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SYMBOLS

a constant
eddy transverse length scale

radial location of the maximum distortion in
the cone model

th .
n order Glauert coefflcients

a mode amplitude, or coefficient of eigenfunc-
tion expansion of the pressure spectral density

blade spacings of a two-dimensional cascade of
blades

airfoil chord lengths

switches used in the generalized equations
for the potential flow field interactions

airfoil section drag coefficient

axial spacing between midchords of two blade
rows

slope of steady lift versus angle of attack

a function defined by equation (B41)
a function defined by equation (2.1.22)
a function defined by equation (2.1.15)

unit vector perpendicular to airfoil
chordline

-
z-component of e
=
¢-component of e

bandpass filter factor; see equation (3.3.23)



Bg,1* Gc,l’

. >

HU’Z’ HK K2

ratio of maximum camber to the half-chord of
a thin airfoil

strength of single dipole or a surface distri-
bution of dipoles; also, function defined by
equation (3.1.15)

spectral density of the strength of a single
dipole, or a surface distribution of dipoles

function defined by equation (3.1.20)
function defined by equation (3.1.21)
complex term in the equation for the induced
velocities resulting from a potential flow

field interaction

airfoil acoustic response function, defined
by equation (3.1.39)

oblique gust wave number

the nondimensional dipole surface density re-
sponse function for convected, harmonic gusts

Hankel function of the first kind of order m

Hankel function of the second kind of zeroth
order

Hankel function of the second kind of order
one

complex term in the equation for the induced
velocities resulting from a potential flow
field interaction, equation (3.2.31)

modified Bessel function of the first kind
and order %

dummy index or blade number index
Jo + iJl
Bessel function of order m

Bessel function of order zero

Bessel function of order one
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n
N, Nl' N2, N3, NKZ

wave number; also, dummy index
one-dimensional Fourier space wave number
Kemp-Sears lift response function

mode

axial propagation wave number of mnth

complex conjugate of Kemp-Sears 1lift response
function

dummy index, or harmonic index
airfoil section lift force

spectral density of airfoil section lift
force

eddy axial length scale

polar angle harmonic index, or spinning mode
index

duct uniform, axial flow velocity for acoustic
calculations

mean exit velocity from a blade row, relative
to the blades of the row

mean inlet velocity to a blade row, relative
to the blades of the row

mean velocity through a blade row, relative
to the blades of the row

tip velocity of rotating blades
mean axial flow velocity

mean axial flow velocity when there is steady
distortion

dummy index, harmonic index, or radial mode
index

number of blades in a blade row
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mn

Tz,¢

linear pressure perturbation

spectral density of linear pressure pertur-
bation S8

exponent in the '"power law," equation (3.3.8)

complex term in the equation for the induced
velocities resulting from a potential flow
field interaction, equation (3.2.3)

position vector, field location

position vector, source location

radial location of eddy center

unnormalized radial eigenfunction

distance from origin in Prandtl-Glauert scaled
coordinates

axial propagation wave number of mnth mode in
Prandtl-Glauert scaled coordinates and
frequency

Sears function

sound pressure level, measured in decibels
time at field location

time at source location

function defined by equation (3.1.17)

Filotas 1ift response function

eddy temporal length scale

relative velocity of two-dimensional cascade
of blades

spectral density of perturbation velocity
gust convection velocity

value of the maximum velocity distortion in
the cone model
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Y2, Yx1, Yk2

K2

value of the velocity at the outer radius in
the cone model

perturbation velocity, viscous wake defect,
unsteady induced velocity

single spatial Fourier transform of W
double spatial Fourier transform of W

perturbation velocity components at the eddy
center

lth Fourier series coefficient of the eddy

velocity components

rectangular coordinate

rectangular coordinate

Neumann function of order m

width of viscous wake; also, Neumann function
of order o

rectangular coordinate

rectangular coordinate

axial position of midchord plane

multiplier

mean blade angle of attack

relative stagger angle

square root term defined by equation (2.1.16)
stagger angle

Helmholtz equation Green's function

acoustic propagator

steady-state circulation of cascade airfoil

ix



é Dirac delta function

Gm—z,aN Kronecker delta symbol
A factor in viscous wakes formula, equation
° (3.1.35)
Zz, Z¢ axial eddy strength modulation function
€ small, positive constant; also, unit step
function
4 rectangular coordinate normal to the airfoil
n hub-to-tip ratio, annular duct inner radius
© inverse cosine of nondimensionalized chord-

wise coordinate

K temporal or spacial harmonic index
K%n chordwise compactness parameter; see
equation (2.2.18)
A, Al’ Ao,l’ AK,Kl wave number; also, reduced complex frequency
of the chordwise velocity distribution
Az,‘ Aa Fourier coefficients of typical wake profile
Vo1 complex frequency of the chordwise velocity
’ distribution
Mon annular duct eigenvalue
Vs Vo Vs Vi, vc,l’ vx;Kl reduced frequency
13 chordwise rectangular coordinate
!
3 chordwise rectangular coordinate nondimen-
sionalized to the half-chord
Ps Py s Pg polar radial coordinate of cylindrical
coordinate system
g temporal Fourier series coefficient, dummy
index used in summations
T time delay resulting from the axial distance

between the midchord plane and the eddy center
position at the temporal origin; also, T ~ TO



polar angle coordinate of cylindrical
d, » $: 2 @D coordinate system

® polar angle coordinate of eddy center

relative exit flow angle; also, oblique gust

angle

w, w*, Wo,1 angular frequency

Q angular velocity of rotor

Subscripts:

E blade row exit flow

I blade row inlet flow

3 3™ blade

K either K1 or K2

K1 sound-producing blade row

K2 velocity-inducing blade row

2 spatial harmonic index

m spinning mode index

M blade row mean flow

M. C. midchord point location

n radial mode index

S source

z axial direction, axial eddy velocity
component

K either g or %

o] temporal Fourier series index

¢ angular direction, angular eddy velocity
component

o source

xi
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Superscripts:

%

.l.

inlet stator parameter, upstream component in
viscous wakes interaction, or unsteady lift-
producing component in potential flow field
interaction

rotor parameter, downstream component in
viscous wakes interaction, or velocity-inducing
component in potential flow field interaction

outlet stator parameter

downstream (+) and upstream (-) propagation
complex conjugate

complex conjugate; also, generalized Prandtl-
Glauert transform, variable

blade—-attached rectangular coordinate non-
dimensionalized to the half-chord

vector

temporal Fourier integral transform

spacial Fourier series transform
blade-attached rectangular coordinate system
in viscous wakes interaction, polar angle in
the rotating system, or averaged value of a

variable

double spatial Fourier series transform



1.0 INTRODUCTION

The subprograms described herein are designed to calculate the acoustic
pressure annular duct mode amplitudes for a given harmonic of dblade passing
frequency, with upstream or downstream propagation, for the acoustic sources
described in volume I, Bubroutines AAAAA, AABAA, BCDAA, and BBCAA are the pri-
mary subprograms provided for this purpose. These subroutines, along with the
secondary subprograms, are described in section 3. The primary and secondary
subprograms receive standardized treatment, if they are considered as special-
purpose routines dependent on the details of the primary subroutine; otherwise,
as in the case of the general-purpose math routines, the secondary subprograms

receive nonstandardized, or general-purpose, treatment.

A subprogram is treated in a standardized way by having all of its FORTRAN
variable names drawn from a dictionary of such names. Thus, any name used in
any of the standardized subprograms is defined in the dictionary and nowhere
else, and has the definition and use given it in the dictionary and no other,
regardless of the subprogram in which it is used.

In the description of a subprogram, the question of output variable
accuracy is generally answered by placing the operation performed in producing
the output in one of & number of categories. Thus, the output variable may be
limited in accuracy by the particular computer, or machine, or by the nature
of the algorithm. If the algorithm is of the converging iteration type, then
the convergence criterion sets the accuracy. If the algorithm results from an
approximation formula, then the remainder term associated with the approximation
sets the accuracy. These are not always specified in detail for each subprogram,
but a note is made when necessary to indicate whether the accuracy is limited
by the algorithm or not. Comparison with other sources is made when comparable

nunbers are available.



2.0 DICTIONARY

This dictionary replaces the list of definitions usually included in a
subprogram description for all the subprograms written specifically for this
work. General mathematical routines are documented in the usual way. The pur-
pose of the dictionary is to standardize the use and definition of all FORTRAN
variable names within the several primary and secondary subprograms. This is
desirable for purposes of modifying or updating the routines as well as siding
in understanding the coded algorithms and the relationships between the dif-

ferent subprograns.

2.1 Guide to Dictionary

For each FORTRAN name, the dictionary indicates:

1) The subprograms in which the variable appears; see location code

2) The function performed by the variable in each subprogram in which

it appears; see function code
3) The variable definition, by & phrase or sentence

Items 1 and 2 are contained in the location-function code (LOC-FNC code)
occupying the middle column of the dictionary. In many cases, the item 3
definitions contain equations and figure numbers. All equation numbers refer
to the equations in appendix I of volume I; all figure numbers refer to the

figures of volume I.
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FUNCTION CODE

Function

Calling sequence input

Calling sequence input/output

Special calling sequence: the few
variables and arrays that are reused
in subsequent calls to the primary
subroutine-.-they must not be changed
by the user

Calling sequence output

Internal nane

Neme in common

Name of subroutine

Name of function subprogram

2.2 Dictionary of FORTRAN Names

acoustic pressure mode amplitudes result-
ing fron the interaction of a turbomachinery
blade row with the viscous wakes of another

upstrean-located blade row

Code

25

~N NV W

Definition

FORTRAN LOC-FNC

name code

AAAAA 1-6 Primary subroutine which calculates the
AABAA 9-1 Primary subroutine which ceomputes the

acoustic pressure mode anplitudes resulting
from the interaction of a turbomachinery
blade row with the potential flow field of

an adjacent blade row



FORTRAN
name

ABSLAM

ABSKAPA

ABSNU

ALPHA

ALPHAMN

APROX1

LOC=-FNC
code

1h-k

11-4

18-4

15-4,18-4,
214

19-4

59-6

21-4,21-5,

65-5

1“399-3)

12-3,17-3

3““»50-6

Definition
Array of dimension 2 which contains the
cosine and sine distortion coefficients
alzl(p), blzl(p) of index |2] end radial
position p

Absolute value of the complex .variable
LAMDA, |A]

F
Absolute value of RKAPA, |k

ano |
Absolute value of the reduced frequency
RNU, |v]

The blade engle of attack, a; this quantity
is input in AR(I,11,K) as & function of
radial position

The standard LRC subroutine which computes
the log of the garma function for complex

arguments

Tan 6, where 6 is the gust yaw angle used
in the Filotas 1ift response function;

also, name of common block containing ALPHA

Complex array of dimension NDIM x MDIM

vhich contains the matrix of mode amplitudes,
@ , where a = ALPHAMN(N,I) with M =

mn mn

MUSE(TI)

Subroutine which calculates approximate zeros
of equation (6), vhere .2 < n < 1.0 (n is the
hub-to-tip ratio)



FORTRAN
name

APROX2

LOC-FNC
code

3-h ’ 51-6

1-1 ’7-1 ‘9’1 )
10-1,12-1,1k-1,
17—1 ,19‘-1

Definition

Subroutine which calculates approximate

zeros of equation (6), where 0 < n < .2

Array of dimension MAXDIM x MAXJ x 3,

where AR(I,J,K) contains data described

as follows:

K
K
K

P

Vi W N

Inlet stator data
Rotor data
Outlet stator data

Nondimensional duct radial
position, p

Nondimensional chord, C(p)

Not used

Drag coefficient, CD (p)
Steady~-state lift coefficient,
CL (p), which is not required as
an inpul for any of the existing
primary subroutines

Derivative of C, with respect to

L
incident angle, a

L (p)

da
Relative inflow Mach number of sa

blade row, M_(p); see figure 3

I
Relative exit flow Mach number of
a blade row; ME(p); see figure 3
Axial flow Mach number, MZ(p);

see figure 3



FORTRAN LOC-FNC

name code Description
Note: ARMISC(18+K) can be J = 10: Glauert coefficients of order 0
zero, in which case J = 11: Glauert coefficients or order 1
no Glauert coefficients .
are input. .

J = ARMISC(18+K) + 9: Glauert coefficients
of order ARMISC(184K) -1

ey
n

ARMISC(18+K) + 10: The ratio of maxi-
mum blade camber to the half-chord,
f{p), used in the lift response

If ARMISC(25) = 3, function

J = ARMISC(18+K) + 11: The blade angle of
attack, a(p), used in the 1lift response

function

J = ARMISC(18+K) + P: Parameter a,, which
is used in the power model, where:
P = 10 if ARMISC(25) # 3
P = 12 if ARMISC(25) = 3

If ARMISC(22) = 2,

J = ARMISC(18+K) + P: Cosine distortion
coefficient of index r, a.r

J = ARMISC(18+K) + P+l: Sine distortion
coefficient of index r, br

J = ARMISC(18+K) + P+2: Cosine distortion
coefficient of index 2-r,

a
2+*r
If ARMISC(22) = 3 .



FORTRAN
name

LOC-FNC
code

If ARMISC(22) = 3

(concluded)
ARG 16-4
ARGETA 5=4
ARGEXP 1-4,9-4

Description

J = ARMISC(18+K) + P+2-MAXCOEF+l: Sine
distortion coefficient of index
MAXCOEF *r, bMAXCOEF-r’ where:

10 if ARMISC(25) # 3

12 if ARMISC(25) = 3

MULTFCT

v ‘v
n

2]
"

I =1: The number of radial positions,
where the parameters contained
in the AR array are defined

or
0 if only a value averaged in
the radial direction is given
for the (K,J)th parameter in
the AR array

I=2: Radielly averaged value of the
(K,J)th parameter of the AR array

I=3: Set of values corresponding to
I=k: nondimensional duct radial
. positions. The nondimensional
. duct radial positions must be in
. inereasing order.

Argument -£¢ of the exponential in
equation (48)

Product of eigenvalue and hub-to-tip

ratio, umn-n

Argument of the exponential in the constant
factor of the integrand; see equations (33),

(45}, (53), (57)



FORTRAN LOC-FNC

name code Description
ARGEXP2 -4 Argument of the exponential in the

oscillatory factor of the integrand; see

equation (36)

ARGS 5-4 Argument (umn~s) of the unnormalized
duct radial eigenfunction Rm in equation
(6). It is actually the product of an
eigenvalue umn and the dummy argument S
of subroutine UNEGNFH.

ARHO 10-4 Variable aK,Kl(p) as defined in equation
(38)
ARMISC 1-1,7-1,9-1, Array of dimension 4O, where ARMISC(I)
10-1,12-1,14-1, contains data described as follows:
17-1,19-1 I =1: lNondimensionalized average dis-

tance between the midchord planes
of the inlet guide vanes and the

rotor; see figure L

I=2: Nondimensional average distance
between the midchord planes of
the rotor and the outlet guide

vanes; see figure 5
I=3: Hub-to-tip ratio, n
I =4: Option IFLOW, where:

-1 indicates upstream sound
propagation
1l indicates downstream sound

propagation



FORTRAN LOC-FNC
name code

ARMISC
(continued)

10

10:

11:

12:

Description

Option ISOROS, where:

1l indicates inlet stator-rotor
interaction
2 indicates rotor-outlet stator

interaction
Option ITRACE, where:

0 indicates no printout

1 indicates printout from pri-
mary subroutine

2 indicates printout from pri-
mary subroutines and subroutine
ZEROS

Rotor blade tip Mach number, MT

Number of inlet stator vanes,
Nysv
Number of outlet stator vanes,
NOSV

Number of rotor blades, NRB

Not used

Phase angle for adjustment of
skewness of the incident wake at
the outlet stator, ¢OS’ in radians;

see figure 14



FORTRAN LOC-FNC

name code Description
ARMISC I = 13: Phase angle for adjustment of
(continued) skewness of the incident wake

at the rotor, , in radians;

°R
see figure 1L

I =14: Harmonic index, o

I =15: Axial position of the inlet

stator, ZIS

I =16: Axial position of the outlet

stator, ZOS

I =17: Axial position of the rotor, ZR

I = 18: Option IAERO, where in a poten-

tial flow field interaction:

~]1 indicates the upstream blade
row is the sound generstor
1 indicates the downstream

blade row is the sound generator

I = 19: HNumber of inlet stator vane

Glauert coefficients

I = 20: DNumber of rotor blade Glauert

coefficients

I = 21: Number of outlet stator vane

Glauert coefficients

11



FORTRAN
name

ARMISC
(continued)

12

LOC-FNC
code

H
]

-4
]

23:

25:

Description

Distortion model selector, where:

0 indicates no distortion

1l indicates distortion is
represented by the cone model;
see equation (48)

2 indicates distortion is
represented by the power model;
see equation (L49)

3 indicates that the distortion
coefficients are input; see

equation (50)

Distortion input, where:

If ARMISC(22) = 1, ARMISC(23)
VADBV1.

If ARMISC(22)
If ARMISC(22)

MAXCOEF .

2, ARMIsC(23)
3, ARMISC(23)

"
o

Distortion input, where:

If ARMISC(22) = 1, ARMISC(24)
CAPADIS,
If ARMISC(22)

MULTFCT.

3, ARMISC(2h)

Lift response function selector,

where:

2 indicates the generalized Sears
1ift response function (LIFTFN2)
used with the primary subroutine
AABAA; see equation (24)




FORTRAN LOC-FNC
name code

ARMISC 1
(continued)

25:

26:
27:
28:
29:

30:

31:

32:

Description

3 indicates the combination of
1ift response functions as
developed in reference 6 (LIFTFN3),
or the 1ift response function for
noncompact source theory NONCPT
(see ARMISC [38]). It can be used
with the primary subroutines
AAAAA, BBCAA, and BCDAA; see
equation (22).

L indicates the Filotas lift
response function (LIFTFNL) used
with the primary subroutine BBCAA;

see equation (25)

Not used

Not used

Nondimensional radial position

of the eddy center, R

Angular position of the eddy center,
¢, in radians

Axial eddy velocity component, WZ’
at the eddy center, nondimension-
alized with the average axial flow
velocity; see figure 10.

Angular eddy velocity component,
w¢, at the eddy center, nondimen-
sionalized with the average axial
flow velocity; see figure 10
Nondimensional eddy length scale in
the direction normal to the average
flow velocity for the axial eddy
velocity component, a,; see

figure 10
13



FORTRAN LOC-FNC
name code

ARMISC
(concluded)

14

33:

3k

35:

36:

37:

38:

39:
Lo:

Description

Nondimensional eddy length scale
in the direction normal to the
average flow velocity for the
angular eddy velocity component,
a¢; see figure 10

Hondimensional eddy length scale
in the direction of the average
flow velocity for the axial eddy
velocity component; LZ; see fig-
ure 10

Nondimensional eddy length scale
in the direction of the aversage
flow velocity for the angular

eddy velocity component, L ; see

¢
figure 10

Upper bound of the fregquency band
considered in the generation of

tone duct mode amplitudes by non-

.steady distortion, B; see figure 11

Time when eddy center is located in

rotor plane, Tt

Compactness selector

0 indicates compact source option

(LIFTFN3 is used)

#0 indicates noncompact source option
(HONCPT is used); can be used only

if ARMISC(25) = 3
Not used

Not used



FORTRAN LOC-FNC

name code Description
ARMUMN 1-25,3-3,9-25, Array of dimension NDIM x MDIM which
12-25,13-3, contains the matrix of eigenvalues where
17-28 ARMUMN (N M) = up
AV 1-b,12-k ,17-k Array of dimension 11 which contains

radially average values. An average
value is calculated if a set of values

is used. The input average value is used
if this is indicated by a 0 in the cor-
responding element AR(1,J,K) or array AR,
The contents of AV(I) are described as

fallows:

I =1: Midpoint of the subinterval
locally used in the integration
of the integral of equation (9)

Average inlet stator vane chard
if IBOR08 = 1

Average rotor hlade chord if
I80R0OS = 2

Used with primary subroutine
AAAAA only.,

I = 3; Average blade chord of the sound=-
generating blade row

Average inlet stator vane drag
goefficient if IBOROS = ]

Average rotor blade drag coefficient
if IBOROS = 2

Used with primary subroutine
AAAAA only.,

I=5: Not used

15



FORTRAN LOC-FNC

name _code_ Description
AV I =6: Average derivative of the steady-
(concluded) state 1ift coefficient with
respect to the angle of incidence
for the sound-generating blade row
I=T: Average relative inflow Mach
number of the sound-generating
blade row
I =8: Average relative exit flow Mach
number of the sound-generating
blade row
- I =9;: Average axial flow Mach number of
the sound-generating blade row
I = 10: Average value of f, the ratio of
the maximum camber to the half-chord
for the sound-generating blade row
I = 11: Average value of a, the blade angle
of attack for the sound-generating
blade row
AVSPAN 1-4,12-4,17-4 Midpoint of the subinterval locally used in
the computation of the integral of equation
(9). It is equivalenced to AV(1l).
AXIAIM 1-4,9-4, Average axial Mach number of the sound-
12-4 ,17-4 generating blade row
Al Loy A value of JM(x), Bessel function of first
kind and order M
A2 Lol A value of J,,,.(x), Bessel function of

M+1
first kind and order (M+1)

16



FORTRAN LOC~FNC

name code Description
A3 b} A value of Y, (x), Bessel function of second

kind (the Neumann function) and order M

Ak Y A value of YM+l(x)’ Bessel function of
second kind {the Neumann function) and

order (M+1)

B 9-5,10-5 In the case of an inlet guide vane-rotor
interaction (K1+K2 = 3), B = ARMISC(1).

In the case of a rotor-outlet guide vane
interaction (K14K2 = 5), B = ARMISC(2).

BBCAA 17-6 Primary subroutine which computes the
ecoustic pressure mode amplitudes result-
ing from the interaction of a rotor with
the nonsteady distortion resulting from a

convected eddy

BCDAA 12-6 Primary subroutine which computes the
acoustic pressure mode amplitudes result-
ing from the interaction of a rotor with a
distorted inflow

BES 4o5,5-5,10-5 Array of dimension 1000 in common block
11~5,15-5,18-5, SCRATCH used as & scratch array by Bessel
19-5,21=5 function subroutines

BESIE ' 19-L The subroutine which computes Iz(x)e'«x

vhen I is the modified Bessel function, 2

is an integer, and x is & real argument

17



FORTRAN
name

BESIEJ

BESIK

BESIO

BESI1

BESJLA

BESJLAM

BESKO

BESK1

BESKX

18

LOC=FNC
code

10-4

21-k4 ,63-6

21-h

21-k

61-6

11-L

21-4

21-4

18-k ,62-6

Description

Array of dimension 2 which contains values of

2
-pR/a
pR
Iz(-—2>-e . 5=1,2
a
J

with I2 a modified Bessel function of order

2; see equation (68).

Subroutine which computes modified Bessel
functions with real argument x, Io(x),
Il(x), Ko(x), Kl(x)

A value of Io(x), a modified Bessel

function of order O

A value of Il(x), a modified Bessel

function of order 1

Subroutine that computes Jv(x), a Bessel
function of the first kind and order v,

where x >> v

A variable which contains JO(LAMDA) -
i Jl(LAMDA)

A value of Ko(x), a modified Bessel
function of order O

A value of Kl(x), a modified Bessel
function of order 1

Subroutine wvhich computes the Bessel
function of the first kind Jn(x) with no
restrictions on the magnitude of the

integer order n and the real argument x



FORTRAN
name

BETAMN

BFLF

BJHI

BJHR

BJLAMI

BJLAMR

BJ1

LOC-FNC
code

1-4 9.k,
12-k 17~k

h-h gs-h ’ll-h’
15-k,18-4,55-6

10~k

10-k

11~k

11-4

154,184

Description

B ? which is defined in equation (1)

Standard LRC library subroutine which
calculates the Bessel function of the

second kind, or Neumann function, Y

Array of dimension 250 containing the
imaginary parts of the Bessel function
of the first kind with complex arguments,

Tolheole]), 3, 0o ]), ..

Arrasy of dimension 250 containing the
real parts of the Bessel function of

the first kind with complex arguments,

Jo(hxzfp]), Jl(hKE[p])’ ces

Array of dimension 250 cohtaining the
imaginary parts of the Bessel function
of the first kind with complex arguments,
JO(LAMDA), Jl(LAMDA)

Array of dimension 250 containing real
parts of the Bessel function of the first
kind with complex arguments, JO(LAMDA),
J, (LAMDA)

Jo(x), a value of the Bessel function of

the first kind, with order zerc and real

argument x

19



FORTRAN
name

BJ1LAM

BJ1RNU

BJ2

BJ2LAM

BJ2RNU

BSSLS

BTAU

BTJ

LOC=FNC
code

11k

11-k

15-k,18-k

11-4

11-4

Lol 5-k,11-b,
15-h,18-k4 5L-6

19-k

19-4

Description

JO(LAMDA), a value of the Bessel function
of the first kind, with order zero and

complex argument LAMDA

JO(RNU), a value of the Bessel function of
the first kind, with order zero and real

argument RNU

Jl(X)’ e value of the Bessel function of
the first kind, with order one and real

argument x

Jl(LAMDA), a value of the Bessel function
of the first kind, with order one and

complex argument LAMDA

Jl(RNU), a value of the Bessel function of
the first kind, with ordér one and real

argument RNU

Subroutine which calculates the Bessel
function of the first kind, J. This
subroutine is a modification of the
standard LRC library subroutine of the
same name. The order used by BSSLS is
less than or equal to 100; see MBES,

Variable containing Bet; see equation

(61).

Array of dimension 2 which contains

B-TJ for §j = 1,2; see equation (61),



FORTRAN
name

BYLAMI

BYLAMR

BY1

BY1RNU

BY2

BY2RNU

Bl, B2, B3

CAPA

CAPADIS

LOC-FNC
code

11-h

11-k

15-4,18-1

11-4

15-4,18-L

11-4

1-b,12-k 15-1
18-1,19-k

10-4

14-5,16-5

Description

Array of dimension 50 which is required

in calling subroutine ROCABES

Array of dimension 50 which is required

in calling subroutine ROCABES

Yo(x), a value of the Bessel function
of the second kind, with order zero and

argument x

YO(RNU), a value of the Bessel function
of the second kind, with order zero and

real argument RNU

Yl(x), a value of the Bessel function of
the second kind, with order one and

argument x

Yl(RNU), a value of the Bessel function
of the second kind, with order one and

real argument RNU

Coefficients used with subroutines LIFTFN3
and NONCPT; see equations (21) and (22)

Array of dimension 15 which contains
average Glauert coefficients for com-

ponent K2

Contains A used in the cone model of

distortion; see equation (33)



FORTRAN LOC-~FNC
name code Description

CAPF1 19-14 Variable containing Fl(p); see equations
(64) and (65)

CAPF2 19-4 Variable containing F2(p); see equations
(66) and (67)

CAPHRHO 10-4 A verieble which contains H_ K2(p); see
14
equation (k1)

CAPKL 114 A varisble containing K (v, 2); see

equation (2L) where v >0

CAPKMN 1-5,7-5,9-5, Kn» verisble defined in equation (2)
10-5,12-5,1k-5,
16-5,17-5,19-5

CAPKRHO 10-4 A varieble conteining KK'Kl(p)
’ 14

CAPLT 1-h,12-4, Contains a value of the combined 1ift
15-~3,18-3 response function,

If ARMISC(38) = 0, CAPLT
see equation (21).
If ARMISC(38) # 0, CAPLT

see equation (22).

L(v);

]

L'(v);

CAPNMN 1-5,7-5,9=5, The normalization factor for the duct
10-5,12-5,1h=5, radial eigenfunction, N, which is
16-5,17-5,19=5 defined by equation (7)

CAPRETA 6=k Rm(umnn), value of unnormalized eigen-

functions with argument the product of

an eigenvalue times the hub-to-tip ratio



FORTRAN
name

CAPRONE

CD

CDISINT

CEQUAT

CETA

CFACT

CFACTIR

CFACT2

CFUNINk

LOC=FNC
code

6=~k

1k=5,16-5

3‘5;!‘—5

3-5

1-5,12-5,14=5,

T=5,16-5,17~5,

19-5

l"s 9 T"‘S

9-5,10-5

19-5,20=5

Description

Rm(umn), value of unnormalized eigen-
functions with argument an eigenvalue;
see equation (6).
If ISOROS = 1, CAPRONE contains
average inlet stator vane drag
coefficient,
If ISOROS = 2, CAPRONE contains

average rotor blade drag cocefficient.
CD is made equivalent to AV(L4),

Common block containing CAPADIS and
RHOINC

Common block containing CETA, the hubeto-
tir ratio, and M, the spinning mode index

Hubeto-tip ratio, n

Common block containing CAPNMN, ETA, L,

M, N, RMUMN, SIGN, CAPKMN

Common block containing NSBIR, SIGOL,
PHISBIR

Common block containing B, CAPKMN, CAPNMN,
c3, c6, c7, C8, C9, C11, C12, C13, Clk,

K1, K2, L, M, N, NK2, RMUMN, SICOL

Common block containing CTJ and TAU



FORTRAN LOC-FNC

name code Description

CHORD 10-4,19-4 Array of dimension 3 which contains values
of nondimensional chords for the three
components

CcI 21-h Value of the cosine integral CI(x), where
x>0

CLIFTY 19-k Variable containing T*(x,y), the complex

conjugate of a value of the Filotas 1lift
response function (LIFTFIIL)

CMACH 1-b,9-4, 1. - (AXIALM)?
12-k4,17-4
COEFAlL 1k Contains a, used in the power model of

distortion; see equation (49)

K, (v, A).
[k, (=vs =2#)]%,

CONLIFT 10-4,11-3 If v > 0, CONLIFT

If v < 0, CONLIFT
See equation (28).

COSPSI 1-b,7-4 Cosine of the angle y, the relative exit
flow angle of the blade row upstream of

the sound-producing blade row; see fig-

ure L
COSTHS 1-k,10-4,12-k, Cosine of mean flow angle y; see equation
17-L,18-1,19-b (11)
COTBETA 1-4,12-4 Cotangent of B, the relative stagger angle;

see figure 3



FORTRAN LOC-FNC

name code

COTTHS 19-4

CTEMP1 10-&,15-h,
18-4,19-4

CTEMP2 7-&,10-&,
19-4,21-4

CTEMP3 21-kL

CcTJ 19~5,20-5

Cl 1-4

c2 1-k,12-4,
17-4,18-1

c3,c6,C7,C8, 9-5,10-5
€9,C11,C12,
C13,C1k

Description

Cotangent of the mean flow angle; see

equation (11)

Variebles used for temporary storage of

complex numbers

Variable containing a value of T,; see

J
equation (60)

If ISOROS = 1, Cl contains average inlet

stator vane chord.
If ISOROS = 2, Cl contains average rotor

blade chord.

Cl is made equivalent to AV(2),

Contains the average blade chord of the
sound-generating blade row, C2 is made
equivalent to AV(3).

Variables in common block CFACTZ2 which
are defined by the table on the following
page.



FORTRAN
name

DCL

DCSBL

DELK

DELTALO

DELTAL1

SIGOL < -1 SIGOL > 1
ISOROS 1 2 2 1 1l 2 2 1
IAERO -l =1 1l 1 =1 -1
c3 ~1 1 1 =1 1 -1 -1
c6 -1 -1 1 -1 1 -1
CT -1 =1 -1 =1 1l
c8 1 =1 -1 1 -1 1 1 -1
c9 -1 =1 1l 1 -1 =1 1
Cl1 1 =1 ] -1 1 1
Cc12 -1 <1 -1 =1 1 1l 1l
C13 -1 =1 =1 -1 1l
C1h 1 -1 -1 1 1 -1 =1 1
LOC~FNC
code Description
1-4,12-4, Average derivative of the steady-state
17-k lift coefficient with respect to the
incident angle for the noise~generating
blade row. DCL is made equivalent to
AV(6).
10~k An arrasy of dimension 3 which contains
slopes of the steady-state lift coefficients
for each of the three components
19-4 Variable containing A = aJ/R; see equation
(70)
144 Contains ¢ wvhere § is the Kronecker
L,0 Lk
delta
1hak Contains ($§ ) ~1) where § is the

+
L,1l L,
Kronecker delta

J.k



FORTRAN
name

DISINT

DRHO

DSPAC

DVALUE

D1

D2

LOC-FNC

code

14-L,16-7

10-h

1-4,7-4

-l

Lk

Ly

JM+2

Description

The complex function subprogrem which

"evaluates the integrand f(¢)e'1L¢ used

in thé.cone model of distortion; see

equation (L48)

A variable which contains 4 (p); see
koK1 "

equation (42)

If ISOROS = 1, DSPAC is the average
nondimensional distance between the
midchord planes of the inlet stator and

the rotor, dISR'

If ISOROS = 2, DSPAC is the average
nondimensional distance between the
midchord planes of the rotor and the
outlet stator, dROS'

Contains the quantity

v
1 -4

!
A2 -1

used in the cone model of distortion; see

equation (L8)

JM+l(x)’ a value of the Bessel function
of the first kind, with order M+l and the

real argument x

(x), a véihéiQf“ﬁHe Besdgel famction
of the first kind, with order M+2 and the

real argument x
27



FORTRAN
name

D3

Dk

EGNBND

EGNBNDO

EGNNORM

EGNVALZ2

EPS

LOC~FNC
code

Lol

1-k,9-4,12-4,
13-1,17-4

1-k4,9-4,
12-b,17-4

1-4,9-k,12-4,
17-h ,6-7

1-4,9-4,12-4,
13-6,17-4

19-4

21-4

Description

YM+1(X)’ a value of the Bessel function
of the second kind, with order M+l and

the real argument x

YM+2(X)’ a value of the Bessel function
of the second kind, with order M+2 and

the real argument x

The upper bound on eigenvalues,
EGNBND = RK/(1 - AXIALM)Q.
EGNBND = E of equation (3).

Previous value (of last call to primary
subroutine) of EGNBND., Initially set
tO -lo

Function subprogram which calculates

normalization factor Nmn for unnormalized

duct radial eigenfunction; see equation (7)

Subroutine which computes the matrix of

eigenvalues

Array of dimension 2 containing El and E
of equation (61)

A numerical tolerance, EPS = 10710, 1n
LIFTFN4, it is used in three different
ways; see methods description of that

subroutine.

Contains the value (; used in subroutine
JARRATT
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FORTRAN LOC-FNC

name code
EP2 3-4
EQATION 3-h4 L7
ETA 1-5 ,3-19)4-5 95_19

6"1 ,7-5 ,9-)4 ,12"5 s
13-1,14-5,16-5,

17-5,19-5

ETAO 1-4,9-k,
' 12-4,17-h

EXPDRHO 10-4
EXPFACT 7-k
FACTAV 1-4,12-4,17-4
FACTCON 1-b,9-k,

12-b,17-k

Description

Contains the value 10_10; used in

subroutine JARRATT

The function subprogram used to evaluate

the left side of equation (5)

Hub-to-tip ratio, n

Previous value (of last call to primary
subroutine) of ETA. It is initially set
to -1.

-idK’Kl(o)_

>

A variable which contains e

see equation (42)

Exponential factor in the oscillating
factor of the integrand in primary

subroutine AAAAA; see equation (36)

The factor in the integrand of equation
(9) which varies slowest in the radial
direction., It is averaged in each sub-
interval of the integration and is defined
by equations (34), (35), (46), (5k4), (55),
and (58) for the different primary

subroutines.

Constant factor in the integrand of
equation (9). It is defined by equations

(33), (Ls), (53), and (57).
29



FORTRAN
name

FACTINT

FACTINZ2

FACTIN3

FACTINL

FALPHNU

FFNU

FJFP

LOC-FNC
code

l‘h37‘7

9-h310‘7

12-4,14-7

17-4,19-7

15-L

15-k

Ll

Description

Complex function subprogram which evaluates
the oscillatory factor in the integrand of
equation (9) for the primary subroutine
AAAAA; see equation (36)

Complex function subprogram which computes
the oscillatory factor in the integrand of
equation (9) for the primary subroutine
AABAA; see equation (&7)

Complex function subprogram which computes
the oscillatory factor in the integrand of
equation (9) for the primary subroutine
BCDAA; see equation (56)

Complex function subprogram which computes
the oscillatory factor in the integrand of
equation (9) for the primary subroutine
BBCAA; see equations (62), and (69)

Contains the quantity Fa(v), where the
function F  is defined by equation (16)

and v is the reduced frequency

Contains the quantity Ff(v), where the
function F. is defined by equation (20)
and v is the reduced frequency

A value of J'(n+x), the derivative of the
Bessel function of the first kind of order
m gnd argument n+x, where n is the hub-to-
tip ratio and x is the dummy argument of
EQATION



FORTRAN
name

FJP

FKMAX

FMIE

FNFP

LOC-FNC
code

L-4

19-4

1-4,12-4,
17-k

1-b,12-1,
17-4

1-k4,12-k

1-k,12-Lk,
17-b,7-L

1-k,7-4

L.k

Description

A value of Jé(x), the derivative of the
Bessel function of the first kind of order
m and argument X, where x is the dummy

argument of EQATION

Upper limit used in the truncated integral

of equation (70). It is set equal to 20.

Relative exit flow Mach number of the
sound-generating blade row, ME(p). It is
made equivalent to AV(8).

Relative inlet flow Mach number of the
sound-generating blade row, MI(p). It is
made equivalent to AV(7).

Mean flow Mach number at a radial position

of a blade row, MM(O); see equation (10)

Average axial flow Mach number at the loca-
tion of the sound-generating blade row,
Mz(p)

Relative exit flow Msach number of the next
blade row upstream of the sound-generating

blade row, MlE(p)

A value of Yé(n~x), the derivative of the
Bessel function of the second kind of order
m and argument n+x, where n is the hub-to-
tip ratio and x is the dummy argument of
EQATION

3]



FORTRAN LOC-FNC

name code Description
FNP Ly A value of Yé(x), the derivative of the

Bessel function of the second kind of

order m and argument x, where x is the

dummy argument of EQATION

FNU 18-k F(v), a term in the equation for the
noncompact acoustic response function;

see equation (19)

FRHO 19-4 Ratio of maximum blade camber to the
half-chord, f(p). It is input in
AR(I,10,K).

FRTH 21-k Variable defined by equation (A9) in

reference 36

FT 3-b The actual value of the left side of
equation (5) which corresponds to a zero

that was calculated by JARRATT

FUNINL 19-4,20-7 Complex function subprogram which

evaluates a function used in FACTINL

FUNPHI 16-k Contains W(p, ¢), the distortion function

for the cone model; see equation (48)

GAMMA 10-4 Variable which contains F;2(p); see
equation (37)

GAUSS 17-k,19-4, Subroutine which performs L4-, 8-, or
21-4,53-6 12-point Gaussian integration



FORTRAN LOC-FNC

name code Description
GAUSS2 1-b4,9-4,12-4, Modified version of subroutine GAUSS in
17-4,57-6 which the input arrays of the primary

subroutine are passed to the complex
function subprogram which evaluates the

oscillating factor

GJ 19-4 Array of dimension 2 containing, glz(p)
and g22(p) of equation (62)

GNRHO 10—k Array of dimension 15 which contains
gl,KQ(p)’ 52,K2(p)’ «++; see equation (39)

GRTHFCN 21-4,65-7 Complex function subprogram, where:

GRTHFCN = e 102 K ()

with Ko a modified Bessel function, argument
Z > 0, and o passed through common block
ALPHA

GUESS 3-4 Array of dimension 3 which contains three
starting values for zeros of equation (5)
to be used by the iteration procedure in

JARRATT

HALFPI 21-4 n/2

33



FORTRAN LOC-FNC

name code Description

HANKEL 11-4 Variable which contains the ratio

(2)
Hl (RNU)

Hl(z) (RNU) + i H0(2) (RNU)

where H (2) (z) =3 (z) -1 Y (z) is a
n n n
Hankel function of the second kind and

order n

HRHO 10-4 Variable containing hK2(p); see equafion
(40)

HRHOI 10-k Variable containing the imaginary part
of HRHO

HRHOK 19-4 - Variable containing h(p,k); see equation
(71)

HRHOR 10-k Variable containing the real part of
HRHO

H1RNU 11-4,15-4, Variable containing HO(Q) (RNU) = JO (RNU)

18-4 -1 Y0 (RNU), a Hankel function of the

second kind and order zero

H2RNU 11-4,15-k, Variable containing Hl(z) (rRNU) = 3] (RNU)

18-4 - i Yl (RNU), a Hankel function of the

second kind and order one

IABSL 1k-k Absolute value of L, the incidence velocity

Fourier series index

34



FORTRAN
name

IABSM

IAERO

IERBES

IEREGNV

IERJAR

IERLFTL

LOC-FNC
code

5-4,13-Lk

9-4

21-b

1-4,9-k,12-L,
13"3 317"‘h

3-4

19-4,21-3

Description

The absolute value of a spinning mode

index, [M|

Option IAERO = ARMISC({18)

-1

indicates the upstream component is
sound generator
indicates the downstream component

is sound generator

Error return from BESIK, where:

0
1

indicates no error
indicates input argument is nonpositive;

no calculation is possible

Error return from EGNVALZ, where:

0
2

4

indicates successful execution
indicates that there are nore
eigenvalues required than there is
space for (i.e., NDIM and/or MDIM
are not large enough); as many as
possible are returned

indicates that there are no eigenvalues

IEREGNV is equivalent to IERROR.

