strouhal number
Source radian frequency
Ambient static pressure
Intermediate variable

Gas constant parameter
Angle %

Constant =

n/2

2n
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Related Subroutines

MAIN

MAIN

MAIN

MAIN

MAIN, SLICE
SLICE

PNLC

SLICE, SHOCK, CRD
SLICE

CRD

SHOCK

MAIN, SHOCK, LSPFIT
MAIN

MAIN

MAIN

MAIN, SHOCK
LSPFIT
MAIN, SLICE
MAIN

MAIN

PNLC

MAIN

MAIN

MAIN, SLICE
LSPFIT
SLICE, CRD
SLICE
SLICE, CRD
MAIN

MAIN, SLICE
MAIN

LSPFIT
oureur
OUTPUT, PNLC
OUTPUT
SLICE

MAIN

PNLC

MAIN

MAIN

MAIN, SLICE, OUTPUT
CRD

MAIN
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FORTRAN
Symbol

PNDB
PNL
PNLT
POWER
PS
PSQ
PSQM
PSQS
PSQT
PT
PWL
PWR
Q
RA
RAD
RADO
RADIUS
RADX
RCBDY
PRCRIT
RCRC
RFO
RHO
RHOE
RHOESQ
RHOR
RIN
! RJET
' RMIN
RMINEX
N RMINSQ
RMNSQE
) RMP
RND
\ ROOT
ROOT2
RO
RSIG
RSI1GI
RSIG2
RSORSQ
RSTAR

—~
[ SR,

M

— AT TN

Table 4~1. List of FORTRAN Symbols (Continued).

Meaning

PNdB

PNL

PNL¢, tone-corrected PNL
Exponent

Ambient static pressure
Square of acoustic pressure
Mixing noise_g?

Shock noise p

Total noise pZ

Stagnation pressure

Power level

Sound power, watts
Intermediate variable
Boundary coordinate radius
Flow integration variable Rg
Flow integration variable R,
Nozzle-to-observer radius R
Argument Rgy/Cpx

Centerbody radial cooordinate
Critical pressure ratio
Intermediate variable
Intermediate variable
Density o

Agbient density oy,

pe

Agimuthally-averaged ¢
Input radius

Reference jet density ratio
Minimum value of r

Exit plane value of RMIN
Square of RMIN

Square of RMINEX

Dummy variable

Normalized radius r/Deq
Root (zero) of g

V2

Source radius rp

Turning point radius r;

rol
T's2

Source location correction (R*/R)2

Source-to~observer radius R*
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Related Subroutines

PNLC
OUTPUT, PNLC
OUTPUT

MAIN

MAIN, SHOCK
OUTPUT
SHOCK

SHOCK

SHOCK

MAIN, SHOCK
OUTPUT
OUTPUT

MAIN

MAIN

MAIN

MAIN

SLICE, OUTPUT, ATMOS
MAIN

MAIN

SHOCK

MAIN

OUTPUT

MAIN

MAIN, SLICE
SLICE

MAIN, SLICE
SLICE, CRD
MAIN

MAIN

MAIN

MAIN

MAIN

MAIN

MAIN

SLICE

SLICE

CRD

SLICE, CRD
CRD

CRD

SLICE

SLICE

e n




Table 4-1. List of FORTRAN Symbols (Continued).
FORTRAN
Symbol Meaning Related Subroutines
RU Mass flux pU MAIN
RU2 Momentum flux pU2 MAIN
RU2E Exit plane value of pU2 MAIN
RU2M Minimum value of pU2 MAIN
RU2REF Reference value of pU2 MAIN
R1 Intermediate variable CRD
R2 Intermediate variable CRD
S Intermediate variable TPNLC
SA Intermediate variable MAIN
SAC Intermediate value of T4 MAIN
SACO Intermediate value of Ta MAIN
SAR Intermediate value of T MAIN
SARO Intermediate value of 1, MAIN
SAX Intermediate value of Ty MAIN
SAXO Intermediate value of Ty MAIN
SBAR Intermediate variable TPNLC
SDU Intermediate value of 3U/3r MAIN
SEFE Integral of enthalpy flux MAIN
SGN Sign LSPFIT
SGN1 Sign CRD
SGN2 Sign CRD
SG1 Intermediate variable CRD
SG2 Intermediate variable CRD
SHIELD Shielding integral SLICE, CRD
SIicC Intermediate value of Ty MAIN
SIG Radius r MAIN
SIGN Sign ERF
SIGSQ r? MAIN
SIGR Radius r MAIN, SLICE
SINT Sin 8 MAIN
SINTO Sin 84 MAIN
SIR Intermediate valuce of 1y MATN
SIX Intermediate value of 14 MAIN
SPL SPL array ALL
SPLL Intermediate variable TPNLC
SPLMAX Maximum SPL SHOCK
SPLP Intermediate variable TPNLC
SPLPP Intermediate variable TPNLC
SPLU Intermediate variable TPNLC
SRU Mass flux integral MAIN
SRUM Mass flux integral MAIN
SRU2 Momentum flux integral MAIN
SRU2M Momentum flux integral MAIN
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FoonbHAN

Symbol

SS
SSPL
STC
STR
STRFR
STRFX
STX
SUE
SUM
SUMNOY
SUMSPL
SUML
SUM2
Su8
SU8M
Sv2
S1
T
TA
TAA
TAO
TAU
TAUR
TC2
TC3
TE
TEMP
TERM
TH
THCR
TERM
THE
THETA
THETD
THO
THT
Ti
TOP
TSR
TSTD
TSTH
Vaaitl,
TSTL

N

Table 4-1. List of FORTRAN Symbols (Continued).

Meaning

SPL array

Shock noise SPL array

Azimuthal shear stress Ty

Radial shear stress T,

Radial coordinate stretching factor
Axial coordinate stretching factor
Axial shear stress 1y

Reference velocity

Sum

Sum of noy value

Sum of SPL

Sum

Sum

Integral of source strength
Integral of source strength

Square of velocity

Intermediate variable

Temperature

Intermediate variable

Ambient static temperature
Intermediate variable

Total shear stress 1

Azimuthal average of 1

Intermediate variable

Intermediate variable

Exit static temperature

Normalized temperature T/Ta
Directivity factor

Angle

Critical angle 6.,

Directivity factor

Angle 8

Observer angle 6, radians

Observer angle 01, degrees

bo

Observer angle 01, radians
Intermediate value of enthalpy flux
Intermediate variable

Static temperature

Circumferential asymmetry test parameter
Circumferential asymmetry test parameter
Clreumterent {al asymmetry test parameter
Circumferential asymmetry test parameter
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Related Subroutines

PNLC
SHOCK
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
OUTPUT
PNLC

PNLC

CRD

CRD

MAIN

MAIN
MAIN
LSPFIT
ERF, MAIN
MAIN
MAIN
MAIN

MAIN
MAIN, SLICE
TPNLC
TPNLC
MAIN
SLICE
SLICE
MAIN
SHOCK
SLICE
SLICE, CRD
SLICE, OUTPUT
SLICE, OUTPUT, SHOCK
MAIN
SHOCK
MAIN
LSPFIT
MAIN

MAIN

MAIN

MAIN
MAIN




mﬁ 3

FORTRAN
Symbol

TT
TTR
TURBIN
U

UAP
UAVG
uc
UE
UGLY
UJET
UMAX
UND
UNITS
UR
UREF
U8
U8l
VA
VAO
VI
VMAX
VMIN
Vo
VR
WITHIN
X
XCBDY
XD
XE
XND
XOR
X1
X13
X4
X43

Y

YC

YI

Y3

Table 4~1, List of FORTRAN Symbols (Concluded).

Meaning

Stagnation temperature
Stagnation temperature
Turbulence intensity, u
Mean velocity
Intermediate variable
Mass-average of U at x
Convection velocity Uc
Exit plane velocity Uj
Intermediate variable
Reference exit velocity
Maximum local value of U at x
Normalized value of U, U/UREF

Constant for units conversion

Azimuthal average of U

Reference exit velocity

Intermediate value of source strength
Integral of source strength

Intermediate value of momentum
Intermediate value of momentum
Intermediate value of momentum

Maximum of velocities inside and outside
Minimum of velocities inside and outside
Flight velocity Ug

Velocity ratio VMIN/VMAX

Dummy variable

Axial distance x

Centerbody axial coordinate

Intermediate variable

Exit plane axial coordinate

Normalized axial coordinate X/Deq
Variable x/R

Intermediate variable for curve fitting
Intermediate variable for curve fitting
Intermediate variable for curve fitting
Intermediate variable for curve fitting
Intermediate variable for curve fitting
Intermediate variable for curve fitting
Intermediate variable for curve fitting
Intermediate variable for curve fitting

108

Related Subroutines

MAIN
MAIN

MAIN

MAIN

MAIN

MAIN

SHOCK

MAIN, SHOCK
MAIN

MAIN

MAIN

MAIN

MAIN, OUTPUT
MAIN, SLICE
MAIN

MAIN

MAIN

MAIN

MAIN

MAIN

MAIN

MAIN

SHOCK

MAIN

LSPFIT

MAIN, SLICE
MAIN

LSPFIT

MAIN

MAIN

SLICE

LSPFIT
LSPFIT
LSPFIT
LSPFIT ;
LSPFIT f
LSPFIT

LSPFIT

LSPFIT
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4.3.4 LSPFIT

Subroutine LSPFIT is a curve-fitting routine which utifizes least-
squares polynomial fits of second order to perform interpolation, differentia-
tion and integration of input discrete-point data. The calling statement is:

CALL LSPFIT(X, Y, N, XC, YC, NC, NF, A)

where (X, Y) are the input data coordinates (N values of each), XC are the
values of X where output is requested, YC are the output functions, NC is the
number of output data points, and NF indicates the type of output desired.
The coding for NF is as follows:

NF = 0, YC are interpolated values of Y
NF = 1, YC are derivatives of Y

NF = -1, YC is the integral of Y from
XC(1l) to XC(WJ), 1 < J < NC.

The parameter A is the second derivative of Y. Subroutine LSPFIT is used in
MAIN to interpolate input plug/centerbody geometry coordinates at various
axial stations in the flow field, and to obtain radial gradients of density
from the computed density profiles.

4.3.5 SLICE

Subroutine SLICE directs the mixing noise calculation for each axial
slice. The calling sequence is as follows:

CALL SLICE (X(KA), DSIG(KA), DX, M)

where X(KA) is the axial location, DSIG(KA) is the radial step size, DX is
the axial slice thickness, and M is the number of radial points in the slice.
The flow parameters (which are circumferentially mass-averaged values) are
transferred through labeled COMMON statements. Subroutine SLICE computes the
acoustic arena geometry parameters THETA, THETD, RADIUS and initializes SPL
([,J) to zero during the first call, skipping this calculation on succeeding
calls. The normalized radial profiles of velocity (MACH) and temperature
(TEMP) are evaluated, followed by a calculation of source strength amplitude
DS and characteristic frequency FS for each radial volume element.
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Subroutine SLICE computes the acoustic shielding function profiles G2(J),
the number of turning points NTP, and their locations RSIG. Subroutine CRD
is then called to calculate the acoustic shielding exponentials and quadrupole
directivity functions. Subroutine SLICE then sums up the mixing noise con-~
tributions from each radial volume element, factoring in their individual
source strengths, characteristic frequencies, spectrum shapes, directivities,
and shielding factors. The resulting noise spectrum from each slice is stored
as the variable DSPL(I,J), where I denotes the observer angle index and J is
the 1/3-octave frequency band index. Upon completing the calculation for a
piven slice, SLICE returns control to MAIN.

4.3.6 CRD

Subroutine CRD computes the shielding function integrals and quadrupole
directivity factors for a given axial slice as a function of radial source
location. The radial distributions of normalized velocity (MACH) and
temperatures (TEMP) and shielding function (G2) ~re transferred to CRD through
labeled COMMON statements. The calling statement is:

CALL CRD

At ecach source radius, subroutine CRD interrogates the data to determine
which of the six shielding conditions in Figure 4-4 applies, and computes the
appropriate shielding integral (8gy, Bp2, or B812) and the appropriate
directivity factors. After all radial source volumes have been evaluated,
CRD returns control to SLICE.

4.3.7 OUTPUT

Subroutine OUTPUT performs the final acoustic calculations and prints
out the far field SPL spectra, OASPL, PNL and PNLT directivities. The calling
sequence is as follows:

CALL OUTPUT (EMACH, DJET, RJET, UJET, UNITS)

where EMACH, DJET, RJET, and UJET are the characteristic (usually reference)
jet Mach number, diameter, density ratio and velocity, respectively. The
parameter UNITS is a conversion factor for converting from lbf/ft2 to
dynes/em? relative to 0.0002 dynes/cm2, Subroutine OUTPUT converts the
narrowband spectra from SLICE into 1/3-octave levels. Subroutine SLICE then
cialls SHOCK to compute SSPL spectra (shock noise) and adds these to the
turbulent mixing noise spectra to obtain the total-noise spectra. The
corresponding power spectrum (PWL) is then computed, and subroutine ATMOS is
then called to correct all SPL spectra tor atmespheric attenuation.  Sub-
rout ines PNLC and TPNLC are then called to calculate perceived noise level

113

T——




® ©

No Turning Points One Turning Point One Turning Point
r >r r <or
T e 0] 0 Yoy
r
o (o] o
g2
__/
+
0 o e emm ey e s e sy L——— — et G e o o — v —
] 1 1 .
J
ro 1 0 Y5, To 1 0 ro Ty 1 ?}
1 1 ; i
P
@ ® ® 2
Two Turning Points Two Turning Points Two Turning Points ;;
r >r r <r <r r <r r o
— "0 O-lv roz_l pu—— 01\ 0o 021 P [o] 01, 02—1 4
2 | i .
g "o o To o

| 1 ] 4

g 3
o o] v, roz 1 0 rol roz 1

Dimensionless Radial Coordinate r/a

Figure 4~4. Possible Solution Types for a Maximum of Two Turning
Points. (Shaded Areas Denote Shielding of Source.)

114




PNL and tone-corrected noise level PNLT. Finally, overall sound pressure
level OASPL is computed, and all of these acoustic parameters arce then
printed out. Subroutine OUTPUT then returns control to MAILIN.

4,3.8 SHOCK

Subroutine SHOCK computes the broadband shock-associated noise spectra
at each observer angle. The calling statement is as follows:

CALL SHOCK

All parameters are transferred into and out of this subroutine through
labeled COMMON statements. Subroutine SHOCK computes the 1/3-octave SPL
spectra for each nozzle boundary element which has a non-zero shock cell
number input, NCELL > 0. The individual boundary contributions are summed on
a mean-square pressure basis and added to the mixing noise spectra.

4.3.9 ATMOS

Subroutine ATMOS corrects the input SPL spectra for atmospheric attenu-
ation effects using standard-day atmospheric absorption factors for 70%

relative humidity and 59° F ambient conditions. The calling sequence is as
follows:

CALL ATMOS (SPL, RADIUS)

where SPL(1,J) is the sound pressure spectrum array, Il denotes the index for
observer angle, J denotes the index on frequency, and RADIUS(I) is the
nozzle-to-observer distance array. The atmospheric absorption in dB per 1000
ft, from Reference 4, is corrected to the proper distance RADIUS(J), and the

result is subtracted from SPL(I,J). The array of SPL(I,J) returned to OUTPUT
is the corrected array.

4.3.10 PNLC

Subroutine PNLC computes the perceived noise level in PNdB at each

observer angle from the input 1/3-octave spectra. The calling sequence is as
follows:

CALL PNLC (SS, FAC, PNDB, OASPL)
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where 8S is the input array ot either 1/3-octave or octave SPL values, FAU i»s
a constant equal to 0.15 for 1/3-octave and 0.3 for octave levels, PNDB is
the output PNL, and OASPL is the conventional overall level. The method used
to calculate PNL is taken from Reference 5. The OASPL output froin sub-
routine PNLC is discarded because it only computes the summation for the
first 24 values of SS. This s sometimes fasufficlent for scale modeld
condition, where the frequency range of interest can cover as many as thirty-
three 1/3-octave frequency bands.

4,3.11 TPNLC

Subroutine TPNLC determines a pure-tone correction factor to the PNL
value as a function of the 1/3-octave SPL spectrum. The calling sequence is
as follows:

CALL TPNLC (SPL, PTCOR)

where SPL is the input 1/3-octave spectrum and PTCOR is the correction to be
applied to PNL to account for the presence of tones in the spectrum. Sub-
routine TPNLC reads in SPL and returns PTCOR. The tone correction and
detection procedure is based on the method proposed in Reference 7.

4.4 PROGRAM USAGE AND LOGIC

A complete description of the program input variables and input format
is given in Section 4.5, A list of notes and suggestions on running the
program is also included. A description of program output format, including
warning flags and diagnostics, is given in Section 4.6, A sample case listing
(including input data card images) is given in Section 4.7 for a 7-tube
suppressor nozzle, one of the data-theory comparison cases presented in
Reference 2. A complete FORTRAN source listing of the program logic is
given in Section 4.8.

Program users should be completely familiar with Appendix A, since there
are many pitfalls which can be avoided by giving attention to the recom-
mendations presented therein. The program flexibility permits analysis of
nozzle planforms of any imaginable shape, so long as certain input rules and
guidelines are followed. When non-axisymmetric nozzles are run, a completely
three-dimensional, turbulent, compressible flow field analysis is performed,
and input mistakes can be costly in terms of computer processor time. The
user shiould make initial checkout runs for complex nozzles, running just one
or two axial slices at first, to ensure that all input is as desired, before
running a complete jet plume.

The program is designed to serve as a diagnostic tool, in addition to
functioning in the standard jet noise prediction mode. Individual slice
calculations can be made by suitable input selection, running each slice (or




axial station) as a separate case. This mode permits evaluation of the
relative contributions of each slice at each frequency and observer angle.
Various components of the acoustic model can be bypassed to assess, for
example, the separate effects of convection, acoustic shielding, etc. The
program can also be used to predict only the jet flow field, if desired.
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4.5 DESCRIPTION OF INPUT

The input data is supplied through NAMELIST input format, with the
exception of the alphanumeric title data card, which precedes the input
NAMELIST data. Any number of successive cases can be run consecutively,
limited only by the user's execution time available. Each successive case
requires a title card (80 - character label in columns 1 - 80), followed by
the INPUT NAMELIST. The data from preceding cases remaln in storage, so
only those variables which are to be changed from the preceding case input
value need be included in the INPUT file of succeeding cases.

A suggested input preparation format is given in Table 4-2, Those
variables marked by an asterisk (*) have preset values built into the program,
and need not be input unless the user desires to override the preset values
with a different one. The definitions of each of the input variables given in
Table 4-2 are listed in Table 4-3. Again, preset variables are marked by an
asterisk (*). The values of those variables which are preset are given in
Table 4-4. The format of Table 4-3 is such that a note number (where approp-
riate) is given for each variable which corresponds to the note number in
Section 4.5.1 ("Notes on Input'). These notes give further elaboration on how to
specify and prepare the input data.
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Table 4-2. Suggested Input Format,

Column
2

(80 - CHARACTER TITLE CARD, COLUMNS 1-80)
$INPUT
KX™ = , NEST = , LPHI " = , ISYM = ,

IQUIT® = , NN* = , NCASE* = , NBREF* =

NPRINT* = , NCBDY = ,

NgV = , , , s s >
X = s s ’ » s ’
DSIG = R , , , R >
BETAIN* = , , s , , ,
DELTIN* = s R , , s s
AMUIN* = . , , , , ,
RMIN = , , , , , ,
XE = 0 . , . . s ,
ALPY = 0 s s , s N s
‘ LEAV = 1 , R s > s s
{ NUM = 1, , , , , ,
KN = 1 , , , , , ,
¥ DEQ = , ’ s > s s
; Ds = , , , , , ,
; NCELL = , , , , R .
{
", PT = . R , , . .
4 TT = , , . R . ,
{
;
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Column
2

DALP(1,2

)

DALP(1,3)
(etc., for boundary 4, 5, 6, .....NEST)

RA(1, 2)

RA(1, 3)

Table 4-2. Suggested Input Format (Concluded).

3 b4 ? b g

’ td ’ ’

(etc., for boundary 4, 5, 6, .....Nest)

cM* =
GAM =

DTHM * =
STRFR* =
ALPHMC®
NUMANG
ALPHT*

XCBDY

, CH* = , CMVR* = cMMc* =
wCP = ____ ,PS = ,ALFA*-=
, RU2M* = , AK* = , BK* =
, STRFX* = , AT@TAL = ,
, BETAMC* = ,
, DIST = , FMIN*

RCBDY

$

(NEXT CASE, IF ANY)

120




Table 4-3. Input Variable Definitions.

Variable Note Description

kx* Number of axial stations to be analyzed; a

maximum of 24 stations is permitted.

NEST 1 Number of closed boundary contours defining
the nozzle exit geometry; a maximum of 110
is permitted.

LPHI 7 Number of symmetric leaves (repeating seg-
ments in the nozzle exit planform.

ISYM Nozzle symmetry indicator; ISYM = 1 for ax-
symmetric nozzles or completely asymmetric
nozzles, = 0 otherwise.

IQUIT Maximum number of radii at which flow field
is calculated (<200).

*

NN 12 Acoustic Calculation option indicator.
NCASE* Number of cases to be run consecutively.
NBREF * Reference condition boundary number.
NPRINT* 13 Aerodynamic station printout indicator.
NCBDY 9 Number of centerbody input coordinate points.
F A maximum of 40 is permitted.
' N@v Minimum number of radii at which flow field
is to be calculated, for each axial station
(KX values required).
>
; X 11 Axial location of each axial station, ft.
1) (KX values’required).
\ DSIG 11 Radial step size to be taken for flow field
,f calculation at each axial station, ft,
r. (KX values required).
4
BETAIN* 15 Axial shear stress turbulence constant
(KX values required).
L
: DELTIN* Azimuthal shear stress turbulence constant
" (KX values required).
Y
7
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Table 4-3. Input Variable Definitions. (Continued)

Variable Note Description

AMUIN* Azimuthal velocity gradient turbulence fre-
quency constant (KX values required).

RMIN 9 Minimum radius for flow field calculation
at each axial station (KC values required).

XE 8 Axial location of exit plane of each
boundary, ft. (NEST values required).

ALPY 2 Reference angle ag from which the coordi-
nates of each boundary point are specified,
radians (NEST values required).

LEAV 1,4 Number of symmetric leaves (repeating seg-
ments) of each boundary (NEST values
required).

NUM 1,5 Number of input points (coordinate pairs)

to be supplied for each boun.ary (NEST
values required).

KN 1 The number of the boundary which encloses
a given boundary (NEST values required).

DEQ 16 Equivalent flow area diameter of each
boundary, ft. (NEST values required).

, DS 16 Shock-cell spacing characteristic dimension,
usually hydraulic diameter, of each boun-
dary, ft. (NEST values required).

» NCELL 16 Number of shock cells for each boundary
. clement (NEST values required).
)
PT 6 StagnaEion pressure inside each boundary,
" 1bg/ft" (NEST values required).
’
' TT 6 Stagnation temperature inside each boun-
P dary ° R (NEST values required).
DALP(1,.]) 2,3,5 Angular increment Aa from preceding boun-

dary point which locates the given boun-
dary point T on boundary J, radians (omit
boundary number 1, ambient field).

S~ o
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Table 4-3.

Variable Note
RA (I,J) 2,3,5
cm* 10
CH* 10
cMVR* 10
cMMC* 10
GAM
cp
PS
ALFA*
DTHM * 7
RU2M ¥

' AK*

)

) BK *

?

! STRFR ¥ 11

! *

~ STRFX 11

hl

V4

Input Variable Definitions (Continued).

Description

Radial coordinates of boundary point I on
boundary J, ft. (omit boundary number 1,
ambient field).

Empirical jet momentum diffusion rate
spreading parameter Cg.

Ratio of enthalpy-to-momentum spreading !
parameters Cp/Cp.

Momentum spreading parameter velocity
ratio influence coefficient.

Momentum spreading parameter Mach number
influence coefficient.

Specific heat ratio vy = Cp/Cv.

Specific heat at constant pressure Cp»
in (ft-1bg)/(slug - ° R)

Ambient static pressure, lbf/ftz.

Turbulence characteristic frequency con-
stant,

Maximum allowable increment in angular
coordinate, (d¢)pax, for flow field calcula-
tion.

2
Minimum value of jet momentum flux, (pU )min’
below which the flow is not calculated.
Sound pressure level proportionality con-
stant for mixing noise calculation.

Sound pressure level proportionality con-
for dipole density-gradient noise calcula-

tion.

Radial coordinate stretching factor for use
of automatic mesh calculation.

Axial coordinate stretching factor for use
of automatic mesh calculation.
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Table 4-3. Input Variable Definitions (Concluded).

Variable Note Description

ATATAL Nozzle Total exit flow area, ftz.

ALPHMC* 14 Convection Mach number weighting factor.
BETAMC* 14 Convection Mach number weighting factor.
NUMANG Arena selection indicator; NUMANG = 1 indi-

cates constant radius arc, NUMANG = 2
indicates sideline parallel to the jet
axis.

