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SUMMARY OF VOLUME C

The computations for three different nolse mechanisms
- mean rotor wake, inlet turbulence, and rctor wake turbulence
-~ Jdescribec in Voiume 1 of this report are coded as three
separate computer program "packages." This arrangement wzs
deemed reascrable because of differences in the required
input data (e.g., rotor vs stator geometries), tecause of
interest in the role of each separate nolse mechanism, and
for economy of execution during parametriz studles. The
computer codes are described by means oI block diagrams,
tables of data and variables, and example program executions.
Reference to Volume 1 will be made via equation or figure
number. FORTRAN listings of the programs appear in the
aprendix to Volume 2.

PRECEDING PAGE BLANK NOT FILMED
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CHAPTER 1
MEAN ROTOR WAKE PROGRAM

The computer program described in Fig. 1% computes the
sound power of each propagating mode for the first three
harmonics of the blade passage frequency. The data required
to run the program and the program results are described in
Table 1.* Important FORTRAN variables used in the program
are given in Table 2. Function subroutines utilized in the
program are described in Table 3.

The terminal cutput fror a sample execution of the Mean
Rotor Wake Program is shown in Table 4 for the rotor/stator
data provided by NASA Lewis. The mean flow velocity entering
the stator is specified from measured data. The pressure
amplitude and sound puwcr of eacn mocde for each harmonic
number of the blace passage frequency are listed. Note that
for a propagating mode (m,n) at harmonic s, another mode
(-m,n) of ecual amplitude propagates with frequency -s.

Thus “ae total sound power for the mode shape .|m|, n) at
frequency |s|x (blade passage frequency) is the sum of the
two components.

#Note: Because of the number and complexity of the flgures
and tables, they have been collected at the end of each
section of this volume. The 9 text figures and 12 tables
appear before the appendix.

©
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CHAPTER 2
TURBULENCE PROGRAMS

The calculations for two types of turoulence nolse are
considerably more time-consuming than for the tones of the
mean-wake interaction because 1) all modes that are not cut
off by the duct may be excited, 1.e., there is no selection
rule, as 1s the case for the mean-wake interaction, and 2)
the noise 1s broadband rather than tonal, regquiring the sound
power at many frequencies to be calculated. For these reasons,
the turbulence programs are each brcken into two subsections.
The method used 1s, first, to calculate and store, for 2
given number of blade radili, the pressure distributions
across the rotor blades or stator vanes at a smali number
of frequencies over the range of interest. The power
spectral density is essentlally a spatial integral containing
the pressure distrlbution and acoustic mode shape as factors
in the integrand. The pressure distributions are slowly
varying functions of frequency and duct radius when compared
with the acoustic mode shapes. Thus it 1is reasonable to
interpoclate the pressure dist>ibution for a specific fre-
quency and radius frc. a look-up table of storeid pressure
values. All other variables that change with radius (or
frequerncy) are calculated explicitly for that given radius
(frequency). In this manner, convergence of the radial
integration 1s improved by using more integration steps
than there are stored pressure values. The pressure distri-
butions are stored in binary form in a disc file for later
use so that, for example, turbulence parameter values may
be varied without recomputing the pressures.

2.1 Inlet Turbulence Program

The pressure distributions across the rotor blades are
computed and stored as described in Flg. 2. The sound power
calculation 1s diagrammed in Fig. 3. Input and output data
for the programs are listed in Table 5. Additional program
variabées of possible interest to the user are given in
Table 6.
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Output from sample executicns of the two program sections
is shown in Tables 7 and 8. The input data relating to rotor
geometry and performance ars first entered as listed in Table
7. The pressure distributions are computzd (as evidenced
vy the error code returned from LEQTIC; see Table 3), and the
data are stored on a disc. The power spectral density for
all propagating modes at a frequency of 15 times shaft rate
(blade passage frequency in this 15-blade fan) is then
computed, and the results are given in Table 8.

2.2 Rotor Wake Turbulence Program

The two-stage method of calculation described above is
repeated for the Rotor Wake Turbulence problem. The calcu-~
lation of pressure distributions across the stator vanes
proceeds as shown in Fig. 4. The sound power calculation
1s explained in Fig. 5. Input and output data for the
programs are listed in Table 9. Additional program variables
are given in Table 10.

The output from sample program executlcns 1s shown in
Tables 1] and 12. The mean flow into the stator may be
specified as for the Mean Wake case. (Note that the print-
out shown in Table ]2 has been stripped of all messages other
than the power spectral density per mode to minimize the
amount of paper delivered for high frequencies (many modes).
The standard program version would contain diagnostic messages,
cut-oft ratios, etc., as for Table 8.

(
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CHAPTER 3
EXECUTION PARAMETERS AND PROGRAM LIMITATIONS

A. General Remarks

1. Specifying blade or vane geometries: Geometrical data
are stored 1n matri.i VGEOM. The number of radial positions
at which data may be specified (NDAT) is presently limited
to 10 by DINMTNSION statements. This limitation may be 1lifted
by increasing the size of VGEOM in all main and subprograms.
The geometrical data are specified by rroceeding radially
from hudb to tip, and must include these two end points.

These data are linearly interpolated f{or Integration stations
between the data polnts.

2. Specifying mean flow distributions: Variable IVOR 1is
a switch controlling whether a free vortex distribution
(IVOR=0) or input data (IVOR=1l) are used in stator calcula-
tions. Input data are stored in matrix VELOCV. The number
of radial positions at which data arz specified (NVELO) is
presently limlited to 10. This limitation may be lifted by
increasing the size of VELOCV in all main and subprograms.
The veloclty data are specified by proceeding radially from
hub to tip and must include these two endpoints. These data
re also linearly 1nterpolated for inilermediate points in
the radial integration.

3. Specifying Bessel function accuracies: The absolute
accuracies for all Bessel function calculations (EB) and root
convergence (EC) have been left as input parameters. Values
of 0.001 and 0.0001, respectively, have been sufficient for
these calculations.

4. Specifying the number of chordwise integration polnts:
The number of chordwise integration points (NCHORD) is an
input variable. DIMENSION statements currently limit the
value of NCHORD to 20 in all programs. A value of 8 has
yielded sufficient accuracy in the cases checked to date.
Execution tlime increases radically for increases in NCHORD,
so 1ts value should be minimized. For cases where the acoustic
wavelength 1is considerably less than the blade or stator
chord, it may be necessary to increase NCHORD beyond 8.

If NCHORD must be increased beyond 20, the following array
sizes must be 1nspected and/or increased: CASCET, PHASE,
DELTAP, F, A, WA, and B.

(o)
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5. Specifying the number of radial integration points:
The number of radial integration points (%¥RAD in Mean Wake,
or NRADNU in the turbulence programs) 1s an input variable.
The value must be large enough to achieve convergence of the
result, yet small enough uv» minimize program execution time.
A value of 7 has yielded adejuate accuracy (%l dB) for the
acoustic power levels in cases checked to date. The value
of 20 must not be exreedcd without iInspecting and/or
increasing itne sizes of arrays PSISTO, BJ, RR, RRNU, and
CASCET.

B. Turbulence Prcgrams

1. Specifying the number of radial positions for pressure
calculations: Both turbulence programs compute and store
ressure distributions at a number (NRAD) of radial positions.
Aroustic calculations are later performed by using NRADNU
(>NRAD) integration points. This arrangement minimizes the
execution time needed for pr:issure calculations while main-
talning good accuracy in the radial integral. NRAD values
of 5 have been used for the test cases cited here. NRAD
may not be Increased beyond 20 without violating DIMENSION
statements, as discussed in Sec. A.5.

2. Range of Mode Number m: The turbulence programs that
compute power spectral densities contain a summation of
autocorrelation functions that vary with mode number m. If
the annular duct/turbofan arrangement were to allow propaga-
tion of modes with mode number [m| greater than 49 at a given
frequency, then program execution would be terminated with
an error message. Thls range may be increased by increasing
the size of arrays ISUMTC and SUMTOT and by changing the
declsion value in the associated IF statement.

3. Selection of frequency values for data storage: The
turbulence programs compute and store pressure distributions
for a range of frequencles for later interpolation. The
most useirul frequencles to calculate in the subject spectrum
of, for example. from 1 to 3 times the blade passage frequency
(BPF), are probably the first, second, and third harmonics
of BPF. Thls range 1s straightforwardly specified for the
wake turbulence program. An important qualification to this.
procedure must be invoked for inflow turbulence, as explained
below.



ORIGINAL PAGE 13
W POOR QUALITY

The sound power calculatilons for the Inflow turbulen
routine require pressure distrihution data for ’"Dq'brcic
up to an equivalent frequency

w (.)

* - ’
(w¥/Q) (w’Q)max+|mmax! * Bsum,

where (w/Q) is the highest frequency of interest, m is

max max

the largest value of m which can propagate at frequency (w/Q),

and mg - = —lmmaxl + (2B) for some integer 2 such that

0< Mg <B-1l, for B=number of rotor blades. Thus, be,ore

computing the pressure distribution, the user must know what
modes can propagatz for the turbofan under discussion. The
utility program MAPIN/MAPPER (see appendix) will yield the
propagating modes ror a glven geometry, frequency, and
turbofan speed. As an example, suppose that the turbulence
noise soectrum between BPF and 3BPr 1s desired for NASA
Rotor 55 with the operating conditions: Number of blades =
15, M, = 0.508, M = 0.323, and g, = 0.484. Pressure data

wlll be needed from the lowest frequency of interest
(w/Q = BPF = 15) to the highest equlvalent frequency (w*/Q)
Program MAPIN/MAPPFR reveals that Im A x | = 21 for (w/Q) =

3BPF = 45. Thus,

(w*/Q)

) + | +
(w/Q)max Immax| Msum

(w*/Q)

4s + 21 + 9 = 75,
where Mom = ~21+(2+15) = 9.

In the example, (w*/?) convenlently falls at the fifth
multiple of blade passage frequency (SBPF) or w/f=75. The
frequency range for pressure distribuflion calculations 1is
then from (w/0)=15 to (w/Q)} = 75 in steps of (w/R) =

The results o calculations for that case arz shown in
Table 7. If programs INSRCH/INTURB were to be executed
vithout pressure data of sufficlently hign equivalent fre-~
quency, the program execution would be terminated with an
error message.

Gi) ‘
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4., DIMENSION of storage matrix CASCET: Pressure distri-
butions are stored on the disc in matrix CASCET. It 1s
desiratle to keep this matrix as small as possible to mini-
mize ccre and disc file requirement... The DIMENSICN of
CASCET should therefore be adjusted os follows to sult the
data: DIMENSICN CASCET (NCHORD, NRAD, NBLADE, PRANGE),
where NCHORD = number of chordwise integration points,

NRAD = number of radlal positions for pressure calculations,
NBLADE = number of roctor blades, or, for the Rotor Wake
Turbulence Program, use NVANE = number of stator vanes.
PRANGE = number of frequencles for pressure calculatlons.
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Calcuiate the scund power of each propagating mode fur the
first 3 narmonics of the blade passage frequency.

MAINV

Read geometric and
performance parameters

SRCHV

Set frequency. Select
propagating modes using

ssloction rule and ANRT.
For sach propagating mode,

call EIGEN and go to
FILLOV. .

[ e D D G D e S et e

Sum sound power for
ull propagating modes
st each frequency.

ANRT

Compute eigenvalue
for mode

EIGEN

Mo malize smplitude
of mve

Figqure 1.

FILLOV

Compute sound power
for upstream and
downstrasm directions.

3
(nonlibrary) subroutines
are required.

. e e —————etelh

RMODE

Compute radial
mode shape

Matrix inversion
routine (IMSL)

[

»

Block Diagram of Mean Rotor Wake Program

CASC

Caiculate pressure
distribution across
the stator vane
using kernei

y 4

KERNEL

Calculate vane
kermel function
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A. Calculate pressure distributions across the rotor

biades and s*ore data on the disk.

MAINTI
Read geometric, performancs,

Matrix inversion routine

and frequency parameters (IMSL)
l |
ROTURS CASC(ade) '
Cycie through frequenrcy Calculate pressure distribution
and geometric parameters < across the rotor blade
for call to CASC using KERNEL
)
KERNEL
______ | S Calculate blade
r : kerne! function
: Store all input dats |
with pressure dictributions |
| on DISKFILE named '
| ‘ROTO’ |
e o -J

Figure 2. Block Diagram of Inlet Turbulence Program,
Part A: Data Storage
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B. Caiculate the pc- -er spectral density of each propagating mode

st a given frequency an+ the total PSD for all modes.

Check each mode in turn for
propsagation using ANRT.

For each propagating mode
call EIGEN, then go
to INTURB

Sum PSD’s for all
propagating modes at
this frequency.

Print output.

RMODE

Compute r~dial
mode shape.

re—==== |
le——J) Data Fiie ‘ROTO’ )

—

ANRT

Compute eigenvalue

for mode

EIGEN

Normalize amplitude
of mode

3 distrit,utions of the
turbulence length scaies
in the radial, axial, snd
circumferential directions.

SCALLR

SCALLX

STHETA

Figure 3.

INTURB

Compute PSD for
upstreasm and
downstream directions.

7
subroutines are required.

F.T.'s of sutocorrelations
of turbulence in the
circumferential and

axial directions.

PHITHH

| PHIXHT

| EPSD

Block Diagram of Inlet Turbulence

Part B: Noise Calculation

11

Radial distribution of
turbuience intensity.

Program;



A. Caiculate pressure distributions across the stator vanes

and store data on the disk.

MAIN W

Read geomaetric, performancs,
and frequency parameters

STATOR

Matrix inversion routine
(IMSL)

Cycle through frequency

and geometric parameters
for call to CASC

—————————— il
Store all input dsta :
with pressure distributions
on DISKFILE nemed ‘STAT' :

|

A @ T OED Anh IS G CEED GNP GEN TEINS s J

CASC(ade)

Caiculate pressure distribution
across the stator vane using
KERNEL

KERNEL

Calculate vane
kemel function

O}

'y

Figure 4. Block Diagram of Rotor Wake Turbulence Program;
Part A: Data Storage
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B. Calculate the power spectral density of each propagating

mode at a given frequency and the total PSD fecr all modes.

RMOD®

Compute radisl
mode shape

Part B:

PHITHH

F.T. of autocorrelation
of circumferential
turbulence

PHIXHT

As sbove, for
axial turbulence

Noise Calculation

13

FHAT

F.T. of turbulence
intensity profile
in wake

ro-———- 3
i Data file |
I, J
Read data file.
Read frequency and
turbulence parameters.
Check each mode in ANRT
turn for propagation
using ANRT. Compute sioanvalue
for mode
For sach propagating
mode call EIGEN, then go
go to WATURB. EIGEN
- Normalize amplitude
of mode
e e e e e o e — -
A \
WATURB
Sum PSD’s for all
propagating modes at this Comptite PSD for
frequency. upstream and
downstream
Print output directions.

4
subroutines are
required.

Figure 5. Block Diagram of Rotor Wake Turbulence Program;



JENUE

+}

®

CRIGINAL Fro
I POCK QUALITY

RADIAL LINE

RADIAL LINE

<-ROTOR AXIS

Figure 6. Schematic View of a Rotor Blade TE and Stator
Vane LE Looking Down the Turbofan X Axis, in
Stator-Fixed Coordinates
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r = nondimensional radius
M‘ = tip mach number
M = axial flow mach number

Where : V¢, = circumferentiai selocity
of mean wake in statocr

fixed coordinates
Vim = Sxial vetocity of flow
(=MC,)
&, = vane angle

VYfm -”V
Nots 5 —

xim | T=1

[ ]\

STATOR

VANE

TURBOFAN ROTOR WAKE ¢
AXIS

MEAN CHORD

Figure 9.

' (‘Il L |

Schematic Diagram of the Stator Vane Mean
Chord at the Instant When the Wake Centerline
Intersects the Leading Edge
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TABLE 1. INPUT/OQUTPUT DATA FOR THE MEAN ROTOR WAKE PROGRAM

This program calculates the complex modal amplitude and the modal
sound power generated by the interactiocn of the mean rotor wakes
with the stator vanes. All input and output data are nondimensional.

The input data consist of geometric, performance, and computational
parameters,

A. Geometric Data

FORTRAN FORTRAN
NAME SYMBOL VARIABLE VARIABLE TYPE
1. NBLADE B No. of rotor blades Integer
2. NVANE ' No. of stator vanes Integer
3. SIGMAR On Ratio of hub radius to duct radius Floating Point
4., SIGMAC O Ratlo of tip chord of stator vane Floating Point
to duct radius
5. LXO d/rduct Ratio of rotor-stator spacing to Floating Point
duct radius
6. Vector of data for a number, NDAT
(an integer variable) of stator
vane radii
a. R r Nondimensional radius = r/x'duct Floating Point
b. C ¢ Nondimensicnal vane chord = c/ctip Floating Point
¢. ALPHAS a, Vane angle (degrees) Floating Point
d. Yys#® YS Nonradial variation of stator
leading edge = Ys/ctip Floating Point
e. YR® YR Nonradial variation of rovor
tralling edge = YR/ctip Floating Point
f. XSe# iS Axial variation of stator leading Floating Point
_ edge = Xs/ctip
g. XRE# XR Axial variation of rotor trailing Floating Point
edge = xR/c*ip

#See Figure 6
#45ee Figure 7

19
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Performance Jata

AN

KT SYMRDL Dol

MT Mt 7 - Yach number

MA M h4ilal flow Mach number

IVOR - f.itch for rotor wake specification

3.

YOI

= 0 for free vortex distribution
= ] for specified input velocity
distribution

(for IVOR = 1) Vector of data for a
number, NVELO, (an integer variable)
of vane radii

R r a. Nondimensional radius
XVEL Vyfm b. Ratin of circumferential velocity
Vxm ¢o axial flow veloclcty of the
2an wahe (See Fig. 9)
uuv My (for IVUR = 0) Ratio of circumfer-
entlal veioclity at the duct radius
to the axial flow velocity
WWIDTH §/h Ratio of wake half-width to wake
spacing (See Fig. 8)
VELDEF Wmax/U Ratio of maximum wake veloclity

Asficit to the streamwise flow
velocity (~ssumed constant with
radius). (See Fig. 8)

20

FORTRAN
VARITABLE

Floating
Floating
Integer

Floating
Floating

Floating

Floating

Floating

TYPE

Point
Point

Point
Point

Point

Point

Point

(o)
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TABLE 1. (Cont.)

Computational Data

These data set the numter of inteeration stations in the chordwise

and spanwise directicns (a-1, indirectly, the accuracy of the results).
The required accuracy for the Bessel functions used in the mode shape
and 2igenvalue routines are alsc specified.

FORTRARN FORTRAN

NAME VARIABLE VARIABLE TrPE

NRAD No. of integration stations in he Integer
radial direction (odd number)

NCHORD No. of integration stations in the Integer
ck.ordwise direction (even number)

EB Absol.te accuracy of al’. Bessel Floating Point
function calculations

EC Absolute accuracy of convergence to Floating Point

root of eigenvaluec equation

Program Output

The output lists the complex nondimensional press.~e amplitude for
each propagating mode. The amplitude is nondimenslonalized by the
dynamic pressure of the mean axial flow 0002/2. Alsc given 1s the

relative modal sound power level. To recover the conventional sound
power level (dB re 10 '? wavt) add

.10-32

3 L) 2
p.c. M1
10 log, [———-——-° ‘; d““']

to the computed relative power. This step is required because all
computations performed in the program are nondimensional with absolute
values oroo, Cos and Tquet unkrnown.

21
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IMPORTANT INTERNAL PROGRAM VARIABLES

(Used in addition to the INPUT/QOUTPUT variables.)

FORTRAN
NAME

AMN®

BMN*

B#
BETASQ*
DELTAP
DELTAR*
GAMMA
GMNS*
Hl

; H2

IER®,
IERPS1

IR®
Ize

KMNS*

i

.

"Aul

SYMBOL

VARIABLE

Welghting factors of mode shape ¢ = A

Argument of the mode snape function ¢ (=«

Nondimensional vane semi-chord = ¢/2¢

J_+B

Y

m,n°m “m,n'm

tip

1-M?, wher2 M 1s the axial flow Mach no.

r)

m,n

Nondimensional complex pressure along vane chord

Discrete radial interval for integration

Nondimersionai wave number of the convected gust

llendimensional ace .. *ic wavenumber for moving
medium (See. Eg. .~

Jf Vol. 1)

Nondimensional stator vane spacing in direction
parallel to vane (See Fig. B-1 of Vol. 1)

Nondin -nsional stator vane spacing in directinn
perpendicular to vane (See Fig. B-l of vol. 1)

Error codes from Bessel function subroutines

Counter for integration stations in radial

direction

Counter for integration stations in chordwise

direction

Nondimensional acoustic wavenumber =

(See Eg. 88 of Vol. 1)

22
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TABLE 2.

MME

MYM
NN#
PMNS

PSI*¥,
OR P3ISTO®

QMNS
R®

RELPRL

REPLWR,
SPWR

SB

SS

WHTC

XMN®

3

(Cont.)

m,n’ duct

ORIGINAL PAGE IS
OF POOR QUALITY

Nondimensional gust .avenumber in the axlal
direction

Circumferential mode number

Relative Mach number of mean wake (vector sum
of rotational and axial components)

Relative circumferential Mach no. of mean wake

at r.
Radial mcde number

Sum of terms comprising the radial integral

Nondimensional radial moae shape as a function
of radius

Sum of terms comprising the chordw’ se integral

Neondimensional radius = r/rduct

Relative modal sound power level at harmonic s

Relative modal sound power at harmonic s

Product of harmonic number and no. of blades
Harmonic number (=1,2,3) multiple of the rctor
blade passage frequency

Complex nondimensional amplitude ¢l gust velocity
impinging on stator vane

Welghting factor for Simpson Integration method
used in chordwise integral

Nondimensional root of duct eigenvalue equation
(See Eg. 6 of Vol. 1)

¥These variables are also used in the inlet and wake turbulence programs,
but are listed here only.
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TABLE 3. UTILITY SUBROUTINES ORI 5 o 12

A. Subroutines common to the Mean Wake, Inlet, and Wake Turbulence
programs.

1. ANRT (ANnular RooT), ANFU (ANnular Function), ISIGN
Programs find the roots «x n of the boundary value equatlon
fcr the annular duct: ?

0]
J'm(ntm ) Y:'n (x ) - Jm(x

(x ) = 0

t
. Tduct m,n Thub m,n rhub) Ym m,n Tduet

2. [F.SJ, BESY (BESsel functions of the first [J] and the second
{¥] kind)
BESJ computes the mth order Bessel function of the first kind,
Jm(x).

BESY computes the mth order Bessel function of the second kind,
in(x).

An error code 1s returned along with each answer. The error
code 1is:

ERR = 0 Mo error {(answer ls cocrre:zt to given accuracy)
= m was negative (must be >0)
= Required accuracy not obtained

Range of n compared to the argument was not correct
(see program listing).

l
= 2 Lrgument was negative (must be >C’
3
N
3. EIGEN
The program normalizes the weighting factors Am
’

in the mode function.

v = Am,n Jm + Bm,n Ym’

n and Bm,n used

The orthogonality condition 1s

r
. m,n if 1 = mand J = n
j[ wi,J wm,n dA '2 0 otherwise
A

The normalizing condition used is that
- r
iy z 2,0
m,n ”(r

= ) (non=-dimensional).
2 -r 2)
duct hubd
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TABLE 3. (Cont.)

4. RMODE
Program computes the radial mode shape ¢ for the m, nth mode
of the annular duct. (See Eq. 4 of Vol. 1)

5. KERNEL

Program computes the kernel for the Green's function formulation
of the cascade routine. (See Eqs. B~25 and B-26 of Vol. 1)
Used in counjunction with PRES or CASC.

B. Subroutine used specifically for the Mean Wake Routine

1. PRES (PRESsure distribution)

The program specifies the complex pressure distribution across
the stator vane chord as produced by a velocity gust. The input
parameters include the gust wavenumber, the wake veloclty, and
the stator vane spacings.

C. Subroutines used specifically for the Inlet Turbulence Routine

1. SCALLX (SCALe Length, X direction)

Program yields the turbulence length scale in the axial dlirection
as a function of radial position. The routine is actually a
program input whereby a particular turbulence distribution is
loaded.

2. SCALLR (SCALe Length, Radial directicn)

Program yields the turbulence length scale in tihe radial direction
as a function of radial position. The routine is an input
parameter.

3. STHETA (Scale length, THCTA direction)

Program yields the turbulence length scale in the circumferential
direction as a function of radial position. The routine 1s an
input parameter.

4, EPSD (cD)
Program yields the inlet RMS turbulence iniensity as a function
of radial position. The routire i{s an input parameter.

5. PHITHH (oe)

The program computes the Fourler transform of the correlation
function in the circumferential direction. This transform 1is
usually a fairly simple aralytic function svin as an exponen-
tial.
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6. PHIXHT (9,)

The program computes the Fouriler transform of the correlation
function in the axial directior.

D. Subrcutines used for the Inlet and Wake Turbulence Routines

1. CASC (CASCade functicr,

The program calculates the complex pressuvre dlstributlon c..uss
a blade chord as produced by & velocity gust. The input para-
meters include the gust wavenumber, the wul'eé velocity, and the
blade spacings. This program 1s a version of PRES (liste. above)
speclalized for use with the extended range of arguments *'n

the turbulence routines.

E. Subroutine used specifically for t.ae Wake Turbulence Routine

1. FHAT (f)

The progran computes the Fourier transform of the modulating
function for the turbulent wake. The transform is usually

a simple analytic function depending on the turbulence model
in use.

F. IMSL Library Subroutine called by Subroutine KERNEL
IMSL Library routine LEQTIC is called by KERNEL to solve a set of

simultaneous equations. The documentation provided by IMSL follows
on the next three pages.
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TABLE 3. (Cont.) DESCRIPTION OF IMSL LIBRARY ROUTINE LEQTIC.

IMSL ROUTINE NAME - LEQT1C

PURPOSE = LINEAR EQUATION SOLUTION ~ COMPLEX MATRIX -
SPACE ECONOMIZER SOLUTION

USAGE - CALL LEQT1C (A,N,IA,B,M,IB,IJOB,WA,IER)

ARGUMENTS A - INPUT COMPLEX N BY N MATRIX CONTAINING THE

COMPLEX COEFFICIENTS OF THE EQUATION AX = B,
ON OUTPUT, A CONTAINS THE L-U DECOMPOSITION OF
A ROWWISE PERMUTATION OF THE INPUT MATRIX A.
N - ORDER OF MATRIX A. (INPUT)
IA - ROW DIMENSION OF MATRIX A EXACTLY AS
SPECIFIED IN THE DIMENSION STATEMENT IN THE
CALLING PROGRAM. (INPUT)
B - INPUT COMPLEX N BY M MATRIX CONTAINING THE
t COMFLEY. VALUED RIGHT HAND SIDES OF THE
EQUATION AX = B,
Oi' OQUTPUT, THE SOLUTION MATRIX X REPLACES B.
IF I70B=1, B IS NOT USED.

M = NUMBEF OF RIGHT HAND STDES (COLUMNS IN B).
(INPUT)
IB - ROW DIMENSION OF MATRIX B EXACTLY AS SPECIFIED

IN THE DIMENSION STATEMENT IN THE CALLING
- PROGRAM. (I PUT)
IJ0B - INPUT CTTION rARAMETER. IJOB=I IMPLIES WHEN
I=0, FACTOR THE MATRIX AND SOLVE THE
EQUATION AX=B.
I=]1, FACTOR THE MATRIX A.
I=2, SOLVE THE EQUATION AX=B., THIS
OPTION IMPLIES THAT LEQT1C HAS ALREADY
BEEN CLIVED USING IJOB=0 OR 1 SO THAT
THE MATRIX HAS ALREADY BEEN FACTORED. 1IN
THIS CASE OUTPUT MATRI. A MUST HAVE BEEN
SAVED FOR REUSE IN THE CALL TO LEQTIC.
WA - WORK AREA OF LENGTH N CONTAINING THE PIVOT
INDICES.
IER - ERROR PARAMETER. (OUTPUT)
TERMINAL ERROR
IER=129 INDICATES THAT MATRIX A I8
ALGORITHMICALLY SINGULAR. (SEE THE
CHAPTER L PRELUDE.)

PRECISION/HARDWARE - SINGLE AND DOUBLE/H32
- SINGLE/H36,H48,H60

REQD. IMSL ROUTINES - UERTST,UGETIO

NOTATION - INFORMATTON ON SPECIAL NOTATION AND
CONVENTIONS 1S AVAILABLE IN THE MANUAL
INTRODUCTION OR THROUGH IMSL RCUTINE UHELP

REMARKS 1. WHEN IJOB=1, ARGUMENTS B, M AND IB ARE NOT USED BY
LEQTIC.
2. INPUT MATRIX A IS DESTROYED WHEN IJOB=0 OR 1. WHEN
IJOB=0 CR 2, B IS REPLACED WITH THE SOLUTION X.
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TABLE 3. (Cont.) DESCRIPTICN OF IMSL LIBRARY ROUTINE LEQTIC.

3. LEQTIC CAN BE USED TO COMPUTE THE INVERSE OF A COMPLEX
MATRIX. THIS IS DONE BY CALLING LEQT1C WITH M=N,
B=THE N BY N IDENTITY MATRIX AND IJOB=0. WHEN N IS
LARGE, IT MAY BE MORE PRACTICAL TO COMPUTE THE INVERSE
A COLUMN AT A TIME. TO DO THIS, FIRST CALL LEQTIC WITH
IJOB=1 TO FACTGR A. MAKE SUCCEEDING CALLS WITH M=1l, B
=A COLUMN OF THE IDENTITY MATRIX AND IJOB=2. B WILL BE
REPLACED BY TnE CORRESPONDING COLUMN OF A INVERSE.

4. THE DETERMINANT CF A CAM BE COMPUTED AFTER LEQT1C HAS
BEEN CALLED AS FOLLOWS

DET = (1.0,0.0)
DO S I=1,N
IPVT = WA(I)
IF (IPVT .NE. I) DET = -DET
DET = DET*A(I,I)
S CONTINUE

Algorithm

For a given N by N complex matrix A and an N by M complex matrix B,
LEQTIC computes an LU decomposition of a rowwise permutation of A and
solves the system of equations AX=B. Kow eguilibration and partial
pivoting are used.

See reference:

Forsythe, George and Moler, (leve B., Computer Solution of Linear
Al%ebraic Systems, Prentice-Hall, Inc., Englewood Cliffs, New Jersey,

Example

This example shows how-to solve a system of 3 equations in 3 unknowns
using LEQTIC.

The equations are

(L.+13.)X(1) + (2.5~13.5)X(2) + (l.+i)X(3) = (1.-1i2.)
(6.+12.,)X(1) + (-4.+i3.)X(2) = (3.-i4.)
(5.-1) X(l) + (l.+i) X(2) + (3.+i3.)X(3) = (5.-i6.)

and the unknowns are X(l),X(2), and X(3).

In this case, N=3 (A is J by 3), and M=1 (B is 3 by 1, one right hand
side) .,

Input:
INTEGER N,IA,M,1IB,1J0B, IER

COMPLEX A(3,13),B(3)
REAL WA (3)

-
“eb
[ |
www
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TABLE 3. (Cont.) DESCRIPTION OF IMSL LIBRARY ROUTINE LEQTIC.

(1.,3.) (2.5,-3.5) (l.,1.)
A = (6.,2.) (-4.,..) (0.,0.)
(5.,-1.) (1.,1.) (3.,3.)

(1. "2-)
B = (3.,~4.)
(5- '-60)

IJOB=(
CALL LEQTIC (A,N,IA,B,M,I1B,I1J0B,WA, IER)

END.
Output:
IER = 0
(~.32881, -.68795)
B - (~.48127, -.53729)
( .90092, -1.5177)
Hence the solution is
X(l) = -.32881 ~i0.68795

X(2) = -.48127 -i0.55729
X(3) = .90092 ~il.5177
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TABLE 4., SAMPLE EXECUTION CF THE MEAN ROTOR WAKE PROGRAM

ORIGINAL PAGE 13

VAN = OF POOR QUALITY

NUANE= 11

NBLADE=

15

NBLADE= 15

HUB RADIUS DIVIDED BY DUCT RADIUS =
-484

SIGKAR= 0.48400000E+00

VANE TIP CHORD DIVIDED EBY DUCT RADIUS =
-408

SIGHAC= 0.4080000GE+00

LXxo =

<6201

LX0= 0.52010000E+00
NDAT =

7

NDAT= 7

VANE GEOMETRY MATRIX INFUT

FEED MATRIX IN ONE ROW AT A TIME, FROM HUBR TG TIF

ROMW= t  R/RDUCT =
484

C/CTIP =

1.

ALFHAS (DEBREES)=
16.3
YS/CTIP
0.
YR/CTIP
0.
XS/CI1P
0.
XR/CTIF
0.
ROW= 2  R/RDUCT =
<96

C/CTIP =

1.

ALFHAS (DEGREES)=
15.67
YS/CTIP
027
YR/CTIP
-.033
XS5/CTIP
=.001
XR/CTIF
~.02

“"

[1}

n
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TABLE 4. (Cont.) OF Pong ¢,

ROW= 3 R/RpUCT =
739

L/CTIF =

1.

ALFHAS (DEGREES)=
14.07
YS/CTIP
-093
YR/CTIF
-.118
XS§/CTIFP
~.003
XR/CTIF
~.Q57
ROW=" 4  g/RpUCT =
.92

C/CTIP =

1.