Error return from JARRATT

Error return from LIFTFNkL, where:

0
1

indicates no error

indicates integral in FRTH did not
converge according to EPS on the
interval {X, 1000]

35



FORTRAN LOC-FNC

name code Description

IERR 4L, 11-4,5-4, Error return from BSSLS and BFLF. It is
15-4,18-4 ‘not used.

IERROR 1-3,9-3, Error return from primary subroutines,
12-3,17-3 where:

indicates successful execution
indicates that there are more eigen-
values required than there is space
for (i.e., NDIM and/or MDIM are too
small); as many eigenvalues as possible
are returned

4  indicates that there are no eigenvalues

IERROR is equivalent to IEREGHNV,

IFLOW 1-4,9-k, Option IFLOW = ARMISC(k4)

12-4,17-4 -1 indicates upstream propagation

1 indicates downstream propagation

IFORM 19-4,21-1 Option IFORM, where:

1  indicates that the exact form of the
Filotas lift response function is used

2 indicates that the approximate form of -
the Filotas lift response function is
used

At the present, IFORM is set equal to 2.

IGO0 11-4 If RNU > 0, IGO = 1.
If RNU < 0, IGO = 2.
ILOGIC 9-4 Internal switch which is defined by

ISOROS | 1 2 2 1
IAERO 1 1 -1 -1

ILOGIC 1 2 1 2

36
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FORTRAN LOC-FNC

name code. Description

ILOGICO 9-4 Previous value (of last call to primary
subroutine) of ILOGIC. It is initially
set to O.

INDX 9-4 . Variable containing the sum of ILOGIC
end IAERO

IRDX2 10-4 Variable containing the sum of ISOROS
and IAERO

INTEGJ 19-4 . Array of dimension 2 containing the

integrals I. and I2; see equation (70)

1
INTEGRL ' 1-4,9-h4, The value of the constant factor times
12-4,17-b the integral over the interval (n,1). It
is equal to a mode amplitude, @ o see

equation (9).

IORDGS 1-L,9-4,12-4, Option for GAUSS and GAUSS2 which, at
14k, 17-b,19-h present, is set equal to 2, vhere:

1l indicates bW-point Gaussian integration
2 indicates 8-point Gaussian integration

3 indicates 12-point Gaussian integration

IP 10-4,19-4 " Variable set equal to -1 which is used in
MTLUP

IPA 1-4,7-k,12-4, Variable set equal to -1 which is used in
1=k, 17-b MTLUP

ISIGN bk 11-k4,5-k, Variable set equal to -1 which is used in
15-4,18-4 BFLF

37



FORTRAN
name

ISOROS

ISOROSO

ITLIM

- ITRACE

JARRATT

JMAX

JMAX1

JMAX?2

38

LOC-FNC
code

1-k,7-1,9-b

1-4

1-4,3-1,9-4,
12-4,13-1,17-L

3"')" ? 52-6

18-4

18-k

18-4

Description

Option ISOROS = ARMISC(S5), where:

1 indicates inlet stator-rotor
interaction

2 indicates rotor-outlet stator

interaction

Previous value (of last call to primary
subroutine) of ISOROS. It is initially
set equal to O.

Variable set equal to 30 which is used
in JARRATT

Option ITRACE = ARMISC(6), where:
0 indicates no printout
1 indicates printout from primary

subroutine

2 indicates printout from primary

subroutines and subroutine ZEROS

Subroutine which calculates the zeros

of equation (5)

Upper limit of the summation in the
equation for the noncompact acoustic

response function; see equation (23).

JMAX = MAX(RKAPA,RNU) + 1.
JMAX + 1
JMAX + 2



FORTRAN LOC-FNC

name code Description
KI 10-4 Variable used as temporary storage for
K1 and K2
KMAX - 19-b Maximum value of K: KMAX = (FKMAX/DELK) + 1.

See equation (70).

K1,K2 . 9-5,10-5 Variables which are defined by:

ISOROS | 1 2 2 1
IAERO i 1 -1 -1
K1 2 3
K2 1 2
L 1-5,7-5,9-5, Fourier series index of the incident
10-5,12-5,13~kh, velocity, 2
14-5,16-5, '
17'5519-5
LAMDA lO—h,ll—l‘ A varieble which contains AK K15 See
b}

“equation (k)

LAMDAI 11-4 A variable containing the imaginary
’ part of LAMDA

LAMDAR 11-k A variable containing the real part of
LAMDA
LIFT 10-4,11-3 . - If v > 0, LIFT = [K (v,A)]*

If v < 0, LIFT

i

KL ('V, "A*)

See equation (2h).

LIFTFN2 10-4,11-6 The subroutine which computes the 1lift
response function used with the primary

subroutine AABAA; see reference b
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FORTRAN
name

LIFTFN3

LIFTFNk

LIFTA

LUSE

LZERO

MAXCOEF

MAXDIM

40

LOC-FNC
code

1-k,12-h,
15-6 319-’4

19-h ,21-6

19-4,21-3

13-4

13-1

1-5,3-5,k4-5,
5-1,6-1,7-5,
9-5,10-5,12-5,
13-5,14-5,16-5,
17-5,18-1,19~5,
21-5

1h-4

1-1,9-1,12-1,
17-1

Description

The subroutine which computes the combined
1ift response function used with the pri-
mary subroutines AAAAA, BCDAA, and BBCAA;

see reference 35

The subroutine which computes the Filotas

1lift response function; see reference 36

Variable containing T(X,Y), a value of
the Filotas lift response function
LIFTFNL

A variable which is used as a counter in

computing NOFM

An option where:

0 indicates that L
1 indicates that L

0 is acceptable

0 is not acceptable

Spinning mode index m; see RM

The number of indexes of the distortion

coefficients; see MULTFCT also

A variable dimension for array AR. It
must be greater than or equal to the
maximum number of radial input positions

+ 2 for any input set.




FORTRAN
_name

MAXIND

MAXJ

MBES

MBESSEGN

MDIM

MDIMO

MEGHN

MMAX

LOC-FNC
code

10-4

1-1,9-1,
12-1,17~1

1-28,9-285,
12-25,13-3,

17-28

13-

13-k

1-1,9-1,12-1,
13-1,17-1
1"" s9"h 1

12-4,17-4

13-4

Description

A variable which contains the number of
Glauert coefficients for component K2
that were input. This is equal to N+1
of equations (39) and (b1).

A variable dimension of array AR

An array of dimension MDIM which
contains for each spinning mode index

a maximum radial mode index

Variable set equal to 100. It indicates
the maximum order of the Bessel function
which can be safely calculated by the
subroutine BSSLS.

Bound or magnitude of spinning mode index
M due to MBES and EGNBND

A variable column dimension of ALPHAMN
and ARMUMN

Previous value (of last call to primary
subroutine) of ETA. It is initially set
to O.

Maximum spinning mode index due to the

eigenvalue bound, EGNBND

. Contains the value max ;lminﬂl, Imaxnls,

where 2 = set of spinning mode indexes

contained in array MUSE

4]



FORTRAN
name

MPIMAX
MP2

MSAVE

MSBE

MSBI

MSBM

MSBT

MSBZ

MTLUP

42

LOC-FNC
code

3-b, b}

13-L,5-4

10-},19-k

10-4,19-4

10-4,19-4

1-4,9-k,12-k,
17-k4,19-4

10-4,19-4

1-4,7-4,56-6,

10-h,12-4,1h-4

17‘)4 ,19-)4

Description

Contains M + 1, where M is the spinning
mode index
Contains [MI + 1, where M is the spinning

mode index
Contains MMAX + 1
Contains MP1 + 1

Contains |MUSE(I)|, the absclute value of
the Ith element of array MUSE

An array of dimension 3 which contains
relative exit flow Mach numbers for the

three components

An array of dimension 3 which contains
relative inlet flow Mach numbers for the

three components

An array of dimension 3 which contains
relative mean flow Mach numbers for the

three components; see equation (10)

Rotor blade tip Mach number, MT =
ARMISC(T)

An array of dimension 3 which contains
axial Mach numbers for the three

components

. Standard LRC library subroutine which

performs multiple table lookup; see

reference 42




FORTRAN
nanme

MULTFCT

MUSE

NB

NBESEGN

NDIM

NDIMO

LOC-FNC
code

1h-4

1-28,9-258,12-25,

-13-3,17-25,3-1

1-5,7-5,9-5,
10-5,12-5,13-4,
14-5,16-5,17-5,
19-5

11-4

13-4

1-1,13-1,3-1,
9-1,12-1,17-1

1-4,9-4,
12-k,17-b

Description

The multiplicative factor in the indexes
of distortion coefficients. That is,
if r = MULTFCT, then the distortion

coefficients are a s b, a b

r® T2.r? 2ep? °°°?

8 .MAXCOEF, Cr-MAXCOEF °

An array of dimension MMIM which contains

the set of spinning mode indexes

N = n+l, where n is the radial mode

index

Variable set equal to 1. which is used in
BSSLS, BFLF, and ROCABES

Maximum radial mode index due to both the
restriction on BSSLS (the order used in
BSSLS restricted to be less than or equal
to 101) and the eigenvalue bound, EGNBND

Variable row dimension of ALPHAMN and
ARMUMN

Previous value (of last call to primary

subroutine) of NDIM. It is initially set
to O.
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FORTRAN
name

NK1
NK2

"NM1

NOFM

NOFN

NONCPT

NOSCE

NPTS

NSBIR

44

LOC-FNC
code

9-4
9"5 H) 10'5

3-1,13-k
13-4

1-25,9-25,3-1,
12-25,13-3,17-28

1-k4,9-4,12-4,
13-’* 917-’"

1-4,12-4,
18-6,19-4
1-4,9-4,12-4,

1b4-4,17-4,19-4

10-4,19-4

1-5 97‘5

Description

If KI = 1, NKI is the number of inlet

stator vanes.

If XI = 2, NKI is the number of rotor
blades.

If KI = 3, NKI is the number of outlet

stator vanes. s
Contains min |NBESEGN, NDIM-1}{
Contains N-1

Number of spinning mode indexes

Contains the maximum radial mode ihdex

corresponding to a spinning mode index

Subroutine which computes the noncompact
acoustic response function for the

noncompact source theory; see equation (22)

Number of equal subintervals used in

evaluating an integral

A variable containing the number of points

in an array

If ISOROS = 1, NSBIR contains the number of

inlet stator vangs, NISV'

If ISOROS = 2, NSBIR contains the number of

rotor blades, NRB'



FORTRAN
name

NSBNKI

NSBRB

NSPN

NTHZERO

N1

PHISBIR

LOC-FNC
code

9-k

1-b,12-4,17-k

1=k, 7-k,12-4,
1h-1,17-k

21-4

1-5,
T-5

Description
If ILOGIC = 1, NSBNKI is NK1.
If ILOGIC = 2, NSBNKI is HNK2.

Number of rotor blades, ”Ré

Contains the value of AR(I,J,K), which is:

The number of radial positions, where

the parameters of the AR array are

input

or

0 if only a value averaged in the

radial direction is given for the

(K,J)th

parameter of the AR array

A variable that indicates to APROX1 or

APROX2 which zero to approximate

Variable that is used to determine the

first subinterval used in the integra-

tion of equation (Al) in Reference 36.

Either:

N1*WIDTHI < x < (N1+1)*WIDTHI
(N1-1)*WIDTHI < x < NI*WIDTHI

If ISOROS = 1, PHISBIR contains the span-
dependent phase angle at the rotor, ¢R'

If ISOROS = 2, PHISBIR contains the span-

dependent phase angle at the outlet
stator, ¢OS‘
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FORTRAN
name

PI

PJ

PSI

RATIO

RHO

RHOINC

RKAPA

RKSQD

46

LOC-~FNC
code

1-h4,9-k,12-k,
1h4-4,15-4,17-4,
18-4,19-k,21-1

19-4

19-k

2l

6-h

7-1,10-1,1k-1,
18-1,19-1

1L4-5,16-5

1-k,0-4,12-4,
17-4

18-4

1-b,9-4,12-k,
17-4

Description

Contains the value w

Arrasy of dimension 2 which contains PJ’
J = 1,2; see equation (61)

Variable centaining ¢ (p, k), the gust
yew angle used in Filotas lift response

function; see equation (72)

Contains the exponent q wused in the

pover model of distortion; see equation

(49).

q = ARMISC(23) if ARMISC(22) = 2.

Contains the ratio, m2/umn2, of the
square of & spinning mode m over the

square of an eigenvalue ¥on

Nondimensional duct radial coordinate, p

Same as RHO

Nondimensional frequency, w

r 2 Clg _n
“mno ~ 2 | 'mn e¢ o Sz

w2, the square of the nondimensional

frequency



FORTRAN
name

RLOW

RNOFSV

RNOFSVO

RNU

RNUKAPA

LOC-FNC

code
1-b4,9-4,12-4,
14-4,17-4,19-L,
21-4

3-4
1-5 ,S"l ’6"'1 ’7-5 ’
9‘5 ,10-5 912-5 ’
14-5,16-5,17-5,

19-5

1-b,12-4,
13-1,17-h

1-4,12-k,
17-k

1-k4,11-1,12-h,
15-1,18-1,21-1

10-4

Description

Lower bound of a subinterval used in an

integration

Spinning mode index in floating point;

see M

An eigenvalue, Mon

Number of stator vanes. It is used in
calling subroutine EGNVAL2.

With primary subroutine AAAAA:
If ISOROS = 1, RNOFSV = number of

inlet stator vanes,

If ISOROS = 2, RNOFSV = number of

outlet stator vanes,

If primary subroutines BBCAA or BCDAA
are used, RNOFSV = 1,

Previous value (of last call to primary
subroutine) of RNOFSV. It is initially
set to O.

Reduced frequency, v; see equation (32)

(p)s

Reduced frequency, vK,Kl

see equation (43)

47



FORTRAN
name

_ ROCABES

RSBNKI

RSBNKIO

RUP

SAVELAM
SAVERNU

sC

SCRATCH

48

LOC-FNC
code

10-4,11-4,21-4,
58-6

1-hk,9-k,12-L,
1h-4,17-4,19-4,
21-4

5-1

11-h

11-h4

3-1,13-b

4-5,5-5,10-5,

11-5,15-5,18-5,
19-5,21-5

Description

Subroutine which computes Jn(z) and
Yn(z), the Bessel functions of the first
and the second kind for integer order n

and complex argument 2

If ILOGIC = 1, RSBNKI is NK2.

If ILOGIC

2, RSBNKI is NK1l.

Previous value (of last call to primary
subroutine) of RSBNKI. It is initially
set equal to O.

Upper bound of a subinterval used in

evaluating an integral

Dummy argument of UNEGNFN, where O < S.
UNEGNFN calculates R_ (umﬂ*s), the
unnormalized duct radial eignfunction
with argument the product of an eigen-

value times S.
A variable used to tempofarily save LAMDA
A variable used to temporarily save RNU

Array of dimension 40 that is used as a

scratch array in ZEROS

Common block name which contains the
array BES, an array of dimension 1000
that is used as a scratch array in

Bessel function subroutines



FORTRAN
name

SCPTRMN

8I

SICI

SIGMA

SIGN

SIGNKI

SIGNKIO

SIGNRB

SIGNRBO

LOC-FNC
code

7-4,10-k, 14k,
19-4

21-L

21-k ,6L4-6

1-b,9-4,12-4,

17-h

1-5,7-5,12-5,
1k-5,16-5,19-5

18-4

9-U

1-b,12-1,
13-1,17-k

1-4,12-4,
17-4

Description

A value of the normalized duct radial

eigenfunction, R (umno)

) X .
Value of sine integral Si(x) =gf.§l———

where X 1is real

n-t
T

Subroutine which computes the sine and

cosine integrals

Harmonic index, o

If ISOROS 1, SIGN contains -1.

If ISOROS

i

2, SIGN contains 1.

(-l)J of equation (23)

A variable which contains the produc
of SIGMA and NSBNKI

Previous value (of last cail to primary

subroutine) of SIGNKI. It is initial
set to 0.

o ¥ N the product of the harmonic

RB?

t

ly

index times the number of rotor blades

Previous value (of last call to primary

subroutine) of SIGNRB; initially set
to 0.

49
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FORTRAN
name

SIGOL

SINBETA

SINPSI

SINTHS

SNU

SQRT2PI

SUM

50

LOC-~FNC
code

1-5,7-5,
9-5,10-5

1-4,12-4

1-14,10-k4,12-k,
17-4,18-4,19-4

15-4,18-k

19-4

18-4

Description

With primary subroutine AAAAA:

If ISOROS
If ISOROS

1, SIGOL
2, SIGOL

L.
SIGMA.

With primary subroutine AABAA:

If ILOGIC = 2, SIGOL
If ILOGIC # 2, SIGOL

SIGMA.
L‘

Sine of B , the relative stagger angle;

see figure 3

Sine of Y, the relative exit flow
angle of the blade row upstream of the

sound-generating blade row; see figure U

Sine of the mean relative flow angle,

y (p): see equation (11)

Contains the quantity S (v), where S is
the Sears lift response function and v

is the reduced frequency. See equation (15).
Ven

The sum that appears in the equation for
the noncompact acoustic response function:
J

nax ©
Sun = %}jé% (-1)" 3 (vg)[Jj+l ()
M Jj-l (K&no)]

See equation (23).



FORTRAN
name

TAU

TEMP1

TEMP2

TEMP3

TEMPL

TERM

THETA

LOC-FNC
code

19-5,20-5

1-4,7-4,10-k,
12-4,15-4,17-k,
18-4,19-4,20-4,
21-4

1-4,10-4,12-k,
17-4,18-4,19-4,

20-4,21-4

1-k,10-k,12-k,
18-k,19-4,21-4

1-b,10-k,18-4,
21-L

10-4

10-h4

21-4

Description

Time delay resulting from the distance
between the axial position of the eddy
center at the temporal origin and the

rotor plane

Variasbles which are used for temporary

storage in calculations

Array of dimension 15 which contains the

terms of a summation

Array of dimension 3 which contains the
stagger angles (or mean flow angles) in
radians for each of the three blade
rows; see equation (11)

or
Gust yaw angle, ¥, used in the Filotas

lift response function; see equation (72)
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FORTRAN
name

TJ

TWOPI

Tl

T2

T3

Th

52

LOC-FNC
code

19-k4

1-b,9-k,12-h,
17-4,19-4

5-1;

Description

Array of dimension 2 which contains TJ’
J = 1,2, the temporal length of an eddy;

see equation (60)

2 n

Contains a value of YA (umn % n), the
derivative of the Bessel function of the
second kind of order m and argument
the product of an eigen?alue times the

hub-to-tip ratio

Contgins a value of Jm (umn % S), the
Bessel function of the first kind of
order m and argument the product of
an eigenvalue, u s, times the dummy

mn
argument, S , of subroutine UNEGNFN

Contains & value of J! (umn * n), the
derivative of the Bessel function of
the first kind of order m and argument
the product of an eigenvalue times the

hub-to-tip ratio

Contains a value of Y (u__ * S), the
m ‘mn

Bessel function of the second kind of

order m and argument the product of

an eigenvalue, Pon times the dummy

argument, S , of subroutine UNEGNFN



FORTRAN
name

UNEGNFN

VADBVI

VALUINT

WIDTHI

WSBLRHO

LOC-FNC
code

5—7 ’6“h ,7-h [
10-4,14-4
19-h

1h4-l4

1-b,9-k,12-4;
17-4

1h4-k,19-}

1-4,9-k,12-k,
14-4,17-4,
19-4,21-4

1h-4

h-1

Description

Function subprogram which computes the
unnormalized duct radial eigenfunction,

R (umnp)

Contains VA/vl which is used in the
cone model of the distortion; see

equation (L48)

The value of the integral of the oscil-
latory factor over a subinterval. It is
calculated by subroutine GAUSS2.

The value of an integral in the oscilla-
tory factor of BCDAA or BBCAA. It is
calculated by subroutine GAUSS, See
equation (48) for BCDAA and equation (61)
for BBCAA.

Width of a subinterval used in evaluating
an integral. Every subinterval has the
same width, WIDTHI.

The Lth complex distortion coefficient

at a duct radial coordinate.

For the cone model, see equation (L48).
For the power model, see equation (L9).
For the case where the coefficients

are input, see equation (50).

Distance along mean streamline traveled
by wake

or
Dunmy argument of function subprogram,
EQATION 53



FORTRAN LOC-FNC
name code Description

Y Ly Contains x * n , the product of the
dumy argument, x , of EQATION times
the hub-to-tip ratio, n

YIM 10-L Array of dimension 20 which is required
in calling subroutine ROCABES

YRE ) 10-L Array of dimension 20 which is required
in calling subroutine ROCABES

ZERO 3-4 Contains a zero of equation (5)

ZEROS 3-6,13-h Subroutine which calculates zeros of

equation (L)

ZSBIR 1-4,9-4, In primary subroutine AAAAA:

12-4,17-4 If ISOROS = 1, ZSBIR = axial position

of the rotor, ARMISC(17).
If ISOROS = 2, ZSBIR = axial position
of the outlet stator, ARMISC(16).

In primary subroutine AABAA:

If INDX = 1, ZSBIR = axial position
of the inlet stator, ARMISC(15).
If INDX = 3, ZSBIR = axial position
of the outlet stator, ARMISC(16).
Otherwise, ZSBIR = axial position
of the rotor, ARMISC(1T7).

In primary subroutines BBCAA and BCDAA:

ZSBIR = axial position of the rotor,
ARMISC(17).
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3.0 SUBPROGRAM DOCUMENTATION

As previously discussed, each subroutine package consists of a primary
subroutine and a set of secondary subprograms. Each primary subroutine computes

mode amplitudes according to the expression:

by
{AVERAGE OF

OSCILLATORY
NON-0SC ILLATORY} f {FACTOR } I
j a
3

NSUB
A: - {CONSTANT } ‘2':
mno FACTOR o FACTOR

The logical flow of the primary subroutines is shown on the next page.

The remainder of this section consists of descriptions of the primary
subroutines, secondary special-purpose and secondery general-purpose sub-
programs. Each subprogrem is documented according to the format: a title and
statement of purpose, & step-by-step statement of the algorithm, a flow chart,
and a computer listing.
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Input
through
calling
list.

Enter

Y

Calculate the spinning and
radial mode indices, and
the Eigen values.

!

Loop on spinning and radial
mode indices.

i

Determine the oscillations
and the subintervals.

Evaluate constant factor.

A

Loop on subintervals.

{

Integrate the slowly
varying factor.

f

Calculate average parameter
values and evaluate the slowly
varying factor.

y

Integrate oscillatory
factor by Gaussian formula.

h 4

Multiply and accumuliate
to obtain modal amplitude.

Return

Output through
calling list.




3.1 Primary Subroutine Descriptions

3.1.1 Subroutine AAAAA

Purpose: This subroutine compufes the mode amplitudes for a given har-
monic from two acoustic sources--rotor blades:cutting through
viscous wakes from the inlet stator vanes, and the rotor blade
viscous wakes washing over the outlet stator vanes. The compu-
tation essentially consists of determining which modes con-
tribute significantly to the sum, computing the required modal
parameters, and evaluating a definite integral per mode. This
integral is equation (9) from appendix I of volume I and is

expressed as follows for numerical evaluation:

N b
SUB 3
AVERAGE OF
% CONSTANT OSCILLATORY
- _ d
Amno {FACTOR } )3 {ISZETSECILLATORY}. f {FACTOR } P
j:l J a:
‘ 3
g
{CONSTANT} S s v L L
FACTOR Bano 8 €
NON-OSCILLATORY{ _ . dcp v ((BINB_\ Capit
FACTOR = % %\a@ ), "™ Me\pcosy
i
me¢ +
* A A + K e
Y] mng 2
igN. o . dSINY
{OSCILLATORY e g . ocosy
FACTOR m | Ymn®

See the FORTRAN dictionary (sec. 2.2) for CAPLT.
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Method: The

2)

3)

5)

6)
T)
8)

9)

10)

11)

12)

58

procedure is as follows:

Set the phase angle, ¢IR’ occurring in the oscillatory

factor.

Obtain the eigenvalue generation parameters (the input
to EGNVAL2).

Compare these parameters to stored values to determine
if the required eigenvalues are already available., If
values are equal, proceed to step‘6.

Compute the mode indexes and the corresponding eigenvalues.

Error return if correct eigenvalues have not been

computed.

Loop oﬂ.the spinning mode index.
Set values of required integers.
Loop on the radial mode index.

Compute the propagation constants and the normalization

of the duct radial eigenfunction.

Compute the constant factor in the mode amplitude

expression,
Initialize the value of the integral to zero.
Compute the number of equal subintervals required, which

is determined by the total number of zeros of the

oscillatory factor on the full integration interval.



13)

1k)

15)

16)

17)

18)

19)

20)

21)

22)

Loop on subintervals.

Compute the lower and upper bound and the midpoint of

the subinterval.

Set up for accessing the input geometric and aero-

dynamic data.

If the average value over the full interval cof a geo-
metric or aerodynamic variable is input, use it and

proceed to step 18.

Compute an average value on the subinterval for the

geometric or aerodynamic variable.

Initialize the nonoscillatory factor to the product of
the average value of the first three varisables

appearing in that factor.

Compute flow angles and multiply the average value of
the next three variables in the nonoscillatory factor

into that factor.

Compute the reduced frequency and the 1lift function

coefficients (used for noncompact factor also).

When the compact option is specified, compute the value
for the frequency response function of the 1ift and

multiply this into the nonoscillatory factor.
When the noncompact option is specified, compute the

noncompact factor and multiply this into the non-

oscillatory factor.
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23) Compute the inner product, or projection, factor and

multiply into the nonoscillatory factor.

24) Compute the relative streamwise distance traveled by
the wake, which is used to compute a wake Fourier
coefficient, and multiply this into the nonoscillatory

factor.
25) 1Integrate the oscillatory factor over the subinterval.

26) Multiply the nonoscillatory and the integrated oscilla-
tory factors together and accumulate in the integral

value, completing the loop on the subintervals.

27) Multiply the constant factor into the integral value
giving the mode amplitude for the current spinning mode

index and radial mode index.

28) Save the current eigenvalue generation parameters from
step 2. The eigenvalues will not have to be recomputed

in the next execution if these parameters remain unchanged.
Usage: CALLING SEQUENCE

DIMENSION MUSE(MDIM),MAXN(MDIM),ARMUMN(NDIM,MDIM),
* ARMISC(40) ,AR(MAXDIM,MAXJ ,3)

COMPLEX ALPHAMN(NDIM,MDIM)

CALL AAAAA(ARMISC ,MAXDIM ,MAXJ ,AR ,MDIM,NDIM,ARMUMN,
* NOFM ,MUSE ,MAXN ,ALPHAMN , IERROR )

Restrictions:  The use and restrictions on the input arrays ARMISC and AR

and the input/output NOFM ,MUSE,MAXN,ARMUMN are given in

section 2.2.
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Error Returm:

Printout and

Diagnostics:

Timing:

The maximum spinning mode is limited (see subroutine EGNVAL2)
in absolute value to 100, and the maximum radial mode index
as a result is at most 4O.

IERROR (see the FORTRAN dictionary, sec. 2.2)

See the definition of ARMISC(6),ITRACE, in the dictionary.

Of the cases run, the average time was 57 seconds per case.
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CALLING LIST

ARMISC, MAXDIM, MAXJ,
AR, MDIM, NDIM,
ARMUMN, NOFM,
MUSE, MAXN,

ALPHAMN, IERROR

‘ ENTER '

P

CALCULATE THE PHASE

ANGLE

PHISBIR

OBTAIN OR CALCULATE
THE EIGEN VALUE GENERATION

PARAMETERS

ILOGIC, EGNBND, ETA,
MDIM, NDIM,

RNOFSV, SIGNRB

COMPARE PRESENT
AND PREVIOUS
EIGEN VALUE
GENERATION
PARAMETERS

YES

CALCULATE THE
EIGEN VALUES

CALL

EGNVAL2

NOFM, RUSE,
MAXN, ARMUMN

i

CHECK THE
ERROR RETURN

®




THERE ARE
NO
EIGENVALUES

IEREGNYV :0

A REDUCED
‘ SEY OF
EIGENVALUES

LOOP ON M INDEX

DO 800 10FM=1, NOFM

1

CALCULATE INDICES

M,L, SIGOL, NOFN, NSBIR

LOOP ON N
0O 700 N=1,NOFN

[

SET THE EIGEN VALUE

RMUMN

1

CALCULATE PROPAGATION FACTORS]

BETAMN, CAPKMN

J

&
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64

®

CALCULATE EIGEN FUNCTION
NORMALIZATION FACTOR

CAPNMN

CALL

EGNNORM

CALCULATE THE
CONSTANT TERM
IN THE INTEGRAL

FACTCON

INTEGRL = 0.

CALCULATE THE NUMBER AND
WIDTH OF THE SUBINTERVALS

ROSCE, WIDTHI

\

LOOP ON THE NUMBER
OF SUB INTERVALS

DO 600 ITRVL=1, NOSCE

|

CALCULATE SUBINTERVAL
LOWER, UPPER, AND MIDPOINT

RLOW, RUP, AVSPAN

i

LOOP ON AVERAGE VALUE INDEX

DO 400 {AV 2,11

P

J=IAV+ ARMISC (18 +K)

1

i

[iFuav-eq-314=2 ]




AVERAGE VALUE IS INPUT
AV (IAV)=AR (2, J, KU)

[{FCIAV-EQ. 31 s=3]

KU=K,
WHEN 1AV
IS2,4,0R5
KU=K-1

I CALL

MTLUP

[ Nspu=ar 0,10 |

V

ALONG SPAN

AVERAGE VALUE IS OBTAINED
BY INTERPOLATION

[ 400 CONTINUE |
400 CONTINUE =

COMPUTE FLOW ANGLES AND UPDATE
NON-OSCILLATORY FACTOR

FACTAVEFACTAV® FMM =« FMZ* SINBETA

{

NONCPT

COMPUTE REDUCED FREQUENCY

AND LIFT COEFFICIENTS

RMU, Bl, B2, B3

CALL }

NON-COMPACT OPTION,
COMPUTE NON-COMPACT TERM

CAPLT

LIFTLN3

COMPACT OPTION,
COMPUTE LIFT FUNCTION

]

CAPLT

FACTAV = FACTAV'CAPLIJ

r—
- CALCULATE PRCJECTION FACTOR

-

TEMP2 __‘

®

CALL
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FACTAV = FACTAV * TENP2

/

CALCULATE RELATIVE
STREAMWISE DISTANCE
TRAVELED BY WAKE

TEMP2

[

CALCULATE WAKE WIDTH
AND DEPTH PRODUCT

TEMP2

LFACTAV =FACTAV*® TEMP?}

[

CALCULATE WAKE PROFILE
FOURIER COEFFICIENT

TEMP2

FACTAV=FACTAV * TEMP2

INTEGRATE OSCILLLATORY FACTOR

CALL

GAUSS2

VALUINT

i

ACCUMULATE PARTIAL SUM

INTEGRL=INTEGRL + FACTAVs VALUINT

600 CONTINUE ]

b




INCLUDE CONSTANT FACTOR

INTEGRL= INTEGRL « FACTCON

|
STORE MODAL AMPLITUDE

ALPHAMN (N,10FM)=INTEGRL

i

700 CONTINUE

\
[ 800 CONTINUE l

A

[

RETURN

SAVE THE EIGEN VALUE |-
GENERATION PARAMETERS

1000
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[ &)

©

(A N &)

SPCIOY

n

20
30

SUBROUTINE AAAAA(ARMISC, MAXDIMsMAXJI» AR, MDIM,NDIYM» AR MUMN»
LNQFMs MUSEs MAXNS ALPHAMNs LERROR )

REAL MSBT
COMPLEX ALPHAMNINDIM,MDINM)
COMPLEX FACTAV,FACTCUNSsFACTINT, INTEGRLSCAPLY » VALUINT

OIMENSION ARMISCU(l)»AR(MAXDIM,MAXI,»3)sARMUMN(NDIM,NOINM),
LMUSZ (MDI M), MAXNI(MDIM) '
DIMENSION Av{ll)

DATA 1SOROSOSEGNBNDO, ETAQLMOIMO,NDIMO,RNOFSYO,SIGNRBQOY
1 Oer=1¢2-1¢5050,0.50./
DATA Pl, TWOPI 73.14159205358979+6.28313533717359/

COMMON/CFACTZ  MsNsRMUMN, CAPNMNSETALSIGN»LoCAPKYN
COMMON/CFACTIR/NSBIR, SIGOL,PHISBIR

EQUI VALENCE (AV(I))AVSFAN))(AV(Z)DCI)DIAV(j)!CZ)D(AV(4’0CD))
LEAVIO)sDCLYI»{AVIT)IoFMT) s (AV(3)sFME) S LAV(F)sFMZ)» LAV(S)H»FMLE)

EXTERNAL FACTINT

150205 = ARMISC(5)
ITRACE = ARMISC{6) .
IF{ITRACE .GE. 1) WRITE(651010)
IF(1SOROS-1110s 10,20

PHISBIR = ARMISC(13)
SlGi = -1,
GO To 30
PHISBIR = ARMISC(12)
SIGY = 1.
CONT I NUE

GENERATE THE EIGENVALUES
NSBIB = ARMISC(10)
SIGMA = ARMISC(1l4)
SIGNRB = SIGMA*NSBR3E
MSar s ARMISCI(T)

RK = SIGNRB®MSBT

RKSID= RK*#2

IF( ISOROS.EQ.1) AXIALM 2AR(2,902)
IF{ ISOROS.EQ.2) AXIALM =4R{(2,9,3)
CMACH = l.-AXTALM*%2

EGNIND = RK/ SQRTICMACH]
IF(ISCGRIS.EQ.1) RNOFSV = ARMISC(8)
TF(ISCROS.EQ.2) RNOFSV = ARMISC(9)
ETA = ARMISC(3)

IFCITRAZE .GE. 1) WRITE(6,1020) NSBRB#SIGMASSIGNR3I,MSBT,RK,RKSQD,
1 AX{ALM» CMACH,ESNBNI»RNIFSV,ETA



[+#0 15005 .NE. ISOROSO ) GO 10 110
IFl EGN3ND ,NE. EGNBNDJ ) GO 7O 110
IF( ETA +NE. ETAD ) GO TO 119
IF(L MDIY +NE. MDIMO ) GO TO 110
1F( NDIM +NE. NDIMO ) GO0 TO 110
IF{ RNOFSY  NE. RNOFSVD ) GO TU Ll0
LF( SIGNR3 .NE. SIGNBG ) GJ TO 110
IF(ITRACE JGE. 1) WRITEL6,1030) '
to0rg 120

Tiob EONVALZ2(ISORDS»ECNBNDETALMDIMINDIM,RNOFSVYS SIGNRBSETRACES
! NOFMyMUS Es MAXN,ARMUMNS IEREGNV)

{ERRCHF = JEREGNY

CONT I NUE

ERROR RETURN

IF{IEREGNV.EQ.0) GO TO 200
JFUTEFESNV=-2) 150,130,150
SFUITRATEWNELD) WRITE(S,140) ’
TORMATIZ/LIHIL7D(1H*)//1lHO»*A KEDUCED SET CF EIGENVALUES 1S AVAILASB
YL O¥ Lh3s #COMPUTATIONS AILL PRUCEDE®/])HO» 70{LH*} )
Ta 239

CLEREGNV~4) 200,160,230

cLITRACELNELD) WRITE (05 180)
dUSAATL/ 7 1HO, TG ULH*) 1 71AC»*THERE ARE NO PROPAGATING RADIAL MGDES*/
Ao «N3 COMPUTATIONS CAN BE MADE®/LIHOs(LH#*} }
t 1@ 1200 :

NT I NUE

CF{ T503S.EQ.1) ZSBER = ARMISC(17)
{F( {S0x0S.30Q.2) ISBIR = ARMISC(16)
TFLIW=ARMISC(4)

DS AC=ARMISC(1SOROS)

LOOP ON M
DO 30C [OFM=]1,NOFM
SET M,L, AND NOFN

%= MUSSLICFH)
L = (M-SIGNRB)/RNDFSV

SIGIL = L

TF(I5CROS.EQ.2) SIGOL=SIGMA

NF3TR = NS323
GLSii3 T I TG MSBI=ARMISSB)

NG-1 = MaxN{iJF M)
IFClTRACECGELL+ANDLIOFN.GT. 1) WRITE(6,1205)
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LI EY €D

70

IF(ITRACE .GE. 1) WRITE(6s1040) MsLsSIGOLANSBIR,NOFN
LOOP ON N

D3 700 N=l,NOFN °
CALCULATE PROPAGATION FACTORS

RMUMN = ARMUMNI(N,IOFM)

BETAMN = SQRT(RKSTID-CMATH®RMUMNK%2)

CAPSKMN = (-RK*AXIALM + IFLOW*BETAMNI/CMACH

CAPNMN EGNNIRM{M,RMUMN, ETA)
IF(ITRACZE .GE. 1) WRITE(651050) NsRMUMN,BETAMNs, CAPKMN,C APNMN

COMPUTE MODAL AMPLITUDES

CALCULATE CONSTANT FACTOR, FACTCON

LOGEXP = ~CAPKMN*ZSBIR
FACTCON == (.125%NSBRB¥RNOFSV /BETAMN)*
ACHPLX( COS(ARGEXP)s SIN(ARGEXP) )

SET THE NUMBER OF SUB=-INTERVALS FOR WHICH THE
LAST TWO TERMS ARE EVALUATED

10RIGS = 2
INTEGRL = (0.50.1)

SET NUMBER OSCILLATIONS

HOSZE = ABS(S1GALI*NSIIR*(PHISBIR+DSPACI/PI
NOSCE = MAXO(NOSCESN)

KOSCE = 1.5 * NOSCE

NGSTE = MAXQ(NOSCES2!}

WIOTHI = (1.-ETA)/NDOSCE

IF{ITRACE +GE. 1) WRITE(6,1060) FACTCONSNOSCE

LODP ON NUMBER OF SUBINTERVALS
DC 500 ITRVL=1,NOSCE
RLOA = ETA ¢ (LTRVL-L)#WIDTHI
RUP = RLOW ¢ WIDTHI
270 CONF INUE
EVALUATE TERM TO BE AVERAGED
SET AVERAGE 3PN

AVSPAN = (RLOW & RUP 1%,.5



(A NS )

€€ <2

Trydy

€rer 2

©Y ey ¢

(R X &N i

AVI1) = AVSPAN
SET K INDEX

K s 3
[F{ 15005 .EQ.1 ) «=2

SET AVERAGE VALUES
DD 40C lAav=2,11
SET J INDEX
J = lav
IF(TAVL.EQ.10) J=9+ARMISC (184K )¢}
[F(TAV,EQ.11) J=9#ARMISC (18 e )#2
IF( TAVL.EQ.3 ) J=2
IF(IAV.,EQ.5) J=8
SEY K INDEX TO BE USED
KU = K
[0 LAV.EQL.2 ) KU=K-]
IF( LAV.EQ.4) KUsK-1
SET SPAN WHEN J=1
NSPN = AR(1,J»KU)
AVERAGE VALUE IS INPUT
I£( NSPN ) 402,2330¢340
AVE LAVY = AR(2,J45KU)
GO TO 400
INTERPOLATE FOR AYERAGE VALUE
1PAs=~] '
CALL MTLUPU(AVSPANSAV{IAV) 5L oNSPNINSPNs 1, IPAL,AR(3,15KU)»AR (35 JsKU))
CONT I NUE
ITF(ITRACE .GE. 1) WRITE(G601070) RLOWIRUPSAVSPANSCL»C25CD,0CLsFNMLS
FMESFMZ,LAVILIU)»AVILL)»FNM]E
CALCULATE THE AVERAGE FACTOR, FACTAYV
FACTAY Cl*C2+«DCL

=
TRETTRAZZ L3€. L) a<!TEinsil30) FalTaAY

COMPUTE MATH NUMBER RELATED VARIABLES
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419

429

TEMP1 = SORT{ FMI%&2 - FMZ®&2 )
TEMP2 = SQRT( FME*%2 - FMZ##2 )
TEMP3 = .25%( TEMPL + TEMP2 ) #%2
TEMP 4 = SQRT( FHLE®*2 - FMI#42 )
FMM = SQRT( FMZ¢%2 + TEMP3 )
COSTHS = FMI/FMM
SINTHS = SQRT( 1.-COSTHS*#%2 )
COS THSs =S TGN*C OSTHS
TEMPI=SQRT(FMM¥$2 ~ FMZ#%2)
SINZETA = FMZ#( TEMPL + TEMP4 )/( FMM*FMLE )
COSPSI = FMZ/FMIE ,
COT3ETA = (FMZ-TEMPL*TEMP4/FMZ)/( TEMPL + TEMP4 )

UPDATE AVERAGE FACTOR

TEMP3. = SINBETA/{AVSPAN*COSPSI)

FACTAYV = FACTAV*FMM #FMIE*TEMP3

IF( ITRACE.GE.1) WRITE(L»10B5)TEMPL,TEMP2,TEMP3, FMM s COSTHS,
’ SINBETA,COSPSI»FACTAY

COMPUTE THE REDUCED FREQUENCY

TEMP3=MSBY/FMN
RNU = J5%SIGOL*NSBIR*C2*TEMP]
{Fl ISORUS.EQ.2 ) RNU = ~RNU
81 = 1. .
B2 = ~AV(11)*COTBETA
€3 = ~AV{10)*COTBETA

COMPUTE COMPACY OPTICON - NAUMANN-YEH
IF( ARMISC(38).NE.O.) GO TO «10
CALL LIFTFN3(RNU»B1,»B2,83,CAPLT)
GO0 TO <20

COMPUTE NON-COMPACT QOPTION

CONT I NUE

Cati NONCPT(BL:82:83:CZ:CAPKHN:COSTHS:H»AVSPAN;RNUnSlNTHéoCAPLT)

UPDATE AVERAGE FACTOR

FACTAV = FACTAV#CAPLT
1F{ TTRACE.GE.1) WRITE(621090) CAPLT,FACTAYV

TEMP2 = M®COSTHS/AVSPAN + CAPKMN*SINTHS
FACTAV = FACTAV&TEMP2
TFIETFAZE .GE. 1) WRITE(&6s110C) TEMP2,FACTAY

X=()SPAL~-,25¢C24FMZ/F ML) /COSP 5
TEMP ] = Le71X/C1 -0.2)
TEMP2 = 1.65%CO#SQARTI TEMPL-JD . 15¢«TEMPL**2}



452

460

(2 XN ) QOO

20

6023

(SN SN S

(g A RN )

700
809
1090

oD MO e

€y

FACTAV = FACTAVS*TEMP2
IF(ITRACE +GE. 1) WRITE(G6,1110) TEMPL,TEMP2,FACTAY

TEMP ] = |, 36¢NSSIR*CL/(TWOPI*AVSPAN *«COSPS! )
TEMP 1 = TEMPL#SORT(CD#1X/Cl-0.35))%S51GOL

IFL TEMPL.NE.L. ) GO TD 450

TEM?2 = .5

GO TO 450

TEM?2 = PI*TEMP] :

IF(TErFP2 EQ. O.) TEMPZ2 = ],

IFITEMPZ .NE. QO.) TEMP2 = SINITEMP2)/TEMP2
TEMPZ2 = TEMP2/L1.-ITEMPL ) *¢2)

FACTAV = FACTAV*TEMP?