DIST Arc or sideline distance, ft.

FMIN Minimum frequency for which acoustic cal-
culations are required, Hz (>50); an
integer variable.

FMAX Maximum frequency for which acoustic calcu-
lations are required, Hz (<100,000); an
integer variable.

ALPHT* Convective amplification factor turbulence
constant oat+; 15 values required, one for
each observer angle 61 from 61 = 20° to 160°
in 10° increments.

XCBDY 9 Centerbodv input point axial coordinate,
NCBDY values required.

RCBDY 9 Centerbody input point radial coordinate,
NCBDT values required.

~
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Table 4-4.

Variable

AK
ALFA
ALPHT
ALPHMC
AMUIN
BETAIN
BETAMC
BK
CH
CM
CMMC
CMVR
DELTIN
DTHM
FMAX
FMIN
1QUIT
KX
LPHI
NBREF
NCASE
NN
) NPRINT
\ RUZM
) STRFR
STRFX

Preset Input Values.
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Value

0.08
1.0
15% 0.5

24%
24%
.325

.15
.075
.08
.25
2

c ~ O O O O © s~ o O

100000
50

50

15
9999

3.0
0.01
1.259921




4.5.1 Notes on Input

1. The jet nozzle geometry is specified by input of the number of
component boundaries, NEST, along with pairs of coordinates, RA and
DALP, for each boundary element. The ambient field is always
treated as the first boundary in the input arrays for UE, PT, TT,
LEAV, NUM, KN, XE, and ALPO. This is why some numbers have already
been filled in on Table 4-2 in the first column for these arrays.

A nozzle with N elements has NEST = N + 1 boundaries.

2. The steps to specifying nozzle geometry input are as follows, re-
ferring to Figure 4-1:

a. Obtain sketch or drawing of nozzle exit cross section and
select a coordinate origin which is optimum from the stand-
point of symmetry and boundary point specification.

b. Number each boundary, reserving boundary Number 1 for the
ambient field.

c. With respect to the coordinate origin, select a reierence
angular location for each boundary, ALP@.

d. For each boundary, select points represented by pairs of
coordinates, The coordinates used as input are radius,
RA(I,J), and angular increment from the preceding point,
DALP(I,J). For the first point, DALP(I,J) is the angular
increment from the reference angle ALP@. The index I is the
boundary point number, and the index J is the boundary number.
Both ALPY and DALP are to be input in radians, and RA is input
in feet.

3. The last point on a given boundary should be located at ALP@ if
the boundary has only one leaf. The sum of all DALP(I,J) should
equal zero if the boundary has only one leaf.

N 4. If the boundary is a circle about the origin, only one point on the
boundary need be supplied, and the value of LEAV for that boundary

; is set equal to the number of boundary points desired on the circle.

\ 5. The program uses linear interpolation between input boundary points.

It a boundary is made up of or contains straight line segments,
only the end-points of the straight line segments need be input.

6. The variables PT and TT refer to stagnation pressure and temperature
at the exit plane inside the boundary of interest. Setting the
\ first value of PT equal to PS gives a static ambient field. The
tirst value of PT greater than PS simulates non-zero flight veloc-
o ity.
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7. The variable LPHI determines what angular extent of the flow field
needs to be calculated. If the nozzle geometry is axisymmetric,
setting LPHI equal to a large number (such that 2w/LPHI is less
than DIHM) torces the program to calealate the tlow tiebd at ondy J
one angular location. 7The tlow field for a nozzle contalning two
adjacent circular jets, for example, has LPHI = 4, since the flow
is the same each quadrant. Several examples of how boundary para-
meters are specified are shown in Figure 4-5.

8. The program can currently only handle coplanar nozzles; that is,
every nozzle element must terminate at the same axial location.
Therefore XE must be the same for all input boundaries.

9. The centerbody, if any, is input through coordinates pairs XCBDY(J),
RCBDY(J), where 1 < J < NCBDY. A maximum of 40 points can be
input. The LSPFIT subroutine uses this input to interpolate for
finding the values of RMIN at each axial location X. The LSPFIT
routine can treat line segments, both straight and curved. Typical
examples of centerbody coordinate input are shown in Figure 4-6.
If there is no centerbody, the user can avoid automatic computation
of the potential core of axisymmetric nozzles (which has no impact
J on mixing noise) by specifying RMIN as input, but with NCBDY = 0.
This option causes the computation to begin at r = RMIN(KA), where
KA is the axial station number, :

10. The input value of CM is modified ror velocity ratio and Mach
number effects by the relation

CM
(1 + CMVR*VR) (1 + CMMC*ACH)

DBDX =

where DBDX is the modified value of Cm, and VR and ACH are the
velocity ratio and Mach number, respectively, of a given boundary.
The heat transport spreading parameter is then calculated from the
relation

Chp = CH % DBDX

The values of CM, CMMC, CMVR and CH recommended and preset in the
program are given in Table 4-4. These values can be changed by the
user to reflect experimental evidence if so desired.

\ 11. The axial locations of the axial stations can be input by the array
X(KA), where 1 < KA < KX. The radial mesh step size can also be
’ input by the array DSIG(KA). An automatic grid selection procedure
has been devised to obviate the need for supplying all values of
L] X(KA) and DSIG(KA). The only input required is the first axial
statioa X(1), and the grid stretching factors STRFR and STRFX. The
grid is then calculated from the following relations:
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(a) Circular Jet

A
N\

)

(b) Coannular Jet

Figure 4-5.

(c) Rectangular Jet

Examples of How Boundary Parameters are Specified.
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NEST = 2
LPHI = 999
ISYM 1
LEAV - 1,36
NUM 1,1,
ALP¢ = 0,0,
KN = 1,1,
NEST = 3
LPHI = 999
ISYM = 1

LEAV = 1,36,36
NUM

il
—
ot

-
-
-

ALPy = 0,0,0,

KN = 1,1,2,
NEST = 2
LPHI = 4
ISYM ©
LEAV = 1,2,
NUM = 1,3,
ALPy = 0,0,
KN = 1.1,




Point Number

Curved Line Segment

Straight Line Segment

Repeat Coordinate

NCBDY = 7,

XCBDY = Xl,Xz,xa,X(l,Xs,XG(sz),X7,
RCBDY = Rl,Rz,R3,R4,0,0,0,

(a) Example 1 - Curved Centerbody

Straight Line Segment

Curved Line Segment

’
;:?\\\\ Z:_ ‘§5§§> S :\; 9 /__SQZZ$§2E.fi:i x

Repeat Coordinato—J//

Repeat Coordinate

NCBDY = 10,
XCBOY = X1,X2,X3 (=X2),X4,X5(=Xq) ,Xg,X7,Xg,X9(=Xg) ,X]0,
RCBDY = RI,RZ,RS(»RZ),R4,R5(=R4),RG,R7,R8,R9(=RS),RIO,

(b) Example 2 - Segmented-Cone Centerbody with Curved Tip

Figure 4-6. Centerbody Input Coordinate Examples.
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Baseline

Origin

v. T ik — -
P(2,2) P(1,2)
DALP(3,2)
/
/p€0,2)
ALPO(9) \ oD
RA(1,9) N\ / P(1,3)
Tl T2 3 < P(0,3)
; DALPf '
System

Figure 4-7, Example Demonstration of Nozzle Geometry Specification
with a Generalized Nozzle Exit Configuration.
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1

12,

13.

14.

X(KA) = STRFX * X(KA-1)
DSIG(KA) = STRFR x X(KA)

This provides a grid which exhibits larger and larger step sizes as
the plume is developed downstream. Recommended value of STRFR and
STRFX are preset and listed in Table 4-4.

The variable NN determines the type of acoustic calculation desired.
Normal (preset) operation is with NN = 0, which give the complete
acoustic calculation. The user may desire to perform diag-

nostic computations to assess the relative importance of con-
vection, shielding, etc. By selecting the appropriate value

of NN, the various components of the acoustic calculation can

be switched on and off in various combinations. Setting NN = 4
gives only the aerodynamic calculation, and the acoustic calcula-
tions are bypassed. The various options for NN are listed below:

NN = 0 - complete acoustic calculation.

NN =1 - convective amplification, no shielding.

NN = 2 - no convective amplification, no shielding.
NN = 3 - no convective amplification, with shielding.
NN = 4 - no acoustic calculation, aerodynamics only.

The printout of aerodynamic flow field data is controlled by NPRINT.
When NPRINT = 0, no aerodyanmic printout is provided. If NPRINT =
1, aerodynamic printout is provided at every axial station. If
NPRINT = 2, aerodynamic printout is provided at every second axial
station (i.e., KA =1, 3, 5, 7, etec). For PRINT = 3, printout is
provided at every third station, etc.

For dual flow nozzles, if the inner stream has a higher velocity
than the outer stream, use ALPHMC = 0.5 and BETAMC = 0,325 (preset
values). These variables are weighting factors in the convection
Mach number calculation, which is computed from the relation

MC = ALPHMC * MACH + BETAMC * EMACH

where MACH is the local acoustic Mach number U/C; and EMACH is the
exit plane reference Mach number Uj/Ca. If the outer stream has a
higher velocity than the inner stream, use ALPHMC = 0.5 and BETAMC
= 0.325/VR, where VR = (Uoyter/Uinner)j- For multielement suppres-
sor nozzles, VR = Ui/Um’ where Uy is the postmerged potential core
velocity., If Up is not known, BETAMC = 0.2 to 0.25 is usually a
good approximation.




15. For dual flow nozzles, input BETAIN = 4.0 (preset) tor all values
ot X, provided the inner stream velocity is higher than the outer
stream velocity at the exit plane. If the outer stream velocity is
higher than the inner stream velocity at the exit plane, input
BETAIN = 0 for all axial stations where X < 10*DEQ(NBREF), and
BETAIN 4,0 thereafter, where NBREF is the outer stream boundary
number, For multielement nozzles, input BETAIN = 0 for axial
distances less than 10*DEQ(1), where DEQ(1l) is the equivalent
diameter based on total flow area at the exit plane.

l6, For each boundary element DEQ, DS and NCELL are input. The first
value of DEQ is the total flow area equivalent diameter. The first
value of NCELL determines whether or not the shock cell noise is
computed. If NCELL(1) is input zero, no shock noise is computed;
tor NCELL(1)-0, the shock cell noise routine is called. The shock
noise of each boundary element is computed separately and added to
the total noise. If any boundary has a value of NCELL = 0, that
boundary element is bypassed in the shock noise calculation. 1t is
recommended that NCELL = 8 be used for each element unless the actual
number is known.

4.5.2 Example Case Input Sclection

To illustrate how geometric input parameters are selected for a complex
nozzle geometry, an example is presented, taken from Reference 6. The
example nozzle exit geometry is shown in Figure 4-7. Consideration of this
figure indicates that information over a 45° sector of the flow field will be
sufficient to describe the complete flow field. This is one-cighth of a
circle, thus LPHI = 8. Neither axial total similarity or dissimilarity
exists so ISYM is 0. Counting the number of closed contours indicates a
value of NEST of 12, where one is included for the ambient or external
field. Values of PT and TT must be provided for the exit state existing just
within each of these contours. Values of XE, ALPO, LEAV, NUM, KN, DEQ, DS,
and NCELL must be provided for all the contours except the first which is the
boundary at infinity. Values of these parameters for the contours shown in
Figure A-3 are now considered in the following discussion.

Boundary 2: Description of this boundary starting at 45° to the system
baseline is convenient. Thus ALPO = n/4 radians. Since each 90° sector of
the contour is identical with the proceeding one, TL.EAV = 4. Since the pro-
gram assumes straight Tines to exist between successive boundary points,
deseription of this boundary is possible with only three points for cach
quadrant.  These are P(1,2), P(2,2), and P(3,2). Fach point is described bv (1)
its distance from the system origin and (2) the angle between (a) the line
joining it with the origin and (b) the line joining the preceding point with
the origin. Note that no value of RA is given for the point P(0,2) since it
will be identical to RA(3,2). The value of NUM for boundary 2 will therofore
be 3.

Boundiary 3: This contour has eight symmetric leaves; thus LFAV = 8.
ALPO of 0.0 is as convenient as any other value. The ecight points indicated,
P(1,3) through P(8,1), probably are sufficient to describe the boundarv.  Thus
NUM -~ 8,




Boundary 4: Since this is a circle about the origin, it can be divided
into a convenient number of leaves and only one point need be given for each
(NUM = 1). If a hundred boundary points are desired, set LEAV = 100, DALP(1,4)=
n/50 and RA(1,4) equal to the circle radius.

Boundary 5 through 12: Each of these contours must be described indi-
vidually unless certain artifical changes are made in the arrangement. A
partial representation of Boundary 9 is shown in Figure 4-7. Note that suc-
cessive points on the boundary are obtained by progressing around the bound-
ary in a counter-clockwise fashion. In order to reduce the labor of repre- i
senting each circle separately, a straight line can be drawn connecting each
circle. Two contours can then be visualized, one consisting of the outer
halves of the circles and the lines, the other consisting of the inner halves
of the circles and the lines. Each contour has eight leaves and only one
need be represented by the programmer. Since this technique requires the
computer to integrate along each straight line twice in the course of computa-
tion, it will definitely increase the computational time over the method in
which each contour is represented separately.




4.6 OUTPUT DESCRIPTION

The output format is generally self-explanatory. The input data are
first printed out, using the same nomenclature previously defined in Table 4-1.
Nozzle exit plane flow conditions (static temperature, velocity, Mach number,
momentum flux, and enthalpy flux) are then printed out for each boundary
contour.

At each axial location specified, the radial and tangential distribu-
tions of flow field properties are printed out. After the flow field
information, the noise characteristics of that particular axial station are
then listed.

Following all of the axial station flow field data, a summary table of
the noise characteristics (SPL spectra, PNL, PWL, OASPL) is given.

Section 4.7 contains an input deck card listing and output printout for
a sample case run. This particular case is for a 7-tube nozzle presented in
Reference 2. For brevity, only a portion of the total output is shown; but
the formats of the various output data are all included.

Two warning flags are built into the program. The first is a case
termination flag, which occurs whenever an input total pressure (P7) is less
than the input static pressure (Pg). The flag message is as follows:

**%*ERROR - MACH NO. SQUARE IS NOT GREATER THAN ZERO - CASE WILL
TERMINATE***%

' The second flag is a warning detected in subroutine SLICE, which occurs
whenever the number of turning points (NTP) is found to be greater than 2.
The flag message is as follows:

! WARNTNC - NO, OF TURNING POINTS IS GREATER THAN 2 AT

X KA = , X = , ITH = , THETA = , NTP =

where KA is the axial station number, X is the axial location, ITH is the

P observer angle index, THETA is the observer angle in degrees (61), and NTP is
the number of turning points found. The two outermost turning points are
used and those inboard of these two are discarded in such cases, since the
acoustic shielding model can only accommodate up to 2 turning points. The

noise output at those values of 61 where this warning appears should be




~ 4

Ji W

treated as suspect, since the acoustic shielding effects are not properly
modeled. This is most likely to occur in the initial mixing regions of
multitube nozzles, where multiple peaks in the azimuthally averaged velocity
profiles are likely to occur.
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4.7 SAMPLE OUTPUT LISTING

An example case of a 7-tube multielement nozzle is described here,
selected from one of the data/theory comparison cases presented in Reference
2. The nozzle consists of a hexagonal array of 0.875-inch~diameter tubes,
with a spacing/diameter ratio of 3. The acoustic arena is a 9-ft-radius
arc. The geometry is illustrated in the sketch below.

Observer

Centerline

7 Boundary
Number

d 0.875 in,

D - 3.0 in.

The input data cards for this case are listed in Table 4-~5. Note that all
peometry input lengths are in feet, and all input geometry angles are in
radians. The output listing for this case follows Table 4-5.
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Table 4-5. Input Data Card Listing Sample Case.

SR329 01 10-06-77 16,471 #we INPJYT DATA CARD LISTING == MeGeg wsaw
CRD 7=TURE AR#2,3 NN7ZLE = VJ¥2200 FPS = T #1600 DEG~R

$INPUT

NEST=8, LPHI=12, 1SYM=z0, 1QUIT=100,

RU2M=3, DTHM=0.,1, PS=2116,

AYOTAL20,029231, DER=8+0.0729167, DS28+0.0729167, NCELL=8B+3,

KN=8*1, XE=84D,

GAM=1.35, (P=6619,

ALPI=0,0,5.96144,0.725447,1,77264,2.8198,3,8670,4.9142,0.3,
LEAV=0,6¢1,24, NUM=1,6%24,1, KN38+1, XE=8e¢],
DALP(1,2)=
«033595,.045590,.3540864,.059862,.063450,.065168,
«065168,.063450,.059862,.054084,.045590,.033596,
«017039,-.005317,-.034336,-,0689864,~-,103591,-,126562,
~e126562,-.103591,-.068984,-,034336,-,005317,,017039,
DALP(1,3)=
«03359%,.045590,.054084,.059862,.063450,.065168,
«0651683,.063450,.05%862,.0564084,.045590,.033596.,
«017039,-.0053172,-,)34336,-.068984,-,103591,-.126562»
-.126562,-.103591,-,068984,~-,034336,-,005317,.017039,
DALP(1,4) =
«033595,.065590,,.054784,,059862,.063450,.065168,
«065163,.063450,.,05780¢,.054084,,045590,.033596,
«017037,-.005317,-.034336,-.06389864,-,103591,-,126562,
-e126562,-,103591,-.068984,-.036336,~-.005317,.017039,
DALP(1,5)=
«033596,.045590,,054084,.059862,.063450,.0651648,
.065163,.063450,,059862,.054084,,065590,.0335%6,
«017039,-,035317,-.034336,-.068934,-,103591,-,126562,
-e1265%2,-.103591,-.068984,-.034336,-.005317,.017039,
DALP(1,6)=
«033596,.045590,.054084,.059862,.063450,.065168.,
.065168,.063450,.059862,.054084,.045590,.033596.,
«017039,-.005317,-.036335,-.068934,-,103591,-,126562,
~e1265%2,-.103591,~-.068984,-,034336,-.005317,.017039,
DALP(1,7)=
«03359%,.065590,.054084,.059862,.063450,.065168,
«065163,.063450,.059862,.05640864,.045590,.033596,
«017039,-,005317,-.034336,~-,068984,-.103591,-.126562,»
~e1265%2,-4103591,-,068984,-,036336,-,005317,.017039,
RA(1,2)=

e 12392,a13145,013759,.14212,,1464489,,14583,

e 16689, .14212,.13759,.13145,,12392,.11529.,
«10596,.09646,,08748,.,07991,,07476,.07292,
e07676,.07991,.,08748,.09646,.10596,.11529.,

RACT,3) =

e12392+e13145,,13759,,14212,,14489,.14583,

e 164899 .146212,.13759,.13145,.12392,.11529,
«10596+.09646,,08748,.07991,.07476,,07292,
«076765.37991,,08748,.09645,.10596,.,11529,

RA(1,4)=

e 12392,.13%45,,13759,,14212,.14489,,14583,

e 16689,.,16212,.13759,.13145,,12392,,11529,

« 10596, .09646, ,08748,.07991,.07476,.07292,
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Table 4-5. Input Data Card Listing Sample Case (Concluded).

5R329 01 10-06-77 16.671 «s* INPUT DATA CARD LISTING ==

«07476,.07991,,08748,,09646,.10596,.11529,
RA(1,5)=
«12392,.7131465,.13759,.14212,.,14489,,14583,
e 14489,.14212,.1375%+.13165,,12392,.11529,
«10596,.39646,.03748,.07991,.07476+.37292,
«0?74676,.37991,,083748,.09646,.10596+,.11529,
RAC1,6)=
«12392,.13145,.13759,,14212,,14489,.14583,
c16489,.14212,.13759,.13145,.12392,.11529,
«10596,.09646,.,08748,.07991,,07476,.07292,
«076476,.37991,.08768,.09646,.10596,.11529,
RA(1,7)=
«12392,.13145,.13759,.14212,.14489,.14583,
e 16489, 146212,,13759,.13145,.12392+,.11529,
«10596,.09646,.08748,.07991,,07476,.037292,
«D7476,.07991,.08748,.09645,.10596,.11529,
DALP(1,8)=0,2618, RA(1,8)=0,0306453,

ALPHM(C=0,.5, BETAM(=2,25,

FMIN=10C, FMAX=80000, NUMANG=1, DI1ST=9.,0.,
KX=24, X=0,0729167, STRFR=D,01,
0S1G=1040,003729187, 14+0, NOV=1D#20,14%2,
BETAIN=15«0,C,

NPRINT=

NCASE=T,

PT=2116,7*5732, TT#S40,7+1605,
s
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COMPUTATLON OF AENU=-ACOLSTIC

CASE ™0, 1
T kx= e NESTE B
) GaM= 1.3

oMz 1.1S0

COMPUTATICH MESH COMTROL PARAMETEFSueesaseasessccsnsssccasss/

PUUPERTLES D¢

Chil T=TUHRE A7=2,3

#ACE

INPIT DATA

Lent= 12

S4 CP= AK19.0

Guerke S50 n0OZLES —_ . -
SOIPUE - VER2LD FES = TTUz1600 DFG=P )
Isym= o NPLINTE & M= L075
NTWM= L1000 RU2M= 3.0000 o

PS= 211640

TURBULEMNCE CONSTAMTS

- SLICE NO, x . . pSI6 - . RMIN NOV AFTA -  _DELYA — _MU__
e IS 21 ¥ I Y 1 T oc.c000) 20 7 " T0.00 4,00 .20
2 WNUIH? «03729 0.00007 2v 0.00 Y'Y [ Y-
3 11575 #1729 0.0000y 2N 0.00 4,00 .20
- & 2106583 e2L 700 Ga0000L 23 0,00 L6400 . ___ .20
5 RYITS 07209 o.00000 20 0,00 4,00 «20
- _ A ,2nen L0r 726 0.600%0 P 0,00 600 .20
7 23117 NI TP Ve 0000 on 0,00 4400 20
" PRLY R CoclOn 2n 0.0C 4400 20
Q YT o0 723 6. 0000 20 0,.C0 4400 .20
1) JSHINY 0729 Cel00C 29 0.00 4200 . - 20
11 o 73475 JAr I 0.509CC [J 0.00 4,30 .20
_ . 12 AL P B Y . fa 0000 » .00 4400 _220_
L] Volesnd etllv 7 PRI o 0.60 4,90 .20
[T 1aGr 3] PR KO nnac” J 0.00 4400 20
s te-"1w7? e bt ML D 0.00 4,00 .20
14 2.1 PR [P N D) 4s00 4,00 020
17 2e31932 AT YeiuNLCL ) 4.00 Lofit 20
[ [SRNSUUSI ¥ - SNSRI PR S L _.— al3l2q N VP 1 1 o ) S 400 SRa00 _ l20
19 LoRhEKT LY 0.C0092 "] 4,00 4,00 20
- - 20 S.87961 205633 0.0000¢ 0 L 400 4e00 20
21 Teta2787 oQ740H 0.00000 0 4,00 4,00 «23
J— 22 9.331331 09333 _0.00000 L0 4.00_ .00 _ W20
23 11.75926 «11759 0.006200 0 4,00 4,00 20
— 24 14.81524 214616 _ __ 0.00000 a 4200 4400 220
e XEL.2)= 0,00 _ALPOf 21= 5.9614 LEAV({ 21=_1 NUM 2 = 24  KN{ 2)= 1
_ DALPL 1s 2)= ,233¢ RAL 1le 2)= L1239 DALP( 23 21 406456 __ _RA( 24 21= L1315
—e o DAIP{ 3421z .1541 PAL 3. 2)=_ L1376 DALP( 44 2} ,0%99 RA{ &4 2)= 01421
, - CALP( S¢ 2)= ,72635 PAL Se .20 L1449 DALPL G 2)= L0652 . _RAL 6, 2)=_ 41458
_— . — - - .. DALPL 1. 2)= L0652 CRAC.Te 2)= 1449 DALPC Ba 2)= 0635 _ . _RAL 8, 2)= _al42) __ ___
- DALP( Se 2= L1595 RA{ 9« 292 L1376 DALP(10. 2= (0541 Raflos 21= _131S
—_— L. —__. DALPL1Ys 2)=  L34SE RALYYs 21 L1239 DALPI132y 2)= L0136 RALY2s 2)= _ L3153
N .. DALP{13« 2V= L2179 CRA(13: 21= 1060 DALP(1l4 2)= -.0053 _ RA(l4a 2)= L0965 -
e DAMIPA1Se. 20 _=o2043  RA(13a 21z LQB75 _DALPUI6y 20 +,0690  RA(L6y 2= L0799
DALPt1Te 2)= -.103¢ RA(LITs 2= .0748 . DALPLIBy 2)= =.1266_ __RACLR. 2)=_ L0729 ___ _.
DALP (10, 2V =, 1045 #8019,y 2¥=z L0748 DALP (20, 20z -,1C36 _  “Aa(20. 2)= L2799
- - CODALPUII e 2V 0620 L SMLALe 21= _aCETT DALPLR22y Q)= ~a0363 _ RALIQ2, 20z _.D96S
DALP (23 2}z =.n052 CA(2Iy 21z L1060 DALP (24 2}z L017Q RA(Q4y 21= L1153  _
139
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COMPUTATION OF AERD~ACOUSTIC PROPERTIES OF SUPPRESSNR

