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ABSTRACT

A computerized acoustic attenuation prediction procedure
has been developed to evaluate acoustically lined ducts for
various geometric and environmental parameters. The
analysis procedure is based on solutions to the acoustic
wave equation, assuming uniform airflow on a duct cross
section, combined with appropriate mathematical lining
impedance models. The impedance models included in the
analysis procedure are representative of either perforated
sheet or porous polyimide impregnated fiberglass facing
sheet coupled with a cellular backing space. Advantages
and limitations of the analysis procedure are reviewed,
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> NOMENCLATURE

Velocity of sound, cm/sec

c
d ' Acoustic lining backing depth, cm
f Frequency, Hz
hy. hV Rectangular duct cross section dimension, cm
k k= wfc 1em
ke Ky Kz Rectangular duct wave numbers
kp, m, k Annular duct wave numbers
n Hard wall mode number
p Acoustic preésure, d\,mesft:m2
t Time, sec
r, 8,2 Cylindrical coordinates
X, ¥ Z Rectangular coordinates
parns Cross products of Bessel functions
Jy . Yp Bessel functions, first and second kind, respectively, of order v
Hy (1 . Hy (2) Hankel functions of order v, Type 1and Type 2
Lining treatment fength, cm
L=1/2
Mach number
Attenuation rate, db/cm, db/ iﬁch
Duct mean airflow velocity, cm/sec
Acoustic particle velocity, cm/sec
Specific acoustic impedance c.g.s. rayls
. Particle displacement, cm

Besse! and Hankel function order
3

Density, gm/cm

Angular frequency, radians/sec

‘x:e~‘b~cmN<-C:ugr‘1l-

Viscosity (poise)
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SUMMARY

A systematic acoustic lining design procedure was deveioped for the NASA Fan Noise Suppression
Program. This design procedure consists of several computerized modutes, including the Acoustic
Attenuation Analysis Program. The analysis procedure is based on solutions 10 the acoustic wave
equation, combined with appropriate mathematical lining impedance models, when all the modes
that can propagate are considered at the duct entrance with equal amplitude.

The analytical model is that of a semi-infinite duct with airfiow. The airflow is assumed inviscid and
nonturbulent, with a uniform vetocity on a duct cross section. For the rectangular duct case, one
wall or two opposing walls may be acoustically treated. The YarGtsatslined case is restricted to the
walls having the same impedance. The environmental parameters considered are temperature,
pressure, Mach number, and the acoustic spectrum within the duct.

The impedance models included in the analysis. procedure are representative of either perforated
sheet or porous polyimide impregnated fiberglass facing sheet coupled with a cellular backing space.
These models consist of a mathematical description of the porous facing sheet acoustic impedance
dependence on material porosity characteristics, temperature, pressure, and particle velocity effects.

The basic analysis determines the modal propagation constants within a given duct increment as a
function of duct geometry, environment, and lining impedance. The overal!l analysis procedure
involves applying the basic analysis to sequentiat lining increments to establish the acoustic
performance of the total duct. Variations in Mach number, lining impedance, and geometry are
permissible on an incremental basis. However, the analytical procedure does neglect the effects of
wave reflection resulting from geometric changes and/or lining impedance discontinuities.

A detailed description of the derivation and corresponding application of this technology are
presented in this report.
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1.0

1.1

1.2

INTRODUCTION

Background

A systems acoustic lining design procedure was developed for the NASA Fan Noise
Suppression Program, This design procedure consists of several computerized modules,
including the Acoustic Attenuation Analysis Program. The program combines the basics
of two technologies, acoustic propagated wave analysis and material acoustic impedance
modeling, into an acoustic lined duct performance simulation. B o

The zero airflow work of Cremer {Reference 1) and the mean flow results of Eversman
(Reference 2) were incorporated into an early version of this program, using a
rudimentary impedance model for perforated sheet impedance (Reference 3). This
version was utilized in the NASA Langley Treated Tailpipe Program {Reference 4). More
recent studies at Boeing-Wichita (Reference 5) have led to improvements in the
impedance mode! for perforated sheet and development of an impedance model for
polyimide liners. A portion of the experimental impedance data for these models was
included in work reported by Rice (Reference 6). These models have been incorporated
along with expanded wave analysis applications, into the current version of the program.
A detailed description of the analytical techniques is presented in the following sections.

Technical Approach

The technical approach used in the development of this analytical program is the
solution of the mean flow acoustic duct wave equation. The duct is assumed to be
infinite in length with one or two walls lined. A rectangular duct is assumed for
computational purposes, and annular geometry applications are treated by
approximating a sector of the annulus by a rectangle. Normaily reacting duct walls are
assumed for lined surfaces. Variations in Mach number, wall impedance, and duct
dimensions in the direction of airflow are treated approximately, and acoustic wave
reflections due to these variations are neglected. Wall impedances are provided by
semiempirical impedance models for perforated plate and polyimide facing sheets with
celliular air backing cavities. ‘

The computer application of the acoustic wave equation solution to the acoustic lined
duct performance simulation is shown in the block diagram of Figure (1). The major

- components of this program will be discussed in detail in the following sections.



2.0 ANALYTICAL MODEL

The analytical model for this study is that of a semi-infinite duct with airflow. The
airflow is assumed inviscid and nonturbulent, with a uniform axial velocity U on a duct
cross section. The acoustic pressure is assumed to be small in magnitude in comparison
with the uniform pressure.

For a duct with the flow axis in the Z coordinate direction, the acoustic wave equation
is

2 ¢2p = (";T +u§%)zp (0
where

¢ = veloceity of sound

p = acoustic pressure

U = uniform airflow velocity

The solution and boundary condition analysis for a rectangular duct, as depicted in
Figure 2, follows.

An assumed solution to {1) is
P = gitwt g-iky2 [Aeikxx . Be-ikxx][ceikyy X De—ikyy] (2)

Substitution of this solution into (1} results in the following relationship between the
wave numbers k, kx, ky and kz;

kz=(fﬁ?)(—kMi‘/kz-(l—Mz)(kKZJIkyzl) -~ (3)

where
w = angular frequency - radians/sec
I‘-: = wlc .
- M= U/c
The expressions for k, and k,, are determined from boundary conditions at the duct
walls. These conditions are oEtained from the assumption of continuity of particle

displacement at the walls. Let E1 be the particle displacement normal to the wall at X =
h,.. The equation of motion for fluid flowat X = b, in this direction is

o (& ) - (59,0, @

where
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P = air density gm/cm3 and (D/Dt) is the total derivative with
respect to time (t)

D fal IJx I 2y 3 2z &

T e ¢

Dt ot Y IT Bx T ot 9y T ot o2

For the wall at x = 0, {4) becomes

e (gr152)) - (gi) -0 (5}

where 52 is the particle displacement normal to the wall at x = 0. The difference in sign
between (4) and (5) is due to the change in direstzon of the normal to the wall with
respect to the x coordinate axis.

The mean velocity components in the x and y direction are zero, thus (4) and (5
become, respectively

PN 2\2 . 9P
AlFus) a5, - o
. -l - x
[ [ o 29\, _9p] |
e(F+udfse-52 "
L IX =0
The acoustic impedance (Z/p c) -and admittance { L ) may be defined by
} P . _Z __1 ’
~C Qi ~C T (8)
1 X=Xq
I p - - ———z-——- = - --!—- ’
PC 25 C T (8)
St X=g -

For harmonic motion

a .
7 g) T ieg

and from (2}



applying these relations to (6), (7), (8) and (9) we obtain the boundary value equations

[iwf(:-Mkz/k)ZP ='-‘2§~ . (10)
IX Ix=n,

[iwf(l-Mkz/k)ZP =§;-] (11)
X=0

application of the bohndary condition {10) and {11) to a duct with one lined wall at X =
hx leads to

- &
at y= Q: L=Ound—F-'— =0
Ly

— : 2P
Yy=hyl L=0and — =0
&Yy
x=0:L=0and 2P :p
DK
at yx = h!- t:_l
and
e 2
ile('-“"M—k"z—) P = _-é}_p.
k 22X _ -

for the y direction we obtain

ky = =2 n=zo0,1,2,.... - (12)



for the x direction

Mk
iL,k(: ] ’)2 COS (kxhx) = - kxSIN (kxhy)
K
or ‘
- 2
iL|khx = hxkx TAN{hxkx)/(l - -’?’%)

In the case of a duct with equal admittance walls at both x =0and x = hx' we pbtail
x boundary equations in the following manner from (2), (10}, and (11),

9 .
Mk e .
iLjk (i - _____kz) [Ae ikxhy Beﬂkxhx]

= -ikx[Ae“‘Hh* - se‘“‘x"x]

where L1 is the admittance at x = 0 and x = hy

These two relations may be combined to eliminate A and B, resulting in a qus
(L khy):

) Mk, \4
2 (i) (1 - =) siNthaka) -
i Mkz \2 2k, 2
+2||.‘_|th (I- m ) hxkx C0Ss kxhx— hx kx SINkIhx
= 0

or
~hyky (COS (hxkyx) H)/SIN (kxhy)

(1~ Mky 7k)2

iLIhxk =

€



using half angle trigonometyic identities (1 7) becomes
for the *4r sign
~(hyk /2)CoT (hxkx/ZJ
iLikhy /2 = (Nxks
(I - Mk, /)2

for the #_» sign

.(hxkx./zjmn(nxkx/a)
it khy/p =

| (- Mk,ri)2

(18)

{19)



3.0

3.1

3.2

’

METHOD OF APPLICATION

The acoustic attenuation prediction program provides an analytical evaluation of the
attenuation characteristics of an acoustically treated rectangular duct. Lining
configurations may be either a single treated wall or two opposite walls with identical
treatment. In addition, propagation of the acoustic pressure wave may be in opposition
to the flow or in the same direction as the flow.

General Description

The analytical acoustic attenuation prediction program evaluates the attenuation
characteristics of rectangular ducts with mean airflow and acoustically lined walls, having
either one or two walls treated.

The basic analysis consists of determining the acoustic modal propagation constants for a
given duct geometry, environment, and lined wall impedance, The environmental
parameters considered are temperature, pressure, Mach number, and duct acoustic source
spectrum. The lined wall impedance is obtained from acoustic impedance mathematical
models, which is discussed in Section 3.2 -

Initially, the input acoustic source spectrum is subdivided at each frequency into modal
pressures. The wall impedance at each frequency is then determined for the first lining
increment, and the boundary value problem solutions are obtained. The resuiting modal
attenuations are now applied to the modal pressures, and the corresponding attenuated
acoustic spectrum is calculated.

This process is repeated for each lining increment until the entire lined length has been
analyzed. However, the source spectrum is subdivided into modal pressures for the first
increment only, with each succeeding incremental treatment utilizing the attenuated
modal pressure spectrum resulting from the preceding increment. Also, the resultant
acoustic spectrum at each increment is used for impedance determination in the next
increment,

Impedance Models .

The impedance models in the present program include mathematical representations for
-both perforated plate and porous polyimide facing sheets with cellular air backings
terminated by an impervious sheet (Figure 3}.

These models consist of a mathematical description of the impedance of the porous face
sheet dependence on material porosity characteristics, temperature, pressure, and total
particie velocity. The total particle velocity VT is a combination of particle velocities
resulting from both grazing airflow, ng, at the face sheet, and acoustic pressure
excitation V!

FRECEDING PAGE BLANK NOT FILMED
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The explicit expression for the complex acoustic face sheet impedance of polyimide and
perforated sheet, including expressions for the respective grazing flow particle velocities,
are as follows:

Polyimide

7=Q+.305 #N2F+2.86 PNZVp+i { 549 pN3/2f- 512100 pN3pr}(2n

.05cM2

ng = (22)

[a/pc + Vi pet? +.71 N2M2]

where Q= 4640, uN*3

t = viscosity {Poise)

e VT

¢ = velocity of sound in air {cm/SEC)
N = number of plies of polyimide
P = density of air (gm/cm3)

Vp = particle velocity

frequency
Perforated Sheet

: 383-10%6 75V
Z/pc=0Q+ [T/D+1-P0A]+7-r/2\f2—Vp/c Ee1-8S7

Poa V(6 +.416)

{459 104 ¢ .

(T+A)}
POAJ—_ }

25 KeM2

£ = NPTy
9 2 +V(Q/2)2 + k/2 EM2

\

10



where A= {41;A1>0}

0-A1<o
r,,_ 1.2-10° 100
POA
§ = frequency le}
254 DEPoA
Sp= —
Vp
T = sheet thickness {inches} {em.)
p = perforate hole diameter {inches) {em.)
g = T ltotal temperature’ ORy/s19 (= Ty (0K)/288.33)
i = static pressure {PSIA) lstatlc pressure (dyneslcm2] \
14.7 \ (1.013 x 10%) /
0777 ( 62 )
q =——\ "
8Poa \6+.416
£ = 1.0251(1Pga D) (1/Poa)le- 5072 T/D

K = .06+.11 D/6n

houndary layer momentum thickness {inches) {cm.}

L}

on

VP = particle velocity

These face sheet impedance models are described in greater detail in Reference (5).