IFCITRATE JGEe 1) WRITE(6s1110) TEMPL,TEMP2,FAZTAY

PERFORM GAJSSIAN INTEGRATION

catt GAUSSZ(RLOW.RUP:IO&OGS-VALU[NT;FACTINT;ARHISC»1AXOIH;HAXJ-AR)
ACCUMULATE THE TERMS

INTEGRL = INTEGRL + FACTAV&VALUINT

END INTERVAL LOOP

IF(ITRKACE GE. 1} WRITE(6,1120) INTEGRL ,VALUINT,FACTAY
C ONT I NUE

APPLY FIRST TERM AND STORE
INTEGRL = FACTCON®INTEGRL
ALP4AMNIN, IOFM) =INTEGRL
IFUITRAZE oGEs 1) WRITELGs113G) INTEGRL
END N AND M LOQPS
C ONT I NUE
CONT I NUE
CONT I NUE

SAVE THE EIGENVALUE DETERMINING PARAMETERS

150050 = [SOROS
EGNINCO = EGNBND
ETAD a2 ETA
MDIYO = MDIM
NOIvQ = N3V
RNU=SYQ = RNCFSV
SIGNRBO = SIGNRB
RETURN

13
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(&)

RETJRN

1005 FORAAT(1MH1)

1010 FORYATI!HL»* OPTIONAL PRINTOUT FROM SUBROUTINE AAAAAS)

1920 FORMAT(1IHI,* EIGENVALUE PARAMETERS GENERATED®/]lA »2X,¢NSBRB = #,
112s10Xs*SIGMA = #,F3,009Xs*SIGNRSB = #,F5.0s7Xs® MS3T 2 €,F | Ca%>
22Xs®RK 3 9 FlG.4s2X o #¥RKSQD = *,Fl0.4/LlH 22Xs®AXIALM = #,F1Co«r
A2Xp*kCMACH s *oF 10,49 2Xs *EGNBND = #,F10.52s2Xs*RNIFSYV s *,F10.422X>»
S&FTA < #,F10.4)

1030 FORYMAT(IHNO»* THE EIGENVALUES FROM PREVIOUS CALL TO SUBROUTINE *,
1¥AAA AN ARE REJUSED FIR THIS CASE®*)

1040 FORMATILHO,® M = #,]2,3X,%L = #%,12,9X,*SIGOL = *»F0.2,3X,*NSBIR®*,
1% = ®,[2,6Xs*NOFN = *,12)

YOE0 FORMATIIMG,* N = #¥,12,3Xs*%RMUMN = *,F0,4,3X»#B8CTAMN = *,F10,4953X,
L¥CAPKMN =2 ¥ Fl0.4s3X, *¥CAPNYN =2 #,F10.4%)

1005 FORMAT{LIHC»* FACTCON = %,2F10.4,5X,%«NOSCE = %,12)

1070 FORMAT(1IHO»* RLOW = #sFF.453X,*RUF = %, FQ,.4s3X» *AVSPAN = *,F9,4,
13X,%C1 = #,F10.4s3Xs%C2 = *,F|C,453Xs%CD = #,FlI.4/]1H % DCL = #*,
QF10, 423Xs%FM] = &, FO 453 Xs*FME = $,FQ,426Xs*FM] = %$,FQ,4/
311X *BVEi0) = *,FQ,452X, % AVILL) s $,FP,4s2Xs*FMLE = #,F),4)

1080 FORMAT(LIHO,»30X,*FACTAV = *,2E12.4 )

1085 FORMAY(LHO»® TEMPL = %, FQ.4,3X,TEMP2 2 *,F9,493Xe*TEMP3 = *,F9,%/
1 1X »% FMY 2 $,FQ,402Xe*C0STHS =%,F,4»23X»*SIN3ETAXS$,FI, 4/
< 1X »% COSPSI=s *,FG, 403 X»*FACTAV =2%,2E12.4)

TS FORYMAT(LHO»* CAPLY = 302FE12.993X,*FACTAV = %,2E12.%)

4400 FORMATULHO,23Xs #TEMP2 = *,F1J.4,39X,*FACTAV = €,2E12.4) ¢
1110 FORMATILHO»#% TEMPL = % F10,4r3Xs% TEMPZ = *,F10.4,313X,*FACTAV = %,
1281244}

1120 FORYAT(LIHO, * INTEGRL = *,2E12.4,4Xs*VALUINT = ¢,2E12, 494X
1* FACTAV = *,2E12,4)

1130 FGRYAT(IHO,* INTEGRL = %,2E12.4)
END



3.1.2 Subroutine AABAA

Purpose: This subroutine computes the mode amplitudes for a given har-
monic. The noise is due to the nonstationary lift on the rotor
or stator blades resulting from the interaction of the poten-
tial flow field of two adjacent blade rows in relative motion.
Four basic interactions are possible: (1,2) interactions
between the inlet guide vanes and the rotor and (3,4) inter-
actions between the rotor and outlet guide vanes. For these
cases interactions in the upstream (1,3) and downstream
direction (2,4) are possible. The computation essentially
consists of determining which modes contribute significantly
to the sum, computing the required modal parameters, and
evaluating a definite integral per mode. The integral is
equation (9) from appendix I of volume I expressed for numer-

ical evaluation:

N b

SUB i
+ CONSTANT OSCILLATORY
Apno T { FACTOR } Z f {FACTOR } dp
j=1 a
J 3
with
N iK' 2
{CONSTANT} I S B 31
FACTOR 2Bmno
( dCL
OSCILLATORY | _ o \"da /x1
{FACTOR }' My, k1 (PO gpPlay (P o (o) ~—0

me -id (e)
% ' . kKL
* ( p + Kmnoez) € KK,KI(O) “m Y mn®



Method: The procedure is as follows:

1) Set the parameters to K1, K2, N

K1’ end II

K2

2) Obtein the eigenvalue generation parameters (the input

to EGNVAL2).
3) Compare these parameters to stored values to determine
if the required eigenvalues are already available. If

values are equal, proceed to step 6.

4) Compute the mode indexes and the corresponding eigen-

values.

5) Error return if correct eigenvalues have not been

computed.

6) Loop on the spinning mode index.

7) Set values of required integers and C's.

8) Loop on the radial mode index.

9) Compute the propagation constants and the normalization

of the duct radial eigenfunction.

10) Compute the constant factor in the mode amplitude

expression.
11) Initialize the value of the integral to zero.
12) Compute the number of equal subintervals required which

is determined by the total number of zeros of the oscil-

latory factor on the full integration interval.
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Usage:

Restrictions:

13) Loop on subintervals.

14) Compute the lower and upper bound and the midpoint of

the subinterval.
15) Integrate the oscillatory factor over the subinterval.

16) Accumulate the integrated oscillatory factor in the

integral value, completing the loop on the subintervals.

17) Multiply the constant factor into the integral value
giving the mode amplitude for the current spinning mode

index and radial mode index.

18) Save the current eigenvalue generation parameters from
step 2. The eigenvalues will not have to be recomputed
in the next execution if these parameters remain

unchanged.
CALLING SEQUENCE

DIMENSION MUSE(MDIM),MAXN(MDIM),ARMUMN(NDIM MDIM)
* ARMISC(40) ,AR(MAXDIM ,MAXJ,3)
COMPLEX ALPHAMN(NDIM ,MDIM)

CALL AABAA{ARMISC,MAXDIM,MAXJ ,AR ,MDIM,NDIM ,ARMUMN ,NOFM,
*  MUSE,MAXN ,ALPHAMN ,IERROR)

The use and restrictions on the input arrays ARMISC and AR
and the input/output NOFM,MUSE,MAXN,ARMUMN are given in

section 2.2.

The maximum spinning mode is limited (see subroutine EGNVAL2)
in absolute value to 100, and the maximum redial mode index

as a result is at most L0,
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Error Return: IERROR (see the FORTRAN dictionary, sec. 2.2)

Printout and See the definition of ARMISC(6),ITRACE, in the dictionary.

Diagnostics:

Timing: Of the cases run, the average time was 62 seconds per case.
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CALLING LIST

ARMISC, MAXDIM, MAXJ,
AR, MDIM, NDIM,
ARMUMN, NOFM,

MUSE, MAXN,
ALPHAMN, |ERROR

‘ ENTER ,

P

CALCULATE
PARAMETERS

K1,K2,NK1,NK2

OBTAIN OR CALCULATE
THE EIGEN VALUE GENERATION

PARAMETERS

ILOGIC, EGNBND, ETA,
MDIM, NDIM, RSBNKI,SIGNKI

COMPARE PRESENT
AND PREVIOUS
EIGEN VALUE
GENERATION
PARAMETERS

YES

CALCULATE THE
EIGEN VALUES

CALL

EGNVAL2

NOFM, MUSE,
MAXN, ARMUMN

Y

CHECK THE
ERROR RETURN
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80

IEREGNV :0

A REDUCED
SET OF
EIGENVALUES

THERE ARE
NO
EIGENVALUES

{EREGNV :4

LOOP ON M INDEX
DO 800 I0FM=1, NOFM

1

. CALCULATE INDICES
ML, SIGOL, NOFN, NSBIR

y

LOOP ON N
DO 700 N=1,NOFN

SET THE EIGEN VALUE
RMUMN

Y

CALCULATE PROPAGATION FACTORS

BETAMN, CAPKMN

®




(®)

CALCULATE EIGEN FUNCTION
NORMALIZATION FACTOR

CAPNMN

CALL

EGNNORM

Y

CALCULATE THE
CONSTANT TERM
"IN THE INTEGRAL

FACTCON

4

INTEGRL = 0, l

CALCULATE THE NUMBER AND
WIDTH OF THE SUBINTERVALS

NOSCE, WIDTH!

[

LOOP ON THE NUMBER
OF SUB INTERVALS

DO 600 ITRVL =1, NOSCE

!

CALCULATE SUBINTERVAL
LOWER AND UPPER BOUNDS

RLOW, RUP
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INTRGRATE OSCILLATQRY FACTOR

CALL

GAUSS 2

VALUINT

ACCUMULATE PARTIAL SUM
INTEGRL=INTEGRL+VALUINT

600 CONTINUE

i

INCLUDE CONSTANT FACTOR

INTEGRL =INTEGRL « FACTCON

[
STORE MODAL AMPLITUDE

ALPHAMN (N,IOFM)=INTEGRL

A
700 CONTINUE

800 CONTINUE

4

[ SAVE THE EIGEN VALUE ‘
Y1 GENERATION PARAMETERS |

‘ RETURN )

'




[

<y

Y ¢EYLS

SUBROUTINE AABAA(CARMISC, MAXDIMsMAXJsAR»MDIMsNDIY»ARMUMN,
INOF4»MUSEs» MAXNs ALPHAMNS [ ERRDOR )

REAL PS8BT
COMIPILEX ALPHAMNINDIM, MDIM)
COMPLEX FACTCONsFACTINZS INTEGRL» VALUINT

DIMZ NSION ARMISCU(21)» AR(MAXDIMIMAXJIS3)s ARMUNMNINDIIM, MDI ),
LMUSE (MO I M), MAXNIMDINM)

DATA ILOGICO,EGNBNDI,ETAOSMOIMOSNDIMOLRSBNKID»SIGNLK 1O/
1 Cor=1e2~1.202000400./¢ ’
DATA FI,TWOP! 13.14159265358979,6.283185337173597

COMYON/CFACT2/BsCAPKMNICAPNMNSIC35CH2C72C8sC95C1l1sC125C135ClarKly
i K2sLsMs NoNK2s» RMUMN, ST GOL

EXTERNAL FACTINZ

LAERD = ARMISC(13)

ISOR0S = ARMISC(S5)

{LOSIC = 153R3S

IF( TAERJ.EQ.~1.AND. I SOROS.EQ.,2) ILOGIC=1
[F{ 12ERD.EQ.-1.AND.1SJROS.EQ.1) JLOGIC=2
INDX = ILOGIC + [AERD

ITRACE = ARMISC(®)

IF(ITKACE .GE. 1) WRITE(6,1010)

COMPUTE Kl» K2» NX2, 8

K1l = [L3GIC + |

TF{INDX.EQ.1) Klal

K2 = KIl-1aERD

NK2=ARMISC(10)

IFIINDX.EQ.2) NK2=ARMISC(8)
IFUINDX.EQ.Q) NK2=ARMISC(9)
NK1 = AMISC{10)}
IFOINCX.EG.3) NKL1 = ARYISCI9)
IF(INDX.EQ.L) NKI = ARMISC(B)
TFILAERD.EQ. L)B=ARMISCIK2)
IFITAERD.EQ.-1) B=ARMISCIK])
IF(ITRACE.GE.L) WRITE(5,1015) K1sK2sNK1sNK2,B

GENERATE THE EJGENVALUES

TF{ILCGIC.EQaLl) NS3BNCKT = N}
LT LD Za20a0) TR s Nx 2
SI6%A =2 ASv[ZC 14

SIGNK]I = SIGMA®NSBN(]

MSaT = ARMISC(T)
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RK = SIGNKI®MSBY

RKSJIDs K*+2

AXIALM = AR{2s9,K])

CHMAZH s l,=-AXTALM®%2

EGN3ND = RK/ SOQRT(CMACHY

IF(ILCGIC.EQ.L) RSANKI = NK2

FTFITLOGIC.EQ.2) RSBNKI = NK]

ETA = ARMISC(3)

IF(ITRAZE .GEs 13 MWRITE(6s1020INSBNKI»SIGMASSIGNKI »MSBT»RKsRKSQD,
1 AXTALM,CMACH,EGNBNDSRSINKISETA
IF( 1LOSIC .NE. ILOGICO ) GO TQ 110

IF{ EGNIND .NE. EGNBNDO )

It ETA «NE. ETAD )

I1F( MOIM «NE. MDIMO )y GO 710 11O
(FL NDIM «NE. NDIMO )

TF( RSONKI .NE. RSBNKIO )

IR0 SIGNK! JNE. SIGNXKIO ) GO TU 110

IF(ITRACE +GE. 1) MWRITE(6,1030)

co 1o 120 ’

"o CALL EGNYAL2(ILOGIC,EGNBND,ET A»MDIMLNDIMRSBNKEI» SIGNKI»ITRACES

1 NOFMsMUS E» MAXN,ARMUMNS [EREGNYV)

TERICR = JEREGNYV

A C ONT [ hUE

ERROR RETURN

PFLIERESNVL.EQLO) GO TO 200
IFITEREGNV=2} 150,130,150
- TFULTRACZELNE.D) WRITE(65140)
-3 FOR4AT(//1HO»7O(LH*)/ J/LHG»*A REDUCED SET OF EIGENVALUES IS AVAILAB
LLE®/ LHO» *COMPUTATIONS WILL PROCEDE®*/1HO» 7TC(1H*) )
60 va 200

.50 ITF{LERISNV-43 200,150,200

102 JA{ITRACE.NE.D) WRITE(2,130)

1.3 FORMAT(//71HO, 7O (L1H*}//1HO,,*THERE ARE NO PROPAGATING RAODIAL MOOES*/
11HO» #NO CCMPUTATIONS CAN BE MADE#/LHO» (1H#*) )
62 10 1000

‘03 CONT LNUE

«381x » ARMISCILT7)
IF( INDX.EQ.3 ) ZSBIR = ARMISC{15)
IFL INDX.EQ.1l ) ZSBIR = ARMISC(15)
IFLIW=ARMISC(4)

LOOP ON M
217 390 1GFMs L, NCFY

SET MsL, AND NOFN



te

€ " e

IR AR 4IRS 4 )

»&y

[ & I8

(R EL]

M = MUSE(IOFM}

L = (M - SIGNKI) 7 SBNKI

SIGIL = L

IFUILCGIZ.EQ.2) SIGOL=51GMa

NOFN = MAXN{I3FM)

IFl TTRACE.GE«1.AND.IOFM.GT.1l) ARITE(5,1005)
IFLITRKATE JGEs 1) WRITE{6s104C) MsLl,S1GOL, NOFN

COMPUTE ALL THE € VALUES

C7 = SIGN{1.,S51G0L)

Cll = ~Z7*FLOAT(IAERD]

Lo = 2.,#FLOATLILOGIC)Y - 3. -

C3 = (2.%FLDAT{ISORIS) - 3.) * (~-C7)

¢lz = C7

€13 = (7

C9 = (C3%¥(7

Cl4 = C9

c3 = -C3

IF(C ITRACE GE. 1 ) WRITE(G6s1045) C3,C65C75C85%95C11,C12,C13C1L4

LOOP ON N
20 70C N=lsNOFN

CALCULATE PROPAGATIIN FACTORS
RFUSN = ARMUMN (N, [OFM)
SETAMN = SQRTIRKSQD~CMACHER MJMNK®2)
CAP<4N = (-RK*AXIALM + [FLOW®*BETAMN)/CMACH

CAPNMN = EGNNIRM(MsRMUMN,» ET A)
TF(ITRACE .GE. 1) WRITE{6,105C) NsRMUMN,BETAUNS CAPKMN,JAPNMN

COMPUTE MODAL AMPL ITUDES

CALCULATE CONSTANY FACTOR» FACTCON

ARGEXP =~C APKMN*Z5B8IR

FACTCON = [~ 25¢NK1/BETAMNI#IHPLXICOSIARGEXP) »SINCARGEXP))
${(TWOPL)

SET THE NUMSER OF SUB-INTERVALS FOR wWHICH THE
LAST TwO TERMS ARE EVALUATED

TARMGS = 2
INTEGRL = (3-'3.]

SEY NU“BER USCILLAT!ONS
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[ 94

BRIV

100

NOSCE = ABSISIGOLI®NK2

NOSCE = MAXQU(NOSCENN)

NOSCE = 1.5 * NOSCE

NOSZE MAXO(NOSCE»2)

WIDTHI = (1.-ETA)/NOSCE

IFUITRACZE +GE. 12 WRITE(6,1060) FACTCON,NQOSCE

LOOP ON NUMBER OF SUBINTERVALS

DD 50C ITRYL=1sNOSCE .

RLCA = ETA ¢ ([TRVL-1)*W]IDTHI

RUP = RLOW + WIDTHI

CONT I NUE . -

IF(ITRACE .GE. 1) WRITE(651070) RLOWSRUP

"PERFORM GAUSSIAN INTEGRATION

TF(ITRACE.EQ.3) WRITE (6s1115)

CALL GAUSSZ(RLU“.RUP;!DRDGS)V‘LUINT;FACTINZ'ARHISC)HAXDlHﬁﬁAXJolR)

ACCUMULATE THE TERMS
*NTEGRL = INTEGRL + VALUINT
END INTERVAL LOOP

JFCITRAZE ,GE. 1) WRITE(65,1120) INTEGRL ,VALUINT
C ONT | NUE .

APPLY FIRST TERM AND STORE
INTZGRL = FACTCON®INTEGRL
ALPHANMNIN, IOFM) =INTEGRL
IF(ITRACE +GEes 1) WRITE(651130) INTEGRL
END N AND M LOOPS
CONT [ NUE
CONT I NUE
CONT I NUE
SAVE THE EIGENVALUE DETERthlNG PARAMET ERS

1L0G1C0 = JLOGIC

EGN3NDO = EGNBND
ETAD = ETA
NDIMO = MDIM
NDTMD + NOIM
RSIVKIQ = RSANKI
SIGNKID s SIGNK!



(4]

RETURN
RETJRN

1005 FORYATI1IHL)

1010 FORMAT(iHL,* JPTIONAL PRINTOUT FROM SUBROUTINE AABAAS)

1015 FORMAT{ HGC»* K] s %, [293X»%K2 = %#,]2,6Xs #NK] = &,5]3,6X,3NK2 = ¥,
113,3X,%3 = #%,Fi0.%}

1020 FORYAT{IHI,* EIGENVALUE PARAMETERS GENERATED®/14 »2Xs*#N3SBNK] = =#,
112,10X0®SIGHA = #%,F3,0,9Xs*SIGNKI = %, F5,0,7Xs* MSBT = *,F10.4»
22Xs¥RK 2 ¥pF10.,402X,*¥XKSQD 2 *¥5F10.871H »2X,¢AXIALN = %,F]10.4%>
32Xs#CHACH = %,F 10, Q-ZXt‘EGVBND a2 k,Fl0,5,2X>*RS3INK] = *,F10,452X>»
L%ETA = %,F10.4)

1030 FURMAT(1HO,* THE EIGENVALUES FRUH PREVIDUS CALL TO SUBRIUTINE =,
L¥AA3AA ARE REUSED FOR THIS CASE#)

1040 FORMAT({LHO,*® M = ¥,14,53X,%L = *,[2,9Xs*SIGOL = *,FH.2»

1 pX» ¥NOFN = *,]2)

1045 FORMAT(/LILIX>*C3 = %, F2,052X»%C6 = #¥,F2,002Xe#C? = #5F2,022X»*C8 =
L¥sF2.002Xs*C T = #5F2,002Xs# 11 = *,F2.,022X0e%C12 = #,F2,092X»
2%C13 = #,F2.002Xs3%Cl4 = *,F2.()

1058 FORMATIIHOD,® N = %,14,3X,%RMIMN = *:F1004)3Xﬁ*8:TA*\ = .’Flo 4s3X»
1%CAPKIMN = #,F10.453X,%CAPNNMN = #,F 10,4}

1050 FORYATIIHO,*® FACTCON = 3,2F10.455X,%NASCE = ¥,]12)

1070 FORMATIIHD,*® RLOW = ®,FI3,453X,*RUP = %, F9,.4)

D115 FORMATUILIHO »3XNs %RHO¥s IXs &MMK L%, 3IXs ¥ CAMMA®, 6X» #ARA0%, X, ¥C APHRHO*,
L12Xe *EXPDRHO*, 1 2Xs *CAPKRHO% s I Xo 3FACT®» 4X» ¥ SCPTRYNE, IX, *FACTINZ2%/)

D120 FORMAT(1HO» * INTEGRL = #,2ElZ24424Xs*®VALUINT = %*,2E12.4)

1130 FORMAT{LIHG»® INTEGRL = &, 2E12.4)

END .
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3.1.3 Subroutine BCDAA

Purpose:

Method:

88

This subroutine computes the mode amplitudes, for a given
harmonic, when a rotor operates in steady distortion. The
computation essentially consists of determining which modes
contribute significantly to the sum, computing the required
modal parameters, and evaluating a definite integral per
mode. This integral is equation (9) from appendix 1 of vol-

ume I expressed for numerical evaluation:

N b

SUB  ( AYERAGE OF -
+ CONSTANT OSCILLATORY
A =1 FACTOR NON-OSCILLATORY PAGTOR dp
mno FACTOR a.
j=1 i 3
with
' *
N -iK" Z
{CONSTANT _ R mn
FACTOR 48
mn

dc
NON-OSCILLATORY {_ . (wk M, M sin
) FACTOR ) 2 \do z

nf!—:d> +
* { —~ 4+ K e } CAPLT
p mn Z

OSCILLATORY
{FACTOR } =W @R, (“mn°>

See the FORTRAN dictionary (sec. 2.2) for CAPLT.
The procedure is as follows:

1) Obtain the eigenvalue generation parameters (the input
to EGNVAL2).



2)

3)

¥)

5)

6)

7)

8)

9)

10)

11)

12)

13)

1k)

Compare these parameters to stored values to determine
if the required eigenvalues are salready available. If

values are equal, proceed to step 6.

Compute the mode indexes and the corresponding eigen-

values.

Error return if correct eigenvalues have not been

computed.

Loop on the spinning mode index.

Set values of required integers.

Loop on the radial mode index.

Compute the propagation constants and the normalization

of the duct radial eigenfunction.

Compute the constant factor in the mode amplitude

expression.

Initialize the value of the integral to zero.

Compute the number of equal subintervals required,
which is determined by the total number of zeros of the
oscillatory factor on the full integration interval.

Loop on subintervals.

Compute the lower and upper bound and the midpoint of
the subinterval.

Set up for accessing the input geometric and aerodynamic
data.
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15)

16)

17)

18)

19)

20)

21)

22)

23)

2k)

If the average value over the full interval of a geo-
metric or aerodynamic variable is input, use it and

proceed to step 17.

Compute an average value on the subinterval for the

geometric or aerodynamic variable.

Initialize the nonoscillatory factor to the product of
the average value of the first two variables appearing

in that factor.

Compute flow angles and multiply the average value for
the next three variables in the nonoscillatory factor

into that factor.

Compute the reduced frequency and the lift function

coefficients (used for noncompact factor also).

When the compact option is specified, compute the value
for the frequency response function of the 1lift and

multiply this into the nonoscillatory factor.

When the noncompact option is specified, compute the
noncompact factor and multiply this into the nonoscilla-

tory factor.

Compute the inner product, or projection, factor and

multiply into the nonoscillatory factor.

Integrate the oscillatory factor over the subinterval.

Multiply the nonoscillatory and the integrated oscilla-
tory factors together and accumulate in the integral

value, completing the loop on the subintervals.



Usage:

Restriotions:

Error Return:

Printout and

Diagnostics:

Timing :

25) Multiply the constant factor into the integral value
giving the mode amplitude for the current spinning mode

index and radial mode index.

26) Save the current eigenvalue generation parameters from
step 1. The eigenvalues will not have to be recomputed
in the next execution if these parameters remain

unchanged.

CALLING SEQUENCE

DIMENSION MUSE(MDIM) ,MAXN(MDIM),ARMUMN(NDIM,MDIM),
* ARMISC(40) ,AR(MAXDIM ,MAXJ,3)
COMPLEX ALPHAMN(NDIM,MDIM)

CALL BCDAA(ARMISC ,MAXDIM,MAXJ,AR,MDIM,NDIM,ARMUMN ,NCFM,
* MUSE ,MAXN ,ALPHAMN , IERROR )

The use and restrictions on the input arreys ARMISC and AR
and the input/output NOFM,MUSE,MAXN,ARMUMN are given in
section 2.2.

The maximum spinning mode is limited (see subroutine EGNVAL2)
in absolute value to 100, and the meximum radial mode index
as a result is at most LO.

IERROR (see the FORTRAN dictionary, sec. 2.2)

See the definition of ARMISC(6),ITRACE, in the dictionary.

Of the cases run, the average time was 117 seconds per case,
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CALLING LIST

ARMISC, MAXDIM, MAXJ,
AR, MDIM, NDIM,
ARMUMN, NOFM,

MUSE, MAXN,

ALPHAMN, IERROR

( ENTER ’

-

OBTAIN OR CALCULATE
THE EIGEN VALUE GENERATION

PARAMETERS

EGNBND, ETA,
MDIM, NDIM, RNOFSV,SIGNRB

COMPARE PRESENT
AND PREVIOUS
EIGEN VALUE
GENERATION
PARAMETERS

CALCULATE THE
EIGEN VALUES

CALL

EGNVAL2

NOFM, MUSE,
MAXN, ARMUMN

\

CHECK THE
ERROR RETURN




tEREGNV :0

A REDUCED
SET OF
EIGENVALUES

THERE ARE
NO
EIGENVALUES

IEREGNV :4

{

LOOP ON M INDEX
DO 800 IOFM= 1, NOFM

1

CALCULATE INDICES
M,L, NSBIR, NOFN

LOOP ON N
DO 700 N=1,NOFN

[

SET THE EIGEN VALUE
RUUMN

CALCULATE PROPAGATION FACTORS

BETAMN, CAFYMN

®
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®

CALCULATE EIGEN FUNCTION
NORMALIZATION FACTOR

CAPNUN

CALL

EGNNORM

Y
CALCULATE THE

CONSTANT TERM
IN THE INTEGRAL

FACTCON

\

||NTEGRL =0. }

CALCULATE THE NUMBER AND
WIDTH OF THE SUBINTERVALS

NOSCE, WIDTHI

[

LOOP ON THE NUMBER
OF SUB INTERVALS

DO 600 ITRVL=1, NOSCE

CALCULATE SUBINTERVAL
LOWER AND UPPER BOUNDS

RLOW, RUP, AVSPAN

LOOP ON AVERAGE VALUE INDEX

D0 400 1AV=3,11

J=IAV+ARMISC (18+ Kﬂ




©

LiIFOIAV . EQ .3)9=2 ]

[ NsPh = AR 0,060 |

CALL

MTLUP

AVERAGE VALUE IS INPUT
AV (1AV)=AR (2, J, KU)

AVERAGE VALUE IS OBTAINED

BY INTERPOLATION
ALONG SPAN

> 400 CONTINUE

/

INITALIZE THE NON OSCILLATORY FACTOR

FACTAV = C2 *DCL

Y

COMPUTE FLOW ANGLES AND UPDATE

NON -OSCiLLATORY FACTOR

FACTAV=FACTAV+»FMM » FMZ « SINBETA

1

NONCPT

COMPUTE REDUCED FREQUENCY

AND LIFT COEFFICIENTS

RNU, B1, B2, B3

cALL §

LIFTFN3

NON - COMPACT OPTION,

COMPUTE NON-COMPACT TERM

COMPACT OPTION,
COMPUTE LIFT FUNCTION

CAPLT

CAPLT

b CALL
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[ Factav Factav capir)

Y
CALCULATE PROJECTION FACTOR

TEMP2

Y

[FACTAV FACTAV TEMP? |

!

INTEGRATE OSCILLATORY FACTOR CALL GAUSS2

VALUINT

ACCUMULATE PARTIAL SUN

INTEGRL =INTEGRL+FACTAV » VALUINT

WF
I 600 CONTINUE

INCLUDE CONSTANT FACTOR
INTEGRL =~ INTEGRL « FACTCON

)
STORE MODAL AMPLITUDE

ALPHAMN (N,IOFM)= INTEGRL

%l

100 CONT[NUE'
\

I 800 CONTINUE

[
SAVE THE EIGEN VALUE

GENERATION PARAMETERS

1000

RETURN



<)

[4

-

P

SUBROUTINE BCDAA(ARMI SC» MAXDI MsMAXJI» ARSI MDIMsNDIM»AR MUMNL, NOFM,MUSE,
1MAXN s ALPHAMNS [ ERROR)

REA. MS3T
COMPLEX ALPHAMNI(NDIM, MDIM)
COMPLEX FACTAV,»FACTCONSFACTINI,INTEGRL,CAPLT »VALUINT

DIMZINSION ARMISCUL)sARIMAXDIMIMAXIS»3)»ARMUMN(NDIM,MDINM),
LMUSE (MOIM), MAXNIMDIM)
DIMINSION av(ll)

DATA EGNBNOJ;éTAD:MOIMO.NDIHD.RNOFSVO.SIGNRSOI
1 “1les=1020s093.s0.7 '
DATA Pl,TWOP!I 13.14159265358979,0.,2831853)2717359/

COMMONICFACTY MnN.iHUHN:fAPNMNoETA:SlGN:LnCAPKﬂN

EQUI VALENCE (AVIL1),AVSPAN), (Av(3),C2)>»
LUAVIO)sOCL I (AVIT)SFY L) (AVIB)sFNED» (AV(I),FMZ)

EXTERNAL FACTIN3
ITRACF = ARMISCI(6)
IF(ITRACTE .GE. L} WRITE(6,10.0)

GENERATE THE EIGENVALUES

NSBB8 = ARMISC(10)
SIGYA = ARMISC(14)
SIGNRB = SIGMA®NSBRS
msev = ARMISC (T

RK = SIGNRB*MSBTY

RASAD= RK**2

AXIaLy = AR{2,9,2)

CMAZH = l.-AX[ALM*e¢2

EGN3INL = RK/ SOQRT(CMACH)

RNOFSV = |

ETA = ARMISC(3) .

I1F{I TRACE GE. 1) WRITE(6,1020) NSBRS»SIGMA,SISNRIsMSBT»RKsRKSQAD»
i AXTALM, CMACHIEGNBNISRNIFSV,ETA
1F{ EGN3ND .NE. EGNBNDD 3 GJ TO 110
IF( ETA +NE. ETAD ) GO 10 11O
TFL MOINM «NE . MDIMO ) G3 T3 110
iF{ NOIY +NE. NDINMD } 60 10 110
IF{ RNDFSV NF, RNOFSVI ) GO TO ll0
TF( SIGNRB JNE. SIGNRBI ) GO T3 119
IFCITRACE .GE. 1} WRITEUG,1030)

60 70 120

CaLl ECGNVAL2{ 2 P EONIND» ET As MO I MaNDIMIRNIFSYS SIS IR3,ITRACES
1 NOFM) MUSE» MAXNSAKMUMN, TEREGNY)
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IERROR = [EREGNV
120 CONT INUE

ERROR RETURN

€re2¢Y

IF(IEREGNV.EQ.0) GO TO 2CO0
IF(IEKEGNY=2) 150,130,150
130 TFUITRACELNELD) WRITElDs140)
140 FORMAT(//1HO»7O0(1H*®)//71HO,*A REDUCED SET OF EIGENVALUES IS AVAIL AB
LLE*/ 1HO» $COMPJUTATIONS WILL PROCEDE*/1HO» 70(1H*) )
GO Ta 230
150 [IF(IEREGNV=-4) 200,160,200
[60 IFUITKACELNELD) WRITE(6,180)
180 FORMAT(//1HI»TCULIH*)/7/1HQ,*THERE ARE NO PROPAGAT ING RADIAL MODES*/
11HO» *NO COMPUTATIONS CAN BE MADE*/1HO»7J(1H*) )
G0 10 1000
200 CONTINUE

c
ISBIR s ARMISC(1?)
IFLOW=ARMISC(4)
o LOOP ON M
c

00 30C I0FM=1,NOFM

SET MsLs AND NOFN

€red ¢

M = MUSE (1O0FM)

L = (M~SIGNRB)/RNOFSYV

NOFN = MAXN(IOFM) ,
IF(IOFM.GT.1.AND.ITRACE.GE. 1} WRITE(651005)

IF(ITRACE .GE. 1) WRITE(6,1040) MsL, NSBR3 sNIFN

LOOP ON N

[N a N &7

00 700 Ns1,NOFN _
CALCULATE PROPAGATION FACTORS

YO

RMUMN = ARMUMN(N,10FM)

BETAMN = SQRT(RKSQD-CMACHSRMIMN®#+2)

CAPCMN = (-RK*®AXIALM + [FLOW*BETAMN}/CNACH

CAPNMN = EGNNIRMIMsRMUMNSETAY

IF(ITREACE .GE. 1) WRITELOs13503 NrRMUMN,BETAMN, CAPKMN,CAPNNN

COMPUTE MJDAL AMPLITULDES

€CrE2¢€2¢1 ¢
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L4 2K SR

R IR

€rer vy

ST

CALCULATE CONSTANT FACTOR», FACTCON

TEMP ] = -CAPKMN#*ZSBIR
FACTCON = - ,25¢NSBRB/(BETAMN )«
1CHPLX T COSITEMPL)» SINITEMPL) ) )

SET THE NUM3ER OF SUB-INTERVALS FOR WHICH THE
LAST TWO TERMS ARE EVALUATED

1CRIGS = 2
INTEGRL = (0.»0.)

SET NUMBER OSCILLATIGNS

NOSZE = ]

NOSZE = MAXO{(NOSCE,N)

NOSZE = 1.5 * NOSCE

NOSZE = MAXQ(NOSCEs2)

WIOTHI = (1.-ETA)/NISCE

IFCITRACE +GEe 1) WRITE(S5,1360) FACTCON,NOSCE

LOOP ON NUMBER OF SUBINTERVALS
D0 50C ITRVL=]1,NOSCE
RLO4 = ETA + (ITRVL-1)&WIDTHI
RUP = RLOW + WIDTHI
CONT I NUE
EVALUATE TERM TO BE AVERAGED
SET AVERAGE SPAN

AVSPAN = (RLOW ¢ RUP )#*,5
AVIl) = AVSPAN

SET K INDEX

SET AVERAGE VALUES
DO 4«00 1av=3,11
SET J INDEX

J = lay
TFI0AY.22.100)23e324IS2(194K) +]
ORI S S P LU I G S PSRN
1Fl J.EJ.% ) GO TO 400

1FE J.EJ.5 ) GO TO 400
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SEYT K INDEX T2 BE USED
K t.K
Z SET SPAN WHEN J=1
NSPY = AR(1,J2KU)
AVERAGE VALUE‘lS INPUT

1FL NSPN ) 400,330,340
337 AV( [AV) = AR(2,JsKU)
GO 10O <00

INTERPOLATE FIR AVERAGE VALUE

Je0 [PA=~-] .
CALL MTLUP(AVSPANSAV(IAVI L oNSPNsNSPNs 1, IPALAR(3,1,KU)AR(3,JIsKU) )
403 CONT INUE
IF(ITRAZE +GE. 1) WRITE(6,1370) RLOW,RUP,AVSPAN »C2 sDCLIFNT,
i FME,FMZ,AV(10)»AVILL)

CALCULATE THE AVERAGE FACTOR, FACTAVY

FACTAY » c2*%0CL
IF(ITRACE .GE. 1) WRITE(6,1080) FACTAV

COMPUTE MACH NUMBER RELATED VARIABLES

TEMPL = SQRT( FMI®#¥2 -FMI%¥*2 )
TEM22 = SQRT{ FME**2 -FMI#%¢2 )
TEM?3 30.25%(TEMPL+TENP2) #¥2
FMM = SQRT( FMI#**2 + TEMP3 }
COSTHS = FMI/FMM

SINTHS = SQRT(l. = COSTHS#*2)
SINIETA = SINTHS

COT3ETA = COSTHS/SINTHS

UPDATE AVERAGE FACTOR
FACTAY = FACTAV*FMM*F MZ#S INBETA
[F( ITRACE.GE.Ll) WRITE(6,1085) TEMPLl,TEMP2,TEMP3,FM»COSTHS,
1 SINBETA,FACTAV
COMPUTE REDUCED FREQUENCY
RNU 3 S#LeC2eMS3T/Fum
31 * L.