P

NOZZLES

CASE NO, 1 CRD 7-TURE ARE2,3 NOZZLE - VJ=2230 FPS = TTJ21600 DEG-R
XEC 3= 0.00 ALPO( 3)= L7256 LEAV( 3)= 1 NUM( Ni= 24 KNG 3y ) T
DALP( 1 3= 0336 BAC e 3= L1239 DALPC 2 3)=  .0456  RAL 29 D= L1315
o DALP( Je 31= L0641 RA( 35 3= 1376 DALP( 4s 1= L0599 RAL 4y 3)= 1471
DALPL Se 3= 0635  RAL Se 3= 1468 DALP( Ay 31T U652  RAL 69 D)= L1458
DALPE Te D= L0652 RAL 7¢ M= L1649 DALP( Re 33z 0635  RAC Be 3= ,1421
- DALP( 9» 317 20599  RAL 9s 31= L1376 DALP(10s 31= L0541 RA(10s 30= L1315
T T DALPULLs 3= L0456 RA(Ile 3= L1239 DALP(12e 3)= L0336  RAGI2y D= L1153
DALP(13, 3= L0170 RA(13e 3)=  (1GAC DALP(l4s 1= =.00583  RA(1Gs 3= ,0965
- T DALP 15y 312 <un16d KA(1Gs 1= L0RTH NALE (1A 3z =.uk90 | RANIAY 3= L0799
DALP(1Ts )= =103k RA(YZ7y V)= 074R DBALP(1Rs )= =,)1266 RAC(LHY )= 0729
DALP 19, )= =,1266 RA(19+ 3)= ,074R DALP(20, 312 ~.1G36  RALP0s J= L0799
T T T T DALP (21 M1 E <.0690  RA(21e 3)= L0879 DALPU(22. 3)= -.U36T RA(22e 3= L0965
CNALP(23s 30= =,0053  RA(2Ys D= L1060 DALP(24s = L0170 RAL24s A= L1153
XE( 41z 0.00 ALPO( 4)= 147726 LEAV( &)= 1 NUM( &bz 26 KNC &)= )
T T T T OAMP (1 ars L0336 RAL 1e &)z L1230 DALPL 2e &)z L0456 RAL 20 @bz L1315
DALPL 3e &)= ,0541 RAC 3o &)= L1376 DALP( 4 &)= L0599 RAL 49 4)= L1421
DALP( Se &)= 40635  RA( Se &)= L1449 DALP( 6s 4)=  JUS2  RAL ke 4)= L1458
T DALP( T+ 4)= ,0652 RAC 7e 4)= L1460 DALP( Ay 4)= GR35 RAL Bs 412 L1471
DALPE 9y )=  .059Q  RA( 9 &)= L13Th DALP(10e &)= L0541 RA(10, &)= 1315
' DALP (11 4)5 L0456  RA(Ils &)= L1239 DALP(12s &)= 03136  RACI?, 4)= 1153
T DALP (175 &)= 0170 KA(13, &)=  o1ukg DaLP (16, 41= Leone i T RATIG, Vs L0965
DALP (15, 4)= =,0343  RA(IS, 4)= L0875 DALP(16e 4)= =.0690  RA(16, 4)= ,0799
4 DALP (1T, &)= =,1036 RA(1Te 4)=  L07T4R DALP (1R, 41= =,1266 RA(IR, 4}z ,0729
; T T T T T T oAl (19, 4rs =, 1766 RA(19y )= .0T6R DALP(ADe byz <,103h  RALZ0s &)= L0799
DALP (21, &)= =.9690  RAI21s &)=  L0R75 DALP(P?e &)= —.0363  RA(22¢ &)=  .0965
\ 0ALP (274 41z =,0053 RA(PYy 612 L10A0 DALP I 6s &)= L0170 PA(24s 4)= L1153
?
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COMPUTATION OF AERO-ACOUSTIC PROPERTIES OF SUPPRESSOR ROZZLES

CASE NN, !
XE( Stz 0.00 ALPO( S)= 2,819 LEAV( 51= |
DALP( 1s S)= L0336 RAC 1e SY= L1230
T T T T paLed 3, sy L0541 RA( s S1= L1476
DALP( 5S¢ S)= 0635 RAC S¢ SV= L1649
7 DALP( T4 513 ,8652  RA( Te S)= L1449
h DALP( 9y S)= L0599 RA( 9+ S1= L1376
T DALP())e S)= L0456 RA(LLly S)= L1239
© DALP(13s S)= L0170  RA(13s S)=  L10A0
T DALP(15+ S1= =.0343 RA(ISy S)=  LORTS
DALP(17. S)= =,1036 RA(17, S)=  L074H
DALP (19, S)z -,1266 RA(19, S)=  .07an
- DALP (21, S)= =.0690 RA(21s 5)= L0875
T DeLPt23s Si= =,0053  RA(23s S)= L1065
CUXEC 6rs 0.00 ALPO{ 6)1= 3,8670 LEAV( 61= |
DALP( Yo 6)= L0336 RAC 1+ 61= L1219
T DALP( 3, 6)= L0541 RA( 3» A)= L1376
DALP( Sy )= L0635 RA( Sy 6)= L1449
DALP( T, 6)= 0652  RA( 74 61= 1449
T DALP( 9y 6)= 40599 KAC 9y )= L1376
DALP(11s A)=  .06456  RA(11ly 6Y= 1230
DALP (13, 6)= L0170 KA(13, AY= L1060
DALP (35, 61= <.0363  RALYo, 6)= L OHTS
DALP (1T, 6)= =,1036 RA(1T, 612 074N
T UTOALP 19 B)= <, 1266  RA(I9. 6)E L 0T4H
DALP(21s 6)= =,0A90 RA(21s BV L0675
DALP (2T 6)= =,005) RA(23e AV L1060
141
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NUM( S)=

NALP( 2y

24

S)=

CRD T-TURE AR=2,3 NOZZLE =~ VJ=2250 FPS - TTJ=1600 DEG-R

KN( Sie |

« 0456

RAL 24

5)=

1315

NALPC &+ S)= 0599  RA( &» S)z L1471

DALPL 6y 5)= L0652 RAC 64 S)= L1458

DALKF( Re S)= «U635 RA( Hy H)= Y]

DALP(10s S1= 40541 RA(1Gs S)z L1316
DALP(12+ S)=  .0336 RA(12s S)= L1163
DALP (144 S)= -,0053 RA(l4s S)= L0965
DALP (1hs B)= =, 0A4%0  RA(LI6, &Y% .0799
DALP (1R, S)= =,126H RA(1R, S)= +07729
DALF (204 S)= =.1036 HA (204 S¥= L0799
DALP (P2y S)= =033 RA(2?2, 512 .0965
NDALP (P4s 93z L0170 RA(24e S)z L1153
NUMC 6V= Pa KNG 6y L

DALP( 2e 63z L0456  RA( 24 6)= L1315
DALP( 4y 6)= « 0599 RAC Gy 6)= 01421

(ALP L Ae )= «O0RS? PA('ﬁv t)= «145R
DAIB( He A)= L0635 KAC By 61z L1421

NALP(10s &)= L0541 FA(10, 6)= L1315
DALP (12, 63z 40336 RA(12, &)= L1153
DALP (Y4o 6)= =.0053  RA(14, 61= L0965
DALP (Yhe &)= =.0690 RA(16, 6)=  .0799
DALP (1A, 6)= -,1266 RA(IR, 6)= L0729

DALP(P0s &)= =.lul3h RA(20s K)= L0799
DALP(22s A= =,034) RAL22s A)=  .0945

DALP P4y BY= L0170 RAL24s 612 L1153
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COMPUTATION OF AFRQO-ACOUSTIC PROPERTIES OF SUPPRESSOR NOZZLES

CASE NO,

AXTAL LOCATION

M

DO L ODIDPITAXLEIDDNNSNSNNSNNNDITITAIANAANANNE L O LS WDHDWY WNNY VN = e

I

+NC00]
«00001
« 00071
L0001
« 10729
«MY729
« 0729
20729
«NM14GR
e 1GGBR
PR 7t
oL lukA
.\‘II‘SN
JelRae
e 1P VTHA
« M21RHK
«2C1RRA
« Y21RR
P97
22917
« 12917
2917
«NP917
. V2917
o AOLEA
2 VIRGA
o J6LA
. YARLA
e V36UA
e YIALH
e fGATH
4175
T A
TSl AN
s FGRTR
"G 37E
e MG TE
5104
e 5104
Sl
. 5106
(51 0u
51006
e 5104
s "5HR1N
e 54¥31
o H5R1I3

SR

CPN 7-TURF AR=2.3 NO72LFf

<729
ANGLE U
J 010 2199,45
17 eud 2199,4%
2ie0H0  2199,45
IG,ue 2199 ,45
I N0 2199 ,46K4
1).00 21u9,46
2ul.0n 2199 ,46
3)e00  2199,46
1,00 2199 ,46
7,5¢ ~199,66
154,00 2199, 6k
2CeS5G 2199 ,46A
WI,I6C 21994k
TeCd 2199,2¢
7.5 2149G9,2»
15,00 2199,2¢
2245C  2199,72¢
Jre0n  2109G,19
e 00 2145 ,R46
6,00 214u8,76
10.0)  2145,.,7°¢
11,00 2145 ,3¢
Puauts 2145,7%
ITL.00 2145 ,187
JL00 137R 4]
6,07 1371,4R8
12,00 1373,07
12,09 1373,¢7
24,00 1371 ,.,48
.02 1378,651
0409 203,56
SeCA 262412
13.0) 202,16
15490 203,59
20409 PP 17
254320 PR
00 203 A1
Ve GO PeN?
Seuf, 2.“]
19.u0 294
l‘so‘)ﬂ ].Q?
P P RINY
25,00 3, KA
ELEPEAN] [
N0 3,24
4479 1,16
qo‘:r7 .f\‘./f\
12 .K6 AN

(X/DEO

= 1.0000¢
NENSTITY TEMP,
«NDHOFUR 1239,57
s UVY9T4UR 1839,57
«NENGAGR 1239,57
«U00994R 1239,57
L I00994K 1239,57
L 000Q94R 1239,57
L (009948 1233,57
e 2009G4R 1239,57
. 1N09QUR 1239 ,57
LOO0994R 1239 ,57
« 1009548 1239 ,57
<L Q0094 R 1234,57
«NO0N99UR 1239,57
« 10094950 1239,131
« 7009959 1239, 31
L U009950 1239, 31
e 094950 12239431
« 2009550 1239,31
«N010168 1279 ,46
LCGl01G5 12¢09,52
L001C165 1209 ,4R
010198 1299 ,68
2001C19% 1239,57
e 301195 1209,46
LLO011597 1uE 3,24
«0115%S 1063,44
JO01YARNP 1462,79
e 2N11ARC2 1062,79
311595 1763,44
¢ 7011597 1(A3,724
S0 16987 126,37
s JGIROT? 726,56
dNN016IT? 726,54
2U0TR9KT 7?".0"‘
PR TR N 7P6.57
S U1KOT2 126,53
fO1AOAR T2640A
20217214 58] 406
021241 Ske oB1
21461 “T74 R
« 1021627 570,17
o '021H9? Hhﬁol‘l‘
e 02174R bRk ,9R
e 021794 ShbH, 79
e 071565 ST72.,66
« 1020752 594421
L NP2R13G 547,00
LAN22R 3G LYY BT
144

- VJ=2200 FPS = TTJ=1600 DFG-R

LI/UREF

1.60900
l.00900
1.C0000
1.60000
1.00000
1.00v00
1.C0000
1000\‘\)0
1,.60000
1,00900
1.00700
1.00000
1.00000
« 95 R
« 999848
«IQYHR
« 99988
+ 99988
97862
«97559
« 97561
L 975610
C9T55K
97562
+OP6RN
62355
WHPulR
L62628
62355
JEPBRG
£ 09254
«091RQ
. 09190
£ 09257
SOV 9P
09197
LU9257
0014
JOOLLS
L00134
«COIBR
+ 00166
L00175
«COYRT
N4 7
« 00062
".001")0
0.00000

TURHLINT,

.00037
«0003R
« 00040
00042
.0C156
+0C18K9
0N HA
.00180
.00044
L00679
«00122
«00G90
«06099
. 00269
«003n3
«002R8
L0298
.00293
s 05267
05261
+ 05253
+ 05251
05261
+ 05247
13781
. 13785
+ 13785
. 13785
+137RS
13781
04225
04202
04207
04224
. 04200
«N4200
. 04221
«00253
«00292
« 00794
L0028
00287
JO02PHT
LO0PTR
«00145
200191
Ce00000
d.o060a0

R/DEQ

« (0010
+10010
00010
200010
10000
1900
.16000
10000
20000
20000
«20000
«20000
«2C06G0
+30000
« 30000
« 30000
«30000
30000
J400N0
« 40000
«40000
240000
e 40000
«4G0NO
« 20000
«50000
«50000
«50000
«50000
«50000
« 60000
« 60000
« 60000
« 00000
00000
«0u000
«6HC000
. 70000
« 719000
L 10000
« 10000
710000
70000
70000
LHCNDO
«HB0D00
JHNO00
LRa000




K]

PAGE 7

COMPUTATION OF AERO=-ACOUSTIC PROPFRTIES OF SUPPRESSOR NOZZLES

CASE NQO, 1

AXIAL LOCATTION =

R ANGLE

AL RE) V7,14

."58313 21,43
o SRR 25,71
. Y6R 133 3ieut
ot BEAT TeDy
. C65ART 4,29
LCRERT R,67
«NAGRT 12.860
PR LT ) 17,10

6561 21,60

6563 2N, 7
. SRSET 3,00
o 7292 Vo0f
21292 3.75
W T292 7.50
2NT2G97 1l.2%
037292 15,02
. T292 P AT
«NT7297 2760

07292 26,25
JNT292 I L0

«1R021 007
. YROZ) 1,75
«NAOC1 Te50
ME T 1}e25
fNAROZ2Y 15.C6
«NRQ71 e 75
«IR021 2250
STRN2Y 26,75
. VRO 30 e0¢
P DATSN e
28757 1,33
. YATSN o7
s ARTEN 1500

cONRTHN 13,32
LORTSN 1h. 6T
LuRTSY 2¢.00
«0ATED 23,31
JNRTSH Pheh7
LR A e

."3679 a,0r
W (LTI 3.3
SFALTS fohT

L6967 1746C
"9679 13,11
L9479 16.n7
219679 2000
L9670 2301

CRN 7-TURE AR=27.3 NOZZLF

L7282 (X/DEQ

U

O.UO
[APREEY

[ (IR
Q"
203,137
16R
as, 4
33,49
5,94

Ve ™-"
[ARY
0,
137”65
12R2, 13
1015,37
HIk 69
PP Tk
% el s
6,56
Qe
(g7
2165, 76
2124 ,56
202%.16
Y71¥7,69
106G 27
33,54
83,749
2.1
D.l‘n
21u9q9,19
219K ,96
2196.ha
PUTS A
202,44k
1500,16
16,35
11¢.21
7. A5
[P
210G 45
2199 ,45
2109 ,44
21GR .75
21T75.1R
1611,43
1922, "F
2oH.70

= 1.00003)
NENSTITY TEMP,
LONP2KR3S S4 ¥, 0%
LUN2PRIS Hay e
J0022R35 S4gul;
LNQ22RAS Sl a6,
AN LR 7725494
L 1017420 707 R4
J0LRGETA 0F 25
(020327 A6, T
0216 36 69,01
.'b??R3§ Hal G0N
L TN2PH IS CYARE
. 1022135 YA
L N01159R 173,19
«N011754 149,07
2012396 904,75
<101 3R4A HQ«  GBR
T NI TaT7,11
e 20 195KS (29,64
021637 LAY ,97%
»u0P2R35 Sac g 0f
L 2022835 Sa0,0¢
s 1010194 1209 ,42
0010766 1201,14
«0010625 1171,60
e 0110B2 1115,6R
«N012279 1064497
s 1015447 798,27
L0Q19AES 627,03
021720 S6T,69
« 9022835 SGeGh
RAJRLRT 1239, 3t
e 09aG8n2 1239,u7
e 100VART 1237,1°2
010074 1223.8¢
LO01050R 117347
LC01179 1043461
JNOLIRAR Hol,74
LOOLRART 671,36
L 021652 72,146
. YPPHAS L0
W GNOGER 121319,57
e J10NQGLA 1039457
L N0BIG94R 1219,55
+N009957 1238,9%
«0010078 1223,48
« 010745 11467462
st:0121371 WGH 57
<NNYAGAH 724,79

145

- VJ=2200 FPS - TTJ=1600 DFG=P

U/UREF

0eN0000
0,00000
N COCIU
2.00000
09246
LO7638
043715
«01523
«N0C66
1,00500
AT
CeGuLOO0
62677
«HH3IU2
6165
2T0T4
11037
02600
00293
D400070
0,€0200
. 97558
,96594
£92C7S
s THIRT
JUF 18R
16( T4
« 02441
+6Gl00
0.00u00
.9994R
299977
$I9KT2
« 92408
s6RINE
-PﬂU?J
«05911
L00357
000040
1400060
1400000
« 39944
e 99I6R
JIHH97
REYDNS
cUhG69
L NGRS

TURKG INT,

U,00000
0,000U0
0.,00L000
0,0V000
L04216
.0371¢C
0047
01067
. 061375
VeOuULLO
0, 0uG0¢
0.00000
13779
« 13990
13064
10947
059461
L0018k
00179
0,000C0
G.0u000
J6248
RGN
o 1ua6Q
. 15862
J163060
. 08533
+018R0
001334
00000
. 00213
. 001350
.Cllbh
« 64213
. 11890
JA861C
13329
« 03566
«00463
«00000
«0014yp
+ 00161
00087
+005R3
X TN
< 15684
176021
06070

=

F/0EV

JHO0DU
80070
«HO000
BN0N0
«90000
«90000
90000
« 90000
91,000
90000
90000
«90300
1.00000
1400000
1.00000
1.0L0000
1.0L0000
1,00000
1.60000
1.00000
1,00000
1,10000
1,10000
1.10000
1.100060
1.10000
110000
1.10000
110000
1.1G09%0
1,20000
1420060
1,26000
1.20000
120090
1.26000
1.20000
1.20000
1.20000
1,20000
1.30000
1.30000
jed6000
1.,30000
1,30000
130000
1.30000
1.3n000

)
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COMPHUTATION OF AFRO~-ACOUSTIC PROPFRTIES OF SUPPRESSOR NOZZLES

CASF NO, 1 CRD 7=TURF AR=7,3 NO7ZLE - VJ=2200 FPS = TTJU=1600 DEG~R
AXTAL LOCATION = o 1292  (X/NEN = 1.0000Q)

M R ANGLF U DFNSTITY TEMP, U/UREF TURBL,INT, R/DEQ

14 « 19479 Ph 67T 14,75 o 021165 S5R2.59 00671 «00707 1.30000

14 « 19479 15400 0.00 L0 022HIS H4i 400 0.,00000 C€.00000 1430000

15 «1020R Je(N 2199 ,45 «NOCIV4LR 1239457 1.,00000 «0U031 1,40000

18 «102NR .G 2199.,45 e 10CA9uR 1239,57 1.00000 «001K6 1,40000

15 «s102CR ha0y  2199,45 o NNGG4LA 1239,57 1,00000 « 06140 1,40000

15 « 10208 Fe0¢ 2199,45 « 0009948 1239,56  1,00000 +0U0159  1,40000

15 «1029R 17.0) 2198,5% « 0009954 1238,72 + 99959 «00723 1,40000

15 « 10298 15060 2161.63 «u010135 1216462 98280 «06164L  1.40000

15 «1020R 1Ra0D0  1HO1,%1 NI AG2] 1129,1°7 JR1907 17685 1,40000

15 10208 2lent R, 46 e'012917 Y684 461 « 37639 216055 1440000

15 « 10208 P4 00 146,71 «3G17738 695,16 WNE6TH + 04583 14400200

1e « 10208 274006 9,45 « 021459 574,61 « (0430 + 00516 1,40000

15 «10208 IV o7 « 228135 S4 40N 0,06000 C.00000 1,40000

16 « 109138 CeC 2199,4% e Gu(9048 1239,57 1,00¢00 «00104 1,50030

16 « 10938 I,0v  ”199,45 1) 09934R 1239,57 1,00000 « 006222 1,57000

16 «10938 6,00 2199,45 « T009Q4R 123657 1.G0000 «00272 1.50000

16 « 10938 Y0 2169,45 e 30J994R 123,56 1,30200 «0C182 1,50000

16 «1093R 17,00 2198 ,.11 « 099N 128,95 e 99971 « 00626 1,52000

16 « 109138 15,063 21A1,1R «NOINL3T 1216,4) W UR260 «N6169  1,50000

1e + 1093k 1R,0¢ 1782,%4 0010996 1121 ,4 e 195660 L1852 1,50000

16 « 10838 Pl T10.65 «2011394 G2 .63 « 32301 14831 1,50000

16 «13938 26,060 98,78 sVO1RALS 6R2 .41 e ChuhR 03259 1,5¢000

16 . 10938 27.¢D 44,71 « *021R3A 564,70 00192 L,00363 1,50000

16 +10973R 32,0290 029 Ju2283s S60 4,02 UL,O0CULO U,00000 1,50000

17 R LLY .00 2199,46 «N(Q9GUR 1239,57 1,560090 00206 1,60000

t7 11667 P73 2199,45 +V009G4uR 1239 ,57 1,00200 . 00239 1,60000

17 JN1AFT S,45 2199,45 «2009946R 1229,57 1,0009¢ 200178 1,60010

17 «116A7 [,18  2199,45 « 30093948 1239,56 l,0000¢ L00157 1,6000v

' \7 <V 16K7 17,41 219R,91 ¢ 30094952 le39,N6 < 999175 L0U857  1.,60000
17 «11667 13,66 2176,93 «(0100FD 12723434 + 98HHS 04751 160000

17 11667 16,3 1996,35 «N010757 114,70 JB66T4 15670 1.60000

17 «11AA7 19,29 1379,n3 012337 Va9, 94 4724) J17476 1,60000

3 17 «116A7 21eR? 235,77 1 01aKUR 742,646 « 106R7 «N6531  1,60000
' 17 11AKRT 244,55 2N, 71 e J0P0FLA 591,.2° e NQ947P +ONBTS 1.69000
1 17 V1667 27,27 0.0 «)022815 Q4r 00 (00000 (oC0000 1.600CC
) 17 + 11667 I 00 Oav) s 00 22RAS S60 400 C.00000 C.00000 1.600C0
1R « 121304 Te0{ 2199,49% ¢ 106994 R 1239,57 1.30900 «00154 1.70600

\ 1 « 12394 2473 2199,45 »J0090QuA 1239,57 1.,00000 «00141 1,70000
‘ 1R « 1213696 R4S 21099,4% s DG0996A 1239,56  1,00000 «00162 1,70000
14 1R «1213G6A BelR  21499,13 «N009950 1239,25 «Y99HG «0043 1,70000
' 18 . 12366 17.9)  P1RR, T «20103113 1231 .46 £ 99512 «0CHLT  1,70000
) 1R « 123064 13,66 2951,20 010465 1178,23 «913259 11403 1,70000
1R . 12186 the3r 1433,R7 «I0116TR 1974426 65192 1H4bR 1,70000

18 172396 19,09 LTR,,50 «0014574 Bhbe 9 « 21756 210796 1,70000

18 e 1239A 21,497 A2 HG 0010461 635,56 « J2K57 02146 1,70000

¢ 18 . 12394 24,5% 2.7 + 0021965 Sk1,37 .00127 L00342 1,70000
‘ 1A « 12194 2T.27 (UM e 10225135 H40 .00 0,00000 0,00000 1,70000
. 14 L1P20A I, 0 [ 0PRSS SQa .0y NLLechHy  connnne 1. 78000

‘ 146
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.