ALFHAS (DEBREES)=
12.57
YS/CTIF
-138
YR/CTIP
- 213
AS/CTIF
~.008
XRACTIP
e 0/‘3
ROW= 5 R/RDUCT =
<Fda

C/CTIF =

1.

ALFHAS (DEGREES)=
12,36
Y5/CTIFP
163
YR/CTIF
.22
XS/CTIF
=.008
XRACTIF
-.07
ROU=" 6  R/RDUCT =
973

C/CTIP =

1.

1]
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(Cont.)

ALFHAS (DEGREES)=

12.15
YS/CTIP
L1077
YR/CTIF
-.242
XS/CTIP
-.009
XR/CTIF
-.047
RoW= 7
1.
C/CTIP =
1

11.92
YS/CTIP
.187
YRACTIP
-.262
¥S/CTIFP
-.00%
XR/CTIF
-. 044
VANE GEOME
0.4C4E+00
0.560E+00
0.739E+00
0.920E+00
0.946E+00
0.973E+00
0.100E+01

R/RDUCT =

ALFHAS (DEGREES)=

TRY MATRIX IS
0.100E+01 0.284E+00
0.100E+01 0.273E+00
0.100E+01 0.244E+00
0.100E+C1 0.21FE+00
0.100E+01 0.216E+00
0.100E+01 0.212E+400
0.100E+01 0.208E+00

0.00GE+00 0.000E+00 0.000E+00 0.000E+00
0.270E-01~0.330E-01-0.100E-02~0.200E-O1
0.930E-01-0.118E+00~-0.500E-02-0.570E-01
0.158E+00-0,213E+00-0.800E-02-0.730E-01
0.163E+00-0.226E+00-0.800E~-02-0,700E-01
0.177E+00-0.242E+00-0.900E-02~0.670E-01
0.187E+00-C .262E+00-0.900E-02-0.640E-01

TYFE 1 TO INFUT ROTOR FLOW VELOCITY,O FOR FREE VORTEX

1
IVOR= 1

NUMBER OF RADII FOR SPECIFYING MEAN ROTOR FLOW=

8
NVELO= 8

INFUT MATRIX FOR MEAN ROTOR FLOW
FEED MATRIX IN ONE RQW AT A TIME,FROM HUE TO TIP

ROW= 1 R/
- 484

ROUCT=

MEAN CIRCUMFERENTIAL VELOCITY RATIO=

.808
ROW= 2 R/
2333

RDUCT=

32



¥

TABLE 4. (Cont.)

MEAN CIKCUMFERENTIAL VEIOCITY RATIO=

ey
. ?U(J

RON= 3 R/RDUCT=
612
MEAN CIRCUMFERENTIAL VELOCITY RATIO=
734
ROW= 4 R/KDUCT=
.834
MEAN CIRCUMFERENTIAL VELOCITY RATIOD=
A2
ROW= S R/RDUCT=
918
MEAN CIRCUMFERENTIAL VELOCITY RATIO=
. 488
ROW= & R/RDUCT=
946
MEAN CIRCUKMFERENTIAL VELOCITY RATID=
. 684
RCV= 7 R/ADUCT=
.974
MoAN CIRCUKFERENTIAL VELOCITY RATIO=
713
FOW= 8 R/RDUCT=
I
MEAN CIRCUMFERENTIAL VELOCITY RATIO=
713
MEAN ROTOR FLOW VELOCITY MATRIX IS
.4840E+00 .BOBOE+00
«S330E+00 .7880E+00
+b120E+00 .7840E+00
BI40E+00 71200400
LF180E+00 .4BBOE+00
.944CE+00 .4BA0E+00
J9740E400 .7130€£400
L1000E+401 L7130E+00
MY =
508
M7= 0.50800000E+00
Ma =
.323
Ma 0.32300000E+00
WAKE WIDTH =
L1772
WUIPTH=  0.17200000E+00
MAX VEL DEFICIT DIVIDED 3Y UBAR
27

VELDEF=  0.27000000E+00

1"
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TABLE 4. (cont.) re POOR Q

MUMBER OF RADIAL STATIONS =

NRaLli= 7

MUMBER OF CHORDWISE STATIONS =

8

NZHORD= 8

ACCURACY OF BESSEL FN =

. 001

ZBk= 0.10000000E-02

ACCURACY OF CONVERGENCE TO ROOT XMN =
. 0001

EC= 0.10000000E-03

€ =3
XMN(MAX) FOR PROPAGATION = 0.24154718E+02
“FESAFE Floating uncerflow FC= 61135

YFRSAPR Floating underflow PC= 6163

MCDE DATA

5= 3 =1 K= 1 XMN = 0.13709056E+01

CLUTOFF RATID FOR MODE= 17628402

Syh OF BESSEL FUNCTION ERKROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

AMN = 0.13152303E+01 BMN = ~0.421194466E+00

ERROR CODE FOR BESSEL FNS IN AAN AND BMN CALC = 00 ¢ 0 00 0 0

M= 1 N = 1 $ = 3

ERROR CODE FROM INVERSION ROUTINE=
ERROR CODE FROM INVERSION ROUTINE=
ERROF CODE FROM INVERSION ROUTINE=
ERROR CODE FROM INVERSION ROUTINE=
ERFCR CODE FROM INVERSION ROUTINE:
ERROR CORE FROM INVERSION ROUTINE=
ERROR CODE FROM INVERS1JIN ROUTINE=

Co oo o O

UPSTREAM

GadMA A N, S = 0.33725477E+Q2

MODE AMFLITUDE = 0.13613387E-03 0.33358998E-04

SUm OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND POVER LEVEL FOR MODE(DR)= -0.7344E402

DOUNSTREAN

GAMMA M, N,SB = -0.17237771E+402

MODE AMFLITUDE = -0.47378941E-04 -0.72085580E-03

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND PONER LEVEL FOR MODE(IB)= -0.7715E+02
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TA3LE 4. ({(Cont.) OF POUR QU

M= -1 N= 1 §= -3

UPSTREAHK

RELATIVE SOUND POWLR LEVEL FOR ®OLE(DBJ= —-0,7364E+Q2
DOUNSTREAM

FRELATIVE SOUND POMER LEVEL FOR HODECDb)= -0.7713E+02
MODE DATA

§= 3 F= 1 H= 2 X = 0.03700327E+01
CUTOFF RATIO FOR MODE=s ,378CE+01

SyM OF BESSEL FUNCTLON EKROR COLES = ¢

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

AMN = 0.1%356938E+401 EAN = 0.32269858E+01

ERROR CODE FOR BESSEL FNS IN AMN AND EEN CALC = 00 Q0 0 0 0 0 O

M= 1 N = 2 § = 3

UPSTREAN )

GAMMA M,N,SR = 0.32B57319E+02

MODE AMFLITUDE = -0.110490&67E-03 -0.91503378E-04

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND FOWER LEVEL FOR mMODE(DB)Y= -0.735tE+02
DIWNSTREAM

GaMMA M,N,SB = -0.163694614E+02

MODE AMFLITUDE = 0.30242348E-04 €.263048356E-04

SUh OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SCUNG POWER LEVEL FOR MCDECDB)= ~0.79519E+02

UPSTREAH

RELATIVE SOUND FOWER LEVEL FOF MOUE(DB)= -0.7351E+02
LCWNSTREAN

RELATIVE SOUND POWER LEVEL FOR MODE(DB)= =0.7519E+02
MODE DATA

5= 3 =1 N- 3 XEN = 0.12724612E+02
CUTOFF RATIO FOR MODE= .1960E+ 1

SUM OF RESSEL FUNCYTON ERROR CiDES = O

ERROR CODE FOR CONVERGENCE TO RCOT XMN = 0

ARN - 0. 43514410E+01 BMN = 0.40726745E+01

ERROR CODE FOR BESSEL FNS IN AMN ANL EMN CALC =000 0C 0 ¢ O
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TABLE 4. (Cont.) OF POOR Q- ALITY
M= 1 N= 3 S= 3
UPSTREAHN
GAMMA M,N,SB = 0.30194305E+02
MUIE ARFLITUDE = -0.67274867E-04 -0.89817303E-06
Sus OF ALL ERRORS IN PSI CALCULATIONS = 0
RELATIVE SOUND POWER LEVEL FOR MODE(DR)= -0.B036E+02
DOUNSTREAH

5AMMA M,nN,5B = -0.13706397E+02

MOLE AMFLITUBE = 0.J90356430E-04 0.446102740E-04

SUM OF ALL ERRORS IN FSI CALCULATIONS = 0

RELATIVE SOUND FOWER LEVEL FOR MOBE(DR)= -0.7634E+02

UPSTREAM

RELATIVE SOUND POMER LEVEL FOR MODE(DR)= ~-0.8036E+02
DOWNSTREAN

RELATIVE SOUND POWER LEVEL FDR MODECDB)= =0.7634E+¢2
MODE DATA

§= 3 M= 1 N= 4 XMN = 0.18362274E+02
CUTOFF RATIO FOR MODE= .1313E+(H

Sum 0OF BPESSEL FUNCTION ERROR CODES = 0

ERRQR CODE FOR CONVERBENCE T0 ROOT XMN = 0

ANN = 0.61381731E+01 BMN = 0,22114971E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC =00 0 000 0 0

M= 1 N= 4 S= 3

UPSTREAM

GAMMA M,N,0F = 0.24825892E+02

MODE AMFLITUDE = 0.88119635E-06 0.55164443E-06

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUMD FOMER LEVEL FOR MODE(DE)= -0.1173E+03

DONNSTREAN

GAhMA H,N,SB = -0.8338185%E+01

MODE AMFLITUDE = 0.10458061E~04 0.45172844E-04

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND FOMER LEVEL FOR MDDE{(DR)= —-0.8064E+02
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TABLE 4. {(Cont.) OF Q

Me -1 N= 4 §= -3

UFS TREAN

RELATIVE SOUND POVER LEVEL FOK MODE(DR) = -0.1173F +03
DOWNSTREAN

RELATIVE SOUNE POUER LEVEL FOR MODECDE)= -0.8064E+02

LARGEST FROFAGATING N FOR THIS M = 4

MORE DATA

S= 3 mh=-10 N= 1 X4N = 0.11769701E+62
CUTOFF RATID FOR MODE= ,2052E+Q1

SUM OF BESSEL FUNCTION ERFOR CODES = O

ERROR COIE FOR CONVERGENCE TD ROOT XMN = 0
ARN = 0.54757755E+01 BMN = -0.303485%4E-0C
ERFOR CODE FOR BESSEL FNS IN AMN ANL BMN CALL =0 000G 0 00

M= -1 N = 1 § = 3

UPSTREAN

GaMMA M,N,SE = 0.30931741E+402

MOLE *“FLITUDE = -0.90B96B23E-0% 0.41207877E-04

SUM OF ALL ERRORS IN PSI [ALCULATIONS = 0

RELATIVE SOUND POWER LEVEL FOR MODE(DBR)= -0.78690E+02
DOUNSTREAM

GAMMA M,N,SB = -0,14044035E+02

MODE AMFLITUDE = -0.44741440E-03 -0.25779423E-03

SUM OF ALL ERRORS IN FSI CALCULATIONS = 0

RELATIVE SOUND POYER LEVEL FOR MODE(DBR)= -0.0498E+02
M= 10 N= 1 8= -3

UPSTREAN

FELATIVE SOUAD FONER LEVEL FOR MGCIOE(DB)= “0.7690E+02
LCUNSTRENH

RELATIVE SZUND FQUER LEVEL FOR MODE(DB)= -0.95498E+02
MOL. JATA

5= 3 M =-10 N= 2 XMN = 0,16348282E+02

CUTOFF RATIO FOR HODE= .1478E+(01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGCNCE TO RQOT XMN = 0

AMN = 0.48044727E+01 ENN = ~0,37694076E+00

ERROR COLE FOR BESSEL FNS IN ANN AND BMN CALC = 0 0 0 0 0 0 0 0
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TABLE 4. (Cont.) OF POCR Q JALITY

m= -10 N = 2 S = 3

HESTRESN

GArma X, K,SB = 0.27032509E+02

MOLE AMFLITUDE = 0.36213808E-04 0.13253067E-04

GUk OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SCUND FOMER LEVEL FOR MODE(DE)= ~0.8559E+02
DOUSSTREAM

GAMRA M, 5+ = -0.10544803E+02

MODE AMFLI UDE = 0.54190475E-03  0.25744146E-03

Sux 2F ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND POWER LEVEL FOR MODE{DE)= -0.5754E+02

M= 10 N= 2 5= -3

UPSTREAM

RELATIVE SOUND FOVER LEVEL FOR MORE(DB)= -0.8539E+02
UOWNSTREAM

RELATIVE SOUND POUER LEVEL FOR MODE(BBI= -0.5754E+02
MODE DATA

S= 3 H=-10 N= 3 XMN = 0.19710760E402
CUTOFF RATIO FOR MODE= .1225E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ARN = 0.45357504E+0! BMN = -0.21449782E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC = G 00000 0 O

M= -10 N = 3 § = 3
UPSTREAM
Gansn M,N,SB = 0.22996573E+02

MODE AMFLITUDE = 0.350912282E~05 0.44796741E-04
SUmM OF ALL ERRORS IN PSI CALCULATIONS = 0
RELATIVE SOUND POWER LEVEL FOR MODE(DB)= -0 .B4V2E+OC

DOMNSTREAM

GAMMA M,N,SB = -0.45088588E+01

MOBE ANPLITUDE = -0.3201501BE-03 -0.36725690E-03
SUN OF ALL ERRORS IN PSI CALCULATIONS = 0
RELATIVE SOUND POWER LEVEL FOR MODE(DBI= ~0.5894E+02
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TABLE 4. Cont.
- ( ) OF POOR QUALITY

M= 10 N= 3 §= -3

UPSTREAM

RELATIVE SOUND FOMER LEVEL FOR MOLE(DD)= -0.8492E+02
DOWNSTREAM

RELATIVE SOUND POWER LEVEL FOR MORE(DB)= -0.5644E+02
MODE DATA

5= 3 N ==10 N= 3 XMN = 0.2358B640E+Q2
CUTOFF RATIO FOR MODE= .1024E+01

SUM OF BESSEL FUNCTIOMN ERROF CODES = Q

ERROR CODE FOR CONVERGENCE TC ROOT XMN = 0

AKN = 0.,82652037E+01 BMN = -0.98372497E+00

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC=00000 0 0 0

M= -10 N= 4 S= 3

UPSTREAM

GAMMA M,N,SB = 0.13736991E+02

MODE AMPLITUDE = -0.50110748E-03 -0.29130448E-03

SUM OF ALL ERKORS IN FSI CALCULATIONS = 0

RELATIVE SOUND FOKER LEVEL FOR MODE(DEI= ~0.6613E+02
IOUNSTREAN

GAMMA h,N,SF = 0.275C7144E+01

MOLE AMFLITULE = -0.34158747E-03 0.85520260E~03

SyH CF ALL ERFORS IN PSI L[ALCULATIDNS = 0

RELATIVE SDUND POVER LEVEL FOR MODPE(DR)= ~0.6090E+02

M= 10 N= 4 Sz -3

UPSTREAN

RELATIVE SOUND FOWER LEVEL FOR KIDE(DB)= -0.6613E+02
DCUNSTREAM

RELATIVE SOUNDI' POWER LEVEL FOR MODE(DB)= -0.6090E+02

LAFGEST FPROFAGATING N FOR THIS X = 4
MOZE DATA

5= 3 N =12 =1 XHN = 0.13878411E+02
CUTOFF RATIO FOR MODE= ,1740E+01

SUM OF BESSEL FUNCTION ERROR CODES = ©

ERROR CODE FOR CONVERGENCE TO ROOT XAN = 0

R = 0.608929i8E+01 BMN = -0.43711792E-03

E. (0K CODE FOR BESSEL FNS IN AMH AND BMN CALC = 00000000
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H= 12 N = 1 § = 3

UFSTREANM

GAnmA M, N, 598 = 0.29133072E+0.

MODE AMPLITUDE = 0.88696711E-04 0.15987079E-05

Syn OF ALL ERRORS IN PSI [ALCULATIONS = 0

RELATIVE SOUND FCWER LEVEL FOR MODE(DB)= -0.7808E+02
[OUNSTREAM

GAmMA M,N,5B = -0.12645367E+07

MODE ANWPLITUDE = 0.95047415E-04 0.45870526E-03

SUM OF ALL ERRORS IN PSI CALCULATIDNS = 0

RELATIVE SOUND' FOWER LEVEL FOR MODE(DE)= -0.3892E+02

UFSTREAM
RELATIVE SOUMD FOWER LEVEL FOR MODE(DR)= -0.7803E+02

LOWNSTREAM
RELATIVE SOUND POWER LEVEL FOR MOBECDE)= -0 5872EF02

MODE DATA

5= 3 M =12 N= 2 XN = 0,1871366¢60+02

CUTOFF RATIO FOR MODE= .1271C+01

SUM CF BESSEL FUNCTION ERROR CODES = O

ERROR CODE FOR CONVERGINIE TO ROOT XMM = 0

AlN = 0,53619F37E+01 BMN = -0,12842323E+00

ERROR CODE FOR BESSEL FNS IN AMN ANDI BMN CALC =0 0 000000

M= 12 N = 2 5= 3

UFSTREAN

GAMhA M,N,5F = 0.24381333£+02

MOLE AMFLITUDE = 0.31973S51E-03 -0.67991251E-04

Sun OF ALL ERRORS IN FSI CALCULATICNS = 0

RELATIVE 30UKD POCWER LEVEL FOR MODE(DR)= -0.6745E+02
DOWNSTREAH

GAMMA M,N,SB = -0.78936267E+01

MOLE AMFLITUDE = §.14232207E-03 -0.40642054E-03

SUM OF ALL ERRORS IN FPSI [ALCULATIONS = 0

RELATIVE SQUNL FCHER LEVEL FOR MODE(DB)= ~0.6146E402
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M= =12 N= 2 5= -3

UPSTREAM

RELATIVE SOUND FIRER LEVEL FOR MODE(DBI= -0.6745E+02
DOWNSTREAM

RELATIVE SGUND POJER LEVEL FOR MODE(DB)= -0.6146E+02
MOLE DATA

§= 3 M=12 N= 3 AME = 0.22297030E+02

CUTCFF RATIO FOR MODE= .10863E+01

Su% OF FESSEL FUNCTION ERROR CODES = 0

LRRCR CODE FCR CONVERGENCE TC ROOT XMN = 0

ARN = 0.50862141E+401 BMN = -0.14574138E+01

ERROR CODE FOR BESSEL FNMS IN AMN AND EMN CALC = 0 0 0 00 0 0 O

h= 12 N= 3 §= 3

UPSTREAN

GarMA M N,5B = 0.18059348E+02

MCIE AMPLITUDE = -0.38293325E-03 -0.15805489E-03

SUM OF ALL ERKORS IN FSI CALCULATIONS = 0

RELATIVE SOUND POWER LEVEL FOR MODE(DE’= -0.6496E+02
DOUNSTREAM

GAnMA F,N,SB = -0.15716621E+01

MCDE AMFPLITUDE = ~0.11038B13E-02 0.41711175E-03

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND FOWER LEVEL FOR MODE(DB)= -0.5369E+02

UFSTREAN
RELATIVE SOUND FONER LEVEL FOR MODE(DB)= -0.68956E+02

[DOUNSTREAN
RELATIVE SOUNDL FOWER LEVEL FOR MODE(DH)= -0.3569E+02

. AEGEST FROFAGATING N FOR THIS M = 3
MODE DATA

§= 3 M =-21 N= 1 XMN = 0.23254819E+02

CUTOFF RATIO FCR MODE= .1037E+01

SU# OF BESSEL FUNCTION ERROR CODES = O

ERROk CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.85042393E+01 BMN = -0.38116337E-05

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC = 0 0 0 00 0 0 O

41



Ch e

O SiNAL PAGE 19
OF POCR QUALﬁY
TABLE 4. (Cont.)

M= -21 N = 1 § = 3

UFSTREAM

GANHA M,N,SB = 0.15145542E+02

MODE AMPLITUDE = 0.63165623E-03 -0.10433352E-02

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND FOWER LEVEL FOR MODE(BB}= ~0.5882E+02
DOWNSTREAM

GAMMA M, N,SB = 0.13421542E+01

MODE AMFLITUDE = -0.18827030E-02 0.30355092£-02

SUk OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND FOWER LEVEL FOR MODE(L®)= —0. 3776E+02

UPSTREAM
RELATIVE SOUND FOMER LEVEL FOR MODEC(DB)= -0 .3882E+02

DOUNSTREAM
RELATIVE SOUND POWER LEVEL FOR MODE(DE)= -1.,4796E+02

LARGEST PROFAGATING N FOR THIS M = 1
NO MORE PROFAGATING #OLES FOR THIS VALUE OF §

§ =2
XAN(HAX) FOR FROFAGATIOM = 0.,15103146E+02

MODE DATA

§= 2 M=-3 = XN = 0.39866274E+01

CUTOFF RATIO FOR MODE= .4039E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVIRGENCE TO RDOT XAN = 0

ANN = 0,26023450E+0! BMN = -0.32389376E+00

ERROR CODE FOR BESSEL FNS IN AMN AMND BMN CALC =00 0000 00

H= -3 N = 1 S = 2

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

copt
CoLE
Cone
COpE
CODE
CoDE
ColE

FROM
FROM
FROM
FRON
FROM
FROM
FROM

INVERSION
INVERSION
INVERSION
INVERSION
INVERSION
INVERSION
INVERSION

ROUTINE=
ROUTINE=
ROUTINE=
ROUTINE:
ROUTINE=
ROUTINE=
ROUTINE=

oo ococoO

42

®



“‘__.l

ORIGINAL PAGE 1S

TABLE 4. (Cunt.) OF POOR QUALITY
UPSTREANM

Gama 8, N,SB = 0.219812830+02

MOLE AMFLITUDE = 0.1352£46%4E-03 -0.1143848vC-03

Sum OF ALL ERRORS IN FPSI CALCULATIONS = 0

RELATIVE SOUND FOWER LEVEL FOr MODE(BB)= -0.7167E+02
DOWNSTREAN

GAMMA M,N,5B = -0.10989599E+02

AODE AMPLITUDE = -0.12497451E-04 -0.25469007E-03

SUM OF ALL ERRGRS IN PSI CALCULATIONS = @

RELATIVE SCUND POWER LEVEL FOR KODE(DB)= -0.6288E+02

M= 3 M= 1§z -2

UFSTREAM
RELATIVE SOUND POWER LEVEL FOR MODE(DB)= -0.7167E+02

[OUNSTREAM
RELATIVE SOUND POWER LEVEL FOR MODE(DB)= -0.6288E+02

MODE DATA

§= 2 H=-3 N= 2 KN = 0.774567003E+01

CUTOFF RATIO FOR MODE= .2079E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGEMNCE TO ROOT XMN = 0

AMN = 0,35703322E+01 EMN = -0.89511182E+00 ;

ERROR CODE FOR BESSEL FNS IN AMN ANU BEN CALC = 00 Q0 00 ¢ 0

= =3 N = 2 § = 2

UPSTREAMN

GAMMA M,N,SF = 0,20412827E+02

MODE AMFLITUDE = -0.629328154E-¢  0.1B015367E-03

Sy OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND POWER LEVEL FOR MODE(DB)= =0.7126E402
LOUNSTREAN

GAMMA M,N,5B = -0.04210233E+01

MODE AMFLITUDE = -0.56493354E-03 0.30607513E-03

SUh OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND POWER LEVEL FOR MODE(DB)= -0.5566E+02
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H= 3 N= 2 5= -2

UPSTREAN

RELATIVE SOUNL FOWER LEVEL FOKk MODE(DB)= =0.7126E+02
[ICWNSTREAM

RELATIVE SOUND FOWER LEVEL FOR MODE(DB)= -0.3566E+02
MODE DATA

5= 2 H=-3 M= 3 XMN = 0.13008803E+02

CUTOFF RATIO FOR MODE= ,1238E+0i

Su¥ OF BESSEL FUNCTION ERROR CODES = O

ERROR CODE FOR CONVERGENCE TO ROOT XMN = O

ANN = ~0.18734298E+¢0 BAN = 0.353089865E+01

ERROR CODE FOR RESSEL FNS IN AMN AND BMN CALC =000 00000

M= -3 N= 3 §= 2
UPSTREAN
GANMA R N,5B = 0,15524623E+02

MODE AMFLITUDE = -(.87384578E-05 -0.13593062E-03
SyYm OF ALL ERRORS IN PSI CALCULATIONS = 0
RELATIVE SOUND FOWELR LEVEL FOR nmODE(DB)= -0.7526E+02

DOUNSTREAN

Galiha M N, 5B = -0,45328195E+01

MODE AMFLITUDE = 0,50005592E-03 0.24067449E-03

SUm OF ALL ERRORS IN FSI CALCULATIONS = 0

RELATIVE SOUND FOWER LEVEL FOR MODE(DB)= -0.5571E+02

M= 3 N= i §= -2

UPSTREAN

RELATIVE SOUND FOWER LEVEL FOR MODE(DE)= ~0.7526E+02
DCWNSTREAM

RELATIVE SOUND FOWER LEVEL FOR MODE(DE)= -0.3871E+02

[LARGEST PROFAGA/ING N FOR THIS ¥ = 3
MODE DATA

§= 2 M= B N= I XMN = 0.964131077+01

CUTOFF RATIO FUR MODE= .14670E+O1

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO KDOT XMN = 0

ANN = 0.48101F23E+01 BMN = -0.14425735E-01

ERROR CODE FOF BESSEL FNS IN AMN ANLI BMN CALL =00 00 00 0 O
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TABLE 4. (Cont.)

M= 8 N= 1 §= 2
UPSTREAM
GANMA M,N,SB = 0.19124302E+02

ORIC!NAL PAGE IS
OF POOR QUALITY

MODE AMFLITURE = -0.15710335E-02 0.19986281E-02

SUM OF ALL ERRORS IN FSI CALCULATIONS =
RELATIVE SOUNL FOWER LEVEL FOR MODE(DE)=

DOWNSTREAN
GAMMA M,N,SB = -0.81325179E+01

0
-0.4444E+02

MODE AMFLITUDE = 0.46097707E-03 -0.60581800E-04

SUM OF ALL ERRORS IN FSI CALCULATIONS =
RELATIVE SOUNL FOWER LEVEL FOR MODE(DE)=

m= -8 W= 1 §= -2

UPSTREAM
RELATIVE S0UND FOWER LEVEL FOR MOLE(DE)=

DOWNSTREAH
RELATIVE SOUND FOWEF LEVEL FOR MCDE(DE)=

MIIE DATA

0
-0.3358E+02

—0.4443E+02

-0.3598E+0C

5= 7 M= 8 N= 2 XHN = 0.1386C2791E+00

CUTOFF RATIO FCR mODFE= 11C2E+O1
UM OF BESSEL FUNCTIOM ERROR CODES = 0
ERRQF COLE FOR CONVERGLNCE TO ROOT XAN =

0

ARN = 0,412348640E+01 BMK = -0.85984376E+00

CFROF CODE FOR BESSEL FNS IN AMN AND BMN CALL =00 0000 00

o= 8 N = 2 § = 2

UPSTREAH

GAMhA M,N,SE 0.134153311E+02

MOZE AMFLITUDE = -0.5C2277895-00 -0.460866

SUH OF ALL ERRORS IN FSI CALLULATIONS =
RELATIVE SOUND FOWER LEVEL FOF mMOLIWLE)=

[OWNSTREAN
GAMMA M, N, SE = -0.3106170G75E+01

MOBT AMFLITUDE = -0.1833295°E-02 -0.37678

Sutt OF ALL ERKORS In FSI CALLULATICNS =
FELATIVE SOUND FOMER LEVEL FOR MODE(DER)=

45
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TABLE 4. (Cont.) ~F POCR QUALITY

M= -8 N= 2 5= -2

UPSTREAN

RELATIVE SOUND FOYER LEVEL FOR MODE(DE)=  -0.4172E+02
DOWNSTREAN

RELATIVE SOUKD PCHER LEVEL FOR MODE(DBI=  -0.5006E+02

LARGEST PRCFAGATING N FOR THII ¥ = 2
MODE DATA

S= 2 H )
CUTBFF RATIO FCR A0LE= .1008E+01
uM OF BESS Ut‘T[ﬁ“ ExkOR CODES = 0
LFROR cone ONVERGENCE TC FCOT XEN = 0
AHN = u bbe 2oL+l BN = -0.10554324E-03
LE EESSEL FNS IH nAMN AND BMN CALC =

Al

~ )

M= -12 N = i S = 2
UPZTREANM
GakmA K,N,S5E = U-‘63185705+01
CIE ANFUITUDE = -0.18299872E-01  0.33717128E-01
ﬁ Or Al TRAQRS IN FSI CALCULATIONS = 0

0.33569469E+01

(GRS IN FSI CALCULATIONS = 0
ou

M= 14 fi= 1 §= -2

UPSTREAH
NECATIVE SOUND FOMER LEVEL FOR MODE(DE)= ¢

COWNSTREAN

RWeLATIVE SOUND POWER LEVEL FOR MODE(DB)= -0.

LARGEST PROPAGATING N FOR THIS ¥ = 1
NJ MORE FROFAGATING MODES FOR THIS VALUE §r §

S =1
XMN(MAX) FOR PROPAGATICK = 0.80315728E+1

L6

LATIVE SOUNL FOWER LSVEL FOR MIDE(DB)= -0.

0.13580878E-01 0.28533771E-01

ER LEVEL FOR MODE(DB)= -0.

i4 =1 ANN = 0.13775402E+02

0000¢C00O0

I212E+02

J279E+02

L3212E+02

J27IE+02

(4
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TABLE 4. (Cont.) ORIGINAL PAGE 13
OF POCR QUALITY

MODE DATA

S= 1 W= 4 k=1 XMN= 0,51995376E+01

CUTOFF RATIO FOR MQODE= ,1349E+0!
SuM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO KOOT XMN = 0
AN = 0.31336383E+01 EHN = -0.20930877E+09

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALL =00 00 00 00

M= 4 N = 1 § = 1

ERROR CODE FROM INMERSION ROUTINE=
ERROR CODE FRCM INVERSION RDUTINE=
ERROR CODE FRCM INVERSION ROUTINE=
ERROR CODE FROM INVERSION ROUTINE=
ERROR CODE FROM INVERSION ROUTINE=
ERROR CODE FROM INVERSION ROUTINE=
ERRGR CODE FROM INVERSION ROUTINE=

O 0o o0 O 0 oo

UFSTREAM

GAMMA K,N,SR 0.72437007E+01

MOUE AMFLITUDE = -0.16022921E-01 -0.12244703E-01

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

RELATIVE SOUND FOWER LEVEL FOR MODECDB)= =0.2113E+02

DOWNSTREAM

GAMMA M,N,5F = -0,37477987E+01

MODE AMFLITURE = -0.10714520E-02 $.23857642E-02

SUM OF ALL ERRORS IN FSI CALCULATIONS = 0

RELATIVE SOUNT POGWER LEVEL FGR MODECDR)= -0 4a50E+H0C

UPSTREAM
RELATIVE SOUND FOWER LEVEL FOF MODE(DE)= -0.3113E+0C

DOWUNSTREAM
RELATIVE SGUND PONER LEVEL FOR MODC(DEY= -0.4450E+02

LARGEST PROFAGATING N FOR THIS A = |
NO MORE PROFAGATING NODES FOR THIS VALUE OF S
FROBLEM COMFLETED

RELATIVE FOWER LEVEL UPZTREAM S= 1 -0.2832E+02
RELATIVE FOWER LEVEL UFSTREAM 5= 2 -0.2843E+02
RELATIVE FOWER LEVZL UPSTREAM S= 1 ~0.5381E+402
RELATIVE FCWER LEVEL DOWNSTREAM S= 1 -0.4149E+02
RELATIVE FOWER LEVZL DOUNSTREAM §= 2 -0.2964E+02
RELATIVE POWER LEVEL DOUNSTREAM S= 3 -0.4253E+02
SieF
END OF EXECUTIOHN
CPU TINE: 4:19.48 ELAFSED TIME: 20:51.21
EXIT.
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This program calculates the modal power spectral

CRIZAL P A Y
OF 2 LAY

—

SRR

Aan

denslty for noilse

INPUT/OUTPUT DATA FOR THE iNLET TURBULENCE PROGRAMS

generated by a turbofan rotor subjected to i=let turbulence.

input and output data are nondimensional.

All

The input variables are

defined in order to parallel as closely as possible the variables

used 1n the Mean Wake Program.

performance, turbulence, and computational parameters.

Geometric Data

FORTRAN
NAME

NBLADE
SIGMAR
SIGMAC

CHI

SYMBOL VARIABLE

B No. of rotcr blades
on Ratio of hub radius to duct radius
g Ratio of tip chord ~f roter blade

to duct radius
Vector of data for a number, NDAT

(an integer varizble) of rotor blade

radii
r Nondimensional radius = r/rduct
¢ Nondimensional blade chord= c/ctip
X Blade angle (degrecs) [See Fig. 3
of Vol. 1]

Performance Data

FORTRAN
NAME

MT
MA

SYMBOL VARIABLE

Mt Tip Mach number

M Axial flow Mach number

Frequency range data: Pressure distributions

are calculated and stored for the range of

frequencies from PSTART to PEND in steps of

FORTRAN
VARIABLE

Tnteger
Floating
Floating

Floating
Floating

Floating

FORTRAN
VARIABLE

Floating
Floating

PSTEP. These data are interpolated for calcu-

lations at the frequency of interest OMEGA.