"



The face sheet impedance Zg is modeled as a function of total particle velocity, and the
wall impedance, Z, is given by

Z,=ZF" i cot {kd)
where d is the depth of the air backing cavity.

The acoustic pressure particle velocity due to the acoustic pressure at a single frequency
Piis given by

Vg =Pil 2y (25)

ai =
Particle velocities and impedances are caleulated assuming that the acoustic pressure
particle velocity impedance dependence is based on either the acoustic pressure at single

frequencies or the combined effects of the acoustic pressure at all frequencies.

in the first case, the expression for totat particle velocity calculation is

_ 2 p() Y\ V2
vr(f) = (ng +(|Zw(f,VT(f))U) {26)

where
§ = frequency
VT(ﬂ = total particle velocity at frequency f
P{f) = acoustic pressure at frequency f
Zwt_f, Vil = wall impedance at frequency f and particle velocity vrl(f)

In the second case, the total particle velocity is denoted VTrms to indicate the

dependence on acoustic pressure at all frequencies, and the expression becomes

VTims ~ (ngz +2V0f2) (27
f

v, = A
where ‘af ‘Z“’fWT

rms)l

_These expressions are solved by iteration technigques based on the Newton Raphson
method to obtain Vtf) or Vr s and the wall impedances.
r .

12



3.3 Modal Pressure Subdivision and Recombination

The acoustic pressure at a given frequency is subdivided according to the number of
modes which can propagate at that frequency. The cutoff frequency for any given mode

number n is given by 1 - f'—“‘—é—— ‘,‘,;ﬂ for unlined ducts. The cutoff frequency is

decreased for lined ducts, and a factor of 1.1 has been arbitrarily introduced in the
denominator of the above equation to account for this effect.

The subdivision of acoustic pressure into modal pressure amplitudes is accomplished
assuming the acoustic modes are uncorrelated and initially have equal modal pressure

. amplitudes. The total sound pressure leval at any frequency {SPLigtg)) is given in terms
of the total acoustic pressure (Pyotalt bY

SPL jpt1q1 = 10 fog |0(P10m|/.00022)2 (28)

where Pyo,o i in d'.,.vnes/c:m2

Defining SPLimod | as the sound pressure level of the ith modal pressure amplitude, for
a

n propagating modes the expression for modal amplitude subdivision is

SPL = SPLyotal - 10 logip n (29)

imodal

The recombination of attenuated modal sound pressure levels to obtain a total
attenuated SPL is given by

n
SPLiotal = 10 logo [2 Io(spLimodaI/IO)J (30)
=)

where all SPL’s in this expression have been attenuated. The attenuation for any
frequency is then the difference between the initial and attenuated values of SP Ltotal:

-

3.4 Boundary Value Solution Application
The boundary value problem solutions are obtained for each frequency of interest and
for each increment of wall lining analyzed. These solutions are obtained by iterative

procedures based on the Newton Raphson method. Rewriting the boundary value
equation for the symmetric modes of a duct with two walls lined, equation {19} becomes

iL khy /72 = (h,/2)Kk, tan (hy/2)ky Z(1 - Mk, /)2 (31)

13



3.5

3.6

It is noted that the required solutions for physical wall impedances lie in the first
quadrant of the complex plane (h,/2)k,. (The third quadrant is a mirror image of the
first, while the second and fourth quadrant corresponds to wall impedances whose real
part is negative.)

The solution to (31} for zero Mach number and unlined walls are easily obtained reai
quantities.

The starting points for the iterative solutions for no-flow, lined ducts are chosen near the
unlined wall solutions. Similarly, the lined wall duct with flow is solved using the lined
wall no-flow solutions as starting points. However, the interative solution for the flow
case must be accomplished in incremental Mach number steps to obtain all solutions of
interest. The incrementation of Mach number by .05 steps appears to be sufficient for
most applications.

In some cases, the iterative procedure crosses into the second or fourth quadrant of the
complex plane. This effect is checked in the solution procedure, and countered by
returning the iteration to a new starting point. This point is specified by selecting the
point on a line segment connecting the non-first quadrant point to the last iteration point
in the first quadrant,

Modal Ordering

The eigenvalue solutions are ordered according to increasing modal attenuation rate, This
ordering scheme assures that the least attenuated mode is always considered. Under the
above stated assumption of initially equal modal pressure amplitude, it can be seen that
the least attenuated mode is the most significant contributor to the resultant sound

pressure level after some length L of treatment. Consider the simplified case of two
modes with attenuation rates R4 and Ro. I the final total sound pressure level is

SPLT = 10 log g (10SPL1/10 , 1oSPL2/10) (32)

where SPL4 and SPL5 are the sound pressure levels of modes 1 and 2, respectively, after
length L. The difference, A, between SP Lt and SPL can be expressed as:

4 = 10 log)g (1 + 10-{R2 - R|IL/IO) {33)

From this representation, it can be seen that the maximum difference is 3 dB, which
results if Ry = Ry and that for Ry = Rq + .58, the difference becomes 1 dB,

Lining Length Incrementation

The analysis of a duct by incremental lengths is incorporated to account for effects of

a4



changes in Maéﬁ number, duct, height, and lining characteristics with progressive
position in the direction of acoustic propagation. These effects are trea.ted by
specification of the varying parameters for each increment analyzed. Acoustic wave

reflection is not considered, and thus the analysis is applicable for small parameter
variations.



4.0 PROGRAM APPLICATION AND LIMITATION

The assumptions of acoustic modal content, mean airflow, and neglection of acoustic
wave reflections are the major limiting factors in the application of this program. Some
of the pertinent characteristics of these assumptions as related to program application
are as follows:

4.1 Modal Content

"The equal modal pressure amplitude assumption is incorporated since experimenta!
modal pressure amplitude definition is unavailable, and for ease of application. As
definitive mode! content information becomes available, it can be incorporated in this
program.

4.2 Duct Length Incrementation

The sensitivity of the impedance models to sound pressure level spectrum variation
requires the analysis of an acoustic liner in several incremental lengths. A check on the
validity of any increment length utilized may be accomplished by comparison of the
attenuation rates of each lining segment; gross differences indicate the need for further
subdivision of the increment length used.

A further consideration for increment selection is the degree of variation of the other
environmental parameters with length, e.g., Mach number, geometry, etc. Variations in
these parameters may require a further reduction in the increment length than for fixed
parameters. :

4,3 Multiple Lining Analysis

The treatment of cases having sequential segments of differing acoustic liners shouid be
accomplished with one program execution in preference to an execution for each lining
type. This approach maintains the continuity of modal pressure contributions for the
entire lining treatment, conversely, an execution for each lining type would redistribute
the modal pressures, and the final duct attenuations would be overestimated.

44 Application to Annular Geometry Ducts
The subject program can be utilized in the performance prediction of annular geometry
ducts by approximating a section of the duct annulus with a rectangle. Details of this
, type of application are treated in Appendix 1.

4.5 Application to Ducts with a Sheared Flow

The applicability of the subject program to ducts with a sheared flow (nonuniform

EGEDING PAGE BLANK NOT FILMED 17



velocity profile on a duct cross section) depends upon the relative direction of the
acoustic wave propagation and the airfiow, and upon the magnitude of the boundary
layer thickness and Mach number. Using the nomenclature “inlet mode” and “‘exhaust
mode” to denote cases in which the acoustic flow and airflow are in the opposing and
identical direction, respectively, the work of Eversman (Reference 7} and Munger and
Plumblee (Reference 8) indicate that the shear flow effects are generally small for the
exhaust mode, but can be very significant in the iniet mode. Analytical methods have
been developed to correct for the sheared flow effect, but have not been included in this
document. -



5.0

CONCLUDING REMARKS

The acoustic attenuation analysis program provides an analytical capability to evaluate
lined duct configurations having uniform flow on a duct cross section, Variations in duct
geometry, Mach number, and lining impedance are permissible within the duct. However,
variations in these parameters are treated approximately in that acoustic wave reflection
effects are neglected. Initial modal pressure amplitudes are assumed equal, modal
interaction effects are neglected and modes are assumed to be in phase. Acoustic wall
impedances are obtained from semiempirical impedance models.

The acoustic attenuation analysis program was developed primarily for application to

- aircraft fan jet engines. The major limitation is considered to be the assumption of mean

airflow within the inlets of these engines. For this case, the program results should be
corrected to account for the sheared flow effects to obtain a more accurate estimate of
the acoustic attenuation,

Further analysis and subsequent program improvements are indicated in the following
areas:

[ Sheared flow effects

o Modal pressufe amplitude definition
(] Modal phasing and interaction

° Acoustic wave refiection effects

The first item requires a reformulation of the analytical procedure so that the sheared
flow effects can be evaluated as an integral part of the analysis program. This
modification would provide a more detailed and rigorous analysis than correcting
the mean flow results.

The second and third items are contingent on having adequate space-time data from which
modal amplitude and phase information can be extracted. These data are necessary to
compute the initial modal energies and to track these energies down the treated duct,
The fourth item deals with the reflection of acoustic modes in the treated duct. These
reflections can result from changes in the wall impedance and/or geometry, This problem
‘can be approached using either assumed modal amplitudes and phase or when avaiiable
the results of items two and three.

19
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FORMAT VARIABLE NAMES

72 Column Alphanumeric Field Title

8 Fields, 8 Columns each A, SWM, FWM, H, PSPL, RMS, REORD, OVRMOD
72 Column Alphanumeric Field SPL NAM

9 Fi‘e‘alds, 8 Columns each SPL{1),SPL(2),........... SPL (9}

" SPL{10),......

................... . SPL {99)
TL, DL, DHH, G, TT,PT, A, B

ANPLY, AM, DHS, OPA NP, D, DIA, R, MTHK

AAM (1), AAM(2)...........

ADH.S (1), ADHS (2) .......

POAC (1}, POAC (2) .. .......
DCON (1), DCON (2] .........
DIAC (1), DIAC (2) .. .....

CTHCK (1), THCK (2) ..o ...
MTHK (1), MTHK (2) . ... ... ..

INPUT FORMAT
FIGURE 5
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APPENDIX |

ANNULAR GEOMETRY ANALYTICAL MODEL, APPROXIMATION
BY RECTANGULAR GEOMETRY

The annular geometry analysis follows that of the rectangular duct solution, using cylindrical
coordinates in the wave equation solution. The duct geometry and coordinate system is shown in
Figure 4. The acoustic wave eguation is again

e & \2 ]
2o2p - (2 = (A-1)
=V P'(at"'u&z) P

Separation of variables leads to the solution:

P=(Adm(rk,) + BY, (rk, ) cos(mB)eilwt - k,2) (A-2)
and
kz=(|—_-lM—2)(-Mk1 /kE-(l-ME)k,,2) {A-3)

wherer, @, z are the system cylindrical coordinates

k= wlc
M= bU/c
m = angular wave number=0,1,2,......

Jm[rkr) = Bessel function, first kind, order m
Ym(rkr) = Bessell function, second kind, order m

Both walls are assumed lined with identical wall admittance T . The boundary condition at ror the
outer annular wall, and r;» the inner annular wall for this assumption become

-

- kz \2 P
at ryr kL (I-—M —kl) P = e (A-4)
e kz \2 P
t r'.lkL([—M—'—)P=-—— -
at To k o (A-B)

Substitution of A-2 into A-4 and A-5 and solving, the following eigenvalue equation is obtained:

PRECEDING PAGE BLANK NOTHLM
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2 2
[(ikL}(l - Mk—z-)a] P - (am_)(: -M"—’) (Qm - fm) -~ Sm = O (A-6)

K k

where
a=rokr
b"'"'l'ikr

and
5,‘ = J),(u)‘r)/(b} - Jy b)Yy {a) (A-T)
ay = (J),(c)‘(y'(b) - d),'(b)Y),{a))kr (A-8)
ry = (' @)Yy (b) - Jy (b)Y y (el kr (A-9)
Sy = (Y'la)vy'(b) - 4 (b)Y (k2 | {A-10)

(Primes denote differentiation of the Bessel function with respect to the particular function
argument.)