CASE NO, 1 CRD 7-TURE AR=2.3 MOZ7LE
AXTAL LNCATION = £ 37292 (X/DEO = 1.00000)

M [ ANGLE t NENSTITY TEMP,
16 .13128 1a0C 2109,1v . 1009350 1239,3;
16 «13125 2eE0 21481 ,0Q0 « 10L9951 1239,1°2
19 +13128 S.nt  2197,42 « J00949K? 1237,75
16 13108 T80 21HS4¢ sJ01GC 2D 1229,37
19 +13128 1.0 210666 L0102 1194,73
19 J13108 2,50 1776.53 SG15963 11724 R~
19 L1312% 15,5C 108, 2¢ LN012327 1uGy 433
19 L1312 17,67 J1u,73 « 1016743 768,25
19 131025 2uent 47,64 + 3019856 62.491
19 13128 ??.5" PR < Y0P19HR 560,79
19 L13128 25,00 0.."0 . 022835 S40 .90
19 «13178 2757 Ne.ol «10P2R3S Sal o 6h
19 131028 3ieM 0e e NP2HAS Q4 L0
20 « 13864 LTS T 1010196 1229,139
29 « 1 IR64 CeB% 212G ,K5 JY010P6Y 123,69
20 « 13”54 S.00  2)61,06 « 010638 11R1,3°
29 « 13854 7,51 V\rAT7,77 AT Kulaldsl 1139,67
29 « 13864 13.90 1436 ,1°7 et 011413 107 3,86
29 . V3IRSG 12,57 756,51 0013212 933,33
20 . 13864 15,00 231,75 «IC1RRCA T4l ,66
21 . 13RGL 17,57 7,77 10201 RS 61 4,9y
23 « 13864 2960 2.5% L1022007 LA R b
2) + 13RS, 278" (U . 0220838 B4, 400
20 J1 386 25,410 2, $ 0 P2KG DT NY
29 . 13864 PTG Cor L0228 1Y R e
22 . 13854 370 D.0n CU0PPRIL 47,0
21 e 145673 M0N0 1ATRL T e 011599 163,10
21 « T4BR13 a1 1303,+7 L MOINT1S LUR2 .52
21 14581 Goh?  11)0,6K AR B2 B 113,17
21 1484873 6,92 773,97 o011 as YIR G NG
21 . 145873 9,23 Gle, "t L0602 K21 .9
21 « 145817 11,54 184,16k « 017639 HAG R
21 «14SR1 ] 3.RG 17,12 020200 610,132
21 « 14581 1helS 4,97 «G0PIR2A Ghaa95
21 « 148R7 1R.ah 04 0 . :0P2R15 Sar 40y
21 LT R ?0e7T7 Dot . TOPPR3N H4 1,00
21 10507 23,0R D™ e« 0P2KAG LYY
21 s 145517 Phe AN [Pt e 022K IS Shye gt
21 « 14517 PT.60 [UPSTR « TPPHIG Fhrga0d
21 s 145K1 RIUPIES [UPR «NDPPRIN heng)y
’? «161713 a0 203,07 e 1O LAGHN 1254 HS
22 +1531 13 2ela I/1415 « 017236 715,49
22 L1511 G429 131,99 1R EIVE B 6RL G RG
?? «165311 A4l 73,29 e 1010140 C6h 25
?? 15111 “e&QT .17 « 10200677 6N 3, 6A
22 L1531 10471 9, '3 e 1021524 LT RRA
?? L 15713 | ARt 1.10 LA R LY Skl ,440
?? PRRSED IR 19409 N 0N WP PRIG Nal 00

147
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COMPUTATTION OF AERO=ACOUSTIC PROPERTIFS OF SUPPRESSOR NOZ7ZLES

- VJ=2200 FPS - TTJ=16U0 DEG-R

U/UREF

«999A8
« 99979
<999 QA
«99361
L 96772
0771
«47203
e lhu9l
02166
00131
e 2600
G20 U0
HaGNOLGO
L 97568
¢ F6HTY
¢ 93749
JR4Y92)
L 65295
. 34395
. 10537
ol 1717
0114
2.,009700
C.30u900
1400300
Ve lignNo
eh 2657
«HOYOHL
«50ual
. 35184
JIHK23
07006
«(16H8
00226
\;-0\)(")0
0,089600
2409000
feNONNO
CeOONOY
fe00OUO
e VY02
«0R216
06001
«(332
o(lat?
0\)0‘013
« 00150
il.6ANNN

TURH, INT,

001325
+00412
« 00926
. 02954
+0B4GU6
. 15RA5
16182
« 07710
+C163R
+0032¢
U, 00000
0,00000
v.00000
« 05255
«G6116
<NERAA
. 13235
16129
.12913
.05730
. 012765
00318
0000000
0,00300
0.,00000
0,00000
L1378
13796
. 134985
L1671
+ 0HB0OS85
03861
.01201
«00°R
0.00000
Ve 0UOOO
0,00900
Hea000C0
0.00000
6.00000
sW4220
«U3R7S
« 03049
01617
« 0955
« 00396
«00274
c.000060

R/ZDEW

180000
1.H0000
1,80000
1.,80000
1.,50060
1,80000
1.%0000
1.,80000
1.80090
1,86000
1,800090
1.80000
1.80090
1.90000
1.90000
1.90000
1.90000
1,90000
1.50000
1,90000
1.90000
1.,96000
1,96000
1.90000
1.50¢00
1.,90000
2.00000
200000
200000
2.00000
2,00000
2.00000
2.00060
2eUQOVO
2.6G0000
200060
2.00000
2.UN000
2. 70000
2.00000
2.10000
2410000
2.10000
2.10000
2el(0N00
2« 10000
210000
2. 10000




Ll

CASF NO,

AxTAL LOCaAYIOM

]

2?7
2?7

23

CPN 7=THURF AR=?P,3 NOZ7LFE

(X/0E0

§]

Yo
[
[P
N, ?
Ve 7
0,0
0,77
4,61
3,77

>
*
S

148

PAGE 1y

= 100097
NENSTTY TEMP,
cUPPHIS 5654Cy
«N3228 35 S61. 407
1 022KH5 EL I W
L2218 38 St g0
« 7022135 D4ty
. uPPr3% 5475440
. PPPRIS 560,71
L 021 K90 “63,29
0P 1964 561,91
CL0P2G76 558,56
00PPRIS 567,09
022835 B4 e Ol
«T022H3S Sar by
0P PRIE Q4. 0¢
e 20 P2PHAS 541,20
o« MNP OH3S 56 )40
e UPPRAS Haue
L, 02PH35 Y I
e T 022M1S H4r g N)
D PRIKIS S840 )0
$C22RI5 567490
LNPPRIG 564,00

COMPUTATINN OF AERO=ACOUSTIC PROPFRTIES OF SUPPRESSOK NOZ7LES

- VJ=2200 FPS -

U/UREF

Ca00GING
D4%C0GL0
0,00300
Ve GOLUO
0.,00000
00000
143CEN0
«0C210

L0172

+COCYR
2.0C000
Vve00uWGY
e UCUNY
D4 (OIV0
6,00500
N 00000
04,00000
0,00500
N,a60400
1,009500
Ce00U0D
20,0000

TUR=A,INT,

Ja0000OL
UeGOCNC
0.0000¢
0.,00000
0400000
G.000G00
0.00000

. 00280

«0028RS

.00276
0.,00000
0.00000
D,00000
0.0G000
Ve 000N
G 00UCO
Je0CO00
U.0G000
G,00000
G.00000
1.00000
6.00000

TTJ=1600 NEG=R




rv—v T -
.

CIRCHUMFERENTIALLY-AVENAGFD PARAMETERS

NP RADIUS MACH NO, TEMP, INTENSITY FREQUENCY
1 « 0001 1.9662 2 e2955 bANCEE=]2 [UNS
2 « 1200 1,9667 e 2955 «24T73E=06 3.
3 « 200N 1,96K7 ?¢?955 2 95416F =08 Ce
4 « 1500 1,9666 7?2651 «213B4F =04 1.
5 G200 1.,91R2 ?+2398 «16103F+05 2416,
& «590N0 1.P727H 1 .96RH +171GRE+(B 2595HK,
7 Rl 1809 143452 «51043F4+04 16407,
a8 s 7700 +0028 10583 + JORRSE~04 377,
9 JRN0N .0019 140777 o4 1234F~-06 524,

10 «3000 1277 1.2755 «1N304F 404 5139,

11 1.00¢n «RG29 1,R267 «11RP4E (8 12312,

12 lsl000 1.8673 ”«1133 «2A016F+08 8707,

13 1.22nn 1.7237 2el01l4 WU2P213F 08 2595,

14 1.30¢° 1.7745 Cel207 «BNGOBE e R 1676,

15 le4n0? 1.7964 2e?343 W4 15APF ¢ 0B 1326,

16 1.5060 V. R320 2.2367 «4291RE 408 1313,

17 16000 1.7963 2e2139 e 3NADLF 40K 1513,

16 1.72C5 1.7761 7?2255 0394 3F (Y 18R8,

19 leR0C0 1.,7236 Pel2014 « 30y 32F e 2593,

20 1.9009 1,5589 2.1139 «CLYRUE s QA 475%,

21 2000 e R929 1, 4257 «1a3N3F ey 933,

22 2.1000 1275 1,277 e 1S 0G6F 4006 3436,

23 2.200"% «NN29 1.0397 J19516F ~04 733,

WARNING - NO, OF TURNING POINTS I GREATER THAN 2 AT
KA= ] X= 07202 [TH= 16 THETA= 110400 NTP= 3

WARNING = NO, OF TURMINMG POINTS 1S OGRFATER THAN 2 AT
Ka= ] X= 072692 ITH= 11 THETA= 125460 NTP= 3

AARNING = N0, OF THRNING POINTS [S GREATFR THAN 2 AT
Ka= 1 = 07292 ITH= 12 THETA= 130,00 NTP= 3

NARMNING = NOJ OF TURNING POINTS IS GREATER THAN 2 AT

KA= } X= 007292 ITH= 13 THETA= 140,909 NTP= 3
1
)
\ WARNING < NO. OF TURMNING POINTS IS GREATER THAN 2 AT

KAz ) = e GT2Y2 [TH= 14 THETA= 156400 NTP= 3

K]

NARNING = NO, OF TURNING POINTS 1S GREATER THAN 2 AT
¥A= | X= « 07292 ITH= 15 THETA= 160,90 NTP= 1

149




X( 1= « 0779

JARMING - NO. OF
A= P xX=

HBT( 1= ,25R99€+21 FM( 1)= J2619E+01 UAVG( 1'= 1847,59 UMAX( 1)z 2199,.46

TURMING POILTS 1S GRFATEP THAN 2 AT
.09187 1TH= 10 THETA= 119,00

WARNING « NO. OF
KA= 2 =

JARNING = NO. OF
KAz ? xX=

AARMING. = NOJ_OF
KAz d X=

SAFMING = NO, OF
A 2 . _ X=_ _

X{ 2)= 919

YARNING - NO, OF
KAz k) X=

JARN ING - NO, OF
KA= 3 . .. X=,

HARMING - NO. OF
Az 3 X

JarnItG - NO, OF
W= R} X=

WARNING = NO, OF
“A= K} X=

£ 3= L1157

AANNING - NN, OF
KAz o xX=

WARNING = NO. OF
A= b X=

TURNING POIMTS IS GREATER THAN 2 AT
«09187 ITH= 11 THETA= 120,00

TURNING POTNTS IS GPFATER THAN 7 AT
.03187 1TH= 12 THETA=  115.00

TUPHING POINTS 1S GREATER THAM 2 AT
+091A7 [TH= 113 THETA= 140,00

TUENING PO’ TS [S GRFATF® THANM 2 AT
SO9LBT . . ITH= 14 _ THETAS 150,00

VHEL 2= L2t 3068421 FH( 215 25249 01 LAVGL 2)2-1T767,58. UNMAX( 2)35_2199,46

TURMING POTHTS [S GRFEATFEO THAtL 2 AT

11575 1TH= 19 THETA=T 11,00

TUEMING OOFr TS 1S GRFEATE THAY 2 AT
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COMBEOTATY % OF AR WO=ACOUSTIC PrOFFRTIES OF SUPPRESSON NOZ2LES
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a4 o o ~M ( - LI ) PAGE 12
COMPUTATINN OF AFRQO=ACOUSTIC PROPERTIES b SUPPRESSOR NUZZLES
CASE NG, 1 CHN T=TUKRE AR=P,3 NOZZLF = VJ=2200 FPS = TTJ=160¢ DEG=R
AXTAL LOCATINN = W P9VRT  (X/NEN = 440000 )

M R ANGLE ¥l DEMSTTY TFMP, H/UkEF  THRR,INT. K/UEQ

9 . 'GR133 17,10 07, HA L0133 Y25,nn ALK LUTBR? JHIONQD

9 L6833 2l.,61 560,18 «T 013531 Y11,29 2uhH67 LUOR1Y9 +B0000

Q SNSRI 25T 498,07 0136 TA G161 L208R2 LCSTIAR LBO0OO

9 (5831 NV 4RI, ARG 01 AT2R 896,19 L1991 . 050327 +E00N0

e o YREHT Led 9RC N9 W01 26RT CRT,65 Jaun6] .11321 « 90000

12 . 16661 vl GEK G4 « 7012541 RISK LY L. 413599 .11633 290000

1¢ o TRGAT 57 KOA 68 e 1012602 471,57 LaNB4Y 111897 L90000

16 L EBAT 12.2A BCS 40 LG P9 AR G309 . 36618 .119C6A «200CO

15 RALY 17,14 8GR, 79 L0120k GG +3149R JH124R J90000

1 . YRBAT 21,061 ST79,9R . 01 a) CA K o JPF 369 L H9745 < 70000

10 BN LR 25,71 @92 .63 JN1AT LA R IV 00 3HG LOT158 T

1¢ . YABAT It (0 LEH,Aa e 01 ATHA AG6h AR JOe ] «03069 «9N000

11 .A720) TS 1P0H , Al e N119RY | EERD T BTN YA . 13253 1,000

11 7262 A, 75 12TR 47 LN 9T 127 4%} JHHR1BN JLASEA 1,00000

11 1292 7,60 12Y3,17 o N1217°0 V17442 « 55164 s Ju/RT 1.09000

11 . T2062 11,25 11:29,%2 L PR R W94, 73 dHUAbY JVURGY  1,0r000

11 7292 1Senf 977,73 e "N1D6 A0 STk 32 LL4653 L6727 1.7°0070

11 L7292 14,7% TR . 01PGN CLAI RENAA I L1334 1,00000

11 f 7202 2 ek el LA PR R T ) Y2k GG ARl e L11GA% 1 ,10000

it s V7292 Rl 576, 2 RS IR LT 912,95 PAIRY JORRRD  1,000C0

n ERELE 1,00 513,94 T T YOQ H: MY L6498 1,06000

12 JMEC21 R CR 1hol = o D1 T1an9 1373,3» 708173 .13157 1.17000

1?2 LSRN 1,75 577,02 SI01Y5PR 1LAY 60 71701 L3748 1.10000

12 URCAY T.u 15:3,7¢ . 011648 1065A4,613 JORINT L1513 1,1¢000

| el ol 11,725 13%3,136 s Ul ALK 1can, 71 LRSS L 16335 1.10000

1° o RN 150 1219,67 «t 012128 116,11 . 55451 JI6T9R 1,1v000

1? PRalai | 1H,75 1o°R, 14 . U12570 7 QRS K JuuTas 6138 1,19000

! 12 «t.2021 2060 HAK VY « A1 2RHS HE6 97 s 3RYOY 14139 1,10000
12 RG22 ol ¥ide] BHE L35 L013137 GAR AL e J12YA o 104940 1.100660

I . "RO2T 31..0C hrI.61 «11013221 234,09 28617 o 0SUST 1,13000

3 . JRTSA LPR R R ] « 011G 111Y,61 L HINAR Jla2A 1,20000

y 113 P ASSe) 1,33 IR T .94 011145 1107,37 W P265R 122496 1,2N000
11 A ek T VTGK, 094 «T0110241 10.9/,90 e TURAP JJG1RN 1 ,20000

' 13 L 1LRTEN 100 1653,467 « 011417 15R¢,52 e 75174 16116 1,20000
) 11 BTN 13,231 157,73 PRLT B KX 1.89,16 «HRH50 17533 1,212000
13 TS £ 1hea7 1326,.42 e 70119232 133,45 P SYUR PA L8014 1,20600

\ 12 PR A Ot 116,713 0P PET 1303,54 HETTH L7260 1,27%000
12 AN 23,37 RE RIS «012641 9T5 446k 41619 L15031 1,20000

! 11 o YHTSY PELrT 780,19 «V01PKA9 9RR 2" e 345K13 L1059 1,26000
13 , TRTEe 1 W07 699, TR O PPl +5131,913 «31K16 « 03942 1,20000

A 1a . 194G T e 0V) 1o, 74 OIRTTA 1164 ,07°H 95697 LNBT29 1.30000

la . "96TY 3,3 19T74,99 wullnre2 1139,40 «ROTHS L1015 1,30000

16 AT A%) Fgb T 19146, 0 DAL DR 11°5,7¢ BTN L2865 1 ,30000

. Ta o 10T 1oa0L  IR07,8% MR BB RTA 1175,52 I B P L 155%4  1,30000
1o o 'QGTY 13,33 1662 ,47 « M4l 1/ Ry, 71 YA M 17601 1,3%0%0

14 . Y967 1“~et7 1451,76 . 'N11721 106°,06 HELOG SBT3 1,30900

* 16 AT AN Plelit 121K, 12 SN2 0K0 619,96 JHB IR JYR20%  1,30000
Ta PR YA A& RN TSNS FEEEI R BV IN URT.R1 YA 15948 1.30000
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COMPHTATION OF AFRO=ACOUSTIC PROPFLTIES OF QUPPRESENK NOZZLES

CASE MO, 1 CRN 7-TURF AR=2,3 MO77LF = VJ=22u0 FPS = TTJ=1600 DER=F
I
AXTAL LOCATION = «291Y0T  (X/DEQ = 4o G000 )
e £ ANMGLF U DFNSTTY TEMP, U/UREF  THURKGINT, H/DFOQ
14 PGS Phenl TIR, 2N (012757 YAA GBH . 36291 L1775 1,30000
14 1067y I 40 725,24 L7 01283) Get ,9R 32971 L00455  1,30000
18 S1020R eyt 20T9,6H PRTEIS VAR | 1iAR,72 e 94554 e JOARGE  1,40900
15 L1708 3.7 2Qk6 .01 R DT 11673,69 s 93H4 JOTHES  1,640000
15 R e daks Fa i PU15,26 PRI Wl LY J149 .62 JPHO2A 10976 1,460000
15 L102n°P EUIRE B P O .. 01923 1128 8A JRT6RT LHe000 V40000
18 I Bl 17,0 1793,7°° 011168 ViCa 0R JArB2 L1E625 1,46000
15 10274 15490 16274 ,549 011450 176,546 « 13881 18425 1.40000
15 15208 1Haul Tall.ea « 1011718 Tuah gl ha Al 119Gy 1,40000
15 MR RVECN clgar 117,55 e I0121H] 171227 .53311 L 18135 1.,40000
1& J12200 Pl nr Gap 19 Lt N1PR92 “rg,23 L42h6S L5690 Y ,40000
15 19279 N RIS Thh G s TN1PHRT2 487,97 . JGHSR JH1ak2  1,40000
15 1327 RRPSAR AR L1G 1017547 NGP 4410 31742 L06002  1,408000
16 L 109K (I Se-D NP o Gl04eQ 1177,8K LIGT55 «00131 1,50000
LA L1098 1,000 P0HG G2 PRAR KAV 1172,14 LS P LNBEVE2 1,50000
16 L1009 13R A, 239,21 PRALR RAYSYCT 11656,73 92714 L0518  1,50000
16 L1093 73K a0 Y9LR Y2 PREEAR R T 1133,09 JHANT L137772  1.,50000
16 <1093+ V20" 110, 1A ¢ 011151 115548 SN 16671 1,50000
1A~ 17314 195400 1423, 5% « ' ND1Yatba 1 75,613 o 1IBLT S R YT 1,.50900
15 L1093 12,950 1333,64 «"Gl11RA7 -4l 70 63363 J1RGHRA ] 54009
1k #1093 2l.10 Y13h  R’x= S 012309 1.672.50 Hlbuy J1T9R2 1 50000
1~ 1093~ EERTE HUH, ARG e T012KLR GRP, 15 RN EIVR L15401 1,52000
1+~ « 1093 Prane nOR T ¢ 20T 3K $35,63 IV TAT LH1212  1,%0000
164 L 109138 1,0 - ) FRAETE I PR Y27 .94 PR IR LN5158  1,500G0
17 «11EART Ceut 2079 ,.04 s 1011551 116K,69 e 745513 L UB66] 1.t0n"0
17 V1ART PeT Y PURLGHA IS B 11/3,93 «FR8RY 07639 1,60000
17 N 1RET Seb5  PO1FR R s 0INT 1164,53 «917G60 L0564 1,60000
17 11Fe7 =12 197,42 « 20109 2R 1137 .61 JRR D L1303 1.6007%0
' 17 o 11AART 12,91 1815,35 sN11V44 110667 SRS 36 L 15985 1,60000
17 s 11ART 13.¢64 1A53.35 «POLY14LlA 1.79,16 AR L1 T3y 1.,60000
17 NIRRT 16,3 lash, 39 e 111760 1147 ,R? «HST1H L8636 1,0C000
17 J11AET7 1Yad9 210,373 [ DR 1olueel «55029 L8208 1 ,60000
y 17 JYIART Pl K2 YRS, 4k JONLPTSP Ue6h 93 L4 3895 L 16625 1,60000
17 J11ART 24,88 743,54 013331 24,94 e 13b06 L,13778 1.60000
! 17 S16FT 21,21 QTR 1n 2013749 HG6R R - ] LN9923}Y ) ,60000
) 17 211467 REN A 516,41 LUV ARTE HhAK G TY R RIRTA LNS4D3 Y 60000
12 o 1230k [PAR 1696 & e 010777 1144,15% o« F BHY LOHTIG 1,70000
‘ 1= .V 20a¢ cuTd YATT 0y L0101 8 1136,85 . RORLHQ L9823 1,729000
18 L 12394 Qo6 1924, ¢ T01rRS 1127.,67 JHTLTT L2006 1,70000
4 1R 1239 AR U R B B «7011114 119,020 LR 3256 Jleehs  1,70000
1R o 170Gk 1 W9l Thihg, 4 « 70111354 JuREGOR « 17580 . 1ha79 170000
. 18 AR 1Vohb 151k, 373 01165 178,07 .PRA4G] L1 7735 1,70000
1@ V04 Th, 16 1302, 89 e 01243 1723.R7 25U 7 L7931 1,70090
1R VPG 19,9 Y067, 7% N1 288D 976,009 PRSI | 1 F0130 1,70000
. 1k o 12 39s 2l am HlH, 509 e IN13PK2 PG, TR JATNR a9k 1,70000
1k - T RIS b, e « (1399 RS B ) O THHE 12107 1.70000
1u L1230k 27,07 LED 0P LLNT4560 Hat Dy o 051 JORRUS 170000
¢ 1A R I TS 1,00 U2 .40 0014709 PRV T2 R _teaT2 V1 .Th660
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COMPUTATTON OF AFKO=ACOUSTIC PRUPERYIES OF SUPPRFSSOR NOZZLES