48

TYPE

Point
Point

Point
Point

Point

TYPE

Poinrt
Point

The input data consist of geometric,
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ORIGINAL PAGE 1S
OF POOR QUALITY

FORTRAN FORTRAN
NAME SYMBOL VARIABLE YARIABLE TYPE
PSTART - First frequ-... - for pressure calcula- Integer
tion. Mu'¢ be a. ‘nteger multiple of
shaft fr .quency.
(Usuall; = NBLADE)
PEND - Final frequency for pressure calcu- Intege~
lation. See text for description of
value required.
PSTEP - Frequency step size in pressure Integer
calculation. {(Usually = NBLADE)
OMEGA w/8 Nolse frequency of interest Floating Peint

(nondimensicnalized on the rotor
shaft frequency)

Turbulence Data

The inlet turbulence dara are loaded into separate function subroutines.

This arrangement allows rather complicated radial distributions of

turbulence to be modeled.

FORTRAN

CUNCTION

NAME SYMBOL VARIABLL

SCALLX Lx(f) Axial turbulence length scale (nondimensionalized on
the duct radius) as a function of nondimensionalized
radius.*®

SCALLR Lr(F) Radial tu:sulence length s:ale (nondimensionalized o..
the duct radius) as a function of nondimensiona! radlius.

THETA  Lg(F) Circumfersntial turbulence length scale (nondimen-
sionalized on the duct radius) as a function of non-
dimensional radius.*®

EPSD eD(F) RMS turbulence velocity (ncndimensionalized or. the

mean axial velocity) as a function of nondimensional

radius.

¥See pag: 48 of Vol. 1.

(See Eq. 94 of Vol. 1)

L9
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TABLE 5. (Cont.) OF POOR QUALT

D. Computational Data

These data set the number of integration stations in the chordwise and
spanwise Jirections (and, indirectly, the accuracy of tne results).
The required accuracy for <he Bessel functions used in the mode shape
and eigenvalue routines are also specified.

FORTRAN FORTRAN
NAME VARIABLE VARIABLE TYPE
1. NRAD No. of radial stations at which prrssure Integer
distributions are calculated (odd number)
2. NRADNU No. of integration stations in the chord- Integer
wise direction (odd number)
3. NCHORD No. of integration stations in the chord- Integer
wise direction (even number)
4. EB Absolute accuracy of all Bessel function Floating Point
calculations
5. EC Absolvute accuracy of convergence to annular Floating Point

root for boundar; value problem
Program Output

The output conslsts of thn relative power spectral density for each
propagating mode and f~r the sum of all propagating modes at the
frequenc;” of interest. The output is given in terms of the nondimen-
sional quantity

10 loglo imn .
?0% Tduct

where Smn {s the spectral density (watt/Hz), P, 1s the ambient air

density, ¢y 1s the small-signal speed of sound and Pauet is the

(dimensional) duct radius. To recover the conventional spectral

density (dB re 10-12 watt/Hz) one must add

2 ’
10 log 10 P00 Tauct
10 lZwatt

to the output of the program. This step is required because zll
computations performed in the program are ncndimensional wich absolute
valuey of Por Co» and Tduct unknown.

50
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TABLE 6. IMPORTANT INTERNAL VARIABLES FOR THt INLET TURBULENCE
PROGRAM

FORTRAN
NAME

Br(N*
cascert

omeGa*t
oMeGRC*

PHIARG"

PMNS
QMNS

RELPRL*
RELPWR?
or SPWR*
RRRS*

siema”
THEARG*
weTR'

(Used in addition to INPUT/OUTPUT Variables)

SYMBOL VARIABLE

Iy(x)
%

Nth order Bessel function of the first kind
Stored values of the chordwise pressure distribution

Vector length of blade spacing between corresponding
point- on any two neighboring tlades (See Fig. B.1l)

Nondimensional gust wave number [-Mtboc(% -m)/M_]
Ratio of radial turbulence length scale to duct radius

Ratio of circumferential turbulence length scale tc
duct radius

Ratio of axial turbulence length scale to duct radius
Ratio of noise frequency to rotor shaft frequency

Nondimensional acoustic wavenumber for reduced
frequency [-Mtacb(ﬁ--m)]

Argument of Gx (Argument)

Sum of terms comprising the radial integral

Sum of terms comprising the chordwise integral

Relat‘ve modal pcwer spectral density level at a
giver frequency

Relative mcdal power spectral density at given
frequency

Welghting factor for Bessel-type integratici in
chordwise direction

Interblade phase angle (See page 52 of Vol. 1)
Argument cf ;6 (Argument)

Weighting factor for Simpson integration in radial
direction

+Tnese variables are also used ii. the wake turbulence routine, but
are listed here only.

y

,,,

P e T .—.._ . . J—
*
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TABLE 7. SAMPLE EXECUTION OF THE INLET TURBULENCE DATA

STORAGE ROUTINE

@ROTORS

NBLADE=

15

NBLAJE= 13

HUB RADIUS DIVIDED BY DUCT RADIUS =
46

SIGNARs 0.46000000E+00

BLADE TIP CHORD DIVIDED BY DUCT RADIUS=

T.374

SIGNACs 0.37400000E+00
NJAT =

10

NJAT=2 10

BLADE GEOMETRY MATRIX IMPUTY

ORIGINAL P
OF POOR QUAL.":

FEED MATRIX IN ONE ROW AT A TINZ, FROM HUB TO TIP

ROWs 1  R/RDUCT =

46

C/CTIP =

.628

CHI (DEGREES)s

5.61

ROU= 2  R/RDUCT

514

C/CTIP =

662

CHI (DEL .Z5)e

9.73

ROW= 3  R/RDUCT

I541

C/CTIP =

068

CHI (DEGREES)s

11.74

ROWs 4  R/RDUCT
622

C/CTIP =

.m

CHI (DECREES)=

17.48

ROWs S5  R/RDUCT

73

C/LTIP =

811

CHI (DEGREES)=

24.22

ROW= & R/RDUCT =

-838
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C/CTIP =

.687

CHI (DEGREES)=

30.64

ROW= 7  R/RDUCT =

919

C/CTIP »

«943

CHI (DEGREES)»

35.44

ROW= 8 R/RDUCT =

946

C/CTIP =

.m

CHI (DEGREES)=

37.035

ROU= 9 R/RDUCT =

<973

C/CTIP =

976

CHI (DEGREES)=

38.96

ROW= 10  R/RDUCT =

1.

C/CTIP =

1.

CHI (DEGREES)e

41.14

BLADE GEOMETRY MATRIX IS
¢.4460E+00 0.428E+00 0.979E-01
0.314E+00 0.662E400 9.170E+00
0.541E+00 0.680E+00 0,203E+00
0.622E+00 0.733E+00 0.303E+00
0.730E400 0.811E400 0.423E+00
0.838E+00 0.887E+00 0.333E+00
0.919E+00 0.9435E+00 0.419E+00
0.946E+400 0.939E+00 0.647E+00
0.973E+400 0.976E+00 0.680E+00
V. 100E+01 0.700E+01 0.718E400

MT =

Im

HT=  ¢.30800000E+00

MA =

«323

MA = 0.32300000£+00

NUMBER OF RADIAL STATIONS =

3

NRAD= 3
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TABLE 7. (Cont.)

NUMBER OF CHORDWISE STATIONS =

8

NCHOR)= 8

START FREQUENCY(HARMONIC RO. OF SHAFT )=

13

PSTART= 13

END FREQUENCY(HARMONIC NO. OF SHAFT)=

73

P END= 73

FREQUENCY STEP SIZE (WARMONIC ORDERS)=

13

PSTEP= 13

ENTER TITLE FOR DATA FILE(MAX 72 CHARACTERS)
NASA ROTOR 33,NCHORD=8,NRAD=380Z DESIGN SPEED/9-23-9\180
ERROR COZE FROM INVERSION ROUTINE= ¢

(Note: Edited for brevity -- Error Code
repeated for 375 inversions.)

ERROR CODE FROM INVERSION ROUTINE= 0

stop
END OF EXECUTION
CPU TIME: 52:32.72 ELAPSED TIME:s 1332:20.46
EXIT.
54
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TABLE 8. SAMPLE EXECUTION OF THE INLET TURBULENCE NOCISE
CALCULATION

BINSRCH

USER-ASSIGNED TITLE OF DATA SET FROM FILE "ROTO" IS
NASA ROTOR 55,NCHORD=8,NRAD=580X DESIGN SPEED/9-25-80
NOISE FREQUENCY/SHAFT FREGUENCY=

13.

OKEGA= .1500E+02

NUMBER OF RADIAL POSITIONS FOR ACOUSTIC CONP.=

7

NRADNU= 7 . s

ACCURACY OF BESSEL FNS= WARNING: .Thzs gample i8 for
001 tllustration purposes only.

= .1000E-02 The input data for this

ACCURACY OF CONVERGENCE TO ROOT XMM= execution did not correspond
. 0001 . with Table ? above.

EC= .1000E-03
XAN(MAX) FOR PROPAGATION = 0.80515728E+01

MODE DATA

OMEGA= ,1500E+02 M= 0 N= 1 XEN= .0000E+00

PLANE WAVE MODE: CUTOFF RATIO IS + INFINITE

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XAN = 0

ANN = 0.10000000E+01 MM = 0.00000000E+00

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC =00 0000 0 0

Ms 0 N= 1 OMEGA= .1300E+02

UPSTREAK

GAMNMA N, N,SB = 0.11255539E+402

REL. MODAL SOUND POUER SPECTRAL DENSITY=-.2031£-08

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POMER SPECTRAL DENSITY LEVEL (DB)=-.8692E+02

DOUNSTREAM

GANMA N,N,S5B = ~0.373963468E+01

REL. MODAL SOUND POWER SPECTRAL DENSITY= ,4316E-08

SUM OF n_L ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)s-.8345E+02

MODE DATA

ONEGA= .1300E+02 Ns 0 M= 2 XNN= .S944E+01

CUTOFF RATIO FOR MODE= .1354E+01

SUM OF BESSEL FUNCTION ERROR CODES = ¢

ERROR CODE FOR CONVERGENCE TO ROOT XN = 0

ANN = -0.17828589E+01 BMN = 0.31951480E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC =00 000000
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Ns 0 N= e OMEGA= ,1500E+02

UPSTREAN

GAMMA N, N,5B = 0.84841743E+01

REL. MODAL SOUND POWER SPECTRAL DENSITY=-,4482E-08

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POVER SPECTRAL DENSITY LEVEL (DB)=-.8349E+02

DOUNSTREAN

GANMA M,N,SB = -0.2990°743E+01

REL. MODAL SOUND POVER SPECTRAL DENSITY= .2133E-08

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONSs 0

REL. SOUND POVWER SPECTRAL DENSITY LEVEL (DB)=-.B471E+02

LARGEST PROP.AGATING N FOR THIS M = 2

XFRSAPR Floating underflow PCx 17366
XFRSAPR Floating underflow PC= 17433
MODE DATA

ONEGA= .1500E+02 W=t N= 1 XEN= .1394E+01
CUTOFF RATIO FOR MODE= .5769E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERBENCE TO ROQT XMN = 0

ANN = 0.1353471481E+01 BMN = -0.40872429E+00

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC =0 0 0000 00

M= 1 N= 1 OMEGA= .1500E+02

UPSTREAN

GAMMA M,N,§B = 0.11126733E+02

REL. MODAL SOUND POWER SPECTRAL DENSITY=-.Z481E-07

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS: 0

REL. S0UND POYER SPECTRAL DENSITY LEVEL (DB)=-,7458E+02

DOUNSTREAN

GAMMA M,N,SB = -0.546308314E+01

REL. MODAL SOUND POWER SPECTRAL DENSITY= ,4363E-07

SUM OF ALL ERRORS IN P3I CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POWER SPECVRAL DENSITY LEVEL (DB)=-.7194E+02
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Mz -1 N= I OMEGA= .1300E+02
M= -1 N= 1 ONEGA= .1300E+02

UPSTREAN

GANNA M,N,SB = 0,11126733E+02

REL. MODAL SOUND POWER SPECTRAL DENSITY=-,1139E-09 i
SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.9943E+02

DOWNSTREAN

GANMA M,N,SB = -0.56308314E+01

REL. MODAL SOUND POWER SPECTRAL DENSITY= ,2030E-09

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS: 0

REL. SOUND POVER SPECTRAL DENSITY LEVEL (DB)=-,9492E+02

MODE DATA

ONEGA= .1300E+02 K= 1 N= 2 XMNs .§150E+01

CUTOFF RATIO FOR MODE= .1309E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

AN = 0,25524893E+01 BMN = 0.26060464E+01

ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC = 00 0 00000

M= 1 N= 2 OMEGA= .13500E+02

UPSTREAN

GAMMA M,N,SB = 0.82391631E+0!

REL. MODAL SOUND POWER SPECTRAL DENSITY=-.3133E-07

SUN OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-,7290E+02

DOUNSTREAN

GAMMA M,N,SB = -0.27432631E+01

REL. MODAL SOUND POWER SPECTRAL DENSITY= ,3747E-07

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS: 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-,7426E+02

Mz -1 N= 2 OMEGA= .1300E+02
Mz -1 N= 2 ONEGA= .1500E+02
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UPSTREAN

GANMA M,N,SB = 0,82391451E+01

REL. MODAL SOUND POVER SPECTRAL DENSITY=-,3109£-09

SUN OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= ¢

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.9507E+02

DOWUNSTREAN

GANMA H,N,SB = -0.27432431E+01

REL. MODAL SOUND POWER SPECTRAL DENSITY= .4165E-10

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DPB)=-.7038BE+G3

LARGEST PROPAGATING N FOR THIS N = 2
MODE DATA

UNEGA= ,1500E+02 = 2 N= 1 IMN= ,274BE+0!

CUTOFF RATIO FOR MODE= .2930E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMK = 0

ANN = 0.21049825E+01 BEN = -0,38973734E+00

ERROR CODE FOR BESSEL FNS IN ANN AND BANCALC = 000 0000 0

Ns= 2 ¥ 1 ONEGA= .1500E+02

UPSTREAN

GAMMA M,N,SB = 0.10744835E+02

REL. MODAL SOUND POWER SPECTRAL DENSITY=-.2063E-06

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= ¢

REL. SOUND POVER SPECTRAL DENSITY LEVEL (DB)=-.46E3E+02

DOUNSTREAN

GAMMA M,N,SB = -0.5248932BE+01

REL. MODAL SOUND POWER SPECTRAL BENSITY= ,7372E-06

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

3UM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.8132E+02

Mz -2 N= 1 OMEGA= .1300E+02

Hs -2 N= 1 OREGA= .1500E+02
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UPSTREAM

GAMMA M, N,SB = 0.10744835E+02

REL. MODAL SOUND POVER SPECTRAL DENSITY=-.7070E-11

Sun OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.1113E+03

DOWNSTREAN

GAMMA M,N,SB = -0.52489328E+01

REL. NODAL SOUND POWER SPECTRAL DENSITY= ,4529E-11

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIuLNS: 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.1119E+03

MODE DATA

ONEGA= .1300E+02 K= 2 W= 2 IMN= .473BE+0!

CUTOFF RATIO FOR MODE= .1195E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = ¢

AN = 0,36099485E+01 BEN = 0.11001428E+0%

ERROR CODE FOR BESSEL FNS IN AMN AND BMM CALC = 00 0 00000

M= 2 N= 2 OMEGA= .1500E+02

UPSTREAN

GAMMA M,N,SB = 0.740433846E+01

REL. MODAL SOUND POUER SPECTRAL DENSITY=-,1927E-06

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POUER SPECTRAL DENSITY LEVEL (DB)=-.6715E+02

DOUNSTREAN

GAMMA M,N,SB = -0.19086347E+01

REL. MODAL SOUND POWER SPECTRAL DENSITY= ,3230E-06

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL “RRORS IN RS CALCULATIUNS= 0

REL. SOUND rOWER SPECTRAL DENSITY LEVEL (DB)=-,6491E+02

Mz -2 N= 2 OMEGA= .1300E+02
Nz -2 n= 2 “¥EGA= L 1500E+02

UPSTREAN

GAMMA M,N,SB = 0.74045386E+01

REL. MODAL SOUND POUER SPECTRAL DENSITY=-.2280E-10

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.,1044E+03

DOUNSTREAM

GAMMA M,N,SB = =0.19086347E+01

REL. MODAL SOUND POWER SPECTRAL DENSIVY= ,2400E-12

SUM OF ALL ERRORS IN PSI CALCULATI.NS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS: 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.1262E+05

LARGEST PROPAGATING N FOR THIS M = 2
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MODE DATA

ONEGA= .1500E+02 M= 3 N= 1| XEN= .4027E+01

CUTOfr RATIO FOR MODE= .2000E+01

SUM uF BESSEL FUNCTIAN ERROR CODES = 0 i
ERRGR CODE FOR CONVERGENCE TO ROOT XMN = 0

ARN 3 0.2681306978+01 BMN = -0.27348803E+90

ERROR CODE FOR BESSEL FNS IN AMN AND BAN CALC =0 0 000 0 0 0

M= 3 N=2 1 OMEGA= .1500E+02

UPSTREAN
GAMNA M,N,SB = 0.19115297E402

REL. HODAL SOUND MOVER SPECTRAL DENSITY=-.BAO1E-06

SUM OF ALL ERRORS In PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN K% CALCULATIONS= ~ 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.8076E+02

DOUNSTREAM

GAXNA M, N,S5B = -0.46193948E+01

REL. MODAL SOUND POWER SPECTRAL DENS!'TY= ,7621E-03

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONG: v

REL. SOUND POUER SPECTRAL DENSITY LEVEL (DB)=- S118E+02

M= -3 W= 1 OMEGA= .1500E+02
Mz -3 M= 1 OMEGA= .1500E+02

UPSTREAN

GAMNA H,N,SB = 0.10115277E+02

REL. MODAL SOUND POWER SPECTRAL DENSITY=z-.3393E-12

SUM OF ALL ERRORS IN PSI CALCULATIORS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0 .
REL. SOUND POWER SPECTRAL DENSITY LEVEL (BB)=-~.1227E+03

DOWNSTREAN

GAMMA M,N,SB = -0.46193948E+01

REL. MODAL SOUND POWER SPECTRAL DENSITY= ,6330E-13

SUM GF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POVER SPECTRAL DENSITY LEVEL (DB)=-,1J20E+03

MODE DATA

ONEGA= .1500E+02 M= 3 W= 2 INN= .7642E+01

CUTOFF RATIO FOR MODE= .1034E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR COJE FOR CONVERGENCE TD ROOT XMN = 0

ANN = 0,33544744E+01 BN = -0.1190848%E+01

ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC = 00 0 000 00
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M= 3 N= 2  OMEGA= .1S00E+02
UPSTREAM

GAMMA M,N,5B = 0.54275270E+01

REL. MODAL SOUND POWER SPECTRAL DENSITY=-,2344E-06

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.6626E+C2

DOUNSTREAN

GAMMA M,N,5B = 0.68375036E-01

REL. MODAL SOUND POWER SPECTRAL DENSITY= ,1704E-05

SUM OF ALL ERRORS IN PSJ CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS: 0

REL. SOUND POUER SPECTRAL DENSITY LEVEL (DB)=-.574BE+02

M= -3 Nz 2  OMEGA= .13500£+02

x
"
[}
4
E 4
n

2 OREGA= .1300E+02

UPSTREAN

GANKA H,N,SB = 0.54273270E+01

REL. MODAL SOUND POUER SPECTRAL BENSITY=-,2331E-11

SUM OF aLL ERRORS IN PSI CALCULATIONS = 0

SUM UF ALL ERRORS IN RS CALCULATIONS= ¢

REL., SOUND POUER SPECTRAL DENSITY LEVEL (DB)=-.1163E+C3

DOUNSTREAM

GAMNA 7, N,SB = 0.68375034E-01

REL MODAL SOUND POWEx SPECTRAL DENSITY= .9788E-12

SUn JF ALL ERRORS IN PSI CALCULATIONS = 0

SUM LF ALL ERRORS IN RS CALCULATIONS= 0

REL. SUUND POWER SPECTRAL DENSITY LEVEL (BB)=-.1201E4+03

LLARGEST PROPAGATING N FOR THIS N = 2

MODE TATA

ONEGA= (1500E+02 M= 4 N= 1 INMN= .3230E+01

CUTOFF RATIO Fin #CDE= .1039E+01

SUM OF BESS3g. FUNCTIOY ERRYJR CODES = O

ERRUR CODE FOk CONVERSFNLE TO ROQOT XMN = 0

AN = 0.3223728+E+01 BNN = -0.16030403E+00

ERROR CODE FOR BESSEL FNS IN «NN AND BAN CALC = 00 0 0 00 0 0

M= 4 Ns 1 OMEGA= .1300E+02
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UPSTREAM

GAMMA M,N,SB = 0.92161443E+C1

REL. KGDAL SOUND POWER SPECTRAL DENSITY=-.2038F-05

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS: 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.5491E+02

DOUNSTREAM

GAMMA M,N,SB = -0.37202422E+01

REL. MODAL SOUND POVER SPECTRAL DENSITY= .4338E-04

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SI'M OF ALL ERRORS IN RS CALCULATIDNS= 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.4183E+02

N= -4 N= 1 OHMEGA= .1500E+02
Nz -4 N= 1 ONEGA= .1500E+02

UPSTREAM

GAMMA M,N,SB = 0.92161443E+01

REL. MODAL SOUND POWER SPECTRAL DENSITY=-.5114C-12

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POVER SPECTRAL DENSITY LEVEL (DB)=-,1329E+03

DOUNSTREAN

GAMMA K N.SB = -0.37202422E+01

REL. MODAL SOUND POWER SFLCTRAL DENSITY= ,3243E-14

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

ReEL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.1449E+03

LARGEST PROPAGATING N FOR THIS M = 1
MGDE DATA

ONEGA= .13500E+02 Mz 5 N= 1 XMN= ,6376E+01

CUTOFF RATIO FOR MODE= .1263E+01

SUM OF BESSEL FUNCTION ERROR CODES = ¢

ERROR CODE FOR CONVERGENCE T0 ROOT XMN = 0

ANN = 0,37079083E+01 BMN = -0.81471940E-01

ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC =00 0 000 00

Ms 3 N= 1 OMEGA= .1500E+02

UPSTREAN

GANMA M,N,SB = 0.79436739E+0!

REL. MODAL SOUND TOWER SPECTRAL DENSITY=-,1449E-05

SUR JF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS: 0 :
REL. SOUND POVER SPECTRAL DENSITY LEVEL (DB)=-.5778E+02
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DOUNSTREAN

GAMHA N,N,SB = -0.24477719E+01

REL. WODAL SOUND POVER SPECTRAI DENSITY= ,4521E-03

SUN OF ALL ERRORS IN PSI CALCULATIONS = 0

SUK OF ALL ERRORS IN RS CALCULATIONS: ¢

REL. SOUND POVTR SPECTRAL BENSITY LEVEL (DB)=-,3345£+02

Mz -5 N= 1 OMEGA= .1300E+02
[ ERESH N= 1 ONEGA= .1300E+02

UPSTREAM

GANMA H,N,5B = 0.79436739E+01

REL. MODAL SOUND POYER SPECTRAL BENSITY=-,4608E-14

SUN OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL {DB)=-.1434E+03

DOUNSTREAN

GAMMA M,N,SB = -0,24477719E40;

REL. MODAL SOUND POWER SPECTRAL DENSITY= ,1743E-14

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS .ALCULATIONS= 0

REL. SOUND POMER SPECTRAL DENSITY LEVEL (BB)=-.1475E+03

LARGEST PROPAGATING N FOR THIS N = 1
MODE DATA

ONEGA= .1500E+02 M= & N= 1 IMN= ,74B4E+01

CUTOFF RATIO FOR MODE= .1078E+01

SUn OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOY XMN =

AN = 0,41370714E+01 FMN = -0.387304./8E-01

ERROR CODE FOR RESSEL FNS IN ANN AND BEN CALC = 0 0 00 00 0 0

M= 6 N= ! OMEGA= .1500E+02

UPSTREAM

GAMNA M,N,SB = (.38865744E+01

RE.. MODAL SOUND POWER SPECTRAL DENSITY=-,4244E-04%

SUN OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS [N RS CALCULATIONS: 0

REL. SOUND POVER SPECTRAL DENSITY LEVEL (DB)=-,4372E+02

DOUNSTREAN

GAMMA M,N,SB = -0.39067242E+0¢

REL. MGDAL SOUND POVER SPECTRAL JENSITY= ,2457E-02

SUM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRORS IN RS CALCULATIONS= v

REL. SOUNC POWER SPECTRAL DENSITY LEVEL (DB)=-,2376E+02
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M= -6 K= 1 OMEGA= .1300E+02
M= -4 H= f OREGA= .1300E+402

UPSTREAN

GAMMA ¥,N,SB = 0.58845744E+01

REL. MODAL SOUND POVER SPECTRAL SENSITY=-.3327E-15

SUN OF ALL ERRORS IN PSI CALCULATIONS = 0

SUN OF ALL ERRORS IN RS CA!CULATIONS= 0

REL. SOUND PGWER SPECTRAL DENSITY LEVEL (DB)=-.1548E+03

DOUNSTREAN

GANMA M, N,SB = -0.39067242E+70

REL. KODAL SOUUND POWIR SPECTRAL DENSITY= .2418E-15

SYM OF ALL ERRORS IN PSI CALCULATIONS = 0

SUM OF ALL ERRNRS IN RS CALCULATIONS: 0

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.1541£+03

LARGEST PROPAGATIAG N FOR THIS N = V

NO MORE PROPAGATING MODES FOR THIS OMEGA

PROBLEM COMPLETED

RELATIVE POWER SPECTRAL DENSITY LEVEL UPSTAEAN=-.4321E+02
REL. POWER SPECTRAL DENSITY LEVEL DOUNSTRtnN=-.2497E+02
ST0P

END OF EXECUTION

CPU TIHE: 3:0.53 ELAPSED TIME: 11:11.94
EXIT.
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TABLE 9. INPUT/OUTPUT DATA FOR THE ROTOR WAKE TURBULENCE PROGRAM

This program calculates the modal pcwer spectral density for nolse

Vs

ORIGINAL P7 ' *
OF POOR QUALITY

generated by the interaction of rotor wake turbulence with the stator

vanes. All input and output data are nondimensional.
variables are defined in order to parallel as closely as possible
the variables used in the Mean Wake and Inlet Turbulence programs.
The input data consist of geometric, performance, turbulence, and

computational parameters.

A. Z.umetric Data

FORTRAN
NAME

1. NVANE

3 2. NBLADE

) 3. SIGMAR
4. SIGMAC
5.
A. R
b. ¢
c. THETA

SYMBOL VYARIABLE

v No. of stator vanes

B No. of rotor blades

% Ratlo of hub radius to duct radius
o Ratio of tip chord of stotor vane

to duct radius

Vector of data for a number, NDAT
(an integer variable) of stator
vane radil

by Nondimensional radius = r/rduct
¢ Nond.mensional vane chord = c/ctip
© Vane angle (degrees)

B. Performance Data

FORTRAN
NAME
l. M
2. MA
3.
A ‘
-
4
3
-’

SYMBOL VARIABLE
Mt Tip Mach number
M Axial flow Mach rumber

Frequency range data: Pressure
distributions are calculated and
stored for the range of frequencies
from PSTART tc PEND in steps of
PSTEP. These data are interpola.ed
for cal-ulations at the frequency of
interest OMEGA. See text.

R

FORTRAN
YARIABLE

Integer
Integer
Floating

Floating

Float*ng
Floating

Floating

FORTRAN
VARIABLE

Floatirg

Floating

The input

TYPE

Point

Point

Point
Polut

Point

TYPE
Point

Point
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TABLE 9. (Cont.)

ORIG'NAL Fr .

OF POOR CUALTTS

FORTRAN FORTRAN
NAME SYMBOL VAWIABLE VARIABLE TYPE
a. PSTART - First frequency for pressure Integer
calculaticn. Must be an integer
multiple of shaft frequency.
(Usually = NBLADE)
b. PEND - Pinal frequency for pressure Integer
calculation. (Usually =
3x NBLADE)
c. PSTEP - Frequency step size in pressure Integer
calculations. (Usually = NBLADE)
d. OMEGA w/8 Noise frequency of interest (non- Floating Point
dimensionalized on the rotor shaft
frequency)
4. IVOR - Switch for rotor wake specification Integer
= 0 for free voitex distribution
= 1 for specified input velocity
distribution
5. (for IVOR Vector of data for a number, NVELD
= 1) (an integer variable) of vane¢ radii
R r a. Nondimensional radius Floating Point
XVZL Vyfm b. Ratio of circumferential velocity Floating Point
Vxnm of mean wake to axial flow
velocity (See Pig. §9)
6. MUV Yy, (for IVOR = 0) Ratio of circumfer-~ Floating Joint
ential velocity at the duct radius
to the axial flow velocity
C. Turbulence Data
The wake turbulence data are assumed to be constant across the duct.
FORTRAN FORTRAN
NAME SYMBOL VYARIABLE VARIABLE TYPE
1. LX ix Axial turbulence length scale Floating Point
(nondimensionalized on the duct
radius)
66
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ORIGINAL PACE IS

TABLE ©. (Cont.) OF POOR QUALITY
FORTRAN FCRTRAN
NAME SYMBOL VARIABLE VARIABLE TYPE
2. LR L. Radial turbulence lc.gth scale Floating Point
' (nondimensionalized cn the duct
radius)
3. "HETA Le Circumferential turbulence lergth Floating Point
scale (nondimensionalized ui “he
duct radius)
4. EPSW €y RMS turbulence velocity at wake Floating Point
centerline (nondimensionalized
on .he mean axial velocity), [see
Eq. 138 of Vol. 1]
5. WWIDTH 3 Ratio of turbulent wake width to Ploating Point
duct radius (See Eq. 140 of Vol. 1)
D. Computational Data

The computational input data are identical to these use’ fur the
inlet turbulence routine.

Program Output
The output consists of the relative power spectral density for all
Fropagating modes at the frequency of interest. The ncndimensional-

ization used here is identical to that used for che inlet turbulence
routine,
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TABLE 10. IMPORTANT INTERNAL PROGRAM VARIABLES FOR T
WAKE TURBULENCE PROGRAM e ROTOR

(Used in addition to INPUT/OUTPUT variables)

FORTRAN

NAME SYMBOL VARIABLE

OMEGA w/f Ratio of noise frequency to rotor shaft frequency

PARG Argument of f (argument)

-THETA Stator vane angle (radius)

QSUM - Sum of correlation function contributions
multiplying pressure distribution. Value must
exceed QTESTR (input variable) before pressure
distribution 1s actually calculated.

MTHETA - Circumferential wake Mach number at a given radius

MYM - Relative circumferential wake Mach number at

a given radius
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TABLE 11. SAMPLE EXECUTION OF THE ROTOR WAKE TURBULENCE

DATA STORAGE ROUTINE

ORIGINAL parg 'S

@STATOR OF POOR QUALITY

NVANE=

1

NVANE= 11

NELADE=

13

NBLADE= 13

HUB RADIUS BIVIDED BY DUCT RADIUS «
.m

SIGMAR= 0.48400000€400

VANE TIP CHORD DIVIDED BY DUCT RADIUS=

.m

SI6NAC=  0.40800000E+0¢

NIAT =

7

NDAT= 7

VANE GEONETRY MATRIX INPUT

FEED MATRIX IN ONE ROW AT A TINE, FROM HUD TO TIP
ROUs 1  R/RDUCT s

0484

C/CTIP =

1.

THETA (DEGREES)=
16.3

ROW= 2  R/RDUCT
.“

C/CTIP =

’.

THETA (DEGREES)=
13.67

ROWs 3 R/RDUCT
lm

C/CTIP =

1.

THETA (DEGREES)=
14.07

ROW= 4 R/RDUCT
-92

C/CTIP =

’.

THETA (DEGREES)=
12.57

ROW= 35 R/RDYCT
«946

C/CTIP =

1.