As in the rectangular case, A-6 may be written as the guadratic solution

i =E'r3|; {(qm - ) * flam - rm)2 + 4PmSm }/(I—M 55—)2 (A-11)

The approximation of an annulus by a rectangle might be presumed, by inspection, to be valid
whenever the radius ratio, ri/ror is close to unity. This presumption may be mathematically verified
in part by applying large argument Besse! function approximations to A-6, Taking the definition for
Hanke! functions in terms of Bessel functions:

-

Hy2) = uy(2) + ivy (@)

Hy @U2) = 4y (2) - iy (2)

where Hy (”(Z) and Hy (2}(21 are Hankel functions, type 1 and type 2, respectively, The large
argument approximations for H y (”(Z) and Hy (2)(2) are (Reference 9):

Hy (z) ~ Y2772 ei(z-—)’g—{—) (A-12)



Hy N2y~ [27r 7 e-i(Z-Jzz--‘%) (A-13)

The Bessel cross products Py , qy , ry , Sy , A-7, A-8, A-9 and A-10 may be written in terms of
Hankel function cross product

Py = -E';-(Hy("(a)Hyfz?(b) - H,('?(bm,(é’(un (A-14)
ay = -%(Hy('}(o)H); (2 (p) - H),tr)‘gg;H},(z)(o,, (A-15)
= - (Hy (V) Hy 20y - g (1) n)m, (2 (A-16)
Sy = -%E;_(Hy (I)'(Q}H),(Z}f(b) - Hy V(b)Hy (2)'(a)) (A-17}

Applying A-12 and A-13 to the above yields:

-

= - {A-18)
P}f 77’,,/_05 SiN{e-b)
~ 2 y -
7 (e coste-b1 + Lny ) (a10)
t ~t "'2 )’ .
ry —kr(-—m—?fub COS({a-b) +—b- P‘y) {A-20)

sy = 02 (( L e 1) () s (o 4 (222 o costa-b) (A2

Using the above relations in A-11 results in

TR kr - AN -b) # .22

[4»((%2 B’-’-) erE‘(c-bus({- -bl) COS{a-b) sm(o;b)]'f?}

wting (a- b) =h ky. where h is the distance between lined walls for the annular duct. For the case
vhere r = o {radial modes only), A-22 becomes '

29



Coem o e (COS(RK) 1) /(o K22  (A23)
Likh = PR S IN (k) (' M k)

which is identically the rectangular solution {(Equation 17).

The use of the large argument approximation has two implications: first, for large radii and/or !(i,
the rectangular approximation appears valid, and second, a further limitation on the relative
magnitudes of r, and r; is implied. This limitation is that if rokr satisfies the large argument

approximation, then ri/r0 should not be nearly zero, since the approximation is applied to both
rokpand rj kp.
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APPENDIX I

PROGRAM DESCRIPTION

This program consists of a mainline control program and subroutines, The mainline program calls
subroutine “input” to obtain all input data and obtain preliminary processed data. The
incrementation loop is then set up and the subroutine “ATNSPL” is called for each lining
increment. “ATNSPL” serves as overall control for all calculations for each increment except for
the calculation of an attenuation spectra at the current increment. A maximum of 50 increments
may be treated.

Subroutine “|NPUT""

This subroutine reads alt input data, calculates speed of sound, density, and the numbers of
propagating modes for all frequencies, and model pressure spectra based on these data. The input
format is shown in Figure 5. The variable name definitions and the input options are as follows:

TITLE ldentification only

A Number of 100 Hz bandwidth SPL values to be input {beginning with
frequency of 200 Hz, maximum value 99)

SwWM Maximum number of soft wall modes treated

HWM Maximum number of hard wall modes treated

H Number of walls lined (1 of 2)

PSPL Flat SPL spectrum value; if zero, will read A" values of SPL, if nonzero,

sets up flat spectrum array of A" values of SPL equal to “PSPL"

RMS 0. Impedance programs calculate particle velocity and impedance as
function of SPL at one frequency

rd

_ 1. Impedance programs calculate an "RMS" particie velocity based on
“ entire SPL. spectrum

REORD 0. Modal ordering by least attenuated mode
1. Modal ordering by largest real part of downstream wave numbers
OVRMOD 0. Treats number of modes propagating to limits of “SWM**, “HWM"’

1. Treats “SWM", “HWM" modes, cutoff conditions not applied

SPL NAM  SPL spectrum identification title
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SPL

TL

DL

DHH

G

TT

PT

upn g

ANPLY

AM
DHS

OPA NP

DIA
R

MTHK

Array of up to A" sound pressure levels
Tota! duct lined length (inches}

increment length {inches)

Hard wall duct height {inches)

Ratio of specific heats for duct environment
Total temperature (°R}

Total pressure {PSIA)

Frequency limits for calculation of attenuation (Hzl

Impedance model selection

0. Perforated sheet

1. Polyimide

Mach number

Lined wall duct height {inches)

Perforated sheet fractional open area or polyimide number of plies
Backing depth {inches)
Hole diameter (inches)
Materia! thickness {inches}

Boundary layer momentum thickness (inches)

(“DIA”, “R”, and “MTHK" are required for perforated sheet impedance model

onty.)

The following data arrays are required when the corresponding variables above are zero. The
number of values per array is equal to the number of increments as determined from the total
length and incremental length:

AAM{I)

ADHSI(}}

Mach number

Lined wall duct height (inches)
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POAC(l)  Perforated sheet fractional open area or number of polyimide plies
DCON({I)  Liner backing depth {inches)

DIAS{I) Perforated sheet hole diameter (inches)

THKC(l)  Perforated sheet thickness {inches)

MTHKC(l) Boundary layer momentum thickness {inches)

Subroutine “ATNSPL"

Subroutine “ATNSPL" is the control routine for the calculations pertaining to one duct increment.
Initially, if RMS impedance treatment has been selected, the RMS particle velocity for the desired
fining type is obtained by a call sequence to the “ENTRY" section of the appropriate impedance
subroutine. [f the discrete frequency impedance treatment option has been selected, the above call
sequence is skipped over, and the frequency increment '‘do loop” is entered.

The frequency increment ““do loop” controls calculation of impedance, eigenvalue equation
solutions, modal attenuation ordering, and attenuated SPL spectra for each frequency in the range
specified.

The impedance is obtained by standard calls to one of the impedance routines “iMPQD" or
“IMPPD". A parameter “TSP" in the impedance routine call sequence specifies whether the routine
is to calculate discrete or RMS particle velocity impedance. The impedance and other required data
are then entered to the subroutine “UX’* which determines eigenvalue solutions for the lined walls.

This subroutine returns the solutions ordered in terms of increasing attenuation. The subroutine
“RORDER" is then called if ordering is desired according to decreasing real part of the down
stream propagation constant.

The (n,0) moda! attenuations are next applied to the appropriate modal spectra. |f mare than one
hard wall mode is specified, the remaining eigenvalue solutions are obtained from subroutine
“HWDBS" and the resultant attenuations applied to the modal spectra. Finally, the attenuated SPL
spectra are synthesized from the modal spectra, and control returned to the “Mainline’’ program.

-

Impedance Subroutines “IMPQD” and “IMPPD"”

"These subroutines are the impedance models of the program. The models are semiempirical models
for perforated sheet and polyimide, respectively, with cellular air backing.

Each routine is set up in two parts — the first accessed by a standard subroutine call, and the second
accessed by an “entry” call. The second part is used to determine an “RMS" particle velocity for
the lining, while the first part calculates either an impedance from an imput “RMS’ particle
velocity or an impedance based on a discrete frequency particle velocity.
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Subroutine “UX"

This subroutine controls the calculation of lined wall eigenvalue solutions for one frequency. Th.
zero Mach number solutions are obtained from subroutine “RTZ" and are filtered for duplicate an
invalid solutions, The filtered set of solutions are then input to subroutine “MRT' from whici
solutions for the required Mach number are obtained. Control is then returned to subroutin
“ATNSPL"”.

Subroutines "RT2" and "NRAPH"

“RTZ" controls the calculation of zero Mach number solutions accomplished in “NRAPH". Th:
maximum number of modes possible is limited only by the size of the array “ALZRT" in “RTZ’
and “UX", and array A" in “ANTSPL". Presently, these arrays are dimensioned at 42, which give:
a maximum of twenty modes. If N is the required number of modes, 2(N + 1} is the array siz
required. “NRAPH" calculates eigenvalue solutions by the Newton Raphson method. The forms of
equations solved are: -

0=F — Ztan (Z)
0=F+Zcot(2)

where F is some complex constant and Z is the required solution.

Subroutine “MRT"

This routine accepts a filtered set of zero Mach number eigenvalue solutions and obtains solutions
for the required Mach number. These solutions are then ordered according to least attenuated
mode. For Mach number specified zero, the Mach # { calculation section is skipped, and the only
function of this routine is the ordering process.

The Mach = 0 solutions are accomplished in incremental Mach number steps. The number of
increments is based on a Mach number increment nearest .05 which subdivides the specified Mach
number an integer number of times. The eigenvalue equations appropriate to the duct geometry and
number of lined walls are solved for each incremental Mach number. The Newton Raphson method
is employed with modifications necessary to restrain the solutions to the first quadrant of the
complex plane.

Subroutine “"HWDBS"

This routine calculates the eigenvalue solutions for lined wall-hard wall combination modes having
hard wall mode numbers greater than zero. The soft wall solutions for zero hard wall mode number

are used as starting points. The Newton Raphson method is employed for the solution.



Subroutine “RORDER”

This routine accepts lined wall eigenvalue solutions in any order and orders them according to the
largest real part of the downstream propagation constants. These constants are calculated in

“RORDER".

Naming Conventions for Transfer Variables

Variables are transferred between routines through “‘common” statements and through the “call”
statements. The naming conventions for these variables are given here for program reference.

An unnamed common statement is used for the “mainline” routines and subroutines “INPUT",
“ATNSPL”, “IMPQD", and “IMPPD". In the “mainiine” and “‘input” routines, all names are

identical and are as follows:

AAM, ADHS,

POAC, DCON,
DIAC, THKC,
MTHKC

OSPL

CFRQ

SPL

TSPL

NSPL

, RMS

REORD

Arrays of input variables of which each array member
corresponds to a particular duct increment; the array names
correspond to Mach number, lined wall duct height, perforated
sheet fractional open area or polyimide number of plies, lining
backing depth, hole diameter, material thickness, and boundary
layer momentum thickness, respectively. The last three arrays
pertain to perforated sheet linings only.

Input sound pressure level spectrum. This array remains
unchanged throughout the program,

Standard, 100Hz bandwidth center frequency array (200 Hz to
10 KHz).

Attenuated sound pressure level spectrum.

Three-dimensional array of modal sound pressure level spectra;
the first index refers to the hard wall mode number, the second
to the lined wall mode number, and the third to the frequency at
which these modes are calculated.

Number of input sound pressure levels.

Number of lined walls.

Impedance option; RMS or discrete particle velocity treatment.

Modal ordering option.
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OVERMOD Option to treat fixed number of modes irrespective of cut.
considerations.

TL Total lined duct length {inches)

DL Duct incremental lined I-ength {inches)

DHH Hard wall duct height {inches)

G Thermodynamic ratio of specific heats.

TT Total temperature, degrees Rankine.

PT Total pressure, psia

ANPLY | Number of polyimide plies or perforated sheet fractiona! op:

area if these parameters are constants, otherwise Z€ro.

J Number of lined incrernents.

LOwW, tUP Index constants for the array “CERQ" indicating the lowest ar
highest frequencies for which eigenvalue solutions  will i
obtained.

PS Static pressure, psia

C Velo‘city of sound, cm/sec

RO Density of air, gm/cm2

PC Characteristic impedance of duct environment {cgs rayls).

NSWM Maximum number of lined wall acoustic modes to be treated.

NHWM Maximum number of hard wall acoustic modes to be treated.

X Lined length of treatment completed at any poi;\t in the progra

DHSI Soft wall duct height of first increment.

TSR _ Static temperature, degrees Rankine.

The only differences in naming the common statement for routine #ATNSPL" are for varic
names “AK" and “J" which are renamed “AKDUM’ and “JDUM’, respectively. In “ATNSPL"
“variable names “AK" and “J are used for other purposes and have no relationship to the va
used in the “MAINLINE" and “INPUT" routines.

The “commons’’ occurring in #IMPQD” and “IMPPD" differ from the above representation in
only the following variables are required, and all other variables are unused:

36



“CFRQ" (renamed “FQ")
llSP Lll
“NSPL"

Variable transfer through the “‘call” statements occur between the following routines:

From “ATNSPL" 120 MG ETV”, MG ETVPP", “lMPPD", HIMPQD", “UX",
“RORDER", “HWDBS".

From “UX" to  “RTZ"and “MRT".

From “RTZ" to “NRAPH"

The variable names and meanings for these transfers are as follows (names in parentheses indicate
name conventions in the called routine where differences exist).