CASF N0, 1 CRI) T=THRFE AR=2,3 NOZZ2{E = VJI=P2(d FPS = TTJU=1K00 NEG=F
AxJTAL LOCATION = WGl 7 (X/DEO = 40U
M 12 ANGYLE U DENSTTY TEMmP, H/LEEF  TURR INMT,  W/EO
16 «1317°% Yed0 1RAT L9 PR B AR 111742 sRI539 11436 1,10600
1 131025 2eSi 182D 40 e 01134 107,03 JR2TAR 12007 1,8000Q0
19 01310245 PR N (11228 17818, 22 hiala 213356 1 ,m0000
19 . 131025 757 1h&],62 011378 153,77 BG4 T e 14907 1.,80000
[ PR ¥ Ted 0t 1h5F, 42 et N)YSKT7 164,21 PRAN ALY LYR204 1,80000
1@ 13105 12460 13927 ,4% LU0 1RAA 109,14 .H3A537 s 164931 1.40000
19 J1310% 1900 1206, Ty LtY12748 I 06497 «DURbG JdOHER 1 ,H2000
19 R ek 17,51 a97,56 12764 Y6F L3 45 154 « 159235  1,800600
19 J1310°5 AP v TRT 12 « 13409 YV H G 24 PRETE ] 14248 1 (AA0GO
19 PR LD Eed P0G CQ3,7k NS Rl 4 HAET 430 e Ph99A 212005 1480000
19 131705 2h v Wl .7 PRANE RY o Iy 4 A21,1°2 15696 (9427 1.,50000
16 «131°% 2T, f 116,79 e -G15568 791 g bR R RN JNESHG 40000
19 L1128 RIS R AR PR s C16771 151 41k 124137 s JG0E7 1,80900
M . 1185 Tl 16498, 74 L N1YIBLA 1.71.77 « TOHRR 13194 le20:0N0
2¢ L1 IREG PGB0 YNTI MY oI NYIRGA 1067474 L 71830 «13512  1,.9(600
2y PRRER Rt Ne 1652723,0°% D) 1hGG 1054,99 «h956 L4277 1,490000
25 « 1 3IRGG 7.5 6rQe,27 PRI I BT 1u64,427 fhG9R3 15099 1.90000
2% .1 3RNG 1730 1) gHG LN120Se 1,523,111 JHG199 215627 1.900600
0 e 1 3RRG Sl 116,77 « 0126107 GG 3 HbG « 10K . 15577 1.90000
e 13854 19,03 QR4 Ha o 01PHI9A Y56 417 «43349 s l4RaL 1 ,90000
¢ oV IREYG 17.¢° TEH 15 « (01135140 G11.3A « 34834 o1 34568 t.9000C0
20 o 13RS 27 GHG e H PR R KA YhY LT 20601 11548 1,9¢000
2L « 13854 Dot 4”N 47 . 0162230 U a6 . 19342 « 193572 1.,90000
290 . 1RG4 2S¢ " 29 A5 LD1A1 32 (64,39 . 134496 JDTOT9 1490000
2y « 1 VHSYG 27,5 20R 1} e NN AT HK T34 4,48 LS T WDNGR2A 199000
20 R IR XY A LIV I 174,7°A e "A1HGNT TP4H 487 « 07923 N3N 1,900
21 s 1659 teul 1277 4F PRt R IV AN 1' 7 ..R4 «HRDIG 13417 270000
21 L T4GHD RS 1°73.27 PR 02 He] 114,35 W STHHE « 13532 24010960
21 s 145217 Gak? 1221 4k NP2 YA 1006,39 e HH5 A5 L1377V 2,00000
21 RS (A 11ade0 PRAN(R X7 RET WA 51844 13956 2.n0000
21 s 16543 Fe-d 133,04 . 012672 Y7 3,0R AT 13924 2,000¢0
21 PR 11,546 A5 468 L0V AGLR G4l 499 L41169 . 13506 2.,00000
21 slufha 1 1.P5 764 .61 s 011939 GY G T4 e JUul64 12545 2.00000
21 RN LIS I 19,74 s 101416 HT G Ta LRI 211370 2.00900
21 L 1UBHT | (AN BN e 0146613 K26 RT o O VHRG GJOYTTT  2,0Q000
21 L1658 REAI Y4 ST .91 fDN1RTHG TH2 424 16273 LORNDYI?  2,70000
21 M FANE Pl om Pha ST TR T YA 739,96 11574 JO236 2,00000
21 MR EZA T e 3R P75, 00 01750 Ti6 g 6R L UT957 «COSRG 2,00000
2 e lauB RN 121 .04 s GIRATY SR « 09530 JO3ING2 2,un000
2l S RS AP (KO I o 013247 75,70 . Jubla J0CHNY 2L, U0000
2? L1531 IO 937,77 FEEG S e l=TA GG LuR CUORT JIVGHTY 2 1ppf 0
27 FARNE S I Cela RPIARREN « WL PIHT Y64 aa9 s 4203 ALT9 2410000
?? L5111 Ry ] SR APECR | PR CA R R Sulelb AR T 1963 2 n000
27 1317 [ MAH LR P i B BN HPoE B ¢ 17549 J1174% 2010000
22 L1631 L 6T 769 ,%4 Lt0]3%49A Yk RE 36074 Jlase  2.100n0y
27 R 1 .71 RGH LY «S013590 ] a4 YR 10 JVONTG 210000
I AR 12t Rt 47 BRIUR E72 220 oS B o PhOVA L180CH 2, 10000
s PR N B teo AN AN e NIE RN 17,51 N6 T LOR9Y G 2.len0n
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COMPIHIITATION OF AFRO=ACOUSTIC PROPFRTIFS OF SUFPRFESSOF NOZZLES
CASF NO, 1 CRN 7=TURF AR=2,3 NOZ7LF = VJ=2200 FPS - TTJU=160C DEG=R
AxTAL LOCATION = «291KT  (X/DFO = Goa(GOND )
M [ ANGLE 1) DENSTTY TEMP, H/UREF  TURRBLINT, Kk/DFQ
22 L1531 17,16 167,45 . N18777 781,57 16252 JN7636 2,100690
22 1513113 19,729 270.54 « 50165473 745,39 « 12301 206280 2,10000
2? .15313 Pl,63 197,22 « 2017346 711,86 CLRYAT « 04961  2,10000
I L1531 2387 117,9% «JOVIRIGL? CTI,67 « 06272 LU3736 2,10000
°? 15317 25,71 Q3,70 FOTE R A 6%y 37 LCalh0 L2675 210000
27 L15313 PT.x6 Al 0T »u0193117 AR LA 02931 LLLTRG 2,10000
?? 15317 3,00 R3,60 fN1904YN (SR T eoouT 01197 2,16000
213 s 1ACG? PO 513,13 . ulalos SLaTS Ny Ay o PTHTA J09412  2.720000
23 1ADGLP ?eld A I eG4 0262 HAG K L 27629 LUY3HGE 2,20000
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4.3 PROGRAM SOURCE CODE LISTING

This section contains the FORTRAN IV source code listing for the
aeroacoustic prediction model, suitable for running on the CDC 7600 computer.
The listing of subroutines is in alphabetical order, as follows:

MAIN Program (MGB)
ARRCCOS
ATMOS
CRD

ERF
LSPFIT
OUTPUT
PNLC
SHOCK
SLICE
TPNLC

-

— = O O~ U W N

— O -

170




Jd
”h a9 3
£ dn )
Y HOW  /Z°0am2/NININY %/ . %9an2/N1L 13t s/0%9anl/U4lvld4 /5 Canl/IHalv VIV
|84 HUW /7000010000 NCOEI LU LG LNyt ulalEtunlse l0ee R
on HOw C00C9T°00Gc 100001000 N0t »*0035%Quunt QL 0062000 Cugls uetl
6€ dYNW *OU0L*00RB*0EG*N0G 009 STEC UG YUY Gl * 00D Y Ly yS/0d VIVU
8¢ HOW 2
LE 89W XVHASNINI®Od ad954LN]
9€ 89w (GLD DN ILDI S0 tu T DS (9 iliny ey S5¢
SE a9n (HZINTLNFge (921 IvL et (ul2IVVT e (G9)AUdI XS (UD)YAURDa*E
4% g9+ (HZIAQHSAPINTAA (P D INTUTS ST DI MDY (0T D) 43¢ (C1 L) d0id
€€ BOw *(O1T) 32N (L) LTIl (Ol U La* tStitumIaa (ulle0miag v (sl twal
4 dOn SO AN (T DAY T (0L D) GATT e (0T L) dxX* (n2)ulsuy WOTSHARTIC
1€ 89n J ot
0t BN ANVINS AV LS AN s SUe S 3ys OV TS AY LA/ VL AS/NOAnGD
62 dYn (72 T8 (28I A DI VAT AR ) x Tea1* (0Z) X/ 7 38V /NDAnD D
gl dOW HLIS A1) IRV AN AINS 1D 3L L2 NL DAt 132210014 RS s (3( ) wadl L *
L2 HIOW CUSYHTIVISat (ILE) andl® (00 HIUW® (S0l (00e) Y 7RSS/ NGan0)
92 dOW ¥Urnd*NIrnase Y4
Sé HONW (61 1aSVOC (L) IMA* 19t *6 1) 1S v v 61D TaSas {6y Ul 4Lt (6l)vignll
92 YBIn SO SHTUVAS (RE) OIS (W) 048 (RLINISHO® (RE)NLSS /G T14aV 37i0mW0D
£e HOW (N02)aunns (NJ2)1~JadL (CS¢) alind® )
22 gOW (0021 HUTS (G02) AUHM LG dNT L (Qud) ~i1 /7 1508d/NDAnGD —
e HOwW W L Ie 8 DJrimd TS wOHA S AN | e =
[1Y4 89n HANS ANT A LT A AVLOLY S JOHASSOD WO VAL X #1111 ST 4% NS/ 030/ 00 NaD 0
61 HOW TSI ONTANNS TU SV eV U 4o AV VL 9474 1V/S T/ 000nn 0D N
gl HINW J
L1 HIn J
91 dUn s SL61¢°100=201iy *D°G+*4%) {V 0IS43In 200 Lw J ST
sl HIW GAd0TINAA SO LI 141004 4337444 UL 91722701 U3SEALR vV AVLRe 2 p) 1
%1 tOW 2
[ 31 dInW A%4179 *a An HN3LLTEM wveuusna J
2l HYn (*D2°0+*~%D) ¥SIVH *i 31 300 1300k 011lvoavedno  DILESN0DV J
1t HOW Ja31 9 A 0l I00 IF0uA Wit 1D 345 ALIS Ll 4usnUS 311500V b} vl |
01 49n Meilda *4 0L 30d HOTLDIAG3ag U404 4074 DlwynAudndy 2
6 d9W (DA D) ItviW *A OL F1t) Ao03nl 3STONL 230 o asvs J
-] 490 o]
L HIW sl A3enIlads == Alardl *0N aveuUAg J
9 d4In A0~ INLINT 1 4VAI~IY = ailvvanwu)d D1ald 13 MWWe s 3v 3 5
S g9nw K
Vi HION ASTON L4r 3727200 a0SS30aanS ALLJG TN Hul- J
€ H)W NOTLDIU I 310 L3I0 ve dvgaa=4l lualivvn By
Z dOnW (LAl NI=99aV IS INANTI=ZS 3Tl L b E0ANL Y =5 Vet dae §
$90°0€* %1 LL/701/01 Olmes*y ML A [=1q9 wl/9L S e VIt




06 g99n b
68 d49n vivd LinghNI  3ilam J
88 49w Jd
18 9W CHrI=X (M) LNAUD) *SUINN® 30N (CUS*Y) FLTanm
98 HONW =41 Sy
S8 8OW e 39VvdN=39VdN
k4] HOW tindaNl*S)uv3e
£8 HOW (Bel=xe (M) LNIA]) (9SG 4S) (v 3A
4.} 4OW 1+SUINN=SYINN |
18 HONW J ug
08 HOW A%u= N
6L HONW ST OMEAE T
gL HOW 0% l=vialv
Ll 49n G2€°3=DnV13n
9L dOW G*e=0nwHg v EYA
SL HOW 10°=44d1S
3 vL HOW 1¢6652° 1=x4a15
€L HOW YHTI=IWND
' 2L 49n 9 H=4ARD
12 JOnW ¢S1°1=HD {L
0L dOnW CYRAMETN]
69 HOW vt =ndila o~
89 HOW 10zl ~
L9 QoW (*2) 1a0S=¢ 1004 ~
99 4OW Logltwd*y=lla S99 h
S% gOW Lenslol®i=la
%9 99nW G000C E=XVnWS
€5 UKW Co=tilg
29 HOW 2= 43049
19 HUW u=3uvagh Oy
09 HUW G=SVINA
5% HIn =359
89 HOW boob=1+g7
LS HOW 1=11daN
99 HOwW ug=L1lnuil S5
5% g9 Sl=xan
L1 HOwW AEIPIM
£S HOwW J
25 HUW 3Z21villIng J
1S HIN J w5
us HOW FIIDINCSUS DIV EIN T D)l e x Va3 il 4t vltmvy
64 HON SNILTIANTIVLInt Ird IV AQHIX S A Ia  AGrDN S0 44 LsY
W . g4 HOnw CXAALS O ANT v Nl e s ~An )¢ Dnd® 3300 J00 49y Dy
LYy 49K CLSTACINTANNONNS U TULO VY wi* vy giv il llc
. 9% dOn CLACVHELTITUS A WIEE AV I ) 1T JL )] S0Y s Gdl H%

' GY HOW *WENA el LU dd V) HO WD CADNC AST ¢ THO T LS 300 X S /il 1/70S 1V 4nv




st
vel
€el
2¢€ 1
el
€t
621
821
L2t
21
T4
21
€21
221
et
02t
sl
811
211
911t

STl
VAN
ettt
2l
ttl
ottt
601

How
HOW
dYn
30w
49n
Q9nW
g9n
39w
39w
HOW
d9W
QYW
HONW
HOW
99w
H9n
39w
q9W
g39n
H9W
qdYn
HOwW
H49n
HORW
a%w
HOwW
H4OW
ONn
g4On
d9n
3d9W
HOW
AOw
dOW
SP]
99N
HOW
HOW
dOW
HOw
9IOW
dOW
HUW
H4OW
HOw

OO IV Ld= (M) L) adda () 3dNa= (X} 43
(2ASacdHIV) LdDS= () 30

Cued 0L 09 ($°0°03°¢HIv) 4l

C*u=1tx) 43

C*g=(x)3n

Sdan?9acHIV= (M) 42Na

(%} 3laddaanvys  CAS
(CHOVRYWTD#G+ 1) /(M) L1Ll=(x) 31

YaTO/ (0 I~ (WV9/0° l=0" 1) aa S/ A la)lav®d=<nIV
153N =% U2 0U

3R1LINOS

9=dN17

(e T=nd (M) LNIGI)Y *SvDaA* 39V (JC5¢9) 1 1am
I+ 4u¥dh=4uVdiy

00T 01 09 (1SAN®39°A4) 41

931 CL Gy (a1t gl 41

ArifIN+ INT I=3NT

(ARNNS TSNS {HONIVAS X L4 (N ) gTVE  A*N) (2 150wy JLTAM
) W= An

(AP e (A it e Nl

CUHIATITIC At () QdTT e A% (A) IX (TG y) L TAn
1S53i1¢2=4 901l Ou

t=w

X A+ 0e =301

NI/ 9V uedl=39d
0 1l=HUY=VAVY

(xxsl=1¢CinNInmel
.._,z_»gwo.A_vz_<»um..~v>cz.ﬁuvzhsa..hvcpm:.A_,x.h..aow.cvmpwas
(90G¢9) 411

[ ]
c

M LINGD S

(UVT *OSXNOSNIWASX S AGuIN® A 0a*A0d40x) L1adsT 17vD
Sl 0L VY (0°* 3% AgrIN) 41

INNIANOD 0¢

(UX) xaddala=(yxIvlcy (*¢*37° v 9150} 31

(1=VA) Xwxddls=(uvx)x (*0*3T°(v)x) 4l

xMee=yx ¢ Cu

i) Xedamlo=( oISy (e i3 thulser dl

Ly oagstyx (0°0% 31 () x) 41
SH¢wcihig® il
.au.iqc.xu.zu.»z~;1:.z>m~.~134.~ww:.xx.abm.¢vuh.az
(20G*9) dLfum

(*l=nyo)/nvve *91L1=c6d (*uv*31%al) 41

(&)

acl

el

s1l

56

vh

173




4
3

081 dUW (S5*9) J1IaM (C*31°INLdan) 31

641 9w IN1adN=AdN

8L1 HONW J

Lt SOnW € X NO X3ONT = vx ) gOUT X 40 UNINNIO3Iw b]

9Ll 8OW J sit

sl H9NW J

LR dOnW HARD4DANWD (295 Y9) Jilam

(WA HOW DAVLIIA*INHA IV (U654 9) FLdgm

2Ll dow i A4dlSE X A4LS (whS*Y) Il]lgm

121 49w A3UNNN*LINUIeVIAQC IWLIOLY NI #Y VATV IV (22G9%9) 44 1H4M wil

0Lt HOn (Dl =L0nY

691 HOW (1)NIV1i3d=vl3y

891 HOW o]

L91 4O Lghl AvNOTLIQUV 3ilem ]

991 a89n ] S91

S91 gOnW 43dHN (US4 y) 4l lam

%91 99n (1S3NeL=uml

£E91 HOW CAMYA3C (M) FSNHC I HIVE (M) SN LAY AL ()LL) Ld* ) (I25*9) 3L]dm

291 49K (+19¢9)3ilum

191 gow (C g¢l=xe () ANIUL) *SUINMG JOVAHE (LUS*Y) FL1Hm 39l

091 dOW I+ 39Van=39VdaN -«

651 g9nW J I

8sl SBIY] SWOUlLIANOD 1Ix3  3ilan ) -

LSt HOW J h

951 dOW UD#30HHB 362 e ylYes alv=S1 1N Sul

S61 89w 03/L3ACN=ndV¥N3

»S1 949W NLSdl 4=30Ss=14Mn

€51 dIn vid=13ru

25l HOW (Lrovidu=vig

151 d9nW (334HN) JL/7VVLI=L 40 usl

051 HOW (3L (1) edUdenTu) L10SedYA4AYYaRYOeSa=aGY

641 gIn WLOLVetwe 31Sases (0UD/ 3108 ) 2 JUHG=TY

8h1 HOnW 0J=nv

LH1 HOW (yvlawvaal®y 1) Laus=0D

941 HONW (VVia(*9lL1)/79Va=3UKHA Sel

Swli HOW Sd=vVa

LAAt HOW (L)al=vvi

[ gaon 4330= 305

P4 At dOW (D) 3n=nlsdl s

141 HOW (334814 3chid=434203 [RA!

LA dOn (434anN) 0= 43410

6t 1 dOn (CHIV) LauS=tx)HOVY 082

8e1 29N a01Ls

LET dOW ZHOV (W1G%9) 310 ym

el HOw 00 0L N9 (0°C*iy*drnov) I LY




&

822 39w L®)=ha
8ee HOW Cot=  wn
22 JIW C*u= nvi 1
922 HUN vihN=xls add
gee 39K C*0= J1S
Lrr4 49N 0°0= 4l$
£2e 89W 0°C= 343
222 q9W (1) ddnA= 2Ny
122 HINW 1d/IHde*CHl=01Ho vee
02¢e g9nW ASSI*1=1 ¢v2l 0U
612 89K 3
g2 HOW ( IMd NO x3ANT = [ 3} 3TUNV 0L 123dS3d HLIm NOTLVaLALN] J
L12 H9n b
912 g9n J sle
stle 49w V*G=1Hd
LA T4 HOwW WAST=1+51=A5S1
[ ¥ 49N Ind(/Zla=1Hdd
21e 89w SlalHol=1HdU 9l
112 39w 1=S1 (005°19°1Ha) 4] Jjte
012 99nW L+ (IHINe L)/ (L1=n) e9%)=S] %01
602 HOW 11¢¢(901¢%01)01 09
8062 gOW 2
L02 gOKW J*u=343S
902 49w 5*9=N0% 902 2
S02 499 u't= 8NS —
%02 gOn ©®)= NAdS
€02 HOW QU= 2nas N
202 9O 0°3=THLSL
102 S9N LIN0I¢1=n vCS1 0OU 022
002 49w J
661 qOnW (a0 NGO X3IINT=nW ) SNL1UVe 01 1)33dS34 Hilm “OTLvad3LN] 2 o &
861 H4OW )
L61 a9n 2
961 89N (UXININRY=1L WY s6l
s61 ERIY (UXINTLT3d=v1 130
%61 FUN (Vo N Ivi3u=viian
g6l HOW (0° Lo X 4A4LS) Z7(0 (=X daiS)a (v X=X
261 HOW vIO/Z (v x=0NX
161 9O Q0= (V) XYW Jel

' 061 HOW £%u=ulsSl

: 681 d9W I C=wans

: 881 BOW G iswligs
L9t HOW A =nlMInsS
981 89K (VAINIwa*w1S=91S Sdl

. A dInW 9IS=vlie
' ”]1 UBIY] (VA uISOatuv®=uls
. enl HOW 59 = NI
y 28l d9OW Ledan=rdh

a1 99w xA4T=yx {ove QU DR




SLc HOnW INHLINGD S

LIx a9 ( JOSNKWY=USVE) LH0US=vA T30

€L2 9N (OSNINA=0SYIS) 1 X40S=9TSTI3U

2Le HOW (MO HNN) Vs (X MWNN) VE=USY o

1Le H9n (P )INIWEe (V) HNIne=0SHTIwe ‘il
0Le YW 915e91S=0SUIs

692 dOnW XINIwadeXINIng=36SNWa

892 ISPy (UVVe QeI XINLIWA® () IXCA0uIN* ANHIg* A0gIX) LI ddST T1IVD

192 29w S99 01 U9 (3°37°AUHIN) 31

992 S pIY (HEMWIN) Yo=Y X T3U S9¢
59¢ g99n 9IS=91S13u

%9¢< HONW (VdHV) SOI=YdS0D $iS

£9¢ YW J

292 G9NW 09S Gl 0Y

192 89N (TvHd*ZIdINIIS=TTYHA= TV Hd vy
092 99N Sl49 21 09(I1d°371°vdnv) 41

652 HOW (TUHA) SHY=Vvdd? (95

8582 g9n () 0aly~lHa=TTyHd

Lse 89K COM) Ix=(UX) X)) aXUHUY= XHD

952 HOW COM) Ix= (VM) X)) e XUIHG=XAD 55¢
1174 oW SEHWIT  (XUH0°H 3 XUH) 31

L4°T4 dOKW XLnusHI=XUHJ

£52 9N IND/ A aNI=xAHU 4
282 HINW (H)HIVeDdNWD** 1 =DKW — 3\
152 89W (dAedAnd+* 1)/ T1=8AD Vel
052 89KW XYNA/NLNA=EA

6%¢ gOW COXNMD) 300 () 30 INTwVv=NIRWA

852 dOW COMtM)Y 3N (1) 3N IXVWV=XTAA

Lv2 gOW J0LL O1 09 (00 U3 (ANXN)IN)*GNTS (5004 (¥) 311)) 4]

962 89N 0011 OL 09 ((M)3X*I°(Vvx)xX) 4] 59
Ssve dONW t=rnl

LA 24 dOwW ) T AN

[ %24 HIYW (A) AV 31=3Vv3

292 HOW () W= ¥wlN

%e 2PIY Jea=114 uhe
1} 24 B9W C*az=IA

6el dYW £*c=x15

8¢l 9IW Y*9=dlS

LE2 a9 U 9=)1S

9¢2 H9W 2=3u0N std
3 4 HOW 1S3n%¢=4 U1t OU

hE dIOW J

[ X4 dIN  ( AaVANNOd NU xAUNT = A ) 0livy93eiel Agvuandnod Qe olivZiviling 2

el YW J

1€2 89w 2 vte
0ge H9W Lro=Ny




T4
L L4
£2¢
22¢
1ee
02t
61¢
8le
Lig
91¢
Si¢E
71t
£le
21
Tie
o1e
60¢
80€
L0t
90¢€
S0t
%0€
£0¢
20¢€
10¢€
00¢€

162
062

L2

H4OnW
qg9n
HOW
dOn
aon
g9
89n
gIn
4On
g9NW
Q9W
YN
HOW
dIOn
q4On
9OW
dOW
FOW
949N
89w
JON
g9n
GIOW
HONW
dOnW
89w
89w
dOn
dOn
HOW
oKW
q4On
89N
89n
dOn
HOn
HOW
HOon
IO
HOnW
q49n
HOW
HOW
HOwW
HOW
YW
89w
HOwW
How
EPL

(Ah ) va=ve 13y
(Vduv) SOI=VdS00

09y Ot QY

(luHd* 21 dINYIS~TVHA=TVHA
UL Ol 0vtld® AN vduv) 41
(TYHA) SHY=VdHY

(N} dIVU~TVHA=TTH
MWAN® 1=y 5001 00

4v3T¢ (= (00( 0OU

n

M¥OAQVUNAIOH 40 H3wwnN IN10d N
M AQVONNOY 40 43uwnN 4¥31 =
NOILlva9o3dinl 4v3T

INNILINOD
VeU=0XYS
O0iIN1ISaYS=00VS
0150J8VS5=04VS
XUnUaeat Y8 0= ¥s
¢*1=0vi

v 1=0vA

INNTLINOD

SLy 0L Ov
(OVA="1)a(2us (XUVHex()Y() ) =0XVS
01N]1SaVS=00VS
0LS0J8VS=UGYS

((N°1=0VA) XUV {XUVY) 493a€<9808 % 0) e XUd=VS

CXHD/0UVE e (XHD/00V) =) aX 3= 120V
Hnl* (0vyeCLy)0l OV
(43M0d=)ax3~0°1=0VA

Q29 UL 049 (L°9Z°19H4M0d) ]
XUVHexXUVau=d4M0a

Xrd/00vd=xUva

(NoHd* (04S00) S0y -1d)NulS=-1a=0H1
(MVHA* (0LS00#01SND=0* ) LA4USIIWIS=ULANTS

tey 1 0u

0*0=0LNIS

L2/ OIS0 IdivIS=Ta)=uHL
19 00 U (DT 11 (GLISUd ISV 4]

UAVAH/ (YAS0Dev413U=-015T740) =0Ls00
66y 01 09
=340

069 04 09 (91830 eG900°%) *19°0uve) 41

((UdSUI=0 1) a8 T 4devalIgal 21
(OISTIU=VAa 13D e (1S AU=vea 130D ) LaLS=liuv Y

{LS

099

g9

Qtg

529

%9
0g€9

029

o1y

Ny

COOOUCO

et

sie

st

S0¢

dog

S6¢

v6l

and

EYR4

177




0LE
69¢€
89¢
L9€
99¢
S9¢€
»9¢
£9¢
29¢
19¢
09¢
6SE
85t
LSE
9s€
SStE
»SE
£ESt
258¢€
IS¢
0S¢t
64¢
8¢
LvE
P14
SwE
hHe
£he
29e
%€
o%E
6tE
8EE
LEE
9€E
SEE
vt
tEr
[49%
1€¢€
0tt
62¢€
8e€
L2t
92¢

dOW
99w
g9W
290
g9OKW
YW
HOW
qOwW
dOW
HOW
gOW
49N
d9n
49K
g9W
39w
dOW
4OW
GOW
HOW
HIN
dUNW
HOK
HOW
q49n
49w
q4OW
29w
HOW
d49%
g9
49w
HOW
H49nW
HOW
89w
d9W
dOW
d9r
HOw
q49nW
HJw
H9n
HUW
dOn