P LT, T RN -—dtana - -
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oRICINAL PASE 'S
TABLE 11. (Cont.) OF POOR Q7

THETA (DEGREES)=
12.36
ROWs 6 R/RDUCT =
973
C/CTIP =
1.
THETA (DEGREES)=
12.15
ROU= 7 R/RIUCT =
1.
C/CTIP =
1.
THETA (DEGREES)=
'1.”
VANE GEOMETRY NATRIX IS
0.484E+00 J.100E+01 0.284E+00
0.560E+00 0,100E+01 0.273E+04
0.739E400 0.100E+01 0.246E+00
0.920E+00 0.100E+01 0.219E400
0.946E+400 0.100E+01 0.214E+00
0.973E+00 0.100E+01 0.212E+00
0.100E+01 0.100E+01 0.208E+90
TYPE 1 TO INPUT ROTOR WAKE VELOCITY; O FOR FREE VORTEX
1
IvoR= 1
NUNBER OF RADII FOR SPECIFYING MEAN ROTOR FLOU=
8
NVELO= B8
INPUT NAT.IX FOR MEAN R0TOR FLOW
FEED WATRIX IN ONE ROW AT A TIME,FROM HUB TO TIP
ROU= 1 R/RDUCT=
«484
MEAN CIRCUMFERENTIAL WELOCITY RATIO(U CIRCUN/U AXIALOs
«808
ROW= 2 R/RJUCT=
=33
MEAN CIRCUMFERENTIAL VELOCITY RATIO(U CIRCUN/U AXIALO=
.m
RCU= 3 R/RDUCTs
612
MEAN CIRCUMFERENTIAL VELOCITY RATIO(U CIRCUN/U AXIALOs=
<784
ROU= 4 R/RDUCT=
.834
MEAN CIRCUNFERENTTAL VELOCITY RATIO(U CIRCUN/U AXIALOs
712

70




ORIGINAL PAGE '3

TABLE 11. (Cont.) OF POOR QUAL!TY

ROU= 3§ R/RDUCT=
.918
MEAN CIRCUMFERENTIAL VELOCITY RATIO(U CIRCUN/U AXIALO=
.488
ROU= & R/RDUCT=
946
MEAN CIRCUMFERENTIAL VELOCITY RATIO(U CIRCUN/U AXIALO=
« 486
ROW= 7 R/RDUCT=
974
MEAN CIRCUMFERENTIAL VELOCITY RATIO(U CIRCUM/¥ AXIALO=
23
ROW= 8 R/RDUCT=s
1.
MEAN CIRCUMFERENTIAL VELOCITY RATIOCU CIRCUN/U AXIALO=
713
MEAN ROTOR FLOU VELOCITY NATRIX IS
+4340E+00 .8080E+00
«3330E+00 ,7880E¢00
«6120E400 .7840E+00
«8340E+00 .7120E+00
.7180E+00 .4BBOE+00
«F460E+00 .6860E+00
«F740E400 .7130E+00
«1000E+01 .7130E+00
MT =
«308
MT=  0.350800000E+00
MA =
«323
MA = 0.32300000E+00
NUNBER OF RADIAL BTATIONS =
5
NRAD= 3§
NUMBER OF CHORDUISE STATIONS (.LE.20) =
8
NCHORDs 8
START FREQUENCY(HARMONIC NO. OF SHAFT )s
13
PSTARTs 13
END FREQUENCY(HARNONIC NO. OF SHAFT)=
43
P END= 43
FREQUENCY STEP SIZE (HARMONIC ORDERS)=
13
PSTEP= 13
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ORI3IAL PAGE 13
OF POCT QUALS

TABLE 11. (Cont.)

~ ENTER TITLE FOR DATA FILE(NAX 72 CHARACTERS)
NASA ROTOR/STATOR 35/15 BLADES,11 VANES/WAKE TURBULENCE STORAGE
ERROR CODE FROM INVERSIOM ROUTINE=
ERROR CODE FROM INVERSION ROUTINEs
ERROR CODE FROM INVERSION ROUTINE=
ERROR CODE FROM INVERSION ROUTINE=
ERROR CODE FROM INVERSION ROUTINE=
ERROR CODE FROM INVERSION ROUTINE=
ERROR CODE FROM INVERSION ROUTINE=

OO0

(Note: Edited for bre ‘y -- Ervor Code
repeated 165 time:.)

ERROR CODE FROM INVERSION ROUTINE= ¢

STOP
, END OF EXECUTION
: CPU TINE: 21328.07 ELAPSED TINEs 116129.97
EXIt.
~¢
i
'
i
i
i
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TABLE 12. SAMPLE EXECUTION UF THE ROTOR WAKE TUFBULENCE
NOISE CALCULATION
ORIGINAL PAGE I3

OF POOR QuALITY

WASRCH
USER-ASSIGNED TITLE OF DATA SET FROM FILE °STAT" IS
NASA ROTOR/STATOR 55/15 BLADES,11 VANES/VAKE TURBULENCE STORAGE
NOISE FREQUENCY/SHAFT FREQUENCY=
15.
OMEGA= .13500E+02
NUMBER OF RABIAL POSITIONS FOR ACOUSTIC CONP.=

rd

NRADNU= 7

ACCURACY OF BESSEL FNS=
.001

EB= .1000E-02

ACCURACY OF CONVERGENCE TO ROOT XMN=

« 0001

EC= .1000E-03

WAKE WIDTH=

072

WUIDTH= ,7200E-01

TURBULENCE INTENSITY(RMS FLUCTUATING U/U BAR)=

.01

EPSU= .1000E-01

TURBULENCE LENGTH SCALE IN AXIAL BIRECTVION=

3

LX= .3000E+00

TURBULENCE LENGTH SCALE IN RADIAL DIRECTION=

o3

LR= .5000E+00 ;
TURBULENCE LENGTH SCALE IN CIRCUMFERENTIAL DIRECTION=
3

LTHETA= ,5000E+00

M= 0 N= 1 OMEGA= . 1500E+02

XFRSAPR Floating underflow PCz 17374

XFRSAPR Floating uncerfloy PC= 17374

UPSTREAM

REL. SOUND POVER SPECTRAL DENSITY LEVEL (DB)=-.9627E+02
DOUNSTREAM

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)s-.9577E+02
M2 0 N= 2 OMEGAs .1500E+02

UPSTREAN

REL. SOUND POUER SPECTRAL DENSITY LEVEL (DB)=-,"S46E+02

DOUNSTREAN
REL. SOUND POUER SPECTRAL DENSITY LEVEL (DB)=-.1009E+03
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TABLE 12.

M= 1

UPSTREAN
REL. SOUND

DOUNSTREAN
REL. SOUND

M= -1

UPSTREAN
REL. SOUND

DOUNSTREAM
REL. SOUND

M= 1

UPSTREAM
REL. SOUND

DOUNSTREAN
REL. SOUND

Mz -1

UPSTREAM
REL. SOUND

DOUNSTREAM
REL. SOUND

M= 2

UPSTREAN
REL. SOUND

DOUNSTREAN
REL. Suun?

M= -2

UPSTREAM
REL. SOUND

DOUNSTREAN
REL. SOUND

POWER

POUER

POLZR

POMER

POVER

POUVER

POUER

POMER

POVER

POMER

POVER

POUER

L~
omiGaL PAGL 19

OF POOR QUALTY

(Cont.)

1 OMEGA= .1500E+02

SPECTRAL DENSITY LEVEL (DB)=-.8998E+d2

SPECTRAL DENSITY LEVEL (RB)=-.1116E+0]

1 OMEGA= .13500E+02

SPECTRAL DENSITY LEVEL (BL.=- 1030E+03

SPECTRAL DENSITY LEVEL (DB)=-.9334E+02

2 ONEGA= .1500E402

SPECTRAL DENSITY LEVEL (»B)=-.B850E+02

SPECTRAL DENSITY LEVEL (DB)=-.9785E+02

2 OMEGA= .1500E+02

SPECTRAL DENSITY LEVEL (DB)x-.1071E+Q3

SPECTRAL DENSITY LEVEL (DB)=-,9308E+02

1 ONEGA= .1300E+02

SPECTRAL DENSITY LEVEL (DB)=-,B7358E+02

SPECTRAL DENSITY LEVEL (DB)=-,9249E+02

1 OMEGA=: .1500E+02

SPECTRAL DENSITY LEVEL (DB)=-,1222E+03

SPECTRAL DENSITY LEVEL (DB)=-.9020E+02

T4
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ORIGINAL PAGE IS
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TABLE 12. (Cont.)

M= 2 N= 2 OMEGA= .1500E+02

UPSTREANM

REL. SOUND POWER SFECTRAL DENSITY LEVEL (DB)=-.B41CE+02
DOWUNSTREAN

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.BST4E+02
Mz -2 N= 2 OMEGA= .1500E+62

UPSTREAM

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)x-.1090E+03
NOUNSTREAN

REL. SOUND POUER SPECTRAL DENSITY LEVEL (DB)=-,9225E+02
M= 3 A= 1 OMEGA= .1300E+02

UPSTREAM

REL. SOUND POLER © -CTRAL DENSITY LEYEL (DB)=-,8432E+02
DOUNSTREAN

REL. SOUND POMER SPECTRAL DENSITY LEVEL (DB)=~,B503E+02
M -3 N= 1 OKEGA= .1500E+02

UPSTREAN

REL. SOUND POUER SPECTRAL DENSITY LEVEL (DB)=-.1081E+03
DOUNSTREAN

REL. SOUND POUER SPECTRAL DENSITY LEVEL (BB)=-.8705E+02
M= 3 N= 2 ONEGA= ,1500(+02

UPSTREAM

REL. SGUND POWER SPECTRAL DENSITY LEVEL (DB)=-.7849E+02
DOUNSTREAN

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)s-,7829E+02
Mz -3 N= 2 DMEGA= .1500E+02

UPSTREAM

REL. SOUND POVER SPECTRAL DENSITY LEVEL (DB)=-,94E3E+02
DOUNSTREAN

REL. SOUND POUER SPECTRAL DENSITY LEVEL (DB)=-.9060E+02
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TABLE 12.

Mz 4

UPSTREAM
REL. SOUND

DOWNSTREAN
REL. SOUND

M= -4

UPSTREAM
REL. SOUND

DOUNSTREAM
REL. SOUND

M= ]

UPSTREAM
REL. SOUND

DOUNSTRz AR
REL. SOUND

Mz -3

UPSTREAM
REL. SOUND

DOVNSTREAN
REL. SOUND

M= 4

UPSTREAN
REL. SOUND

DOWNSTREAN
REL. SOUND

M= =6

UPSTREAN
REL. SOUND

DOUNSTREAN

POWER

POVER

N=

POVER

POWER

POUER

POUER

POVER

POVER

POVER

POVER

N=

POUVER

(Cont.)

ORIGIN"!. PARE 13
OF POCR QUALITY

1 0AEGA= .1507E+02
SPECTRAL DENSITY LEVEL (DB)=-.B833E+02

SPECTRAL DERSITY LEVEL (DB)=-.B132E+02

1 0..EGA= .1500E+02
SPECTRAL DENSITY LEVEL (BB)=-.1004E+03

SPELTRAL DENSITY LEVEL (DB)=-.832BE+02

1 OMEGA= .1500E+02
SPECTRAL DENSITY LEVEL (DB)=-.B844E+02

SPECTRAL DENSITY LEVEL ()B)=-.B8005E+02

1 OMEGA= .1500£+02
SPECTRAL DENSITY LEVEL (DB)=-.9998E+02

SPECTRAL DENSITY (EVEL (DB)=-.B460E+02

1 OMEGA= .1500E+02
SPECTRAL DENSITI LEVEL (PB)=-,B8764E+02

SPECTRAL DENSITY LEVEL (DB)=-.8147E+02

! OMEGA*= .1500E+02

SPECTRAL DENSITY LEVEL (DB)=-.B8344E+02

REL. SOUND POWER SPECTRAL DENSITY LEVEL (DB)=-.8334E+02

PROBLEM COMPLETED
RELATIVE POWER SPECTRAL DENSITY LEVEL UPSTREAM=-.7473E+02

REL. POUER SPECTRAL DENSITY LEVEL DOUNSTREAN=-,.7218E+02

stop

END OF EXE

CPU TIMEs 1:39.28

EXIT.

cuviow

ELAPSED TINE: 416,350
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controlling the computation of
mean wake/stator interaction
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PROGRAM SRCHV

Program determines which modes
propagate for the mean wake/
stator interaction and enables
the noise calculation.
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PROGRAM FILLOV

Program computes the noilse
generated by the mean wake/
stator interaction in a sub-
sonic turbofan.
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RELPEL212,°2LN310(/CLO "5 )
c
e : ORIGINAL PAGE IS
17CYST6%. LT ) G 70 6227 OF POOR QUALITY
c
c
. - vEITE(5,3727)
3a¢0 FRavAT(*.JPST>324 °)
: . welT2(5,8101) GuS
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¥EITE(5,8201) GIS
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PROGRAM MAINTI

This is a calling program to
control the computation of
pressure data for the inlet
turbulence case.
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. € CMTHEOBALDDMAINTI.FOR;13  Aed 24-Sep~-80 3:23PM PAGE 1

AAAOANOANONOOONOHOAOONOGOHAON

1861
rilry

aa
2083

2183
2004

an

86

PROGRAY MAINTI
DIMENSION IDlTA(19)1RDATA(20);VGEUM(19'7)
REAL MI, MA
INTEGER PSTARI,PEND,P,PRANGE,PSTEP
DATA (IDATA(J),J=1,10)/10%0/
DATA (RDATA(J),JI=1,20)/20%.0.8/

ROTOR INFLOW TURBULENCE == MATRIX STORAGE PROGRAM

THLIS PROGRAM GRIUP CALCUL‘!BS AND STORES VECTORS OF
THE COMPLEX PRESSUKE DISTRIBUTION ACROSS TdE ROTOR BLADE.

DATA REQUIRED T) EXZCUTZ THIS ROUTINE INCLUDE:

le UBLADE GEQMETRY -

2. ROTOR OPERATING SPEEDS

3. NUMBER OF RADIAL AND CHOROWISE POSIPIONS AT WHICH THE
PRESSURES ARE CALCULATED

4. FREQUENCY RANGE OF INTEREST (EXPKESSED IN TERMS

- OF HARMONIC ORDER OF SHAFT ROTATION).

THE RANGE QF CIRCUMPERENTIAL MODE NUMBER % [S @ TO NBLADE-l.
NCHORD MUST BE NO GREATZIR THAN 23.

FORMAT(G28.8)

WRITE(5,2002)

FORMAT(® NBLADE=")

READ(S,1081) NBLADE

aRITE(5,2182) NBLADE

FORMAT(® NBLADEs<,I13)

WRITE(S,2003)

FORMAT(” dUB RADIUS DIVIDED BY DUCT RADIUS =°)
READ(S5,1001) SIGHMAR

WRITE(5,2103) SIGMAR

FORMAT(® SIGMAR=",E16.8)

#RITE(5,2004)

FORMAT(° BLADS TIP CHIRD OIVIDED BY DUCT RAD!US")
READ(S, 1901) SIGMAC

WRITE(Y,2184) SIGMAC

FORMAT(® SIGMACs”,E16.8)

WRITE(5,2006)
FORMAT(® NOAT =°)

READ(S,1081) NDAT
WRITE(S,2186) NDA? ORIGINAL PAGE 13

FORMATC® NDLAT=?,13) "' OF POOR QUALITY
WRITE(S,2007)

B gl e e o =




C CHTUEUBALUODMAINTI.FOR}13  4ed 24-Sep-80 3:23PNM PAGE 131

U Mmoot e o rmﬁMHMHWLF)
3
i
S
.§

- 2887  FORMAT(® BLADE GEIMETRY MATRIX INPUT®)
, aRITE(5,2008)
2008  FORMAT(® FEED MATRIX [N ONE ROW AT A TIYE, FROM HUB 20 TIP®)

c §
¢ _
D0 10 IRUAS1,NDAT _ .
WRITE(5,20049) IROW
2009 ;ggﬂl;(; RO:’;&§30'IR R/g;UCT =%)
D(S5,1001 OM(IRJw, ORIGINAL PAGE IS
wRITE(5,2010) OF POOR wm

2018  FORMAT(® C/CTIP =°)

READ(S,1081) VGEON(IRIW,2)

WRITE(5,2011) :
. 2ma FORMAT(® Chl (DEGREES)s®) ' |
, REAB(S,1001) VGEOM(IRIW,3) f
: VGEOM(IROW, 3)=VGEOMCIR0W, 3)* - 9174533 A |
CONTINUE | ;

WRITE(5,2029)
2820 FORMAT(“ BLADE GEOMETRY MATRIX IS°®)

D0 -11 IRQ4=1,NDAT

WRITE(S,2120) (VGEDH(IRDd.ICDLHN),ICOLH!SI,3)
2129 FORMAT(® “,7E18.3)

' i1 CONTINUE =
e
c
WRITE(5,2030)

2038 FORMAT(® WT =°)
READ(S,1091) MT
WRITE(5,2138) NT

2138 FORMAT(® M?3°,E16.8)

- WRITE(S,2031)

' 2031  FORMAT(® NA =°)

L READ(S,1981) YA

o WRITE(S,2131) MA

L 2131 PORMAT(” WA =°,E16.8)

WRITE(S5,2035) ' {
2035 FORMAT(® NUMBZR OF RADIAL STATIONS =°) .
KEAD(S,1031) NRAD
WRITE(5,2135) NRAD
2138 FORMAT(® NRAD=*,14)
WRITE(S5,2036)
4836 - FORMAT(® NUMsER OF CHORDAISE STATIONS =°)
READ(S,1081) NCHORD
WRITE(S,2136) NCHORD
a136 FOKMAT( ® NCHORD=?,14)




3
‘E <? C <MTHEUSALUOMAINTI.FOR313 ded 24-Sep~-808 3:23PM PAGE 1:2 l
-C], c 7 : _
WRITE (5, 100) |
= - ! 183 FORMAT.® STAR? ?RE«UEH»Y(HARMOMIC NO. OF SHAFT )=°)
READ(S,1081) PSTART
£ WRITE(5,110) PSTART
: 119 FORMAT(® PSTART=,14)
WRITE(5,128)
128  PORMAT(® END PREQUENCY(HARMONIC NO. OF SHAFT)=") |

READ(S5,19021) PEND -
WRITE(5,138) PEND -
130 PORMAT(® P END=’,I4)

: ' WRITE(S, 140)

i 148  FORMAT(® FREQIENCY STEZP SIZE (HARNONIC JROERS)=*)
READ(S,1801) PSTEP |

: WRITE(S,150) PSTEP

, 15  FORMAT(® PSTE?=",I4)
PRANGE= (PEND-PSTART ) /PSTEP+1

IDATA(2)=NBLADE

IDATA(3)=NRAD

IDATA(4)aNCHORD : Tl -
IDATA(3 )=NDAT ORIGINAL PAGE

IDATA(S )=PSTART ~ OF POOR ( 'ALITY s
IDATA(7 )=PEND :
1DATA(8)=PSTEP

- -

an

RDATA(1)=MT
RDATA(2)=MA
KDATA(4)=SIGMAC
RDATA(S )=SIGNAR

CALL ROTOXS(IUATA,RDATA,VGEOM)
:Tg?
N

N




ORIGINAL PAGE IS
OF POOR QUALITY

PROGRAM ROTORS

Program calculates and stores
the pressures generated on a
turbofan rotor by inlet tur-
bulence.
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Ccannec.ancg.
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aane.
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169

SUBRUUTING ROTORS (LUATA,RDATA,VGedn)

AVJUSTABLE VIMEwSIOAN STATZMENWTS USED TO MANIMILE STOkAeZ
REQGULKEMNTS UP MATRIA CASCeT

visEnslun uf vELTAP=29
VIMENSLION UF CASCET<(nCHURD, NRAD, NBLACE,PRANGE)

WJlL MUk AUdT DX BJ wnshles TaAuw 29
VIMENSLUN LLLTAP(27)
DIMENSIUN VUM 12,7),x0ATA(23), TVATA(LR),,AA(0)
DA4ENSLUN CASveTi0s9,193,92
visewalun AL72)
~SAL Kp,nP,4A,M7
virlhea LoueuTAP,Cadce?
Lloteeex POTALL sranusPerahAnec,rolsy
13(desle)
Pladel4ldv20
ORKﬂNAL.PAGE|E

R QUALITY
nol AVE=TuATA(2) OF POOR Q

MRAVSLWATA(3)
Moauru<sLUaTA o)
nvAlsluAtlAL)
¢OTARTS LUATA(O)
PENUSIVATA(T)
PSTLPSLUATAO)

nlsnuhiAlly
MASRUATA(Z)
SiuMACIUATA(Y)
SLGMARSHYATALD)

ANLTLALLGE IUAT Fur WEUAETKRIC DATA
LUATS ¢
ol TELD,100)

FURMAT(® SNTSR TLTLE FUR WATA FLLEWMAXL 72 CnAxACTerS)®)
reaul5,10%3, A

1403 FURMAT(T72AY)

222 X ¥ 1]

SIAKL LudPs 1J vAuu VAL =asuin elin LUJ? un RAUIAL
PUSITIUN TU MiMIMILE INTERPULATIUN,

Y 390 IRaS1,NRAY
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C <MTASUDALU,xUTURSer U 14 wad 23=Sep=0] viJIlAM PAuvE 131

R=5 LuMAP* (18=1¢ )7 (1.=>LGMAR )/ (4RAV=1.) ORIGINAL PAGE IS
LF(ReLZeVusM(IVAT, 1)) wU TO 221 OF POOR QUALITY Y
LuATsluAl »l
1FCIVAT LT NUAT) LUATSNUAT
' 291 VELTAS(F=VuSUM(IDAT,1) )/ VOEI%( [VAT,1)=VuEUM(LDAT~1,1)) [}
VU 2173 A<, 3
218 MVIN=Y jevuzsu it vAi s IX) eubLTAT L Vet i S LAL s IX)=vueUaluAl=1,14))
c
C
o=AA\1)/2,
val3XxX( 2y
MALTEC21,171313) 8,C4§,P
1212 FUx™AT(’ B",glnc'ﬁ" Cnl-“,il?u-l,' ﬂ“’SIQO‘l)
¢ v
¢ H
c
c
CdScal<seus\valy
slavaladluienl) .
¢ :
C prulii LUUPS On UUE NUMBEM M AND FREWUENCY COUNTER P :
C
wJd 3% dudvelsl,uochus
MM<aCUUN T
c X
C LP 1S STURAGL CIUNTER Fux PAxaMeTer P AN MATRAA CASCET -
ies? .
c
c
pd 3o PapLTART,PENU,PSTEP :
(r=lpsl f
c s
c . i
¢ o -
Utcwau3nali®olunAL Yo P=na) o
. c ;
c :
c |
v z
MAS(MAY® 20 (MT2R)®®2)*7 :
c 4
¢ |
MBS AL/ ART YOl VAT (P=An) Co
- SluMAs=2,"pituM/NolALS .;
c .
¢ |
a2de iRy nouhon/olevA i/ .‘
¢
. c
[ Y
P A TR 4 A T Sy - e X
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n
302
ans
3do

ONCc ancanacas Geana

319

7942
1825
1902

CCOn

3dv

0C. 0

€.

enlintel, 3040)
FUPMAT( 214pdT TO HUBPUIVUTINE CASC?)
AlTi(21,312) UMEenC
FURMAT(® Unai30Ca’,L12.4)
oaxileidl,313) An,AB,510MA
FURMAT(® Mr<’,S17e4,° Kd3’,51,4,° SluMAa=",E12.4)
n%sTe021,390) a,Cal, NCa0kY
fUNAT(? 03%,L10e4,° Cala%,010.4,° ucadnvz®,13)

Canl CASC(O0MZuBC, Mr,Kd,S1uMA,id,CAdl,NCAUxD ,UELTAP,IERP)

STuss REoULTO UP CASL [n STunAet SATRIX cUx LIDA Flube
MATRIA PUSLTION DESCRIPTORS ARE(IN URUER UF APPEARANCE):
1. CoUxvUAlSE PUSITIUNATRALLING TU LEAVING EDGES)

e KAULAL PUSLTIUNLINAZR RaPLIUS TO QUTER RADLIVUS)
Jo UlNvvatono AL AJUs nusbst ¢ 1 (nel)
4o URSUER UF rFREwUSNCY CUMPUTATIONS(FIRST TO LAST)
niTd: 1P=1 PR PSTART
LPsPrANve sUx 2anl

U 414 L1lasi,A0a0RY
VASLLIVLULA, IsaCuunts LP)SULLLIAPLLICN)
CUNTINUE
oriTELS,T759)) IERP
FURMATL® EXKUN COUa FRUM ANVERSION ROUTINE=",13)
alTeidl,70425)
FURMAT(® OUTPUT PrRUM CASCI(DELTAP(L4),1431,/NCHUKRD®)
wRLTE\L1,7042) (WebLTAPLLAQ) s 1us1,NCa0kRu)
FURMATLOA0L1Z. )

CUNTINUE

STure MATKAA OF PReLSSURE VYalLUBS UN Tni viSe FUR LATLR
PuCLOolng o3 UTack FRUWRAMS.

CAuL OFLILE(23,°R0T8°)

arlTe (L3) A

wxlls (23) IvAlA ORIGINAL PAGE 18
WwPITE (23) RUATA OF POOR QUALITY
WRITE (43) VeEOn

aklTs W23) CASCET

B - Ty =




C  MTAZUOALLIRUTURS.rUR; 14 w2d 29-5u¢, ul vislam PAGE 1:3

C
ENDFLLE .23
c
(W
Stue
' END
ORIGINAL PAGE IS
OF POOR QUALITY

O
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PROGRAM INSRCH

Program determines which modes
propagate for the case of inlet
turbulence and controls the
noise computation.
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C <(MTHEOBALD>INSRCH.FOR;18 Mon 29-Sep-88 18:11AM PAGE 1 i

PROGRAM INSRCH-
DIMENSION CASCET(8,5,15¢5) ‘
DIMENSIUN IER(8),IDATA(13)
DIMENSION RDATA(28),V3SEOM(18,7),PONER(2),SPWR(2),RELPR(2)
DIMENSION KPCIN(4)
DIMENSION A(72)
INTEGER PRANGE,PEND,PSTART,PSTEP
COMPLEX CASCET
REAL MT,MA

ﬁxﬁxénﬁfhfb'w

L -~

wn‘umﬁ

DATA(POWER(J),J=1,2)/2%0.8/

CALLING PROGRAM FOR INTUR3 70 SEARCH OUT AN) CALCULATE. :
-ALL PRUPAGATING MIDES AT A GIVEN POSITIVE FREQJUENCY. §;

OPEN FILE "ROTO™ AND READ INPUT_ARRAYS
INCLUDING MAIN STORAGE MATRIX “CASCET™

Ca=a=xNOTE THAT “ROTO' IS A SSQUENTIAL UNFORMATTED BINARY FILE~~-

annacacaaanaan 0

(2 X1z}

ORDER UF STDRAGE:!:IDATI,RO!?A,VGEOH,ClSCZf

e g e S

Cranne

Cc : :‘
CALL IFILE(23,°ROT0") . -
~ READ (23) A ' f
" READ (23) IDATA
READ (23) RDATA
. READ (23) veeoM
- . READ (23) CASCET
' ‘E!DFILE 23

-

'\
o

‘R . WwRITE(5,5)
g 4 §  FORMAT(® USER-ASSIGNE) TITLE OF DATA SET FROM FILE “ROTO" IS°)
- WRITE(S,6) A
6 - FORMAT(® *,72A1)

( PSTARTSIDATA(S)

o . PENDSIDATA(7)

' PSTEP=IDATA(8)

: - PRANGES (PEND=PSTART)/PSTEP o1
R _ NPCON(1)=PSTART
.3 NPCON(2 )=PEND

- NPCON(3)sPSTEP - ,

' , - NPCON(4)sPRANGE e ORIGINAL PAGE 19

c L I - OF POOR QUALITY.

e

1]
\
|
—R _ -
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ORIGINAL PAGE IS
OF POOR QUALITY

C <CMTHEOQBALD>INSRCH.FOR318  HMon 29-Sep-88 18:11AM PAGE 1:1

c ENTER NOISE FREQUENCY OF INPEREST(mMUST BE POSITIVE FREGUENCY)
¢

1961 FORMAT(G2¢.8)
WRITE(5,118)
119 FORMAT(® NOISEZ FREQUENCY/SHAFT FREQUENCY=")
0 READ(S,1081) DMEGA
ROATA(B )=0OMEGA
115 FORMAT( ° OMEGA=",E10.4)
dRITE(5,115) ROATA(S)

¢ ,
c SELECT NO. OF RADIAL POSITIINS TO INTERPOLATE PRZSSORES :
c (ASSUMED THAT NRADNU.GE.NRAD) s
c -
CHa=s#NOTE: NRADNU MUST BZ .LZ.30 UNLESS DIMENSION STATEMENTS IN 3
c SINTURB® ARE TO BE YODIFIED 7
c.**" )
4RITE(5,120)
120  FORMAT(® NUMBER OF RADIAL POSITIONS FOR ACOUSTIC COMP.=*) 5
READ(S, 1691) NRADNU } ¢

LIDATA(1)=NRADNU
WRITE(5,130) IDATA(1)
139 FORMAT(® NRADNU=",I4)
WRITE(S,2037)
2037  FORMAT(® ACCURACY OF BESSIL FNS=°) . .
SN READ(S5,1081) 2B o
. ~ WRITE(5,2137) EB
. 2137 FORMAT(® EB=°,El0.4)
aRI TE<312'38)
2058  FORMAT(® ACCURACY OF CONVIRGENCZ TC ROO! XMN=°) ’
K - READ(S,18¢1) iC ‘
A _ oRITE(3,2138) EC _ ‘ .
. 2138 FORMAT(® EC=° ,519.4) - i
{ - ROATA(9)=EB
. . RDATA(10)=EC
MTSRUATA(L)
; MASRDATA(2)
SIGYAR=RDATA(S)

a0

XMAXZQMEGANMT/ (1, =MA%*2)%* 5

WRLTE(>,2081) XMAX
FORMAT(® XMN(YAX) FIOR PROPAGATION =°,E16.8)

L]
-
P

|

START WITH PLANE WAVE MODZ (@,1). COUNT UP IN N, THEN M
UNTIL ALL POSSIBLE HIGHER MOUES ARE CUT OFF.

aonaaaaon an
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C <CMIHEQOBALDYINSRCH.FOR}18  Mon 29=Sep~-80 10:11AM  PAGE 1:2

J=1

-.’."'.[ :L.‘v w
. mwﬂu;ﬁumﬁ‘

- Y= ORIGINAL PAGE 13
g! ¢ OF POOR QUALITY I
KB €
i ¢ '
€ RESTART N COUNT HZRE FOR NEW M 7
c %
15 N=z0 )
c
€ INCREMENT N
I3 C‘
2 NzN+}
c .
. ¢ : .
. #MABS=IABS(M) 2 : =
c L
f g o . 2
CALL ANRT (MABS,N,SICMAR,S8,EC,XuN,IEB,IEC) I
[ |
g )
. € IF MODE IS CUT OFF, GO 70 6899 -
- Cc - . -
IF(XMN.GE<XMAX) G TO 6890 -
c e
¢ ;

WRITE(S,3900) .
, 3088  PORMAT( “dMODE DATA®) , .
d WRIZE(5,3001) OMEGA, M, N, XMN ) . P
3891 FOKMAT( “@0MEGA=",E18.4,°  wWs°,I3,° N=°,13,° XMN=°,£10.4) M
( IF(XMN.EQ.9.) GO 0 180d 3
; COFFRA=XMAX/ XMN ' :
WRITE(5,4008) COFFRA
4909 PORMAT(® CUTOPF RATIO FOR MODE=°,E18.4)
GO 10 1805
1088 CONTINUE - ’
WRITL!S,4005) , '
: 4005 FORMAT(® PLANE WAVE MIDE: CUTODFF RATIO IS + INFINITE®)
_ 1805 Co.TINUE
. “RITE(>,3002) IEB
3682 PORMAT(® SUM OF BESSE. PUYCTION ERROR CJOES =°,13)

oo

-ra

© WRITE(S,3903) IEC ,
I :qca FORMAT(® ERROR CUOE FOR convsnceuca 20 R00T XNN =°,13) X
N o B
_5§? NORNALIZE XUDE ANPLITUDE
. CALL, BLGEN (uaasostcuua,xuu.anuvasu.sn,tsn) '*5”
c N 0

- eRITE(S,3304) ANN,BUN

T Al e R g
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C CMTHEOBALD>INSRCH.TOR;18  Mon 29-Sep~88 10:11AM PAGE 133

304 FORMAT(® AMN =°,E16.8,° BMN =°,E16.8)
WRITE(5,3805) IER
3985 FORVAT(® ERROR CODE FIOR B2SSEL PNS IN AMN AND BMN CALC =7,812)
C
c
ROATA(11)=XMN
RDA Tl(12,=‘ﬂﬂ OR.GINAL PAGE 's

ROATA(L13)=uMN
IDATA(6)=M OF POOR QUALITY

IDATA(T)=N

CALL INTURB(IDATA,RDATA,VGIOM,SPWR,CASCET,NPCON)
POWER(1)=PINER(1)+5PWR(1)
POWER(2)=PIaER(2)+SPUR(2)

no Ndf S«ITCH SIGN ON M IF M=0
IF(M.EQ.P) GI T0 20
IOATA(6)=~IDATA(6)

aQn O aohhn

WRITE(S5,8390) IDATA(6),IDATA(7),RDATA(S)
8309 FORMAT("OM=",I5,° Nz°,I5,° OMEGA=3°,Eld.4)

c
C SWITCH SIGN ON M AND RECALCULATE
c .
CALL INTURB(IDATA,RDATA,VSEOM,SPWR,CASCIT,NPCON)

POWEK(1)=PUAER(1) *SPAR(1)
POMER (2)=POJER(2)+SPWR(2)

IDATA(6)==IDATA(6)

GO TO0 249

IF NODE IS CUTOPF, DEZIDE WHITH MODE TO TRY NEXT.
" IP(N.EQ.1) GO TD 7802

ﬂﬂsﬂﬂﬂﬂﬂﬂﬂ an aa

NMAXSN~-1
aRITE(S,8301) NMAX

- v+ et A s ot o

“ v Lo R -7 [PRR R - -
- LI S TE Rl e THELE
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C <MTHEOBALD>INSRCH.FOR318  Mon 29-Sep-80 19:11AM PAGE 124

#

= .
-4!‘ 6091 FORMAT(“OLARGEST PROPAGATING N FOR THIS M =7,13)
T
E! JzJ ¢l
C  INCREMENT M ORIGINAL PAG
c OF POOR QUALITY
M=d ol '
GO TO 15
c
¢ 1
c .
C N=1 T0 REACH THIS POINT ;
7088 CONTINUE %
c
c H
WRITE(5,76881) E
7801 FORMAT(® NO MIRE PRIPAGATING MODES FOR PHIS OMEGA®) -
1e CONTINUE i
wRITE(5,9081) "
9881 FORMAT(® PROBLEM COMPLETED®) :
DO 552 JJ=1,2 » :
IF(POWER(JJ) «EQ.0.) GO PO 5215 - (
RELPK(JJ)=10.*ALOGL1ACABS(PO4ER(JJ))) h
GO T0 558 -y
5215 RELPR(JJ)=1.E+35 '
558 CONTINUE
IFCRELPR(1)<EJ.1.2¢35) GO TO 5315
WRITE(S,610) RELPR(1)
GO T0 600
5315 WRI TE(5,5518)
§61¢ FORMAT(® FREQJENCY 1S CUT OFF°)
689 CONTINUE
610 FIRMAT(® RELATIVE POWER SPECTRAL DENSITY LEVEL UPSTREAM=,E18.4)
IFCRELPR(2).EQ.1.E¢35) GO TO S415
. WRITE(S,638) RELPR(2) ,
- GO TO 629 : ;
5415 WRITE(S5,5610) :
624 CONTINUE :
630 rggg:r(' REL. POWER SPECTRAL DENSITY LEVIL DOWNSTREAM=®,E10.4) g
p ENy L
-8
|
[ 3

-
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PROGRAM INTURB

Program computes the noise
generated by a turbofan rotor
subjected to inlet turbulence.