Calls from “ATNSPL"

“GETV" and “IMPPD"

POA {(PLY)  Number of polyimide plies

V(VP} Particle velocity (cm/sec)
AM Mach number
RO Density (gm/cm/cm)

TSR(TSDR) Static temperature {degrees R)

D(BSP) Lined wall backing depth
’ C Speed of sound
PC{ROC) Environmental characteristic impedance (cgs Rayls) ’
’ FTPI Logical variable indicating first frequency pass through {MPPD
FRQ(F) Frequency

TSP{TSPL) Real variable indicating method of particle velocity treatment

ZZ Calculated impedance
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"GETVPP" and “IMPQD"

The variable names and meanings are the same as for “GETV" and “IMPPD" w;:
the following exceptions:

POA Perforated sheet fractional open area
TT Total temperature {degrees Rankine) |
PS Static pressure (psia)

THK, DA Perforated sheet thickness and hole diameter, respectively

MTHK Boundary layer momentum thickness

“ux”

FRQ{F) Frequency | .
AM Mach number

H Number of lined walls

C Velocity of sound

DBN Modal attenuation rates

MCUX Number of lined wall eigenvalue solutions required

Z{ZS) Modal lined wall eigenvalue solutions

NN{NS) Variable indicating sequence of symmetric and antisymmetric mod
DHS(S) Lined wall duct height

FSMAL Combined admittance, frequency and gecmetry parameter
ZZ(Z) Lined wall impedance

“"RORDER"

The variables are identical with those of “UX" immediately above except for ¢
- following:

AK wic
G Duct height parameter
z : Modal lined wall eigenvalue solutions -
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“HWDBS"

Z(R}) Lined wall eigenvalue solution

DB Model attenuation rate

N Variable indicating symmetric or antisymmetric mode
AM : Mach number

FRQ Frequency

C Velocity of sound

K{M} Hard wall mode number

DHS Lined wall duct height

DHH Hard wall duct height

FSMAL Combined admittance frequency and geometry parameter
H Number of walls lined

Calls from “UX"
H RTZI‘I

ALZRT Zero Mach number eigenvalue solutions

MCUX({NALZ} input is number of modes requested, output is number of eigenvalue
solutions supplied

{Variables “FSMAL" and “H* are identical with those of “HWDBS'' above.)

= RIM RTI’

ALZRT(ZRT) Zero Mach number eigenvalue solutions input as starting points for
‘ nonzero Mach numbet eigenvalue problem
RK wlc

All other parameters are as defined for inputs to “UX" and retain the same names
except “MCUX" which is named “NROOT"” in “MRT".

Calls from “RTZ" to “NRAPH"

FSMAL As defined for “"HWDBS"
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Z(ZS) Starting point for eigenvalue solution
ALZRT{ZF) Eigenvalue solution

The variable “N” in routine "‘NRAPH"

indicates that the sclution is required for a symmetric or
antisymmetric mode.

40



APPENDIX 111

PROGRAM LISTING AND SAMPLE PROGRAM OUTPUT

41



eEala Xl

(@]

ke NNISF 51)PPRFESSINY - MUL TIMONF ANALYSIS =

JUPPM) ks

SINGLF LININA PALYIMIN NF PERF SHFFY INDMEYT AN A-2R-T
VARTARLE rHATASTERISTICS ALNKNG DUCTY LENGTH

NTMEFNS TN PRYI{NOSY

REAL MTHK , MT4KD

INTEGER FIRST F

COMMNYN AAMISN), ADAS{SN), PAAC[FC) y DCONISONY, NTAS

THK" {50, MTHKC{50)

NGPL, W4, RMS, REORD, OVAMOD, Tl

I VRN

NGWM, NHWM, X, DHSI, TSP
NIMENSTINN PLY({SN)

TT' DT' &'\lpl\’. J 1 ang H.JDO pSt C"

nsPy (93), CFRO(99), SPLL99), TSPL(A+20,97)

NDHHe -
20, m

EAIVALENCE (NPA NP, PNA, POAC(L), PLY{Y)), (AM, AAMI1))Y,
1 {NHS, ANHS( 1)), (D,NCON(1I)L{NTA, DIACLYY)

» | (THK, 2, T4KZ(11), (MTHK, MTHKCO1D)

EAUTVAL FNCE (VMATH, AAM{2}), (VDHS, ANDHS(2))., (VOPA NP, P71

L]
1 {vn LNTIAINT2YE, (VDTA, DTACI2Y), {VTHK
? [YMTHK MTHKC{2)}
CALL InNPUT
X = DL
It = 1
DHSY = 0HS
GO TN 40
a8 X = X + DNi.
e = 101 + 1}
TF (YMACH MEL, Taf) AM = AAM  {IDL)
[F (YNHS LNF L, N,0) NHS = ADRHS (TNLY
1 (VOPA ND _NF, 0,7} PDA = POAC (IDL}
tF (VD NF. a0 ) = DCON {TNLY}
IF (VN1A NFEL PN TR = NTAC (INU)
Ir {VTHK JNE, FaMY THK = THXKC (T1DL)
{F {YMTHK JNE, N M) MTHY = MTHKC{TNWY
1F (VYMArH EQ, .7 . GO TN 40
PS= Y J{L06(N =1, N)eAMKAM/2 MY xx(C /(G ~-1.01)

TGR= TT/{1 . ¢(0 =1 . NxAMEAM/D,0)
TS = 272,1A45.0/2,n%( TSR-401.69)
C = 23145, N%SORTITS/273,16)
RO = P2TANA/TSHEDS /Y L1326586%1 ,293F-3% ERCLT,
P = RO=*C
&n CALL ATNSPL
N s 1 = LW, TUP
59 NINCTY = OSPLITY - SPLLY)
WIITTF {(A,5} X .
W2TITE Lé,7) (CEP(TY,2a0(1),T=L0W,TUP)
WRITE (Y, S} X
W2ITE (1,71 (FFRNOITILMIDLEN,I=LOW,TUP)
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RO

01

T9

5
;
13
15

17
Rl

IF {(ABSIX=TL) LGT, r.1} 50 TO 38

WRTTF (£,13)

WwerTe (1,12}

FIRST F = 1N 2 NW + 10N

IFiesT = LMW

LAST F = MINRIFTIRST F & 200, 100%TUP & 170)
TLAST = MINA{TFICST + 2, 1UP)

WITTE {&,81) FIPST Fy LAST F, {SPLIT),T
WRITF {1,981} FIRST F, LASY F, (SPLIT},I
{F (TLAST LEQ. TUuP) 5N TO 9N

FIRET & = LAST F + 109

[FIRST = TLAST + 1 -
G) TN 8¢

MY = 1P =1

N 10 1 = LOW, TMY

NARO{T) = (NANITY + NRN(TI+I1) /2,

IFIRST, TLAST)
[FIRSY, TLAST)

CFRQ(IY = (CFRQ(TY + TFRO{I®1N}/2.
WREITF ( 1, 15) X

WATTF { 1, 17 (DBO{TT.I=LOW,TM1)
STOP

FIRMAT (*' DA DIFFERFENIFE AFTERI,FR,2,' TNCHES OF 1 INING?,.//)
FARMAT (¥ VY, FA N, F1N,2)
FORMAT (1 FRFOUENCTES FINAL SPELTRUMY) ‘
EORMAT {*n TR NIFFERFNIES (SMNOTHEN) AFTFRY,F6,2,' INCHES OFY,
1 * LINING!'/ 7/}
FORMAT (v ', 5F10.2)
FNRMAT (0, T4, * TO', 16, 4F11.2})
END
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CDUCER

>

e P

?

SURRMNT INF INPUYT

RE AL MTHK, MTyKr
INTERER FIRST F )
COMMMY AAM{STY), ADHS(SD}, POACIEC), DCONISO), DIACC

THKZ (SN ) y MTHKC(S0)
NSPLI{S9), CFRO(Q9Y, 5oL {99), TSPL{6,2N,99),
NSPL 4 #, IMS, REORD, CVRMDO, YL, DLy DHH, G,
T7, PT, ANPLY, J v LOW, Tye, P, ¢, v, pr,
NSWM, N4WM, X, DHS1, TSR
DIMENS ION PLY(SN), SPL NAM(1R)
FIVIVAL ENCE (PA MDD, PIAZILY, PLY(1))Y, (AM, AAML[])),

(DHS, ADHS{1)), (DeDCONTYI YL INTA, DIAC{1)},
? (THK, 1y THKZ(L1))y (MTHK, MTHKC(1)) .

CAMMON /NINZ NJINE?, 99)

[ L N R

FIUTVALFNCE (VMACH, 8AM(2)), {VDHS, ADHS(2)}), (VOPA Ne, PnoAC
1 {vn fLDCAINT20), (VDIA, DIACL2)), (VTHK s THKCI
? (VMTHK MTYKT [2))

SFY CONSTANT VALHF FLAGSEVARTATION ALNNG NUCT LENGTH TF NO,

VMACH = AN

VNHS = NN

VIPA NP = NN

vn = AN

VDT A = O.ﬂ

VT HK = "N

VY T HK = 0,9

DIMENSTION TITLE (18}

READ {5, 4) TIYILF

READ (R,23)A,S5WM, HWM, H, PSPl,s RMS, REORD, NYRMON

NSPL = A

TF UPSPL JFQ. D71 GN TN 44

N 43 ¢ = 1, NSPL

43 SPI (1} = o5p(
6N TN 48 °

44 PFAN {5, 4) SDp Naw -
READ (5, 2%) (SPL(Y1), [ = 1, NSPL)

45 IF (HHM oFgu q-ﬂt MM = 1.0

HAM = AMIN] [(&£,7, HWM]

NHWM = HWM

IF {SAM .FQ. 0.0) SWM = 1.p

SWM = AMINT( 20,0/, SWM)

NS WM = SyM
¥ =1
N 44 Jd = ll 2n
M 46 1T = 1, NSPIL
45 TSPL{KyJeT) = r n
CERQIL1Y = 2nn,
NI &6 1 = 2,NSPL
56 CFROTTIY = CFROLI-1) + 10N,

QFA” !5'21) TLt DL. DHH, Gv TT’ PT. Al &

a4



(e Re e

69

63

™

71

WRITE (1, 32) (PDAT (1), 1

T7

72

T3

IF {NIA NFE. 0.1 LR,

o= (TL ¢« 0,10/

READ {5,27) ANPLY, AM, DHS, NPA NP, D, DA, P, MTHK

W2 ITF (&, 1) TITLF
WRITE (1, 6} TITLF
{F (ANPLY FN, 0.7} WATTE U6,

?

}

IF (ANPLY NE, ".0) WALITE (6, 3)

WRITE (€,5)

LW = A/100, -.9

IF (LOW .FQ. 0) LDW =1
fup = B8/100, ~.9

IF (TupP FN, M) TUP = NSPL

WEITE (&, 97 NSPL, NSWM, NHWM,
WRITE (1, 9) NSPL, NSWM, NHWM,

WRITE {46, B)Y TL, DL, IHH, G,

WRITF (1, R} TL, I)L' FI4AH, G+

WREITE (£,1C1 ANPLY, AM, NHS

HRITFE (1,1Nn) ANPLY, AM, DNHS

IF LANPLY JNF, 0.0

WRITE (&£, 11) OPA NP

WRITE (1, 11} NPA NP

MRITE (&, 14) Dy NIA, Ry MTHK

WREITE (1, 14) N, NDTA, T, MTHK

6N TO 69

WRITF (&, 12} NPA NP, D

WRITE {1, 12} NPA NP, D

FIFCTY = AMINT (ABS{AMY, THS,

IF (AM _NF, N,0)

READ 1S, 23) (AAM (1T

W2ITE L&, 3AN) (aam (1Y

WRITFE (1, 3n) (Aam  (f

IF (NDHS.NF, 2.1}

REAN (5, 23) (ANHS {1},

WRITE (€y 21Y (ADHS (1}, 1

WITTE (1, 31} CARHS (T3,

fF {(NPA NP NFE, N.7)

READ (S, 23) (PNAr (11, 1

[F {ANPLY NF, N}

PERFNRATEN SHFET *PER TFENT

INTERMALLY, FRATTIONAL
EXTERNAL LY, PFR CFNT

WRITE (€, 22} (ONAT (1), 1

- - @
—
W noH

oW n

6n 10 71?2
POLYIMID « NUMRER NF PLYS
WITTE (&, 37) (PLY (1),
WRITF (1, 37) (PLY (1), [

IF (D NEL NN
READ L=, 272) (DCON {T), I
WRITE (&, 273) (DCON (T), I
WRITE (1, 22} {NCON (1), 1
AN

-
1

U LI LI}

»\—%pim O-‘FFEEEH 45

BJLD{Q,\_,U "Fo GE, IS ?()Qrw
C}u-—

Hy
Hy

ry,
YT,

PSPL, RMS, REQRD, QOQVRMOD
pPSPL, PMS, RFORND, OvaMON
PT, CFROILOWY, CFROLIUPY
PT, CFROILNWY, CFRO(IUP)

G YN AR

NPA NP, N, DIA, R, MTHK)