(41)S02=150D
H1(G+UHL=H]1
0IA*1=7 6L OU

NOTAVHOILNT AdVINIXNY

01503#0UvHs 3NV -0LN]ISs0UVasdMY

28I8/7 (UINISaUvE-0LINIS«0UVE) =378y
(2824 LG03000C°INO1IS+0d82d=248D3

150080V d=-01S00a00Vd=0400a

U/HLlU=HI1d
0=0

0° l+nH10/HiUuvy=01

NOTLvaO3ILNT AxvITlxav 30 NOILVILINI

ole 01 Ovu

(H13*2la) N9 1S+0H41=0H1

09¢=0-=-1101123400D

vty 0L 09 (lg®3°Hiube) 41
00 0L 09 (WHLG®*3*rHLunw) J1

(ML) Suv=rniuyy
OHl=nl==1d

O 04 09
(*d=mly
<= 3430

3000010002001 Oy
(ly=a* (15021500000 =Lalivls=lo=nl
(IVMa* (1500eL500-0° 1) La0S)iwIS=1 V1S

olL GL 09
GPu={NIS

Lo/ ((LS0D Ma)iylS~lar=rl
069 04 NGO T*LI°LIS0DISHY) 41
uvra/ (Vas( eV 13U=14713) =1500

Juh 0L 09
L=3U0"y

049 G1 O (91673024900 % ) *Lutuve) 41
((vdasSuI=1* 1) #9lSTduzvoliven ¢+
(9]CTI =V 130) #(0ISTIA=vd 14 ) Laus= UVe

CIDSNra= (") VA (At )Vg) lous=vd 150

(O L9l 4l

neL

ull

vis

Ny

VO o

Lo

[

59¢€

Lo

05t

s

St

bt

178




Si%
LR
19 £
2l
11
'3 &
60%
80%
L0
S04
Sov
b0y
€0y
20%
10%
00%
66¢
/6t
L6€
96¢
S6¢
h6t
€£6€
26€
let
06¢€
68¢€
88¢€
L8t
98¢
S8¢C
L 2-1%
Fut
2HE
i{ge
08¢
[ YA
BlE
LLE
9LE
SLE
vlE
£LE
2LE
L€

q9n
dyn
HOW
HOwW
89N
d9nW
39N
q49n
49N
89n
3On
HOW
HOW
HONW
d9nW
HOW
d9n
HOnW
HOW
HOW
HYONW
d9W
89KW
=D1Y]
3On
HONW
FON
dOn
dOW
d9INn
3OnW
g9nW
H4OKW
R
d9nW
dOnW
a9
YW
d9n
H4OW
HOW
39w
39nW
dow
H3OW

G20 01 09 (0°S2°19°a3Im0a) 41
XUVAaeYUVd4=83M0d
XW)/0vd=-Y(vo

NOELVHYUALINTL 3NTIT NIVAW

0v6 01 0Ou
INTLANGD

H1=0H1
XyS=0xvs
4v5=04vS
JQVS=02VS

VA=OVA

vi=Qvi

HiGa{uvievi)+lL=11

INNTANDD

0 le (L(XRD/UVAH) a4 (XHD/(GVa) =) ax3=-=V1
Svl Ul 09 (0°9d*19°g4M0a) 41
INNIINvY

Hrul* (0S54 CwL) 0L 09

H1Ua tOXVYSexvS)I+xIS=x15
MiOa(UJTS+IVS+315=01S

HLOe (CAYSedYS) salS=alS

H1lQe (OVASYA) ¢ IA=]A

JONTLNOD

3°0=xVS

INISavs=0Vs

1600evVS=4VS

xUyUaet 298H°U=VS

¢C*l=v1

Ut l=YA

JNNIANOD

St 01 09

(VA= L) aldaa (XUVdaXUd) ) =xVS
INISevS=0VS

LSUDavVS=4d4vVs

(L0 T1~VUA) ax Vs (XUVAH) da3at Yy ) axUn(=Vs
(H3M0g=)axd=v = VA

G2l U1 09y (,*°%919°ddm0a) 3]
XUYAsxYv = i40g
xnd/(0Va=xdvey

(160083 IHY~LNIS) /2 Ari=tiVe
(< Hls=AnTs

0Cy

Cod

€sL

S%l

Gwyg

SeL

S2L

o

o1%

S0

[

Skt

EYAS

(YRS

179

rreyan




294
19%
09n
6G%
84ay
LSY
96y
SGY
”SQYy
£EGY
284
15y
(1334
6hY
Bhy
LYY
94y
Shy
bHy
Ehy
Zhw
182
ohy
6€Y
BEY
LEY
9Ey
SEw
gy
£EEy
2en
€y
oty
62%
829
LZY
924
52y
LEA
(WA
2evw
12y
02y
6l
gl»
LY
9%

HOW
HIW
HOW
dOnW
491
HOW
HOW
HUn
d9NW
AW
H9W
891
4O
BOW
H3OW
39K
a9n
gdOnW
g9
GIn
IO
39OnW
dOnW
dINW
dONW
39N
49N
GOn
HORW
HOW
39w
49w
g9nW
d9W
a9W
39w
g49n
HOn
BOW
HOW
HOwW
HOW
HOnW
3On
39W
HOW
Hown

(Cow OINN)YIN=Caa (H) )l 9L LG6L5 = ATUN
cNa+ frsAtuil=ZNg

3430 Thn ((CANN) 3= () 44)8lml1S6L0°= 343
COINM)Y 32Nd= (M) 32N 4L 9L S6L0°=AT00

3NN1LINOD
In=11
HAI*(OLOT*G2ULINL OY

SNOJLvnwansS 1S3In

INNILNOD
INIS=04ivES
1S02=01500

uvd=udvy

=1=0H1

X¥S=0xVS

2vS=0avs

AVS=UIVS

VA=0VA

vi=0vi

HiUa (OVisvL) ¢+ LL=]1

INNT LNGD

O° e (UXHD/UVHM) & (XHD/UVa)=)dX3d-=vl
Sty 01 09 (5°492°19°ai4m0da) 41
INNIANDD

Hikl ¢ (0ca*0lH)0L DY
H1Ja {OXTSeXYS) ¢ XIS=X]S
H1Ue (UDVS+OVS) +2IS=D1S
HlUe (UHYS+HYS) +a1S=41S

Hi0e (OVALVA)+1A=]A

INNTANGD
0°6=xvS
I1NISavS=OvsS
1503evS=2VS
xUu(Ue€lyuy®I=VS

Cri=vi

o*i=vn

FNNTLINOD

S¢w UL Ov
(VA="1)alcanixUVdaxUnt))=x¥s

INISevs=)vsS

1€0JaVS=avYsS

(N T=TA) aXUJures (XUT~) 47 3aE 298 %)) e XUMIIZVS
(H4mOd=)ax d=~u* 1= VA

(=LA

et
Grit

62w

SR

[ ¢

SCy

SdH

o OO

S5%

Uy

Se%

ub®

Qt %

Ce %y

Sdn

ue®

180




7149
£ls
218
1S
01s

y0S
L0S
90%
s0S
505
€09
20S
106
00S
66%
B6Y
L6Y
366
S6H
LI
£6Y
26%
169
06
68%
g8y
LBY
984
SgY
nyH
(X4
28y
18%
08y
6LY
8Ly
LiY
9Ly
SlYy
wlY
€Ly
2Ly
LYy
LYy
69%
89w
L9%
994
S9%
Hh9y
£on

HOwW
d9wW
HO9W
HOnW
89N
49n
BOW
HOwn
dOW
YN
HOW
dOW
HOW
89Kn
OnW
9w
dOW
dUwr
g49W
89m
HONW
g9W
oW
dONW
HOwW
HUNW
dOn
qOW
d9nW
AOnW
HOw
3OW
HOW
HOnW
d49¢
89n
89W
HOW
HOW
q49n
A4OW
HOwm
HOnW
HIW
HOW
H9n
HOW
HOn
HUN
HOW
nUW
Hew

C B =X (A ANAGT) $SuDins JUVdN (u0S YY) sl lam
Te 3uyvanl=i1vuvdi

£2L1 Gl V9 (95°371°3N1T) 41

T INLT=4anI

vIiu/9I1s=0Ng

NNTLNOD

33a1/C NVL ) 1auS=ivlvanl

43d0/70=0Nn

SLLT 0L 09 (INTHaN®*LT%adN) 41

SIUL 0l 09 (0°3*ANIadN) 41

(D1Sa01Sat MV ealSarls)laus=Nu
S*Ceanvl=9n

N/id=0Hd

Nn/Zia=ny

(LeD90orVY) LHUS/1i=dAHIVY

(XLSax1SeViAH « DIS#D1Swvli4 + dlSedliS) 140S=nvL
dWs/sit=1

A=V A X7t CCUd) YYwil® L9%) 41

(1Sad/ (1) LlxddadlideZaalSdH) L4USe1San=i
(I1Sda0°2)/343=15dH
29d/5dedle;*2/2Nd=1Sa

(2NRadVN) /ndaddd=nr

(aded®*2) /dar=nag

[t Y11l wadeet) LdUS=avsn
Sd/)0dedita=and

LU 0L 0Y
SLLL UL 09 (UINIad®LT%aal) 41
SLTL 61 0Y (G* 3T UiNTddn) 41

C*0=Irant
v C=UND

{ 1)1lk=)
I0Ha=zUHs

cta=h
O 0L 0y (0010 2nin) 4]

SHOTLY DTV TunNl s

Fuil LivGo

Y GSex{Ser Toa® o i=x1%
ALS+H]Geh Yuni=rlS
1S+ ATun=0ls

st

Lt

Lt

uitl

It

woC

uls

505

004

ver

Sy®

JoY

EYA

'NJ

ol Red

181




089S
659
89S
LSS
955
FER)
©SS
€595
286
156
05S
6%
8¥S
L%S
9ns
S
hhg
£vS
2ns
%S
ons
hES
HES
LES
9¢S
S€9
%ES
£E€S

S1s

dON
dIn
HUW
CRI
HUW
SR
HOW
HORW
HIW
d9n
dYN
dOnW
HOW
d9n
YA
H3Onw
O]
dOW
HUW
HOn
HUNW
AONW
d9W
BIUW
dOW
dUW
dOnW
89w
dInW
HYw
dOW
89W
dOW
HINW
dYW
HOW
HOW
CRIN
HOW
JOn
HOW
HOW
INW
HUW
HAUW
HoW

(4S54 2d9a1/75d=(n) aldHg

dI/ ) dNe (W) aNes*g-all=4S1
([)1i+ad/7diH=aL1

NS/ 3445=41n

NHS/20185= (w) H1

QL2 01 09 (0°0°*37°2nas) 41
vidlt 0L 09 (0°u*3°NuS) 41
S13/010S=(w) Ariu

L7 lLSuldCaa(Sl4/808) = (W) Ayl
WSNHS+51GeS ] 3/20185=ndtigs
WiHGS+915eST 4/NasS=niids
WHRIIS*OTSeST 4/78NS=wus
(CHSL=-H1IS1)SuVeULSE) Ixynw=ulsSl
SI=S14

INNITLN0D

Inad+Ixd=1Hg

ANNT 1IN0
344¢33435=34435
nd+ngs=1ds
NaedNES=L11aS
g+ gNS=wN5
Ne*rgsS=nds
JONTLINGD

06Tt 0L 0w

0*<d/ 344+ 3393523435
Cee/ndenus=nyds
Coc/2in4+ZNAS =S
U 2/hiasnias=14S
0/ eSS

S9TI0L 09003 vAST) 4]

SH1TI0L UYASSI®3N®T) 41

(L) AnA=201) LS LY INLw=10S 1
COCT) 3eti=211e) *HLSL) IXTN=HLS]
o7lt vi Gu

~“1$1=71G1

(1) 3drim=cdhig=mtcl

Jr 1l 0L nucl*1a®1) 41

301 INOD

UNg*Mlvanf e Qe foORge 10 glrgralssn (9850 9) 3L 1An
Jois [ AWG

w=4N] ]

AIXEA(TMY X A9EGeY ) AL

SHll

QAN

o1t

2111

vell

555

avS

<
3
W

St S

Scs

182




AD=AQ9% 298

UNCLASSIFIED

GENERAL ELECTRIC CO CINCINNATI OH AIRCRAFT ENGINE GROUP F/6 20/1
HI8H VELOCITY JET NOISE SOURCE LOCATION AND REDUCTION. TASK 6. ==ETC(U)
MAR 79 P R GLIEBE,» R E MOTSINGER» A SIECKMAN DOT=0S=30034

RT9IAES290 FAA=RD=T6=79-6A




109 99 o)
, 909 99w NOI1J3S 1Vna03 J S09
509 9ON J
k %09 29W 401§
£09 a9 1 04 09 (3SVYIN*LT°SVINN) 31
1 209 29W 3NNIANOD 0GCw
109 0w (SLINN®L3rN®L3ra¢L370¢HIVAI) LNGLNO TV 60y
009 89N 000% OL 09 (%°D3A°NN) 41
665 Q9N o)
86S 89N INNILINOD 0002
L6S 49n 0=ddN (LNIYdN*3O°ddN) 41
965 HON (M) XUNNS UG (UX)OAVNSY NS (NI WI*YHO (UN) IBNP VNS (VNI XOUN (92549) ILTaM $69
565 89N (725%9) 31 [4M
265 89N 3NNILNOD 0581
€65 89n (WeXU* (%) 01Sa* (VI X)II1IS 1D
i 265 HOW ¢08T 0L 09 (2°03°NN) AT
] 165 g9w (VM) X7 (V) XYW (V) O1STeNANS#ZId= (VX)) 18N 065
065 99N WNNS/NZNAS= (V) DAV
685 99n SOVLI°2CCa(VAH)OISUsNNYSECIas(VN) WA
88s 99N INNIINOD SC91
} 18S 99NW (XWO#WD# (H1) 4N) 7 (x1) a0n0=(d1) 30Ny
98S 29N G091 01 09 (0°0°37* (¥I)dn) 31 11
58S 99W Wel=H1 S091 OU o
%8S 89W (V) XaWI=XW) @
€985 Q9N (2008204 TN daBGSHOIS  WeHOHY*HOIS) £14dST VD
28s 89NW k)
185 49N ] 08s
085S 291 INNILNOD 0091
645 89n 1=nAST
8.s 99N 0091 04 09(W2Na°*19°Q1SL) 3l
LLS 89N 1=sl
915 99N 2=11 SLS
SLS dON 0091 OL 09(WZNHe0°<*L9°UiSL) 4] 01l
wlsS 89n 3NNIAINOD 00S1
€4S 99W 0°0=90Y
2LS 99K ONE= (VA OISU+9IS=uIS 0921
X9 290 vlal 0L 09(WSNy®IT1°TIHLSL) 1 0LS
0.S 4N 0921 0L 09 ((VYXM)AON®3IV°n) 41
695 49N ((TLSL)SHY* (HLSL)SBY* IHLISL) IXVNY=THLSL
895 89K 91S= (W) 89IS
195 9N INNILNOD 0221
995 HOW £*0= (W) ¥UNU 495
595 9K 9%0= () HNVl _
- %95 89NW 30HE= (n) HOHY
¥ €95 O 9°5=(Whdn
H 299 29N 3NNTLINOD 01¢1
W 19s 4N 3221 0L 09 09y




PR

159

6%9
8%9
LY9
999
S%9
%99
€99
%9
%9
099
6€9
BES
LES
9€9
SE9
»€9
€€9
29
1€9
0€9
629

829
L29
929
S29
%29
€29
229
129
029
619

L19
919
stl9
%19
€19
219
9
y ot9
609
809

4N
89N
89W
a9W
a9w
89K
dONW
89N
89Nn
a9n
89W
89w
a9W
89K
g9
a9n
89W
a9W
g9W
d49n
gon
a9
a9

q49W
89K
49W
g9n
dON
89
H9nW
89
D]
890
HOn
a9n
D1
49N
dOW
89w
d9n
H9nW
JONW
don
49n

an3
(CIVB) LYWI0d 24S
(IH1)AViWd04 ¢SS
(9°633INVLIIAHLEXS R 6 4=DHHYTIVHL * XS OH L) LVWS03 0SS
( S°014=HIHLISHISXGSS 0T =X JHLSHI* XS *CHI) LVWAIOS BHS
(/779° 1L A=8ANIHG ¢ XS049° L1 4=IWNIHG XY ¢OHT) LYWNO04 ¢%S
(//73IN3YI 43T
d 3HL SV (3LVYN9ISIO N33 SVH HBE*GCI *ON AdVUNNOHHZL//¢0HL) AVNA04 CHS
(S°64E°2°014°L°21342%°6442°844S°CL4*9]) LVWHOS 9ES
W/ /7030/70HS* X2 ANT *HaNLKHb X2 * ¢
A3UN/NHIXE* *INILHS XD ALISNIQHL XL NHTXG* ITONYHG S X LS UHT ¢ XSO WHTL ¢ XE T
//7(H1*S°01d = 030/X) HET*G°014= NOILVIOT WIxv HIT)Ivwd0d w€S
(S°2139)1VnHd04 82S
(2°84=(H2*21) XV HL*2°8B34=(HZ2*21)9AvE HLL
$H°013=(H2Z2IINd HS*S°TI3A=(HZ22N)IBN HI*%°64=(H2*2I)I X HE)LVYNWHOd 95
( H1)LVWd04 %25
(2°Gli= 43UNHY ¢ XS $€1= NNHo¢XS sGI=LINOIHY*XS 2
G*°0ld= DIGHI*XG*S*6 I=WWIOLVHL X9 //5°213= iHYeXG54%*°213= HVYHRe xSl
$G°0L 4= VITVHICXS ¢S°1ld= TV HG*XS $OHI1)iVAE04 225
(G°9132%9°014°2°014%¢9])1Vvnd04 U2S
(/7 (1L3=0S/g N HOT*X7* (1 4=-0S/8 D HOLY
EXE2Y (Y YIAIHLOXEC (Y DIA)IHL XSG  {ASAIHG X6/ XN TS ¢ XD LS XNVIHD ¢ X G ¢ E
HIABWNNHI ¢ X4 (SHI)HGO XD *ANILHS* XS * *ANILHS* XG¢ °SSTUAHY * X2 S HNOLHY ¢ XEL2
/ADIVHINIHY ¢ X9 * WNANINOWHB * XS E HOVWHY S XS ALIDO TINHG * X4 DT LVISHI S xGe |
IVLOLHS* X9 ¢ IWLOLHS* X2 ¢ =NOJDH? ¢ XE//SNOTLIOGNDD LIXIHGT*XSESOHT) 4VWa0d blS
tense JLYNIWE3IL 1IIM ISV =
0432 NVHL 4317349 10N ST JuVNUS *ON HOVW - 40493 aswsH0g//) LVWd04 91§
(9°Ld=(H2*2I*HI*2I) VY HLO¢H L3z (HES*CISHI*ZI)dIVU HL¢w*La=(H2¢2IT

*H1*2I) v HL*H*L3=(H2*2]1¢HI*2])dIvU 0HEC) LYnd03 2IS
(El=(HC* <2

TINM HLOEI=(HZ* 21 NON HL *€I=(H2*2I)AvIT HL A AF R XY TALSRN

0odWv  HL $2°BId=(H2*21) 3x OHE() LVWI02 015

(2°014C¢011¢59°51480021)1VHE04 BOS
(//NNHE* X9 Y LTI0HS* XSGV LIGHY* XGOS AONHE ¢ X6 0 NI nEHY S X T L*OISUHDe
exOToXHI XSG *ON JDITISHESXSL//SINVISNDD 3IINIINGGNL /e ccseeveceey
eo0csresetegyILINYAHYA TOHINOD HSIW NOILVLINAWOIHZB*XSI//*0HL) Lvnd0d 90S

(/1°L4=Sd HB8¢9* )L a=nliy HOL* 9 L4=nE

H1Q HOl¢(°L4=d)D HY*€*93=HVY HH6*E*934=HD H6 4

7/7€°94=n) HUL  *EI=LINIddN HP1*21=WAS] HZ21*S11
=JHdN HZTI*E€I=1S3N HETSEI=Xx OH6 )1vnd04 wCS

(/7/7v1ivU LNANTHOT*X0%*0H1) 1Vna04 C0Y

(/7701VB*XS*SI*ON 3SVIHEL

¢$XZ2///S3TVZZON 40SS3addNS 40 S$31143d0ud I1150100v-083v 40 NOILVLL
NAWOIHL9¢XS///9139vdHY¢X02%s # &« d 9 W o 8 aH1Z2*X01*1HL)LVHa0S OGS

099

599

0”9

SE9

0€9

829

029

si9

v19

184

BRI §




92 SOnlY aN3 S¢e

se SOmLY Nanids
92 SOWlY INNTILNOD 1
£e SOmiv 0°0001/7(rivvall)SNIAVE=(r*]) VdS=(r*]) A4S
ee SOW1Y L O1L 09 ( 0°0°37°¢r*1)dS) 3l
12 SOnWlY oC*i=C 1 00 02
02 SOWLY 6t*t=1l t Ou
61 SOnlY J
8t SOnlY o]
L1 SOWlY /72¥°Slo1¢
91 SONWlYV ST %2SL*S6H1S*O61°CIL*O6E 9GO LL SL1*9S°121%uG*98419°85%6°8L 2 st
Sl SOWLY $L6°92%9L°BT* LU 21*C0 6 CL Lo L9°S4L6 L E0 L 6E 2SSy (oL o211
21 SOnLY 626°02 %08 eGH L 1624 E2 4B L1 4600 /VYVY VIVO
(4 ¢ SOWLY (ZE)YV* (61ISNIAVH (9€*6 1) T1dS NOISNINIQ
2t SOWL1Y o]
11 SONLY o} o1
01 SOnlv (SNIAVYNdS) SOWLY 3INILNOHYUNS
6 SOWLY J
] SOWLY d
L SONLV v3123dS SS3V1SS0 01 Q30UV 3V 2
9 SONLY (9961) 998 dyV 3IVS WOHY (°*wWNH *138 °1Dd 0L ONV 4 °930 6S) J S
S SOnWLY AVQ QUVANVYLS 404 SNOILD34803 NOLLVNNILAV HIV JD143IHISOWLY 2
|/ SONWLY J 0
€ SOWLV o) <
2 SONWLV INILNONBNS NOILVANILLY DIN3IHJISOWLV o] 1 3\
$S0°0€°*»1 LLr/01/01 01%+5°% NiJ 1=1d40 9L/9¢ SOWLVY 3N11N0JENS ”
2t S02JuY UNJ
11 S0JJuv Nanl3d ot ot
01 S04V L26SIHT*Le (X/(2naX="1) LHOSINVLIY = SODDyV Ot
6 S0J04v st 01 oY
8 S0274dvY (X/(CouXx="1)LH0SINVIV = S0DIHV &
L S0JDuv sl 01 0OY
9 S0JJ4V €96£045°1 = S0DJav 5
S S0JJdv Ol 01 0Y (0°0°17°x) 41
» $0224V S 01 09 (0°0°19°x) 41
€ S0JJyvV (X)$0224v NOILIOWNNS
" 4 S0J04v (INWVA WdIINIYd) 3INISOD Juv $0224v) i
$S0°0€°»1  LL/01/01 01%e5°y NLJ I=idy 9L/9L S0J2ev NOILLONNI




$S0°0g°»1

Qyd
Qdd
(¢]. B
Qul
Qy¥d
add
qyd
add
qadd
Qud
aqyd
(41 Jo)
add
ayd
add
ayd
add
aydd
aud
add
a%d
add
QY
add
((}.1e]
adad
add
(¢1- 1]
ayd
aq¥d
Qyd
qud
add
Qyd
Qq¥d
add
Q¥
qyd
Qa2
ayd
ayd
ayd
add
aud

LL/so1/01

(2¢HL1)9ISY=291S
(L*HLT) 9ISu=19]ISy

SINIOd ONINdNL Omi

INNTANOD

192 01 09

(9Isy=2d

Ou=1d

092 04 09 (191Isy°*39°04) 41
(1¢HLT)9ISH=191SYy

INIOd 9NINdNL 3N

INNILNOD

05 01 09

Z=diN
(dINCHLITI)IOISY=(2*HL1I)9ISa
(1=dIN*HLI)9ISd=(1*H1]1)O1SH
992 01 09 (2°*u3°*din) JI

¢€2 01 09 (1°03°dIN)JI

092 01 09 ((°03°diN)dl

*Sld ONININL ONV 08 N33M13d dIHSNOILVIIY 9NIGANIJ

L
L 2

2222222224

09¢ 01 09 ( 2014°19°3HL) 4]

(22222222 2 4

0°0=(dI)UTIINS
(FIINIDW=IN
(dIINIS=04d

dNe 1=41 (U OU
*2/1d=201d¢
92651%1%c=1d

ALIAILD3dIQ 40 NOLLVINDTVD
OReHSNINSINSNIINOHIOVN TV 3

HLIT¢ (61) LHA TV ANCdINS LI *FHLC (002INIIN® (002) QTITHS ¢ (002) Wadi Ll
C(S*61)9154¢1002)dNW3L* (002)HIVW* (002INIY* (00¢)2Y Z7UTHS/NONWNOD

Qdd 3INILAN0HYNS

01%eS*Y NLJ =140 9L/9L

s &8

Qd2

vy

Se

e

92

92

st

|

tlinudauns

186




ZNIS# (( (1) 29)SuVY) LaUS=29S
INOS# (((LLIr)29)SHV) LBUS=T19S
*L==2N9S (*0°11°(1r)1e9) 4l
*1=-=1H9S (°0°17°(11r)¢Y) 1
* 1=¢N9S

¢ 1=1IN9S

ers=1ir

ANNIINDD

982 01 09

3NNIANQD

CIPINTIA=(LerINIY) e WO+WNS=ANS

(CULT ) 2O)SHY) LYOS+ ( ( () 2D)SHY) LH0S) #S°=H9
ti2reir=r tee 0d

*0=nNS

1=12r=112r

0L2 0L 09 (12r°03°1r) 4l

692 01 09 (2r*o3°*tr) 4l

9 40 TYH9ILINI 40 NOLILVAIVAZ

1=2r=12r

r=2¢

INNTLINOD

3NNLLINOD

892 01 09 (2¥*19°*(rMINIy) 31
N 1=C LY9¢ 04

1=ir=tir

r=w

INNIANOD

3NNTANOD

992 01l 09 (1d°1l9o°(rINIY) 4]
NS 1= S92 0U

V4 2d ONV 14 HOLIHM OANI WWAS3INI ONIONTS

ONIUIIIHS *dX3I3 30 NOILVINDIVY

INNTLINOD

¢vlsu=24d

191sy=1d8

INNTINOD

192 01 09

¢v15y=24d

Oy=1a

29¢ 01 09 (19Isy*371°0y) 41
092 01 09 (291s3*39°04) 41

692

[§°24

]

892
L9

06

1]

(1°]

SL

oL

S9

09

59

99

s9

187




ONJ dnl n

Ndhil3a

3NNEL6OD Tt

INNTINOD ol
V1722410509 ¢1Jeld) =8l )no3d

(31)anil=04 ae!