33
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i C <NMTUEOBALD>INTURB.FOR348  Mon 29-Sep-80 10:13AM PAGE 1 3
4

SUBROUTINE INTURB(IDATA,RDATA,VGEOM,SPWR,ZASCET,NPCON)

PROGRAM COMPUTES THE SOUND POWER GENERATE) BY A TURBOFAR
ROTOR SUBJECTED TO INLEr TURBULENCE. THIS IS A SIMPLIFIED
VEXSION SUITABLE FOR VERY SMALL TURBULENCEZ LENGTH SCALES
IN THE RADIAL DIRECTION

PRUGRAM INTERPOLATES IN RADIAL PDSIfION ANU FREQUENCY FROM A
STORED MATRIX OF PRESSURE DISTRIBUTIONS (VAMEsICASCET)

anamaaaaanaaann

DIMENSION VGEOu(12,7),RDATA(20),IDATA(LR) ,XX(6),IERPSI(2),SPdR(2)
DIMENSION BJ(2d)

DIMENSION CASCET(8,5,15,5) :

DIMENSION PSISIO(30),NPCON(4),RR(30),RRNU(38)

INTEGER P,PSTEP,PRANGE,PSTART,PEND

REAL KMNS,MT,¥A,LR,LTHETA,LX

COMPLEX I,DELTAP,QMNS,CASCET

COMPLEX Z,RRS,RRRS,QMNST

COMPLEX ¥

CARA AR AR AR AR AR AR AR RN AN RN R RRAR NS ARRN NN R ANE

c DIMENSION OF PSISTO AND RRNU MUST BE .GE. NRADNU
C DIMENSION UF RR MUST BE +GE.NRAD
¢ c.'.*.'*".".. 22232 32 X232 22 X2 2R 222222222222 2222222222 2]
Is( 2o, 1.)
f © P123.1415926

¢ NRADNU=IDATA(1)
’ NBLADE=IDATA(2)
NRADSIVATA(3) ORIGINAL PAGE IS

: NCHORD=IDATA(4) LITY
' NDATSIDATA(S) OF POOR QUA

MM=IDATA(6)
¢ NN=IDATA(T)
GMEGASRDATA(S)
| PRANGESNPCON(4)
p © PSTARTNPCON(1) .
PENDSNPCON(2) -
' PSTEP=NPCON(3)
( SIGMAR=RDATA(S)

i WRITE(5,8380) MM,NN,OMEGA

. 8389 FORMAT(°OM2°,15,° -  N=°,1S,° ONESA=“,E18.4)
sRITE(21,8308) MM,NN,INEGA

. WRITE(21,792)
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Q C <MTHEUBALUDINTURE.FOR; 48 Mon 29-Sep-~-80 1€:13AM PAGE 1:1

—~
- 108 FORMAT(® INTURB EXECUTION®)
WRITE(21,7224) NKAD,NCHORD

7204 FORMAT(® NAD=",I3,° NJHORD=7,13)

- 8
- s s

- - *
Burroughs
wommug 5o .

LIST NONUVIMENSIONAL RADIAL POSITIONS AVAILABLE IN STURED
DATA (NEEDED POR INTERPOLATION)

ancnan

DO S IR=1,NRAD

R2SIGMAR*(IR~1.)*(1.-SIGMAR)/(NRAD~1,)

RR(IR)=R

e ] CONTINUE ORIGINAL PAGE IS
OF POOR QUALITY

Qaann

WRITE(21,6) .
6 FORMAT(® R VALUES FROM STURAGE ARE®)
S WRITE(21,8) RR
8 - FORMAT(7E18.4)

a0

MT=RDATA(1) : | L
MA=RDATA(2) —
SIGMACERUATA(4) b
a EB=RDATA(9)

- EC=RDATA(13)
: XMN=RDATA(11)
AMN=RDATA(12)
BMN=RDATA(13)

lngIALIZE ERROR ACCUMULATOR IN PSI CALCULATIONS
1Ex=0

-

v

-
LN

LIST NONDIMENSIONAL RADIAL POSITIONS TO 8% USED IN INTERPOLATION : 5

aanana an

. ‘00 7 IRWU=1,NRADNU
Y ~ RSSIGMARP(IRNU=14)*(1e=SIGMAR)/(NRADNU=1,) . ,
: RRNUCIRNU) =R i

: ¢ i ) '
{ c COHPQ?&;&QD STORE MODZ SHAPE WwEIGHTING AT EACH RADIUS ]
c St

ARGEJMN*R- .
b RMODE (MM, ARG, AMN, BMN,PSI,EB,IERPSI) : TR
§STO(IRNY)=PSI '
IERSIERISRPSI(1)+IERPSI(2)
? CONTINUE . : . -

[ Rt

) S s k.~
N, v T, e - .. .t
& _A“M.‘i} o, e S e




C CMTHEUBALUDINTURB.FOR349  mMon 29-Sep=-83 18:13AM PAGE 132

c
c
9

11

7818

N OO0 O0aan

329

339

oOnn

368

C e
318
¢

348

ARITE(21,9)
FORMAT(” R VALUES FOR INTERPOLATION ARE®)
WRITE(21,8) RRNU
sRITE(21,11)
FORMAT(” PSISIO VALUES ARE~’)
WRITE(21,3) PSIST)

BETASQ=]1.-MA**2
KMNS=(((OMEGA®*MT)**2=-BETASQ*XMN**2)** ,5)*ABS(OMEGA)/OMEGA
WRITE(21,7C18) KMNS
FURMAT(® KMNS=“,310.4)

CHECK TU BE SURE MODE NUMBER M IS IN RANGE OF STORED DATA
IF(MM.LT.8) GO TO 390

FOR POSITIVE M, WANT JeLEeMeLE.(NBLAUE=1) '
IF(B.LE.MMcAND¥M. L2+ (NBLADE=1)) GO 7] 318

IF M POSITIVE BJT OUY OF RANGE, SUsTRACT INTEGER*NLLADE

MTRIAL =MM

NTRIAL=O

CONTINUE

NTRIAL=NTRIALe¢L

MSUM=MTRIAL-NTRIAL*NBLAJDE

IFP(Pe LE.MSUY.AND.MSUM.LE. (NBLADE~1)) GO TO 338
GO T0 328 :
MUSEsMSUMe1

GO TO 340

FOR NEGATIVE M, ADD INTIGER*NBLADE TO M

MIRIAL=MM

NIRIAL=0

CONTINUE

NTRIALsSNTRIAL#1

MSUMSMTRIAL®NTRIAL®NBLADE
IP(0eLEHSUM.ANDMSUNLLE« (NBLADE~1)) GU TO 3680
GO 10 3S¢

MUSExsMSUMe]1

60 TU 348

NUSE=MMe1
CONTINVE

ORIGINAL PAGE IS
OF POOR QUALITY
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C <MTHEOBALD>INTURB.TORj}48 Mon 29-Sep-80 18:13AM  PAGE 1:3

341

anhHinnm

16

28

an .

480

OQannNan

419

429

an

99

123X :3121)

WRITE(21,341) MM, MUSE

FORMAT(® MM=°,I5,° vUsg=<,I15)
SEARCH HARMONIC ORDERS POR 7REQUENCY INTERPOLATION
WANT PMIN.LS.OMEGALLE.PMAX

IF(MM.LT.8) G) TO 420
NUPMIN=PSTART

NUPMAX=PEND ORIGINAL PA‘;E 18
00 19 P=PSTART,PEND-PSTEP,PSTEP OF POOR QU

IF (OMEGA.GE.(1.*P)) NUPMIN=P
CONTINUE

00 2@ P=PEND,PSTART,~PSTEP

IF (OMEGA.LT«(1.*P)) NUPMAX=P
CONTINUE

GO T0 490

CONTINUE

FOR MODE NUMBER M.LT.0 MUST SHIFT FREQUENTY PARAMETER 10
RETRIEVE CASCET DATA.
EQUIV.(OMEGA) =OMEGA+ABS (M) +MSUM

EQOMEG=0OMEGA+IA3S(MY)+MSUM
NUPMIN=PSTART

NUPMAXaPEND

DO 418 P=PSTART,PEND=-PSTEP,PSTEP
IF(EQOMEG.GZ«(1.*P)) NUPMIN=P
CONTINUE

DO 420 P=PEND,PSTARY,=PSTEP
EF(EUONEGLT(1.%P)) NUPNHAXK=P
CONTINUE )

CONTINUE

CONVERT TO FIND IP PARAMETER OF UATA STORAGE IM CASCET

1pP=§ P

DO 25 PsPSTARY,PEND,PSTEP

IPsIp e}

1PP=pP '

IF CNUPMIN.ZQ.IPP) IPNINSIP

IP (NUPMAX.3Q.IPP) IPMAX=IP
CONTINUE .

RS

A NS 3 AR Wit




AR,

Bl e S

-~

e e R PR T I St B |

C <MUYHEOBALD>INIURB.FOR3486 Mon 2)~Sep-80 10:13AM PAGE 124

21
22

QO

c

342

34
c

¢
119

WRITE(21,21) NUPMIN, NUPMAY

FORMAT(® NUPMIN=7,1I5,° NUF+v’.x=2°,15)
ARITEC21,22) IPMIN,IPVAX

TOXMAT(” IPYIN=",15,° I>4:X=",15)

KILL PROGRAM LF DESIRED 7+t ZNCY IS OUT IF RANGE OF DATA
PSTARF=FLTAT(PSTART)
PENDF=FLOAT(PEND)
OME GA T= OMEGA
IF (MM.LT.@) IMEGAT=E204ES
IF(PSTARF.LE«2MEGAT. 480 .OMEGAT.LE.PENDF) GO TO 343
WRITE(S,342)
FORMAT(® FREWENCY OUT OF RANGE OF DATA FILE®)
SToP
CONTINUE

XSIGN=1.

c
Cawmnnwanax RETURN TO LINE (111) IO REPEAT FOR DOWNSTREAM

an

111

aQan an aanoann

noOanpeeTan O

PROPACATION AR AR e At A AR RARRAR RN NS ARNERRA NN TRARS

CMNS=(MT*MA*OMEGA+XSISN*KMNS)/BETASQ

INITIALIZE VARIABLES
ISUMR IS ERROR CODE ACSUMULATOR FOR 3ESSEL WEIGHTING FUNCTION
PMNS IS RESULT OF DOUBLE INTEGRAL
SaTR IS WEIGHTING SIGN FUNCTION FOR RADIAL INTEGRATION

PMNS=@,
DELTAR=(14=SISMAR)/(NRADNI~-1)
ISUMR=3

IDAT=2

SWTRz=],

seaweart® START RADIAL INTSGRATIIN LOOP HERE weeswtwnes

DO 901 IRNU=1,NRADKU

RADIAL POSITION SEARCH POR INTERPOLATION COORDINATES

NANT RRCIRMIN).ERINUCIRNU) LE-RR(IRVAX)
*&*NOTE: RR(1)=RRNU(1)
RRCNRAD) sRRNU(NRADNUY)

ORIGINAL PAGE IS
OF POOR QUALITY
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S <MTHEQOBALD>INTURB.FOR; 40

(1]

30

48
Se

18

71
72

ann

201
as

1018

oanNnG

(21 )

IF (IRNU.EQ.1) GO TO 34

LF (IRNU.EW.NRADNU) GI TO 63
IRMIN=1

IRMAX=NRAD

DO 30 IR=1,NRAD-1,1

Mon 29-Scp-B80 18:13AM  PAGE 135

ORIGINAL PAGE IS
OF POOR QUALITY

IF (RRNU(CIRNU).GEL.RR(IR)) IRMIN=IR

CONTINUE
DO 42 IR=NRAD,1,-1

IF (RRNUCIRNU).LT.RR(IR)) IRMAX=

CONTINUE
GO T0 70
CONTINUE
" IRMIN=1
IRMAX=2
GO T0 790
CONTINUE
IRMIN=KRAD-1
IRMAX=NRAD
GO T0 70
CONTINUE

WRITE(21,71) IRMIV,IRVAX

IR

- FORMAT(” IRMIN=%,I5,° IRMAX=°,15)
WRITE(21,72) RR(IRMIN):RRNU(!RNU)rRR(IRHAX)

FURMAT(® RR(1RMIN=°,E218.4,° RRNU(NU=*

¢210.4,° RR(IRMAX=2",El0.4)

BLADE GEOMETRY AT RADIAL STATION OF INTEGRATION

R=RRNU (IRNU)
IF(R.LE.VGEOM(IDAT,1)) GO TO 201
IDATSIDAT+1
IFCIDATGT.NDAT) LDAT=NDAT

DELTA=(R=-VGEOM(IDAT,1) )/(VGEOM( ' IAT,1)=VGEOMN(IDAT-1,1))

DO 210 IX=2,3

XR(Ix-l)8Ub!0*(10itolx)ODBLTA'(UGBON(ID\TpIX)‘VGEDH(IDAT-l,IX))

CHI=XX(2)
WRITE(21,7318. B,C1iI,R

PORMAT(® B=°,B18.4,° Cils",E10.4,° R2",E10.4)

CoSCHI=CoS(CHL)
SINCHI=SIN(CHI)

ZMODaSIGMAC*B* (GMNS*CISCHI+MM2SINCHI/R)

.!. A

' ‘-w“.\ o, -

T

%w
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<MTHEOBALDDINTIRB.FOR; 49 Mon 29-Sep-38 10:13AM PAGE 126

ORIGINAL PAGE IS -
OF POOR QUALITY

CHORDWISE INTERATION USES BESSEL INTEGRATION METHOD é

GQaanaanaann

~==CALCULATE BESSEL WZISHTING FUNCTIONS =
BESJ REQUIRES PDSITIVE ARGUMENT {
X=ABS (ZM0D) ;
CALL BESJ(X,8,BJ9,E8,IRRURL) !
CALL BESJ(X,NCHORD,BJ(NCHORD),EB,IRROR2) i
CALL BESJ(X,NCHORD-1,BJ(NCHORD-1),EB, IRROR3) -
ISERR=IRXORL +[ RROR2 +1RROR3 ) :

_ WRITE(21,5400) ZMID,ISERR - i , J
5480 FORMAT(® ZMDD=“,E19.4,° ISERR=,IS) 3 -
( LF(ZMOD.GT.f.): GO' TO 3040 - LG
!° "¢ . BJB IS EVEN FUNCTION, ADJJST SIGN ON OTHERS : P
BJ(NCHORD ) =BJ(NCHORD )*.(=1+-)** NCHORD : | -
v BJ(NCHORD=1)=BJ(NCHORD=1)*(~1. )**(NCHORD-1) . 2
5840  CONTINUE L
C USE RECURSION RELATION TO COMPUTE AND STORE BESSEL FUNCTIONS. ‘ e
DO 2888 N=NCHIRD=1,2,-1 L
_ BJ(N-1)= -BJ(¥+1)+2. *N*BI(N)/ZHOD _ P
2889  CONTINJE , i -

(@)
3

INITIALIZSVINTERBOLATIO!.TD GET PRESSURE VALUE FOR THIS
FREQUENCY AND RADIAL POSITIIN FROM STORED DATA :

USE 4 POINT dIVARtArE INTEKPULATION. SSE ABRAMOJITZ AND -
STEGUN 25.2.65
NOTE QQ AND PP ARE LESS THAN 1

P
-
PO 1

DETERMINE FQACTIUNAL PARTS Db FREQ. AND RADIAL SPACING

Lkl

-PP=(RRNU(IRNU)- RR(IRHIN))/(RR(IRMAX) QR(IRHIN))
QQ=(OMECA=-NUPMIN)/ (NUPMAX-NUPNIN)
IF(MM.LTeP) WJQ=(EQOMEG-NUPMIN)/(NUPMAK=~NUPMIN)

:
i

x X g

, WRITE(21,912) PP,QQ
' 912  FORMATC® PP=“,E10.4,° 4Qz",E10.4)

QUNS=(B.,0.) 3
sawaawwws® BEGIN CHORDAISE INTEGRATION LOOP HERE *eexwaxaes
D0 220 IZ=1,NCHORD

¢
c
c
(*
c
c

COMPUTE R SUB S, THE WEIGHTING FUNCTIUN AT THE CHORDAL

PR A
&8 Mig e - 7
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C <MIHZOBALD>INTURB.FOR348  Mon 29-Sep~-80 18:13AM  PAGE 1:7

STATION
NOTE THAT Z=I**IKOUNT BZLOW ORIGINAL PAGE I8

OF
RRRS=( 0., 8.) POOR QuALITY )

Z=(1.,8.) §
D0 58996 IKOUNT=6,NCHIRD )
8"210
ARGU=IKOUNT*IZ*PI/NC40RD 1
IF(IKDUNT.GT. @) GO T) 5018 §
RRS=uM*Z*BJ0 .
GO TO 5029
5019 CONTINUE )
RRS=BM*Z*BI(IKOUNT)*COS(ARGU) ;
35820  CONTIMUE |
2=2*1 _ N
RRRS=RRRS+RRS § B
5¢89 CONTINUE . H

S IRATR R

RRRS=RRRS*2.*PI/NCHOD
BN=1.
IF(IZ.EQ.NCHIRD) BN=6.5

INTERPOLATE PRESSURE VALUES IN FREQUENCY AND RADIUS

aaan

MCUUNT=MUSE
¥Y=(1.-PP)*(1.-Q2)*CASCEP(IZ,IR4IN,MCOINT, IPMIN)
Y=Y+PP*(1.=3Q)*CASCET(IZ,IRMAX,“CIUNT, IPMIN)
Y=Y+QQ*(1.-PP)*CASCET(IZ, IRMIN,MCOUNT, IPMAX)
Y=Y ePP*UUTCASCET(IZ,IRMAX,MCOUNT, IPMAX)

WRITE(21,2) CASCET(IZ,IRVIN,MCOUNT,IPNIN)
WRITE(21,2) CASCET(IZ,[RMAX,MCOUNT,IPMIN)
ARITE(21,2) CASCET(IZ,IRMIN,MCOUNT,IPMAX)

WRITE(21,2) CASCER(IZ, IRMAX,MCOUNT,IPMAX)
2 FORMAT(® CASCET=",2516.4)

c , -
C EVALUATE FINITE CHORULAISE SUM TO APPROX. INPEGRAL
c . )
: QMNST=Y*RRRS*BN
QMNS=QMNS+Y*RRRS*BN

WRITE(21,5038) IZ,WNNST
5038 FORMAT(® I2=°,I5,° INNST=°,2E18.4)
220 CONTINUE iy
c ,

CeeswnsxwavEND OF CHURDAISE INTEGRATION LOOP (220) *wewanwwen

c :
WRITE(21,7022) IRNU,QMNS
7022 - PFORMAT(® IRNU=2°,13,° QMNS=",2E10.4)

c

- co _ e - B . e “ . e e =
- ) - R N R . V* ’”&, -2 'Q - N e . N :
. - - A - .-
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4 C CNTHEOBALD>INPURB.FOR;49  Mon 29-Sep-88 18:13AM  PAGE 139
y '

La . ge1@ CONTINUE 4
2 GO T0D 8013 ;
7 se12 CUNTINUE ORIGINAL PAGE 1S g
3! SUMNU=0, : OF POOR QUALITY E
£i 8913 CONTINUE

WRITE(21,8015) ‘SUMNU,P, TURM
caals FORMAT(® SUMNu=",E18.4,° P=",15,° TURN=°,E10.4)
c
c
\ FMAS=Cu* CCCO* SUMNU/R
N - ,
c

wHIR=1.+SWTR/3.
SATR=~SHIR = i
. l?(IR.EQ,I.DR.IR.EQ,'RID) WHTR=WHTR/2.

c 5
. c . - - -
) PMNS=PHNS *aHTR*FMNS*UELTAR*SIGMAC*SIGMAC* 2.
WRITE(21,7016) PYNS
7816 FORMAT(® PMNS SUM(R)=",E10.4) N
991 courxuuz )
c .
. Crsanasnnss END OF RA::AL INTSGRATION LDDP (9g1) txsnesenne
: c
c .
c . Ny ) P -
SMN=( (BETASI*NBLADE)**2) *MA*MT* OMEGA®2MNS/PI/KMNS
SMN=SUN/(Lle=SIGVAR**2)/(OMEGA*MT¢XSIGY*MA®KMNS ) **2
. SMNS=XSTGN*SMN
C
c
, C MULTIPLY OUTPUT BY 2 (ADDS 0308) T0 Accouur FOR ENERGY
C IN NEGATIVE FREQUENCY
s SMN=SMN®2, \ -
f ¢ ' ) -
" RELP4R=SMN
IPuRsl
; IF(RELPWR.EQ.8.) 30 T 915
" RELPRL=10.*ALIG18(ABS(RELPWR)) ;
GO T0 929 :
918 IPaR=d
- 928 CONTINUE
N
(- »
c ] -,
IP(XSIGN.LT.0.)-GD TO 9009 ‘
: g “

 WRITE(5,3800)
. 3989 FORMAT(°BUPSTREAM °)
WRITE(5,3101) GMNS

S
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C <MTHEOBALD>INTURB.FOR349

) 9 )
8192

978
84

Mon 29-Sep-89 19:13AM PAGE 1:1¢

FORMAT(® GAMMA M/,N,S8 3"516 8)

WRITE(5,8102) SMN .

FORMAT(® REL. MODAL SOUND POWER SPECTRA. 05"3‘17",!10-4)
WRITE(5,8509) IER

. aRITE(5,5508) ISUMR

FORMAT(® SUM OF ALL ERRORS IN PSI CALCULATIONS =°,1S5)
IF(IPWR.EQ.8) GO TI 9780
WRITE(S5,3680) RELPRL
60 TO 98¢
CONTINUS
WRITE(S5,952)
CUNTINUE

ORIGINAL PAGE 18
OF POOR QUA&IF?

8688 FURMAT(® REL. SOUND POJER SPECTRAL DENSIPY LEVEL (DB)=°,E18.4)

72l!=

o

WRITE(21,7268)
FOPMAT(® END OF UPSTREAM INTEGRATION®)
XSIGI--I.\ .
SPAR(1)=RELPWR -
60 10 111

crasxesanss QETURN TU LINE 111 TO COMPUTE DOWNSTREAM PROPAGATION
Tk Ll e e Y L L I e

c
9948
8200
8201
8202

S500
8480

p 958

952
960

7282

WRITE (5,82@0) -

FORMAT( “ODU4INSTREAM®)

- MRITE(5,8201) GMNS

FDRHAT(' GAMMA Q,N,SB 3"31608,
WRITE(5,8202) SMN
FORMAT(° REL. MODAL SOUND POWER SPECTRA. DENSITY=",210.4)
WRITE(S,840¢) IER
WRITE(S,5500) ISUMR
FORMAT(® SUM OF ALL ERRORS IN RS CALCULATIONS=?,I5)
FORMAT(® SUM QF ALL ERRORS IN PSI CALCULATIONS =°,I5)
IF(IPWR.EQ.8) G) TG 950
4RLTE(S,8508) RELPRL
GO0 TO 9640
CONTINUE
WRITE(S5,952).
FORMAT(® SOUND POWER SPECTRAL DENSITY FOR MODE=0/UNEXCITEL®)
CONTINUE - '
SPWR(2) =RELPWR
WRITE(21,7232)
FORMAT(® END OF DOWNSTREAM INTBGQI’ION )
RETURN
END

<

U W < R




PROGRAM MAINTW

This 1s a calling program to
control the computation of
pressure data for the wake
turbiulence case.
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2001

2191 -
-

2192
2003

2163
2004

a1 94

.
C <CMTHEUBALDMAINTA.FOR;3 Sun 21-Sey-80 3:58PHM PAGE 1
8
L, PROGRAM MAINTW
DIMENSION IDATA(C19),RDATA(20),VGEOM(10,7) ORIGINAL PAGE IS
VDIMENSION VELOCV(12,2) OF POOR QUALITY

REAL ML, MA,MUV,LX,LR,LTHETA
INTEGER PSTART,PEND,P,PRANGE,PSTEP
DATA (IDATA(J),J=1,10)/18*08/

DATA (RDATA(Y),J=1,28)/20%08.8/

ROTOR «AKE fURBULENCB-SrATUR INTERACTION==~MATRIX STORAGE

THIS PROGRAM: GRIUP CALCULATES AND STDRES VECTURS OF
THE COMPLEX PRESSURE DISTRIBUTIUI ACRISS THE STATDR VANE.

OATA REGUIKED T0 EXECUTE TdIS R0JTINE INCLUDB.

1. VANE GEOMZTRY

2. ROTOR OPERATING SPEEDS

3. MUMBER OF RADIAL AND CHORD4ISE POSITIONS AT #HICH THE
PRESSURES ARE CALCULAPED

4. FREQUENCY RANGE 07 INTEREST (EXPRESSED LN TERMS
OF HARMONIC ORDER OF SHAFT RITATION).

THE RANGE OF CIRCUMFERENTIAL ¥ODE NUMBER ¥ IS 8 TO NVANE-1.
NCHORD MUST BE ¥O GREATER THAN 20.

FORMAT(G28.8)
WRITE(5,2401)

FOKMAT(® NVANE=")
READ(5,16081) NVANE
WRITE(5,2101) NVANE
FORMAT(® NVANE=*,13)
aRITE(5,2002)

FORMAT(® NBLADE=°)
READ(5,18¢1) NBLADE
JdRITE(S5,2182) NBLADE
FORMAT(® NoLADE=®,13)
WRITE(5,2803)

FORMAT(® dUB RADIUS DIVIDZD BY DUCT RADIUS =°)
READ(S5,1801) SIGMAR
WRITE(S5,2103) SIGMAR
FORMAT(® SIGMAR=®,E16.8)
WRITE(S,2004)

FORMAT(® VANE TIP CHURD UIVIDED BY DUCT RADIUS=®)
READ(S,1001) SIGNAC
WRITE(S5,2104) SIGMAC
FORMAT(® SIGMAC=",E16.8)

WRITE(5,2806)




RES

-

C <MTHEOBALD>MAINTW.FOR;3  Sun 21-Sep-88 3:58PM PAGE 1:1

2086

21 86
2007

2008
c
c

2009

W18

- 2811

1 VORTEX®)

Se1e

‘3080

Jan2
. 3804

FORMAT(® NDAT =°) ORI

READ(5,101) NDAT OF POOE GGE 18
WRITE(5,2106) NDAT QUALITY
FORMAT(® NODAT=°,I13)

WRITE(S,2807)

FORMAT(® VANE GEOMETRY MATRIX INPUT®)

WRLTE(S,2098)

FOKMAT(® PEED WATRIX IN ONE RO4 AT A TIME, FROM 4U3 TO TIP”)

DO 19 IROW=1,NDAT T
eRITE(5,2003) IROM ‘
FORMAT( ® ROW=",13,° R/RDUCT =°) '
READ(5,1091) YGEOM(IRIW,1) >
4RITE(5,2010) , :
FORMAT(® C/CTIP =°) _ , :
READ(S, 1801) VGEOM(IRIN,2) . 2
WRITE(S5,2011) ‘ "
FORMAT(® THETA (DEGREES)=") -
READ(S,16081) VGEQOM(IROW,3)
VGEUM(IRON,3)=VGEOM(IOW,3)*. 0114533
CONTINUE

WRITE(5,2020)

FORMAT(® VANE GEOMETRY MATRIX IS°)

DO 11 IROW=1,NDAT

WRITE(>,2120) (VGEOM(IRO4,ICuLMN),ICOLMN=1,3)
FORMAT(® °,7E10.3)

CONTINUE

WRITE(5,5000) '
FORMAT(® TYPE 1 TO INPUT ROTOR WAKE VELICITY; 2 FOR FREE

READ(5,1001) [VOR
WRITE(S,50108) IVOR
FORMAT(® IVOR=",13)

IF (IVOR.Eu.0) NVELO=D

IF (IVOR.EQ.#) GO T 4005

WRITE(5,3000)

FORMAT(® NUMBER OF RADII FOR SPECIFYING MEAN ROTOR FLOW=®)
READ(S, 1041) NVEL)

wR1TE(5,30802) NVELO

FORMAT(® NVELJ=",I3)

WRITE(S,3004)

FORMAT(® INPUT MATRIX FOR MEAN ROTOR FLI4®)

WRITE(5,3006) -

L O
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C <MTHEOBALD>MAINT#.FOR}3  Sun 21-Seu-30 3:53P4 PAGE 1:2 1
3006 FORMAT(® FEED MATRIX IN ONE ROW AT A TI{E,FROM HUB TO TIP®) “
D0 48968 IROW=1,NVELO §

WRITE(S5,3688) IROW
3n08 FORMAT(® ROW=",13,° R/RDUCT=")
READ(S,1001) VELOCV(IRO4,1)
WwRITE(5,3012)
3012 FORMAT(® MEAN CIRCUMFESRENPIAL VELOCITY WTIO(CO CIRCUM/U
1 AXIALP=")
READ(S,1861) VELOCV(IRUW,2)
4900 CONTINUE

c

c
T 3014 FORMAT(® MEAN ROTOR FLOW VELOCITY MATRIX IS°)
Lo DO 4992 IROW=1,NVELD -
ot WRITE(5,3016) (VELOCV(IRON,ICOLMN),ICOLMN=1,2) o
, 3816 FORMAT(® °9s2E10.4) b
' 4962 CONTINUE .

nerrrme L

o~
.

N}

t

C

c

4085 CONTINUE

c

c -

¢ WR 293 ‘

2039 rbftﬁﬁ‘ :rgi-) ORIGINAL PAGE IS :
READ(S,1801) MT OF POOR QUALITY

wRITE(2,2138) MT

2130 FORMAT(® MT=°,E16.8)
WRITE(5,2031)

2031 FPORMAT(® MA =°) 5
READ(S,10081) MA - I
WRITE(S5,2131) MA ’ |

2131 FORMAT(® MA =°,E16.8)

IF(IVOR.EQ.1) GO IO 6068
sRITE(5,2032)
2032  FORMAT(® VYFM/VXM @ R=RDUIT=s®)
READ(S,1001) vuv g
, WRITE(S5,2132) MUV -
2132 FORMAT(® MUV=®,E10.4) , ’
6000 CONTINUE 8
IF (IVOR.EQ.1) MUV=d. &

ann
o

WR1TE(5,2035)




C <CMTHEOBALD>MAINTW.FOR33  Sun 21-Sep-88 3:587M PAGE 1:3

2035 FORMAT(® NUMBER OF RADIAL STATIONS =°) E
READ(S5,18081) NRAD

; WRITE(5,2135) NRAD ‘

' 2135  FORVMAT(” NRAD=°,14) ]
eRITE(5,2036)

. 2036 FORMAT(® NUMBER OF CHIRDAISE STATIONS (.LE.20) =°) i
READ(S, 1881) NCHORD ;

AR1TE(5,2136) NCaORD
3135 FORMAT(® NCHORD=°,I4)

c
aRLTE(5,100)
188  FORMAT(® START FREQUENCY(HARMUNIC NJ. OF SHAFT )=°)
READ(S, 1891) PSTART
‘ aRITE(3,110) PSTART
. 119 FORMAT(® PSTART=°,I4)
WRITE(S5,120) S
B 120  FORMAT(® END FREQUENCY(HARMONIC NO. OF SdAFT)=°)
: READ(S5,1991) PEND
A WRITE(S5,138) PEND
=138 FORMAT(® P END=*,14)

an

WRITE(5,148)

149  FORMAT(® FREQUENCY STEP SIZE (dARMONIC JRDERS)=°)
READ(5,1081) PSTEP
WRITE(5,150) ?STEP

1S58  FORMAT(® PSTEP=°,I4) |
PRANGE=(PEND=PSTART)/PSTEP ¢1 -
IDATA(1)=NVANS o
IDATA(2)=NBLADE oy
IDATA(3)=NRAD

. IDATA(4)aNCHORD

‘ IDATA(S )=NDAT ORIGINAL PAGE g

IDATA(6)3PSTART OF POOR QuaLITY

IDATA(7 )=PENU

IDATA(B)=PSTEP

IDATA(9)=IVOR

IDATA(10)=NVELO

- T N - N A A4
| F SRRSO DR -
.. v- .-

( RDOATA(1)=MT
ROATA(2)=MA
. £DATA(4)3SIGMAC
( RDATA(S5 )=SIGMAR
. RDATA(6)sMUY

CALL STATOR(IDATA,RDATA,VGIOM,VELOCY)
- 8T0°P
END

W et s e




PROGRAM STATOR

Program calculates and stores the
pressures generated on a turbofan
stator by wake turbulence.
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C <MTHEOBALD>STATOR:TOR;}9 Mon 22-Sep-80 4:132M PAGE 1

SUbRUUTINE STATOR(CIDATA,RDATA,VGEQOM,VELOCY)

ODIMENSION OF DELTAP=20
DIMENSION JF CASCET=(N-HORD,NRAD,NVANE,PRANGE)

aaannan

NOTE NCHORD MUST BE NO GREATER THAN 20
DIMENSION DELTAP(29)
DIMENSION VGEOM(10,7),RDATA(28),IDATA(L1E) ,XX(6}
DIMENSION CASCET(3,5,11,3)
DIMENSION A(72),VELOCV(13,2)
REAL KB, MR,MA,MT,MYN,YTHETA
COMPLEX I,DELTAP,CASCET
INTEGER PSTART,PEND,P,PRANGE,PSTEP
1=2(0.,1.)
PI=3.1415926

NVANESIDATA(Z)
NBLADE=IDATA(2)
NRAD=IDATA(3)
NCHORD=ILATA(4)
NOAT=IDATA(S)
PSTART=IDATA(S)
PEND=IDATA(7)
PSTEPsSIDATA(8)
IVOR=IDATA(9)
NVELO=IDATA(18)

WRITE(S5,168)

ORIGINAL PAGE IS

OF POOR QUALITY

169 FORMAT(® ENTER TITLE FOR DATA FILE(MAK 72 CHARACTERS)®)

READ(5,1003) A
10083 FORMAT(T72A1)

MT=ROATA(L)
MAZRDATA(2)
SIGMAC=RDATA(4)
SIGMAR=RDATA(S)

I0AT=2
1007=2

1]

START LOOPS TO CALL CASC-<38GIN WITH LOOP ON RADIAL
POSITION TO MINIMIZE INTERPILATION.