1,
1+
le

e

1l

1,
1y

1,
1

1.
| o
1y

41
J1
J)

Jb
J}
J)

)

a0 TN 70

GO o 71

GO YO 72

G0 TN 17

NPEN ARFAS

J
Jb

Ji
J)

Jb
Jb
J)

Gn 1T T2

LY JNE. B.C) GO TO T4



T4

75

76

79

AN

129

130

1
2

READ {5, -27) {DTAC (1), T =1, 3}
WIITE (£, 3&4) {DIAC (1}, 1 = 1, J)
WIITF (1, 24} (PIAC (T}, T = 1,4 J)
TF (R NFE, N.0 IR, ANPLY (NE. 0.€C) GO TN L)
RFEAND (5S¢ 22 {THRLZ (11, I = 1, 4}
WRITE {6, 3F) LTHK (7)), T = 14 J}
WRITE (1, 391 {THXC (Fd, T = 1Y, I
IF | MT HK NFL N.A VIR, ANPLY JNF. 0.0) GD TO T6
RFAD {5, 23} {MTHKR(TY, T = 1, J)
WRITTE (&, 26} {MTHKC(E), T = 14 N
WRITF {1, 3&) (MTHKCI{TI), T = 1, J

[F (PSPL LNF. Q.M GO TN 120

[F {EJEFT NF, £,°) GN TN 79

WRITE (6, &)

WRITF (1,6)

WRETF (6,12} SPL NAM

WOTTE {1, 121 SPL NAM

FIRST F = 200

(FIRST = 1

LAST F = MINA{ETIST F ¢ 300, 1N0*NSOL + 170)

[LAST = MINA(TFIRST + 3, NSP1)

WRIITE (€,81) FIRST F, LAST F, (SPL{T),f = [FIRST, ILAST)

IF (LOW JLF. TFIRST AN, [FIRST (LF, TUP ,NR,
LOW LF. TLAST  .AND, TLASY LLF. [uP}

WRITF (1,81) FIRST F, LAST Fy (SPL(1?, 1 = IFIRST, [LAST

1F {TLAST F2. NSPLY A0 TN 127
FIRSY F = LAST F + 100

TFIRST = TLAST + 1

G T 8’0

WRITE (6, &)}

WRITE (1,46)

CONT INVF

ps= 0T JU1.0400 =1.01%AMEAM/2 O)X&{G /(G =1,0))
TSR = TT/(1.9 ¢ [ = 1.0)%AM®AM/2 0O)

TS = 273,18 & B . N/3,0({ TSR — 491 ,469)

€ = Y3145 O%xSNRTITS /273,161

RN 272, 16/7Q8PS /] 0L 326E6%1,292F 0% L8047,

pr = R*C

WRITF (£,19)

Ny S0 1 = LNwW, TP

SW ={2.7%CFRO(TIANHSKk2 5S4/ + 1,0) /7 SORT(1.0 - AM%AM)
Hid = {2 *CFRO[T)ENHH%®2 ,54/C + 1.0) /7 SCRT(1.N — AMxAM)

| H

IF (SW .GT. SWM .02, NVRMAD .GT, 0.N} SW = SWM
fTH = HW '
1S = 5w

TF (T4 7T, M) TIH
TF (1S LT, 10 1S
A 1S

4 SPLII) - 1C,.,*ALOGLI(AX*TH]

1
1

N

.. o THE

N
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15
IH

NINTY, T
NJNE2.1)
nn 22 L 1,18
py 2?? K 1.TH
27 TSPUL{K,L.T1) = A
WRITE {&,711 CFROLTY,
s NSPL{TY) = SPLUT)
RETIIRN
EIRMAT (t1x$%exF*,1RAG)
EYRMAT (0 RFCTANGULAR ANAL YSIS -
FAQMAT {1r  AFC TANRULAR ANALYSIS -
FORMAT (1RA&L)
FNRMAT {11 INPUT DARAMITERSY)
FORMAT ('1',1R84)
ENAMAT (0', Fl3l.6y

GEl 4,6, 6Xo?INCRFMENT LENGTH//

FF164.6, 6XytHARD WaLL DUCT HETGHT//

QFY 4. by Xy ?GAS CONSTANTY/

QFLb by E&X,VTATAL TEMPERATURE * f

TFla.6, £X,"TATAL PRESSURE '/ /

CFL14 .6y

NEL&.by

G FORMAT {79,113 '
o Tla,
HT1 4, BX, TMAX TMUM |
3 Fl4.6, EX,'NUMIEZ OF WALLS LINEDY /)
JF14 .k, EXy TUNTFDRM spLr//

KEva,6, 6Xy"RMS PARTICLE VELOCTITY®*/
LFt4 .6, FXy*RFORDFR APTINNY/
MFl4.be EXe *NVFRRINE MODF OPTION® /)

10 FORMAT ('"°
1Fl4.64 £Xo
FFlbd by &Xg'SOFT WALL

11 FORMAT {2PFl4,6s &Xo

12 FNARMAT (Flé.bhy EYX,
1F14.6, 6&X, YRACKING SOACE*/%1%}

13 FIOMAT (11X, 1RAL 1 FAENUENCIES

14 FNRMAT {(Flbohe FXy MATKING SPACEY//
YF14,6y EXeYHNLE NTAMETC R/

AF1 4.6, 66Xy 'MATERIAL THICKNESSY/
TEV4 6, EX, YMOMENTIUM THICKNFSSY /1Y)

19 FIRMAT (*0 ROUAL PRESSYRE MOTAL SPLY/
'n EREQN NUMAFR 0NF NUMBER NF
2 ' SNFT WALL HARD WALL

21 FIOMAT {1X,e Fh.Ny 16y 111, F13.1)

23 FORMAT {9FR,7}

20 FARMAT ('0 WMACH NUMAERS

A1 FORMAT (0 SNET WaLL DUCT HFE IRKTS

22 ENAMAT (0 PFRCENT NPy ARFA

43 FIRMAT (0 BACKING SPALFS

14 FIRMAT ('0 DEAMEVERS

H o

NJNTL Ty

PR N B R e

*MACH NUMRER®//
DUCT HEIGHT*/)

NJN{Z.81

BX, YMAX T MM NUMIER OF SNFT WAL
NUMIER OF HARD WALL MY

EACH MNNDE!

PERFEORATEN SHEFT MONELT)
PALYTI MIDF MODEL')

EX ' TOTAL DUCT LENGTH®/

X, tLOWEST ERFAUENCY COMSIDFREN'/

LY, "HIGHFST FRFQUENLY CONSINERFD'/)
HX 4 *NUMRFR OF Sppeesr//
MORES CONSINERFD®/
NES CONSINERFEN®//

’ F13,6, 5%, 'MODEL SELFCTOR®//

SPERCENT OPEN ARFEA'/)
INUMRER OF BNLYIMID pLYSY 7/

SOUND PRESSURE LEVFLS®)

SPL FOR'/

*/19F12.A1)
Y/ 1aF12.51))
V/{2PFLIZ2.60)
1/ (9F12.51))
YI{OFL2.A0 )

TSPLIleY 0}

fﬁ!.?(bX.'MODES')/II



a5 FORMAT (1A THICKNESSES «71afF12.60)
af FARMAT (0 MOAMENTUM THICKNESSFES v LOF12.60 )
27 ENRMAT (10 NyMARFT OF pALYMIN PLYS?/(OF12.61]
Ay FIRMAT (eAt, Tay * TNt. T6s 4F11.2)

END

A8



SURPNUTINE ATNSPL

RFE Al MTHK, MTHKC, PI/3.14159/

INTFGRER FIRSTY £

COMMNY AAMISD) , ADHSISO), POAC{SC), DCNNISNYL, NTACIRC ),
1 THKE (BN ), MTHKC (50)
2 + NSPLI99), FFRO{99), SOL{Q"), TSPL(6,27,991,
3 NSOL, H, 2MS, RENRD, OYRMAN, TL, Nt, DOHH, AKDUM,
4 TT« PT, ANPLY, JNUM, LNW, tUP, PS, C, RO, PC,
5 NSWM,. NHWM, X, DHS1, TSP

DIMENSION PLY(&Er)

FOUTVALENCE {nPA NP, PNA, POATC(1), PLY(TI)) . tAM, ARM{1)},
1 {NHS, ADHS{1) ), (D«NCANLTY ), (NTA, DTAC(L)),
2 {THK,s Ry THKI{1})y (MYHK, MTHKLC(1))

FQUIVALFNCE (VMACH, AAMI2}), (VDHS, ADHS(2)), (VOPA NP, PRAC(2)),
1 (VD 4DION(211, (VDIA, DIACI2) ), (VTHK o THKC{2)},
? (VMTHK (MTHXKC{21) o

COMMON  /NIN/ NJIN(2,00)
COMPE EX 204?),FSMAL,FS, 77, SAVE 77
DEMENSTCN DANC4?) 4MN(42)

vV = 49,

FYer = ,TRUE,

TF (RMS LE. M.} 60 T 50

WRITE (¢, 19)
19 FNARMAY (11v)

TF {ANDLY NF " ,N)CALL SETVIPNA,V,AM RO,TSP DL ,PC, +52)

CALt GFTvPO (PNA, v, &AM, TT, PS, THK, DIA, MTHK, N, r, P}
50 PO TA 1 = LOW, TP

TS0 = SPLLT)

[F (RMS tF, 0,) TSP = -TspP

FRQ = CFRO(T)

TF (ANPLY _NF, N} CALL [MPPD (FTPI, FRD v PNA, VvV, AM, RN,

-’

1 - TSP, Dy €, Pl TSP, 27, +55) .
CALL TMPQD (FTPI, FRQ s POA, Vv, AM,
1 TT! pS'l THK! nlﬂf MTH’(' n' f:| pCo Tsp' ?l'
55 WRITE{4,S) FRQ, 77, V :

A = 0,0

NS =(2, 2%FROENHSTI®D 84 /0 4 1.N) /7 SOPT{1,M - AM&AM)

NH ={2, 2FP&NHH®ED 54/ + 1.0)7 SORTI1.0 = AM®AM]

TFO NS GY. NSWM ,0R, NVIMON ,GT, C.0) NS = NSWM
CIF INH LGT. NHWM 0B, NVIMAN ,GT, 0.0) NH = NHWM

TF (NS LT 1) NS =1

IF INH LT, 1) NH = 1

MCUIX = NS

CALY UX (FRQ, AM, H, 2, NRN, MLUX, Z, NNy, DHS, FSMAL, 77)
WRITE (&,5) (704),DBNIJI) o NNEJY 4 0=] ,MCUX)

AX = 2 % tCFRO{T1}/C
“REPRODUCIBILITY OF THHE
- ORIGINAL PAGE IS POOR

1



f; = DHS®2,54/H
tF (REORC .GT. n. ) CALL RORNER {A“glK'G.HCUX'?'NNyDBN’
M = MINO(MOCUY NS,y NJNT1,1))
MNH = MINTONH, NINT2,10)
W2 ITE [£47)
1€ (NANT1Y} MNE, DARN{2Y) 60 10 21
{F (QFALI?{lii‘-NF. aeAL{7(2)) «AND. AIMAGLZI (L)) NE. ATMAGLZ I
)] N 1O 21
W2ITE (4, 22) CFRO{T)
DBN'I‘ = NN '
22 FneMaT (! FNR FRFAUENTY =t, F10.14 ¢ ERRDOR . DUPLICATE SOLUTIM™
1 ., NN ATTENUATTION APPLIED FNR PNF OR THW( MONFS T}
- 21 MAULTE (Ee6)
nn .20 J = 1,
TSPL Lo delY = TSPL( 1,010 = NRNIT JI#*0L
1F [{NH JEND., 1) AN TN 20
N o= NNTJ)
£ (ORN(JY LFO. n,y KD TOH 20
pnN 19 K = 24NH
CALL HWDRS (Z(J"DqvV'AMoFRQvaKvnHSvQHHiFSMALtHvFS}
WRITE (E47) J.K.ZIJ).DE.N
10 TSOL{KeJsy T = TSPLIK 1Y - a1 L
268 CANTINUE
NS = MIND{NS, NINTTL.T) )
pn oAt Jd o= 1 4NS
DN 20 K = 14NH
2N A= 4 4 lﬂ.**tTSOI(K.J.IlIIO.l
spe(tly = ?P.*QLﬂﬁlﬂ‘h)
1F (MOD(T-LIW, 2) JF2. 1) WRITE (64 ?)
1A CINTINUE '

WRITE (&,1) X
"EI{RST F = 209
{FIRST =]
r LASY F = MINA(F IRSY F 4 100, YOORNSPL + 100y
11 AST = MINNUIFIRST + 1, NSPL)} -
wR TTF (64RY1) FI{RSTY F, LAST Fe (SPLITH,T = {FIRST, ITLAST)
TF [TLAST .FO. NSPL ) RETIRN
€1RST F = LAST F & 107
tF1osST = TLAST + 1
N TN RN
£1 FARMAT ('Y, 14, * TO'y 16, 4F11.2)
1 FIRMAT (*) FRFQUFNC TFS NFW SPECTRUM AFTER?, Fo N,
1 v INCHES NF LINING®)
2 ENRMAT {'R")
3 FNRMAT {vnv 1PRF17. %)
£ EIRMAY (*F ROANTS AND NI JINY S/

1 20 7P FAL 71 MAG DBN NNT D/
? 3{1PF14.5, 13.5, NPFR .4y 131)
& FIRMAT (? SWM HWM  TREAL T T¥AG DRN WLIL

7 FORMAT (15, T4, 1PF14.5s F1345y OPFR G, 12)

50



9 EQRMAT ($0171 EREQUENTY *o Fh.Oy ¢ H7Y/ ! IR 21V o 1P2E14.5,

1 ] VY, FI"’OS‘
END

5l



C

SURRNUT INF TMPOC(FTPI,F PLY VP, AM R, TSOP, RSP ,C,ROGC,TSPLYZZ, s,
IMBENANCE — PNLYIMINE ' TDMay -
CaMpPLEX Moy X, 77

LtNGICAL x4 FTOY

DATA PT/3,141%09/ .