0°0=0S09 (3°0°L1°(8]1)29) 41
((81)29)Suv=0S09

NOILNTOS Q3UIIIHSNN 40 NOILYMIITVD -
™ JEl
JNNTINOD 92
ANS= (4103 IHS
INNIINOD Lwd
WNS +Z2WNS+ INIIS=ANS
ZHNS==Z2NNS sel
(LTI INTHe (12 IN]4=200 (12M)N]H8S°) 83d01S~0
(1M N]anl9S=(2ue(lZrINTId=Y
CanltdeS®) add0 1S+ 204 19S=INNS
(CI2PINTY=(eMINLA) 7 (195=295)=340T5
ZNOSe (((21)29)SbV) 1805=£9S oet
INOSe(( (120 )29)SHV) 140S=19S
*1==2NYS (*0°11°(¢r)e9) 3l
*1==INOS (°C*11°(1er) 29l 4l
* 1=¢N9S
*i=1INYS sl \
THNS==1nNS
(1 (LICINIY=22 805" ) #a3a0001S=1
1He19S=((IFININa (1Ir) VIg=V
CoalllfINIHeG®) 0 3d0IS+ (ICINT D 19S=INNS
(LLIC)INTA=(IM)INIY) /7 (195=29S) =340 Sl
SNISa (L(IFr)2Y)SnY) 1d0S=29S
INOSe ( (LT11)2Y)SnV)L1H0S=19S
Cl==2NYS (*0°17° (1M 29l 4l
*l==1INYS (*0°LI*(11r)29) 31
*1=¢N9S sot
*L=1INOS

188

SNOTLINWIYINOD ON3 40 MOILVINDVD -

INNTINQD LT 03t
M B TRTS
3ONILNOD Y4
98¢ 01 0u
RWOIS==nNS
(1Ha (LI )INIE=Caa1Mas°) #3d0NS=1de 19SS~V b-1.)
(288 (1IN INIE=2na2805°) #3005+ 2Ha195=NNS
(OLICINTY=LIMINTY) 7 (19S5=29S)=3d01S




$50°0€° 71

£86°0¢C "t

114457
114487 NOL1VaDIIN] 803 1-= ]
4 §3d%7 ¢ JALLIVALIAIU L1ST 139 UL = *0y00D 4139 01 0= aN J
1134487 dx 30 °*OUN JXN p)
113481 tezdn 41 INVISNQD NOLLvE93ini (L¥DA J 0¢
113487 INOC 38 04 IWv) wIiwm v X 40 151D JX J
113480 X 40 °*ON S1ldN 2
113087 3A48ND NO °*sid A *X bo]
11 4487 ~L1ilaN] 2
L1 3457 sl
A13dST ONITVIVD 3W1 wi)m 33999 0L O3IIN LON SI0U 20tz NUISNInlJd 3di * 310N J
113487 TOIIDAC D01 DN = (O1IA* (01 x NOISNINIO
114457 (O, L)VVY NOISNINIU
L1 3487 (VYVSONSIXNSDIASDIXSSLansA*X) 1T A4S ANTLNOHONS
L£14dS ol
113457 2eattl)X=X)aD & t(I)x=Xlno = (L}A=A ]
L1345 S VIOBYNYY 3Hl 403 NUllviibl 3IM) Jd
113487 fle)x*13°0x*31° (1) x o]
L1248 Lymt «2NS (3123738 AIWo3N3Y ST 1 4vHi o]
114487 310N *wnrINIm ¥ ST NOILVIAIQ Il 40 34vNes Il JyHl A00S (LSIX3 J o
L1345 06 AIML 31) SINIOG (2¢]) UNV (l-1) 3Wl S3SSInw it SINIOg (1¢1) ONV J
113dST ML ~9N0UHL GISSVA HIIMM VIOBYAYE ¥ ANISN 3ivI0dda3inND 40 31vaviinig ]
113487 o)
114487 3LV 10dd34M]1 40 Jiv493INT 114dS e i
LL/01/01 0195°% N1 S I=ido $L/9¢L 113d4ST 3n110083NS
443 INA
393 poY vL Ou
443 NO1S=383 05 01
383 Nand3a 60}
83 Ny lSedrd=4d3
FLE) (XeX=)dY e (1luleledGGuLaL 0s (o lantinst0°-1ad720B9C 0~ 154001
243 (OO SHYRL70E7°0+2° 1) 70 1=
443 05 01 09 (¢*S9°Lly*tx)Suav) 3] EY
M3 0 1==hOfS (j*0*1T1°x} 3l
43 A E LAY EN
63 (X) 343 NULLols
483 NOLLIYWIX0aday NCLLIINGYS aDsb3 ELER {
eL/0t/9t Ql%+4°% NiL 4 1=140 wL/9L de 3 NOLLINDY

189




11 4dS$
113dS1
114dS7
114487
114dS$7
11 4487
114487
113451
1144987
114d4SY
114457
114451
114dS$7
11 4d$1
114dS7
114dS7
114457
11348
114d4$7
114451
114dS1
114487
1[4dST
114487
114457
114d4$1
113481
114487
113487
114dS7
1134857
113457
114487
1144S7
114481
114457
114487
114487
114457
114457
114dS7
L1 4dS7
114451
ISET ]
414957
114dS7
114487
114457

U2l Ol 09 (((Z+I1)X°93°(1+1)X

*ONV*® N®IN®I) *HO® ((1=)°*0U3°AdN)) 4l

NINIAONT 30434 INIOd 3T8NOU OGNV NOLLIVHOIUINI AC4 »I3IHD  ¢0°1°03°4

IXN*1=D1

SLLE2TLT¢021 (((L+ 1) xX=(I11IX)aNIS) 41

0194

91l 01 09
€21 01 09 (IX*3IN®(1+1)x) 3]
¢*u3°4

291 0L 09
1-1 = 1
611 01 09 ((l=)*03°QN) 41

4L

L0l ©9

V9

0¢t 01 09 (l*u3*1) 41 sct
(CIVAHIINT 3HL NI NOILISOd TUNOLLOvH4 3IML SI 4) *0°i7°4

OL1¢L014901 (UXeiNOS) 41
HC1¢021¢%01 (W) 4]
Ix=-(31)dX = ax

(nx = Ix

1=1NNOIN =1NNOIN
COL*E0L%6LT] (LINNOIN) 4]

N =1NOOIN

*3504° =NIHLIM
IVALIANT 31v1ddodddY 34vD07

1= o1
(113X 403 d007T NOILVIOJuIINT NIV IH

LD X=(T+eNIX**DINYTIS = N9S
0 3AVSI

=1 ((1=)*0D3°uNn) il

(NS TIONIRS ) OXVM 1
L=SLlaN = N

NIHLIIM w3190
1 /7 3dS1J/ NOWNOD

*0341N03d SI 43040 WIJI3dS Oin

ddIANT 404 Xz SV ¥3I040 3aVS 3HL NI 34 LSNW 22Xz NOILvoaY3ILNT a04
*43040 ONIUNIDS30 80 ONIAN3ISY &3HAII NI 38 AVA #X#

IANZ=D] JyIHm (D1)OX

0L t1)JX

=S 340N

HOH4 (XOwA) IWH93AINT =(21)04A

40 IX LV 3JATIVALILIU &G ILuNIUA0UD A

1hain

a9

£31
21 35

01
J

S%

0%

L1

€

(SR ORS RS

(SR VRS

9

- r——— e

190

’ .~
w).znnldtlv.icd”“M
e il




!
]
; 021 113481
' 611 114457 ¢Sl 04 09
& gtt 114dsS0 15+vS=(21)0A (1°3N*D1) 41
, L 114487 1S=(D1)2A=VS (1°03°21) 41 sl
911 114457 (L+DIX=(0DIX~(I)X  *UNNOJ IWAHIINI 3ILvIddOUdaV ] Sl
st LY 34dS1 gttt 01 09
o1l 113d5 IS + vS = vS
] (38 114481 *IWAYIINI HLI 3HL 40 WHOIINI IHL 3LV InwNd 2
211 L14ds1 ¢JIN3IH  *IVALILINI ILVIAHOAddY UNIJF 0L UIINIWIBONI ONIIW S1 212 b
158 113d$1 SE€1 01 09 (NIWLIM) 41 oty
o1t 114480 QX2 (QX# (QX#°E/D + *2/8) + IA) = is
601 L14dS71 €X=0X (NIHLIM®LON®) 41 O€1l
801 114481 3LVAYILINT S 1==UN o)
Lot L14ds
901 113ds7 1714091 0E1 (GW) 41 621 S0t
S0l L14dS1 ExX#) = EX/(LA=(1+T)A) = d (*Q*3N"EX °*ANV*® 0°19°N) 4]
201 114487 G = o
€01 114ds1 109/7401= = O (*0°*3N*L0#) 41 wll
20t 114487 EXnLOXRENX 7 akX ¢ 108 = 104w
10t L144s7 EoXa (EX# (IA=(241)A)=9XaEA)atX ¢ 4OL =  dOL 001
001 114d87 (Lol X=(241)X = £4X
66 114ds1 IX=(2+1)X = ox
86 11344571 821 OL 09 ((*0°3IN°108 °*ONV® *g°*n3°AX) °*H0°* N*39°1) 31 121 —
L6 114dS7 ExaCIXat IXaIXa1X = 104 e )
96 1134571 CIXs (EX (IA=(I=]1)A)=IXsEA) 21X = aOL S6
56 114dS7 (Ls+IX=t(-1)X =  €lx
"6 1144S7 IX=(1-1)X = 1x
€6 113457 L21 01 09 (1*371°1) 4l
26 1134481 *0 = LOd
16 L144$7 ¢ = dol 06
06 1144871 ¢ = )
68 114487 IA-(i+1)A = €A
88 114487 Ix=(l+l)X = €X
L8 114487 (1A = IA
98 113as7 I = 3AVSE 921 Sy
S8 114487 #21%621¢921 (IAVSI-1) 41 221
58 11344S7 *3n4L=NIHLIM G2t
x:] 114487 NOTLVAOIINT 40 NOLLVIOEHILINT 804 SNOTLVINDIVDY AdVNIAWI V34d ]
28 114487
1] 114dS7 ANNILNGD 611 v
08 113987
6L 1144$17 2ut 0L 0Y
. 8L 114457 1+l = I 911
¥ L L14dS7 221 01 09 ((l=-)*03°gn) J1
e, 9L 114957 021 0L 09 (w°ui*I)dl »il 72
[ 2 7 114457 AR E UL 8]
7 114437

]
|
|
]
w.
|




4

e - -

14
%e

22
12
02
61
8l
L
91
st
o1
€1
21
1t

MmO DOO
-

$S0°DE* Y1

9tl
stl
€l
et
(44
1€1
(U
621
821
Let
921
s21
y21
€2t
221
121

11dino
iNdino
indino
indino
indino
indino
indino
indlno
indino
indine
indino
inding
1Ndino
1N41N0
indino
indino
1Ndino
1ndino
indino
iNndino
indino
indino
1ndino
indino

LtL/01/01

114487
L1448
114487
113087
1134487
114489
114d4S7
113487
114487
1134589
L1445
114487
114457
113487
114487
114481

XYNCONIRC= G OU
(Conl 1ISNIQVE#YSVRlca0®2) /HVaSiINN=4300
at¢i=]1 & 0C

JAVLII0-E/1 01 ONVH-POHAYN wWONA NOISHIANOD

INNIANOD
L3Ira/13rde ((r)04) Lv013=(CINLISHO
C=XVAr (XYNWI®3T°(F)04) 4]

CaNIWC (NIW4IT°(Cr04) 2T

9¢*{=C %€ Od

*g1/1d=H17130

926517t €=la

XUnNSENINI*03 2493LN]

(61 I ING* BT INAS (614CE€) 1dS 1 NOISNIWIU
(61)VVY NOISNIWIU
XUNI*NIngs2

(6T IISVO (7E) M (L2 6T1) TdS* (Lo l) 1dSOe (611 ULIHL s (6l VL INLL
s{oIISNIAVYC (9EIOTAS4 (9L ) 04 (R INLISHD (HE INLISS /0T34 4/NOHNGD
LSTUCSONYRIINS TV UGSV V(¢ XE* WV IVIIHCVIIW/STON/NOARDD
(SLINNSLIFNS LINYSLICUCHIVWE) LNaLNO INTLH0EENS

0tves®y NiJ

1+1=1

{=140 $4/92

GN3
NaN13dg Ll

00t 04 09
(CI=J3D)Ix*03° QL IIX ANV {E~=) *INCON) 4]
f91¢091¢036 (JI-DxN) 4l
Jutl=(1-21)VVV

1+21 = o1

0st 01 09
QXad#2°2 + Y =(J]1)DA
JALLlvALa3U 1S¥l3  *1=uN

051 01 09
JXe (QXxsd + AH) + JA

S3LYNIAH003 404 3LVTIOdHIINT  s0=0N

7€

]

91

usl

inl

=4JI)JA %Y

2

2

COO O

of

¢l

192

10dino INIinoydns

sel

ot t

LT

vl




e

indino
indino
1ndino
indino
1ndino
indino
indino
LNalino
1ndino
indino
11d1n0
indino
indino
indino
indino
1ndino
indino
indino
indino
indaLno
indino
indino
indino
indino
indino
indino
indino
1Naino
Lndlno
1Nndino
1ndino
indino
1Ndino
lndino
indino
1Ndino
1ndino
1ndino
indino
indlno
indino
indino
indino
indino
lndino
iNdino
1ndino
indino
1ndino
indLino

3NN INOD
NS OTO0 W2 01=11)1aSVO
ANNTILINDGD
{(*01/7¢(r*1)1dS ) aa® 0l enIS=nNS
06 0L 09 (0°0€*19°(rINLSHO) 41
XUYNCONIWlC=" 66 0d
L*0=nNS
qi¢i=1 v8 OU

)

NOILVINDVI 3A4T JunSS3IHd UGNNOS Tivasavu

INNIANOD

(I)ING+ (1) LINd=(]) L7INa
CLL)LING S (T ¢T1) VgSLDTINGL T1VD
CCI)IASVOL (1) ING*ST* ¢ (T4 1) TdS L) NG VD
ANNTLINOD

(FreIds=(1+r)ds!

€gsl=r %5 ou

el*l=l 45 OU

1ING ONV INdD 31Ndn0D

(SNIQvae 1dS)SOniy 1Tv)
(RNSeBSSE* D CT90 Ve 01+0°0E I=T1MdVO
INNTANOD

dMd+NNS=RNS
(UMdaB8SSE* ) GLY0 TV 0L+ 0EL=(F) Mg
UMaeHLT304SLINN/ Tany*2=dMd
INNIINGD
((HVIIHLINISH (22 (1)SNIAVYE) 2USd+dMd=AdMd
(*01/7(F 1) TdS)ea*0L=0Sd

Si*1=1 09 Oou

G*0=tMmd

0L 01 09 (0°CGE°LY®(r)NLSHO) I
XYACSNINWC=C 6L 0d

0" C=nNS

NOIL1vINDIvD 3A37 a3mM0d TIvdino
@IOHS VY

3ONILNOD

0*0=(r*1)dsS

30ONTLNOD

S vl 0v
9EGE*9={034) 2190 eI+ (re 1) T3S=(r*1)as
(('Y04) 1v014=04d

((C*1)1dSUe 440210190V *¢I=(r* 1) dS

L 0L VY (0°0€°LY°(MINLESHO) 4]

L 01l vy (§*0*31°(r*1)1450) 41

uB

6

S5

%9

oL

(SRSRS)

(SR ORE]

(8] (SR SRS

0L

59

09

139

ts

a%

e

13

Se

193




1ndino
1ndino
indi1no
lndlno
indlno
1ndino
indino
1ndino
1Ndino
1Ndino
1ndino
ind1no
1Nd1N0
1Ndino
ina1no
1ndino
1nd1no
1ndino
1ndlNno
1ndino
1nd1no
1Nd1nNo
indino
indino
1nd1n0
1ndino
1Nnd1no
indino
1NdiN0

UN3
(1°24G1* L1 INd (HB) 1VWH04

(1°2451* Nd  CHY) LvrdOd

(//73NIV3UIS *13H21e X4 1°01 44 XL2%UH L) LVWEO0 3
(/7/7343V *L13HL*X2* 101 4*X08*0HL)1UnA0 S

(1° 2491+ 1IVH3A00HB) LynwdO 4

(1°L491*6]) LVvHY0 S

(*0343 HB/ TMdHL ¢ XE* [*L3G51= ITONVHLCOHT) LVNHO0 S

(/7/7%°0014 = *WvIU *ATOUI L3CHO2*XS*2°013 = ALIDOI3A 13rHslexole
//79°013 = OILVY ALISWN3A L13CHOZ*XS*H*01d = *ON HOVW 13rmolex0ll

//7%8n ALIALLI33IU T1IAIT IUNSSIBD UNNODS saeHO%¢X02//1HL) LVWNA0S
NOI123S ivwdOd

NINL3d

(GL41=1¢(1)1LINg) (GEL1*Y)3ILIum
(SL4T1=1¢(I)ING) (wZ21¢9)3LTam

AMAYO0 ¢ (S =16 (1) aSVO) (21149)3118m
3NNILINOD

(F) MM (STSI=T¢(C*])UdS) ()04 (D11¢Y)dLlIam
0% 04 09 (0°CE°LO® (MINLSHO) S1
XYnlSNIWC= ¢w 0U
(SLI=]10(1)AL3HL) (YO ¢Y) L Tdam
(8)SNIUVHE (YT1*9)ILTUM (2 FO°UNVNWIIN) 4]
(8)SNIUVY (11¢9)3LTdM (L®31°UNVRNN) 1
130Q*L3IrNeLINEsHIVAI (GOT*9) 311 dn

Vdld3dS T3AIT 3dNSS3dd UNNOS G3Ax3SHO ANIHg

(SR SR &)

(SRR &)

€o1

56

06

Se

0w

YA

4 w211 AT MO S <

Y

194




g

S
kA4
€
P4 4

0%
6¢€
8¢t
L€
9€
1%
e
£t
€
1€
o€
62
82
Le
92
se
%e

22
12
oe
61
81

91
St
LAt
€l
2t

01

NPTV OMOO

$50°0€° 1

JINd
JINd
J7INd
JINd
JINd
JINd
J7INd
J7INd
J7INd
J7INd
JINd
I7INd
JINd
IINd
JINd
IINd
JINd
JINd
J7INd
JINd
JINd
JINd
JINd
I INd
J91INd
JINd
JINd
J7INd
IINd
JINd
IINd
JINd
JINd
IINd
JINd
JINd
JINd
JINd
JINd
JINd
JINd
J7INd
JIND
J7INd

LL/01/01

1=)et=]

01 01 09 (2°*°171°0vd) 4l
d=1

vt =5 0S5 00

A4SHNS ANV SINTIVA AON 40 WNS NV INTIVA AON WONIXVUN Uiv]3 @

*0=AUNXYNA
*U=A0NNNS
*I=TdSnNS

/7°LE4096620°%042L°054GR22%0C°°C 0L, ,5E90°0¢ 62404996500 [T

S HEL096620°G462°99*GB22H0° 0 LCENELED 0 €L 02562000211

e 1E096620°0%00°001°096620°0¢°1Es6y LE0°0° LT¢0YTHIN G 01T
$°0€¢096620°0G*00°001°096620°G*°0C*6LNmER 04 ST CluEal® 0yl

$2624096620°0¢00°001¢0966C0°C¢°6246939€2°C* 7T e 10ESe® 00 s

$°62%096620°000 00109660 0 6L 6549EC Ce NI sclLLnG®Ds 9]

¢°0€E%096620°000°001°096620°0¢°*2C*6GuuEC 0o ST¢2TLLv "D "1

$°2€4096620°0%00°00140966C0°5*°2C%6%E2E0°0%°pl¢e10ES0°% bl

S nE*096620°0400°001¢096620°0¢°0E 129G 0% 120 1CESL0 21T
$°8C*C0T10C0°0°00°001*COL0CN*0*HE*6SunE0 D8°CC*0n965L%00 ST
0 0HsC0T0C0V00°0014COT0E0°0¢°(ns6GoubE0°0*°S24CT1CLSO%3¢ 1
$C0neC010€0°0¢GO°00TCOTI0E0°0¢%09%65g7E0°C*°Q2CTI0LSY 0 9T
/(B2 ez (6=l (r*]1)Dd)) vwivu

/7°09°€010£0°0*00°001°€010E0°0**Inepiunr 004 °altelCES I 9L

*e0HCOTIOEC 000001 ¢C0IUCO0 0N eSO 0*°G2 L T10EQG gL
*$*0%*C010€0°0¢00°V01*E0IGEO°02°39005uyng0°08°S2L ICESL® I 911
¢ IHE0I0E0°0EY*N6¢SLINED"0¢°2Hye6GuvE0°04°L24C10ESI G ull

$°2NeE0I0EC 016740 1G02€0°0¢°H0esHC2€0°3°°0EsLTCESD YT

SCERSEOTIOED 096 ELECELER 0G0 2259000 Lo 0EGT 20021

$°GHeE010E0°0°%96°SL EEECEO 04 ROYSELSERU 0 oL LI5S0 0021

$°9HeEQLI0C0°04IL°6L*ICEGL0 0 1GoELSER0°0* 6L EIDESGY D CL]

$°L9*C0INE0 0SB 6L ICHIEC 02°E9*9E G900 LYt un96sL* 0t nl

st 0I0E0°02E LB ICHITO®Y 9SS0 0 o vluyt®is 6Ll

SIS L0I0C0°0%YB°QY*ILS090° 009 HnunSO L (S (11597 ur nn]

$°2G¢C010E0°0*T10°16°BLYER0°C4 99y 603G 0* 295404640 hY]

Z21s 1= (A [=](M*])Dd)) VavU

(NOISIA3Y 6961) VLYH oAV 98 nwUed VIVG
(HZ)SSe(22¢6) 00 NOISNIwIU
AON® AUNXYYE 1730

(1dSVO*HUNG* IV 34SS) I ING NI ANUA4HNS
ANGLS * 4300 *1d*1dSVO g 40 HOLLVIND VD

0lv+5°% NLJ (=1iq0 NIRAT?