DO 308 IR21,NRAD

OO0

* % -

e .]';
i ]
|

SN N

P SRR

T ]

e -
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C CMTHEOBALD>STATOR.FOR;9  Mon 22-Sep-80 4313PM  PAGE 112
—
bd . c
Lo c
- ORIGINAL PAGE IS
o ?g D0_308 P=PSTARE,PEYD, PSTEP O OR GUALITY
. ‘c c
(¢
OMEGBC=HT*SISMAC*S*P
c
c
-
. €
, MR=(MAT*2¢MTHETA®*2) %+ .S
c
\ ¢
1 KB=MT/MR*B*SISMAC*P
:] SIGMAz=2. *PI*MM/NVANE
, €
e
H=2. *PI*R/NVANE/SISMAC/B
¢
ANGLE= -TETA
C -
[ H c
} WRITE(21,380)
390 FURMAT( “BINPUT TO SUBRUUTINE CASC®)
, WRITE(21,302) OMEGBC
L am FORMAT(® OMEGBC=*,318.4)
WRITE(21,3084) NR,KB,SIGMA
. 384 FORMAT(® MWR=°,E10.4,° Ko=*,E10.4,° SIGMAz*,E18.4)
WRITE(21,336) H,ANSLE,VCHORD
3¢6 FORMAT(® H=°,E18.4, ° ANGLE=",E10.4, NCHORD2,13)

L

CALL CASC(OMEGBC,MR,K3,SI3MA,H,ANGLE,NCIDRD,DELTAP,IERP)

STORE RESUL?S OF CASC IN STIRAGE MATRIX FIR DISK FILE.
MATRIX PUSITION DESCRIPTURS ARE(IN ORDER OF APPEARANCE)S
l. CHOROWISZ POSITIIN(TRAILING T0 LEAIING EDGES)

2« RADIAL PISITIONCINNER RADIUS TO OUPER RADIUS)
3. CIRCUMPERENTIAL MODE NUMBER ¢ 1 (Mesl)
4. ORDER OF FREQUENCY COMPUTATIONS(FIRST TO LAST)
WITH: IPal FOR PSTART
IPaPRANGE FOR PEND

DOOOKAONONNN OAONO0ON

-
.

00 318 ICK=1,NCHORD
CASCET(ICK, IR, MCOUNT,IP)=DBLTAP(ICK)

T T ——————




an OO0

C CMTHEOBALD>STATOR.?OR}9  4on 22-Sep-84 4:132M PAGE 1:3
316  CONTINJE
WRITE(S,75088) LERP
( 7508 FORMAT(® ERROR CODS FRIM INVERSION RIUTINE=“,13)
WRITE(21,7025)
| 7025 FORMAT(® OUTPUT FRO¥ CASCs(DELTAP(IQ),IQ=1,NCHORD®)
| . WRITE(21,7092) (DELIAP(IW),1Q=1,NCHORD)
: 1692 FURMAT(SX,6E18.4)
c
c
c
¢
: cana CONTINUE
c STORE MATRIX OF PRESSURZ VALUES ON THE DISXK FOR LATER
( € PRUCESSING BY OTHER PROGRAMS.
c

CALL 0?1LB(23,'STAT')
WRITE (23) A

ARITE (23) IDATA
WRITE (23) RDATA
WRITE (23) VGEOM
WwRITE (23) VELOCY
SRITE (23) CASCE?T

ENDFILE 23
sTop ORIGINAL PAGE IS
END OF POOR QUALITY
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- PROGRAM WASRCH

Program determines whicn modes
propagate for the case of rctor
wake turbulence and ccntrols th2
noise computation.

PRECEDING PAGE BLANK NOT FILMED
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C <MTassALUDWASKCALFOR;T Rl l2=vuz2e=3C li4bPa Pask 1

Pel,ra Fa3riH

VUI¥ERS Iy CASCST(d,9,11,3)

vl«cnolun Le~(3),TUATACLZ) :
PDINZWS10v RUATAQ27),V3EI4(12,T),POWRR(2),5¢AR(2),RELPR(2) ' .
DEMaNS1ds NeCIAN(E),VELUCY(1,2) )

. U1455510% A(7¢)
s VIaredidy 1oud13(123)
R COxPLEA CASCET ,
_F nz&lL LA,L¥,LTaZITA T i
¢ . INToOb & PRALGL, POTART, PSLEP, P END - ‘
o . KZAL -‘41’,.’4‘! -
; - ¢ :
5 . VATA(ISUATOWJ) , 351,102, /12¢7 ¢/ ‘
7 . VALA(PUR2(D)r931,2)12%3e% ;
- c ’ , -
N ¢ Chullno PYusnam rJd Uolund Td orAxed uuT An) CALCULATE
b € ALL #ROp2GRTING HIDES AT A GIVEW PUSITIVE FREQUENCY.
B - C : . '
= C-
i { ™
i c ~
2 c OP&n FLu: "STAT™ AND FZAD  INPUT ARFAYXS )
S c MCLUuLafG (AL™ STIRAG “ATRLIX “CASCET™
S R o : .
TCrwmeagTye TAAT MSTAT" IS A S3QUINTLILL UNFUIMATIIV 2INARY FILE--
- ‘
{ . & ORLLR OF STIRAS=2=a, [pATA,RPuilA, V5D 4, VELOCSY,CASCET v
WVIERRE . ™~
c

CAaLble 16 1L(23,°5Tat’)
’ ke AU (23) A
{ _ xcAu (23) TurlA
Feau (23) RUATA
: _ o FIau (23) VsiUM
- ( ' Y RzaAu (24) Vsloovw
. . : rrAw (23) CAsLal
. &vurlls <3

canllavv,) : '
( 5 Fde 4aT(? USTReaS531G64C) TITLE OF ulT? ST FrOM FILE "STAT™ IS°)
- wal1TZ(59,0) A
6 FIRAAT(Y %,7241)

PSTAZT=10aTA(S)
shusluaTAT)
‘ P31 EPSLUATA(Y) _
.- PRANGES (wND=PSTART) /P STT2e)
; a1y eouThdl ORIGINAL PAGE 18
- NPUUN (2) 2bz iy . _ ! Y
( NPCON(S)SPSTED OF-POOR QUA
C0PCUNCL ) 2R KANSE -

FREIPTIRMI AT LR NIRISU S S
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C (CHMIHZLIALIONASCH. 70T fr1 l2-uec~3¢ 1:40214 PavE 121

C

c

c ESNTcR YulS< F2E4UINCY U7 T4TZRZ5I(AUST 48 LJSITIVE FREJUENCY)
c

1e01 FUR~AT(524e8)
axlTc(0,112)

119 FUuHAT(® NJI32 FP2zZdJE VCY/:%A‘T FREJUENCE=")
KEAD(S, id*1) DdESA
KU“"A(") 2 Jdhon

115 Fovrif(® uasgr=",317,14)
*“l”n(n,lla) QUATn(o)
¢ :
. ettt ivde Jr cAuwlAL CUSITIINS Tu INlIS&PuLATE PRESSJUAED
C (2553050 TaaT nROAULGE.N21))
C
- CrreRw i s YFAD!Y “UST t's el edi UinSS LIVZNSIIN STAT=H=KTS &N
: L Hovlvnot dns Ty oe dubiFlcy
C"t'. )

_ welTo(a,127)
125 FORYATL® NUYESK OF sdAD1AL PISITIONS FIR ACJUSTIC CaMP.<=")
nzal(3,17:1) NrdunNu
FDLTA(L3)sFLULT(sFAUNT)
- atlTa(5,13%) Vvwiuid
130 Pux ALY nnabMUS? L4

. W« IT12(5,2¢37)
. 2437 FOr AT aCCJU<ACY OF 3IS3IL Fh5=°)

Vonb(5,101) 24
anlTe(2,2137) es
2131 FutAT(® £5=°,512.4)
WelTe(5,2:34) .
( 2234 PIFPATL® aCCURACY DF CunvVIRSILC: TO w10 xwi=®)
’ F.AJ(S( "-.'1) i
LT (5,4133) FT
213 FOR“AT(® =C2%,017,4)

- aidh 2 DA S G e, AL, NIl o el S b
v o
» - ¢ ke i N L

{
¥
c ENIF? TURAULENCS CAARACPERISTICS ORIGINAL PAGE 18
¢ ¢ ’ OF POO
' wE LTr(D,233) R QUALITY
2133 £InATLY aane alufnz?®)
; LEAV(D,101) 4wlJTH

ﬁrl:r(<,-133) wadLdt A
2133 FORYAT(® anlUina’,21ve4)
{ anlle(o,273+)
¢34 FURSAT(® TUREJLINCE I\T“%SITI(Q%: FLIUCTJATING U/YU 34%)=°)
_ KEa_(5,111) PS4
( 2134  Fux~AT\* =rSas®,3lle) ;
. walTr(v,2104) EP3SA -

\

( - wklTe(3,6v10)

. 010 ruUr™AIL’ TVroJLEnCE LIl auhiLb 1N AKIAL UlneCTIUN=C)
FEAD(3,1271) LX

{ v'iflTﬁ(S"’i'l.‘Z) LX
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C <CuldcURALIIAAS~CH.TOR; T 211 12=02c=-4v 1240214 2AG: 1322

6226

ofdd

o¥lf

an an

del

[

COOAC:o OO0

XaiXscuneaT 1/ e=34"%2) %02 T ..

STAaT AlTd Puaue YAVE w0 (w,))e CTOUGWT U2 IN N, THEK M
UnTaL ALL FJ33azb. 1I8d5) vaguis Aks CUT OFr. ’

ReSTAXT « SOUNT dibl FOn NbY W

INCRE45MT &

4
2
3
3
El
ki
3
2
%

CUnnAall? LXE%,21d.)

AAITH(3,0024)

FIuwAT(® TU~pJLEINSE LINSTA SCALE 1w nadlAl J1RECTION=?)
KedU(9,1c71) wR

anliz(2,27¢») Lk

FIu1AT(® L°=%,E1+.4)

all1lTe(2,06uu8)

eUr=AT(® TumoJduEsce wouuln Scdus i ClaludrExENTIAL wIECTINN=?)
PEAD(YS,1#1) LTH4STA

wrbT2(3,0412) LTdZTraA ;
FISYAT ® LTARIA2%,210.4) f
avnld(3)=erSy i
FURTA(T )=asTOTH :
vIATA(LS) =LK

O i

o’

SUATALLE) sLw ORIGINAL PAGE 1S i

nedid(l/)zLlaziA OF POOR QUALITY
LuaTt(y)=z2

SDATA(lé)=el

vPsrOATALL)

mA=xudi2d) ‘ ' i

LY

51uMi43C2TA(3) .

R

v Ta(dl, ¢ 1) Avak
CUAMITL Y XaN(adX) Pux Pru?dudiluw 5%,315.9) o

e g‘,\

it

T XY

PR 3

LAASS[aa5N)

o A ’ ';w'n-l o, hod - ’ oo e

T N T T 3 Y

L T

L
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C  <uTdZ04aLI>vasnCite 02317 7ri 12-dec-34 134021 PAGE 123

a6 e

CALL AMRI \’tiéS,Z",SlG*’!Plia,:}C, X%, le3,12C)

c
c
¢ ’
c IF Mgps 1S CTUT JF", 63 Tu 62
< I ’ i (”UG"WM_FAGE'S
IF( 245,67, A42¢) 6 TU 6722 OF POOR QuaLiTy
c N
c
: ) 2 avl1:€21,3%73)
. kY XS p JRNAT( " 400 JATA) )
P Wf.LTS(21'33(1) 3“‘.:‘.3..,4,!%,!(4!-.
o 3€31 l"g""';ﬂI("‘3‘4:-.’;53";13041. -"‘3"13,' 1-'-.’ 13,° X¥iN=%,21C.4)

Ip(XAteluele) U Tu 126¢
CUFF2azX=3X/A4 :
arlTa(21,407%) COFFRaA
982  ruaxAT(® Culurt anilu rux =jues®,517.4) »
vl T 1<c#)
1¢88  CONTLIWI:
’ arlTe(ll, 3:5.2)
4¢€35 FOIMAT(? PLAWS JAVE MIJES CUlIFe QATLIO IS + INFINITE®) .
1ced CHTINIE :
nﬂlrfa("113’7“2) {3 .
392 PURTEIL? oun Je dfoon, relelide waxds Llwed =%,13) )
w1T2(21,3:c73) IEC . ,
344¢3 FOr2AT(® 7207 COD2 FIR CIaVePLGINCE TI <I3T AUy =7,13) (
¢
c NUFHALLZE 40QuwE a¥2LITIVSE
C

CALL nlds% (MARS,SL3"ai, A, A%, 845,57, 1aR)

ac

sx1Ta(21,3:044) Aad, 40 -
W24 FOR AT AMY 2%,51048,° pMY =29,616449)
alle(21,37°%) Lo+
kP FICNAT(® ZR%J? C0IF FIR uiSSEL FuS IM AdN AND BN CALC =°,812)

)
!
3‘
x

C

.
FUaATA(ll)=av
FOATA(L2)sA 4N
bUAT-\(13)=l’"4!- N
ILATA(o)=» B j
luATA(7 )=-"

c

C

CALL #A1URD LU TA/RUALA YOS UM VLLUCYp3PwR, CASCET uPCUNy

1 I‘U:"IT‘J)
POAEw(Y)sPIWEn(1)+3P0R( L)
PUNSRL2)ISPINER(2) e3Pk Q)

sy W, -

2 - .
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C  CMTHLZNAALIDurS v t'0x3 7 Tri li-vec=dr 1:456°M PAGE 134
C
c
c
C Vu UL oalllcn olud Uy 4 [F 4=
C

1F(Aj(:.?) v) TO 22
c

IvbThA(o)==IuAlA(D)
c
C

rlTenll,d3237) TUATAL3 ), DATA(T ), RUATA(3)
3o Punadi(®Faz’,19,° w3%,15,° J¥seaz%,tlued)

c
c SAITC4 S146x Jbt 4 48D xEJALCULAT:
¢

t
4

ac

beY

Jel

CO® ¢ oo

ane O

1¥

N2l TU YEASH THIS PIOINT
Teee

Aty ddeFb(luAI&,QUAfkldundn,vEuUGUpSVHleAbC&f,R8CUNI

Io0ATY)
PO*E(1)=rOAEP(L)*S242(1)
Oazn(Z)=PUWERL2) eSPuRL2)

L24T4(>)==124Th(0)

) Tu 2°

¥gps 1S CUIUFF, u=olps &d1T4 #90x T3 TRY NZxTe

IF(%eZdel) bu TI T#:2

noAXSh=]
w21 Te(21,560°1) HAAX :
FOR“ATC® LA IS8T 2<IPLGATInG N SOk THIS 4 =2%143)

JysJdrl

INCue B NT

ORIGINAL PAGE IS
MzNel OF POOR QUALITY
G) ™ 16
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€ <STHEUSAWLIDIAAS~CH.7UR,] Tl 12-Jec=3¢ 114424 PAGE 1:5
‘ v
C
. welTH(21,7%71)
{ Teel FOF“ATL® KO “Ik: PMIPAGAILNG “0UwS FQOR TdLS 0UMZGA”’)
) 1¢ vuxilnud
sl TE(5,9021)
{ 9921 FOF“AT(°® PHIbLEY COMPLETED®)
vl S5>¢ JJd=1,2
LE(PJe™(JId)etuwere) yJd Ty 2215
i PILPa(UJ)z 18,2 ALU312(A3S(PIPER(JJ)))
sU TJ 5957
241> RabP¥yJd)zlenrdn,
; 55¢ CudTIwus
IF(rLu#v(l)efdeles®33) I TO 5315
aRLTo09,010) RELA(L)
{ Lu 1y O ¥
. 3315 aSIT=(5,9%51v) e
L 2012 FO9uAT(? FuswJENCY IS CUT OFF°) - ‘
' { bEn CONLLNUS _
2l? PUnaR1(® nouAllve Plasr SPLOTXAL wzadlly LEveEL UPSTRLAME?,nl13.4)
IF(STLPR(2)eFAelei+33) 3) TO 5415
. AxlTE(5,63*) RILP2(2) '
GJ T ol7
3415 Al 1a(5,5514) ' -.
1 524 COwTinUz ’
: bde FiRTAPL® Nobe PUOwnR 5P2CTxal psuNSITY LEVIL DOAwSTREAM:?,51Z.4) o
STur )
. S
{
- o e |
{
{

-
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PROGRAM WATURB

Program computes the sound power
generated by a turbofan staqtor
subjected to wake turbulence.

PRECEDING PAGE BLANK NOT FILMED
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c

c
¢

CMTHEQBALUD&ATURRLFURS LY

1

PROGH AM COMPUTES Tng

VEPS1uUN SUITABLE
IN THE RADLAL DIRECTIIN

1SusTL)

DIMENSION VbEuﬂ(lﬂ,?),QDATA(2“),IDATA(IE),&X(G)pIERPSI(2),SPHR(2)

DIMENSION BJ(23)

Fry 12«Dac=8Y 284IPY PAGE 1

SUSRJUTINE WAATURR(IJATA,RDAPA,VGEUS,VELOCY,SPWR,CASCET,NPCON,

SOUND POWER GENERATED BY A TURBOFAN
STATUR SvturoTed TU INLET TUKouLENCE. Tulo IS A SIMPLIFIEY
FOR VERY SYALL TURBULENCS LENGTH SCALES

PRUGR AM INIERPULATES,IN RADLAL POSITION AVD FREQUENCY FROM A
STORED MATRIX UF PHESSURE DISTRIBUTIONS (VAMEsCASCET)

DIMENS ION PSIer(sa),NPCDQ(4),RR(3B),RRNU(39)
DIMENSIUN VeLUCV(12,2)

DIMENSIUN CASCET(8,5,11,3)

DIMENSION ISUMTO(109),5UMI3IT(1@9,32)

InTeGer P,PSTEP ,PRANGL,PSTAKRT,PENV,S]

REAL KMNS,MR,MT,MA, R, ,LTHSTA,LX, MYM,MTHSTA
COMPLEX Y,QMN5,A1,CASCET

COMPLEX L,RRS,HRPS, 44NST

vumeLe) 1

CENRT IR AR R R R TN R R ANAPERERRRERN R R TCRARRRARARAAR AN RRARREAARRRRN

UIMENSION OF PSISTU AND RRRU MUST BE +GE. NRAONU
UImEnSIun ur Rx MUST be

OG&. I‘P\AU

cttl'ta"ttzttlutt*ttcgtttﬁtvt’-ltpntttt'tii'rvt?uatttttttpltg

ALY

1=(¥e,1l.)
Plasel1412940

NRAUNUSLIFIX(KIATA(LS))
MYAWESLDATA(L)
voLALe=TUATA(R)
NRADSIUATA(3)
NCHURD=TIDATA()
NUAT=LUATA(S)
M= LoATALD)
NN TDATA(?)
LYURSLDATA(Y)
NVELOSLUATA(LS)
UMEULASRUATA(Y)
PRANGESNPCON(YL)
PSTAxT=NPCON(CL)
PENDaNOCONL2)
poterasaPeun(d)
SIGMARERLATA(S)

ORIGINAL PAGE IS
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N2°,15,°

el l12eyac=d¥ 2:dird

PAGE 1:1

ORIGINAL PAGE IS
OF POOR QUALITY

OMESA=",E1J.4)

LIST NONDIMCASLINAL RADLAL 20SITIJNS AVAILABLE IN STORED

INITIALICE «PRUR CJUE ASCUAJLATUR IN PSI COMPUTATIONS

LIST NUNULIMENSLINAL RAVLLIAL 2USLTIJNS TU 83 USED IN INTERPULATION

SHAPE WEISHTING AT EACH RADIUS

1‘...@\ I OV S e U Y P A E T B g e v gt o
C <mlneubAbLusedlvioverur}ld
c
~C
aRLTE(D,0358) M /NN, ULGA
8300 FUKMAT(* #4=",15,°
7204 FORMAT(® NxAD=",13,° NZHOKUD=",13)
(o
(o
C
c DATA (MNECDED FOR INTERPILATION)
¢
DO S5 IR=1,NRAD
RS IGMAR®(IR=14)*(14=351GAAK)/ (NRAD=1,)
RR(1R)=R ’ ’
3 CONTINVE
C
C
, C
- C
6 FURMAT(” R VALJES #RUM STORAGE ARE”’)
8 FORVAT(7E12:4)
| (o
C
C
MT=ROATA(L)
. MA=RDATA(2)
: LPOwsKUATA(3)
SIGMACTRUATL (%)
MUV =RDATA(D)
“ wwlDTnusRUATA(7)
EoSNVALA(Y)
ECskuATA(10)
XMN=xUATA(L1)
AMNERDATA(L12)
bMNIRUATAC(LY)
: LXaRDATAC1S)
LR=2RLATA(LS)
;L LTATASRUATA(LT)
(3
c
, C
' IEK S
(] c
.i ¢
. C
: C
, c
' DU 7 IxNusl,aRAUNY
= " RESIGUACO(LRIVU=1,)*(Yo=5IOMAR)/(NRADNU=],)
- RRNU(IRNY )P
C
C
I COMPUTE aV) STIP: wUNS
4
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CHATOLUSBALUIsATUKRBS IR LA el 12=pec=~84 2:2I3¢M PAGE 1:2

ARG =AMN* R
CALL KMOUE(Mr ARG, AMN, oM, PST EB, ILRPST)
PSISTO(IRNU)=PSI
IER=.SR*IZRPSL(1)+IER?S1(2)

CONTINUE

FORMAT(® R VALUZS FOR INTERPOLATION ARE®)
FORMAT(* PSISIO VALUES ARE®)

PERFORM SUMMATIJN OVER PRANSFORMS OF AUTOZORRELATION
FUNCTIUNS FOR LATER USE. T4I3 SUMMATION IS A

FUNCTION OF MODZ NUMBER 4 AND RADIUS R FOR A GIVEN SET
OF LINPJT PARAMBIERS. ’

CHECK TU SEE WHSTHER SUY IS AVAILABLE FROM STORAGE

MINDEX=MuMeDE
IF(ISUMTO(MINDEX).,EQ.1) G) TO 6649

MAKE SURE STORAGE LIMITS ARZI NOT EXCEZDED

IF(MM.T.49) WRITE(5,50173)
FURMAT(® MODE NUMSER ¥ ZXZEEDS STORAGE JIF MATRIX SUMTOT?)
LF(M4GTo4v) STOP

COMPUTE SUMMATIJN A3 A PUNCPION OF R AND STOURE IN SUMTOT

DO 642¢ LRNU=1,NRADNU
nExJ(Iany)
SUMTUT(MINVEX, IRNU )=,

LIMITS ON DOUBLE SU“ AVDAPT IO PHYSICAL PARAMETERS

MMIMAXSINT(23."R/NBLAJIE/AdIDTH)
MUIMAXSINT(Le/NVANEX (16" R/LTHETA+MMIMAX* NBLADE+24d.))
V0 60¢2 MM1la=vMIMAX,MM]1VMAX
PARGEMMITNSLADc*walOTHA/R

PHIARGaYT*LX/MA® (JMSGA+MML*NBLADE)
TERMLSOALXAT\PHIARG)® (ABS(FhAT(FARG)))I*" 2

V0 6013 muls=v 144X, Md1MAX

THE ARW (( MUl VVANE )= (MM1*NSLADE)=M4)*LTIETA/R
TURML2TERMI*PAlT HA(THEARG)

SUNTUT(MINUEX, IRWU)ZSUATUL (MINUEY I RNV) e TURM]
CONTINUE

Wikl TE(21,80215) vM,04E3A,R,SUMTOT(MINDEX, IRNV)

FORMAT(® MM3°,[5,° OMEGA=%,E10.9,° N2%,El08.%4,° SUMT01=°E10.4)
CONTINJZ
ISUMTO(MINUEX) 51 ORIGINAL PAGE IS

OF POOR QUALITY,
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C <CMTHEULALDOWATURB.7OR31¢  Frl 12-0ec=80 2:0IPM PAGE 1:3

¢
c6 @48  CONTINUE ORIGINAL PAGE IS
© OF POOR QUALITY

¢
~ BETADWS1.=HATTL
. KMNS=(( (OMEGA*MT)*#2-3ETASQ¥XMN*#2)%* 5)«AgS(OMEGA)/OMEGA
: WRITE(21,7018) KMNS
' 1818 FORMAT(® KMNS=°,310.4)
CheCK TO BE SURS MUDE NUMBER ™ IS IN RANGI OF STORED DATA
IF(MM.LT.7) GD TO 348 ° C
FOR POSITIVE M, wAND @.LE<M.LE.(NVANE~1) . §
IF(2.LE.MM.AND . MM.LZ.(NVANE=-1)) GO TO 310 ' o

IF M POSITIVE BUT OUT OF RANGE, SUBTRACT INTEGER®*NVANE " _ (i

Gat 00 o0t

MTRIAL =MM
. NTRIAL=D C
- 329 CONTLHNUE
. NTRIAL=NTRIAL 1 ..
- MSUMSMTRIIAL-NTRIALCNVANS ¢
. IF(0eLEMSUMANDMSIM LS. (NVANE=1)) G) TO 330
GO TO 320
- 332 MUsEzMouMel C
- GO T0 34¢ .

Fux NEGAILvE M, ADU INTEGER®NVANE TO M

ac.q

39 MTRIALSMM
NTRIAL=p

350 CUNTINUE
NTRIAL=NTRIALe1
MSUMSMT 2 IALeNTRIALTNVANS

v LF(Ae Lo MSUMGANDMSUMLLS . (NVANE=1)) G) TO 368

GU Ty 350

369 MUSE=M43UMe] (
G0 TO 349

© o~ a

”~~

310 MUSS3MMel ‘,
346 CONTINUE
341 PORMAT(® MmM3’,I5,° MUSEz*,1S)

KILL PROGRAM IF DESIRED FRESQUENCY 1S OUT JF RANGE ] C
ur Stumbyv vAtA
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C <MTHEOBALU>WATURB.FOR)18 Fci 12-Dec-8¢ 2:09PM PAGE 1:4

342

343

anahand

19

29

oMo an

7]
»
wn

th10t‘fhﬂ¢1:3=:

(X 7 BN 1

10

sasawanes RQETURN TO LINE (111) PO REPEAT FOR DOWNSTREAM
PRUPAGATION A0ttt tntantint s aarttetaasasasttatateveons

111

PSTARF=FLOAT (PSTART)
PENDF sFLOAT(PEND) .
IP(PSTARF cLEoOMEGAAND,IMEGA.LE.PENDF) GU TO 343
WRITE(5,342)
FORMAT( ° FREQUENCY JUT OF RANGE OF DATAC)
STup
CONTINUE

SEAKCH HARMONIC URDEKS FUR FREWUENCY INTERPOLATION
NANT PMIN.LEOMIGA.LE.PYAX *
NUP HI N PSTART

NUPMAX=PEND

DO 18 P=PSTAR!,PEND~PSTEP,PSTEP
142 (0”36‘0660(10'P)) NUPHI A=V
CONTINUE

D0 .20 PsPEND,PSTART,=?STE?:

iF (OHSGA.Lro(I.'P)) RUPMA X =P
CONTINVE

CONVERT TO FIND IP PARAMETZIR OF DATA STORAGE IN CASCET

1pP=p

D0 25 P=PSTART,PEND,PSTEP
IP=]P e+l

IPP=P

IF (NUPHINCEweIPP) IPNIN=IP
IF (NUPMAX.3Q.IPP) [PMAX=IP
CONTINUE .