COMMAN AUNCH{44G), FRU99}, SPL{99) ,MORE{]1]1ARA), NSPL, THE,REST,
NTMFENSION PSPL{en)

COTEX)=C0SIX)/SINTX)

D=RSP

P=2,2F=4¥]r & [ARSITSPL ) /20,)

TKO=2 D[ *F /L a0%x2, 54

1TH=A

IN=0 ,

[F{.NIT,FTPT) GN T 5N
U=3.1TE-P/2.7298TSNR %] 52734, 7/({TSOR+216, )

- RVNC=464C, 2P Y%x%] 333

1

50

41

70

60

VOGF= OR*C®AMEAM/(RVDZ /RIC+ SORTU{RVNC/ROC) %2 +, T *PLY®DLY *AM% v
IF (TSPL LT, NN} WIITF (&£,1) VPGF
FARMAT ('~ GRAZING FIW PARTICLE VELDPCITY =%, F11.4,' FRIIM Si{jRpo:
1 SNUTINE TMpoOne)

FTYPTI = _FALSF,

CONTINUF

RIAC=2,FExQN%P{ yxD{ YEYpP

RVAC =% [, INGRD| YAD| Y &F '

R7 =R TAC4RVAC +2 VNI
RY=ROEF*([,S49%PLYX%]) 55, 1 2FE-S4P L yaIkyp}
IF{TYSPL.CF.N.1 617 TN an

RZIPV=RIAC/VP

RXPY==5 _ 17F-5%R MNxD| YekA%x[F

LT =CMPLX{RT AX=RACKXCNT{TKD) )

OAR = CARSt?77) .

SORTY = SNRT(VYPAFE%? &+ (P/QAR)*%D)

FNR = YO « SNRTY

PBO7 = -2./QARKRLH(RI*RIPY + RXERXPY)*P%p
FNRP = ].,0 - PPO7* 6/SORTV
VPNzYP—FNR /ENF P

IF{VPN.LT.N,) GO TN 41 .
TFLLARBS(VPN=VD )= NACLEYD) I TN, ) GO TN &0
TTN=ITN+]

IF(ITN.GT.HNY GN TN 7N

VP zypYy .
G 1O sn .

VP =1,9

IN=TN+1

FF{IN.GTLAY GO TN 70

G TN sn

CANT INUE

7 = 17/R0C

RETURN

CONT INUF

Ir = 77/RNC

b2



RN

17

15

VP=ypN

RETHON 1}

TEN=2,%PI*F /r*R<P%I &y
ZZ=CHDLXIPZ/ﬂOC.RfonC-CﬂT{TKD)l

RETURN

ENTRY GFTV (PLY, vP, awm, 0, TSNR, RSP, C, ROC, *)
M S 1 =1, NSPL

PSPLITY = 2 PFw b 1N X (SOL(T)/20.)
UtB;ITE—EI?.'PQ*TSGDttl.5*734.7I(TSPR+?IB.I
NCM = BSP = 2,54

RVYDE =464 syspp vex] 2113
VDG==.05*C*AM*5M/¢QVDt/?DC+SQﬂTt(RVDCIPnrl*t2+.71*DLv¢PLY*AM*dHIl
HRITE (&, 1} VOGF

T = 2,0%p71 /0

Ve = 1an,n

RIAC=2,Re*RNXD| YRDY vxyp

POZ =N,

POZ=0,

nm 15 1 = 1, NSPt

TROD=TK&FQ( 1 )*DCM

RVAC=U* . 2NEC4D| Y01 YREN({ ]}

RI=ATACHRVAC+R YD
R!=PDtF0(Il*(.EQQ*Oth*1.5~5.IZF-E*PLY**?*VPE
II=CMPLXIR7 R X=RACRCOT] TKNY )

DAR=CARS(77) '
PITF={DPSPL (1) /0AR) %%

POZ=P07 +PD7F

ﬂZI=—5.!BF-S*PD*DLY**‘*FO(I)
PIR=2,8E%PN&D yYaD| v
Dnnz=Dpnz-2./0Aa**4¢{zz*ozn+nxtnzrl#PSPL{Ii*DSDL(l)
SORTV=SORTIVPGF*VPGFePn 7)

FAl=yP -SNRTY
FAIP=] =~ PPOZX.5/SORTY
VOl  =vP  -FAl/FAlP
TFLABSIVPL  -VP ) LT,.N001%VP ) RETURN |
VP = vpi
Gh 70 17
FND
&
Qﬁ‘jj&/
P
e >
PN
QR
SSp
RS

o™ 53



SUARCYT TNE IMPQﬁ[FTP!.F.DGA.VP.AM.TT.OS.THK.D!A.MTHK.RSP.C.
1eNC, TSPL,27) '

c {MPEDPANCE - PEOFN2ATED SHEFTY 7DMOTT
COMMON RUNCH{449) FOL39Y, S°L€qq!.MﬂﬂFtl1BRC}. NSPL, THFRFSTI22)
NIMENS INN PSPL{ <R} ‘

COMPLEX CMPLX.17
LOGICAL*4 FTOI
REAL MTHK
NDATA o1/2,14159/
ch(x1=c05{x1/S!let
P=2.2F-a#1”.t#(ARStTSDLIIZP.t
T<0=?.¢PI*F/E*RRD#?.54
[TN=D
N=0
IF{ .NONT.FTPTY GO ™m s°
"H'-:TT.’S]Q-
PP 2=P1/2./SORTL2.)
DFL:PSIlé.T
F=1.ﬂ251tl1./DnAtﬂz-lifDnAtt.lexDl.€n72tTHKID!A)
DV0C=.G77#THKIDFL!DGA*TH*THIITH+.416)
Ry ?2=0YNC/2.
VDGF=(.q?ﬁ*.”‘ﬁ*othIMTHK)*C*AM*&HIlﬂV?+SOPT(PVZ**?+1.?25+.?5R*DIAl
l,lﬂ'HK )#F#\Mt,&u ¥
2 % N.5
£ (TSPL LLT. f.NY) CWATTE (6.1} VPGF
1 FNAMAT ({*C RRATING FLOW PARTICLFE VFLOCITY =%, F1Y.4,% FROM SURRY,
1 Y TINE tMPQIT]
FYD] = JFALSF.
5 FONTINUF
G = 2.54 * NTA * £ % DNASVP
RIAF=D°2*VPIC*E*FXD(-1.S*SN*SNl
Rvac=3.PBF-G*TH**.TSt%QQT(Fa*(rHKInIA+1.-Dnn|ItDnA*SQRT(nEL#iTH
1+.41€0))
R7=(R1&r+PVAC+QVﬂFi*POS
nLT=.85*C1A*!1.-.T*SQRT(DOAI)-1.2F-SIPOA*VP
'F'DLT‘LTOQO’ D’l T:nn
. ﬂx=a.69F—&I°ﬂA*FIQQRT(TH}*{THK+DLT)#RH(
TF(TSPLLCF. 0. 60 TN RO .
. ARy = n!acIVD*t1.+3.6tSNtSN)tnnc
Pxpv=-ﬂxrtth+nlT!*l.?E-ﬁ!Pon
1F {DLT LEQ, 0.F) RXOV = N0
71=CHDLXI?Z;RX-PDC*CGT1TKD!!
QAR = CARS{ZII)}
SNRTY = SQQTIVPGF**Z + (P/OAR)I%%2)
FNR=VYP-SQRTV :
pPNZ = -Z.IQAR**Q*(RE*IZPV*R!*RXPVI*P*P
FNRP = 1.0 - pPNTX, 5/SIRTY
VPN =YP=FNR /FNRD
[FLVPN.1T,.0.) GO TN 4l
IF(IAHS(VPN-VDl-.ﬁOGI*VDP.lT.O.t GO TN 6N
ITN=TTN+1

REPRODUCIBILITY OF THE
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41

7

71

60

an

17

IFIITNL.GT .5 GO TA 70

VP =y PN

GN To sn

vh=1.0

IN=TN+1

IF (AM NE, N,0) VP = VYOGF & 1.0

IF{IN.GT.3) GO0 TN TN

G TN sn .

CONT INUE

WRITF (6, 711 IN, ITN

FNRMAT (Y RETIANED VIA 79 FROM TMPQD TN =',13%, * ITN =%, I3}
IT1 = 12/000 '

RETURN

CINT[NUF

77 = Z1/R0C

VP =yYON

RETURN :

TD=2 , %P IkF/CxASDRD 54 '

IT=CMPLYX(RZ/PNC ,RX/ROL-CATITKDY)

RETURN

ENTRY GETYPD (PPA, VP, AM, TT, PS, THx, D1A, MYHK, RSP, C, ROC)
N & I = 1, NSOL

PSPLITY = 2,2F=4%10 2 (SO ({T)/20,}

REAL K = 0% 4+ 11%N[A/MTHK

TH=TT/®YS,

pPR2=PI/SQRT{A4,0)

NEL=P5 /14,7

Fzl,.N251%( ], /PNA%%2-1)/PJA%x%, IIFXPI.GPTZ*THK/DIA}
RVNC = RVNC/(2ROC)
RYDC=,0TTRTHK /DFL&THETH /(TH+,416) /POA/2.0

VPORF=N ,S%kRFAL KECHAMEAMS(RYNC+SORT{RVNC *22 + ,5XRFEAL KEEXAMIAM]) )
2 * 0,5

WRITF (&4 1) VPGF

ve = 100,0

N =

PO =1, )
PNZ1=0.

IN = IN + 1

DY 15 1 = 1, MSPL

TKN=2,%P1xFN{ 1)} /CXACDXRZ R4

RYAC= ,COCOARARTHES TG*SQRTtFot!i}!PnAfSOPT(OFL*(TH+ 616))
1 TR THK/NTASY ,N-0NAY)

SN = 2,F4%DPTAXFO(T ) «POASYP
RIACE=PPIXYD FCAFAFE XD (=], Rk SNESN)

RI=RIAC+RVACHRYNC +R VDL

LT = AMAXY L AR%NTAX{]) "= _TxSORT[{PDA)}Y-—, PPﬂ1I?*VP/POA. NNy
BRY = JCCCAEFITIIX{THR+DLT)

BY = 0COLEMFRITI*{THRNLT) /PNASSQRTITH)
FI=CMPLY(RZ ., RX-CNT{TKR} 1 #R0OC

NAR=CARSLT77)

PRZE=(PSPLLY)}/QAR)Y %%

b5



POZ=PYZ+PN2F
RXPY==RX/{THK4DLT)* ,DNI0]1 2/PNA

RIPV=2TAC/VPE( ] A+ 62 SNESNY

RY = QX - CATITKN) :

POOZ =PPNT=D  /OAPKKLH(R) XA IPVHRXRRXPY ) #PSPL () £DSPL( ] ) %ROCHS
SAIRTV=SART(VPGERYPRELPOZ)

FAl=yp ~SORTYV
FAlP=1,~- POOZ*.5/503ATY
VPl =P ~cAl/FAlP

IF (vel 4T, 0.0 61 T 20
TFLABS(VPL  ~vP ), T..0001%yp ) RETURN

Ve = yp)

GN 70 17 A

TF LIN LEQ. 7) 6N TO 2]

Ve = 1.0

’F ‘AM INF. nnn’ Vp = VDGF + l-n

6N TN 17

WRITF (£,27) :

2 FOOMAT (¢ RETHURNED VIA 21 FROM GETVPOD IN = v, 13)
RETUIRN

FN D

56



*

4
3
54

50
1~

2
3

102
2

3

1
!