2o shlinoawns

"

St

s

ve

st

Yl

195




-

NOYTNHO~O O

$S0°0€°*»1

9L
SL
(23
€L
2L
1
0L
69

L9
99
s9
%9
€9
29
19
09
6S

89
LS
9S
sS
%S
€S
2s
1s
0s
6%
°14
Ly
9%

NIOHS
AJ0HS
NIOHS
¥IOHS
NIOMS
XJOHS
NJOHS
HIOHS
NIOHS

LL/01/01

JINd
JI7INd
IINd
JIINd
JINd
JINd
IINd
IINd
J7INd
JINd
J7INd
JINd
J7INd
J7INd
J7INd
JINd
J7INd
JINd
JINd
J7INd
9INd
JINd
JINd
JINd
JINd
JINd
JINd
JINd
JINd
J7INd
JINd

XIUHS AN in0uuns

(€EL9=9L wl 39) 3HILIW AH SNOILVDIA1AOW UNV

NOILVII¥H0D VYWIINS NO UISVH NOTLJOIUuIdd 3ISIUN 113D XI0HS WIIdIdn3

0lveg®y NI1J

NOTLVIIH¥0D 3SION 1T3D-%I0HS IWITdldn3

1=1d0 9L/9L

Jing

NgNl 3y

(ING) 3100 Vel e+ *Un=8UNd
N&iiL 3

*au=nyUNd

09 UL 09 (S9<90°*°19°INd) J1
(AONXYN=AONWNS) # IVI+ AONXVAH=TING
(AgSHNS)I G190 Ve * G 1=TaSVU

MIOHS

u9

Ss

(8]

COCLOLOLOL

INAGL*HAND* TaSV0 3ILVINIIVI »

INNILINOD

AON=AONXYN

99 V1 09 (AON®19*AONXVW) 4]

AON* AONWNIS=AONKNS
(((1*6)2d=(1)SS)a(lew)Id)aa®Il=A0N
0 0L 09
(((1¢5)0d=(1)SS)u(]¢9)Dd)wa®CU=AON

o€ U1 09
(((1°S5)0d=t118S)a(l*9)dd)aa®Ul=A0N

vE 01 0OY

(I 1) Da=(1)SS)a(lé2)laraa*0lal®=AQN
g 01 09

* L= AON

0%2 0L VY (L1*1)IA*3V*(IISS) 4]

.32 0L VY ((I¢€)Id*3u*1ISS) 4l

082 G1 09 ((1¢9)Jd°39°(1)S%s) 41

00t 01 09 ((1¢4)J2d°*39°*(1)SS) 4]

TdSdX 3+ 1dSrNS= 1dSKHNS
((I:S5al*)rua01=Ta<dx3

SS Ul U9 (€2°19°1) 41

0s

J¢
6ot

oye
H9e

CHe

J1

MIOHS 3INLLNVdDNS

si

0L

Sy

J9

SS

vh

©©
(-3
-y




8s
LS
9%
SS
S
€S
2s
1S
0S
6%
8%
iy
9%
14
Y
1 4
2y
184
oY
6t
8t
e
9t
St
e
e
2€
1€
0t
6<
8e
L2
92
se
w2

22
12
02
61
gl
L1
91
sl
1
el
2l
1}

MIGHS
MIQHS
RI0HS
HIOHS
MHIOHS
NIOMS
NIQHS
XIOHS
HIOHS
NIOHS
HIOHS
MIOHS
NIOOHS
NIOHS
MO0OHS
HIGHS
WIOHS
MIOHS
MI0HS
HIOHS
NIOHS
HOOHS
NIOHS
MIOHS
HIOQHS
MHIOMS
NIOHS
NIOOHS
A0S
ANIQHS
HO0MS
HIQHS
HIOHS
NIOHS
AIOHS
NIQHS
HIOMS
NIQHS
MIONS
NIOHS
HIOOHS
M¥I0OHS
¥3IOHS
NO0HS
MIQHS
NIOHS
AIOHS
NIDHS

e

vi 0L 09 t#IHL1°3Y*1HL) 41
KL ANOD

(L0 1=Cuedn) LEBUSINYIv=ddHi=xDdN]
2t vl 09 (0°1°37° 3y 41
96651 =0dHL
11M1)SUI=rED
CIVGLIHE6Cts72 14 0=1H]
3INNEANOD

3%g=((*]} 1SS

XYWL NIz 7t 00

alsl=I 0t Ou

FTIONVY 03AA3580 HIOVI ~3A0 X3IONI

{1)3N=0A

QX 20=Im

L) 3N=taN) 3n) e =20

(YN QG IUeTLIda {*{zuAVYT]
ClyN) O30/ (BN)ISQ)0190TIved* 0Tl ¢ ¢
10°4/ (NI LYO I 0TS0 Wal I » i
(vi3d) 0190 IVa0*C9={1aSU

{0 1~2uofw) LBUS=VLIAN

({0 1=dX30uaddl e« (L {=nVY)/0°2) ) LHOS= R
{ 01 09 t11yd»a°*3IV%no) 41

Sd/ {uN} la=da

1 04 09 (0°3°N) 41

(N} 400N

183Nnee=uN | 0OU

(O L~NWYD)/ RV aa ((Q°TenVPOras®D)=118Ddd
NYD/ L0 1=nvY)=ax39

dN = a3dnIN AGVONNDY HIA0 X3UNI

3NNTLNOD

C=XYRC (XYWA*IT U0 4) 41
F=NInf (NLWd* 3T°¢C 10 4) 41
ags (= ¢ 0d

NesNd3d (2°37° (1) 113000 41

XyWasNInitvs B39sINE

TA4UAY I Dt WG

(CLLISUs (O ) MIAONS DI O30 DI ) IN* LI LI 1gr 1E*E61) V0SS NOISNIWIU
TTIIINSWVYOSLSIN®SUCLIU 0D AN S LA/ TLAHHS/NONNGD

XYNI*NIws*e

(61)21dSY0* 19C) MG (40461 1dS* LHE46 1) TdSU (6 VI UL3HL L6 I VLI3HLT
PLOTISNTIUYH(HE I 0TdS (9€) 0 LHLINLISHO* {9F)INLSS Z/U038V3/HONR0D

<l

i

[SERS

OO

es

¢s

9%

44

13

(2%

=T

¢

al

o1

197




~nadh -

-

WIQHS
NIOHS
XIOHS
AJOHS
XIOHS
NIOHS
AIOHS
MIOHS
MNIOHS
HIOQHS
M¥IOHS
MNIOHS
NIOHS
¥IOHS
MIOHS
MOOMHS
MIOHS
MIOHS
HIOHS
MWIOHS
¥JOHS
NIOHS
MIOHS
NIOHS
MIUHS
¥I0HS
NIOHS
MIOHS
¥IOHS
¥JIOHS
MNIOHS
HIOHS
MNIOHS
XIOHS
»J0HS

aN3

Ndf1l3d

IUNTANOD

JONTANOD

(LS 0190 W0 yl=(r*])dS
SUSH*NOSd=10Sd
(0°CL/Z(r*]1)NdSS)w40°01=S0Sa
(C°01/7(0¢1) eSS ) 2ed°C L=n0ST
0% 0L 09 (D°0°L1°(¢1)1dS%) 41
XVACSNIWC= 0% QU

St1¢t=1 0% 0C

3SION Tvicl 01 35100 »IuwS Udv

INNL L0

3iNTANOD

IONTANOD
(d4)C1V0WaI* Q=Y VR Tas= (1" ¢ 1) T1aSS
3N INDD

6l 01 09

(41) 0190 el ®IL +XUNIIS=(r*]) 1dSS
wl OL 09 (0°1°L19°u4) 4l

d3/({ru ivold=g4

XYNCOSNInl=C Yl OU

veald)IgS 3ltiow0D

(0D/HiJaOA=0* 1) 21Y0IYeU 19 = ¢

VS 0+ 1 1aSU+6° 151 =X Yn 1dS
CCDSNIUVA/Z (5N AU 0 I9D0Wah U= TaSy
(0D/H1DJ8DA=_*1)/ANOI/IAY I/ IDN=  d3
HAJeomeu® 1 =ANQD

A4S Al X TR YV ADNINV IS #v e ILNhidn0l

(]

01
i
ol

vl

oo

(SRS

LU o

0o

o

ve

Se

GL

S9

09

198




PPN Y

£50°0€° %1

IS
ERE
3217
PI1IS
IS
33178
P17
IS
NIS
P17
D178
NI
IS
NI
P17s
3178
2178
PIS
30178
3217
P17S
3017
11S
LIS
3217
32118
D1
32178
3178
32178
3217
1S
3178
D11
317
2175
32178
P17S
3217
11s
IS
3217
32178
PNIIS
IS

LL/01/01

e L 09 (U IT%0gntitd) 41
JiNT ANOD

0°u=(rel)las
0%u=tfe*li eSSy

otel=l" |l Ou

L An00

(1) J13ri=0Cul)eQun=(l) vy dNy
JImfue(l=11013nL=t 12Ul Ind
21 Ul WY (L*u3a*l) il
ste{=I it 04

Uvaed® 09t=(l)vLdng
0°ue=tl)QLang
Uvaeu3nLUG=3110U
Co01=03M1y

10°=J310y

0/ 1 IFNZDIINI

NLSdl a=305 =130

cee JUHE=US JUHY
LORIEWZ Y= LSND

(La) Le0S=ENOD

(3°2/1a) 1d05=1In0D
*G8l/la=Qva
$265l%i%€E=]lo

JE U1 VY Lt i9tuN) 41

J
ABL3AN3Y YN3BY Jis¥ SINVLISNOD JZTIVWILINI J
J
J
Yvndehilndt0d a3OFUINI
DRSS AT A DN A HITA TV 3
(002 )VYVVeLCGd;S4¢¢L0¢16y WOLISNIInTU
HLTC 61 LRIV dANS LI THLC(IOCINT Dnt (COC)II3IHS* () madal
S (S0 1IOISHY(U0Z)dNIL (G021 =HITM* (L3 i1~ 15D EY /7 IHS/NONn0D
XYNI*NImi* e
(61) 1dSVO* (7€) g (2L *61) 1452 1% ¢61) JasO* (6l ULInL* 6L vl 4ni
C{OL)SNIUTAHS ()0 TAS  IYE I DI (2L INLISHO  (HYINLSS 70T 4aV I/ Nonal)
(902)adNU* (GU2) = 1ddUt (0L ) uGaye
(002149154 1002)a0HE* (002)14NVL* (00D 400 / T110dd/NOnAnQD
NN IWY L Iu e Innd IV e nOHa wii* T
AN AINTAANC LI~ WLOLV* IOHA*0I U XA I1Sal I INS/0eIV/ N0nn(D
LSTUSONTRIING TV 4GV L IUS HYS wV OV L I v 4 IV/STUNZ 0w (D
]
AN XUSOISUSY) DETS INT OIS
J
NOILVINDIVD »313mvAVAe 31 30nd Tvldve 3021752
0ines®S NL 4 1=id0 9wi/9L
- . A e e ATy

a1

34

St

9l

02

51

vl

PL1IS INTLnvdnnS

199




N1S
32178
178
D17
1S
217
P11S
32178
3217
N1
D17
1S
32118
PIS
N1
IS
IS
NI
IS
IS
211
P1IS
IS
PIS
NI
DI
ER) i 2
IS
IS
1S
NI
IS
IS
1S
IS
217S
P1IS
N1IS
32178
1S
P17
IS
PL1IS
33178
217
33178
12178

(/77¢

AININDIQIHO  AS ALISNIUINTIHOS NS *ANIIHG UG P Ul HIPWHH O X3 G1]1QTEHY * 91
UNHZ X9/ /50030 INVAVA UIUVaIAY=ATNIVIANIGIInNIALINLE*XUL///Lnl) LUr40s 021

(019 3ilam (INLAOti®39%adiv) 41
SEL 04 09 (VI INLHat) 41
JONLLNQD
la/7A93InVev 3TV eG U (ON)S S
LoedaleAUelS JOHOE (BY) SU

(LaN) anNvl) LaUS=Adl

S 0L 29 (0°0° 3% 0uami)) 3

(8 daNYG ) Sav=ad Iny

veLstad)sd

INNTANGD
Xdey[SjetaNIay]Selde®2=zA0

Y UL 09 (NImaU®31° (1) HOLS UNV L U3 HN) 4]
weizdty § 004

0*2/91SU=NImaU
AretleaISU)eldesSZ =AU

NOLAviIvAd HAUNIALS 3I40105

IONT ENOD

(HN) 4UMRN/ 3UHd= (8N) dnid
HOVATFaIdwVLIne (AN) = IVUne Inra IV Latu) il dn
VX L iSal =) Aa)staN) =N

U3IU/ tauradlsSstaiihlg

atlzah L OU

S3INa0mg WTuy= SSIMWUISNINLE 40 OLIVIND W)

MWL LANOD

JINLINOD ¢

Ml 1400

1S] 1=tl)snldve

sl*i=l v Ou

el 140D

vel0Ll=as1u

(ese UINNSSY Jd¥ *43 "ol = J3iLllnl Sibave Jov eest m0%7)iVna02
(viles)dLiom

LIRSV LY I B EVARYLY) L TRU R IE D

MiNla o

¢ UL Ov

el 1400

AR REITIREIAI AV ATY XS W RTRN RVA A
s1el=l =~ 04y

OOV

(SRS NSNS

Je

1 1]

99

L Y3

oL

o9

Gy

£}

vs

200




- -

3211s
1S
33178
32118
P18
]
D1
3217
3217
32118
2171
IS
IS
IS
IS
32178
3217
IS
17S
32118
Elo ) &
3217S
32178
3217
3217
IS
32178
32178
1S
1S
3211s
217
3217S
30178
17s
32178
17
o] iy
32171
32178
IS
3J17S
317
32178
D17
30178

TediNzalN

Innl L@l

1¢ 01 09

A% 01 09 (LEerINTO® 3N 4000 UNV  IMINTLE*39°1000) 9
3d407S/7(ler)eu=tleriIN]o=1000

1¢ 01 0v (°0°n3°3a01%) 41
(IPINTH=LT*CINLa) /(M) cO=tT1+()Y) 230078
tonsl=r 12 00

C=alN

*0z=(S*HLf)VISE

*o0=(y*HLiIVISH

*0=(femil)UISH

*0=(2*nLi)ViSe

*o=z(l*HLi1)VISa

9 40 S043Z 30 HOILVIOIV)

INHTLINOD

£t 04 OV

IHLUU* 3Lz IN)

3ANTAINOD

%% 0L OV

3NNTINOO

2% Ul 99 (*0°6 4% )evd 4]
OS10=(M)dn3i/Zea(ll)a i VHIVR=-D*1) =) 2y
gnel=r 6Z Od

INVN0S=9 40 MOTLYIND VD
1Je123=0S1)

(3H1)S00=1)

INNTANQD

(HLI)VA3mHli= M)

SOb4Z SLI UNY 9 30 NOILVYINDIW)
Slei=mt]l SI Ou

l=aN=1diN

LET- 1

ALIATLI381U/79NEQTIIWS MU Vil 30 X3UNI

JinIiNQD SEL
(3°GL4°G°n13°9°cl st *9])ived01 921

(R lanNd tali)Sae ]

3178 (SNISUSIHNIAWIL® (AN HITRS L il Nl ad ) (SdLey) 31T oM UUNLaA, * 39 % aan) 41

0O

oY

27

¥

LY

VLUV

sel

ocl

92l

921

stt

A0

S0t

oot

o6




00— UU-JW CZB

68l Wu—n-m N1l 3

dul NI N1 ANQY ot

I3: A 32178 2L LN0D NE

9wl P1LIS JONTINOD Sw owl

S8l 32118 4ANUDZ

L 0] 32118 ZANNI/Z0SE0S8/7123d810ets])SCe e (r*HLl) 1aSU=r*m1]) VoSG

€al PIIS IONTAINOD L%

281 IS (a3md=)ax3e L) 3A10=1D 14410

191 217 S% UL €Y (0°02°19°H3A0a) 41 Lol

08l 1S (#1)U13IHSe 60 *2=13IM00a

6L1 3211s INNLLINOD v

aLt 1S L% 01 Ov

Ll 1S 9% 01 vy (*0°19°(N1)UTIINS) 41

oLt 17s (dl)aeridl=1d 4]y ol

SLt 32178 NUdX 3e)SndeiSads d4n

LZA! 1S (4 4M0d=) dX 3=N0OoX 3

€Ll DI 9% Ol 09 (0°02°19°43404a) 41

2Ll 32178 2AN)IS0SH10G21° " 2193400

1t 3217 Hied3=USas vt

oLt IS (d1)1S54734=43

691 32178 0I7030e) 481SMi)=N

891 32178 (YUY 1v04=Ds

191 32178 weel=C 9% OU

991 32178 0°0=(4110731H5 (€L I*NNCUNVEC LD * ) 4 491

S91 1S SO 1=cANOD (1°L9% ) 41 o~

991 32178 Cea (0D/(NLI) LRIV @ (A1) 4NV 1 2282 UANDGI=2ANDD s

€91 1S 1Jedw=G*1=0AN0)

291 32178 (2IINIIW=Dn

191 IS 08 UL O (N*0°*31°(81)S3) 51 Iyl

091 PIS wl=al 0€ Ou

661 1S Jdd 1wd

8s1 1S (0)/71D0a011SA1 3°0°1)SHV=IANOD

LSt 178 (USHOSH) LrUSe (HLIISNHIUVAzAYLSEe

991 32178 CoadUxel)adlxal®2-2°1=05540S0 a5

S5l 32178 (Hil)Snlyvys/x=a0x

51 1S J

gst 17S ALIATLD3410 30 WOV TINOD V) J

2sl 32178 b}

161 30178 o] vol

0st 32178 (V4B EXTUTLAS TEPALFES FSELICILS SIS EETO LT I BA TR e L P AR A S €3 P L 2 |

6n1 I01TS /7 L1V ¢ NVHL 331V 3d9 S1 SINI[QOg ININanl 30 °Ur = ON[ivavmangs) iera0s 51

871 32178 AINS(HLEDOQLIHL MLl e xoyn(nal*y) JLTaM (£°19%aL%) S1

Lol 3J17s HNTLNOD 1

9Nl 3217S Ay tilasclemi])alSd anl

Se1 2118 1=alu

(1] D17s 1% L 09 (DL LTaN) ) 3]

[ A1 3178 19 04 09 (L*19%daih) 41

291 D118 HINLLNOD 12

11 32178 LOOA=(diIN KLV ISa unl
- - -~ - - - "”‘I‘\




S% I INdL w = (

9" I WNal JONTANOD t1t

€o JINdL ol Ul 29 L°U3I% M) 4185 51

2" JINdL "2¢1lal=rf €1 00

I» JINdL lel = 14l I

0" I INdL (11)ds = 19S <21

6¢ I INdL INNILNOD LT

1% IWNdL <t vl 09 (G*u3°(11)31aS1) 31

L€ JINdL =11 = 11

9t JINdL 0Z¢1=rC 11l OU St

S€ I WNGL 1 = 11

L] JINdL * 3994 3AY NI O3A07dW3 STIIAIT JansSdda ub0S UIVIY I 4=NON b}

€€ I INdL ONIMOI IV UNV ONJ(O3IDINg LYWL =INS5 Q1 3100n 87 aILS J

2¢ I INdL 51 UL Ny (w2°U3%1) 4l

[ £ % I WNdL v Ul U9 H%03%° (1) 4Nas ) 4] vt

'] I INndL 92*t=] S¢ Ou

62 I INGL %7 a3lSe J

[ 74 I WINdL J

Le JINdL A0 lin0d ot

92 JINdL 1z2(l=1)47dST (C°0°19°(1=1)S*TINv*D°0°31* (])S) 41 Y4

174 JWnaL U=(]1)3dS] 1(1=1)S*iu*¢)S*Uw 00 iu i) al

L 24 JINdL 01 04 09 (C*S* 1%L (1l=-1)S=(1)s5)5uv) 4]

(¥4 J2INdL ¢S] vt VU

22 3 NdL o€ UNY ¢ dIlSe b} 8
4 I IdL ) 3¢ ™ \
02 IINdL (=0 dS - (11 ¥as=thIs 5 :
ol JIINdL nd¢®z] S Ou :
6l JINdL el d3lSe b) .
Lt JIINGL J

91 I INdL ¢ = (1)41as1 1 ol

st JWNdL o2¢t=1i 1 Oy

21 2 IndL V14 NgS IZ1vILINTS J

€l JINad b

21 3 INCL (%¢) 32 (n2)1avnsS 1

1t JINdL *(G)aS {221 dd1dS* {7 ) AVaS {22 1S (%) 1 18] 1nd) 1S NUISNInG Y o

01 I ING) (80014 V4S) D2 INGL INL LowAsilS

6 I INdL J

°] I WINGL * WS mNallIas JAVLII0 /1 U3 dAadar ot sml 40 NOLiowns v p)

L JINgl SV (6961441 AUN) L44wND00 NOLEVIT 3l Las) 4SI01 wvy 3wl 4 ]

9 I WNal €°9L® NNLLD3S WIA 203 a0l)vd NOLLDIesu) (iNOL Fonat*a* 3) 3 S

S I Indd ALIAYIG93a~] IWald3dS ¥ SINInddL s JanuiIdUno STwg J

9 I Wol J

€ PRLT-Bt MOL1D3RaU) ALlae s dsal IWaLddas b

P4 JINGL ING 43134400 INOL S3Lv YD W)Y Nuliuids Siwy IMTialie i

$%0°0€°2t  Le/01/01 0Llmey®™ N =140 EAY! IMemd P hLriGomns




2INdL
2 WnNdl
2INdL
J7INdL
JINd 4
JNdL
JINdL
JNdL
J7INdL
JINdL
JIINdL
I INdL
JINdL
JINGL
JINdL
JINdL
J3INdL
JINdL
J'INd1
JINdL
JINdL
2INdL
JINdL
I INdL
J7INdL
JINdL
2INdL
JINdL
JINdL
JINdL
IWNdL
JINdL
JINdL
JINdL
JINdL
IINdL
JINdL
JINdL
2INdL
JIINdL
JINdL
JINdL
2 INdL
J7INdL
JINGL
JINGL
27INdL
JINdL
2INdL

UN3
Nd1l3a 00
X¥nI=80210
IONTANOD 99
(€244 xvnd) IXYAY = XVYNI N9
S99 0l 09
(2L XYWI) IXUnY = XVWD
09 08 09 ((°02°39°(1) 9) 31
69 N1 09 (0°E*171° (1) 3) 41 S8
9Y94°Y = €31
*€/7(1)a = 221 S
2ZH(00S= 63845 20Ge
SS 04 OY
£LE°t = €01
*9/7¢1)3 = ¢J1L
#ZHO0NSE03IBS HU ZHUD0S U3dde
05 0L 09 (12°37°1°ahNv*T1L*3u*]) 41
wes =l 99 0U
0°y = XVWI
80l ONV 6 ailSs

(1)dd1dS=t1)dS = (1) 3 4%
voel=1 9% 00
#d d31Ss

(1~1)dVHS+ (1=11A4dVdS = (I)dgTeS 0%
weeHu=1l 3y 0Q
(€£)1as (€)ddIdS
(2)1dS = (2)da’ldS
(DS = (1)addS
#l d3lSs

CE/ (21D dS+ L+ 1) aS+(10dS) = (I)yvusS SE
€¢et=1 St OU

49 d3lSa

(92)dS = (92)dS

(7)dS = (£)dS
(I=11d1dS=(I}a1dS = (1)dS Ot

w2¢w=1l vt QU

#9 d31iSe

INNTEINOD w2
(I)as = tl)relds 02

“2 Gl 09
(£ 2)5+(€2) TdS = (9<)d1dS ol
92 01 ov
2/ tN1dS+1dS) = (1) ddS
(r)ias = nids =1
- - -~ - -

Ce

oy

08

SL

9L

99

Gy

4SS

ve

34

204

PR




T —— -

o~
.

4.0 REFERENCES

Gliebe, P.R., "High Velocity Jet Nolse Source Locat fon and Reduet jon:
Task 2 Supplement - Computer Program for Calculating the Aeroacoustic
Characteristics of Jets From Nozzles of Arbitrary Shapes," General Elec-
tric Company, FAA-RD-76-79, lla, May, 1978.

Mani, R. (Ed.), "High Velocity Jet Noisc Source Location and Reduction:
Task 2 ~ Theoretical Developments and Basic Experiments,"” General Elec-
tric Company, FAA-RD-76~79-1I, May, 1978,

Abramowitz, M., and Stegun, I.A. (Ed.), Handbook of Mathematical Func-

tions, National Bureau of Standards Applied Mathematics Series 55, June

1964 (1972 printing).

Anon, 'Standard Values of Atmospheric Absorption as a Function of Tem-
perature and Humidity for Use in Evaluating Aircraft Flyover Noise,' SAE
ARP 866, 1964.

Anon, "Definitions and Procedures for Computing the Perceived Noise
Level of Aircraft Noise,' SAE ARP 865A, August 15, 1969 Revision.

Lee, R., Kendal, R.M., et al, "Research Investigation of the Generation
and Suppression of Jet Noise," General Electric Company Contractor
Report No. NOAS 59-6160-C, January 1961.

Anon, "Noise Standards: Aircraft Type Certification," FAA Part 36,
Vol. II1, Appendix B, 1969. I

205 !




e g " S Ll —

|

5,0 CONCLUDING RFMARKS

Two computer programs capable of predicting the jet noise of high veloc-
ity exhausts from nozzles of arbitrary geometry are presented, The com~
puterized procedures presented herein provide reasonably accurate methods of
predicting maximum sideline PNL as well as EPNL (with and without flight
effects) over the range of flow conditions and observer angles of interest.