82 = -AV{11)*COTBETA
83 = ~AV(1C)*COTBETA
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COMPUTE COMPACT OPTION
IFt ARM{SC{(38).NE.O.) GO TO 410
CALL LIFTFN3{(RNU»BLl»32,83,CAPLT)
50 10 420
¢ COMPUTE NON-COMPACT OPTION

410 CONTINUE
CAL. NONCPT(Bl,B2s83,C2»CAPKMNSCOSTHSs» Mo AVSPANSRNUs SINTHS,CAPLT)

UPDATE AVERAGE FACTOR

420 FACTAV = FACTAV*CAPLT
TF{ ITRACE.GE.]l ) WRITE(6,1C9C) FACTAV,CAPLT

TEMO 2 = MACOSTHS/AVSPAN + CAPKMN®SINTHS

FACTAV = FACTAV#TEMP2

1F(ITRACE .GE. 1) WRITE(6,11C0) FACTAV,TEMP2
PERFORM GAUSSIAN INTEGRATION

CALL GAUSS2(RLOW,RUP, IORDGS,VALUINT»FACTIN3,ARMISC, 1AXDIM,MAXJIsAR)
ACCUMULATE THE TERMS

INTEGRL = INTEGRL ¢ FACTAVEVALUINT

5 ENO INTERVAL LOOP

IF{ITRKAZEL.GE.1) WRITE(o»112CIFACTAV,VALUINT, INTEGRL
600 CUNT INUE ’

APPLY FIRST TERM AND STORE
INTEGRL = FACTCON®INTEGRL
ALPHAMNINS IOF4) = INTEGRL
IF(ETRACE .GE. 1) WRITE(O6,1130) INTEGRL

END N AND M LOOQPS

€)1 tie;

703 CONTINUE
302 COHNTINUE
1C00 CONT INUE

SAVE THE EIGENVALUE DETERMINING PARAMETERS

RN ]

<

EGNINCO = ESN3IND
ETAD = ETA
MDIMO = MDIM
NDIvD = NDIM
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RNOFSVO = RNOFSY
SIGNRBO = SIGNRB

RETJRN

1005 FORYAT(LHL1Z7)

1010 FORMAT(LHL/Z71lIXs* OPTIONAL PRINTAOUT FROM SUBROUTINE B8CDAA*)

1620 FORMAT{LIHO,1O0X,*EIGENVALUE PARAMETERS GENERATED*/13X,#NSBRB = x,
LI3,2X,%51GMA = #,F3,022Xs¥SIGNRB = #,F6,0s2Xs*M33T = ®,F|Ca4/13X>»
2%¥RK = #,3F10,492Xs*%RXSQ) = #,F 0,40 2Xe*AXIALY = ®5F1J).4/713X>»
I*¥CMACH = #,F1J0.4s2X)®*EGNBND = #,2X,Fl0.5,2%Xs*RNIFSV = ¥, F10.,4/13X,
4%ETA = #,F10.5)

1030 FORMATULHU,»10OX» *THE EIGENVALUES FROM PREVIOUS CalLlL TO SJUBRODUTINE B
18CAA*®/]11X,*ARE REUSED FIOR THIS CASE®)

1040 FORMAT(LHO,LOX»*M = %,04s2Xs*L = *,]4,2X,
1*¥NS3RB = %, 3,2X,#NOFN = %, [4)

1050 FORMATI{IHO,10Xs#N = ®,1452X,* KMUMN = *,F10,422X» *BETANN = %,F10, 4/
120X, PCAPKMN = *,F1C.4992Xo SCAPNMN =2 ¥,F10,4)

1060 FORVYAT(IHO»1OXs*¥FACTCON = %,2E12.452X»3N0OSCE = #,14)

1070 FORMATILHO» 10X #RLOW = #,FF ., 452Xs*¥RUP 2 #,FI,452X,® AVSPAN = %,F9,4
1711X,%C2 = *,F10.402X> 20CL = *,Fl).a711X>»

Q¥FM] = *FQ,64,2Xs¥%FME = &3 FF,492X»*FMZ = ®,FI,4/
3L1X%s ®AVUIC) =2 %®pFQ.4s o *AVILIL) = %¥,F3.4)

1080 FORMAT{IHO» 10X, *FACTAVY = *,2812.4)

1225 FORMAT(LHO,* TEMPL = 3 FQ,4,2Xs*TEMP2 2 #,FP,492X,4TEMPI = *,F9, 4/
1 IXs* FMM 2 $5FQ,4s2Xs*COSTHST #,FQ.4s2Xs*SINBETAZ®,FI, &/
2 IXs% FACTAVS #,2€12.4)

1090 FORMATULIHD,»1OX»*FACTAV = #®,2E12.402X2%CAPLT = ¥, 2E12,.4%)

L1000 FORMAT({LIHO,10X,» #FACTAY = %, 2E12.49s2X»*TEMP2 = ®,2E12,.4)

"120 TFORMAT(LIHI, 10X, *FACTAYV =#,2FE]1 2, 4» 2Xs *VALUINT =%, 2E1 2,4/
il1iXs ®INTEGRL =%2E12.4)

1130 FORMAT{LIHO,10X» *INTEGRL =2%,2E12.4)

END



3.1.4% Subroutine BBCAA

Purpose: This subroutine computes the mode amplitudes for a given har-
monic. The pressure results from the nonstationary lift
induced on the rotor blades as they cut through an eddy which
is convected with the flow. The computation consists of deter-
mining wvhich modes contribute significantly to the sum,
computing the required modal parameters, and evaluating a
definite integral per mode. The integral is equation (9)

from appendix I of volume I and is expressed for numerical

evaluation:
b.
"sus AVERAGE OF .
+ _ f CONSTANT OSCILLATORY | 4
Ang = { FACTOR } }E: {NON OSCILLATORY} -}(. {FACTOR } )
_1 UFACTOR
J ja
h)
with
+
{CONSTANT} I
FACTOR 48
: dC me
NON-OSCILLATORY| _ LY, b,
FACTOR da z \ o mn <2
]
OSCILLATORY
{FACTOR } FACTIN4

See the FORTRAN dictionary (sec. 2.2) for FACTINL.
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Method: The procedure is as follows:

1) Obtain the eigenvalue generation parameters (the input
to EGNVAL2).

2) Compare these parameters to stored values to determine
if the required eigenvalues are already available. If

values are equal, proceed to step k.

3) Compute the mode indexes and the corresponding eigen-

values.

k) Error return if correct eigenvalues have not been

computed.

5) Loop on the spinning mode index.

6) Set values of required integers.

7) Loop on the radial mode index.

8) Compute the propagation constants and the normalization

of the duct radial eigenfunction.

9) Compute the constant factor in the mode amplitude

expression.

10) Initialize the value of the integral to zero.

11) Compute the number of equal subintervals required,
which is determined by the total number of zeros of the
oscillatory factor on the full integration interval,

12) Loop on subintervals.
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13) Compute the lower and upper bound and the midpoint of
the subinterval.

14) Set up for accessing the input geometric and aerodynamic
data.

15) 1If the average value over the full interval of a geo-
metric or aerodynamic variable is input, use it and

proceed to step 17.

16) Compute an average value on the subinterval for the

geometric or aerodynamic variable.

17) 1Initialize the nonoscillatory factor to the product of
the average value of the first two varisbles appearing

in that factor.

18) Multiply the average axial Mach number into the non-

oscillatory factor.

19) Compute the inner product, or projection, factor and

multiply into the nonoscillatory factor.

20) Integrate the oscillatory factor over the subinterval.

21) Multiply the nonoscillatory and the integrated oscilla-
tory factors together and accumulate in the integral

value, completing the loop on the subintervals.

22) Multiply the constant factor into the integral value
giving the mode amplitude for the current spinning mode

index and radial mode index.

23) Save the current eigenvalue generation parameters from
step 1. The eigenvalues will not have to be recomputed

in the next execution if these parameters remain unchanged.
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Usage: CALLING SEQUENCE
DIMENSION MUSE(MDIM),MAXN(MDIM),ARMUMN(NDIM,MDIM)
* ARMISC(40) ,AR(MAXDIM,MAXJ,3)

COMPLEX ALPHAMN({NDIM,MDIM)

CALL BBCAA(ARMISC ,MAXDIM,MAXJ ,AR ,MDIM,NDIM ,ARMUMII ,NOFM,
#  MUSE,MAXN ,ALPHAMN,IERROR)

Restrictions:  The use and restrictions on the input arrays ARMISC and AR
and the input/output NOFM,MUSE,MAXN,ARMUMN are given in
section 2.2,
The maximum spinning mode is limited (see subroutine EGNVAL2)
in absolute value to 100, and the maximum radial mode index
as a result is at most 40.

Error Return: IERROR (see the FORTRAN dictionary, sec. 2.2)

Printout and See the definition of ARMISC(6),ITRACE, in the dictionary.

Diagnostics:

Timing: Of the cases run, the average time was 145 seconds per case.
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CALLING LIST

ARMISC, MAXDIM, MAXJ,

AR, KDIM, NDIM,
ARMUMN, NOFM,
MUSE, MAXN,
ALPHAMN, IERROR

‘ "ENTER ,

S

[

OBTAIN OR CALCULATE
THE EIGEN VALUE GENERATION
PARAMETERS

EGNBND, ETA,
MDIM, NDIM, RNOFSV,SIGNRB

COMPARE PRESENT
AND PREVIOUS
EIGEN VALUE
GENERATION
PARAMETERS

YES

CALCULATE THE

EIGEN VALUES CALL | EGNVAL2

NOFM, MUSE,
MAXN, ARMUMN

|

CHECK THE
ERROR RETURN
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IEREGNV :0

A REDUCED
SET OF
EIGENVALUES

THERE ARE
NO
EIGENVALUES

IEREGNV 4

!

LOOP ON M INDEX
DO 800 10FM=1, NOFM

'

CALCULATE INDICES
M,L, NSBIR , NOFN

LOOP ON N
DO 700 N=1,NOFN

[

SET THE EIGEN VALUE
RMUMN

Y

CALCU LATE PROPAGATION FACTORS

BETAMN, CAPKMN

®




®

CALCULATE EIGEN FUNCTION
NORMALIZATION FACTOR

CAPNMN

CALL

EGNNORM

1

CALCULATE THE
CONSTANT TERM
IN THE INTEGRAL

FACTCON

INTEGRL =0,

CALCULATE THE NUMBER AND
WIDTH OF THE SUBINTERVALS

NOSCE, WIDTH!

[

LOOP ON THE NUMBER
OF SUB INTERVALS

DO 600 ITRVL=1, NOSCE

\

CALCULATE SUBINTERVAL
LOWER AND UPPER BOUNDS

RLOW, RUP, AVSPAN

LOOP ON AVERAGE VALUE INDEX

DO 400 1Av=3,11

3= IAV+ARMISC (18 + K)J

[
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CALL MTLUP

r

AVERAGE VALUE 15 OBTAINED

AVERAGE VALUE \S INPUT BY INTERPOLATION

AV (IAV)*AR (2, J, KU)

ALONG SPAN

>~ 400 CONTINUE

INITALIZE THE NON OSCILLATORY FACTOR
FACTAY = Cc2 *DCL

y
FACTAV = FACTAV * FM z]

y

CALCULATE PROJECTION FACTOR
TE MP2

/
, FACTAV = FACTAV # TEMPZJ




©

INTEGRATE OSCILLATORY FACTOR

CALL

GAUSS2

VALUINT

y

ACCUMULATE PARTIAL SUM 1

INTEGRL =INTEGRL + FACTAV » VALUINT

f
[[600 conTinue |

|
INCLUDE CONSTANT FACTOR

INTEGRL = INTEGRL » FACTCON

1
STORE MODAL AMPLITUDE

ALPHAMN (N,IOFM)= INTEGRL

I 700 CONTINUE ,

Y

[ 800 CONTINVE ’

A
SAVE THE EIGEN VALUE
GENERATION PARAMETERS

1

{ RETURN ’

@)
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SUBROUTINE BBCAA(ARMISCH MAXDIMsMAXI2ARSMDIMsNDIM» ARMUMNS NOFM,MUSE,
LMAXY, ALPHAMN, | ERROR)

(@]

REAL MS3T
COMPLEX ALPHAMNI(NDIM,MDIM)
COMPLEX CAPLY,FACTAV, FACTCUNs FACTINGs INTEGRLs VALUINT

c )
DIMENSIIN ARMISCULIsARIMAXDIMIMAXIS 3 ARMUMNINDEI MptDIN),
INMUSE (MDIM) »MAXN (MOIM)
DIMENSION AV(lL)
¢
OATA EGNBNDD, ETAO,MDI MO, NDIMOL,RNOFSYO,SIGNRBOZ
1 “ler=1.00009sD2.50.7
DATA Pl,TWQOPI 713.,14159265358979,6.28318533717359/
o e

COMMON/ZFACT? MoNsRMUMNS CAPNMN,ETA» SIGN»L»CAPKMN

EQUI VALENCE (AVIL)»AVSPAN)» {AV{3)sC2)»
LOAVIG)IsDCLY» (AVITISFMII»CAV(S)IFMEI> (AVIF)ILFMZ)

)

EXTERNAL FACTINSG

ITRACE = ARMISC(6)
EF(TTRAZE .GE. 1} WRITE(651010)

GENERATE THE EIGENVALUES

NSBB8 = ARMISC (10}
SIGYA = ARMISC(l4])
SIGNRE = SIGMA®NSBR3

MssrT = ARMISCU(?)

RK = SIGNRB*MSBT

RKSID= RK**2

AXIALM = AR(2,952)

CMACH = l.-AXIALM®*?

EGN3IND = RK/ SQRTI(CMACH)

RNOFSV = )

ETA = ARMISC(3)

IF(ITRACE .GE. 1) WRITE(6,»1020) NSBRB,SIGMA,SIGSNR3I ,)MSBT,H,RK»RKSQD>
1 AXTALM CMACH» EGNBNDSRNIFSVSETA
IF{ EGN3ND .NE. EGNBNOJ } GO TQ 110 ~

IF( ETA +NE. ETAD Yy GO TO 110

1F{ MDIM +NE. MDIMO ) GO 1O 110

IFL NDIM +NE. NDIMO ¥} GD YO 110

1F{ RNOFSVY LNE., RNOFSVD ) G3 YO 110

IF( SIGNRB .NE. SIGNRBJD ) GO TGO 110

FFULTRACE .GE., 1) WRITE(G» 1030}

30 Y23 122

110 CAL. EGNVAL2( 2 »EGNBNO» ETASMD IMsNO I MW RNOFSY,» SIS ikBoITRACES
1 NOFM, MUSEr MAXNSARMUMNS [ EREGNY)
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1ERROR s [EREGNV
120 CONTINUE

ERROR RETURN

(AN SN p]

TF(IERESNV.EQ.,0) GO TO 200
IFIIERESNV-2) 150,130,150
130 IF(ITRACE.NELO) WRITE (55140)
140 FORMAT(/7/71HI»7O(1H*) 7/ HO»*A REDUCED SET OF EIGENVALUES IS AVAILAB
LLE#/ 10, *CONPUTATIONS AILL PRUCEDE*/1HO,70(1H*) )
GO ro 230
150 [IF{IEREGNV-4) 200,160,200
160 IFUITRAZELNELI) WRITE (0,189} .
180 FORMAT(/7/71HO,7J(1H*) /7 /LHC,*THERE ARE NO PROPAGATING RADIAL MODES*/
11HO» *NO COMPUTATIONS CAN BE MADE®/LIHO,TI(1H®) )
GO TO 1000
209 CONT INUE

<

c
ISBIR = ARMISC(LT)
IFLIW=ARMISC(4)

c

E LOOP ON M

D0 300 10FM=], NOFM

SET M,Ls AND NOFN

IO

M = MUSE(IOFM)

L = (M-SIGNRB)/RNOFSY

NOFN = MAXN(IOFM) .
IF(IOFMaGT, 1. AND.[TRACELGEL 1) WRITE(651005)

TFUITRACE .GE. L) WRITE(6s1240C) MoLs NSBRBSNIFN

L0OOP ON N

(s Xg N p]

00 700 N=),NOFN
CALCULATE PROPAGATION FACTORS

[N N &)

RMUMN = ARMUMNI(N, IOFN)

BETAMN » SORT(RKSOD-CMACH*RMUMNE*2)

CAPKMN = (~-RK®*AX[ALM ¢+ [FLOW®*BETAMN) /CNACH

CAPNMN = EGNNORM(MPRMUIN,ETA)

TFUITRACE .GE. 1) WRITE(6,1050) NsRMUMNSBETAMNs CAPKMN,CAPNMN

COMPUTE MODAL AMPLITUDES

DIsrEH>O
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A e

€3¢r» D

€reIEH

OO0

(2N aNal “TOon

(e XS N ¥

CALCULATE CONSTANT FACTOR, FACTCON

TEMPL = ~CAPKMN#ISBIR
FACTCON *= (-NSBRB*CMPLXICOSITEMPL),SINITENPL))) ¢
1 { 4. *BETANN)

SET THE NUMBER OF SUB=INTERVALS FOR WHICH THE
LAST TwO TERMS ARE EVALUATED

TOR)GS = 2
INTEGRL = (Q.»0.)

SET NUMBER OSCILLATIONS

NOSCE = 1

NOSZE = MAXQOINOSCE,N)

NOSCE = 1.5 ¢ NOSCE

NOSCE = MAXO(NOSCE»2?

WIDTHI = (1l.-ETA)}/NDSCE

IF(ITRACE .GE. 1) WRITE(6s1060) FACTCON»NOSCE

LOOP ON NUMBER OF SUBINTERVALS
00 500 ITRVLs}1,NOSCE
RLO4 = ETA ¢ (ITRVL-1)®WIDTHI
RUP = RLOW « WIDTHI
273 CONT INUE
EVALUATE TERM TD BE AVERAGED
SET AVERAGE SPAN

AVSPAN = (RLOW ¢ RUP )#*.5
AV(L) = AVSPAN

SET X INDEX

SET AVERAGE VALUES
00 40C 1AvV=3,11]
SET 4 INDEX

J = Jayv

[FLIAV.EQ.3) J=2
IF(ILAV.EQ.L1D)IsQeARMI ST (] 8eK) ¢}
TFIIAVL.EQ.L1)Js9+ARMISCLL1B+K] ¢2
IFt J.EQ.4 } GO TO 400

TF(E J.EJ.5 ) 30 T2 «0C



€1 (BN X R}

(2 X2 X &)

€)Y 8y

CTEI 4D

CYOHIDLI O

(2 XN ol

(BN ENE]

339

340

400

SET K INDEX TD BE USED
KUy = K

SET SPAN WHEN Js=1}
NSPN = AR(1sJsKU)

AVERAGE VALUE IS INPUT
LF( NSPN ) 400,330,340

AVE TAY) = ARE2,JsKJ)
GO TO 400

INTERPOLATE FIR AVERAGE VALUE

{PAs~] :

CALL MTLUPLAVSPANS AV LAV )L oNSPNONSPN, 1L IPALARE IS 15 KU AR 3, J5KU ) )

C ONT I NUE

SF(ITRACE .GE. 1) WRITE(65107C) RLOWSRUP,AVSPAN
’ FME»FMZ,AV{10)sAV(1L)

CALCULATE THE AVERAGE FACTOR,

FACTAV =« . C2#DCL

IFLITRACE .GE. 1) HWRITE(6,1080)
TEMP L = SQRT( FMI#*%2 -FAZ#%¢2 )
TEM?2 = SQRT{ FME#*2 -FMuZ%sZ )
TEMP ] 2D.25¢(TEMPL+TEMP2) #%2
TEMP 1 = SQRT( FMZ¥%2 « TEMPL )
FACTAV = FACTAV*FMZ

IFIITRAZE JGE. 1) ARITE(6,1060) TEMPL,TEMP2,FACTAV

COSTHS = FMI/TEMP]L
SINTHS = SQRTI1., - COSTHSss2)

TEM22 = M*COSTHS/AYSPAN + CAPKMN®SINTHS

FACTAV = FACTAVETEMP2

FACTAV

FACTAY |

IF(ITRACE .GE. 1) WRITE(6,5110G0) FACTAV,TEMPZ2

PERFORM GAJSSTAN INTEGRATION

CALL GAUSS2(RLOW,RUP» IORDGS+VALUINT,FACTINGS ARMISCs 4AXDIMsMAXIsAR)

ACCUMULATE THE TERMS

END INTERVAL LOOP

TFIITRACE.GEWL] aRITE(Os 1 Ju)FACTAY VALY INT, INTESRL

INTEGRL = INTEGRL ¢ FACTAVSVALUINT

sDCLL,FM I,
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(SN SN ol

(s XN 4]

€2¢€72 03

€

(2]

600 CONT INUE
APPLY FIRST TERM AND STORE
INTEGRL = FACTCON®INTEGRL
ALPHANNI N, IOFM) = INTEGRL
IF(LTRAZE .GE. L} WRITE(6,1030) INTEGRL
END N AND M LOQPS
700 CONT INUE
800 CONT INUE
1000 CONT INUE

SAVE THE EldENVALUE DETERMINING PARAMETERS

EGNBNDQ = EGNBND
ETA) s ETA
MDI%O = MDIM
NDIMO = NDIN
RNOFSVO = RNOFSY
SIGNRBO = SIGNRSB
RETJURN

1005 FORMAT(LIHLZ/)

1010 FORMAT(LHEI//11Xs»® OPTIONAL PRINTOUT FROM SUBROUTINE BBCAA®)

1020 FORMAT{1HOs10X» *EIGENVALUE PARAMETERS GENERATED*®/]3X,«NSBRB = ¢,
11302Xs®SIGHMA = $,F3,3,2Xs#SIGCNRB =2 %,FH, 022X, *MSBY = %,F1C,.4713X,
2¢RK = $,F10.4»2X»*¥RXSQAD = *#,F 10.4s2Xs*AXIALM = #,F10.4/13X,
JOCMACH = #,F10.452Xs*EGNBND = #,2X,FLl0.5,2X» *RNIFSV = #,F10.4/13Xs
4*ETA = #,F10.5)

1030 FORMAT(LHO,L0X» *THE EIGENVALUES FROM PREVIOUS CALL TO SUBROUTINE 8
18CAA %/ I X, *ARE REUSED FOR THIS CASE#)

1040 PORYAT(LHOSLOX, 8 = S,ta,s2Xs¢L = %2F4,2X,

' 1*NSBRE = #,13,2X,*NOFN = ¥, 14)

1050 FORMAT(IH sL0Xs®N & &[4, 2X,8RMUMN = #,F10.4s2Xs *BETAMN = #,F10, 4/
120X, SCAPKMN = *,F10.4,2X, *CAPNAN = #,F1l0. %)

1060 FDRYAT(IH ,1lO0X» *FACTCON = #,2E12.452Xs*NOSCE = *,04)

1070 FORYATILH »10XKs *RLONW = #,F9.422X, ¢RUP » #,F9, 6452 X8 AVSPAN = €,F9,.4
171X s%C2 = ¢,F10.402X%>» *DCL = $,F10.,4/711X%,
2¥FNM] = $FQ. 422X *FME = $,FQ.4,2Xs#FML = *)FI, 4/

S1IXs #AVILIY » #,F0,465, 260 *AVILL) = *4FI, %)

1080 FORMAY(LH »1O0X>$FACTAV = €,2E(2.%)

1090 FORMAT(LIH »1OX» *¢TEHMPL = *,F1).4,2Xe#TEMP2 = #,F10,49¢5Xs*FACTAY = ¢
1 22E12.4)

1100 FORMATILIH »1O0X» ®FACTAV = €,2612,4,2X,*TENP2 = %, 2E]12,4)

1120 FORMAT(IM »1O0X, ¢FACTAY =%,2E12,4»2Xs#VALUINT =6, 2E12.4/
111Xs INTEGRL =%2E12,4)

1130 FORMAT(LIH »LOX» ®INTEGRL =%,2€12.4)

END



3.2 Secondary Special-Purpose Subprogram Descriptions

3.2.1 Subroutine EGNVALZ

Purpose:

Method:

This subroutine computes the double subscripted array of
hardwell, annular duct eigenvalues required by the modal
representation of the acoustic pressure in such a duct. The
first subscript is referred to as the spinning mode index,
while the second is referred to as the radial mode index.

For each member of a set of spinning mode indexes, m = my ,
Ms,... , determined by the cutoff criterion (equation (k)

of appendix I, volume I), the eigenvalues are the ordered set

of zeros of the transcendental function:

: : ' g (nx)
F(x) = I (x) - Y ' (x) §;7—?;;3

solved for by the subroutine ZEROS, i.e.,

with Jm and Ym the Bessel and Neumann functions, respectively;
the primes denoting differentiation with respect to the argu-

ment; and n denoting the hub-to-tip ratio.
The procedure is as follows:

1) Establish the spinning mode index having the largest
absolute value, m _, from the inequality (see equation

(4), appendix I, of volume I):

immax‘ 2 ummax’n : EB

vhere Ej is EGNBND (see the FORTRAN dictionary, sec. 2.2).
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2)

3)

L)

5)

This inequality is satisfied by the integer which is
less than or equal to the real number EB'

Restrict the above bound, mmax’ to be at most 100

(based on the restriction on the Bessel function evalu-
ation BSSLS, sec. 3.3.6).

Calculate the smallest negative 2, 2 , according to

lower
the above bound, which is derived as follows:

Since m = ONR + RNS
m -~ oNR
SEall B
S
f__lml+0NR ,
Ng
E_ 4+ oN
< B R
then lll T
S
E. + oN
and % = . B R
lower NS

Determine all m's according to the above equation
defining m and within the bounds on m and 2 given above
by starting with the lowest £ and stepping through the
2's, calculating the m's, and storing those m's within
the established bounds.

Set an error counter in the case that either the list
of m's is not exhausted or no m's were obtained, con-

tinuing only in the former case.



6) Calculate an upper bound, 0 oax® OB the radial mode index
n derived as follows. From reference 30, formula (9,5,.31)
(see also APROX1, sec. 3.3.1), the eigenvalues are ulti-

mately spaced by w/l-n. The bound used is

e = (55 Py * 1)

7) Calculate the eigenvalues for the m's determined above
and n = 1 to B oax for each m.

8) Restrict the eigenvalues according to the bound Mo < EB’
counting the number of eigenvalues within the bound, if

any, for each m.

9) Eliminate any m for which there are no eigenvalues less
than the bound, updating the stored arrays of m's, n's,

t
and umn s.
Usage: CALLING SEQUENCE

DIMENSION MUSE(MDIM),MAXN(MDIM),ARUMN(NDIM,MDIM)

CALL EGNVAL2(LZERO,EGNBND,ETA,MDIM,NDIM,RNOFSV ,SIGNRB,
* ITRACE,NOFM,MUSE,MAXN,ARMUMN , IEREGNV)

Eryor Return: IEREGNV
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Timing: The timing is dominated by the eigenvalue calculation, sub-
routine ZEROS (sec. 3.2.3). According to sample runs, the
time is

2 x EGNBND x (1. - ETA) + 2

Accuracy: See subroutine ZEROS for the accuracy of the eigenvalues.
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CALLING LIST

LZERO . EGNBND, ETA,
MDIN, NDIM, RNOFSV,
SIGNRB, ITRACE, NOFM,
MUSE, MAXN, ARMUNN,
IEREGNY

[

( ENTER )

\

CALCULATE THE
LARGEST M

MBESEGN

4

CALCULATE THE
LOWEST L

LZERO =1
AND L=0

CALCULATE m

ABS (M) :
MBESEGN

SAVE m

LUSE =LUSE +1
MUSE (LUSE) =M

LUSE : MDIM
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P

SET ERROR
IEREGNV=2

SET NUMBER OF m
NOFM=LUSE

ERROR RETURN

NOFM: 0

#

SET LARGEST n
NMAX

\

IEREGNV=4

CALCULATE EIGEN VALUES

CALL

ZEROS

ARMUNN

4

LOOP ON m INDEX
DO 390 iM=1, NOFM

1

CALCULATE THE NUMBER
OF EIGEN VALUES WITHIN
THE EIGEN VALUE BOUND

MAXN (M)

390 CONTINUE

LUSE = ¢
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LOOP ON m INDEX
DO 490 IM=1, NOFM

NOFN=MAXN (iM)

STORE m, MAXIMUM n,
AND CORRESPONDING
EIGEN VALUES

LUSE=LUSE+]
MUSE (LUSE)=MUSE (M)
MAXN (LUSE) = NOFN
ARMUMN (10FN,LUSE) =
ARMUMN (1OFN,IM),
IOFN=1, NOFN

\
490 CONTINUE

y
SET NUMBER OF m

NOFM
CoF :0 £ SET ERROR
W IEREGNV=4

#

@

T

RETURN
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SUBIDUTINE EGNVAL2(L2ERD »EGNBNOS»ETAMDIM,NDIMyINOFSV,»SIGNRB»
LITRACE,NDOFM, MUSESs MAXN,ARMUMN, IEREGNV)

PURPOSE OBTAIN THE APPROPRIATE SPINNING AND RADIAL MODES.
INPUT VARIABLE DEFINITION
EGNBND ALL EIGENVALUES ARE FOUND WHICH DD NOT EXCEED
THIS NUMBER,
ETA HUB TO TIP RATIO, WHICH IS ZERQ FOR € IRCULAR
ouc ¥
MOIM COLUMN DIMENSION OF MATRIX [N JHICH EIGEN-
VALUES ARE PLACED, PROVIDENG A MAXIMUM ON
THE NUMBER DF SPINNING MODES.
NDIM RO4 DIMENSION OF MATRIX IN 4HICH EIGENVALUES
ARE PLACED», PROVIDING A MAXIMJM ON THE
NUMBER OF RADIAL EIGEN VALJES.
RNOFSV NUMBER OF STATOR VANES
SIGNRS PRODUCT JF HARMONIC INDEX,»SIGMa, .
AMD THE NUMBER OF ROTOR BLADES,NS338
JUTPUT ARMUMN MATRIX OF EIGENVALUES WHERE
MUMN( IOFM, IDFN)
1S THE EIGENVALUE FOR SPINVING MODE [NDEX
. {0FM AND RADIAL %0ODE INDEX IOFN WHERE
TI0FN=1 50 0o s MAXNLIDF M)
MAXN ARRAY OF THE NUMBER OF RaDIaL 40DES
WHERE MAXN( IOFY)
CORRESPONDS TO MUSE(IDFM), [0FM=ls... rNOFM
MUSE ARRAY OF THE NOFM SPINNING 4ODE INDICES
NOFM NUMBER OF SPINNING MODE INDICES

ERROR RETURN [IEREGNY

= J ALL EIGENVALUES REQUIRE) ARE RETURNED
2 THERE ARE MORE EIGENVALJES REQUIRED THAN
THERE IS SPACE FOR» AS MANY AS POSSIBLE
ARE RETURNED
4 THERE ARE NJ EIGENVALUES

DIMENSION MUSEL{MOIMI s MAXN(MDI M) ARMUMNI(ND IN,HD 1Y)

DIMENSION SC{40)
DATA MBES/100/

{EREGNY = O

SET THE MaxIMJ4 SPINNING MODE THAT CaAN POSSISBLY PROPAGATE



QOO OO0

CIALICIC £ €reren £y

(s EEXp]

€Y ey O

MEGN

= EGNBND + 1
MBESEGN = MINO{MEGNsMBES)

NOW COMPUTE CANDIDATE SPINNING MODES ACCORJING TO

SET THE LOWEST L THAT IS USABLE

L = -aBS{ | EGNBND  #SIGNRB) /RNOFSV )
LUSE = )
210 IF( LZERO .€Q.1 .AND.L.EQ.O0 ) GO YO 225
M = SIGNRB +L®RNOFSY
1ABSM = [ABS{ & ) .
IF( 1ABSM - M3ESEGN ) 220,220,215
215 I1F(4) 225,225,260
220 LUSE = LUSE ¢ 1
MUSE {LUSE) = M
225 L » L+ 1
IFU LUSE -~ MDIM ) 210+250,25)
250 1EREGNV = 2
260 NOFY = LUSE
300 CONT INUE
CHECK TO BE SURE THERE ARE SPINNING MIDES
IFL NCFM ) 310,310,320
310 IEREGNV=4
60 10 930
320 CONT INUE
DBTAIN THE EIGENVALJUES
SET BOUNDS FOR EIGENVALUE CALCULATION
NBESEGN = (1.-ETA)*({MBES+1.)/3.14159265 + L.
NMAX = MINO{ NBESEGNs,  NDIM-1)
CALL ZEROS(ETA» NOFM, MUSE, NMAX,NDIM, ITRACE,SC»ARYUMN)
COMPUTE THE NJMBER OF RADIAL MODES FOR EACH SPINNING MODE
330 0O 390 [M=1,NOFM
M e MUSE(IM)
MPL = [ABS(M) « 1
N s
340 IF{ ARMUMNIN,IM ) - EGBNO ) 35,350,370
353 N = s 1



IFL N - NMAX ) 3405 340,360
360 I1EREGNV = 2
370 NM1 = N - ]

MAXNLIM) s NM]

IF( NML - NOIM ) 390,390,380
380 lEREGNV = 2

MAXNCIM) = NODINM
390 CONT INUE

400 CONTINUE

"ELIMINATE SPINNING MODES FOR WHICH THERE ARE N3
RADIAL MODES

(g N s NaNg) (]

LUSE =)

00 49C IN=],NOFM

NOFN=HAXNL{IMD

IF( NOFN ). 49004900410
410 LUSE = LUSE ¢ I

MUSECLUSE) = MUSE(IM)

MAXN(LUSE) = NOFN

D0 47C [OFN=1,NOFN
470 ARMIMNIIOFN,LUSE) = ARMUMNIIOFN,IM)
490 CONTINUE :

NOFY = LUSE

LF{ NOFM ) 500,500,1000
500 IEREGNY = 4

ERROR RETURN AT THIS POINT

30O

930 CONTINUE ' ;

1000 RETJRN

[ § X gl o0

END
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3.2.2 Subroutine ZEROS

Purpose: This subroutine computes the first NMAX zeros, in increasing
order starting with the lowest, of the function:

gt (nx)

F() = 3',(0) - ¥' (x) 1
m

for each m = {ml, Mos «asl}s

For m = 0, the first zero is x = 0; all other zeros are nonzero

positive and equal to the zeros of the function:

G(x) = J;(x)Y;(nx) - Yé(X)JA(HX)

with J, and Y, the Bessel and Neumann functions, respectively;
the primes denoting differentiastion with respect to the argu-
ment; and n denoting the hub-to-tip ratio. The zeros of G(x)
are computed for m = 0, 1, ..., MMAX, the largest input m in
absolute value, using subroutine JARRATT (sec. 3.3.3) with
selected iteration starting values. The zeros corresponding

to {ml, m2,...} are saved as computed with zeros corresponding

to m < 0 being the ssme as -m,
Method: The procedure is as follows:

1) Set the tolerances and iteration limit for subroutine

JARRATT (see sec. 3.3.3) used in steps 6 and 13 below.
2) Set the largest Im] input, MMAX,

3) Set the first zero of F(x) to zero whenm = O,
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L)

5)

6)

T)

8)

9)

10)

11)

12)

13)

Set the index of the ith zero of F(x) form =0, i = 2,
++sy NMAX by a DO loop.

For m = 0, calculate the three iteration starting values
for the ith
computed by subroutine APROX1l (sec. 3.3.1) for n 2 .2,
and by subroutine APROX2 (sec. 3.3.2) for n < .2. The

zero of F(x). The first starting value is
second and third starting values are the first +.1 and
-.l, respectively.

.th R .
Calculate the i~ zero of F(x) by solving equation G(x)
using subroutine JARRATT with the values set in steps 1

and 5.

When m = 0 is input, save the zeros calculated in steps

3 to 6 in an output array.

Return if only m = O is input.

Reset the first zero for m = 0 to 1 for use in step 12.
Set the value of my, m = 1, 2, ..., MMAX by a DO loop.

Set the index of the ith zero of F(x) for the m in step
9 by a DO loop.

th

Calculate the three iteration starting values for the i

.th

zero of F(x). The first value is the i’ zeroc for the

previous m, For n > O, the second and third starting values

are the first -.1 and +.1; for n = O, the values are the
first +.1 and +.2.

Calculate the ith zero of F(x) by solving the equation
G(x) = 0 using subroutine JARRATT with the values set in
steps 1 and 12.



Usage:

Printout and
Diagnostics:

Restrictions:

Timing:

Accuracy:

14) When |m|, m set in step 10 is input, except for the zeros
computed in steps 11 to 13 in an output array.

CALLING SEQUENCE

DIMENSION MUSE(MDIM),SC(40),ARMUMN (NDIM,MDIM)

CALL ZEROS(ETA ,NOFM,MUSE,NMAX ,NDIM,ITRACE,SC,ARMUMN)

The zero, the corresponding function value, the starting guess
(GUESS{1]), and the error return code IERJAR from subroutine
JARRATT (see sec. 3.3.3) can be printed as calculated according
to the input ITRACE (see the FORTRAN dictionary, sec. 2.2).

MUSE(1) or MUSE(NOFM) must be the largest m in absolute value;
NMAX < NDIM.

The timing is proportional to the nearest integer to

2(EGNBND + 1)(1 - ETA)
3.14

times & unit call to subroutine JARRATT.

The accuracy is of the algorithmic type and, in particular,

is dominated by the Bessel function evaluators BSSLS (sec.3.3.6
and BFLF [ref. Ul]). The zeros are calculated by subroutine
JARRATT with given starting values so that the cross product

of Bessel functions (see subroutine EQATION) is less than 10'10.
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CALLING LIST
ETA, NOFM, MUSE, NMAX,
NDIM, ITRACE, SC, ARMUMN ENTER

[

SET EQUATION
SOLVER TOLERANCES

ITLIM, EPILEP2

CALCULATE THE
LARGEST INPUTIm]

MMAX

{
INITIALIZE m
Mz0

/

SET THE FIRST
ZERO

SC (D=6

PERFORM OPTIONAL
PRINTOUT

LOOP ON n INDEX

DO 50 10FN=2, NMAX

[

®
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APROX2 A APROX1
CALL CALL
\
APPROXIMATE < 2 APPROXINATE
ZERO ETA: .2 ZERO
SET THE {ITERATES AND
CALCULATE THE ZERO | CALL | JARRATT
SC (I0FN)
50 CONTINUE
YES SAVE IN QUTPUT

ARMUMN (10FN, IOFM) =
SC (IOFN), I0FN=1, NMAX

RESET FIRST ZERO FOR
NEXT STEP

S(l)=1

#

LOOP ON m lNDExj
DO 600 M=1, MMAX 1

|
LOOP ON n iNDEX

DO 500 10FN 1, NMAXJ

(®

-

700

13}
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(®

SET THE ITERATES
AND CALCULATE
THE ZERO

CALL

JARRATT

'SC (IOFN)

500 CONTINUE

ARE
PRESENT

YES

SAVE IN QUTPUT

ZERO TOBE ARMUMN (IOFN, IOFM) =
SC (I0FN), IOFN=1, NMAX
NO
600 CONTINUE
®
RETURN




[ 3

[}

SUBJOUTINE ZEROS(ETAs NOIFM,MUSEsNMAX»NOIM, ITRACE, SC» ARNUNN)

'URPOSE COMPUTE THE ZEROS OF THE EQUATION
: IP(M, XISYPUMETAYX) = YP{MpX)®JP{M,ETASX)

WHERE JP AND YP ARE THE DERIVATIVES OF THE BESSEL
FUNCTIONS OF THE FIRST aND SECOND KINDSs RESPECTIVELY,
OF ORDER ™ AND ARGUMENT X OR ETA*X.

FITHGE THE EQUATION IS TO BE SOLVED FOR THE FIRST M ZEROS
FOR EACH ORDERs THE URDER M = Osls2se..2M4AX, FOR THIS
PURPISE THE 2EROS FIR 4 = 3 ARE FOUND 3Y FIRST APPLYING
AN APPROXIMATION FORMULA THEN A REFINEMENT PRICEDURE
USING BESSE FUNCTION EVALUATORS, THE IZROS FOR HIGHER
ORDERS ARE FOUND BY STEPPING THROUGH OIDER USING A
NONLINEAR EQUATION SOLVER AND BESSEL EVALUATORS ( AS THE
REFINEMENT } WAITH STARTING VALUES BEING THE ZEIDS FOR
THE PREVIOUS ORODER,

«. - ROGRAMS JARRATY NONLINEAR EQUATION SOLVER
APROX1 APPROXIMATIOUN TC EQUATION FOR ETA AT LEAST .2

APROXZ2 COMBINATION OF APPROXIMATION AND INTERPOLATION
FOR ETA LESS THAN .2

- XTZRNALS EQATION EVALUATES THE EQUATION

DIMENSION GUESS(3),ARMUMNINDIM,1),SCHE1),MUSELL)
EXTERNAL EQATION

THIS COMMON PASSES M AND ETA TO EQUATIIN EVALUATOR
COMMON/CEQUAT/M,CETA
EQUTION SOLYER TOLERANCES
ITLIM=3)
EP1=0.
EP2=1.E-10
CETA = ETA
MMAX = MAXO( JaBS(MUSELL)),IABSIMUSE(NOFMY) )
NPLMAXs MMAX+]

SOLVE THE EJUATION FGR JKJER ZERC
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GUESS (L) = SCUIOFN]
GUESSI2)=GUESS(1l-.1
JF{ETALEQ,0.) GUESS(2)3GUESSI] 1e.2
GUESS(31=GUESS(1l)+.l
CALL JARRATT(GUESS»ITLIMSEPL,EP2,EQATION, ZERO,FT»IERJAR)
IF(ITRACE .EQ, 2) WRITE(6,20) ZERO,FT,GUESS(1)s TERJAR
SCILIOFNY = ZERD
500 CONTINUE
D0 54C [OFM=]l,NOFM
MSAVE= [ABS( MUSELIDFM))
FF{4-MSAVE)} 540,510,540
10 20 530 I0OFNsl,NMAX
520 ARMIMNIIOFN,IOFM ) = SCLIOFN)-
%40 CONT INUE '

LCQ CONT INUE

T0D.RETIRN
ENOD
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3.2.3 Function EQATION

Purpose: This function evaluates the cross-product expression:
' v - ] 1
Jm(x) Yr(nx) = Y'(x) 3 (nx)
with the prime denoting differentiation with respect to the
argunent. Jm and Ym dencte, respectively, the Bessel and
Neumann functions of integer order and real argument. The
hub-to-tip ratic is given by n.