SURRNUT INF UXtF, a4, He 2, DAN, MCUX, I3, NS, S, FSMAL, 2)

CDMDLEX*H AD.?,AI.$SHAL.ALZRT(#?!.ZS{Q?i

REAL%4 PRMN(42)

DFHENSIDN NS{42)

*3* RK IS K=W/C

DIzB.IQISC

AT = CMﬂLX(ﬂ.C.I.ﬂ!

RK:z,#u]tp/c

NDHS = ¢

AD=1,77

fF lPEﬂt{ADl.LT.0.0) G0 TN sn

Fsmay - dl*ACtQK*nHS#2.5#IH

CALL QT?(FSMAL.AIZRT."CUX,HI

WRITE (&,1) FomaL, (At?ﬂT{Jl. J=1, M x)

IF IQEAL{FS“ALI GE. Mo en TD 64

N = MCux - 1

Ay =2 d=1,N

L=J+]

on 4 K=l ¢MCUX :

ARSRE = ARS{DFAl(ALZQT(J)J—RFALIALZRT(K)Il

ARS IM = ARS{A!MAGIAL7RT(J)i—AIMAGtA[TPTfK))!

IFlaRSRE «GT, 1 .F-5} 53 TN 4

TFLARS ImM LT, 1.F-5) G0 TN 4

ALZPTtJ! = CMDLXII.FRP.“.”}

G T 12

CANT INgE

CINTINYE

CAaL| MPT'fFS"AL.ALZPT,QK.H.HCUX.OBN.AM,DHS.ZS.NS}

RETUARN ’

WRITF (&, 171) an

FAaamar (1X425(1 « Yren SINCF THE REAL pPaARY OF THE
*IMPENANCE 'y 2811.4, [Se/e NFGATIVF,

'ULATIONS ARE AYPASSED For THI S FPEQUENCY &

' RFSULTS ARF [NVALID.'IIZS(' * ')}
WRITE (1, 192 AD

ABOVE v,
SNME CALCe,
NN PR INTENRY,

FIRMAT (1X,2500 & 170 gINrg THE REAL papT NF THE v,

'IHDFﬁANCF'{'. 2F11 .4, 1) ISese NEGATIVE,

'ULATIONS ARF AVPASSER FORP THTC FREQUENCY &

. ' RESULTS are INVALIN, v r/0 (1 & 'H
MCUX- = :
RETURN

SOMF CALCe,
N PRINTEDY

FOIRMAT (ep ANMITTANCE PARAMETER = L 1PF11.4, E12,.4,

FND

Ty OF TEB
RECBODUOIIR 00m,

57
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10

21

SURRQUT INF RYZ(FSMAL JALTRT ,NALZ (H)
COMPLEX FSMAL ,AL7RT(&2),7

p=3.l*’41‘9°

TF {REALIFSMAL ) AF. N ) 50 10O 21

! = CMOLXUATMAGIESMAL ) , =REAL (FSMAL))
CALL N2aPH (ESMAL,7,ALZRTI1),1)

N = NAL7Z

TE (H FQ. 2.7} N = {N#1} /2

IF {H FO. 1,7 nn Tn 1"

I = CMPLX[ATMAGIFSMAL) ,~DEAL(FSMAL)}
CatL NPAPH (FSMAL.f.AL?QT(?*N+ZI'-1l
DD 3 J=],N

I = CMOLXIO#({)~,5) + N5, (&)

CALl NRAPH (FﬁMAL.Z.ALZRT(J+1].!)

I = CMPLX({P%y -~ N5, N6y

CALYL NRAPH tFiHAl.7-AL?RT{J+M%ll¢1'
IF (H JFO, 1.7) 60 TN 2

7 = CMPLX(P%(J-,5)~,05,,.N5)

CALL NRAPH (FSMAL 7 ALZRT(J#20N+2) =1}
7 = CMPLXI[P*xJ4, PS5, n=)

CALL NRAPH (FQMAI,Z,ALZRT(J+3*N+ZI,-1)

CONT INUF

NAL7 = 2#%N + ) :

TE UH JFC. 2.0 NALT = 4%N &+
RETURN

P UF JFQ. 1.M) NALZ = NALZ*?

DY 7 4 = 1,NALZ

IF (H .EQ. 1.M) 50 D 20

I = CMPLXIDPXxJ- 0R,, N3}

CALl NRAPH [FSMAL 7 J8LZRTUJ+NALZ) o1 )
I = CMPLX{P*{J-_5)~_r5,,.02)

CALL NR2PH {FSMAL +7 ,ALZRT(J},1)

TE (H JFQ. 2.7) NAL7 = NA(LZ#?

RETURN

FND

658



SUBRNYTINE MRT (FSMAL 7RT (RK Hy NRNNT ,NAN,A¥,NDHS, 75, NS )
COMPLEYX FSMAL ,7RTE4?),75047)

COMPLEX®1A 7 ,F,P,CTANT ,CSELT 4RR NFS
PRAL®4 CRN(421,N3047)

DIMENS ION NNT&2) 4 MS(42)

REAL %9 JR,Z21,58(2),OMA% 4,DAM, A RN, TMM AL R
FOUTVALENCE (7,S(11)

RS = 170,

A = NHS®2,54/H

RN = aK
0DFS = FSMAL
LH = H

NMACH = ARS(AM)/,.NE & 1,0
NAM = AM/NMACH

NR = N

DY 187 |
g (Lt =
1 = 7RY{L
S1C = S(1Y)

IF (S1C .GF, 1.F2/) AN TR 1 RQO
TMM = 1,00

JRTILY = CMOLXIY,FO0,0,.N0)
MMACH = 0,01

N = }

EF (Ll H AT, NRANT) N = =1}
IF {AM ER, 7,7 ) 6N TN 100

DN an J=],NMACH

DMAME = CMACH + NAM

f =n

TUM = 1,.D" - DMACHEDMACH
nnoel K=t,17n

= Y, NenNT
r.n
}

e = S5tt)

T = Sz

TF {DABS{ZR) GT. 2,4N19 ,CR, DARS(ZI) .GT. 174.D79GN T 187
[F (N AT, M) CTANZ = -COSINIZ2Y/CNCOSTET)

IF N LT, D) CTANZ =CDRNSE7Y/ODSENITY
IF (N AT, 91 CSEr7 1./7CnCOSL7)
[F (N LT, C) CSECT = 1L,/0DSTINTEZY

RR = COSNPTLL . NN=TUMRIx 7 /{RD*RO*AX4]) ]

F o= 7 DES/TRAM/TMME (]  ~NMACHERA) *%2 + 7%CTANY
P = RNEPMXARAKTMM

P = 2,NFANFSK(] NN-NMACHERR ) *NMACH /RR&] /D

P = P ¢ (TAN7 = I*CSFCZHTSECT

{ARP = (CARS(P)

IF (CARP LT, 1,F=&0) GO T} 1R8N

I =1 - F/Pp%x,70"

[F 1S{1]) GF, A0 JAND, S{?) .GF., A,N00) GO TN 14
I =1+ 1

IF {1 .GY. %) G T YRA

I =1 ¢« F/PE_SDO

TF (St LT, &.07 .03, SU2) LT, C.PM) GO TH 180

59



15 tF (NABS{7R-S(1)) LT, 1.D-6 .AND. DARSLZI-ST2)Y T, 1.D=61}rn.
el CINTINUF

GO TN 1an
9 CINT INUF
100 70 = st1y/74
't = S{Zy1sa
AL = RO#*RN - TMME (7R - 21%71)
R = THM#{?.*?R*Z[’

NR=NR+1
DRIMRY = R,ARNCE DQORT{.SDO*DAHS(OSQQT(AL*AL+H*Ri-Alll/Tﬂﬂtz.m
IRTINR} = 7 i

NN(NR} = N
180 CANTINGE

nMn so 4 = 1,40

DY 40 [ = 1,NR

IF (0B(1) LT, PDAS) 1§ = ¥
40 IF (0R(1) LT, DRS) PAS = pA¢T)

NANEJY = DRS )

DAS = 1,E10

IStJ) = IRT{1%)

NSEJY = KN(TS)
50 DR{IS) = 1,.F2n

NRNNYT = NP

RETURN

FND
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146
19

21

SIJARNUT INE NRAPH (FSMAL o 7Sy IF 4N}
CAMPLEX®A FSMAL ,7S,7F

CAMPLEX®]1& 7.F,P,CTANT ZLSECTE
REAL=®R 07 ,71,H{?}

ENUIVALFNCE (7,HL1Y)

7 =175

J =1

nn 1 f=1,100
RZ = H(11}

21 = HIZ)

IF {DARS(RY) .GT. 31,52710+#15 .0OR. DARS{ZI) .GT. 174.6700) GO TO 22

IF (N GT. 0) CTANZ
IF (N LT, N1 CTAN?
1E (N .GT, Ny CSFCT
IF (N LT, "} CSEC7
E = FSMAL + Z7%CTAN7
p = CTANZ - 7=CSFCI%CSECT

[F (CNARS{P) .LT. 1.0-4r) GO TO 22

1 =1 - F/P ' -

1F (R(1) +GF. M.INN JAND. HE?2Y LGE. ALDONY G0R TN YA

J =4 ¢1 :

IF (J 6T, 5} 50 10 22

1 =7 + F/o%.500

1€ (HI1) LT, N.NCO LR, HEZ2) LT, r.ocM) GO.TNH 22
If(nABStpr-Htliw.lr.l.n-a.ann.nnBS(zt-leti.rr.1.m»aa 6N TO 21
COANT INUIF

- SDSIN(ZY/ENENSLTY
~AnOS(ZY/CDSING)
1./00005(2)
1./CDSINET Y

#nonown

2 TF = CMPLX(T1,F20,7.7)

RETHQN

1F =1

IF ‘H(l) .LT. ]-n"q .5\1‘]. H(?‘ .LT- l.P-O., ZF = CMDLX(I..FZ?'(\.“,
RFTHRN

FND

REPRODUCBBILITY OF THE
ORIGINAL PAGE IS POOR
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146
9t

109

SURRNIIT INE HwNA< (9.DH.N.AHoF90¢CoM:nHSvDHHtFS”‘L'H'Fq'
CNMPLEX FSMAL,R,FS

FOMPL Ex ek ZeFePy CTANY L CSFCZ,RR,DES

RE AL %9 nz.zr.sczl.A.RK.D!'YK.THH,DAM'AL-H

FOUTIVALENCE (7,501))

8 = DRSS, 84 /y

P1 = 3,141592¢€51¢

RK = 2.pesoixrpoyr

DAM = aAm

YK = DI*(Me1)}/DHH/? 54

OFS = FomMap

f')q = Oon

7 = R

IF {1 s(1) «GE. 1.020) aeTyry

R = CMPIXTIY.E2n,n_ 1)y

TMM = i.0n - DAMENAM

If (&AM (FO. 0.0 69 Th 100

J =0

DN 91 x = 1,100
RZ = S11)

7T = S(2)

TF (CABS(R7) .GT. 35371015 .NR.DARS(71]) «GT. 174.67N0) nere.
TFIN .GT. ") CTAn7 ~CDSINEIY/CnCOST7)

IF (N LLT., ") CTaN? COCOSL7I/CDSING 7}

IF IN 46T, ") rsery La/0DC0S07)

TF IN JLT, N} CSFry 1./CDSINT7)

R2 = cnsonrt1.no-ruufnxfnx*tz*?/A/A + YKevYK))

F = DFS/TMM/THH*{I.DP - DAM*BQI**?

£ = £

LI B T T

F = F & 7eCyaN?

B = RKERK*A®ANTMM

p = Z.QC*HFS*{I.DO—HAMtBR)*DAHIRRtI(D
0 = p CTAN? - 2*CSECZ*CSEC?