FOXMAT(® NUPMINZ®,13,° NUPAAX2’,1S5)
FORMAT(® IPYIN=2®,[S5,° IPMAX=2?,IS)

XSIGNs],

GMNSE(NT* MATOMEGA*XSISN*KVYNS) /BETASQ

INAL PAGE 1S
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C <CMTHEOBALUDWATURH.FOR;1¢  Fri 12=Dec-80 2:089PM PAGE 1:5 (

aaoOnanonnn ﬂgﬂ o0

g

af
58

60

70

esamesazesSTART RADIAL INTEGRATIIN LOOP HERE *erssaraas,

5
4
e

INITIALIZE VARIABLES '?ii
1SUMR IS EIROR CODZ ACSUMULATOR FOR BESSEL WEIGHTING runcrtou

weg T g

PMNS IS RESULT OF DOUBLE INTEGRAL 1

SaTR IS wiIGHTING SIGN FUNCTION IN RADIAL IN!BGRATIQN K ‘%

pMNS=8.
DELTAR=(1.-SIGMAR)/(NRADNI=1)
ISUMR=0 _ .
1007=2 -

10AT=2 L

SalR=-1,

o~

DU 991, IR“U314HRADNU

RAVIAL PUSITION SEARCH FUR INTSRPOLATION COORDINATES LR

WANT RRCLRMIN)<LERINU(IRNU) s LE<RR(IRMAX)
== NOTES RR(1)3RRYU(1)
Ru(uaAU)=uuuﬂ(n«ADNU)

IF (IRNU.EQ.1l) GO TO 59
1F (IRNU«Ew<NRADNU) 6]) TU 00
IRMIN=]
LRMAX=NRAD
DO 39 1IR=1,NRAD-1,1
IF (RRNUCIRNU) eUBrR(IR)) IRMIN=IN
CONTINUE
D0 4¢ IR=NRAD,1,-1
IF (RRNUCIRNU).LT.RR{IR)) IRMAXaIR
CONTINVE
GO T0 70
CONTINVE
IRMIN=1
InMAX=2
GO T0 70
CONTINUE
IRMINZNRAD=]
IKMAXSNRAD

G0 10 78 f
CONTINUE o,,ammm PAGE 13

QUALITY 3

- . | - L ,(1;}'
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C <MTHEOBALUDWATUKB.FOR;18 Fri 12-Dec-88 2:09PM PAGE 136

71 FORMAT(® IRMIN=°,15,° IRMAK=“,Z5)

72 FORMAT(* RR(IRMIN=°,E10.4,° RRNU(NU=",E10.4,° RR(IR"AX=",E18.4)
c ; '

c )

c BLADE GEOMETRY AT RADIAL STATION OF INTEGRATION

R=RRNU(IRNU)
IF(ReLLVGEUM(IUAT,1)) GU T0 201
<IDAT=IDAT+1
IF(IDAT.GT.NDAT} IDAT=KDAL
201 VELTA=( #-VGEUM(IUAT,1))/(V: °QH(Iﬂltoi)OUGSOH(IDIT-I;I))
DO 213 1IX=2,3
219 XX(IX-I)=VGBO!(IDA:,IX’OD?LTA'(VGED!(IDlr,IX)-VGEDM(lDAT'I,IX))

c .
THETA=XX(2)
| RITE(21,7618) B, THETA, R - )
7018 FORﬂlT(' 8=7,£190.4,° rastks‘,sll.t, R3°,818.4)
COSTHE=COS (THRTA) ‘
SINTLE=SIN(THETA)
C
C
IF (IVOR.EQ.P) GO TJ 4820
c
c . .
g INTERPULATE TO GET MEAN CIRCUMFERENTIAL MACH NUMBERS AT THIS R
c

IF (R.LE.VELOCV(IDOT,1)) GO TO 4801
ILOTsIVOT ]
IPF (I00T.GT.NVELO) IDJI2=NVELN
<891 DELTA=(R-VELOSV(IDOT,1))/(VELOCV(IDOT,1)-VELOCV(INOT=1,1))
KVE LaVELOCV(IDOT,2) #+DELTA*X VELOCY (1V0T, 2) =¥ ELOCV(IDOY=1,2))

MTHETA=XVEL*MA
c ,
40215 FORMAT(® R3°,310.4,° MTHEDA2°,E1P.4)
(H
4820 CONTINUE
c
c
g n¥r IS CIRCUHFSRENTIAL MACH NUmBER OF WARS IMPINGING On STATOR
HYHIHT'R- A*MOV/R ¢
1P (IVOR.Z4.1, MYMaMT*R-NPHETA
IPCIVUREWT) ATHETASMA®HUV/X C
¢ . ORIGINAL PAGE IS '
OF POOR QUALITY
(
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C (H?ﬂﬁUBALD)lATURB.FUR}IB. Fri 12-Dec=~B83 2:83¢M PAGE 1:7

c CHl IS ARCTAR(CIRCU!FER’NTI!L VELOCITY OF #AKE/AXIAL VELOCITY)

LaAamanaa an

CHI=ATAN2(MYM,MA) -
COSCHI=COS(CHI)

. ZMOD=SI GHA C*1*:(GHNS*CIS TS ~MM* STNTHE/R)

CHORDWISE ‘INTEGRATION USES BESSEL INTEGRATION METHOD

~==CALCULATE BESSEL ¥EIZHTING FUNCTIONS
BESJ REQUIRES POSITIVE' ARGUMENT

X=AB8S(ZM0D)

,"'. CALL BESI(X, 8,BJ8,EB, IRROI1)

5948 -

C USE

2889

(s N 7]

912

QA0 O

CALL§§ESJ(X,lCﬂDRD,BJ(’C!DRD),EB,IRRDRZ)
CALLLBESJ(X:NCHORD-I;BJ(!CﬁORD-l)lBB;IRRDR3)
1SERR‘IRRUR1+IRROR2011RDR3
FORMAT(” ZMOD=" Blﬂ.4c'-ISERR IS)

- IF(IMOD.GT. Ba) GD T0 58480

1S EVEN FUNCTION; ADJJIST SIGN ON OTHERS
BJ(NCHORD) =BJ(NCHORD )*{~1. ) **NCHORD

: BJ(lCﬂDRD-l)-BJ(BC&ORD* )*('1-)**(NCHORD-1)
"CONTINUE- B

RECURSION RELATION TO COMPUTE AND STORE BESSEL FUNCTIONS
DO 2880 N=NCHIRD-1,2,-1

- BJ(N=1) = =BJ(N+1)+2.*N*BJ(N)/ZMOD

CONTINUE

INITIALIZE INTERPOLATION TO GET PRESSURE VALUE FOR THIS
FREQJENCY AND RADIAL POSITIIN FROM STORED DATA

USE 4 POINT BIVARIATE INTERPULATION. SZE ABRAMOSITZ AND
STEGUN 25.2.65
NOTE QQ AND PP ARE LESS TAAN 1
UETERMINE FRACTIUNAL PARTS OF FREWe ANU RAVDIAL SPACING
PP=(RRNY (IRNU)=RRC(IRMIN) )/ (RRCIRMAX)=RRCIRMIN))
QQ=(OMEGA=NUPMIN)/(NUPMAX=NUPMIN)
FORMAT(® PP=*,E18.4,° QQ=",E10.4)

WHNS=(0e,0.)

wesewarean SEGIN CHIROWISZ [NTESRATION LOOP AIRE *4esesvwas

L0 226 IZ=21,NChURD omGwAL PAGE
F POOR QuALITY- -
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C <MTHEOBALD>wATURB.FOR;149 Fri 12-pec-8@ 2:989PM PAGE 1:8

COMPUTE R SUB S, T4E WSIGHTING FUNCTION AT THE CHORDAL
STATION -
NUTE THAT Z=I**IKOUNT BELOe .

anaanm

RRRS=(8.,8.)
i=(le,8.) :
DO 59080 IKJUNT=8,NCHOKRD
BM=1.
IF (IKOUNT.EQ. 8. OR.IKJUNToEQ.NCHDRD) BM-B.S
ARGU=IKOUNT*IZ*PI/NCHORD .
IF(IKOUNT.GT.P) G0 TI 591!
RRS=BM*Z*BJE .°
: GO TO 5029
5018 CUNTINUE
RRS=BM*Z*BJ(IKOUNT)*20S(ARGU)
5828 ' CONTINUE
SRR £ 1 A SR
R RRRS=RRRStRRS
5808 CONTINUE

RRRS=RRRS*2.*PI/NCHORD

8a=i.
IF (1Z.EQ.NCHIRD) BN=8.5

INTEKPOLATe PRESSUxE VALUES IN PrREQUENCY AnD RADIVS

anaana0m

MCOUNT=MUSE

Y=(1le=PP)*(1.=Q3)*CASCEL(IZ, [IRMIN,MCOUNT,IPMIN)
Y=Y +PP*(1e=wW)*CASCET(IZv IRMAK, MCOUNT,IPMIN)
Y=Y+QQ*(1.,-PP)*CASCST(IZ,IMIN,MCOUNT, IPMAX)
Y=Y+PP*QQ*CASCET(1Z IRMAX,MCOUNT,IPMAK)

2 FOMMAT(® CASCET=°%,2E18.4)

2N sKg] (2]

EVALUATE FINITE CiORDWISE SUM TO APPRon INTEGRAL

WMNST=Y*RRRS™UN
QMN3=QH4NS+Y*RRRS*BN

58390 FORMAT(® 12=°,15,° UMNST=",2E18.4)
220 CONTINUZ
C
CrwwensswesEND OF CHORDWISE INTEGIATION LOOP (223) *thstsanrs
c
7022 FORMAT(” IRNU=",13,° QM¥S=°,2E18.4)
c
c
c

LSUMR=ISUMR+ 1SERR _
7021  CONTINGE ORIGINAL PAGE 18
OF POOR QUALITY
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C <MTHEOBALL>sATURB.FORj10 Fri 12-Dec=-80 2:23PM PAGE 1:9

A0 ca0nann an

(s N 2]

9'1
c

c

C
c

a o000

915
928

(g X 2] aoO0n

AL

1616 . FORMAT(".PHNS SUM(R)=" ,E18.4) | | Y

Cesamsnaxes END OF RADIAL INTZGRATION LODP (901) *xe«sseves

-~

CA=MM*COSTHE/R¢GMNS*SINTd2 .
CB-(CldS(hHNb)'PSISﬂKIRNU)'CA*B)"Z ORIGINAL PAGE IS
CD=((NT#R)¥*2¢1.)*4.5 OF POOR QUALITY

“»
vt - -

FMNS=CB*CD* SUMTIT(MINDEX, IRNU)/ (R**2)/COSCHI

FARIAP Lot . : . . - . B

WHTR=1. +SATR/3.

. SWTR=-SWTR : - o - e
- IP(IR.EQ.1. oa.xn.ao.naxn) uura-uaralz.‘ LT

puus-pnns»uurarfuus'oznrnzJR
CONTINUE R o

." -

CCsLR*LTHETA®LX*(SPSW*wWIDTH)**2

SMN= ((BETASQ*NBLADE'”VANB)"l)'HT*ﬂ!Eal*PHNSIKHNS'HA**3
SMN=SMN/(1.~SIGMAR®*2)/(OMEGA*MT +XSIGV*MA®KMNS ) **2
SMN=SMN*CC*SIGMAC®*SIGMAC®(~XSIGN)/32./(PI**4)

MULTIPLY QUTPUT 81'2 (ADDS +3D08) TU ACCOUNT FOR ENERGY
IN NEGATIVE FREQUSNCY
SMN=SMNt2,

RELPwk=SMN
IPNR=1 '
IF(RELPWR«EQ.8.) 50 TJ 915
RELPRL=10.*ALJG12(ABS(RELPaR))
GU Tu 929
IPWR=9
CONTINUE

IF(XSIGN.LT.9.) G 10 98090

WRITE(S5,3808)
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C <MTHEUBALD>WATURB.FOR3;1B Fri 12-Dec-80 2:09PM PAGE 1:18

3008  FORMAT(“BUPSTREAM °) :

8181  FORMAT(® GAMMA M,N,SB =°,E16.8)
WRITE(21,8182) SMN-

8182 FORMAT(° REL. MODAL.SOUND PONER SPECTRAu DENSITY=",£18,4)
“RITE(21,8500) IER
WRITE(21,5588). ISUMR

O

4

N

e
" - oo St
ifﬁnfgﬁ‘;"*
MR N

.-.1: .“(QA

AP W vy,

e
'!*v

(RS
DA
o

8588  FORMAT(® SUM OF ALL ERRORS IN psx CALCULATIONS =',15) - e ¢
" IF(IPaR.Eue®) GO TO 978 - . . . RS
WRITE(5,8600) RELPRL i
60 10 988 C
979 CONTINUE . e ~
WRITE(5,952) ', ~~ * "
988 CONTINUE O - R c
8688 FORMAT(” REL. SOUND PUdER SPECTRAL DENSITY stzL (on) “sB18.4) 7 . %
- WRITE(21,7283) _ R
7286~ FORMAT( END -OF UPSTREAM INTEGRATIDI') Sy ST C
XSIG“--IQ s R . .o . ot
L SPUR(I)-RELPHR ' e : - 5 ‘o
60 10 111 - _ .:?(
C ' . S N . e S
Ceswsssexes. RETURN TO LINE 111 TO COMPUTE DOWNSTREAM PROPAGATION - STl
cttt*ttttlttttlttttt*ttttttttt*tlttttttttttttt*ttttttt.t!tttt*iﬁ“ : L ,.C .
9888 ° WRITE(S,820F) o o ' T T e e e e
8208 FORMAT( “800WNSTREAM®) ¢
8281 FORMAT( " GAMMA M,N,SB °,316.8)
wRITE(21,8202) SMN
8282 FORMAT(® REL. MODAL SJUND POWER SPECTRA., DENSITY=’,E18.4) ¢
wRITE(21,8498) IER - - - *
wRITE(21,5508) ISUMR '
5508 FORMAT(” SUM JDF ALL ERRORS IN RS CALCULATIONS=°,IS) . €
84 80 FORMAT(® SUM JF ALL ERRORS IN PSI CALCULATIONS =°,IS5) A
IF(IPAR.EQ.8) GJ Tu 958
WRITE(S5,86688) RELPRL G
G0 TO 968 DN
950 CONTINUE
WKITE(5,952) C
952  FORMAT(” SOUND POWER S2ECTIAL DENSITY FOX MODE=9/UNEXCITED®)
960 CONTINUE
SPaR(2) =RELPwR <
W"ITE(21,7282)
7202 FUPMAT(® END NF JOWNSTREAM INTEGRATION®) :
RETURN ¢
ENV
C
ORIGINAL PAGE I3 C
OF POOR QUALITY
(
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SUBROUTINE ANRT

Program finds the roots of the
boundary value equation lor an
annular duct.

PRECEDING PAGE BLANK NOT “ILMED
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€C <MTHEORALD>ANRT.FOR;3 Moa 14-Jan-~80 6:31PM

oMt ahan a0n

“L

o Caw N

PAGE 1

GO QO 00 OS 0000000 L0000 RS VSN VN0 GECNGCSIBEEDPOVOEOINNBDOISVSLPOIOGIVSOIOSGBETEIJYONOGIOSIOOBOLEOSDS

SUBROUTINE ANRT(M,N,S,EB,EC,XMN,IEB,IEC)
(AN)NULAR FINCTION (R)0I(T)

PURPOSE

START WITH A GUESS SOLUTION FOR XM1

AND GET A BETTER VALUE FOR XM1l.

GUESS EACH J4IGHER ORDER ROOT FROM
XM(N#1) = XMN+3.14159

AND THEN REFINE IT TO GET THE (M,N)

ROOT TO F=p(JS*Y=-YS*J) = @

ORIGINAL PAGE IS
OF POOR QUALITY

I FYFYNEIEEFFN N NNFEFNFNNN AN NN RN NENNNENNNNENNE NN NENENNNNNNNNNNNE NN NN NNRE Y]

IF(M.EQ.0.AND.N.EQ.1) GO TO 6
XMN = M-3.14159

DO S5 NN=1,N
DX = .31415
IS = (=1)**(NN+1)
X = XMN¢3.14159
J =1

-

CALL ANFU(M,X,S,5B,F,IE3)
DX = ~ISIG(F*IS)*DX

TE = F

Ir (ABS(¥) ..E. EC) GO TO 3
IF (J «5T. 108) GO T0 2
X = XeDX

CALL ANFJ(M,X,5,2B,F,IEB)
IF ((F*TZ) .LT. @.) DX = -DX/2.

J = Jel
Te = F
33 T0 1
IEC = 1
GJd TO ¢4
IEC = @
XMN = X
CUNTINUE

RETURN

CONTINUE

1EB=0

IEC=9

XMN=0.

RETURN

END
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<MTHEOBALD>ANRT .FOR;3 Mon l4-Jan-8¢ 6:31PM PAGE 2

© 0090 00000000000 000000000000 000000000000000 0000000200000 9000s00s0r

SUBRUUTINE ANFU(M,X,S,EB,F,1E8B)
FReSrEReTe ORIGINAL PAGE IS

(AN)INULAR (FU)NCTION OF POOR QUALITY

PURPOSE
EVALUATE THS DETER/MINANT F = P(JS*Y=-Y5*J)

R IR EYXY Xy x xR N R R N NN NN N RN E NN NN ERENENENNERENENLNERN RN X ]

IF (M .NE. 2) GJ T0 1

CALL BESJ( X,1,ZJ ,EB ,iE3)
CALL BESJ(S*X,1,2JS ,Es ,Ic4)
CALL BESY( X,1,2Y , 1E7)
CALL BESY(S*X,1,ZYS5 , IE8)
IEB = IE3+I24¢IE7+1E58

GO T0 2

CALL BESJ( X,M-1,BIM ,2B ,IEl)
CALL BESJ(S*X,M-1,BIMS,ZB ,I1E2)
CALL BESJ( X,Me¢l,8JP ,EB ,IE3)
CALL BESJ(S*X,M+1,B)PS,2B ,1E4)
ZJ = .5*(BJM =-BJP )

ZJS = .53*(bJMS-BJPS)

CALL BESY( X,M-I,BYN v IES)
CALL BESY(S*X,M-1,BYNS, IES)
CALL BESY( X,M+1l,BYP , IET)
CALL BESY(S*X,M¢l,BYPS, IE8)

ZY = ,5*(BYM =-3YP )
ZYS = .5*(BYMS-BYPS)
IEB = IE1¢I122¢IS3¢1544155+IEA+IET+IES
F = Z2JS*ZY -~ ZJ*Z2YS
RETURN
END

()
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., C <MTHEOBALD>ANRT.FOR;3 Moan 14-Jan-88 6:31PM PAGE 4
-9
— . C
‘. c ® 00 00 00 0O 0 OO GO OO VP OPO OO 00 S OEN OO 00D O GO OGSO OSSOSO RESIBDIseRNSICGCOSTSGSOIOSNOGOODS
-
gt C i
I SUBROUTINE BESJ ORIGINAL PAGE IS
Al ¢ OF POOR QUALITY
c PURPOSE 1
c COMPUTE THE J BESSEL FUNCTION '3R A GIVEN ARGUMENT AND DRDER
| c
4 c USAGE
. c CALL BESJ(X,N,BJ,2,IER)
‘ c
c DESCRIPTION JF PARAMETERS
c X =THE ARGUMENT JF THiE J BESSEL FUNCTION DESIRED
c N <-THE ORDER OF THE J BESSEL FUNCTIJON DESIRED
i c BJ -THE RZSULTANT J B3SSEL FUNCTION
{ c D -KEWUIRED ACCURACY
‘ c IER=-RESULTANT ERRJIR CIDE WHERE
: c IER=¢ NO SRROR
4 c IER=1 N IS NEGATIVE
: c IER=2 X IS NEGATIVE OR ZEROD
: c IER=3 REQUIRE)D ACZURACY NOT OBTAINED
+ c IER=4 RANGE 07 N COMPARED TO X N¥07 CORRECT (SEE RENARKS)
P c
o c REMARKS
: c N MUST BE GREATER THAN OR EQUAL TO ZSRO, BUT IT MUST BE
] c LESS THAN
, c 20+¢108*X-X** 2/3 FOR X LESS THAN OR EQUAL TO 15
i c 98 +X/2 FOR X GREATER THAN 15
c
c SUBROJTINES AND PUNCTION SUBPRIGRAMS RIQUIRED
c NONE
c
c ME THOD
c RECURRENCZ RELATIJDN TSCHNIQUE DESCRIBED BY 4. GOLDSTEIN AND
c ReM. THALZR, “RECURRENCE TECHNIQUES FOR THE CALCULATION OF
c BESSEL FUNCTIONS®/MeToAeCosVe13,PP.182-1088 AND I.A. STEGUN
c AND M. ABIAMOWITZ, “GENERATION OF BESSEL FUNCTIONS ON HIGH
C SPEED CCIHPUTERS':W.T-&.C.,V. 11' 1957;??.255"257
i c I X E N ENFF N FR RN EFE NN NN R EANENNNNFFNNENENFNFNNNNFENE NN N NN N NN NNENENNENNNNNEN N X J
f c
g SUBROUTINE BESJ(X,N,BJ,D,IER)
' c
: BJ=.0
o IF (X <NEe B.) GG T3 9 g
t IER = @
IF (N eBue 0) BJ = le.
,i ' RETURN e

. -
et -3t b o i ke bt . .
- e '& P - e
e maasass - Aa . . ‘ )
4 ®
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CMTHEUBALDO>ANKT.FOR;3

10

29
30

31
32

34
38
40

S50

60
70

100

118

129
138

1490
150

IF(N) 18,208,290

[Ex=1

RETURN
IF(X)39,30,31

LIER=2

RETURN
IF(X-15.)32,32,34
NTEST =20, ¢1B8.*X=X** 2/3
GO T0 36
NTEST=90.+X/2.
IF(N-NTEST)48,38,38
IER=4

RETURN

LER=0

Ni=Nel

BPrREV=.0

COMPUTE STARTING VALUE JIF M

IF(X-5.)50,58,60
MA=Xe¢6.

G0 T0 7@
MA=1.4*X+6B.IX
MB=NeIFIX(X)/4*2
MZERO=MAXB (YA, M3)

SET UPPER LIMIT OF M

MMAX=NTEST
D0 190 M=MZIRO,vMAX,3

SET F(M),F(M=-1)

FH1=1.BE-28

FM=,.8

ALPHA=.9
IP(M-(M/2)*2)120,110,128
JT=-1

GO TO 139

Jr=1

M2z=M=2

DO 160 K=1,42

MK=M=X

BMK=2 .*FLOAT(MK)*FM1/X-FH

FM=FM1
FM1=B8M4K
IP(MK-N-1)150,146, 158
sJ=BmK
JT=z=J7
S=1eJT

Mon 14-Jan~80 6:31PM

R ]

PAGE 4:1
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fj C <CMTHEOBALD>ANRT.FOR;3 Mon 14~Jan-B80 6:31PM

ALPHA=ALPHA rMK*S
BMK=2.*Fl{1/X~-FM
IF(N)180,179,1849
BJ=BMK
ALPHA=ALPHA+8MK
BJ=BJ/ALPHA
IF(ABS(BJ-B?REV)~-ABS(D*BJ)) 208,200,198
BPREV=BJ

IER=3

RETURN

END

PAGE 4322

ORIGINAL PAGE I8
OF POOR QUALITY
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CMTHEOBALD>ANRT.FOR;3 Mol 14-Jan-30@ 6:31PM PAGE S

10

ORIGINAL PAGE !9
OF POOR QUALITY

G 0000 BB 0O 50000 00 QOO OOO VO SAD®S GO0 00 00 00000 ONOOOONN VIS NOSRESOITRLSIBSGSS

SURRQUTINE BZSY

PURPUSE
COMPUTE THE Y BZSSEL FUNZTION FIR A SIVEN ARGUMENT AND OJRDER

USAGE
CALL 3ESY(X,N,BY,ILER)

DESCRIPTION J)F PARMMSTERS
X <=THE ARGUMENT JF THE « ofSSEL FuNCTIOM DESIKED
N -THE ORDER OF THE Y 3=SSEL FUNCTIIJN DESIRED
BY -THE RESULTANT Y s8ISSEL FINCTION
IER-RESULTANT ERRJIR CIDE wdERE
IER=¢ NO EKWUOR :
IER=1 N IS5 NZSATIVE
IER=2 X IS NESATIVE ORP ZERO
IER=3 BY HAS SXCEID%D MAGNITUDZI IF 10**72

REMARKS
VERY SMALL VALUES OF X MAY CAUSE THI RANGE JF TdE LIBRARY
FUNCTION ALDG TJ BE EXCEESDED
X MUST B GREATER THAN Z:ZRJ
N MUST BE GREATZR THAN JR EQUAL TJ ZERO

SUBRIUTINES AND FUNCTION SUBPROGRAVS RIJUIRED
NUNE

METHOD
RECURRENCZ RELATIIN AND POLYNOMIAL APPROXIMATION TECHNIWUE
AS DESCRIGED BY AeJeMeHITCACUCK, “POLYNOMIAL APPROXIMATIONS
TO BESSEL FUNCTIONS OF ORDER ZERD AND OKE AND TO RELATED
FUNCTIONS®, MeT.deCep Voe11,1957,PP.36-86, AND Go.N. WATSON,
“A TREATISE UN TdoZ TnSURy JF BESSEL FUNCTIUNS®, CAMBRIUGE
UNIVERSITY PRZSS, 1958, P. 62

0 0 000 000080 208 08 00 8802000000000 0000008000000 006s000000sd00ss0c00s00asoes

SUSRUUTINE BESY(X,N,BY,IER)
CHECK FOR SRRORI IN N AND X
IF(N)18¢,19,10

IER=D

IF(X)196, 199,22

BRANCH IF X LESS THAN 0O EQJAL 4

20 IF(X-4.9)446,48,30

(¢)



14
-t

"

S w

. [ A
-
Toerrougha
——r e

o~

c

. C

c
c

aan

ana

CMTHEQBALD>ANRT.FOR;3 Moa 14-Jan-80 6:31PM PAGE 531

ORIGINAL PAGE 'S
OF POOR QUALITY

COMPUTE Y@ AN) Y1 FOR X GREATER THAN 4

39 T1=4.0/X

490

5@
60

70

98

T2=T1*T1

PO=((((~.0200037043%T72+,080802173565)*T2~-.03230487613)*T2

1 +.008017343)*T2-.0861753362)*T2+.3989423

WO=((((.0002P32312*72-.3000142073)*T2¢.06230342468)*T12
1 -.0P00869791)*T2+.0004564324)*T2-.01246594
Pl=((((.92002242414*12-.0000208029208)*T2+.00035809759)*T2
1 =.00082232083)*12+.002921825)*T2+.3939423
Q1=((((=-.8030035594*T2+.000821622)*T2-,.0003398708)*12
1 +.0001064741)*T2-.9005390404)*T2+.037400284

A=2,8/SQRT(X)

B=4A*T1

C=X-,7853982
YO=A*PB*SIN(C)+B*QE8*LOS(C)
Y1==-A*P1*COS(C)+B*ul1*SIN(C)
GO T0 90

COMPUTE Y@ AND Y1 FOR X LSS THAN OR EQJAL TO 4

XX=X/2.
X2=XX*XX

T=ALOG(XX)#.5772157

SUM=4,

TERM=T

yo=T

DO 76 L=1,15

IF" ‘1)5“,60[50

SUn=SUMel o/FLOAT(L=1)

FL=L /

TS=T=-SUM "

TERM= (TERM* (=X2) /FL*%2)* (1e=1.7(FL*TS))
YO=YP +TERM

TERM = XX*(T-.5)

SU‘4=0.

Y1=TERM

DO 80 L=2,16

SUM=SUM+1</FLOAT(L=1)

FL=L

FL1z¢L-1.

TS=7-SUM

TERM= (TERM* (=X2) /(FL1*FL))*((TS=e5/FL)/(TS+e5/FL1))
Y1=¥i+TERM

PI2=.6366198

YB=pl12%yg

Y1=-PI2/X+P12*Y1

CHECK IF ONLY Y3 OR Y1 IS DISIRED
IF(N-1)1290,180,130

lJﬁ)

C

o e - -
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C <MTHEOBALD>ANRT.FOR;3

c
c
c

c

“L

102
118

128

139

140

141
145
1589
160
179
189

190

Moa 14-Jan-89¢ 6:31PM

RETURN EITHER Y& OR Y1 AS RIQUIRED

IF(N) 110,124,110
8Y=Y1

GO TO0 178

BY=Y?

GO T0 179

PERFORM RECURRENCE OPERATIONS TO FIND YN(X)

YA=YO

YB=Y1

K=1

T=FLOAT(2*K)/X
YC=T*YB=YA
IF(ASS(¥C)~1.7E£33)145,145,141
IER=3

RETURN

K=Kel
IF(K=-N)150,1€9,159
YA=YB

YB=YC

GO TO 149

BY=¥YC

RETURN

IER=1

RETUKRN

IER=2

RETURN

END

S A

PAGE 532
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SUBROUTINE CASC

Program computes the Complex
Pressure distribution across
a blade chord fopr incident
turbulence.

rrECEDING PAGE SLANK MNOY FILMED
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SUBROUTINE EIGEN

Program computes the weighting

factors for the eigen functions
(mode shapes).
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CaTHENOALDOLTSTN.FOR: 2 i‘on 14-Jan-29 12:19F

SUCPOUTING FIGEN(MY,STCYAR, X4, 0N, SN, D, IER)
CIaENSINL IER(8)

I"'(Y“..’I."\..ﬂo) GD ’L] 22

N=Mv

I+t (M.LT.C) ==X\

MYINUSSTARS(N~-1)

MELNIS=N+]

XMNHUO =X L*STISUAR

S=STGYAI**2

CALL 9ESJ (XVY,%N,2JVv,D,IER(1))

CALI. RESY (XVY,“,RYV,TIER(2))

CALL 3ESJ (XMUNHU? ,n,0IM2,0,T1E2(3))
CALL FZSY (XmNMHEU3,N,"YMI,IER(4))
CALL BESJS (X“Y*,vpPLUS,2Jd¥P,D,IFR(5))
CALL BESY (XMM,“PLUS,SYYP,ICK(E))
CALL BESJ (YMY,MMINYS,bIM4,C,TER(T))
CALL PESY (Yu%, MMINUS,BYMY,TER(Y9))
IF(".CT.8) GO TO 10@

RIVVz=-BINMY

BYMY==BYM¥M

BJPRI¥=(RJMY~-0JVP) /2,
EYPPIvV=(LYM=-BYMD) /2,
IF(ISS(”JPRTW).LT.AQS(BYPdI")) 70 TO 19
AVN==BYPKIM/BJIPRIM

BUN=10

Gn Ty 27

Avyi=l.

BUN=~RJPrTH¥/BYPRIH

FAGEZ 1

PERTI=(le=(M4/X40)2"2) " (AL *3IM+BYN*3YYU)**2/(1.-S)
PART2=(S=( MY/ /YU ) *x Q) (AVY*D JU4aBuUNRIYYRE)*RD /(] ,=5)

FACTUR=(PART1=PART2)**.C
AVNZAVYL/FRACTOR
BYN=BVN/FRCTOP
keTURM
CCNTINU®
AV'N=1,

BMN=¢Z.

20 24 J=1,8
IFR(J)=F
RFTURN

EXND

ORIGINAL PAGE i3
OF POCR Qiiatiry
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SUBROUTINE EPSD

Program yields the inlet RMS
turbulence intensity.

ORI'G'NA{ PAGE
: IS
OF POOR QuaLiTY
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SUBROUTINE FHAT

Program computes the Fourler
transform of the spatial

distribution of wake turbulence.

ED
PRECED!NG PAGE BLANK NOT FILM
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C{MTHEUBALD>FHAT.FOR ;1 Wel 13-Feo=-80 9:13AM PAGE 1

FUNCTION FHAT(FARG)

FUNCTION YIELDS THE FIURIZR TRANSFORM OF THZ SPATIAL
DISTRIBUTION OF wANE TURBULENCE VELOCITY FOR
SUBRUUTINE OuTuJRg

DATA P1/3.14159/

NEED SeltCa TU AVOID UNDERFLU4 UN EXPUNENTIATIUN @
RANGE IS Ee-38.

A=(FARG**2)/4./P1
IF(A.Gt.37.) GU TO 18
B=EXP(=A)

GO T0 20

2=0,

CONTINUE

FHAT=B

RETURN

END

ORIGINAL PAGE 13
OF POOR QUALITY




SUBROUTINE KERNEL

Program computes the kernel
of the Green's function.
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C <MTHEOBALUDKZNEL.FUR;13 sed 17-0ct=-T79 9:41PM PAGE 1

SUBROUTINE KEINEL(X,K,GAM¥A,4R,41,H2,SR0R, CKF) .
REAL K, MR
CUMPLEX [,CKF,AN,ANP,ANM,RN,RUOT ¢

RN(AN)=BETAR®*2*{2/(2.*D**2)* (AN**2.K**# ) )*CEXP{(I*(AN+K*MR)
1 *X)/((AN=-GN*H1/D**2)*(AN+K/MR))

DATA I/(B.,1.)/,P1/3.14123/,XMIN/. 221/ (]

BETAR=SQRT(1.-MR*%*2)

IF(ABS(X).GT.XMIN) GO TO0 10

CKF=BETAR/ (2. *PI)*CEXP(~I*dETAR**2*K*X/MR)*(1./X-1*K/MR
1 *ALOG(ABS(X)})

RETURN

1¢ CONTINUE

D=SUKT(H1**2+(BETARYH2)**2)

R=D*SQIT(K**2+ (D*ALOG(ERRIR)/(BETAR*H2*X))**2)

N1=(GAMYA=R)/(2.*P1)

N2=(GAMMA+R)/(2.*PI)

CKF=0.

IF(Xe.GT.B.) G) TO 52

DO 40 H=N1,N2

GN=GAMMA~2.*PL*N

s:(KtD)ttz-GNltz

IF(SeGE+Pe) RIOT=-SART(S)*ABS(K)/K

IF(SeLT.fe) RIOT=I*SQRT(~S)

ANM=(GN*nl=-BETAR*H2*KIUT)/0D**2

CKF=CKF+RN(ANY)

40 CONTINUE
RETURN
50 CONTINUE

DU 70 N=N1,N2
GN=GAMMA=2.*P[*N
S=(K*D) **2=GN**2
IF(S.GEsfe) RIOT=-SQRT(S)*ABS(K)/K
IF(S.LT«d.) RIOT=I*SQRT(-S)
ANP=(GN*H1+BETAR*H2*RIOT)/D**2
CKF=CKF~-RN (ANP)

10 CONTINUE :
CKE=CKF-BETAR*™*2*X/(2.*MR)*SINH(BETAR**2*K

1 *H2/MR)*CEXP(~I*BITAR**2*K*X/MR)/(COSH(3ETAR**2*K*{2/MR)~
2 COS(GAMMA ¢K* 1 /MR))

RETURN

END

ORIGINAL PAGE 1S 8
OF POOR QUALITY.
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SUBROUTINE PHITHH

Progr: » computes the Fouriler
transform of the correlation
function in the circumferential
direction.

94
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(MTHFGRALIDPHITHILFOR;3 Tue 22-Jan-83 3:27P%

FURCTILYE PnITHA(ARGUE2)

PROGPAY CALCULLTFS THE FAUFIFR TRANSFQOSM (F TS CORRELATION

PAGE 1

FUNCTION IN THE AZIMUTHAL DIRZCTIOY AS A FUNCTYON OF

12/14/79 VFERSION USES GAUSSIAN AJTOCORSZLATION FUNCTION.
FORM FOLLOWS ENUATION 27 IV ¥.D. MAQ¥Y“S "ROTOR INLET

TURZULENCE™ PAGF 148.
DATA °I/3.14159/

NE®D SYITCH TJ AVOID JUNDFKTLOa . ZXPOUENTIATION.
TS5 E+-78.

A=AQGUY2**Q
B=A/FTY
IF(8.GT.87.) GO T3 1@
C=2- "'.XD(-B)
GO TO 27
C=4.
CANTINGT
PHITHY=C
RETURN
exn

ORIGINAL PAGE 18
OF POOR QUALITY
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SUBROUTINE PHIXHT

Program calculates the Fourler
transform of the correlation
function in the axial direction.

96
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KVTHRCZALDO>PHIYHTLFOR; ? Tue 22-J3In=-87 3:19°v PAGF 1

FUNCTTON PHTIXHT(ARGUM1)

PROGRAY CALCULATES THE FOURIER TRANSTORM OF THE CORRELATION
FUNCTICN 1Y THE AXITAC NIPECTIOM AS A FUNCTION QF
NONDIMENSICNAL FRENUENCY

12/14/79 VERSION USES GAUSSIAM AUTOCORPELATICN FUNCTTION.
FORM FPLLOVS EQUATION 27 IY %eDe MARK®S "ROTOR TNLEST
TURBULENCE"™ PAGE 102,

NEED SYITCH TC AVOID UNDFkFLOa 3V EXPONENTIATICN. RANGE
1S E+-38

DATA PI/3.14159/
A=ARGUV1**2

B=A/P1

IF(R.CT.B87.) €O TT 1¥
C=2.*F¥YP(~-B)

GC TO 28
C=¢.
CONTINUR
PHIXh™=C
RET"RN
END

ORIGINAL PAGE 18
OF POOR QUAL“V
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SUBROUTINE PRES

Program generates the
pressure distribution
the stator vane chord.
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CMTHEQRALD>PRES.FOR;18 wed 17-2c¢t-79 9:412¥ PAGE 1

SUBRUUTTINE PRES( AU, YX,K,GAMMA, 4R, 41,42,%5°5,F,IER)
KTAL ¥,vYR,KX

CONMPLEX I,WH,F,A,CKF

comMeLRX G,G3,51,G62,72

DIMENSION F(137),'(1272,182),s2(129),3(12¢)

DATA 1/(0e,1e)/,FR:Ix/.20821/,°1/3.14159/

CATA (3(J),J=1,147)/138*1.,2/

CIX)=(GP+GL*X+322 **4GI*X**3)*CEXP(I*K*MR*X)
B(MSLO)=.5

BFTAR=SQRT(1.=V0**2)

CA=T*NITARRK/ (2, *PI*HR)
G1=8BETAP*¥**2/ (2. *PT)*(1./1M3**2=3.5)
GI=T*RETAR*Y**3/(4,*PI)*(1l./(2.%M4P)=1,/VR**3)
CI==BTTAR*K**4/(12.,*PI)*(1./MR**d=1./(2,*¥R**2)=2.125)
DO 10 M=1,M¥SFG

X=CNS((¥=.5)*PI/MSER)

F(M)=WH*CELN(I*KA*X)

CONTINUE

N=MSEG

DN S3 v=1,N

DC 5@ L=1,%

S=-AL0G(2.)