Method: The procedure is as follows:

1) Evaluate J'm(x) using the recursion relationship (ref. 30):

' = - .I-n.
Jm(x) Jm+l(x) + 3 Jm(x)
2) If n = 0, the cross product is Jé(x).

3) Evaluate Y&(x), J&(nx), and Yé(nx), using the recursion

relationship for the derivatives, as referenced above.
4} Evaluate the cross product.

Usage: CALLINIG SEQUENCE

COMMON/CEQAT /M ,ETA
COMMON/SCRATCH/BES({1000)

CRSPRD = EQATION (X
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Restrictions:

Timing:

Accuracy:

136

3X + M + 12 < 1000 (see BSSLS)
M>0
0 n<l

A v

The timing is dominated by the Bessel function evaluation and
is approximately equal to twice the sum of the unit time for
a call to BF4F (ref. U41l) and BSSLS (sec. 3.3.6).

The accuracy is of the algorithmic type and, in particular,
is dominated by subroutines BF4F and BSSLS.



CALLING LIST

‘ ENTER )

BSSLS

CALL

EVALUATE J(X)

CALL

BSSLS

FJP

COMPUTE Yp'(X),
Iy’ $TX), ¥’ (RX)

BF4F

FNP,FJFP,FNFP

Y

EVALUATE THE
CROSS PRODUCT

EQATION

EQATION = FJP

‘ RETURN )
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FUNZTION EQATIONI(X)

PURPOSE EVALUATE THE FOLLOWING EQUATION USING BESSEL
FUNCTION EVALUATORS

TTIIOYNECI Oy T

JP{Ms X I*YPIMHETA*X) =~ YP(M,X)*JP{MyETASX)

WHERE JP AND YP ARE THE DERIVATIVES OF THE BESSEL
FUNCTIONS OF FIRST AND SECOND KiND, RESPECTIVELY,
FOR INTEGER ORDER M AND REAL AIGUMENT X AND ETA®X,
ETA A GIVEN PARAMETER.

HPLY VARIABLE DEFINITICN

X REAL ARGUMENT X
M INTEGER OKOER M» OBTAINED FROM COMMAON
ETA PARAMETER ETA, OBTAINED FROM COMMON
JNCTATION VARIABLE DEFINITION

FNFP YP{M,ETA®X)
FIFP JPIMLET A®X)
FJP JPIM, X)
FNP YP(M» X}

-« 5PRCGRAMS LRC LIBRARY ROUTINES BSSLS AND BF4F THAT EVALUATE
BESSEL FUNCT!UNS‘UF FIRST AND SECOND XINJD, RESPECTIVELY,

TXESTRICTIONS 3*X ¢+ M + 12 CAN BE AT MOST 1000

COMMON/CEQUAT/M,ETA
COMMON/SCRATCH/BESLL10Q0)
DATA [ISIGN/-}/

MPl=M+]
HP2aM+2 -

CALL BSSLS(X»BESsMPls IERR)
Al=3ES(MPL)

A2=3ES{4P2)
FJP=~A2+(M/X)*AL

-~

IF{ETANE.Q.) GO VO 10
EQATION = FJP
60 rg 39

16 CALL BF4F(X,BESsMPLls LERR,ISIGN)
4a3= BES(MPL)
Ae=z B3£S{vP2)
FNP2 ~d4 ¢ (M/Xi®A3

Y = X*ETA
CALL BSSLS(Y»BES»MPls IERR)
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€I

ts

[N N o

€8, 82

MPl=]
RM=M
SC(1) = 0.
TRACE FORMATS

IFUITRACE.EQ.2) WRITE(6,5)ETA

5 FORYATI 1H1» *TRACE THE CALCULATION FOR THE ZERQOS OF THE ANNULAR
I EISENFUNCTION®/71HO,2Xs #THE RATIO OF THE INNER TO JJTER RADIUS IS«
2,F10.5)

IF{ITRACE.EQ.2) WRITE(5510)M
10 FORMAT(1HO»® THE OROER M = %, 14/1HO,18X»*ZERO*» B8X, *FUNCTION VALUE
1%, X, *STARTING GUESS #» 2X»*CUNVERGE®)
IFLITRACEL.EQ.2) WRITEU6,15)
15 FORMAT{LIH ,*0.%,068X»*SET*)

FIND THE N-~TH ZERO 3Y APPLYING THE APPIOXIMATIIN
FORMULA THEN THE REFINEMENT PRUCEDURE

DO 50 IOFN=2,NMAX
NTHZERD = [OFN ~ 1
IF(ETA JGE. +2) CALL APROXI{RM,NTHZEROLETA,»ZER])
IFIETA LT, 42) CALL APROX2(RM,NTHZERO,ETA»2ERD)
GUESSI1) = LERD
GUESS(2) = ZERD + .1
CUESS (3} =, ZERO - .1
CALL JARRATT{GUESS»ITLIM,EPL1,EP2,EQATION,ZEROSFT»1EJAR)
IF(ITRACE .EQ. 2) WRITE(6220) ZERO,FT»GUESS(1)sERJAR
SC(IOFN) = ZERD

20 FORMATI(IH ,3E22.14s10)

53 CONT INhUE

DO 24C 10FM=1l,NOFH

MSAVE= 1aB8Sl MUSE(IOFM))

IF(M-NMSAVE) 240,210,249
210 DO 23C lOFN=ll.NMAX

230 ARMJMN(IOFN,IOFM ) = SCUIOFN)

240 CONTINUE
SC(tt = 1.

IF({ MMAX.EQ.D ) GO TO 7020
NOW STEP THROUGH THE QORDERS
03 50C M=]l,MMAX
RM=2y
IFLITRAZELEQ.2) WRITE(6,100M
MPlaM+l
FIND THE N-TH ZERQ B8Y (T:RATION

DO 500 10FN=1,NMAX
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Di = BES(MPl)
D2 s BES(MP2}
FJFP = =D2 ¢ (M/Y)*D]

CallL BF&4F(YsBES»4PLls [ERR,ISIGN)
D3 = BES(MP])

D4 = BES(MP2)

ENFP = =D& ¢ (M/Y)8D3

EGAT ION=FJFP#ENP ~ FJP*FNFP

RETJRN
END




3.2.4 Function UNEGNFN

Purpose:

Method:

This function subprogram computes the mth order (m an integer)
unnormalized radial eigenfunction for a hardwalled annular
duct of hub-to-tip ratio, n, when the argument is UonPo where
Mon is the nth hardwall eigenvalue of an mth order duct mode
and p is the polar radial coordinate nondimensionalized on

the duct outer radius:

o) )56 ()

" T (Pen)

where Jm and Ym are the Bessel and Neumann functions, respec-
tively; the primes denote differentiation with respect to the

argument; and n indicates the hub-to-tip ratio.
The procedure is as follows:
1) Set working m to absolute value of input m.

2) Test for Yo = 0, and, when true, set lel(umnp) =1
(for all p).

3) Evaluate Jlml(umnp).

] 1 %
4)  Evaluate Jlml (umnn), Ylml (umnn), and Ylml(umnn) using
the recurrence relaetions (formula [{9.1.27] of ref. 30).

5) Evaluate RI ).

ml (umno

6) Set Rm(umnp) = (-l)m R‘m|(umno).
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Usage: CALLING SEQUENCE

COMMON /SCRATCH/BES (1000)

CAPRMN=UNEGNFN (M, RMUMN ,ETA,S)

Restrictions: 3w+ 12+ Im| < 1000; see subroutines BSSLS (sec. 3.3.6) and
BFLF (ref. L1)
520

Timing: The timing is dominated by the Bessel function evaluators BSSLS
and BFLF. It is, therefore, approximately equal to the sum of

two unit calls to each.

Accuracy: The accuracy is of the algorithmic type and is dominated by that
of either BSSLS or BFLF.
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CALLING LIST
M, RMUMN,ETA,S ( ENTER )

|

po-

JABSN = 1ABS (W)

RMUMN:0 UNEGNFN = 1.

EVALUATE Jjm| ( Bmns) CALL g
UNEGNFN -

ETA:0

BSSLS . COMPUTE Jymj(imn )

Y ) mi Pann, Y i m) (i 50

CALL

T1,73,T4

BF4F

COMPUTE Rimi( limn S)

UNEGNFN
is -

¥ <0 AND YES Rm (Hmes)= -Rymy (Uaps)? N
00D UNEGNFN

NO

RETURN

143



)€V QI TNET T AP EICDNEICNIRDE2ADCYCY LD

$Y€CH) £y °

A

Ty oty N

s

tet 3ty

144

FUNZTION UNEGNFNIMIRMUMNSET A, S)

PURPISE COMPUTE THE UNNORMAL IZED ANNULAR EIGEN FUNCTION
RMN (MUMNES) = JM({MMN®S) =
JMPIETA®MUMNI Y MU MUMNES )/ YMPLET AR JYN)
WHERE S IS BETWEEN O AND 1
MUMN IS THE N=-TH EIGENVALUE OF THE 4aNNULAR EJGEN-
VALUE EQUATION UBTAINED BY DIFFERENTIATING THE
ABOVE EQUATION
ETA IS THE RATID OF TAE INNER TO QUTER RADIUS CF
THE ANNULUS
JM AND YM ARE THE BESSEL FUNCTIONS 3F THe FIRST aND
SECOND XINDS GF INTEGER QORDER 4
JMP AND YMP 4RE THE DERIVATIVES 3F JM AN YM
INPUT VARTASLE DEFINITION
M INTEGER OJORDER CF BESSEL FUNCTION
RMUMN N=-THE EIGENVALUE OF ANNULAR EIGENVYALJE EJUATIONS
JMP(X) - JMPLETA*X)®YMP{X)/YMP(ETA®K)
MUMN A3JVE
ETA RATIJ CF INNER TO OUTER ANNJLAR RADII
S ARGUMENT HETWEEN T AND 1l» [N SENZRAL RMN IS ONLY
MEANINGFUL FIR 5 GREATER THAN 2R EQUAL TO E€TaA
SUtTPUTY UNEGNFN THE VALUE OF RMN{MUMN®S)
SUBPRCGRAMS 3SSLS EVALUATES JM FROM LRC LIaiy
BF4F EVALUATES YM FKROM LRZ  LlIB3RaRY
RESTRICTION JERMIMH ¢ M o |2 CAN St AT MOST 1822 (SZEARRAY 8y)

ETA BETWEEN D AND
S BETWEEN 3 AND ls» GSENERALLY AT LEAST ETA

COMMOKN/SCRATCH/BES(12133)
OATa ISIGN/-1/

COYPJUTE BESSEL RELATED FUNCTISNS wWITA 23SITIVE ORODER AND
SWITIH SIGN FIR 000 NEGATIVE ORDER

1a33™ = [Aa35(4)

IF(AIMUNN ) 103510522

JSE LIMITING VALUE FUOR RMUMNO WHHEIE M=)

TFITASSH,ECT, T Y JNESNFY = 1,
63 73 L3S

CCNT INJE

MplL = TadS¥ + |



§2¢3 ¢

b}

MP2 = MPl+]
ARGETA = ETA®RMUMN
ARGS s SERMUNMN

COMPUTE JM{MUMN*S)
CALL BSSLS(ARGS»BESsIABSM,[ERR)
T2 = BES(MP1)
UNESNFN = T2
IF(ETA.EQ.0.) GO TO 9¢C

COMPUTE YMPLETA*MUMN)

CALL BF&FLARGETAS,BES» MPLl, IERRLISIGN)
Tl = =BES{MP2) ¢+ (IABSM/ARGETA)*BES(NMPL}

COMPUTE JMPLETA*MUMN)

CALL BSSLSC(ARGETA,BES,MPLl,IERR)
T3 = -BES(MP2) ¢ (JABSM/ARGETA)*BES(NMP])

COMPUTE YM(MUMN®S)

CALL BF4F(ARGS»BES,IABSM,» IERR,ISIGN}
T4 » BES{MPL)

UNESNFN = UMEGSNFN - T3«T4/T]
CONT I NUE
[F{ M.LT.O JAND. MOD(Ms2).NE.G }UNEGNFN

RETJRN
END

= ~UNEGNFN
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3.2.5 Function EGNNORM

Purpose: This function computes the normalization factor for the hard-
wall duct radial eigenfunction Rm(umnp) (see description of

UNEGNFN ) :

form=|=Oandm=O,n+Oand

e [4()]

Method: The procedure is as follows:
1) Set N when u__ =0,
00 mn
. 2
2) Compute the ratio (m/umn) .

3) Evaluate R (umn) end R (umnn) where R (umnn) is set to

zero when n = U,
L) Evaluate None
Usage: CALLING SEQUENCE
CAPNMN=EGNNORM(M ,RMUMN ,ETA)

Piming: The timing is dominated by function UNEGNFN (sec. 3.2.4),
approximately equal to two unit calls to that function.

Accuracy: Tne accuracy is of the algorithmic type, and, in particular,
-t is dominated by function UNEGNFN.
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CALLING LIST

M, RMUMN,ETA

l

RMUMN:0

CALCULATE RATIO

EGNNORM =
SQRT(.5%(1.-ETA**2))

EVALUATE Ry ()

RATIO
Y
UNEGNFN CALL | EVALUATE Ry (g )
CAPRONE
)
| carL

CAPRETA

t CAPRETA=0.

EVALUATE Nmn
EGNNORM

L

RETURN
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FUNZTION EGNNORM(M,RMUYN,ETA)

,
CPURPOSE COMPUTE THE NORMALIZATION FACTOR TQ THE ANNULAR EIGEN-
< FUNCTICON
o
- NMN®®2 = (56( (1 .-MES2/MUMNS¥*2) *IMN(NUMN ) *¢2
o = (ETA*$2-M*e2/MUMN*$2 ) *RMN(ETA*MUMN) **2 )
¢ WHERE RMN IS THE UNNCORMALIZED ANNULAR EIGEN FUNCTION
< M IS BESSEL FUNCTIUN OROER FOR RMN
: BRUMN 1S5S ANNULAR EIGENVALUE
ETA IS RATID INNER TD DUTER ANNULAR DUCT RADII
»NFUT VARIABLE DEFINITION
M BESSEL FUNCTICON 3JROER
MUMN ANNULAR EIGENVALUE
ETA RATIO INNER TO OUTER.ANNULAR DUCT RADII
TnUTPUY EGNNORM VALUE OF NMN

" CUBPROGRAMS UNEGNFN EVALUATES UNNORMALIZED ANNULAR EIGENFUNCTION

“CTRICTIONS SEE FUNCTION UNEGNFN

FFEAINUMN ) 100,10,20
USE LIMITING VALUE FOR RMUMN=Q WHERE M=0

10 IFL M.EQ.D )EGNNDORM = SQRT( .5¢(1l.-ETa*#2) |}
GO 10 130

20 CONTINUE
RATIO = (M/RMUMN) *#2
CAPRONE =UNEGNFN(M,RMUMNIETASL.)
CAPRETA =0.
IFLETANE.O.ICAPRETA*UNEGNF NI MsRMUMNSETA,ETA)

EGNVYORM= ,5¢( (1.,-RATIO)I*CAPRONE®#®2 - (ETA*#2-RATIJ)*CAPRETA®#2 )
EGNNORM= SQRT{EGNNORM) ’

‘130 REVIRN
END
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3.2.6 Function FACTINT

Purpose: This function evaluates the oscillatory factor in the integral
expression for the modal amplitudes for primary subroutine
AAAAA;
d siny

-igN €] iQNIS -
e Is 'R ﬁm (umno) e p cosy

for the inlet stator-rotor, and

{oN d sing
ioN, © . do
e R OSg (Umnp) e R p cosp

for the rotor-outlet stator (see equation [36], appendix I, of

volume I).

Method: The procedure is as follows:
1) Evaluate “he normalized duct radial eigenfunction.
2) Compute the first exponential term.

3) Compute Mz and M. _ from input or spanwise interpolation

1E
and the flow angle,

L) Compute the second exponential factor.

5) Evaluate the oscillatory factor.
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Usage:

Restrictions:

Timing:

Aceuracy :

150

CALLING SEQUENCE

COMPLEX FACTINT ,FACTRPD
COMMON /CFACT /M ,N ,RMUMN , CAPNMN ,ETA ,SIGN ,L , CAPKMN
COMMON /CFACTIR/NSBIR ,SIGOL ,PHISBIR

FACTRPD = FACTINT (RHO)
ETA < RHO <1
The timing i{s dominated by the eigenfunction evaluation, which
is approximstely equal to a unit call to the function UNEGNFN

(see sec. 3.2.4).

The accuracy is of the algorithmic type and, in particular, is
dominated by UNEGNFN.



CALLING LIST

ENTER

RHO
COMPUTE R . (Jmn®)
m CALL _ | UNEGNEN
SCPTRMN
COMPUTE THE FIRST
EXPONENTIAL TERM
EXPFACT
COMPUTE MACH NUMBERS
uTLLF Mz (J=9 AND Mg (J=8)
1cm¢
COMPUTE MACH AVERAGE VALUE
NUMBER BY SPANWISE IS INPUT
INTERPOLATION FMZ AR (2,J,K)

COMPUTE FLOW ANGLES

COSPSI, SINPSI

COMPUTE THE SECOND
EXPONENTIAL TERM

CTEMP2

|

EVALUATE OSCILLATING
TERM

FACTINT =SCPTRMN x
EXPFACT x CTEMP2

g Ny

RETURN !
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COMPLEX FUNCTION FACTINT(RHOs ARMISCHMAXDIM,MAXIS AR)

PURPOSE EVALUATE THE INTEGRAND FACTINY TO BE CALLED B8Y THE
INTEGRATOR GAUSS2 IN PRIMARY SUBROUTINE AAAAA
COMMON CFACT
BLOCKS CFACTIR

SUBPROGRANS UNEGNFN
CALLED

FREIEICICRICIEIITICN Y

DIMENSION AR(MAXDIMsMAXJ»3),ARMISC(])

)

COMPLEX EXPFACT,,CTEMP2

COMMON/CFACT/  MaNoRMUMNS CAPNMN,ETA»SIGN»LsCAPKMN
COMMON/ZFACTIR/NSBIR, SIGOL,PHISBIR

EVALUATE NORMALIZED EIGENFUNCTION
SCPTRMN = UNEGNFMN{MsRMUMN,ETA»RHO)/CAPNMN
EVALUATE FIRST EXPONENTIAL TRIGNOMETRIC FACTOR

ARGEXP2 = SIGN#SIGOL*NSBIR*PHISBIR*(RHO-ETA)/(1.-ETA)
EXPFACT = CMPLX( COSUARGEXP2) ,SINULARGEXP2) )

EVALUATE NEXT EXPONENTIAL TRIGNOMETRIZ FACTOR
COMPUTE FMZ &AND FMIE

1SOR0S = ARMISC(S?
J = 9
K = [SOR(S+]
NSPN = ARL1sJ5K)
IF(NSPN ) 40,30,40
30 FMZ = AR(2»JsK)
G0 10 52
4«0 IPA = -]
CALL MTLUP(RHISs FMZoL o NSPNsSNSPNs1»IPASARI351sK)sAR(3»JsK) )
53 § = 8
K = 1S00S
NSPN = AR{12J5K)
[FINSPN) 70,60,70
60 FMIE = AR(2,JsK)
Go rog 380
70 jPA = -]
CALL MTLUP(RHO» FMLE» LoNSPNINSPNsL»IPASAR(3512K)»AR(35JsK) )

EVALUATE THE FACTOR

[« EENE]

80 COSPSI = FMI/FMILE
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(B X o B

SIN?S1 = SORT{1.-COSPSi**2)

DSPAL = ARMISCI( ISOROS)

TEM>] = SIGIOL*NSBIR®OSPACESINPSI/(RHO*COSPSI)
CTEMPZ2 = CMPLXt COS(TENPL)»SIN(TEMPL) )

COMBINE TO FORM FACTINT
FACTINT = EXPFACT#®SCPTYRMN®CTEMP2

RETJIRN
END
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3.2.7 Function FACTIN2

Purpose: This function computes the oscillatory factor in the integral
expression for the modal amplitudes of primary subroutine
AABAA:
o -id o, (p)
MM’Kl(p)FKZ(o)aK’Kl(p)HK,Kl(p) e KK’Kl(o)

(—5’1+K‘mn X—(p)/Zn ( p)

(See equation [47], appendix I, of volume I.)
Method: The procedure is as follows:

1) Initialize the component index to Kl.

2) Initialize the table lookup position index.

3) Determine the value of the inlet, exit, and axial Mach
numbers and the chord at the given span position by using
the input average values, or by interpolating on the input
tables of spanwise values.

L) Compute MM,Kl(p) and GKI(D).

5) Repeat steps 2, 3, and 4 for component index K2.

6) Compute the Glauert coefficients for component K2 using
the procedure described in step 3.

7) Compute POKQ(D) and aK,Kl(p).
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Usage :

8)

9)

10)

11)

12)

13)

1k)

15)

16)

Compute the Bessel function argument hKZ(p)‘

Compute ng(p) for index n = 1, up to the number of

Glauvert coefficients which were input.

Compute the Bessel function Jn(hK2) for zero and the n's
in step 9.

Compute HK,K2(p) by summation.

-1d_ Kl(p)
’
Compute dx,Kl(p) and e .

Compute y and A and the corresponding value of the 1lift
function.

me dc

_9 + _L
Compute the factor < 5 -+-Kmnez 12 (p)/27m]).
Compute the normalized duct radial eigenfunction.

Compute the oscillatory factor.

CALLING SEQUENZE

COMPLEX FACTIN2,FACTRPD
DIMENSION AR(MAXDIM,MAXJ,3),ARMISC(21)

COMMON /SCRATCH /BES (1000)
COMMON/CFACT2/B ,CAPKMN ,CAPNMN ,C3,

* c7,C8,C9,C11,C12,C13,C14,K1,K2,L,M,N ,NK2 ,RMUMN ,SIGOL

FACTRPD = FACTIN2(RHO,ARMISC,MAXDIM,MAXJ ,AR)
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Restrictions:

Timing :

Accuracy-

156

ETA < RHO s 1
3 < ARMISC (18 + K2) <15

The timing is dominated by the interpolation, Bessel function
evaluation, and 1ift function evaluation and is approximately
equal to five unit calls to subroutine MTLUP (see ref. 42)
plus one unit call to subroutine ROCABES (see sec. 3.3.11) and
one unit call to subroutine LIFTFN2 (see sec. 3.2.10).

The accuracy is of the algorithmic type and, in particular, it
is dominated by ROCABES.



CALLING LIST

RHO, ARMNISC,
MAXDIM, MAXJ, AR

L

‘ START ,

~

AVERAGE VALUE OF
INLET MACH NO.
ISINPUT

MSBI (KD =AR (2,7,KD)

INITIALIZE
K INDEX

Kl =K1

INITIALIZE TABLE
LOOK UP INDEX

P=-1

AR (L7,KD:0

MTLUP

COMPUTE INLET
MACH NO, BY
INTERPOLATION
ALONG THE SPAN

AVERAGE VALUE OF
EXIT MACH NO.
ISINPUT

MSBE (K1) = AR(2,8,K1)

AR(1,8,K1):0

COMPUTE EXIT
MACH NO. BY
INTERPCLATION

ALONG THE SPAN

AVERAGE VALUE OF
AXIAL MACH NO.
IS INPUT

MSBZ (KI)=AR (2,9,K]}

AR (1,9,K1):0

COMPUTE AXIAL
MACH NO. BY
INTERPOLATION
ALONG THE SPAN

AVERAGE VALUE OF
CHORD IS INPUT

CHORD (K)=AR (2,2,Kl)

AR (1,2,KD):0

COMPUTE CHORD
BY INTERPOLATION
ALONG THE SPAN

.
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158

NTLUP

(

130

COMPUTE My ¢ AND 8y

MSBM (KI}, THETA (KI)

LOOP ON GLAUERT
COEFFICIENT INDEX

DO 170 IND=1, MAXIND

AVERAGE VALUE OF
GLAUERT COEFF.
IS INPUT

CAPA (IND)=
AR (2,IND+9,K2)

AR (1,IND+9,K2):0

Kl =K2 10

COMPUTE GLAUERT
COEFF, BY INTERPOLATION
ALONG THE SPAN

170 CONTINUE

COMPUTE ["%; AND Q. 4;

GAMMA, ARHO

Y
COMPUTE Ay,

HRHO




COMPUTE 9n,K2

GNRHO (IND), IND=1 MAXIND

COMPUTE Jpthy,)
(BJHR(D), BJHL (1)),

ROCABES

i=1, MAXIND+1

4

COMPUTE H?{,KZ
CAPHRHO

COMPUTE dx y1 AND e™9%K1

DRHO, EXPDRHO

/

COMPUTE 2, A AND K k1

LIFTFN2

RNUKAPA, LAMBDA, CAPRHO

f

m 4
COMPUTE ?%) +Kmn?z

TEMP4

AVERAGE VALUE OF
SLOPE OF STEADY
STATE LIFT COEFF.

IS INPUT
DCSBL (K1) =AR (2,6,K1)

| -

COMPUTE SLOPE OF
STEADY STATE LIFT CQEFF.
BY INTERPOLATION
ALONG THE SPAN

COMPUTE (

d /

qc me +
—k 27()( °+o<-mn ez)

TEYP 4

©
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COMPUTE R (&P

UNEGNFN

SCPTRMN

[

COMPUTE OSCILLATORY FACTOR

FACTINZ

I

‘ RETURN ’




COMPLEX FUNCTIGCN FACTINZ2(RHUO,ARMISC,MAXDIM,MAXJIs AR)
REAL MSBE(3)sMSBI(3),MSBM(3),M582(3)
COMPLEX CAPHRHUSCONLIFTSCTEMPL,CTEMP2,HRHO»LANDASLIFT,TERM{1S)
COMPLEX CAPKRHO,EXPIRHD
DIMENSICN AR(MAXDIM»™MAXJ»3),ARMISC(L)},B8IHR {250})» 3JHI(25C),CAPALLS)
DIMENSIUN CHORG(3)»2CSBLU3)sGNRHI(LS),YRE(20),YIM(20),THETA(3)
COMMON/SCRATCH/3ES(L12CS)
CIMMON/CFACT2/7B8sCAPKMNCAPNMNGC3,C0»C75sC3,C9,C11»0125CL3,Cl4sKly
1 K2sL oMy N NK2oRMUMN, SIGOL
EQUIVALENCELBIHR{LDISBESILII»{BIHI(L)»BES(251))
Kl = K] :
0 IP = ~]
IF(AREL,7,K!) .GT. J.) GO TO 20
MSBIIKI)Y = ARtE2,7,X1) -
GQ 10 40
20 NPTS = AR(1,7,KI)
CALL MTLUP(RHOSMSBIIXKI)sLoNPTSsNPTS»10IPAR(351sXI1,AR(3,THKI )
40 IF(AR(1,3,kI) .GT. 3.} GO TO 50
MSBEIKI) = AR(2s3,KI1)
G0 T0 70
NPTS = AFR(1,8,KI1)
CALL MTLUP(RHOSMSBE(KI)»lsNPTSHNPTIS»1,1P,AR{3,10K1),ARE3,85K]))
] IFLAaR(1+85KI) .GT. O0.) GO TO 80
MSAZIKI) = AR(2,93,K1)}
G2 Ty 120
¥ HP TS = ARS1,9,K1)
CALL MTLUP(RHIOMMSBZ(KI)s LoNPTS)NPTS»1,IP»AR(351sKI)»AR{3,9,KI )}
N 1¢ [FlAR(Ls25K1) 3T, O.) GO YO 11O
CHOFRJI(L]1}) = AR(252,K])
G0 Y0 120
116 NPTS = aR(1,2sK1])
CALL MTLUP(RHO,CHORD(KII» LoNPTSHNPTS»151P» AR(351-X[)sAR(352,X]))}
130 ICE(MSBI(K]I) LT, 4MSBZUIKI)) TEMPLl = C.
[F{MSBIC(KI) .GE. MSBZIKI)) TEMP1l = SQRT(MSBI(L[)*%2
1 - MIBL(KI)*#*2)
IFIMSBEIKT) LT, MS3Z(KI1}) TeEMP2 = 0,
IF(PSBE(XK]I) GE. MSBItKI)) TEMP2 = SQRTIMSBE([)%e?2
i - MSBZ(K[)*%2)
TEMP3 TEMPL + TEMP?2
TEMPy (TEMP3%22) /4, + MSBZ(KI[)%®%x2
M33FIKI) = SCQRAT(TEMP4)
TEMPL = ACGS( MS3Z(KI[)/4S3M(KE) )
THETAUX]I) = ABS{TEMPL)

D

v

now

1If(Kl .EC. K2} GO T3 140
Kl = %2 -
Ga 10 |cC
1640 MAXIND = ARMISC({X2+18)
37 179 Inl=lavixIND
I R o A S N . 30 173 .50
LaP el INId 2 AR{2,040+3,%2
GO0 10 (7S

150 NPTS = aS{1,IND+3,K2)
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170

tag

162

CaLL MTLUP(RHO»CAPALIND) s Lo NPTSHNPTS,1,IP5AR(3510K2),

1 AR(3,IND*9,K2))

CONT I NUE

GAMMA 3 3,1415926535393%«CHORDIK2)*«MSBM(K2)*(CAPA(]L) + CAPA(2))

TEMP ]l = Co*( CHORO(KL)I/Z(2.%R<40) 1#NK2

TEMP2 = ~C7+#SIGOL*{ B/RHO ) *NK2

TEMP3 = EXPITEMP2)

ARH] = TEMXPL4TEMP3

TEMP L = (CLl2*SIGOL# HORD(K2)I®NK2} / (2.*%RHQ)
TEMP 2 = C13*(1.5707903267G95 =~ Cl4*THETA(K2))

CTEMPL = CMPLX{0.,TEMP2)

HRH] = TEMPLSCEXP(CTEMPL)

TEMPLl = CAPALL) ¢ CAPAL2)

CAPA(MAXINO+l) = 0.

CAPA{FAXIND+2) = O,

DO 18C IND=1,MAXIND

GNR4OUIND) = (CAPALIND+2) - CAPAUIND)) /7 TYENPI
HRHIR = REAL(HRHO)

HRH3[ = AIMAG(HRHO)

CALL ROCABES{HRHOR,HRHOI »0e »MAXIND»BJHRS BJHI s YREHLYI M)
CAP4RHO = CMPLX{BJIHRI 1), BIHILL))

DO 19C 1=1,MAXIND

TERM{I) = (CMPLX{O.rsCLlL)**1)*GNRHO(TI®CMPLX(BIHR(I+L)sBIHILIL))
00 20C 1=1,MAXIND

CAPHARKEO = CAPHRHO + TERH!II

TEMP L = CB*THETA(K])

TEMP 2 = CO9xSIGOL=RNK2

TEMP3 = ( B/RHO )*TAN(THETA(K1))

TEMP 4 = {ARMISC(7)4CHORD(K2)) 7 (2.%MSBM(K2))
ORH] = TEMP]l ¢ TEMP2¥(TEMP3 ¢ TEMP4)

CTEMPl = CMPLX(O.»~DRHD)

EXPIRHO = CEXPI(CTEMPL)

RNUCAPA = [ARMISC(7)#NC2*¥CHORD(K1)I*SIGOL) 7 (MSBM(X1)*2.)
RNUCAPA = CO*#RNUKAPA

TEMPL = C3#(1.570796326795 -~ THETA(K])}

CTEMP] = CMPLX{O0.,TEMPL)

CTEMP2 = CEXPICTENPL)

TEMP 2 = CHE*SIGOL®( NK2/(2.¢RHO) ) *CHORD(K1)
LAM)A = TEMP2#CTEMP?2

calt LlFTFNZ(QNUKAPA:LAHDA:LIFY:CGNLIFT)
CAPKRHO = LIFT

SINTHS = SINI(THETAIKL))

COSTHS = COSITHETa(X1)}

INDX2 = ARMISC(5) + AR9ISC(13)

IF(INDX2 .EQ. 1 0. INDX2 .EQ. 2) 221,222
TEMP3 = (M*COSTHS) /7 RAD

2210 223

Tc433 = ~{MelJSTAS) /1 92

TEMPG = TEMP3 ¢ CAPKMA*SINTHS
IFIAR(Ls65K1) .GT. Da) GO TJ 224
DCS3ILIKLD = AR(2s6s¢1)

G0 TO 225



~
-

224

225

220

NPTS = AR(1l,6,K1l)

1P« -1

CALL PMTLUP(RHO,DCSBLIKL)» LsNPTSoNPTS»1s1P»AR(3,15KL)sAR{(3,6,K]1))
TEMP4 = { DCSBLIK1)/6.2831853(L71796 ) * TEMP4

SCPTRMN = UNEGNFN{MsRMUMN,ARMISC(3),RHOY 7 CAPNMN _

FACTINZ =aMSBM{K1)*GCAMMA®ARHO*CAPHRHOSEXPDRHOSCAPKRAJ*TEMP 4 *SCPTRMN

lFlARV!SC(b) eED. 3.)  ARITELH223C) RHO,MSBMIKL) #GAYMMA,ARHD,
CAPHRHO» EXPDORKHO»CAPKRHO» TEMP4, SCPTAMNSFACTINZ

FURiAT(lH sFT.49s9Fb, 3-2(1X;EQ.2):3(1XnZEQ 2)92(1XrEF.2)01Xs2E1GC,.3)

RETJRN

END



3.2.8 Function FACTINS3

Purpose: This function evaluates the interval of the oscillatory factor
called by subroutine GAUSS2 in the primary subroutine BBCAA,.

Method: The procedure is as follows:
1) Evaluate the normalized eigenfunction.
2) Initialize the distortion coefficient to zero.
3) If the distortion coefficient index & is zero, proceed
to step 16.
k) If the cone model is not being used, proceed to step 8.
2
5) Calculste D =(1-V,/V,)/(A" - 1), 6, ,and 8, ; + & ;.
6) Evaluate the integral part by dividing the interval into
two equispaced subintervals, integrating on each subinterval
with an eight-point Gaussian formula, and summing the
integrals.
7) Compute Vl(p) and Wl(p) in the cone model and proceed to
step 16.
8) If the power model is not being used, proceed to step 12,
9) If the average value of ay is input, use it and proceed
to step 1l.
10) Compute an average value of 8, .
11) Compute Wl(p) in the power model and proceed to step 16.
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Usage:

Timing:

Accuracy:

12)

13)

1k)

15)

16)

If the distortion coefficients are not input, proceed to
step 16.

Determine if the distortion coefficient index |[%| corre-
sponds to an input value. If it does not, proceed to

step 16; if it does, determine which index.

Compute the distortion sine and cosine coefficients for
the present index, depending upon whether average or
spanwise data is input.

For & < O, conjugate the coefficient.

Compute the integrand as the product of the eigenfunction
and the computed distortion coefficient.

CALLING SEQUENCE

COMPLEX FACTIN3,VFACTIN ‘
COMMON /CFACT /M,N ,RMUMN ,CAPNMN ,ETA ,SIGN,L,CAPKMN
DIMENSION ARMISC(NARMISC) ,AR(MAXDIM,MAXJ,3)

L d

VFACTIN = FACTIN3(RHO,ARMISC,MAXDIM,MAXJ,AR)

The timing is approximately equal to the time for a unit call
to UNEGNFN plus, for the cone model, 2 x |£] unit calls to

GAUSS. For the power model, the timing is equal to one unit
call to MILUP and, for input values, two unit calls to MILUF.

The accuracy is of the algorithmic type and is dominated by
UNEGNFN and, for the cone model, GAUSS, and for the power

model or direct Fourier coefficient input, MTLUP.
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CALLING LIST

RHO, ARMISC,MAXDIM
NAXJ, AR

L

EVALUATE THE
EIGEN FUNCTION

UNEGNFN

SCPTRMN

4

INITIALIZE THE DISTORTION
COEFFICIENT TO ZERO

WSBLRHO=(0.,0.)

COMPUTE D, §, 4 ,
84,1+8%5y,

DVALUE, DELTALO, DELTALI

|
|

CALCULATE NUMBER OF
SUBINTERVALS AND
SUB INTERVAL WIDTH

NOSCE, WIDTHI

|

®




{ Do 10 TRVL=1, NOSCE |

&

COMPUTE SUBINTERVAL
UPPER AND LOWER BOUNDS

RUP, RLOW

COMPUTE THE INTEGRAL |

GAUSS

ON THE SUBINTERVAL
VALUINT

|

ACCUMULATE INTEGRAL

10 WSBLRNO=WSBLRHO+VALUINT

\

WSBLRHO = - WSBLRH¢

|

100

MisC2z:2

Q=ARMISC (23)

4

COMPUTE THE J INDEX OF A3
USED IN POWER MODEL

J

®
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UTLUP

Y

CONPUTE THE VALUE OF a;
BY INTERPOLATION ALONG
SPANWISE INPUT DATA

COEFAlL

I

USE THE AVERAGE
VALUE INPUT

COEFAl=AR(2,1,2)

COMPUTE Wg(p) IN POWER MODEL
WSBLRHO

=)

COMPUTE THE FOURIER
DISTORTION COEFFICIENT FOR |g|

1ABSL

1

COMPUTE THE FOURIER INDEX
CORRESPONDING TOQ JABSL IN
THE INPUT, IF ANY

ICOEF




MTLUP

COMPUTE THE J LOCATION OF THE INPUT
DATA CORRESPONDING TO ICOEF FOR THE

DISTORTION COSINE AND SINE SERIES
[=1,2 RESPECTIVELY

J

USE THE AVERAGE

groeatd

COMPUTE THE AVERAGE
VALUE BY SPANWISE
INTERPOLATION

INPUT VALUE

ABN ()=AR (2,4,2)

ABN (1)

50 CONTINUE

COMPUTE THE COMPLEX DISTORTION
COEFFICIENT FOR {21

WSBLRHO = CMPLX (ABN(1),-ABN(2))

1ABSL :0 < WSBLRHO=CONJG (WSBLRHO)

i

COMPUTE THE INTEGRAND
OF OSCILLATORY FACTOR

FACT IN3=SCPTRMN « WSBLRHO

Y

‘ RETURN }
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COM>LEX FUNCTION FACTIN3 (RHO» ARMISC,MAXDIM»MAX IS AR)

PURPOSE EVALUATE THE INTEGRAND FACTIN3 TO B8E CALLED B8Y THE
INTEGRATOR GAUSS2

- £ X S

DIMENSION AR(MAXDIM)MAXJIS3)»ARMISCU1)»ABNI(2)
COMYON/ZIFACTZ  MoNsRMUMNS CAPNMNSETA,SIGNS»L,CAPKYN
COMPLEX WSBLRHO»VSBLRHI»DISINT,VALUINT
COMMON/COISINT/CAPADI SoRHOINC

EXTe RNAL DISINT ’

DATA P173.14159265353979/

EVALUATE NORMALIZED EIGENFUNCTION
SCPTRMN = UNEGNFNIMsRMIMNSETA,RHO)/ZCAPNMN
COMPUTE THE DISTORTIGN FACTOR

WSBLRHO = (0.50.)
If({ ,EQ.0) GO TO 100
IFL ARMISC¢22) .EQ. 0. ) GO 7O 100

COMPUTE THE FOURIER COEFFICIENTS FROM CONE MOOE

IF( ARMISC(22) .NE. 1. ) GO TO 20

RHOI NC = RHO

VADB V] = ARMISC (23)

CAPADIS= ARMISC(24)

DVALUE = (1.-VADBV1)/7{(CAPADIS*%2-],)
DELTALO= 0.

TFIL.EQ.DIDELTALO=].,

DELT ALL=s O.

TABSL = 1ABSIL)

IF(IABSL.EQ.1)DELTAL L =],

IOR)GS = 2

NOSCE = MAXO(2,2%JABSL)

WIDTH! s 2.«Pl7NOSCE

D0 10 ITRVL=1,NOSCE

RLOA = {([TRVL-1)®4IDTHI

RUP = RLOW ¢ WIDTHI

CALL GAJSSIRLOW,RUP» VALUINT,DISINT,10RDGS)

10 WSBLRHO = WSBLRHO ¢ VYALUINT

WSBLRHO = {1.+0VALUE)*JELTALD - ,S*CAPADIS*IHO*IELTALLI*DIVALYE
i - W S®OVALJI T a3 ULRAIIFP

WSBLRHO = ~2.*Pl1&WS3LRHD .
GO YO 120

€©
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iaey

e

€

W
[ &

50

67

72

86
9N

100

COMPUTE THE FOQUR

IF( ARMISC(22) .NE. 2. )
Q = ARMISC(23)
1A3SL = JASS(L)
J = 9 + ARMIST(20) ¢2 ¢]
NSPN = AR({1lsJs2)
IF{ NSPN } 40,30,40
COzFal = AR(2sJ»2)
Go 1O 5 .
IPA = -]
CALL MTLUP(RHI»CUOEFAlsisN
WSBLRHO = .5#COEFAL/FLOAT
G0 YO 130

COMPUTE THE FOUR

IF( ARMISC{22) .NE. 3. )
[ABSL = laBS(L)

MAXC OEF = ARMISC(23)/2
MULTFCT = ARMISC(24)

00 55 NCOEF=1,MAXCOEF

FFIIABSL NE.NCOEF*MULTFCT
ICGEF = NCOEF

G3 10 67

CONT I NUE .