IF (CDARSIPY t v, 1.0-49) RETURN
7 - F/o
€ (SCLY JG6F, n.on «AND. S{2) ,GE, 3.DF) 60 TN 14

]
H

[
]

[
+*

—

IF (J 6T, &1 RETIRN

7 =7 4 F/pw sne

IF 6Sty) Ly, e,.nn R, SE2Y LLTY, N.DN) RFTURN

'F (DAHS(PZ-S(])S.LT.I.D-ﬁ «AND, DABS(7I~S(?11.LT.1.D-61 Gn 17

COINTINUE
RETIRN

IR = S{1})/4a

21 St21/74

R = 7

AL = RK#*PK - TMM& [ 7Dw 7} ~ 71®71 & YK*YK)

R = ~TMMe( 2 %7027 1) ’

n o - R.&&DO*BSORT!.GDS*OABS(DSQQT(AL*AL+R*R]-AL)I/TMM*Z.Sﬁ
RETURN :

FN D
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10

20

10

&0

At e m el hras e B

SHRROUT INF RNRDFR {AY,AK,GyMCUX, Z4NN,PR}
CAMOLEX® 2 Z{21),7X{21),7NR(21),2KNR(21),71
MIMENSTION NN(14) NNR{ 14 NR{T6)

HRITE (£,1)

0N 1N T = tLMIUY

71 = AK®AK ~[1 ., -AMRAMY®Z2(TI%2(1} /G/0

FRIT] = =AM¥AK & CSNIT(7Y)
Ny An g = 1,MC0UX
AT = -1,F27

nn 20 K = 1 .,MCHx

IF [(RFAL(ZKI(K]I)Y LY, 8IGY GO ¥0 2n
ATG = REAL [Z7K{K))

KS = K

CINT INUF

INRLJY = 7(KS])

JKNR{S) = IK{KS)

DRI = =2.54% 0, A2%ATMAGLIIK{KS))
NNRUJGT = NN{KS)

IKIKSY = CMPLX(=1.F25,0.7)

PN 4N L = 1,MOUX

{LYy = INE(L)

KLY = 7KNRI(L)

NANLLY = NMNR{LD

WRTITE {£,2) 700 1,ZK(L},NBIL}
RETHIRN

FNRMAT (91 7,X7,NR F20M SUBROUTINE RORDFPY)
FARMAT ['N¢,1PEF14,5)
FND
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10

20

39

40

SUBROUT INE RORDER {(AMAK 4G aMCUX4Z4NN,DB)
COMPLEX®B  ZU211o2K{210 4ZNRI2L1)+ZKNR{21),21
PTMENSTON NNI(Y4) ,NNR(14),DB114)

WRITE {6511

DO 10 T = 1,MCUX

Il = AK®AK —(}l.-AM*AM}EZ{1}*2(1)/G/G
IK{T) =(-AM*AK + CSORT{ZIT}I)/{1.0 ~ AN%AM)
D 20 J = 1,MUX

RIG = =1.E20

NN 20 K = 1,MCUX

IF (REAL{ZXIK)) LT, BIG) GO TQ 20

RIG = REAL(IKIK)})

KS = X

CANTYINUE

INR(4) = Z(KS})

IKNR{J) = ZK{KS)

CR{JI = =2.54%B, 68xAIMAG{ZK{KSY)

NNREJD = NNIKS)

IK{KS) = CMP{ X(-1.E25:,0.0Q)

DD 40 L = 1,MCUX

I{L) = ZINRI{L}

IX({L) = ZKNR(L)

NNIL )} = NNRI(L}

WRITE (€,2) Z(LYLZK{1Y,DB{L]
RETURN

FORMAT ("1 Z,KZ,DB FROM SUBROUTINE PORDERY)
FORMAT (*C',1PSE14.5)
END



TWwO WALLS LINEU PULYIMIDE

39

8
3

2.03G000
135,030CJ0
1.¢0C007

J.0
J-'J

12.06LJ060
4.,030000
12.C3C000
1.43GGC09
523.C3C0a0
15.,000uL00
290J).04U0L00
408). GulOVu
1.L900006
I
el
6.0C0020

2.52C002

NUMBER OF SPLIS

MAXTMUM NUMBER OF SOFT WALL MODES CONSIDERED
C MAXTMUM NUMBER DF HARD WALL MODES CONSIDERED

NUMBER OF WALLS LINED
UNIFORM SPL
R4S PARTICLE VELOCITY

REORDER OPTION
OVERRIDE MODE QPTION

TOTAL DUCT LENGTH

INCREMENT LENGTH

HARD WALL DUCT HEIGHT

GAS CONSTANT

TOTAL TEMPERATURE

TOTAL PRESSURE

LOWNEST FREQUENCY CONSIDERED
HIGHEST FREQUENCY CONSIDERED
MOODEL SELEC TOR

MACH NUMBER

SOFT HWALL DUCT HEIGHT
NUMBER OF POLYIMID PLYS

BACKING SPACE

REPRODUCIBILITY OF THFE
ORIGINAL PAGE IS POOR,



MACH NUMBERS

SOFT wALL CUCT FEIGHTS
54759999 6+ 000L00 6.200000

66



DB DIFFERENCE AFTER

2000,
2100,
2200.
2390,
2400.
2500.
26CQ.

2760,

2800.
2500,
3003.
31907,
32¢0.
3300.
34090,
3500.
362J.
37C0.
3800.
3902,
4000,

08 DIFFERENCE AFTER

2030,
2109,
2200,
2390,
2400,
25920,
2700,

2830..

29C 3
3000,
3100.
3230,
3300,
34( 0.
350,
3600.
37930,
380,
3900,
4L03.

2.60
4.09
4.30
4.60
4.98
5.413
5.92
La.40
1.04
Teb3
3.15
8.91
Be52
8.21
T.93
7-65
T.33
b.58
6.62
.28
5.67

4.93
7.10
7.78
8e55
9,44

10.41

1l.46
12.54
13.64
14.72
14.£€8
14.C2
12.60
11.59
17.82
10.21
.68
9.20
Bs 76
B.36
1.99

4.00 INCHES OF LINING

8.00 INCHES OF LINING

67



DB DIFFERENCE AFTER 12.00 INCHES OF LINING

-

7.013

20060,
2170, 9.68
2290, 10. 80
2320. 12.08
2400, 12,42
2590. 14.94
2600, 16.52
2730. 16.04
2800. 19.53
2902, 20,79
3000. 19,89
3109. 17,62
3200. 15,48
3302. 14.01
3409, 12.91
3500, 12.05
3600. 11,35
3700, 10.76
3800, 10,24
3990, 9,78
4000, 9,36
FREQUENCIES
2000 T0 2300
2400 TU0 2700
2800 TO 3100
32300 TO 3500
3600 TO 3900
4000 TQ ' 4000

UB CIFFERENCES (SHOOTHED) AETER 12,00 INCHES

FINAL SPEC TRuM

127.97
121,57
115,47

119.52 -

123.65
125.¢4%

8. 35 10.24
15.713 17.28
18,75 16.55
11.70

11.05

125,32
120.06
114,21
120.99

124,24

11.42 12.74
18,79 20.16
14,75 13,446
10.50 10.01

124.20
118.48
115.11
122,09

126,76

l4,18
20.34
12.48

9.57

122.95
116,96
117.38
122,95
125,22

OF LINING



APPENDIX IV

PROGRAM FLOW CHART

rsg



ey

RALN FAL RPN

E enwe  NLISE BUMPRESS) NN - AULTIROOE AKALYTAIN - 7 PP wwen
IINCLE | buiac PEL‘UH%U IF PEAF TMEET 30817 30 G=a8-1t
E VAAIAME CramACIER] YT 0 ALFRG QUCT LERSTH

—
N0 CALL RIHSPL I

50 ) = LEN

50 UERID e #7710 - aALFD)
|
E 1§

1T X
WAITE 6. ICFME L, NN N Lo, Juen
BITE 1, St o
BRITE N, T ICFAR ORI, Jel i, Jum

70



AT F & 100alBd ¢+ 100
1FIRST = LW

1
Iy LRSI F " emns ¥ v 300, LE0elUR ¢ 10DV |
JLAST = WIKDIIFIRST ¢ 3, WA o
1
< F T B0 FRTI F. LRGT £, 1L 1= gl dLash -
105 hoEN FIAST F. LAST F, ASPC 101 o TVIRIT, LA

08 1 1 = LA, Int

[T8n_= DBOLL *r 03T nrl /2. |

70 CFAG LI = ACFRAOIN * CFAd HiF11 /2,

WALTE | 1.
WAITE 11, 1'}1 IIJBII 135, =L 8N, KL

KAl



SUMMUTIKE IaRn

43 SET CANITANT YALUE FLACS WARIATIEN ALNG TULT LENGIH IF NENZEASD )

-

W RERD 15, W1 SPL_KAM
RERD 15, 2% ISPL IV, J = 1. WERL!

\s IF
ELL 0.

Hets = 1.0

e o= FinL (BB, HEM
[W'N\H J

S w RHINL 20D, SN
Iﬁl&ln S
-

Ve
“
—ﬁﬂﬁ 1t = 24P,

SE_[FROFH = CFROJJ-11 + \0F, |
Rl |

C MERD 152 Ti, §L. M, &, 11, P1, A, & b}

5,23 RANPLY, RM, DMS, . 0, . Ao
TN, L Lab g DjA, B, M
E i, © TINE

| REPRODICR
; ABILTTY o T
Q&KGMAL ‘PA-GE ;S% "‘i?'-';/}

72



s L -

- ' WITE 1B, 111 &R KR
. WRITE K. 111 &R ke
WUTF IE] W4 D, £IR, A, Wl
WRITE 0L, 101 0, DI M. NTHC
HOANT B 1 R e, 0
. Cb 10 63 < RRITE Ik, 1) BPA e, D )
. ‘ T

1
[s3 EsteT « mninL mag A, DS, OPAKE, B, DIA. A, WIS ]

- WERD 15, 231 IARM 111, 1= 1.
- WETE 8,30 e 0T L e
WITE 1, 30 e i, 1«3 0

 —

2 AN M, fwl, A

21 BMHE Iy, ) =1, N

RN b, =1,
L
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(:‘
£
4

FERFMRE SHEET 'PER CENT BPEM ARTAS
143 FAALTJ3hAL

ERRALLY,

3

EXTERKALLY, PER CERT
1

<

WRITE [§, 37t POAL 1Y,
PLIE 1, 32 PEAC 1.

-1..11
l=1, 2

LB T8 TR

r PELTIAID - WIHITA OF PLYS )

{
I ERITE I8, 3 BLY 1D,

WITE N, 30 PLY 1IN,
]

D,

-1

74

" If
0.8 0.0
g ¢

WEAD IS, 2% [0C&N D,
WITE 8, 3m focAw 1Y,
WAITE 11, 3V iDCON 1),

1=, 0
i=1, A
=14, A

L

ALAD 15, @31 IDEAC 11,
BAITE W6, ) DAL V.S
WITE N, W DIAE i,

Fat, :
;':'£> E
FEN B

AERD 3 Nwe N, a0

WE |& A5 ML T,
MAJTE 11, I5Y TIHKC 1N,
I

1-1..:\)
i=1, 0

AEAD 15, 231 KIME N,
WAITE 1§, 3 BIMHC T,
WAITE 11, 3 WIHHC IS,

::E
os®
N




% WAJTE B L kem
L I

FINST F = 208
IFIAST = 4

80 LAST F = MINg IFiRT) F.’ 4, 100=HSPL ¢ 1om
ILAST = MIADIJFIRGY « 3, R

CIIE K91 FIRsT F, LAV T, 194 031 = IFIRST, JLRsT S

IF
I.W LE, IFIAST .RND, IFJHE
LELEUP, LE,

m.  im
ST .AM0, LAY LLE, i )

CADNE L 80 FIRSY F, (AT F. 15T

2 2 JFIRSTYIRSH S

75

120 WAISE 15, B
WITE Il,m

(- '.I‘!ll-ts k]2l ﬂ512"l

l- P'I f!llﬂa 16 —Ié m-armwe Ulﬂlﬁ A6 -1.m
. -

-0t f
'IS " ET.! 16 + 5.!/.!.5- 3 - ll.!l.l.!l
ns
P

SCTUNAT

@



.

- CE S0 | » LB, JUP

|94 w12, 2aCFRE D =D Swz, 54/C v 1, 0Y / SQATEL.D < FAeAMl
™ 12, wFAD 1D o De2 S4/C + 181 / SOATIL.D ~ AveAMl |

" )
L6E. S R, AVANR ...1%
4

d Cb
- EEET
//

I .
5 22 L= 1,09

08 22 6 = v |0

WAL KL =R

CORNE 16,20 CFAZIT, WOk A il SR T, RN, LS

150 %PLIN = SPL N l
Iﬂﬂml



ISSY ‘32 "o5L ‘34 )
Nl 'Aqlﬂi ! HHJ‘
Addu T

i)
fdLa

L

[4 L S T TGP LT >

I
Ill.l “YMES CRHT WM CZ XRON kR 1 W ECIETTIR G THJ—I
¥ = XnOd

0°0 'LO" GEWHAD ‘HE* vaeM '19°
[

0°0 “L3° QOWUAR ‘W2° SN LD ER)
El

“lLdis s 14 JMS'?."I.SHU'DHJ"C‘Z!"F!; .
-

R R T IS Zeehintiin B e piy
(W) - a' )

]
M T W T TR
|1

i
WL “oSL 34 °1°0 IMLW "§iC WL “1a ot
WY A CHRd " EM4 CTdLdl GG ™
i}

L

A3 THY

ST C3dUTULCREL o W AT

TILT = opdLy
LI

LU T




t P2 2 ofaERE NS
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