D0 40 1IR=1,Y

§=5=2 ., *2(IKR)/TIR*CONS((V=o53*TR*PT/N)*CNS(PI*IR*L/N)
CONTINUF

ARG=COS((“=45)*PLI/N)~-CCS(L*PI/XN)

CALL XECONSL(ARG,K,GAMYA,MF,d1,:12,SRROR,CKF)
A(¥,L)=P(L)*(CYF+G(ARS) *(S-ALDG(ARS(ARG))))*PI/Y
coMTINUF )

CALL LEQT1C(A,MSEG,183,F,1,102,2,9A,1ER)

RETURN

EMD

ORIGINAL PAGE 18
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SUBROUTINE RMODE

Program computes the radial
mode shape for an annular
duct.

100




far

13

D

L
2

-

Nurrovghs
jytvrhcingeipd,-A

\(irfpgfé

C

200

309

CMTHEUSALD>RMUDE.FIR; 2 MIn 14-Jan-8J9 12:192M

SUbRUUTInE PAOLE (M4,X,AAN,8MN, P31, U,IEIROR)
DIMENSICGN IZRR0OR(2)
IF(X.EJ.%.) G) TO 33¢
FACTOR=1.
M= M
IF(M.LT.J) GO TO 1é¢
CONTINUE
CALL BeSJ (X,'",BJ,0,ISRROR(1))
CALL BESY (X, ¥, ,BielEx1dN(2))
PSI=FACTUR* (AMN*3J+3M4N*RY)
RETURN

=M
K=M/2
IF((I.'H)/(Z-).GT-(I-'K)) FACTCD'-:-].:
GO T0 224
CONTINUE
PSL=AMN
IERROR(1)=9

1ERROR(2)=9
KRETUKN
END

ORIGINAL PAGE 1S
NF POOR QUALITY



A

X

~

SUBROUTINE SCALLR

Program yields the turbulence
length scale in the radial
direction.
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s Xz Rz Nz Nz Ez Rz RE

CMTHEGQATD>SCALLR.FOR;6 Vor 2y-Sep-32 11:11pv PAGZ 1

FUNCTIQ" SCALLP(R)

PROGRAY CALCULATFS TdEt i%L"T TURSULENCE LENGTH

SCALE IN THE KADTAL NIRECTTO» A5 A FUNCTION OF THE MFAN RADIUS.
THF LEXGTH SCALE IS NJYDIMENSIONALIZ®D OGN THE DUCT RADIUS.

NOTE SIGVYAR.LE.R.L%.1.

12/721/79 VERSION USES & CUNSTANT

B=A,.59
SCALLR=b
RETURN
eND

ORIGINAL PAGE 1S
OF POOR QUALITY
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SUBROUTINE SCALLX

Program ylelds the turbulence
length scale in the axial
direction.

104



C <KVMTHEC?2ALD>SCALLX.F3R;4 Mon 23-Sep~8J 11:11PV PAGE 1

‘ FUMCTINL SCALLY(R)
c
i C PROGRA' CALCYLATES THE IMLST TURRULEMCE LENGTH SCALE
C IN THE AYIAL DIRFCTION AS A FUMCTION OF THE VEAN RADIUS.
C LENGTH SCALE IS XOMDYYCiHSIONALTZSD UN THE DUCT RADIUS.
- c
l C 12/16/79 VEPSTOY USES A CONSTANT
C NOTE STGMAF.LE.R.LE.1.
i R=442.
SCALLX=B
RETURN
{ FAD
:
:
. ORIGINAL PAGE i3
‘ OF POOR QUALITY
3
k 4
3
t
I
2
3
3
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SUBROUTINE STHETA

Program yields the turbulence
length scale in the circumfer-
ential direction.

106
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CMTHEQTALDD>STaETALFOR 4 Von 29-Sep-80 11:12F% PAGE 1

FUNCTIOY STHETA(R)

PROGRAM CALCULATES THE INLFT TURBULENCS LENGTH SCALE
IN THE AZIMUThAL DIRECTINA AS A FUNCTION OF MEAN RADIUS.
THE LENGTH SCALE IS NO"CIMFNSIQNALIZZD O% THE DUCT RADiUS.

DATA PI/3.14159/

12718779 VECSTUN USFS A CONSTANT
NOTE SIGCVYAR.LF.KeLF.1.
B=0.5
STHFTA=C
RFTURN
FND

GE 18
ORIGINAL PA!
of POOR QUAL“"
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PROGRAM MAPIN/
SUBROUTINE MAPPER
(with sample execution)

Program lists which duct modes

willl propagate for inlet turbu-
lence noise.

108
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C <MTHEUZALDOMAPINLFUR;2 Fri 29-Feb-80 19:34AM PAGE 1

aaogaonhaoan

1901
29823

21¢3

2137
2838

2138

aaana

aa an

DI“ZNSION ROATA(29)
REAL MT,MA

INPUT VARIABLES TU SUBRJUUTINE MAPPSR FOR LISTING OF ALL
PROPAGATING 4ODES FOR TURBULENCE PROGRAMS AT A
GIVEN FRCQUENCY

FORMAT(G28.8)

WRITE(S,2083)

FOR™AT(® HUB RADIUS DIVIDED BY DUCT RADIUS =°)
REAL(S,1291) SIGMAR

W2ITE(5,2183) SIGYAR

FOR¥AT(® SIGMI}R=7,E16.8)

WPITE(5,20839)

FORYAT(” T =7)

READ(3,1681) MT

nRITE(5,2137) MT

FORMAT(® MT=",E1b.8)

nRITE(S5,2031)

FORMAT(® MA =7)

READ(S,19a1) VA

WRITE(5,2131) Ma

FOFVMAT(® MA =°,216.8)
AaRITE(2,2037)

FORMAT(® ACCURACY OF BESSZL FN =7)
READ(5,1221) =B

wRIT2(5,2137) EB

FOFMAT(® EB=",E10.8)

WRITE(5,2@38)

FORMAT(® ACCURACY OF CONVERGENCE TO ROOT XMK =°)
RcAD(S5,1881) EC

WRITL(5,2138) EC

FOR"‘AT(. Ec=.'E16o 8)

ORIGINAL PAGE 18

LI
RDATA(1)=MT OF POOR QUA
ROATA(2)=MA
RDATA(S)=EB
RDATA(12)=EC

RDATA(S5)=SIGMIR

CALL MAPPER(RDATA)
STOP
END
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C <ATHEDBALD>MAPPER.FOR;3 fri 29-Feb-80 1€:26ANM PAGE 1

SULRJUTINE MAPPER(RDATA)
DIMENSION IER(3),PDATA(29)
RIAL MT,MA ORIGINAL PAGE IS

OF POOR QUALITY

PROGKAM LISTS AUL PROPAGATING MOuES FOR INLET AND WAKE
TURCULENCE PROGRAMS WITHOUT CALCULATING MODAL
AMPLITUDES. USE THIS PROGRAM AS A PRECURSOR TOD

INTURB OR WATURB SEARCd ROUTINZIS TO ESTIMATZ RUN TIMZ.

s Nz Xz Kz Kz Kz Kz Kz EnNg Nyl

1081 FORMAT(G20.8)
ARITE(S5,110)

118 FORYAT(” NOISE FPEQUENCY/SHAFT FREQUENCY=")
RZAD(2,19E£1) DM3IGA
RDATA(8)=0OMEGA

115 FORMAT(” DOMEGA=",E16.4)
wRITE(S,115) RDATA(8)
MT=RDATA(1)

MASRDATA(2)
SIGMAR=RDATA(S)
EB=RDATA(9)
EC=RUATA(18)

C 1/
(o
XMAX=OVEGA*NT/ (l.~NARX2 ) *x 5§
c
c
WITE(5,20081) X4AX
28¢e1 FORMAT(" XMI(YAX) FDR PROPAGATION =",E16.8)
c
C
(o
c
c
C START WAITH PLANE WAVE MODE (8,1). COUST UP IN N, THEN M
C UNTIL ALL POSSIPLz HISHER MDDEC ARE CUT OFFe.
C
J=1
M=g
(o
Cc
c RESTART N COUNT HERS FOR NEW M
(o
15 N=D
c

L
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3
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C
c
c
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3

atdaonnaaw

<MTHZ0bALD>YAPPER.TOR;3 Fri 29-Feb-39 18:26AM PRGE 1:1

INCREMENT N

N=N+1 ORIGINAL PAGE 1S
OF PCOR QUALITY

MABS=1ABS(M)

CALL ANRT (MABS,N,SIGMAR,EE,EC,X¥MN,IES,IEC)

IF MODE IS CUT OFF- GD TO 6892

20u

3021

4¢2¢
198¢

428>
1885

L2
g3

IF(XMN.GE.XMAX) GO TO 6243

aRITE(5,3¢C¢28)

FORMAT(“OMODE DATA®)

ARITE(5,3001) OMEGA,M, N, XM
FORMAT("O0MEGA=",510.4,"° =%, 13,° N=%,13,° XMN=°,E18.4)
IF(X¥N.Eq.#e) GO TO 1808
COFFRA=XMAX/XMN

WRITE(5,402¢) COFFRA

FORVAT(” CUTOTF RATIO FOR ¥0D£=",E14.4)
GO TO 1895

CONTINUE

«RITE(S5,4285)

" FORMAT(® PLANE WAVE MODE: CJTDFF PATIO IS + INFINITE®)

CON. INUS

WRITE(5,3022} IEB

FORMAT(® SUM OF BISSEZL FTUNCTIOW ERROR CDDES =°,13)
aRITE(S5,30283) IEC

FORM4AT(® ERROR CODE FOR CONVERGENCE TO ROGT XMN =°,13)

NORM/ LIZE MODE AMPLTTJODE

ge4

CALL EIGe) (MABS,3IGMAR,XMN,AMN,BMN,EB,IER)

KRITE(S5,3824) AMN,BYN

FORMAT(® AMN =7,E16.8,° BYN =°,E16.8)

aRITZ2(5,3085) IER

FORMAT(® ERROR CODE FOR 3ESSEL FNS IN AMN AND BMN CALC =°,8I12)

o

-y - w
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C <MTHCOBALD»MAPPER.FOR;3 Fri 29-Feb-380 1d:264M PAGE 1:2

c
c ORIGINAL PAGE |3
IM=
c MHM=M OF POOR QuALITY
C  LO NOT SAITCH SIGN ON M IF M=d
c
1F(M«EQ.9) GI3 TO 249

c

MMMz=—-MEM
c
c

RITE(5,8322) UM, 5,RDATA(S)

8389 FORMAT(“dM=",I5,° N=°,13,° GOMEGA=°,E18.4)

c
¢ SWITCH SIGN ON M
c
c
c
c
c

G0 TO 28
c
c
¢
¢
.
¢ IF MODE IS CUTOFF, DECIDE WHICH #CDE TO TRY NEXT.
c
6204 iF(N.€Q.1) GO TO 7048
c
c

NVMAX=N=-1
ARITE(2,6301) NMAX

6071 FORMAT("BLARGEST PROPAGATING N FOR THIS M =°,13)
c
c
Jzu+l
c
c INCREMENT M
o
ry=M+l
Ga TO 15
c
c
c
c N=1 TU REACH THIS PUINT
7288 CONTINUE
c
C '

WR2ITE(S5,70€1)
7e01 FORMAT(” NO MORE PROPAGATING MODES FCR THIS OMEGA®)
1¢ CONTINUZ
“RITE(5,3001)
9071 FORMAT, " PROBLEM COMPLETED®)
RETURN
ZND

e
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ORIG:NAL PAGE i3
OF PCOR QUALITY

Sample Execution of MAPIN/MAPPER

@MAPPER

HUB RADIUS DIVIDED BY DULT RADIUS =
-484

SIGMAR= 0.48400000E+00

NT =

308

MT=  0.50800000€+00

MA =

323

MA = 0.32300000E+00

ACCURACY OF BESSEL FN =

«0001

EB= 0.10000000E-03

ACCURACY OF CONVERGENCE TO ROOT XMN =
<0001

EC= 0.10000000E-03

NOISE FREQUENCY/SHAFT FREQUENCY=

13.

OMEGA= .1500E+02

XAN(MAX) FOR PROPAGATION = 0.80515728E+01

HODE DATA

OHMEGA= .15C.c+02 M= 0 N= 1 XME= .0000E+00

FLANE UAVE MODE: CUTOFF RATIO IS + INFINITE

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.10000000E+01 BMN = 0.00000000E+00

ERXOR CODE FOR BESSEL FNS IN AMN AND BMN CALC =0 0 00 C 0 0 0

MODE DATA

OMEGA= .15UVE+02 N= 0 N= 2 XNN= ,6205E+01

CUTOFF RATIO FOR MODE= .1298E+01

SUN OF BESSEL FUNCTIOW ERROR CODES = 0

ERROR CUDE FOR CONVERGENCE TO ROOT XMN = 0

ANN =2 -0.26166472E+01 BAN = 0.27171740E+01

ERROR CODE FOR BESSEL FNS IN ANN AND BAN CALC = 0 0 0 0 00 0 0

LARGEST PROFAGATING N FOR THIS M = 2
LFRSAPR Floating underflow PC= 3100

ZFRSAPR Floating underflow PC= 3146

113 -
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MODE DATA

ONEGA= ,1500E+02 K= 1 N= 1 XMN= ,1371E+01

CUTOFF RATIO “OR MODE= .3873E+01!

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FULR CONVERGENCE TO RGCT xmN = 0

AMN = 0.15152306E+01 BMN = -0.42119447E+00

ERROR CODE FOR BESSEL FNS IN AMN AND BEN CALC = 00000023 0

M= -1 M= 1 OMEGA= .1500E+02
MODE DATA

DNEGA= .1500E+02 : 1 N= 2 XMN= ,4390E+01

CUTOFF RATIC FOR MODE= .'260E+01

SUM OF BESSEL FUNCTION ERROR CODES - 0

ERROR CODE FOR CONVERSENCE TO ROOT XMN = O

ANN = 0.,1y354938E+01 BN = 0.322698%8E+01

ERROR CODE FOR BESSEL FNS IN ANN AND BEN CALC = 0 0 0 0 0 0 0

Mz -1 N= % OMEGA= .1500F+02
LARGZST PROPAGATING N FOR THIS M = 2
MODE DATA

UNEGA= .1500E+02 M= 2 N= 1t XMN= ,2708E+01

CUTOFF RATIQ FOR MODE= .2972E+01

SUM OF BcSSEL FUNCTION ERROR CODES = ¢

ERROR CODE FOR CONVERGENCE TO ROOT XMN = )

AAN = 0.20525722E+01 BMN = -0.42471320E+00

ERROR CODE FOR BESSEL FNS IN AMN AND BNN CALC = 0 0 000000

M= -2 N= 1 OMEGA= .1500E+02
MODE DATA

ONEGw= ,1500E+02 M= 2 N= 2 XHN= .4920E+01

CUTOFF RATIO FOR MODE= .1144E+01

SuM OF BESSEL FUNCTION ERRUR CODES = #

ERROR CODE FOR CONVERGENCE TO ROOT XAN =

AN = 0.36560435E+01 BMN = 0.74837045E+00

ERROR CODE FOk BESSEL FNS IN Ahe AND BMN CALC = 0000000 0
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Mz -2 N= 2 OMEGA= ,1500E+02
LARGEST PROPAGATING N FOR THIS M = 2
(10DE DATA

ONEGA= .1300E+02 M= 3 N= 1 XiN= .3987E+01

CUTOFF RATIO FOR MODE= .2020E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ARN = 0.26023450E+01 BAN = -0.325893746E+00

ERROR CODE FOR BESSEL FNS IN AMNN AND BEN CALC = 0 0 0 0 0 0 0 0

M -3 N= 1 OMEGA= .1300E+02
MODE DATA

ONEGA= .1500E+02 B= 3 N= 2 XMN= ,7747E+01

CUTOFF RATIO FOR MODE= .1039E+01

SUM OF BESSEL FUNCTION ERROR CODES = 9

ERROR CODE FOR CONVEREENCE TO ROQT XMN = 0

AN = 0,357053228+01 NN = -0.89311162E+00

ERROR CODE FOR BESSEL FNS IN ANN AND BMN FALC = 0 00 0 00 0 O

Nz -3 N= 2 OMEGA= .13500E+02

LARGEST PROPAGATING N FOR THIS M = 2

MODE DATA

ONEGA= .1500E+02 M= 4 N= 1 XEN= .5200E+01

CUTOFF RATIO FOR MODE= ,1549E+01

SUN OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO RCOT XMN = 0

ANN = 0.31336392E+01 BN = -0,20930877E+00

ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC =0 0 0000 00
Nz -4 N= 1 OMEGA= .1500E+02

LARGEST PROPAGATING N FOR THI. N = 1

g 1
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MODE DATA

OBEGA= .1500E+02 B= 53 N= 1 XNN= ,433SE+0!

CUTOFF RATIO FOR WODE= .1267E+01
SUM OF BESSEL FUNCTION ERROR CODES = ¢
ERROR CODE FOR CONVERGENCE TO ROOT XMN =

ANN = 0.36182370E+01 BMN = -0.11930907E+00
ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC = 00 0 000 0 0

Mz -5 N= 1 OMEGA= .13500E+02
LARGEST PROPAGATING N FOR THIS K =

MODE DATA

OKEGA= .1500c+02 M= 6 N= 1 XMN= ,7473E+01

CUTOFF RATIO FOR MODE= .1077E+01
SUM OF BESSEL FUNCTION ERROR CODES = 0
ERROR CODE FOR CONVERGENCE TO ROOT XMN =

ANN = 0.40542452E+01 BAN = -0.61590101E-01
ERROR CODE FOR BESSEL FNS IN AMN AND BEN CALC = 0000 00 0 0

Me -4 N= 1 OMEGA= .1300E+02

LARGEST PROPAGATING N FOR THIS N = 1

NO MORE PROPAGATING MODES FOR THIS OMEGA
PROBLcM COMPLETED

ST0P

END OF EXECUTION

CPU TINE: 29.82 ELAPSED TIME: 32:4.03
EXIT.

*C

@MAFPER

HUB RADIUS DIVIDED BY DUCT RaDIUS =
. 484

SIGHAR= 0.48400000E+00

MT =

«508

MT= 0.350800000£+00

NA =

323

MA = 0.32300000E+00

ACCURACY OF BESSEL FN =

.0001

EB= 0.10000000E-03
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' ACCURACY OF CONVERGENCE TO ROOT XMN =
* .0001
i EC= 0.10000000E-03
: NOISE FREQUENCY/SHAFT FREQUENCY=
i 20.
: OMEGA= . JO00E+02
XAN(KAX: FOR PROPAGATION = 0.15103144E+02
MODE DATA
OMEGA= .3000E+02 M= 0 N= 1  XMN= ,0000E+00
PLANE WAVE MODE: CUTOFF RATIO IS ¢ INFINITE
SUN OF BESSEL FUNCTION ERROR CODES = 0
ERRGR CODE FOK CONVERGENCE TO ROCT XMN = 0
ANN = 0,10000000E+01 BN = 0.00000000E+00
ERROR CODE FOR BESSEL FNS IN AMN AND BAN CALC = 0 0 000 0 0 O
. MODE DATA
: ONEGA= .J000E+02 M= 0 N= 2 IMN= ,8205E+01
3 CUTOFF RATIO FOR MODE= ,2595E+01
SUN OF BESSEL FUNCTION ERROR CODES = 0 :
: ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0 - |
- AN = -0,26166472E+01 BMN = 0.27171760E+01
i ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC = 00 00 00 00

MODE DATA

ONEGA= .3000E+02 H= 0 N= J XMW= ,1224E+02

CUTUFF RATIO FOR MODE= .1316E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERRUR CODE FOR CONVERGENCE TO ROOT XMN = 0

ARN = -0,24929737E+01 BUN = 0.47091179E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC =00 000000

LARGEST PROPAGATING N FOF THIS M = ]

ZFRSAPR Floating underflow PC= 3100
ZFRSAPR Floating underflow PC= 3146 ‘[
MODE DATA

ONEGA= .3000E+02 Mz 1t N= 1 XNN= .1371E+01
: CUTOFF RATIO FOR MODE= .1173E+02
b SUM OF BESSEL FUNCTION ERROR CODES = 0O

ht e vy Ao A,
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ERROR CODE FOR CONVERGENCE TO ROOT XAN = 0
AEN = 0.15132306E+01 N = ~0.42119447E+00
ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC = 00000000

Nz -1 W= 1 ONEGA= .3000E+02
HODE DATA

ONEGA= ,3000E+02 M= 1 Nz 2 XNN= .6390E+01

CUTOFF RATIO FOR MODE= .2320E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERRCR CODE FOR CONVERGENCE TO ROOT XMN = 0

ARN = 0.19356938E+01 NN = 0,322698358E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC = 000000 0 0

H= -1 W= 2 OMEGA= .3000E+02
MODE DATA

OKEGA= .3000E+02 M= 1 N= 3  XNN= .1232E+02

CUTOFF RATIO FOR MODE= ,1307E+01

SUN OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XAN = 0

ANN = 0.43514410E+01 BMN = 0.30726745E+01

ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC = 0000000 0

Hz -1 N= 3  OMEGA= .J000E+02

LARGEST PROPAGATING N FOR THIS M = 3

MODE DATA

ONEGA= .J000E+02 M= 2 N= 1 XMH= ,2708E+01
CUTOFF RATIO FOR MODE= ,39446E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

AN = 0,203525722E+01 BN = -0.42471320E+00
ERROR CODE FOR BESSEL FNS IN ANN AND BAN CALC = 00 00 00 0 0
Mz -2 N= 1 OMEGA= .3000E+02

MODE DATA

ONEGA= .3000E+02 = 2 N= 2 XMN= ,6920E+01

CUTOFF RATIO FOR MODE= ,23272€+01
SUN OF BESSEL FUNCTION ERROR CODES = 0
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ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0
AN = 0,36560636E+01 BMN = 0.74837645E+00
ERROR CODE FOR BESSEL FNS TN ANN AND DNM CALC = 0 0000000

Nz -2 N= 2 OMEGA= .3000E+02
MODE DATA

ONEGA= .3000E+02 M= 2 N= 3 XMN= ,1208E+42

CUTOFF RATIO FOR MODE= .1280E+01

SUM OF BESSEL FUNCTION ERROR CODES = O

ERROR CODE FOR CON-iZRGENCE TO ROOT XMN = 0

AN = 0,44392946E+01 IMN = -0.29055413E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC = 0 0 000 0 0 0

Mz -2 N= 3 OMEGA= .3000E+02
LARGEST PROPAGATING N FOR THIS N = 3
MODE DATA

OMEGA= .3000E+02 M= 3 Nz 1 XEN= .J987E+01

CUTOFF RATIO FOR MODE= .4039E+01

SUM OF BESSEL FUNCTION ERROR CODES = O

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

AN = 0.26023450E+01 BEN = -0.32589376E+00

ERROR CODE FOR BESSEL FNS IN AMN AND BN CALC = 000 0000 0

Mz -3 W= 1 OMEGA= .3000E+02
MODE DATA

OMEGA= .3000E+02 H= 3 N= 2 XMN= ,7747E+01

CUTOFF RATIO FOR MODE= ,2079E+01

SUM OF BESSEL FUNCTION ERROR CODES = O

ERROR CODE FOR CONVERBENCE TO ROOT XMN = 0

AN = 0,35705322E+01 BN = -0.89311162E+00

ERROR CODE FOR BESSEL FNS IN ANN AND BAN CALC 2 00000000

Mz -3 Ns 2 OMEGA= .3000E+02
MODE DATA
ONEGA=s .3000E+02 M= 3 N= 3 XMN= ,1301E+02

CUTOFF RATID FOR MODE= ,123BE+01
SUM OF BESSEL FUNCTION ERROR CODES = 0
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. ERROR CODE FOR CONVERGENCE TO RODOT XMN = 0
; AN = -0.18754669E+00 IMN = 0.53089844E+01
4 ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC = 0 0 C 0000 0

Ms -3 W= 3 OMEGA= .3000E+02
LARGEST PROPAGATING N FOR THIS M = 3
MODE DATA

ONEGA= .3000E+02 M= 4 N= 1| XNN= .5200E+01

CUTOFF RATIO FOR MODE= .3097E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = ¢

ANN = 0.313346392E+01 INN = -0,20930877E+00

ERROR CODE FOR BESSEL FNS IN AMN ANMD BMN CALC = 0 0 0 0 0 0 0 O

Ms -4 N= 1 OMEGA= .3000E+02
MODE DATA

ONEGA= .3000€+02 M= 4 N= 2 XNN= .B79BE+01

CUTOFF RATIO FOR MODE= .1B30E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.330614869E+01 BMN = -0.15169850E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALL = 00000000

Me -4 Ns 2 OMEGA= ,3000E+02

MODE DATA

OMEGAs .3000E+02 N= 4 N= 3 IMN= ,1359E+02

CUTOFF RATIO FOR MODE= .118SE+01

SUN OF BESSEL FUNCTION ERROR CODES = ¢

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.34317489E+01 BMN = 0.40298049E+01

ERROR CODE <OR BESSEL FNS IN ANN AND BMN CALC = 0 0 0000 0 0
Mz -4 \= 3  OMEGA= ,3000E+02

LARGEST PROPAGATING N FOR THIS M = 3
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MODE DATA

ONEGA= .J000E+02 N= 3 N= 1 XMN= .4335E+01

CUTOFF RATIO FOR MODE= .2334E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.346182370E+01 BUN = -0.11930907E+00

ERROR CODE FOR BESSEL FNS IN ANN AND BEN CALC = 000 0 0 0 0 0

Mz -5 N= ! OMEGA= .3000E+02
MODE DATA

OMEGA= .3000E+02 M= 5 N= 2 XMN= ,9995E+01

CUTOFF RATIO FOR MODE= .1611E+01

SUM OF BESSEL FUNCTION ERROR CODES = O

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

AN = 0.32789832E+01 IMN = -0.15982724E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMM CALC = 0000000 0

M= -5 Ns 2 OMEGAs .3000E+02
MODE DATA

ONEGA= .3000E+02 M= 5 N= 3 XMN= ,1432E+02

CUTOFF RATIO FOR MODE= .1123E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.350087871E+01 BMN = 0.16051647E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC = 0 0 0000 0 0

Mz -3 N= 3 OMEGA= .3000E+02

LARGEST PROPAGATING N FOR THIS M = 3

MODE DATA

ONEGA= ,3000E+02 M= 6 N= 1 XMNs .7473E+01

CUTOFF RATIO FOR MODE= .2133E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

AN = 0.403424352E+01 BMN = -0.61590101E-01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALL = 00 0000 00

M -4 W= 1 OMEGA= ,3000E+02
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MODE DATA

ONEGA= .3000E+02 = 6 N= 2 XMN= .1127E+02

CUTOFF RATIO FOR WODE= .1429E+01

SUN OF BESSEL FUNCTION ERROR CODES = ¢

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.34(47685E+01 BMN = -0.14296033E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC = 00 0 00 00 O

Mz ~6 N= 2 OMEGA= .3000E+02
MODE DATA

ONEGA= .3000E+02 B= 6 N= 3 XMN= .1518E+02

CUTOFF RATIO FOR MODE= .10461E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.51904845E+01 BAN = -0.42382837E+00

ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC = 0 0 0 000 0 0

Mz <& W= 3  OMEGA= ,3000E+02
LARGEST PROPAGATING N FOR THIS M = 3
MODE DATA

ONEGA= .3000E+02 M= 7 N= 1 XMN= .B36SE+01

CUTOFF RATIO FOR MODE= .1880E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.444784350E+01 IMN = -0.30159084E~01

ERROR CODE FOR BESSEL FNS IN ANN AND BAN CALC = 0000000 0

Ms -7 W= 1 OMEGA= .3000E+02

MODE DATA

ONEGA= ,3000E+02 M= 7 N= 2 XMN= 1257E+02

CUTOFF RATIO FOR MODE= ,1281E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0,37694693E+01 BMN = -0.11381721E+01

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC = 0 0000 0 0 0
M2 <7 M= 2 OMEGA= ,.3000E+02

LARGEST PROFAGATING N FOR THIS ¥ = 2
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MODE DATA

ONEGA= .3000E+02 M= 8 N3 1 XMN= .9641E+01

CUTOFF RATIO FOR MODE= .14670E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.48101954E+01 BMN = -0.14625833E-01

ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC = 00 00 00 0 0

M= -8 M= 1 OMEGA= .J000E+02
MODE DATA

ONEGA= .3000E+02 i= 8 N= 2 XMN= ,1386E+02

CUTOFF RATIO FOR MODE= .1162E+01

SUM OF BESSEL FUNCTION ERROR CODES = O

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

AN = 0.41235103E+01 BAN = -0.85984372E+00

ERROR CODE FOR BESSEL FNS IN ANN AND BEN CALC = 0 00000 0 0

Mz -8 N= 2 OMEGA= .3000E+02
LARGEST PROPAGATING N FOR THIS M = 2
MODE DATA

ONEGA= .3000E+02 N= 9 N= 1 XEN= .1071E+02

CUTOFF RATIO FCR MODE= .1504E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

AN = 0,51513706E+01 BNN = -0,65355876E-02

ERP.OR CODE FOR BESSEL FNS IN AMN AND BMN CALC = 0 0 0 000 0 0

Mz -9 N= 1 OMEGA= .3000E+02

MODE DATA

OMEGA= .3000E+02 M= 9 N= 2 XNN= .1312E+02

CUTOFF RATIO FOR MODE= .10465E+01

SUM OF BESSEL FUNCTION ERROR CODES = ¢

ERROR CODE FOR CONVERGENCE TO ROOT XAN = 0

AN = 0.44743524E+01 BNN = -0.39372922E4+00

ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC = 00000000
Me -9 N= 2 ONEGA= .3000E+02

LARGEST PROPAGATING N FOR THIS M s 2
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MODE DATA

OMEGA= .3000E+02 M= 10 N= 1 XMN= ,1177E+02

CUTCrF RATIO FOR MODE= .1368E+01

SUh OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

AN = 0.54757873E+01 BAN = -0.30348101E-02

ERROR CODE FOR BESSEL FNS IN ANN AND BEN CALC = 0000 0 0 0 0

Mz =10 W= 1 OMEGA= .3000E+02
LARGEST PROPAGATING N FOR THIS M = 1
MODE DATA

ONEGA= .3J000E+02 M= 11 N= 1 XHN= .1283E+02

CUTOFF RATIO FOR MODE= .1256E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO ROOT XMN = 0

ANN = 0.57877752E+01 BMN = -0.13177058E-02

ERROR CODE FOR BESSEL FNS IN AMN AND DMN CALC = 0 0 000000

Mz -1t W= 1 OMEGA= .3000E+02
LARGEST PROPAGATING N FOR THIS M = 1
MODE DATA

ONEGA= .3000E+02 M= 12 N= 1 XMN= ,138BE+Q2

CUTOFF RATIO FOR MODE= .1160E¢01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE TO0 ROOT XMN = 0

ARN = 0.60893310E+01 BMN = -0.63729882E-03

ERROR CODE FOR BESSEL FNS IN AMN AND BMN CALC = 00 00 0 0 0 O

N= -12 s 1 OMEGA= .3000E+02
LARGEST PROPAGATING N FOR THIS N = 1
MODE DATA

ONEGA= .3J000E+02 N= 13 W= 1 YNN= ,1493E+02

CUTOFF RATIO FOR MODE= .1079E+01

SUN OF BESSEL FUNCTION ERROR CODES = 0

ERRUR CODE FOR CONVERGENCE TO ROOT XMN = 0

ARN = 0.63824333E+01 BAN = -0.181305v1E-0]

ERROR CODE FOR BESSEL FNS IN ANN AND BMN CALC = 00000000
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Mz -13 W= 1 ONEGA= .3000E+02
LARGEST PROPAGATING N FOR THIS M = 1
MODE DATA

ONEGA= .3000E+02 H= 14 N= 1 XMN= .1398E+02
CUTOFF RATIO FOR MODE= .1008E+01

SUM OF BESSEL FUNCTION ERROR CODES = 0

ERROR CODE FOR CONVERGENCE /O ROOT XMN = 0

AN = 0.66676797E+01 BAN = -0.10550421E-03

ERROR CODE FOR BESSEL FNS IN ANN AND BAN CALC = 0000000 ¢

Mz <14 N= 1 OMEGA= ,3000E+02

LARGEST PROPAGATING N FOR THIS N = 1

NO MORE PROPAGATING MODES FOR THIS OMEGA
PROBLEM COMPLETED

stop

END OF EXECUTION
CPU TINE: 1:40.60
EXIT.

ELAPSED TINE: B:6.24