60 r0 120

00 3C 1aB=]1,2

J = 9 ¢ ARMISC(20) ¢+ 2
NSPN = AR{l»Jds2)

LF{ NSPN ) 80,70,80
ABN{ 14B)=AR(254,2)

GO 70 93

1PA = <}

CALL MTLUP(RHO» ABN{IAB)» 1sNSPNsNSPN,1»IPA»AR(35152)9AR(354,2))

CONT [ NUE

WSBLRHO = ,5%CMPLX( aBN(1

IFC L.LT.0 ) WSBLRHO = CO
COMBINE TO FORM

FACTIN3 = SCPTRMN#WSBLRHO

RETJURN
END

IER COEFFICIENT FROM POWER MODEL

GO 10O 60

SPNs NSPNs 1o IPAsAR{351021,aR (354520 )
(1285L)**Q

IER COEFFICIENT FROM INPUT VALUES

GO 70 '1C0

) GO 10 65

+ 2+(ICOEF-1) + 14A8B

)s=AEBN(2) )
NJG( WSSLRHO)

FACTIN3
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3.2.9 Function FACTINL

Purpose: This function evaluates the oscillatory factor of subroutine
BBCAA.

If ARMISC(25) = 3 (i.e., LIFTFN3 or NONCPT is specified):

FACTIN4G = Bm<umnp> (gl(p)Fl(p)—g2 (D)F2(0)> ’

vhere: ‘ 5
_Lp-R) PR
232 B 32
g, (p) = 21P,re 1 1 (ﬁ-) e 4 iU
3 2 2
a
h|
2 BTj SIN (BT) " BTj<.1
21 Bt
P, =U E if .1< BT,< 10
h| 3 j 2 - 3=
1 X
-1 (%) ~
e J if lO<BTj
(mT. 2
L T Bl
3 2
T, = ,E=V§J——fe cos (w 1) d w
m
J M, 2 3 A

If ARMISC(38) = 0, then:

B ) = My () SIN(@z("))S("1(9)>'°‘(°)Mz,2(p)Fa("z("))
—f(p)MZ,Z(o)Ff(vR(o))
F,(p) = Mz,z(p)s(?z (p))-+a<p>MM,2(o)s1N(§2(o)Fu (v2<p$)

+£ ()M, , (0)SIN(O, (o)F, <v2(p)>



If ARMISC(38) # 0, then:

F,(p) = MM’Z(p)SIN'éz(o))S(vg(o)).J (K;m)-u(p)mz’z(p) J<\)R + rsn‘mc)

+
* ZJl(Vz * )
_f(O)MZ,z(D) {J (KmnO)F (\)!L)+ . nno /
v _+ K

L mno

SR ) )

Fz(p_) - MZ,Z(p)S(VQ(p)>+ G(Q)MM,Z(D)SIN(GZ(D))J(\’Q + K:m0>

23 (v, + ¥
+f(p)MM 2(p)SIN(O (p)){ (mno)F (\,Q).,_ 1<1+ mnc)
ot

9, mno

2% oy £y, :
- Vo jzl (-1) J1(\)52.) [Jj+l<Kmno)+ Jj—l (Kmno>]§

: .
1 2 .
MM,Z(D) =\/Z(\/MI,2( ) - (o) +\/M (p) ~_ z,2(°) ) + MZ,Z(D)

sN(o,(p)) = \/Mi’z(p) ,(P) +\/ 2,2(0)
| ' MM,Z 2

Cz(p)
) 2p

[ SIN(OZ(Q))
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If ARMISC(25) = 4 (i.e., LIFTFN4 is specified):

FACTINA = 2VZ7 R (u p) 120
_ (Mo _

2
- a
{‘“M,z(p) SIN (oz<@pl IR<Z—R)e oR /2] .

2
1

a

. . e ooy
M, 2(P) Py Iz( z)e Iz}
2

where:

2 2.2

) -K"a, [2
I = aj.Rezf o 1(P-RIK 1x (h(o,K), w(p,K))e J/ dK }

LIFTFN4 calculates T (h,¥)

C,(0) 2
h{p,K) = g \AZ + [% SIN Oz(p)]

(p,K) —1( €y (K ) _1( S
¥(p,K) = cos | ==—. )= cos > 1 2)
2h(p,K) 2! +<1'<B SIN ez(p)>

-1/ &
TAN ('[-(-5' SIN Oz(p))
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Method: The procedure is as follows:

1)

2)

3)

L)

5)

6)

7)

8)

9)

10)

11)

12)

Evaluate normalized eignfunction, Bm(umn).

Compute BT

J.
Ir BTJ < .1, calculate Pj as in equation above and go to
step 6.
If .1 < BT, < 10, then calculate Ej by using subroutine
GAUSS with [2tB/n] + 1 subintervals of the interval [0,B]
(the integrand is an even function so the interval [0,B]
was used). Calculate Pj and go to step 6.
If 10 < BTJ’ calculate Pj'

5 —pR/ajz

Calculate Iz (pR/a.:j ) e .

Calculate e-12¢.

Obtain MI’2(p), ME,2(°)’ Mz’z(p), Cagp) from array AR
using lirear interpolation, if necesssary.

If ARMISC(25) = 3 (i.e., LIFTFN3 or NONCPT is specified),

obtain f (p), a(p) from array AR,

Calculate MM 2(9) and sin Bz(p).
9

If ARMISC(25) = 3 (i.e., LIFTFN3 or NONCPT is specified),
calculate gj; use subroutine LIFTFN3 or NONCPT Fl and

F,. Calculate FACTINL and return.

If ARMISC(25) = 4 (i.e., LIFTFNL is specified), calculate
IJ using "trapezoidal rule open at upper limit" as given on
the following page:
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: ~ . 22 ‘
I, = a, Re{ / e 1P RIK py (n,y) oK 3 /2 dK}

(o]

. L ’ ’ 2 ‘ .
Re { a f e_i(p._R) x/a T,‘L (hy¥) e ~x /2 A dx }
j (o] . aj

(Let x = Ka)

. -i(p-R) x/a;. .2
= Re{[ e . ' J 'I*'(h(p’x/aj), w(p,x/aj)) e X/2 dx}

’

A

Kiax
2

=

=0

‘ . | -2 ' |
Re.{e—l_(p—R) (KA/aj>e (kA)/2 * (h (p’KA/aj )ﬂb (D,‘KA/aj>)}
where:

a, N,

=—J- =—22. a,nd =—]; . .

A=g" s Kpux =3 * 1 Z dg =380 Fa; oot agy
K=0

calculate FACTINL and return.
Usage: CALLING SEQUENCE

COMPLEX FACTINL,Z _

DIMENSION ARMISC(40),AR(MAXDIM,MAXJ,3)

COMMON /CFACT /M,N ,RMUMN , CAPNMN ,ETA ,SIGN ,L , CAPKMN
COMMON /SCRATCH /BES(1000)

)

= FACTIN4(RHO,ARMISC,MAXDIM,MAXJ ,AR)
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Accuracy: If ARMISC(25) = 3, the accuracy is dominated by the accuracy
of subroutines UNEGNFN and LIFTFN3 or NONCPT.

If ARMISC(25) = L, the accuracy is dominated by the accuracy
of subroutine LIFTFNL and the truncated trapezoidal rule used

, to calculate Ij'
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‘ START >

)

UNEGNFN
CALCULATE . -
SCPTRMN SET4
CALCULATE
BTJ ()
BTI(N)<.1 1£BTIWI£10
I I 10 <BTJ (B
T A
CALCULATE .| CALCULATE CALCULATE
PI) . "NOSCE,WIDTHI PIW |

EJ (J) OVER IN th
SUBINTERVAL

SETIN=1 CALCULATE
NO

CALCULATE
EJ(J), PJ U}

IN=IN+1

A
A

BESIE

CALCULATE
BESIEJ (1)

NPTS= Yes CALCULATE

AR (L,7,2)>0 .
sl ' CTEMPI= e~ ¢
A
uTLUP MSBI =
CALCULATE AR (2,7,2)
MsB!
Y .
A
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it

NPTS =

AR (1,8,2)>0

AR (1,8,2) |
NTLUP WSBE =
CALCULATE AR (2,8,2)
MSBE
L
MSBZ = ; NPTS=
1 >
AR 2,9,2) AR (1,9,2) AR (1,9,2)
MTLUP
CALCULATE
MSBZ
M P J
: YES 'NPTS =
4 AR (1,2.2)
- No l
\ MTLUP
CHORD = CALCULATE
AR (2,2,2) CHORD
1

NO

AR (1,10,2)>0

FRHO=
AR (2,10,2)

YES

L2
/\ YES
ARMISC (25)= 4

?

NPTS =
AR (2,10,2)

v

MTLUP

CALCULATE
FRHO

)
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YES NPTS =
AR (2,11,2)
NO L
P
ALFA = MTLU
AR (2,11,2) CALCULATE
ALFA
CALCULATE CALCULATE
SINTHS,COSTHS MSBM

J=1rp NO ARMISC (25) =4
r : CALCULATE
CALCULATE ALCILATE
G W >
INITIALIZE
INTEG ()20
¥

| kmax-20DELK + 1 |

)

ARMISC(38):0
Y
LIFTFN3 CALCULATE CTEMP2=,
-(P-R)(é—‘s-) - (AT ]
CALCULATE rwp— e 2. s %2
CAPFI :
‘ CALCILATE CAPF1
7 LEALCULATE HRHOK ]
LIFTFN3 — '
CALCULATE LCALCULATE PSI—I
CAPF2 CALCULATE CAPF2 "
‘[—4 ] LIFTFN4
CALCULATE CALCULATE
FACTING LII;'T4
RETURN
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()

CALCULATE
CLIFT4

4

INTEG (J) = INTEG (J) +
REAL (CTEMP 2o CLIFT4)

NO :
K>KMAX >4 E >
7 |

NO
B

CALCULATE
FACTINA

\
RETURN
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COMPLEX FUNCTION FACTIN&(RHO» ARMISCoMAXDIM,MAXJs AR)

PURPOSE EVALUATE THE INTEGRAND FACTIN4 YO BE CALLED BY THE
INTEGRATOR GAUSS2

(N ale Kol al

REAL INTEGJ,»MSBE,MSBI »MSBMsMSBT,MNSB2

COMPLEX CAPF Lo CAPFsCLIFY 4 CTEMPLI,CTEMP2,FUNIN4»GI(2)sL{FT4,
1. VALUINT

Dlﬂ '‘NSION AR(HAXD!H:HAXJ:3))ARHISC(1)1ABN(Z)DEJ(2)DINTEGJ(Z)
DIMENSION BESIEJ(2)sBTIN2)5PI(2)5TJ(2)

COMMON/CFACT? MsNsRMUSNS CAPNMNSIETASsSIGN»L»CAPKMN
COMMON/CFUNINS/CTJ,TAU

COMMON/SCRATCH/BESILOO)

EXTERNAL FUNIN®

DATA PI,TWOPI/ 3.14159265358979, 6.28318530717959/

DATA SQ?TZPIIZ.5ODbZBZ7463l/

EVALUATE NORMALIZED EIGENFUNCTION
SCPTRMN = UNEGNFN{M) RMUMNSETA,RHO)/CAPNMN

. C 00 30 J=sl,2
TJ(J) = ARMISC(33+J}) /7 AR(2,9,2)
BTA(J) = ARMISC(36)eT JLY)
[F( 8TJlJ)..LE. 10 ) GO 1O 290
TEMP]1 = <ARMISCU{37I*ARMISC(3T) 7 (2.¢TJ(J)=TJ(I))
PJ{J) = ARMISC(29+J)*EXP(TEMP])
GCR 1a 49
IF( BTJLJ) JLT. .1 }y GO 70 30
13JRIGS = 2
TAU = ARMISC(37)
CTy = TJLJ)
EJ(JY = O,
NOSCE = 2*%IFIX{ TAU®ARMISC(35) 7 PI ) ¢+ 1
WIOFTHI = ARMISC(36) / NOSCE
D3 25 IN=]1,NOSCE
RLOA = FLOAT(IN=-1)*WIDTHI
RUP = RLOW + wIODTHI )
CALL GAJSS{RLOW,RUP,VALUINT,,FUNIN4,IORDGS)
EJtJd) = EJ(J) + REALIVALUINT?
25 CONT I NUE
EJULIY) = (2. ISQRTZP[)'TJ(J)‘EJ(J)
PJ(J) = ARHIS"(ZQOJ)‘EJ(J)
GO I @
30 BTAJ = ARH!SC(36)‘ARNISC(37,
IF(3TAU LEQ. DJ.) TEMPL = ],
IF(3TAU NE. 2. TEMPLl = SIN(3TaUY/BTAU
PRI ) = ARMISCUZ2I+4)F2.58 750 jis0cmMPl /7 SJIRT2ZPI
wl TEMP Ll = RHO*ARMISC{23) 7/ (ARMISC{31eJI*arRMISC(3l¢4))
CALL BESIE(L,TEMPL,BESIEJLII))
50 CONT [ KUE
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=
{n
[%]

CTEMP]l = CMPLX(Osr-LE®EARMISC(29))
CTEYP]Ll = CEXPICTEMPL)
IP s -]
IFl AR(1,7,2) .GT, 2. ) GO TO 62
MSBI = AR(2,752)
Go o 72
NPTS = AR{ 1,702}
CALL MTLUP(RHOsMSBIs LoNPTYSoNPTSs1,51IPsAR[35152)9AR13,5752))
iFL AR(108,2) .GT, 0. ? GO TO 80
MSBE = AR(R2,3,2)
GO TO 9
NPTS = AR(1,8,2) o
CaLL MTLUPU(RHU»MSBE» L sNPTSsNPTS,1,IP»ARI35102),AR(3,852))
iF{ AR(1»952) .GT, 2. ) GO TD 100
MSS52 = AR(2,952)
CoTO 110
MPTS =2 AR{1,9»,2)
LALL MTLUPIRMHO,MSBIZs 1 sNPYSoNP TS, »IPsARIIS102)sAR13»952))
ll"!AR(l’le’ .GTI 00 GU TD 120
CHORD = AR(2s2,2)
GO TO 130
NPTS = aR{}1,2,2)
CALL MTLUP{RHO»CHORD,» Lo NPTSHNPTS,1sIPsAR(35152)5AR(3525,2))
1FL ARMISCI(25) .EQ. 4. ) GO YO 170
I1F{AR(L,1002) LGT, O0.) GO TO 140
FRHI = AR( 251352}
GO rQ 150
NETS = AR(1s10,2}
CALL MTLUP(RHO,FRHO» LsNPTSsNPTS»1s1PsAR(32102)54R(3510,52))
{FLAR(Llell+2) .GT. Do} GO TQ 100
ALFA = AR( 2,11, 2)
GQ 10 170
NPTS = aR(ls1ll,»2)
CALL MTLUP(RHO» ALFA» 1 >NPTSsNPTS,1,IPsAR(35152),AR(3,11,2))
IF(4SBl .LE. MSBZ) TEMPL = Q.
IFIMNSBL +GT. MSBZ) TEMPL = SQRT(MSBI*NSBI - MSB32¢%MS582)
IF{(4SBE .LE. MSBZ) TEMP2 = O,
IF(M4SBE GT. MSBZ) TENP2 = SQRT(MSBE®MSBE -~ MS32¢M5812)
TEMP 3 = ,25¢(TEMP]L + TEMP2)*(TEMP]l ¢ TEMP2) + MSBZ*#MSBZ
MSBY = SORT(TEMP3)
SINTHS = (TEMPLl ¢ TEMP2) 7 (2.%MSBHM)
COSTHS = SQRT( le~SINTHS*#%2 )
COTTHS = COSTHS 7/ SINTHS
[FU ARMISCU(25) .EQ. 4, ) GO0 TO 190
00 18C Jsls2
TEMP] = -(RHO~- ARH[S-(ZB’)#(RHU‘ARHISC(ZQ)) /
(2. *ARMISCI31¢3) *ARNISC{31+J4))
GJUJ)Y = TWOPI*PJ(J)ISEXP(TEMPL )*BESIEJIJIS*CTEMP]
4SBT = ARMISC(7)
RNY = CAORD*®L*¢MS3BT / (2.%¥MSBM)
Bl = 1.
B2 = -ALFA*COTTHS
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1s0

749

250

184

1

:
2

83 = -FRHO*CQTTHS

IF(ARNMISC(33).EQ.0.) CALL LIFTFN3(RNU»BL1»B82,83,C4APF1L])

IF(ARMISC(38).NE.D.)

81 = COTTHS

B2 = ALFA

B3 = FRH0D
IF(ARMISC{38).EQ.0.)
TF(ARMISC(38).NE.O.}

CALL NONCPT(BLl,»B82,83,CHORD»CAPKMN,COSTHS» M,
RHOS>RNUSSINTHS»CAPFL)

CALL LIFTFNI(RNU»BLlsB2sB3,CAPF2)
CALL NONCPT(BlsB2,33,CHORD, CAPKMN»COSTHS» M,
RHO»RNUSSINTHS»CAPF2)

FACTING » SCPTRHN*(GJ(lO‘CAPFl - GJI2)#CAPF2)*MSBMESINTHS

REYTURN

I1FORM = 2

FKMAX = 20.

DD 25C J=1,2

SELL = ARMISC(31l+y)
INTEGJ(J) = .5

{ ARMISC(28)

KMAX = FKMAX/DELK ¢ |.

00 240 K=1,KMAX

TEMPL = DELK®K / ARMISC{31+J)

TEXP2 = -{(RHO - ARMISC(2B)I+TEMPL

CTENPZ2 = CMPLX(Q.»TEMP2)

LTENPZ = CEXPUICTEMPRY¥EXP{~,5%(DELK*K)*%2)

COMPUTE FILDTAS L. R. F.

TEMP2 = TEMPL#%2 + (

L*SINTHS 7 RHD )#**2

HRHIK = J5#CHORD*SQRT (TEMP2)
FS1 = ATAN(L*SINTHS / (RHO*TEMPL) )
CatL LIFTEN&UHRHOK,PSI»IFORM) LIFT U, IERLFTS)

ACCUMULATE INTEGRAL

CLIFT4 = CONJG(LIFT4)

INTEGJ(J) = INTEGJ(J) + REAL(CTEMP2*CLIFT4)

CONT I NUE

ITMTEGJUJY) = DELK*INTEGJ(I)

COMT I NUE

FACTING = 2,%SQRT2PI*SCPTRMNECTEMPL*
{ MSBM3SINTHS*PJ(L)*BESIEJ(LI*INTEGJI(])
~MSBZ*PJIL2) *#3ESIEJ( ZI*INTEGI( ) )

RETIRN
END



3.2.10 Subroutine LIFTFN2

Purpose: This subroutine computes a generalized airfoil 1lift response
function (see ref. 33). Subroutine LIFTFN3 computes the air-
‘foil 1lift response to & simple harmonic gust "frozen" in the
fluid (the Sears function), while this subroutine computes
the corresponding respbnse when the gust is simple harmonic
but not frozen in the fluid. Both response functions arise
in thin airfoil theory with two-dimensional, uniform, inviscid,

incompressible flow.

The response function, which is the return variable LIFT,

depends on v and A, vhere:

v = reduced temporal frequency
= complex reduced spatial frequency
KL(v,'A) v20
LIFT =
K.L(-\), -2) . v<O
CONLIFT = LIFT, where an overbar indicates complex conjugetion,
and
r[ Hfz)(\)l)A
Jo(A)-1J (x)] , +i v/ T, )
PP e P ) !
if v #0
12 (v) |
+ 1 v/2 if v#0,x=0
(v,A) = 2 ., (2 ’
a) ﬁ H{ ) (v) 4 1Hg )(v)'
Jo(A) - 1 Jl () if v=0,x #0
1 ' if v =0, =0

-100 < v < 100 and A is complex with |A| < 100.
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Method: The procedure is asvfollows:
1) Ifv >0, golfo step 3 to calculate KL(v,A).
2) Ifv <0, go to step-3 to calculate KL(-v,-X).
3) If v # 0, calculate HANKEL =

Hl(z) (v)

. . (2) ‘
e ¢ H (v) .
H1(2) (v) "o v

L) If x #0, calculate BESJLAM = J,(2) -i J, ().

BESJLAM * HANKEL

5) If v #0 and A # 0, calculate -CAPKL
+iv Jl(x)/k and go to step 9.

6) Ifv#0 and A
and go to step 9.

0, calculate CAPKL

HANKEL + i v/2

BESJLAM and go

7) If v =0 and X # 0, calculate CAPKL
to step 9.

8) If v=0and A

]

0, let CAPKL = 1 and go to step 9.

9) 1If step 3 reached from step 1, go to step 10.
If step 3 reached from step 2, go to step 1l.

10) Calculate CONLIFT = CAPKL = K. (v, ), LIFT = CONLIFT =

KL (v, A), and return.

11 Calculate LIFT
CONLIFT = LIFT

CAPKL = K (-v, -A) and calculate

K (-v, -X).

186



Usage: CALLING SEQUENCE

COMPLEX CONLIFT ,LAMDA,LIFT

CALL LIF'I‘FNQ(RNU,LAMDA,LIFT ,CONLIF‘I’)
Common Blocks: SCRATCH

Restrictions: -100 < RNU < 100 and |LAMDA| < 100

Timing: The average time over 1L00 calls to LIFTFN2 is .015 second
' per call.
Accuracy: Each value checked had six significant digits. The table

below shows which values were checked.

v A
ie - ) o o i o o )
0 o;e ’0—10,20,000 ’90;56 ,9=10,20,... ’90;
ie
10e™", 8 = 10°, 30°, 60°, 90°
1 0; e1®, o = 10°, 30°, 60°, 90°; 5¢1°, & = 10°, 30°, 60°, 90°
2 0
ie [} 0 o] o ie (o] [o] ¢} o
5 0; e, 8 =10°, 30°, 60°, 90°; S5e "~ , 6 = 10°, 30°, 60°, 90
10 0
100 0
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START
720 U<
?/"
\/ 30"
10 - SAVE 77 AND A
- . : SET V' =-7"
IGo 1] AND A=-X
1GO = 2
50
INITIALIZE
v 20
BSSLS AND BF4F
CALCULATE
4D
- 1
Hl ()+i HO ()

ROCABES

CALCULATE
BESJLAM
= JolAi I (A

©
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CALCULATE CAPKL CALCULATE CALCULATE CALCULATE
= BESJLAM * HANKEL CAPKL = CAPKL = CAPKL
+ivJiA /A HANKEL +i¥ /2 BESJLAM =1
160 = 1
20 40
CALCULATE CALCULATE

CONLIFT =CAPKL = K, (¥ A)

LIFT = CONLIFT = Ke(voe A

LIFT=CAPKL = K| (-27-R)
CONLIFT = LIFT =K (25 -A)
RESET 7~ AND A

‘ RETURN ’
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10

T

70

1.
[»}

1¢0

190

SUBIOUTINE LIFTFN2(RNUsLAMDA,LIFTLCONLIFT)

REAL LAMDAR,LAMDAL

COMPLEX BESJLAM,BJILAMIBJ2LANSCAPKL»CONLIET, HANSELs HIRNUSH2RNU
COMPLEX LAMDALLIFT,SAVELAN

ODIMENSION BJLAMR(25C) »3JLAMI(25Q)»BYLAMR(S501BYLAMI(5D)
COMMON/SCRATCH/BESILOOD

EQUIVALENCE (BES(LI»BJLAMRIL) I (BES(251),BJLANI(]1))
EQUIVALLENCE (BES(S01)»8YLAMRIL) ) (BES{SS5L)sBYLAYI(L)}
1Ga = | o

GO ro 52

CONLIFT = CAPKL

LIFT = CONJGICONLIFT)

RETJRN

SAVERNU = RNU

SAVELAM = LAMDA

RNU = =RNU

LAMIA a -CONJG(LAMDA)

160 = 2

6C o 5)

LIFT = CZAPKL

CONLLIFT s CONJGULIFT)

NNU = SAVERNU

LAMIA = SAVELAM

CETIRN

“SIGN = =1 °

NG = ]

ABSL AM s CABS(LAMDAY

IFIINL LEQ. D.) GO TO &2

CALL BSSLS(RNU,BES,NB,IERR)

BJIINU = BES(1)

8J2INU = BES(2)

CALL BF4F(RNU»BESsNB8» IERRSISIGN)

BYIRINU = -BES(1)

BY2ANU = =-BES(2)

HIRNU = CMPLX{BJLIRNU»BYLRNU]}

H2RNY = CMPLX{BJ2RNU» BY2RNU)

HANCEL = AZ2RNU 7 (HZRNJ + (Oasle.)EHIRNU)
TFA3SLAM EQ. DJ.Y GO TO 70

LaM)AR = REALILAMDA)

LAMDI ALl = AIMAS{LAMDA)

CALL FQOCABES(LAMUARSLAMDALISO. sNB»BJLAMR,BJLAMIS3YLAMR,BYLAM])
BJILAM = CMPLX(BJLAMR (LY, BJLAMILL))
BJ2LAM = CMPLX(BJLAMR(2)sBJLAMI[2})
BESJLAN = BJlLAM - (DJasl.)®Bi2LAM

1FIINU EQ. 0.} 60 TO 9

TFtARSLAM LEQ, 0.) GO TO 8D

TAPLL 3 BESSLAMEHANKEL ¢ {(J.s]l.)®RNURBI2LAM/LANDA
30 T3 i23,%2) 1GC

CAPCL = HANKEL ¢ (O.» la ) *#RNUZZ,

GO 10 (20,40) [GO

[F{aBsSLAY ,EQ, Q.) G2 TO 130

CAPCL = BESJLAM
GO fQ 120,40) 1GO
CAP(L b ‘1'100’
GO TQ (20,40} 1GO
ENOD



3.2.11 Subroutine LIFTFN3

Purpose: LIFTFN3 computes the complex frequency response of aerodynamic
1lift of a thin, two-dimensional airfoil with parabolic mean
camber line and angle of attack in a uniform, inviscid, incom-
pressible subsonic mean flow. The current procedure is to use
a8 linear combination of the responses to the transverse and
longitudinal components of the incident velocity perturba-
tion. The response to the transverse component corresponds
to the Sears function (see ref. 32), while the response to
the longitudinal component is the sum of two terms, one pro-
portional to the angle of attack and the other proportional

to the ratio of maximum camber to half-chord (see ref. 35):»

L(v) = S(v) - COTB[f Ff(v) + aFa (vﬂ

with v the reduced frequency, 8 the angle made by the
velocity perturbation and the mean flow through the cascade,

S the Sears function, f and o the retio of maximum

camber to the half-chord and the angle of attack, respectively,
and Ff, Fa the camber and angle of attack responses to the

longitudinal component of the velocity perturbation.

12w + 18P ) 3,
Fo(v) = [Jo_(v)- - Jl(v)]

4ng)(v) + i H{Z)(v)' v

Jl(v)

- [Jo(v)— + i Jl(v)] + %-Jl(v)

-1
20 (5P + 18P W)

Fp (V) = Jo(v) + 1 3,(v) , S(v) =

191
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It should be noted that these response functions, including

the Sears function, are spectral functions under the

convention:

— ey o 1 J/. A int
g(t) = 7w g(w) e dw.

The subroutine computes:

L(v) = blS(v) + b Fh(v) +

2

where bl = 1., b2 = -a cotB, and b3 = =f

outside the subroutine.

The procedure is as follows:

1)

2)

3)

L)

5)

6)

7)

Input v, bl, b2, b3 through calling

Set s(v) =1, Fu(v) =1, Ff(v) =2,

v =0,
Compute  Jo([v]), 3, ([v]), Yo(|v]),

Compute I&fzklvl), Hiz)(lvl).

Compute S(v) =

s(|v]) if v
Fa(lvl) if v
Compute F (v) = {__“__ _

@ F_(]v]) if v

«
Ff(lv[) it v

Compute Ff(v) =.{ ]
‘ Ff(|v|) it v

{S(lvl) it v

b3 Ff(v)

cotB are calculated

sequence.

and go to step 8 if

Yl(,\)l).



8) Compute L(v) = bls(v) + b, Fg(v) + b, Ff(v).
9) Return.
Usage: CALLING SEQUENCE

COMPLEX CAPLT
COMMON /SCRATCH/BES (1000)

CALL LIFTFN3(RNU,Bl,B2,B3,CAPLT)

Restrictions: None

Accuracy: The accuracy is of the algorithmic type and, in particular,
is dominated by subroutines BSSLS and BFLF.
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START

d

SET:S(VD=1,
Fe (VD) =1,
Fr WD =2

>

>10-10 < 10-10
y .
BSSLS BF4F COMPUTE
COMPUTE Jo (191,01 (WD) [ ] COMPUTE Youw), Yy (w0 [ ] Ho'Puwn iy Pt
\

COMPUTE ¥Y<o COMPUTE

—_— vV
S=S (VD S (D)

[ ' V>0

| CoMPUTE Fu (19D

V<o COMPUTE
v Fo (D) 2P (91)
w0 |

[ compuTE Fren |

COMPUTE V<o '
Ff @)= Fp (0D v
wo

X e

30
r____._[____
¥ | COMPUTEL )

-

RETURN

194



ErTPOYOYCLEC

[ &3

NI R &)

LB -0

©

SUBROUTINE LIFTFN3(RNU,BLlsB2,B3,CAPLT)

REFERENCE He NAUMANN AND H. YENs LIFT AND PRESSURE FLUCTUATIONS OF

30

20

A CAMBERED AIRFOIL UNDER PERIOODIC GUSTS AND APPLICATIONS
IN TURBOMACH INERYs JOURNAL OF ENGINEERING FOR POWER>»
TRANSACTIONS OF THE ASME, JANUARY 1973.

COMPLEX CAPLT»CTEMPLs FALPHNUs FFNUsHLRNU» H2RNUS» SNU
COMMON/SCRATCH/BES(10CI) . .
DATA PI,ISIGN/3.14159255358979,~-1/
FOR RNU IN ABSOLUTE VALUE LESS THAN 1.E-10, SET THE
FUNCTIONS TO 1 AND RETURN

SNU = (1l.»0.10

FAL?HNU =(1.'°o)

FFNJ = (2,20.0

ABSNU = aABS(RNU)

IF( ABSNU .LE. 1.E-10 % GO TO 39

COMPUTE FUNCTIONS FOR ABSNU AND THEN RNU

COMPUTE REQUIRED BESSEL FUNCTIONS

CALL BSSLS(ABSNU»BES»IsIERR)}

8J1 = BES(1)

8J2 = BES(2)

CALL BF4F(ABSNU,BES»1,1ERR, ISIGN)
BYL = BES(1)

BY2 = BES(2)

COMPUTE HANKEL FUNCTIONS AN SNU

HIRNU = CMPLXI{BJL»-BY L)
H2RNU = CMPLX(BJ2,-BY2)

CTEMPL = CMPLX(B8J1-BY2,-B8J2-8Y1)

SNU = 1,/7(.5*PI*ABSNUSCTEMNP L)

1F( RNU.LT.Q0.) SNU = CONJG( SNU )
COMPUTE FALPHNU

FALPHNU = CMPLX{BJ1,BJ42)
IF{ RNU.LT.0. ) FALPHNU = CONJG( FALPHNU )

COMPUTE T» F» AND FALPHNU
CTEMPL = (HIRNU + (Qurlo I®HZRNU) / (=HLIRNU + (J.si. ) ®H2RNU)
TEMPLl = BJLl - BJ2/ABSNU
FFNJ = CTEMPL®CMPLX(VEMPL,-BJ2) - CMPLXITEMP1,8J2) + 4.%8J2/ABSNU

1F( RNU.LT. O. ) FFNU = CONJG(FFNU)
CAPLT = BLASNU + B2¢FALPHNU ¢ B3®FENU .

RETJRN _
END : N
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3.2.12 Subroutine LIFTFNA4

Purpose:

196

This subroutine computes the lift response function of a flat-
plate, thin, two-dimensional airfoil in incompressible flow

- to an oblique, frozen-convected gust (see fig. 12).

The response function T(v,R) depends on v and B8 , where:

v = reduced frequency
B = gust yaw angle
and
+ v
T(v,B) = T : *3 (v I—c:’t(va)) +Iil(J 2()\) -iv,)
2V F(v,B) 071 2 1071 2

]

-iv
1 .
F(v,B) %v + e {\)2 Kl(vz)—lKo(vz)} -v SECB G(vz,TANB)

G(x,a) _/ e—iaz Ko(2) dz

X

where vy T Vv sinB, vy TV cosB, IO’Il and KO’Kl are the
modified Bessel functions, and J. and J. are the Bessel

0 1
functions.

An approximation formula (ref. 36) is:

8 (1+1 cosp)

e—iv [SIN 8 2 1
1 + 2mv(1 + 5 COSB)

T(v,B8)~

1
[1 + mv(l - sm23 + v coss)]i

he subroutine evaluates either the response function or the

approximation in the return variable LIFTL.



Method:

The procedure is as follows:

1)

2)

3)

k)

5)

6)

7)

8)

9)

10)

11)

Initialize the error return to zero.

set v, = |v| sing and v, = |v| cosB.

2

=1

when |v| < EPS = 1071%, 7(]v|,8) = (1.,0.) and return.

When the approximation is to be evaluated, proceed to

step 16; otherwise continue with step 5.

10-10, proceed to step 13.

When |8 - n/2| < EPS

When |B - n/2| > EPS 10-10, compute G(vz, tanB) using

a Gaussian formula according to steps 7 to 9.

"Divide the range of integration into subintervals of

width A = wn/max(1,tanB) starting at Vo

Compute the integral on each subinterval by a 12-point
Gaussian formula, an 8-point Gaussian formula when

1l <v, <10, and a 4-point Gaussian formula when v, > 10,

2 2
with the l12-point being used whenever interval bound

/A < 4 and summing the integrals.

When the integral on a subinterval in absolute value is

less than EPS = 10710 times the sum in sbsolute value,

accept the value and proceed to step 10.

When an interval lower bound is more than 1000., set an
error return and proceed to step 10; otherwise go to

step T.

and K

Compute the modified Bessel functions I 0° 1

O’Il’K
at v2.
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Usage:

Restrictions:

Timing:
Accuracy:

198

12) Evaluate F(|v], B) and proceed to step 13.

13) Compute F(|v|, B) directly as:

F(Iv],g) = COSv + v Si(v) + 1 [v ci(v) - SINv]

where Si and Ci are the sine and cosine integrals.

14) Compute the complex Bessel functions:

T (v

o l—ivz) and Jl(vl—ivz).

15) Compute T(v, B8) using the appropriate formula, depending

on whether v 1is positive or negative, and return.
16) Evaluate the approximation formula and return.
CALLING SEQUENCE

COMPLEX LIFTL

CALL LIFTFNU4(RNU,THETA,IFORM,LIFT4 ,IERLFTY)
RNU > O

The timing is dependent upon the input variables v and B8,

especially in the computation of G(x,a).

The accuracy is of the algorithmic type and, in particular,
is dominated by the computation of G(x,a) and the Bessel

functions of complex argument.



< ENTER ’

CALLING LIST

RMU, THETA, IFORM
LIFT4, 1ERLFT4

1

INTIALIZE ERROR
RETURN CODE

IERLFT4=0

| \
[eps=10.0c-100 |
Y

SET {V{, ¥ AND V2
ABSNU, TEMP1, TEMP2

ABSNU : EPS LIFT4=(1,,0.)"

SET SUB-INTERVAL WIDTH
WioTH

Y

INITIALIZE INTEGRAL VALUE,
LOWER AND UPPER BOUNDS

CTEMP2=(0.,0)
RLOW, RUP

199
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®

[

SET GAUSSIAN ORDER
FORMULA INDEX

IORDGS

i

CALCULATE THE INTEGRAL

ON PRESENT SUB-INTERVAL

GAUSS

. CTEMP3

Y

ACCUMULATE THE INTEGRA L

CTEMP2=CTEMP2 +CTEMP3

(11N

RLOW=RUP
RUP=RUP+WIDTHI

np

< _RLOVW : 1000

IERLFT4=1

Y

CALCULATE MODIFIED
BESSEL FUNCTIONS

BESI0, BESI1, BESKO, BESK1

1
CALCULATE F (iW,p3)

e

FRTH

400




y
COMPUTE SINE

SICI

AND COSINE INTEGRAL
Si, Ct

y
COMPUTE F (18],90 )

FRTH

BESIO =1,
BESI1 = 0.

@

A

ROCABES

COMPUTE BESSEL FUNCTIONS
Jo{Vi-i1p) AND J, (Wi-ih)

COMPUTE T(-[71,3)

LIFT4

L

CAMPUTE T (v}, 3)

LIFT4

il

COMPUTE APPROXIMATION
TO FILGTAS

LIFT4

) 1000
RETURN
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SUBROUTINE LIFTFNA(RNUsTHETAs IFORMILIFT45 IERLFTS)

COMMON/SCRATCH/BES(1020)
COMYON/ALPHAZALPHA

- COMPLEX CTEMPL,CTEMP2,CTEMP3s FRTHoGRTHFCNSLIFT4

EXTERNAL GRTHFCN
DATA PI,HALFP1/3.14159265358975,1.5707963267949)/

SET RESULT FOR SMALL RNU
IERLFT4 =

EPS = 1l.E-10
ABSNU = ABS(RNU)

TEMP3 = SIN(THETA)
TEMP 4 = COS({THETA)
TEMP1l = ABSNU*TEMP3
TEMP2 s ABSNU*TEMP4

IF(ABSNU~EPS) 10,10.20
LIFT4 = (le004)

GO TO 1000
IF{IFORM.EQ.2) GO TO 530

COMPUTE EXACT FILOTAS NUMERICALLY

3

COMPUTE F(ABSNU, THETA)
IF(ABSITHETA-HALFPI).LE.EPS) GO TO 300

“ COMPUTE G(ABSNU,THETA) USING GAUSS FORMULA BETWEEN HALF
CYCLES OF THE TRIGNIMETRIC FACTAR
UNTIL Ao CONTRIBJTION IS SMALL

ALPHA = TEMP3/TEMP4

WIOTHI = PL/7AMAXLI(Ll.s ALPHA)
CTEMP2Z = (0.0,

RLOAd = TEvP2 :
IF{ RLO¥ ,GE. 1000.) GO 70O 130
Nl = TEMP2/WIDTHL + .

RUP = NI*WIDTHI

"IFIRUP JLE. RLOW) RUP = RUP + HlDTHl.

IORIGS = 3
IF(TEMP2 .GT. 1) " 1ORDGS = 2
1F(TEMP2 .GT. 10.) IORDGS = 1

IF(RUP/WIDTHL .LT. 4.) [ORODGS = 3

CALL CGAUSS(RLIOW,RUP,CTEMP3, GRTHFCN, IORDGS)

CTEUPC = JTEMPZ ¢ (TEWP3

IF{ CABS(CTEMP3) .LE. EPS#*CASS(CTEMP2) ) 63 TO 13¢ :
RLO4 = RUP ' .

RUP = RUP + WIDTHI



IF( RLOW - 1000. ) 110,119,120
JERLFT4 = ]

CALL BESIKI(TEMP2,6,BESIJs»BESI1»BESKOSBESKL,IERBES)
CTEMP] = CMPLX( COS(TEMPL)s =-SIN(TEMPL) )

" FRTH = HALFPI®*ABSNURCTEMP 1*CMPLX( TEMP2#BESKIL,» -TEHPI*BESKOi

309

1 ~ ABSNUSCTEMPZ2/TEMPA
GO TO 400

COMPUTE F(ABSNU:HALFPI)

CONT I NUE
COMPUTE T(RINU»THETA) “USING F(ABSNU»THETA)

CALL SICTI{SI»Cl»ABSNU)

SI=SI+HALFPI : ‘
FRTH = CMPLX( COS(ABSNU) + ABSNU#*ST, ABSNU#CI - SINU(ABSNU}) )
BESIO=1,

BESI 1=0.

CALL ROCABES(TEMPl,~TEMP2,0.»1,BES(]1)»BES(450),3ES(900),BES(95Q0))

IF(INU) 410,1000,420

LIFT4 = (1,/7{-HALFPI*ABSNU + CONJGIFRTH))) *

1 ((BESID-BESFL) 7(CMPLX(BES(1),BES(450))+CMPLX(BES(+51),-BES(2))))
60 TD 1200 .

LIFT4 = (1./(HALFPI*ABSNU + FRTH}! ¢

.: 1 ((3ESIO*BESII) ZICMPLXIBESI1)»BESI450))-CMPLXIBES(+51),-BESI2))))

£00

. 000

GO 10 1200
COMPUTE APPROXIMATION TO T(R,THETA) (EQUATION 32)

TEMP L= PI*RNU*( L. ¢ .5¢TEMP4 )

TEMP 1 sRNU*TEMP3 -~ THETA*TEMPL/ 1. + 2.*%TENMP1 )
TEMP 2 = 1, ¢ PI*RNUS( 1. + TEMP3*#2 ¢ PI#RNUSTEMP4 }
TEM22 = 1. 7 SQRTITEMP2)

LIFT & = CMPLX( COS(TEM?1), =SIN(TEMPL) ) *TEMP2

CONT I NUE

RETJURN
END
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3.2.13 Function DISINT

Purpose: This routine evaluates the function:

1
[(Ap coss -1)% - (Az—l)(pz—l)]z e 140

which is called by GAUSS in the computation of the Fourier
coefficients in the cone distortion model.

Method: The procedure is as follows:
1) Compute the square root.

2) Multiply the square root with the trigonometric (expo-
nential), evaluating the equation.

Usage: CALLING SEQUENCE

COMPLEX DISINT,VDISINT
COMMON /CDISINT/CAPADIS ,RHOINC
COMMON /CFACT /M ,N ,RMUMN , CAPNMN ,ETA ,SIGN ,L,CAPKMN

VDISINT=DISINT(PHI)

Accuracy: The accuracy is of the algorithmic type and is dominated by
the system routines SQRT, SIN, and COS.
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CALLING LIST

PHI

[

ENTER

EVALUATE THE
SQUARE ROOT

FUNPHI

\

EVALUATE THE

‘EXPONENTIAL ARGUMENT

ARG = ~L = PHI

l

EVALUATE THE EQUATION

DISINT

( ReTuRn )
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COMPLEX FUNCTION DISINT{PHI)

PURPOSE EVALUATE THE INTEGRAND OF THE INTEGRAL IN THE
DISTORTION COEFFICIENT

(e B ERNEe)

- COMMON/COISINT/CAPADI S,RHOINC
COMMON/CFACTZ MsNsRMUMN, CAPNMNS> ETASSIGNs L»CAPKYN

FUNPHI = CAPADIS*RHOINC*COS(PHI)-1.

FUNPHI = FUNPHI#*%2 -~ (CAPADIS*#2-1.)*{(RHOINC*#*2-1.)
FUNPHI = SQRT( FUNPHI )

ARG = -L*PHI . o )

DISINT = FUNPHI*CMPLX{ COS(ARGI»SIN(ARG) )

<

RETJRN
END
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3.2.1h Function FUNINL

Purpose: Complex Function FUNINL computes:

e cos (wT)

An integral of this function is needed in function FACTINL.
Subroutine GAUSS, which requires a complex function subprogram

to evaluate the function, is used to compute this integral.

Method: The procedure is to calculate the function and return.

Usage : CALLING SEQUENCE

COMPLEX Y ,FUNINk
COMMON /CFUNINY /CTJ ,TAU

Y = FUNINL (OMEGA)

Accuracy: The accuracy is of the computer type.
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COMPLEX FUNCTION FUNING(OMEGA)
COMMON/CFUNING/CTILTAU

TEMPL = —-,.5%( (OMEGA®CTJ)*%2 )
TEM?2 = EXPITEMPL) * COS(OMEGA*TAU)
FUNING = CMPLX(TEMP2,0.)

RETJRN

END



3.2.15 Subroutine NONCPT

Purpose:

This subroutine computes the acoustic response function for

a noncompact airfoil from an integration of the pressure

_difference function of reference 35.

Subroutine NONCPT computes:

. _ + +
L) = by - SO I (v )+ b, J(v + Kmno)
. 23 (v + Kt )
+ by {J (< JFO) + P
v + K
mno
JMAX . .
2 18 + +
Y Z -1 Jj ) [Jj+_1 (Kmno + Jj—l("mno)]%
i=1 ,
where

JE) = Jp(X) +13,(X)

-1
S(X) =
X CH 1P x) + 1 H(z)(x))
( 1 (x) +P ()
T(X) =
457 (x) +” ()
I, () J; (X
F(X) = T(X) [J (X) - X ] —[J(X) - X ]
C
K =-—2|:Ki e—Ee],and
nno 2 mn P z
b ,b b3,C K i e¢, m,p,v,e, are input.
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Method:

210

1)
2)
3)

L)

5)

6)

7)
8)

9)

Set F(|v|) = 0, s(|v]) =1 and if v = 0, go to step 5.

Compute ng)(lvl), 'Hiz)(|v|) and S(|v]).

s(lvhy ifv>o0
Compute S(v) =

S (|v]) 1fv<o

_ Compute F(|v|) and

[

F(Jv]) 1f v > 0

F(v) = : F (Jv]) if v <0

T4
Compute. k= .
mn g

Compute Jo ('\) + K:m(J) ’ J1 (\) + Krtnno) ’

+
2J v + K
and TEMP3 = 1_( o) where

. +
v + K
mno
if v+x> =0, then d (0) = 1, J.(0) = O, and TEMP3 = 1.
mno o 1

+
If v- ch =0, go to step 12,

Set JMAX. = max (IK;al ,|v|)+ 1.

Compute,Jj (v 5 § = 1,2, -—-,JMAX and

I, (|

5 ngl)s 1=0, 1, ---, JMAX+1l using

BSSLS 1if JMAX + 1 = 100

subroutine BESNX if 100 <JMAX + 1



10) Compute J,(X) = (-1 I, (|X]) where X = v, K;no :

JMAX
11) Compute SUM = % Z (-1)j Jj(\)) [Jj_,.l('(tinn)
j=1
* 351 (o)
and go to step 1k.

12) Compute necessary Bessel functions for steps 13 and 1,
: + +
i.e., compute J; ( K&no) R Jl( K;no) for step 14,

compute J2 (K:lno) if thmo + 0 and

compute Jl(\)) if v ={= o .

1}
o

-1 1f v = 0 and K
mno
13) Compute SUM = (k. Y+ I (K if v=Oand &~ % 0
ompute RY [ Z(Kmno) O(Kmno)]l V=R ARE Mno

2 . +
—(;)Jl(\)) if v $# 0 and Kng 0]

14) Compute L; (v) and return.

Usage: CALLING SEQUENCE

COMPLEX CAPLN
COMMON /SCRATCH /BES(1000)

CALL NONCPT(B1,B2,B3,C2,CAPKMN,COSTHS ,M,RHO,RNU,SINTHS,
* CAPLN)

Accuracy: The accuracy is of the computer type.



Calling List

B1, B2, B3, C2, CAPKMN
COSTHS, M, RHO, RNU,
SINTHS, CAPLT.

‘ Enter }

Fiiv1) =0
S(1v1) =1 :
- ISIGN= —1
FNU, SNU
BSSLS BF4F
v=0?
Yes NO Calculate —» Calculate
RNU Jp(l ), Jy(twn) Yol »1), Y (1)
BJ1, BJ2 BY1, BY2
No m Calculate Calculate
RANU - S(t 1) * Hoa 1, 12 1y
SNU H1RNU, H2RNU
L Yes
\
S{v) = S{ivi) S(v) = S*vy)
SNU SNU
Calculate F(I¥ 1) Yes | Flv) = F*(iv1)
FNU FNU
No
F(v) = Fivl)
FNU
10 ¥
Calculate * % Ja(V+K ) =1 °
mn g ~->- o mn o
RKAPA v+ £ )=
mn g
BJ1, BJ2
|
+
2J; (v+K ﬁ\na)= 1
v+ K %
— mn o —_—
Temp 3

®



Jolkx ) =1

+
mn o

BES(501)

Yes

BSSLS

Calculate

+
Jol v+ « mna),

+
Jill v +x mno”

BJ1, BJ2

. + =
Jitw+ k mn o 1=

- +
Jbw + x mno”

BJ2

|

Calculate

+
ZJ](V+K ﬁmo)

* =

BES(502)

L

BSSLS

Yes

Calculate
Jolk Epn y )
1)

Jy (i r%m o
+
ol A

BES(501+j)

Ik % I
mn o

© ABSKAPA

K %
mn 0*0

?

No

+ K %
v mn o

Temp 3

Calculate JMAX,
JMAX1, JIMAX2

30
BSSLS Yes BESNX
Calculate Calculate
Ji“ v, Jj(l K ril”ln.o Ji“ v ), Jj(l K r+—hn o )
BES: BES
40
Jj( v)= -Jj(l Vi)
No Yes . = J
and Ji(k x )= Jitw) =gt v
. (KE = ]
—JJ“ k imn o h JJ(Kan 0) JI(K%nno”
for j ODD
BES
l P-rcaem
¥
60 Y %%

Calculate Z (_1)]“1.( V)[J‘..;.'l(;(

i=1

+ - +
mn o ) JJHK mn

]

CTEMP1

g, MAX s .
Calculate (7) Z (=11 il v) l+1('(ﬁmo)+ Ji-1 (Kﬁm o

SUM

©
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= + |
ik 2o )= =dlix = 1) )= Joll )
BES {502) BES (Jsoz)
L
BSSLS
ves Calculate J1( 1 p |)
BES(2)
No I
Jp b =5t b Yes No
Jitw)=4h(vli
. BES (2
Sum = —1
Sum =
- [q0 T+l

L

Sum = —(%;) Jy( v )

90 1
Calculate
L(v)

CAPLT

3

( RETURN >
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o

30

40

50
60

SUBJOUTINE NONCPT(Bl,B2,83,C2,CAPKMN,COSTHS»MsRHO»RNU»SINTHS»
1 caPLT)

COMPLEX CAPLTSCTEMPL» FNU» HLRNUSH2RNUSSNU
COMMON/SCRATCH/BES(100N

DATA ISIGN»PI/-153.14159265358979/
ABSNU = ABS{RNU)

FNU s (0.,0.)

SNU = ‘1.!0.’

IF(RANU .EQ. 0.) GO TO 10

CALL BSSLS{ABSNUsBES, l» IERR)

8J1 = BESI) o

BJ2 = BES(2)

CALL BF4FUABSNUsBESs1,IERRsISIGN)

8yl = BESI(1) :

BY2 = BES(2)

HIRNU = CMPLX(BJ1,-8Y1)

H2RNU = CMPLX(8J2,-BY2)

CTEMPl = CMPLX{BJl-3Y2,-BJ2-3Y1)

SNU = 1./(.,5%«P | *ABSNU*CTEMP 1)

IF(INU .LT. Q0.) SNU = CONJG(SNU)
CTEMPL = (HLIRNU ¢ (J.sle) *H2RNU) 7 {~HLRNU ¢ (O.»l.)*H2RNU)
TEMPLl = BJ1 - BJ2/ABSNU

FNU = CTEMPLECMPLX(TEMPLs-BJ2) - CMPLX(TEMP1,8J2)
IF(RNU LT. 0.) FNU = CONJG(FNU)

RAKAPA = (C272.)3*%(CAPKMN*COSTHS - (M*SINTHS)/RHO )
TEMP1 = RNU. + RKAPA

3J1 = 1.

BJ2 = 0.

TEMP3 = ],

IF(TEMPL .EQ. 0.) GO TO 20

TEMP2 = ABS(TEMPL)

CALL BSSLS(TEMP2,BES, 1s [ERR)

BJ1l = BES(1)

8J2 = BES(2)

IF(TEMPL JLT. 0.) BJ2 = -8J2

TEMPI = (2,%8J2) 7/ TEMPL

IF(INUSRKAPA .EQ. O.) GO TO 80

ABSCAPA = ABS(RKAPA)

JMAX = [FIX{ AMAXL{ABSKAPA,ABSNU) )} ¢ 1
JMAXL = JMAX + 1} '

JMAX2 = JMAX ¢ 2

IF(JMAX]1 .GT. L00Y GO TO 30

CALL BSSLS(ABSNU,BES, JMAX 1, IERR)

CALL B8SSLS(ABSKAPASBES{501)sJMAX2,»1ERR)
GO TO 42 :

CALL BESNX(JMAX1,ABSNU»BES)

CALL BESNX(JMAX2+ABSKAPA»BES{501))
IF(AINU .GT. 0.0 GO 1O 8¢

20 30 1=2,.%ar2,2 *

BES(I) = -BES(I)

BESI500+]) = =-BES(530+1}

CTE%PL = (0.50.)
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70

80

90

00 70 J=1,JMAX

SIGY = 1. .

IF( HMOD(J,2% JNE. J) SIGN = -},

CTEMPL = CTEMPLl ¢ SIGN®#BES(Jrl)*( BES(502+J) ¢ BES(50Q0+4) )
SUM = (2./RNU)ISCTENP]

GO ro 99

TF(IKAPA LEQ. O. } BESIS501) = 1.

IF(RKAPA LEQ. 0. ) BES(502) = 0.

ABSCAPA = ABS(RKAPA) ' .
TFIRKAPA .NE. O.) CALL BSSLSUABSKAPA,BES{501)s2,1ERR)
IFIRKAPA .LT. Q.1 BES(502) = ~BES(5G2)

IFIANU «NE. 0.) CaLl B3SSLS(ABSNUsBES,LsIERR)

FFIINU LT, 0.) BES(L2) = -BES(2)

IFIANU.EQ.0., oAND. RKAPJ,EQ,J.) SUMs -},

TF(INU.EQ.O. .ANDs RKAPA.NEL,J.) SUM = ~(BES{503) + BES(5C1))
IF(AINUNE.Os ANDe RKAPALEQ.D.) SUM = -(2./RNUDI*BESI(2)
CTEMPL = CMPLX(BES{501),8ES(5C2)) ’

CAPLT = BLl#SNU*CTEMPL ¢ B2*CMPLX(B8J1s842)
1 +83%(CTEMPL*FNU + TEMP3 - SUM)

RETJIRN g

END



3.3 Secondary General-Purpose Subprogram Descriptions

3.3.1 Subroutine APROX1

Purpose:

Method:

- This subroutine evaluates the asymptotic expression, formulas

(9.5.28) and (9.5.31) of reference 30, for the zeros of the

function:
' U - 1t '
I @) ¥ 0z) - I8 (A2) Y (2)

2 : 3
for A < 5, where Z~p+ 249D +f-4pq+2P
= 8 .3 5

B B
=402, g = ST
A |

with § equal to the ordinal number of zero when v = 0

+
p =u8)\3, q = (112 + 46 - 63)()\3 - 1)
. (u3 + 185u2 - 2053y + 1899)(A5 - 1)

5(40)° (A= 1)

The procedure is as follows:

2
l) Given n [ .2 » k hand l’ “’ u [ &nd So .

nA

n < 1, calculate ) ='%
2) Calculate p, q, r.

3) Calculate Z.

L) Multiply Z by A and output ZA.
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Usage: CALLING SEQUENCE
CALL APROX1 (RM,NS,ETA,RZ)
INPUT
RM the value of v
NS +the value of S, a positive integer
ETA the value of n, where A = 1/n

OUTPUT

RZ the computed value of ZA

Restrictions: 2<n<1

Timing: The time is proportional to the number of arithmetic operations,
which is 48 multiplications, 8 divisions, 7 additions, and T

subtractions.

Accuracy: The accuracy is of the computer type.
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CALLING LIST

RM,NS,ETA,RZ

< ENTER ’

9

CALCULATE A,A-1
B2, AND 3

FL, FLLU,U2,B

4

CALCULATE p,q AND ¢

P,QR

y
CALCULATE Z
RZ

\
MULTIPLY BY A

RZ

\

' RETURN )
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SUBJOUTINE APROXLI(RMs»NS,»ETALRZ)

PURPOSE APPLY APPROXIMATION FORMULA TO THE ZERDS OF THE EQUATION
JP (Mo X)EYP(MpETA®X) ~YP(MsX2*JP(M,ETA®X) = R(M»X)

WHERE JP AND YP ARE THE DERIVATIVES OF THE BESSEL
FUNCTIONS OF THE FIRST AND SECOND. XKIND» RESPECTIVELY.
OF ORDER M AND ARGUMENT X OR ETA%*X, THE APPROXIMATION
EXPANSION IS FORMULA 9.5.31 OF THE REFERENCE. IN
APPLYING THE EXPANSION» THE VALUE OF ETA IS RESTRICTED
TO BE AT LEAST .2 BUT LESS THAN 1 ( €TA = L/LA480A IN
REFERENCE ). .THE FORMULA IS CODED FOR JEAL NON-NEGATIVE
ODRDER RM BUT SHOULD BE USED FOR VERY SMALL ORDER»

AS ZERQ HERE

SFFERENCE HANDBOOK OF MATHEMATICAL FUNCTIONS EDITED 3Y
M. ABRAMOWITZ AND I. STEGUMs NATIONAL BUREAU OF
STANDARDS APPLIED MATHEMATICS SERIES 55 ISSUED JUNE 1964

9oyT VARIABLE DEFINITION
RM REAL ORDER M, SHOULD BE SMALL o -
NS FIND THE NS-TH ZERQO APPROXIMATION, THE LARGER
* ETA AT LEAST .2 ( TO FIND NS-TH ZeR0» ESP. FOR
NS SMAULL )} AND LESS THAN 1 ( THIS IS RATIO
OF INNER TO OUTER RADII IN ANNULAR DUCT ),

LTRJT RZ  THE APPROXIMATION TO THE ZEROQ

“STRICTIONS THE RESTRICTION PLACED ON THE INPUT ABOVE
' GUARENTEE AN VALID APPROX. TQ NS-TH ZERQ 13 FOUND
(PLACING ETA=,15, RM=20,», NS=1 WILL SIVE ESTIMATE
NOT OF FIRST BUT MUCH HIGHER ZEROD }.

BATA P17017216220773250420551¢

FLsl./ETA
FL1=FL-1.

Uz4, *RM*RNM

u2 = usu

B = NS*Pl/FLL

Px (U+3,371(8.%FL)

Q = (U2446.*U-63.)%(FLEE3-] ) /(0. *( (4. % FL)*®3)%FL])

Rz (U*®3+]185,%U2-2053.%U+189G,)*(FL*%5 -1.)/(5.%¥{(4.*FL)**%5)%FL])
RI = 5 % P/3 + (Q-P*s 2215043 + (ReG . ®P%2Qe2, ¢P8K3)/ 32«3 *
RZ = RI*FL

RETJRN
END



3.3.2 Subroutine APROX2

Purpose:

Method:

This subroutine computes an approximaete value for one zero of

the ordered set of zeros of the cross-product function:
JLX) YL(nK) - Y&(X) JL(MX),

wvhen n < 0.2, where Jo and Y are, respectively, the Bessel
and Neumann functions of the zeroth order, and primes denote
differentiation with respect to the argument. For n = 0O,
formula (9.5.13) of reference 30 is used. For 0 < n < .2,
quadratic interpolation is used with the values of n = 0,
obtained from this routine, and for n = .2 and .3, obtained
from subroutine APROX1 (see preceding description of APROX1).

~
:

The procedure is as follows:

1) If the ordinal number of the zero is one, equate the zeros

to stored values.

2) If the ordinal number of the zero is not one and the input
n > 0, obtain approximate values for the zeros for the
table values n = ,2 and .3 from subroutine APROX1.

3) If the ordinal number of the zero is not one, compute the
approximate value for the zero for the table value n = 0
using formula (9.5.13) of reference 30.

4) If the input n = 0, return the computed value from step 3.

5) Compute the approximate value for the zero by quadratic

interpolation.
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Usage:

Timing:

Accuracy:

222

CALLING SEQUENCE
CALL APROX2(RM,NS,ETA,RZ)
INPUT
RM 0 L]
NS the nth positive zero is to be approximated
ETA the hub-to-tip ratio, .0 < n < .2
OUTPUT
RZ the corresponding approximation
Por n = 0, the time is equal to that of APROX1l; for n > O, the
time is three unit times for APROX1 plus the unit time for

MTLUP.

The accuracy is of the statistical type for the interpolation.



CALLING LIST

RM,NS,ETA,RZ

[

CALL

SET THE ZEROS

Y(1), Y(2),Y(3)

CALCULATE ZEROS
FOR?Y =.2 AND .3

APROX 1

KTLUP

CALL

Y(2), Y(3)

F

CALCULATE ZEROS
FORZ =.0

Y()

QUADRATICALLY
INTERPOLATE

fe—— ] RZ
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SUBROQUTINE APROX2(RMs NSsETASRZ)

PURPOSE FIND AN APPROXIMATION TO THE IERQOS OF

REFER

JPIMs X)*YP(M,ETA*X)=YP (M X)*JP(M,ETA%XX)

IN THE REGION WHERE APROX] FallLS
WHERE JP AND YP ARE THE DERIVATIVES OF THE BESSEL
FUNCTIONS OF THE FIRST AND SECOND KIND» RESPECTIVELYs
OF ARGUMENT X AND ETA®X, ETA BETWEEN O AND 1o

ENCE HANDBOOK OF MATHEMATICAL FUNCTIONS EOITED 3Y
M. ABRAMOWITZ AND-I. STEGUM» NATIONAL 3UREAU OF
STANDARDS APPLIED MATHEMATICS SERIES 55 ISSUED JUNE 1964

METHOD SUBRODUTINE aAPROX]1 USES FORMULA 9,5,31 FRDY THE REFERENCE

INPUT

TO APPROXIMATE THE NS-TH ZERO DF THE ABOVE EQUATION
BUT THIS FAILS FOR ETA BELOW .2 . TO CIRRECT THIS PROBLEM
- THIS ROUTINE IS PROVIDED. THE APPROXIMATIAN TO THE ZERO
IS FOUND BY QUADRATIC INTERPOLATION USING THE :
APPROXIMATIONS FOR ETA ,2 AND .3 AND THE APPRUXIMATION
FORMULA 9.5.13 OF THE REFERENCE FOR JP(MsX) = O WHICH
CORRESPONDS TO ETA=J. FOR THE FIRST POSITIVE ZERDs, THE
CORRESPONDING ZERDS ARE TABULATED BECAJSE THE
APPROXIMATION FORMULA ARE POOR FOR THE FIRST ZERO.

VARLABLE ODEFINITION
RM BESSEL ORDER M AND IS O HERE
NS -~ THE NS-TH POSITIVE ZERO IS TO BE APPROXIMATED

QuUTPUT RZ APPROXIMATION TO ZERD

SUBPR

10

29

OGRAMS APROX1 APPROX IMAT ION FOR ETALGE.. .2

uruue LRC LIBRARY INTERPOLATOR

DIMENSION X(3),Y(3)
DAYA XIO.).Z:-3I
NOETAT=NS
IFINDETAT=-1)10,10,20

USE EXACT ZEROS FOR NS=]l, THE APPROXIMATION [S TOO POOR

Y(1) =3.8317 $ Y(2)= 4.2357 8% Y(3) %4,7058
GoTO 33

USE aPROX]1 FOR ZERO APPROXIMATION AT ETA .2 AND .3

IFIETA.EQ.O0.) GO TO 25
CALL APROXL(RM, NOETAT,X{2)»Y(2) }
CALL APROXI(RMs»NUETAT,X(3)p,Y(3) )




OO0

€

25

30
40

50

60

APPLY REFERENCE FORMULA 9.5.13 FOR ETA O AND M=0O

BEVTAP = (NQETATY
BETAPB = B.*BETAP
TERM1 =-3,/BETAPS
TERM2 = 36./(3.*BETAP 3¢+3)

TERY3 =-113184.7(15.¢BETAPBS*S)
TERY4 = 374532128.7(105.¢BETAPBE¢s7)
Y(1l) = BETAPCTERMICTERM2+TERMS+TERMS

*.251%3.14159265%

IFIETAY 40,40,50

RZ = Y(1)

GO 10 &)

1PA = -1 -
CALL MTLUPI(ETA,RZI»25353s1s1PASXsY)

RETJRN
END

t9



3.3.3 Subroutine JARRATT

Purpose:

Method:

226

This subroutine computes a single, real zero of a real valued,

nonlinear function, i.e., it computes X such that f(X) < e,

with € a controllably small number., The method is that of

reference 47, This is an iterative method in which a rational

function is fitted through previously computed values, giving

the iteration formula:

(Xn - Xn-l)(xn— Xn-Z)fn(fn—l_ fn—2)

(%n - xn~—l)(fn-2 ) e Y (¥a - Xn—Z)(?n D

where fn is f (Xn).

The procedure is as follows:

1)

2)

3)

¥)

Set the perturbation value used in step 4,

Initialize the error return (see ERROR subsection of this
routine description), the iteration counter, and the counter

used in the subloop of step L.

Generate the jteration velues and corresponding function
values required in the initial evaluation of the iteration
formula by equating the first three iterates to the ordered
triplet of input starting values and computing the function

values.,

Test for equal function values, changing one of them when
this happens by reevaluation with the argument equal to the
corresponding iterate plus the perturbation constant from
step 1. This procedure should be repeated at most three times
{see ERROR subsection).



5) Compute the current iteration value for the zero with the

iteration formula.

6) Compute the function value for the argument equal to the

current iterate,

T) Test for convergence of iteration by comparing percentage
différence between new and old iterates with an input
tolerance or by comparing the function value from step 6

" with an input tolerance, and exit from the algorithm with

the current iterate when the test is successful.

8) Compare iteration counter to limit and exit from the
algorithm when the limit is exceeded, accompanied by an

error message.

9) Generate new iteration values and corresponding function
values, add one to the iteration counter, and start over

"with step b,
Usage: CALLING SEQUENCE

DIMENSION START(3)

CALL JARRATT(START ,MAXITER,TOLITER,TOLFUN ,FUN,ROOT ,FUNROOT,
* IERJAR)

INPUT

START(3)- an array of three nonequal starting values for
the iterates Xl’ X2, X3

MAXITER maximum number of iterations allowed

TOLITER maximum relative difference between consecutive

iterates 227



TOLFUN tolerance on the absolute function value
FUN the function generator; this must be EXTERNAL
and of the form FUNCTION FUN (X)

OUTPUT
ROOT the value of the zero when TOLITER or TOLFUN
tolerance is satisfied
FUNROOT the function value corresponding to ROOT
ERROR
IERJAR
Erroprs: Upon return, the error return parameter is set as follows:
IERJAR = 0 successful
the convergence criterion was not satisfied
within the maximum number of iterations
allowed
2 the function appears constant
Restrictions:  START(1) # START(2) # START(3)
Timing: The timing is proportional to the number of iterations multi-
plied by the execution time per call to FUN. Hence, good starting

values are important to timing.

Accuracy: The accuracy is set by the input tolerances.
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CALLING LIST

START, MAXITER

TOLITER, TOLFUN
FUN, ROOT,

FUN ROOT, IERJAR

L

ENTER

y

SET 3+7.11 « 20715
USESMAL

-y
INITIALIZE COUNTERS
IERJAR, IFLAT, ITER

[

SET INITIAL ITERATES AND
FUNCTION VALUES

X1, X2, X3 F1, F2, F3

CALL

FUN

[

CHECK EACH PAIR F1,F2,
AND F3 FOR EQUALITY

NO A TWO

FUN

CALL

EQUAL ?

PERTURB AND

/“

¢

RECOMPUTE FUNCTION

NO

YES

ERROR RETURN

1ERJAR

U
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FUN

CALL

APPLY ITERATION
FORMULA

ROOT

' .
CALCULATE NEW
FUNCTION VALUE

FUNROCOT

ITER ITER 1

ITER :ITERMAX IERJAR 1

SET NEW ITERATES AND
FUNCTION VALUES

1000

Y

( RETURN ’
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SUBROQUTINE JARRAYT(START.HAXITER.TDLITER:TULFUN»FUV-RODT-FUNRDDT.
11ERJAR)

PURPOSE TO FIND THE ZERO OF A SINGLE REAL VALJED FUNCTION OF
A REAL VARIABLE BASED UPON JARRATT METHOD
INPUT - VARIABLE DEFINITION
START AN ARRAY 0OF THREE STARTING VALUES FOR XERD

MAXITER  MAXIMUM NUMBER OF ITERATIONS USED
TOLITER RELATIVE -TOLERANCE ON THE CLOSENESS OF TWO
- SUCCESSIVE ITERATES
TOLFUN TOLERANCE ON SMALLNESS OF FUNCTION VALUE
FUN EXTERNAL FUNCTION EVALUATOR, WHERE Y = FUN(X)

gutePuTt rRGOOT ZERD CALCULATED

FUNROOT FUNCTION VALUE CORRESPONDING TO ROQT

ERROR RETURN 1ERJAR = 0 SUCCESSFUL EXECUTION

I FAIL TO CONVERGE IN MAXITER ITERATIONS
2 FUNCTION APPEARS CONSTANT

REFERENCE Pe JARRATT AND D. NUDDS» THE USE OF RATIONAL FINCTIONS

IN THE ITERATIVE SOLUTION OF EQUATIONS ON A DIGITAL
COMPUTER, THE COMPUTER JOURNALs APRIL 19865, VOL. 8» NO.

DIMENSION START(3)

c THYS DATA STATEMENT DEFINES SMALLEST NUMBER
SIGNIFICANTLY ADDING TO 1.0

DATA SMALL/7.11E-15/
USESMAL = 3. ¢ SMAlL

INITIALIZE ERROR RETURN AND CONSTANT FUNCTION INDICATOR
AND ITERATION COUNTER

IERJAR = O
IFLAT = 0
ITER = Q
SET STARTING FUNCTION VALUES

START(])
START (2}
START(3)
FUN(X1)
FUN{X2)
FUN(X3)

X1l
X2
X3
Fl
F2
F3

CHECK FOR EQUAL FUNCTION VALUES, WHEN T40 ARE EQUAL
PERTURB THE STARTING VALUE AND RE-EVALJATE THE FUNCTION,
AND DO THIS AT MOST 3 TIMES

10 IF(E1.EQ.F2) GO TO 23

1



o~ -

20

25

1FtF1.EQ.F3) GO TOD 20
IF(F2.€Q.F3) GO TO 20
GO 10 50

TFLAT = [FLAT + )
TFUIFLAT,.LT.3) GO YO 25
1ERJAR = 2

GO TO 1000
IF(FL.NE.F2) GO TO 30
X2 = (X1+X2)/7USESMAL
F2 = FUNIX2)
IF(Fl.NE.F3) GD TO 35
X3 = (X1¢X3)/USESMAL
F3 s FUN(X3)
1FIF2.NE.F3) GO TO 52
X3 = (X24X3)/USESMAL
F3 = FUNI(X3)

60 3 20

CONT I NUE

PERFORM JARRATT ITERATION

X12 = X}1-x2
X113 = X1-X3

RGOT =X1e (X12%X13¢F1#(F2-F3) 1/ (X124(F3-FL)®F2+X13#(F1-F2) *F3)
FUNROOT = FUN(ROOT)

CHELK FOR CONVERGENCE

IF( ABS(ROOT-X1).LE.TOLITER*ABS{ROOT))IGO TO 1009
IF( ABSU(FUNROOT)I.LE.TOLFUN) GO TO 1000

CHECK MAX ITERATION

~

55

60

1200

ITER = ITER+]

IF(I TER-MAXITER)O0,60+55
[ERJAR = ]

60 r0 1000

UPDATE LIST OF VARIABLE AND FUNCTION VALUES

>

-
LI ]

o

a

[os]

-t

FUNRQQT
GO T0O 10

RETJRN
END



3.3.h Subroutine GAUSS

Purpose: This subroutine computes'the definite integral of a complex
valued function of a single, real variable using either lL-,
8-, or 12-point Gaussian integration formulas (fq;mula [25.4,30]
on page 887 of ref. 30).

Method: The procedure is as follows:

1) Obtain the weights for 4-, 8-, and .2-point Gaussian

integration.

2) Compute the half-width and midpoint of the integration

interval,
3) Obtain the 4=, 8-, and 12-point abscissas.
k) If b-point integration, go to step 5;
If 8-point integration, go to step 6;
If 12-point integration, go to step T.
5) Perform L-point Gaussian integration and go to step 8.
6) Perform 8-point Gaussian integration and go to step 8.

7) Perform 1l2~point Gaussian integration.,

8) Change sign if integration was from right to left and

return,



Usage: CALLING SEQUENCE

COMPLEX ANS,FUN
EXTERNAL FUN

CALL GAUSS{A,B,ANS,FUN,INT)
INPUT

A lower limit of integral
B  upper limit of integral

FUN name of the complex function subprogram which calcu-

lates the integrand
INT indicator for order of Gaussian integration:
INT = 1 indicates 4 point
2 indicates 8 point

' 3 indicates 12 point
OUTPUT
ANS the value of the definite integral
Timing: N point--N x time for FUN :

Accuracy: The remainder term for the N-point Gaussian integration

formula is:

(B—A)ZN + 1(N1)422N +1 f(ZN)

(N + 1) [(21\1) ' ]3

(&)

234



CALLING LIST
A, B, ANS,
FACTINT, INT

( ENTER ’

INT=1

SET INTERNAL HALF-
WIDTH AND MIDPOINT

H,X

SET THE 4,8, AND 12-
.POINT ABSCISSAS

24 ),28(),212()

APPLY GAUSSIAN
4- POINT FORMULA

G8

INT=3

INT

INT=2

APPLY GAUSSIAN
8 - POINT FORNULA.

G8

" APPLY GAUSSIAN
12-POINT FORMULA

‘G8

SET THE ANSWER
AND CORRECT FOR SIGN

ANS

‘ RETURN ’
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MO0

<«

DO

(8 XS N o)

ono

(s B e R &)

SUBROUTINE GAUSSUA,B» ANS, FACTINT, INT)
COMPLEX ANSsFACTINT,G4»GB85G12,21s22
4~s B-» AND 12-POINT GAUSSIAN WEIGHTING CIEFFICIENTS

DIMENSION W4(2),WB(4)sW12(6)s 24(2152I8(41), 212(5)

DATA Wall)oWo(2¥s(WBIIN»I=1,4),(W12C1)pl=1,5)/.552145154862546,

1. 347854845137454:.362683783378362:.313706645877387-.22238103445337
lé4» .121228536290376» .249147245813403,.233492535533355,
1.203167426723066,.160078328543346,.106939325995318,

1.C471753363865127

Y = A

H = (B-Y)s2.
SON=SIGN{1l.sH)
H=A3S (H)

X = Y ¢ H*SGN

4-POINT ABSCISSAE

14113=.3399810435848506*H
I4(2)=.861136311594053¢H

8-POINT ABSCISSAE

T8(13¥=.183434642495650%H

281{21=.525532409916329*H
180 3)=, 796666477413627*H

218(41=,96028985649753 6%H

12-POINT ABSCISSAE

T1201)=,125233408511469%H
212(2)=,367831498998180*H
212(3)3,587317954286617%H’
Z12(14)=2.769902674194305%H
T12015)=,904117256370475+H
I1206)3.981560634246719*H

EVALUATE FUNCTION AND PERFORM WEIGHTED SUM

GO TO (10,20540) INT
10 CONT { NUE
Gas4* (W (LI*(FACTINT(XeZ4(1)) +FACTINT(X~24(L)) )+
IWA(2Y¥(FACTINT(X+Z4( 2 eFACTINTIX~24(2))))
G8=54
GO T0 &2
20 CONT INUE
68 = C.
00 30 I=l,4
21sFACTINT(X+Z8(1)})



30

40

22=FACTINT{X-28(1)}
G8=38+W3(1)* (21412}
G8=58#*H

60 10 63

CONT I NYE

G12=0

00 50 Il=1»6
GlZ-GlZ*HlZ(l)’(FACTlNTlX*ZIZII))OFACTINYCX Zi2(11))
Gl2=Gl2*H

G9=512

. CONTINUE

ANS=sGB

lF(B-A-LT-O.’ ANS=-ANS
RETJRN

ENOD
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3.3.5 Subroutine GAUSS2

Purpose: This subroutine has the same purpose as subroutine GAUSS. It
' is a modification of GAUSS to pass the primary subroutine input
to FACTINT, FACTIN2, FACTIN3, and FACTINL,

Method: Same as subroutine GAUSS
Usage: CALLING SEQUENCE

COMPLEX ANS,FACTIN2
EXTERNAL FACTIN2

CALL GAUSS2(A,B,INT,ANS,FACTIN2,ARMISC ,MAXDIM,MAXJ ,AR)

INPUT
A . “lower limit of integral
B upper limit of integral
INT indicator for order of Gaussian integration:

INT = 1 indicates U4 point
2 indicates 8 point
3 indicates 12 point
FACTIN2 general name for any of the oscillatory factor
eveluators named in the purpose
ARMISC, MAXDIM, MAXJ, AR (see FORTRAN dictionary, sec. 2.2)

OUTPUT

ANS the value of the definite integral

Storage: 513 (octal)
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Timing: N point--N x time for FACTIN2

Accuracy: Same as subroutine GAUSS

Flowehart: See subroutine GAUSS.
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10

20

SUBRDUTINE GAUSS2(AsBoINT,ANS,FACTIN2,ARMISC,HAXDIN,NAXJ, AR)

COMPLEX ANSsFACTIN2sG4»G85G12521022
DIMENSION AR({MAXDIM,MAXJr3),ARMISC(])

4-s 8-» AND 12-POINT GAUSSIAN WEIGHTING COEFFICIENTS

DIMENSION Wal2),WBl4)sW1l2(6)s 2412),28(4)s 212(6)

DATA Wall)srWal(2)»(WBUI)sI=1oe)p(W12(1)s1=1s0)7.552145154862540
1.347854845137454,,.362633783378302,.313706645877337,.22238103445337
l4s .1012285362903760 .2491470245313403,.233432535533355,
1,2031674267230665.1600783235433465.1069393259395318,
1.047175336386512/

Y = A

H'= (B-Y1/2.
SGN=SIGN{l.sH)
H=A3S (H)

X = Y + HeSGN

4-POINT ABSCISSAE

24(132.339981043584856%¢H
14(212.861136311594053¢H

8-POINT ABSCISSAE

2810 =,183434642495650*H

28(2)2.525532409916329*%H
28(31=,796666477413627#H

18(4)=2.960289856497536%H

12-POINT ABSCISSAE

2120112,125233408511469%H
212(2)=.36783149899818J0*H
212(3)=.587317954286617%H
2120 4)32,769902674194305%H
212(5)=.904117256370475%H
2120 6)=.981560634246T719%H

EVALUATE FUNCTION AND PERFORM WEIGHTED SUM
GO TO (10,205,401 INT

CONT INUE
G4 = H*( WA(Ll)*{ FACTINZ2(X+Z4{(1)s ARMISC,»MAXDIM,MAXJ,AR)

1 + FACTIN2(X-24¢1)sARMISCo» MAXDIM»MAXI»ARY) )

2 + Wel2)¢( FACTINZ2(X+Z4{2)sARMISC,» MAXDIMs» WAXJ»AR)

3 _ + FACTIN2(X=Z4(2)2ARMISC» MAXDIM,NAXIH» AR} ) )
68254

G0 10 60

CONT I NUE



30

40

t0

G8 = C.

D0 30 I=1s4

Z1 s FACTIN2(X*ZI3(1)»ARMISC,MAXDIMsMAXI»AR)
22 = FACTINZ2(X=Z8(1)s ARMISC,MAXDIMIMAXI»AR)
G8=38+WB(1)*(LL1+22)

G8=38%H

GO TOo 63

CONT I NUE

6l2=0

00 50 I=1s6 .

Gl2 = Gl2 ¢+ Wl2(l)®( FAUTIN2(X#Z12(1),ARMISC,MAXDIM»MAXJ»AR)

¢ FACTIN2(X=-Z12(1),ARMISC>MAXDIMsMAXSI»AR) )

Gl2sGl2*H

G8=312

CONT I NUE

ANS=GB

lF‘B"AoLt-O. ) ANSs=ANS
RETJRN

END
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"3.3.6 Subroutine BSSLS

Purpose: This subroutine computes values for the first n Bessel functions
of integer order for the real argument x: Jo(x), Jl(x), .« v s s
Jn(x).

This subroutine is a modification of the NASA-Langley Research
Center library subroutine BSSLS (see ref. 43). The restriction
on the order has been removed from the library routine. The.
calling sequence has not been changed. The usage of the modified

routine differs from the library routine in that:

1) Orders greater than 30 can be used while the error code

remains equal to O,

2) A deck of this modified routine must be loaded with the

source deck.

Values produced by this routine for orders up.to 100 for argu-
ments up to 100 were compared with the published tables on
page LOT of reference 30 and agreed in the first nine signifi-
cant figures. This represents the'Justification for the use

of this modified routine,
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SUBRQUTINE BSSLS (XsFsNs1ERR)

COMPUTES BESSEL FUNCTIONS DF THE FIRST KIND FOR POSITIVE

REAL ARGUMENT AND INTEGER ORDER

THIS IS A MODIFIED VERSION OF SUBROUTINE BS5SSLS. THE

RESTRICTION ON THE ORDER»N» HAS BEEN REMOVED FROM THE
STANDARD LRC LIBRARY VERSION. THE STATEMENTS REMOVED
FROM THE LRC LIBRARY VERSION HAVE 3EEN MADE INTO COMMENT

STATEMENTS DELIMITTED BY **, THIS WAS DONE ON
MAY 8, 1973 BY GEORGE A. GRAF OF BCS. ’

DIMENSION F(1)
COMMONZF IX/INPRs NPsNPP
IERR =0
NMAX =30 ** .
IF{NLJLE.NMAXIGO TO 701 **
TERY =] #¢
RETJRN *%
MX=X
NO. OF FUNCTIONS COMPUTED
NPP= 3#MX+12+10%([ABS(N-1)710)
[FIXaGT. NINPP=23,0¢X¢]l2,
IF(MODINPP»2).EQ.D)INPPaNPP+]
CLEAR COMPUTING AREA
00 702 1=1,NPP
F(I) =042 .
IFIX.NELO.?G0 TO 700
X=)
FL1I=1.0
RETJIRN
SMALL VALUES OF X
JEL#*N/FACTORIAL N
1=X12.0
FLl)=1.9
LPP=NPP~1
D0 704 K=1,LPP
FIK+ 1 )sFIK)*(Z/FLOAT(K))
RETJIRN
BACKWARD RECURSION
NP=NPP+]
NPR=NPP=~1
FINP-1)s.1E-37
F(N?)=0.0
D0 11 I=]1,NPR
NPsYPP-I
XN=\P
FINP ) =2, 0%XN/X*F(NP+L)-F(NP+2)
XN3= (1)
D0 7 [33,NPP»2
XNz2 . G#F (1) #XN

XN=} o /XN

v0 3 [=l,NPP
FlI)=sXN&FL(I])
CONT I NUE
RET/RN

ENDC
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3.3.7 Subroutine BESNX

Purpose: BESNX computes the Bessel function of the first kind, Jn(x),
for integer order, n, and real argument, x. In fact, if real
argument, X, and integer order, N, is input, BESNX will

compute:

JO(X), Jl(X), . e ey JN(X) (if N > 0), or
I X), J_ (X oo o, I (X) (if W < 0).

Method: The step-by-step procedure is as follows:

Step 1: Determine index, NMAX, to start backward recursion

from the equations:
X = max (5 |x|/3, 10)
NMAX = max (|N]| + IX + 2, |x] + IX + 1)

where N is the integer order and X is the real argument. For

discussions of the algorithms used, see references 48 through 51.

Step 2: Determine overflow and underflow bounds using:

2068 _|X| o unpEr = 293 _IX]

OVER = .2 TMAX TMAX

Step 3: Calculate uncorrected JK(X), K = NMAX, NMAX-1l, . « . ,

1,0 by backward recursion using:

2K .-
JK_l(X) =X JK(X) - JK+1(X)

wiere J (X) =1 and J (X) = 0. When using this recur-

NMAX"" NMAX+1
sion formula, prevent from overflow by using OVER and UNDER. -
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Usage:

v

Step 4: Calculate the correction relation REL from:

#‘N
(o]
REL = J_(X) + 23}—:1 To (x)

where N_ = [NMAX/2], the largest integer, which is less than
or equal to NMAX/2. When calculating REL, account for the pre-
ventive measures (for overflow and underflow) which were taken

in step 3.

Step 5: Calculate the corrected JK(X) for K=1,2, . « . , N
by dividing the uncorrected values by REL.,

Step 6: In case the argument X is zero, let JO(X) =1, Jl(X)'=
Jg(X) = e e o =J!N!(X) = 0,

Step T: If N < 0, then correct for sign using the equation
- K
J_(X) = (<1)" 3.(x).

CALLING SEQUENCE

REAL JNX
DIMENSION JNX (2 |N| + 1)

CALL BESNX (N, X, JNX)

INPUT

N integer order of the Bessel function

X real argument of the Bessel function



Accuracy:

1246

OUTPUT

JNX array where JNX(1) to JNX(|N| + 1) contains the values
of the Bessel function of the first kind for argument

X and orders O to N, respectively

On the CDC 6600, the least number of significant figures for
several ranges of arguments is given below (see refs. 48, 51,
and 52).

Range of argument x Least number of
and index n significant figures

x = ,001(.001).009 9

n = 0(1)50

x = ,01(,01).09 12

n = 0(1)50 '

x = .1(.1).9 12

n = 0(1)50

x =1.(1.)9. 12

n = 0(1)50

x = 10.(10.)90. 5

n = 0(1)50

x = 100.(100.)900. 5

n = 0(1)50



Calling List

ORD, ARG,
BESVAL

| S

( Enter ’

e

Compute U, X, 8Z, (82)2

Temp1, Temp2, Temp3,
Temp4

Compute KMAX

KMAX

1

Compute the K = 0 Term
in Pand Q

Temp 6, Temb 8

V

Initialize the sums
in P and Q to the
K=0 Term

Temp 5, Temp 7

'

Loop on K

DO 100 K = 1, KMAX

!

Compute the Term in
P and Q for present K

Temp 6, Temp 8

{

Accumulate the
Terms in the P and Q
Sums

Temp 5, Temp 7

Y
( 100 Continue )

¥

Compute Expansion
Value

BESVAL
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SUBROUTINE BESNXINAX,JINX)

PURPOSE EVALUATE THE BESSEL FUNCTION OF THE FIIST KIND FOR

INTEGER ORDER AND REAL ARGUMENT. USING THE RECJRRENCE
ALGOR]THM OF MILLER AN ARRAY OF BESSEL FUNCTION
VALUES IS GENERATED.

INPUT VARIABLE DEF INITION
N INTEGER DRDER
X REAL ARGUMENT
outPUT INX ARRAY QOF LENGTH AT LEAST /N/ + | d4HERE

UPON RETJRN JINXUL) TO INX(/N/+1) CONTAIN THE
BESSEL FUNCTION CORRESPONDING TQO ARGUMENT X
AND ORDERS O TO N» RESPECTIVELY

REAL JNs JNM» JNP,INXs J X

DIMENSION JNX11)
DATA SML,BI1G/000016400000000003C0000»037767 7777777777 772721
IFIX ,EQ. 0.) GO TO 139 .
DETERMINE INDEX TO START BACKWARD RECURSION
ABSX = ABS(X)
1aABSX = IFIX{ABSX)
TABS5N] = [ABS(N) + 1
IFiaBsSx .LT. 8. 10,20
IX = 10
G0 7o 33 .
IX = 5,%(A83SX%*,333333333333333})
IF(1ABSX .GE. [ABSN]) 50 TO <0
NMAX = [ABSNL + IX ¢ |
60 1o 53
NMAX = JABSX + IX ¢ 1
DETERMINE DVERFLOW AND UNDERFLOW CONSTANTS
OVER = (BIG/4,) ¢ (ABSX/FLOAT (NMAX)) "
UNDER = QOVER*SML
CALCULATE UNCORRECTED JNX BY BACKWARD RECURSIAON
AND COMPUTE THE CORRECTION RELATION, REL

JN = ],
JNP = Q,
REL = Q,
T11A3SNL = 1ABSN]
DO 14C I=1,NMAX
INDEX = NMAX =~ [ ¢ 1
IF{INDEX GT. TPABSNl) 60,70
NDEX = [ABSNI
G0 ro 8o
NDEX = [NDEX
JNM = (2.*FLOAT{INDEX) /7 X)sJN - JNP
JNXUNDEX) = JNM
PREVENTY FROM OVERFLOW AND UNDERFLOW
ABSJNM = ABS(JINM)
(F(ABSJINM .LE. QVER) GO TQ 110
JN = JN /7 OVER
JNM = JNM / QVER



S0

Je
16

(&

PEL = REL /7 OVER
IF(INDEX .GT. [A4BSNl) GO TO 110
00 90 1IsINDEXsI11A8SN1
Jd =11
JX = JNX{II)
ABSINX = ABS(JX) .
1F(ABSJNX .LE. UNDER) GO TO 100
JNXUTII) = JUNX(I1) 7 OVER
GO 70 110
TIA3SNL = J - 1 .
IF(INDEX NE. 1) GO TO 120
REL = REL + JNM
GO TO 130
L = MCD{INDEX»2)
IF(L .EQ. 0) GO TO 130
REL = REL + 2.%JNM
JNP = JUN
JN = JNM
CALCULATE CORRECTED JNX
SMLREL = SML * REL
DO 15C 1=1,11A85N1
MAX = |
JX = JNXUI?
ABSINX = ABS{JX)
IF(ABSINX .LE. SMLRELY GO TO 160
JNXCT) = JNX(I) /7 REL
TF(L1ABSN]l .EQ. IABSNL1) GO TD 200
MAX = [TABSNL + 1
D0 17C [=MAX,1ABSN1
JNX(I1) = 0.

.60 TO 200

JNX(1) = 1.

00 19C 122,1A8BS5N1
JNX({I) = 0.

IF(N .GE. 03 RETURN
DO 210 122,148S5N1,2
JNXCT) = =JNX(I)
RETJRN

END
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3.3.8 Subroutine BESJLA

Purpose: This subroutine evaluates Hankel's asymptotic expansion for
the Bessel function Jv(Z), for formulas (9.2.5), (9.2.9), and
"(9.2.10) of reference 30, where K ox 18 the larger of v/2 +1
and 3.

3@ = VE {P(V,Z) COS X - Q(v,z) SIN x}

LA
Kuax
CP(v,Z) ~ -1k 2,20
:Zg (2z)2%%
21(82)2 ) 4t 822"
Xuax
Q(\),Z)fv. (_l)K (\)_,21(_'1"&
DO ==
_k-l o - =9 =25 .,
8z 31(82)°>

Kyax = MAX{~% v+ 1, 3}

u = 4v2

>4
It
N
|
—~
!
<
+
|
)
=
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Method:

Usage:

Restrictions:

Timing:

The procedure is as follows:
1) Evaluate u, X, 82, and (82)°.
2) SetkK __.

max

3) Compute the K = 0 term for P and Q and initialize P and
Q to that term.

4) TForeach K, K=1, ., .., Kmax’ compute P and Q

(recursively) by multiplying the previous term by the

appropriate factor and accumulate P and Q.
S) Compute Hankel's asymptotic expression.
CALLING SEQUENCE

CALL BESJLA (ORD,ARG,BESVAL)
INPUT

ORD nonnegative order

ARG real positive argument Z
CUTPUT
BESVAL value of the expansion

ORD
ARG

v v

The timing is proportional to the number of arithmetic opera-

tions which is 8 + 13 K multiplications, 2 + 2 K divisions,
max max

2+2 Koax additions, and 3 + 6 K ax Subtractions plus time for

a call to SQRT.
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Accuracy: The accuracy is of the computer type.

Note: The value of BESJLA compares well (five to seven places) with
the results of subroutines BSSLS (sec. 3.3.6) and BESNX when
the argument is at least 20 * e’o25 * ORD.

.
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X#0

‘ START }

INPUT
N, X

CALCULATE
NMAX

CALCULATE

CALCULATE
REL

CALCULATE
CORRECTED
Jg 00
FOR ALL K

OVER,
UNDER

K= NMAX

80 .
CALCULATE

UNCORRECTED
Jgo1 ™

<

180

SET Jo(X)=1,
J, 0= 4, (X)=
e oy (X2=0

200
CORRECT FOR

SIGN

-

{ RETURN )
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SUBROUTINE BESJLA{ORD»ARGSBESVAL)

PURPOSE

INPUT

oUTPUT

REFERENCE

1

1

100 CONT INUE

1

TENP 1
TEMP2
TENP 3
TENP 4

COMPUTE HANKELS ASYMPTOTIC EXPANSION FJIR L ARGE
ARGUMENT TO THE BESSEL FUNCTION

QRO NON-NEGATIVE ORDER
ARG POSITIVE ARGUMENT
8ESVAL EVALUTION OF HANKELS EXPANSION

HANDBOOK OF MATHEMATICAL FUNCTIONS, .

EDITED BY M. ABRAMOWITZ AND I. A. STEGUM

NATIONAL BUREAU OF STANDARDS APPLIED MATHE4ATICS SERIED
NUMBER 55» ISSUED 19064, ‘

SECTION 9.2, FORMULAS 9.2.5s 9.2.9 AND 9.2.10

BASIC FORMULA VARIABLES
4. *ORD*#0RD
ARG = (.5%0RD + ..25)%3,14159265358979
8. *ARG
TEMP3*TEMP3

COMPUTE MAXIMUM SUM INDEX

KMAX = .5%0RD ¢ 1.
IF({ KMAX.LT.3 ) KMAX=3

TEMP S
TEMP 6
TEM? 7
TEMP 8

00 100 K

COMPUTE FORMULAS 9.2.9 AND 9.2.10
INITIALIZE SUM TO K=0 TERW
1.
TEMPS
(TEXPL=-1.)/TENP 3
TEMP?

ACCUMULATE THE SUM IN 9.2.9 AND 9.2.10 GENERATING EACH
ELEMENT IN THE SUM BY RECURSION

= loKMAX

TEMPI = 4,.*K
TEMP 10=2.#K
TEMP O s ~TEMPOS®(TEMPL=(TEMPO=-2, ) *#2)%(TEMPL~-(TEWPI~1,)%+2)/

( TEMP1O*(TEMPLO-1.)*TEMPG )

TEM?S5 = TEMP5 ¢ TEMPG

TEMP B = ~TEMPI® (TEMPL-(TEMPO=1,)¢%2)%(TEMPL-(TEMPI+]1,)%*2)/

((TEMPLI¢ L. ) *TEMPLO®TENPS )

TEMP7 = TEMP? ¢ TEMPB

@
COMPUTE HANKELS APPROXIMATION

BESVAL = SORTU 2./(3.14159265358979%ARG))*

RETJRN
END

( TEMPS5#COS(TEMP2) = TEMPT*SIN(TEMNP2) )



3.3.9 Subroutine BESIE

Purpose:

Method:

This subroutine evaluates approximation formulas for Iz(x)e-x.

The formulas are given in reference 30. For x < 1, formula

* (9.6.7) is used. For 1 < x < A, formula (9.6.52) where

A = max (20]%],5), is used. For A < x, formula (9.6) is
approximated, Formula (9.6.6), I_E(x) = Il(x), is indirectly

used,
The procedure is as follows:

1) If ARG < 1, calculate:

1
BESIEX = ————F— (ARG)lLI e’ARG

(|u1]2l]

and return.,

2) If ARG > max (20|L|,5), to to step 6.

= | (2.5)(ARG) + 1 if ARG
3)  Set NMAX = { (1.25)(ARG) + 1 if ARG

< 50
> 50
4) Calculate J‘L'+n(ARG), n=0,1,..., NMAX,
a) if |L| + NMAX < 100, use BSSLS.
b) if |L| + NMAX > 100 and ARG > 20 e
use BESJILA.
c) if |L] + NMAX > 100 and ARG > 20 e

use BESNX.

.025(|L] + mnMAx)
9

.025(|L] + NMAX)
b}

5) Calculate:

]
o
!
9
(]
~~
oo
)
>/
o
oy
[
+
=]
~~
g

BESIEX

and return.
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6) Calculate:

, 1 ! (u=1) (u-9)
BESIEX = — 1 { 1 8 (ARG) +2' 5 ARG 5
Vor (ARG) '(8 ARG)

_(u-l)(u-9)(u-25)}
31 (8 ARG)>

where u = 4[L!2

Usage: CALLING SEQUENCE

COMMON /SCRATCH/BES(1000)

" . CALL BESIE(L,ARG,BESIEX)

INPUT

L

the order of the modified Bessel function
ARG

the argument of the function

OUTPUT

BESIEX the value of the function

Restrictions:

If ARG < max (20|L|,5), then array BES having dimension 1000
implies |L| + 1.25(ARG) + 2 < 1000.

Accuracy: The accuracy is of the computer type.

256



ENTER

NO
10

CALCULATE
BESIEX

RETURN

ARG

| BESIEX e ~ ARG

RETURN

i

(

NO

CALCULATE
NMAX

where A =
max(20 L], 5)

YES
90

CALCULATE
BESIEX

{ RETURN )

{ RETURN ’

YES
BSSLS BESJLA BESNX
CALCULATE CALCULATE CALCULATE
JjL+n (ARG) J|Len (ARG) J{L1+n (ARG)
n=0,1-, NMAX n=0,1,- NMAX n=0,1,,NMAX
70
CALCULATE
PSUM
CALCULATE
i BESIEX
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SUBROUTINE BESIE(L,ARG»BESIEX)
COMMON/SCRATCH/BESI1003)

OATA SQRT2P1/2.5066282746317

LABS = [ABS(L)

IF{ ARG .GE. l. ) GO TJ 30

IFC L NE« Q) GO TO 1O

BESIEX = ].

BESIEX = BESIEX*EXP(=-ARG)

RETJRN

BESIEX = ARG/2. .

IFC LABS +EQ. 1 )} 3ESIEX = 3ESIEX*EXP{-ARG)
IfL LABS EQ. 1 ) RETURN

DO 20 I=2,LA85

BESIEX = BESIEX*ARG /7 (FLOAT({13%*2,)
BESIEX = BESIEX*EXP{-ARG)

e
l&d

RETIRN .
TEMP Ll = FLOAT{ MAXO(20%LABS»5) )
1F{ ARG .GT. TEMPL ) GO 10 90

[F{ ARG .LE. 50. ) NMAX = [FIX(2,5¢ARG) + 1
IF( ARG «GT. 50. ) NMAX = IFIX{1.25%ARG) * 1
NMAX = MAXO(NMAX,10)

LNMAX = LABS + NMAX

[F( LNMAX .GT. 100 ) GO 7O 40

CALL BSSULS(ARGsBESsLNMAX, IERR)

Go Tao 72

TEMP L = 20.%#EXP(.025¢LNMAX)

IF( ARG .LT, TEMPL ) GO TO 60

D0 50 N=LABS,LNMAX

URDER = FLOAT({N)

CALL BESJLA(ORDER,ARGSBES(N+L))

6a rg 70

CALL BESNX(LNMAX,ARGs BES)

TEM?1 = 1. )

PSUM = BES(LABS + 1)

DG 30 N=1l,NMaAX

TEMPLl = TEMPL*(ARG/FLOAT(N})

PSUY = PSUM ¢ TEMPL*BES(LABS+N + 1)

BESIEX = PSUM*EXP(-ARG)

RETJRN .

TEMPL = lo /7 (SQRT2PI#SQRT{ARG))

VENP 2 = ( 4.%( FLOAT(LABSI*%2 )} - 1. ) 7 (8.%AR3)
TEMP3 = TEMP2%#{ 4.%( FLOAT(LABS)*%2 ) ~ 9, ) 7 (16.%ARG)
TEMP & = TEMP3I*( 4.%( FLOAT(LABS)I*%2 ) = 25, ) /' (2+.%AR3)
BESIEX = TEMPL*( le - FEMP2 + TEMP3 - TENPG )
RETJRN -

END
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3.3,10 Subroutine BESIK

éuipdsefﬁ?f‘4lf'This subroutine evaluates the modified Bessel functions I,

?l’ KO’ and Kl for a real argument.

Pl XS ASORPPOT I

Method: The procedure is as follows:

1) Set the error code and return when the argument is not

positive.

2)  Compute Io(x) using formulas (9.8.1) and (9.8.2) of ref-
erence 30 when x 2 3.75 and x > 3.75, respectively.

3) Compute Il(x) using formulas (9.8.3) and (9.8.4) of ref-

. erence 30 when X < 3.75 and > 3.75, respectively.

4)  Compute Ko(x) using formulas (9.8.5) and 9.8.6) of ref-
erence 30 when x < 2 and x > 2, respectively.
5) Compute K, using formulas (9.8.7) and (9.8.8) of reference

30 when x < 2 and x > 2, respectively.
Usage: CALLING SEQUENCE
CALL BESIK(X?IFCN,BESIO,BESIl,BESKO,BESKl,IERR)
INPUT

X positive argument

IFCN = 1 to compute Io

1
0* "o
i’

o* 112 Koo K3

2 to compute
3 to compute

4 to compute -

N oH H O H

5 to compute
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Error Return:

Timing:

Accuracy:

OUTPUT

BESIO I,

BESI1 I,

BESKO Ko depending on IFCN above
BESK1 K,

IERR

IERR = O unless x < 0 and then IERR = 1 and no computations -

are made,

The timing is approximately equal to twice the time for T
additions and 10 multiplies,

The accuracy is of the algorithmic type and, in particular,

according to reference 30, the maximum error in using the

above polynomial approximations is less than 2.2 x 10'7.



Calling List

X, IFCN, BESIO,
BESI1, BESKO,
BESK1, IERR

[

Compute 'o(x)

BESIO

{ Start )
y

IERR = 0

IERR =1

Compute lo(x)

BESIO

Compute I (x)

[,

BESI 1

Compute 4 {x)

BESI 1
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Compute Ko(x)

IA

+{ 1000

BESKO

Compute Ko(x)

BESKO

Compute K (x)

-»{ 1000

Compute Kl(x)

BESK 1

BESK 1




TAEIEI IOV

AN ¥

€2¢2¢)

SUBIODUTINE BESIK({XsJFCNsBESIJIHLBESIL1,BESKOLBESK], LERR)

PURPOSE COMPUTE THE MJIOIFIED BESSEL FUNCTIONS I ANO K OF ORDERS
O AND 1 USING POLYNOMIAL APPROXIMATIONS FROM REF,

REFERENZE Me ABRAMOWITZ AND [. A. STEGUM, HANBODK OF MATHEMATICAL
FUNCTIONSs, NATIONAL BUREAU OF STANDARDS APPLIED
MATHEMATICS SERIES 55

CHECK THE ARGUMENT

lERY = D
1FC X ) 10,10,20

10 1ERY = |
GO TD 1200 .

2C IF( IFCN,EQ.2 ) GO YO 100
IF( IFCN.EQ.5 ) GO TO 100
IFt XoGT, 3,75 ) GO TO 50

COMPUTE I FOR ORDER O AND ARGUMENT AT 4QST 3,75
USING FORMULA 9.8.1 OF REF,.

T = X/3.75
T2 = Ter °

BESIO = 1.4T2#(3.5156229+T2#(3.3899424+T28(1.22574924T2%(.2659732
1 *T26(.0363763 +T2¢ .0045813)))))

GO 70 100

CONMPUTE I FOR DROER Q AND ARGUMENT AT LEAST 3.75
USING FORMULA 9.8.2 OF REF.

50 Tl = 3,75/X
BESIO = .39894228 ¢ T1¢{.01328%32 +T1*{.00225319+T1%(-.00157565
1eT10¢.00916281+T1%(~,.020%77Co¢T1#{.02639937 +Ti*{-,. 01047633
2¢T1* ,00392377)111)))
BESIO = BESIO*EXP(X)/SART(X)

100 1F( LFCNLEQ.1 ) GO TD 230
IFl LFCN.EQ.4 ) GO TQ 230
IF( X.GT.3.75 ) GO TQ 150

COMPUTE 1 FOR DORDER 1 AND ARGUMENT AT MOST 3.75
USING FORMULA 9.8.3 COF REF.,

T = X/3.75

T2 = Tet

BESLL = o5 +T2#(.3739C33¢ +T2#(.3514938309 +T2%(, 15034334

i ¢T2%1,02658733 ¢T2+%1,00301532 +T2%,3332411211))
BESI1 = BESI1le*X

263



oMo

«© (2 X s XS N a) OO0

(s XN aXpl

IO

264

GO TO 200

COMPUTE I FOR ORDER 1 AND ARGUMENT AT LEAST 3.75
USING FORMULA 9.8.4 OF REF

150 T1 =3,757X
BESI1l = .39394228 +T1#(~-.03635024 +T1%(~,00362018 +T1%(,.00163801
1 *T1%(-,010315554T1%( .02232967 +T1*(-.02895312 +T1%(,C1787654
2 +T1%(-,0042005921))1))
BESI1 = BESIL*#EXP(X)/7SARTIX)

200 IF{ [FCN.LT.4) GO T 1000 -
IF( IFCN.EQ.S5) GO TO 300
IFl X.6T.2., ) GO TO 259

COMPUTE K FOR ORDER 1 AND ARGUMENT AT 40ST 2.
USING REF. FORMULA 9.8.5

X2 = ,25¢X%X

BESCOQ =-,577215606 ¢ X2%(.42278420+X2%(.23C69756 +X2#%(.03488590
1 *X2%(.00262698+4 X2%(.000LC7504¢X2¢ ,00C00740 }))))

BESKO = ~ALOGIX*.5)¢3ESI0 + BESKD

60 O 300

COMPUTE K FOR ORDER 1 AND ARGUMENT AT LEAST 2.
USING

253 X2 = 2./X

' BESKO = 1.25331414 + X2%(~.07832358 +X2%(,02189568+X2%(~.01062446
1 *X2¢(.00587872 ¢+ X2*%(-,00251540+#X2%.00053203))11))
BESCO = BESKO¥EXP(~X) /SQRT{X)

300 IF(IFCN.EQ.4) GO TO 1000
IFl X.6T. 2.3 GO YO 35

COMPUTE K FOR ORDER 1 AND ARGUMENT AT MOST 2
USING REF FORMULA 9.8.7

X2 = ,25%X8%X

BESCL = l.¢X2#{.15443104 #X2¢ (-, 67278579 +X2%(~-,. 18156897

1 *X2#(=,01919402¢X2¢(-.00110404 +X2#(~-.000346851)1)))
BESC1l = ALOG(X#*.5)*%BESI1 ¢ BESKILI/(X

GO TO 12000

COMPUTE K FOR ORDER 1 AND ARGUMENT AT LEAST 2.
USING REF, FORMULA 9,.8.8

350 X2 = 2./7%
BESK.1l = 1.25331414¢X2#(,234980619¢X2%(-,03655620+%X2%(.01504268
i +X24(-,00730253+x281.4L03250L++X2%  (=.00368245)1))))
BESC1 = BESKI®EXP(~X)/SQRT(X)

1000 RETJRN
END



3.3.11 Subroutine ROCABES

Purpose:

Discussion: -

Method:

ROCABES computes the Bessel functions of the first and

second kinds for real order and complex argument.

This subroutine returns a table of [N| + 1 values of these
Bessel functions of the first and second kinds for complex
arguments and real orders where N is a user-assigned parameter,
ROCABES is a modification of subroutine NYU BESL (see ref. 53),

including a change from complex order to real order.

The method is the‘same as that of reference 8 but modified for
real order. Let the Bessel functions of the first and second
kinds be Jw(z) and Yw(z) where the argument is z = x + i y,

and the order W is real, For W > 0, define N = [W] (the greatest

integer less than or equal to W), « = W - N, and the orders
W = a+n s D =0,1,0000s N,

and for W < 0, define N = [W]+1, a = W - N, and the orders
W=oatn , n=0,-1,,c0., - |N]|.

The Bessel functions Jw(z) and Yw(z) are computed for all orders

as defined above,

The results are stored in the following arrays: BJRE contains
the real part of Jw(z); BJIM contains the imaginary part of
Jw(z); YRE contains the real part of Yw(z); and YIM contains
the imaginary part of Yw(z) as follows:



Usage :
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N>0 N<O

BJRE(1) Re J(u+°)(z) Re J(a+°)(z)
BJRE(2) Re J(a+l)(z) Re J(a+1)(z)
BJRE(N+1) Re J(a+N)(z) Re J(a+|N|)(z)

and similarly for the arrays BJIM, YRE, and YIM.

CALLING SEQUENCE

DIMENSION BJRE(K),BJIM(K),YRE(|N|+1),YIM(|N]+1)
where: K = max (|z| + 25, |N| + 15)
CALL ROCABES (X,Y,ALPHA,N,BJRE,BJIM,YRE,YIM)

INPUTj
the real part of the argument z
Y " the imaginary part of the argument z
ALPHA the fractional part of the real part of the
order W
N the integral part of the real order W and
|N| + 1 is the number of values computed
OUTPUT
BJRE
BJIM
YRE as defined above
YIM



SUBPROGRAMS
CALLED

ALGAMF; see reference 54

Note that ROCABES uses the following subroutines of its
own: MBEGIN, MJRECUR, MJSUM, MFACTOR, MCOMLOG, MCOMEXP,
MJNORM, MYSUM, MYGNU, MYZERQ, MWRONSK, MNEGN, MYRECUR,
MYGNUP, MYSUMP ‘

Storage: 2455 octal, which includes all subroutines listed above under
SUBPROGRAMS CALLED except ALGAMF



15

12

14

13
11

SUBRQUTINERDCABES(Xs Y»ALPHAINBIRESBIIMI YRESYIN)

DIMENSION BJIRE(L1)H»BIIMILIHLYRE(L)sYINM(L)

CALL MBEGINI(XsY»NsKsR)
CALLMJIRECUR(Xs Y»4LPHASKSsRHIBIRELBJIIM)
CALLMJUSUN(ALPHA K, BIJRESBJIMsSUMRASSUMIA}
CALLMFACTOR{Xs Yo ALPHA»QJ,R)
CALLMINDRM({K,Q,R,SUMRA,SUMI A» BJRELBJIN)
CALLMYSUMIX,Y,ALPHA>K»BJRE,BJ IMsASUMRSASUMI)
CALLMYGNU I Xs Yo ALPHA» QoR, ASUMRHPASUMILBIREPBIIMLIYRELY IN)
CALL MWRONSK lX:Y:SJRE'BJIHoYREoYlﬂ)
BJSQ=BJRE(L)**2+BJIM(Ll)*e2
TF({3JSQ-.5€E~-14) 1l4sl4sil5
CALL MYSUMP(X,»Y» ALPHA, Ky 3 JRESB JIUM2ASUMR,ASUNMIT)
CALLHYGNUP‘XDY.ALPHADQDRDASU‘R’ASU"lDBJRE'BJ!H'YRE’Yl*,
I1F (N-1)1CGs12511
If (N)13s12s12
CALLHNEGN(XaY:ALPHA:NJBJREoBJ(H)YREJY[H)
GO TO 12
CALLMYRES UR‘X-Y:N:BJRE;BJ‘H:YRE.YK”)
RETJRN
END

SUBROUTINEMBEGIN(X,Ys NoK»R)
SSQ= X¥X+Y*Y
CTEN2SQRT(55Q) +20.0
NTEN=IABS{N)+10
M*MAXCEKTENSNTEN)/2
Ks2¢Me}
R=sKel
RETJRN

END

SUBJOUTINEMIRECUR(X,» Y, ALPHANK »RyBJIRESBJIIN)
DIMENSION BJRE(L1),BIIM(L)
RALPHA=R+ALPHA

SSQa X#xeY*Y

BJRE(K+21=0.

BJIN(K+2)=0,
BJRE(K+13=1,0E-37
BJIN(K+]1)=0,0
TX*2.%X/5S50Q

TY=2,.%Y/75SQ

D04l =1,K

Li=<+]l-{
RALPHA=QALPHA-L.C
AsRALPHA®T X

Bs=IALPHA®TY

BES40030

BES4J070

BES40100
BES40110

BES40150

BES4JL &0

8ES«J1 80
BES40130
BES4V202
BES40210

8ES40280
BES40300

BES40350

BES40370
BES4 380
BES49390
BES40400

BES40410
8ES4J423
8ES540430



(2 XN e Xg]

BJRE(LLI)=(A*BJRE(LL+1))I-(B*BJIM(LLI+]1))-BJIRE(L]*2) BES 404060

BIIMILLY=IB*BIRE(LLI*LIIS(A*BIIN(LL+1))-BIINILL+2) BES4I470
RETJRN ) BES 40480
ENDJ

SUBROUTINEMJSUM(ALPHA »KsBJRE»BJIM,SUNRA, SUNLA)
DIMENSION BJRE(1)sBJINMIL)

BOL SUMI/A=BJRE(3)*(ALPHA+2,0])
SUMLA=(ALPHA+2,0)*BJINM{3)

GRE= 1.0 BES40550
GIM=0. BES 40560
$=1.0 BES«J570
D061 25,K»2 B8ES405380
Sa5¢1.0 BES 40590

GREN=GRE#(ALPHA+5-1.0)/S
GCIMsGIME{ALPHA+S-1,0)/S

GRE= GREN _ BES 40620
ALPT S=ALPHA+#2,0%S BES 40630
GJRsGRE*BJRE(T) BES 40640
GJI=GIM*BJIM(]) BES4Q0650
GJRI =GRE*BJIM(]) . BES 40060
GJI_=GIM®BURE(I]) BES40670

SUMRB=ALPTS#(GJIR-GJI) +SUMRA
SUHIB'ALPYS‘(GJIRfGJRl)0SUHlA

THE FOLLOWING STATEMENT IS ADDED TO COMPENSATE THE DEFFICIENCY
FOUND IN THE PURE IMAGINARY CASE ’
IF(SUMRAY 19,21,19
19 IF(ABSI{SUMRB/SUMRA)~-1,0)~.5E~14) 21,21,10
21 IF(SUMIAY20,11520 BES40710
23 TFlABS({SUMIB/SUNIA)-1.0)=s5E~14]) L1ls1lsl0 )
10 SUMR A=SUMRSB BES40730
SUMI A=SuMlB BES 40740
11 RETURN 8ES 40750
END BES 40760

SUBROUTINEMFACTOR(X, YsALPHA,I»R)
CALL ALGAMF(ALPHA+1.0,0.,UsV¥)

CALLMCOMLOG(XsYsALlsB1l )} BES 40800
A2sALPHA#A]

B2=ALPHA%B]

A2=-A2 B8ES 40830
B2s-82 BES40B40
CALL MCOMEXP{A2,825A3,83) BES 40350
Loas, 5C31 67 ACowALPHA : BES40360
CALL MCOMEXP(A4,Q,2435,351

Ab=A 3%A5-B3%85 BES40390
B6&=3 3*A5¢A3%85 BES409CGO
CALL MCOMEXP(Us Vs AT»BT7 1 BES40910
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12

13
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100
102

Q0=A5%A7-86%87
R2BH®AT+AO*BT
RETJURN

END

SUBIQUTINEMCOMLOG(Xs YsA,B)
P1=3,14]1592654
A S RALOGIX*XeY *Y)
IF(X)¥55194
B=,5%P]
1F{r22,3,8
B8 =~3
GO TO 8
8 =0,
GO 10 9
8sATAN(Y/X)
GO T0 8
B=aATAN(Y/X)
IF(Y 360757
Bsg-P1l
GO TO 8
B=B8+P1
RETJURN
END

.

SUBROUTINEMCOMEXP(X,Y54,8)
CsEXP(X)
A=C#CCS(Y)

- BsC#SIN(Y)

RETJRN
END

SUBROUTINEMINORM(K,Q» Ry SUMRAS SUMIA»BJRESBJIN)
DIMENSION BJRE(1),BJIM(I1)
S=2{{SUMRA+BJIRE( 1)) *Q)-({SUMIA+BJIM{1)I*R)
Ta{{SUMIA+BJIM(1))*0Q) ¢({SUMRA+BJRE(L1))*R)
IF(A8S(S)-4aBS(T)) 100s101»101 ‘
TS=T/S

TSSQAsSe( 1. +(TS5+TS)}

00131=1sK

BJREN=(BJRE({I)+BIIM{I)*TS)I/TSSQ
BJlﬂll)t(aJlH(l)-BJRE(lI‘TS)ITSSQ
BJRE(I)I=8JREN

GO TO0 14

ST=S/T

STSIaTH((ST*ST)+1.)

001231=21,x
BJREN=(3JRE(I)*ST+BJIM(L))/STSQ
BIIR(I)=(BIIM(I)*ST=-BJIRE([))I/ISTSQ

BES40920
BES40930
BES 40940
BES4J950

B8ES40980
BES 40990

BES41010
BES41020
BES41030
BES41040
BES4l10590
BES41050
BES41070

BES4lCQ90

BES41110
BES4Ll120
BES4l130
BES4ll40
BES4l1150
BES4ll00

BES41180

BES 41220
8ES 41230

BES41250

8ES41270
BES4L2J0

BES41300

BES4'320
8ES44330
BES41340
BES41350
BES4l36¢0
BES41370

3ES4l350
BES4l4GO
8ES«41410



103
14

521
520
510
509
311

BJREIT)=BJREN
RETJRN
END

SUBIOUTINEMYSUMIX»Ys ALPHASK»BJRE,BJIMsASUMR, ASUMIT)
DIMENSION BJRE{(13,8JIMC])
Al=ALPHA-1,D :
‘Z'A 1-100
A3sAl+ALPHA
GAMYEs-{2,.CeALPHA) /AL
GAMI M=Q,
ASUMR=GAMRE®*BJRE(3)
ASUM I =GAMRE*BJIM(3) .
T=1l.0
DO 50GC 125,K,2
T=T¢1l.0
B122,C*T
Fls31¢ALPHA
F2=A3+T
F3=sal+T
FS5sT=ALPHA
FO6sA2+81
Gl=F L*F2
Hl=31%F3
PLlsF5*Fb .
CREsH1/(P1*T)
TEMP s~CRE*GAMRE
GAM] M2=-CRE*GAMIM
GAMRE=TEMP ’
BSUMR=GAMRE*BJRE(]I)I-GAMIM*BIIM( L) +ASUMR
BSUMT =GAMIM%BIRE(I)I+GAMRE*BJIM{[)+aSUMI
IF{ABS{{BSUMR/ASUMRI~-1,D3)-,5E~14) 52195215510
TF(ASUMTN520,511,520
IF(ABS{(BSUMIZASUMI)-1.0)=a5E-14) 511,511,510
ASUMR=3aSUMR
ASUM ] =8SUMI
RETJIRN
END

SUBJAOUTINEMYGNU(X,»Ys ALPHA,Qe »ASUMRSIASUMI»BJRES S JIM» YRESYIM)

DIMENSION BJRE(LISBIIMIL)PYRE(L)LYIM(]1)
Pl=3,141592654

TP(=2.07P1

QRE=TFPI*(Q*Q~-R#R)

QIMaTPI#2.0#%Q#R

DREsQRE&ASUMR-QIM&ASUM]
DIM=QIM*ASUMRSIRE =555 ]

IF(ALFHA) 1s3,1
CALLMYZERUIX» Y, ALPRE ALPINM)

60 ro 720

BES41420
BES41430
BES4l440

BES41480
BES«l490
BES41500

BES41580
BES41530
BES416C0
BES41610
BES41620
BES415630
BES4l1649

BES41652

BES41662

BES41780
BES417990
BES41800

BES41829

BES41840
BES41852
BES~1860
BES« 1870

BES41910
BES«l920

BES41940
3ES41950
3ES41309

BES41990
BES42009
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723

PALPHA=P[#ALPHA
COXaCOS{PALPHA)
SIX=SIN(PALPHA)
ERE=COX/SIX
ABSYI3=2,0*ALPHA*ALPHA
ALPRESERE~-{JIRE*ALPHAZABSQI)
ALPI Ms-QIM*ALPHA/ABSQ3
YRE(L1)=ALPRE*BJRE(L)-ALPIM®BJIM(]1)+DRE
YIM(L)=ALPIM®BJIREI]L) +ALPRE*BYIM(L)+DIN
RETJRN -

END

- SUBIOUTINEMYZERO(X,Y, ALPRESALPIN)

TPI=2.073.1415920654
CALLMCOMLOG{XsY»A,B}
ALPJE=TPI#*{(~,11593]15157¢4)
ALPI M=TP1*8
RETJURN

END

SUBR OUTINEMWRONSKIX,Y »8 JREs BJ IMsYRE, YIM)
DIMENSION BIRE(1),BJIM(L),YRE(L)»YIN(L)
SSQsX*XeY¥Y .
TPI=2,0/3.141592654
AZRE=TPI*X/SSQ
AZIM=-TPJeY/SSQ
ZRE=AIRE(2ISYRE (11=BJ 1ML 2)0YIM(1)
ZIMsBJIN(2)#YRE (L) +BJRE(2I*YIM(1)
B ZRE = ZRE~A ZRE '
BZIMaZIM-AZIN
BJSI=BJRE(L)*BIRE(1I+BIIM(1I®BIIN(L)
CZRE=BJRE(1) /834SQ
CZIv=-8J1IM{13/783SQ
YRE( 2)+BZRE¥CZRE-BZIMSCZIM
YIN(2)=8Z IM¥CZRE+BZRE*CZIN
RETJRN

END '

.SUB!OUTINEHNEGN(XoYoALPHA-N.3JREnBJIH:YRE:Y[H)

DIMENSION BJRE(1},BIJIMIL)HLYRE(L)H»YIN(L])
L=laBSIN)+L .

SSQAs XEXeYRY

TX22,4X/55Q -
TYs2,%Y/S5Q

RALPHA=ALFHA

A=RALPHA®TX

B==RALPHA*TY
BJRE(2)=A+BJRE{1)-8¢BJIM(1)-BJRE(2)
BIIN(2)=8*BIRE{))+a®*8JIM(1)-BJINM(2)

BES42010

BES&214Q
BES42150
BES42160
BES42L 70

BES42190
BES 42200
BES 42210
BES42220
BES42230
BES42240
BES 42250

BES42270

BES42300
BES42310
BES 42320
BES42330
BES42340
BES42350
BES 42360

BES42380
BES424CO
BES42410

BES42¢20
BES 42430

BES42510

BES 42540
BES42550



YRE(2)=A*YRE(L)-B¢YINM(1)-YRE(2)
YINC2)=34YRE(L) +A*YIM(L)-YIN(2)
001 Is3,L
RALPHA=RALPHA~]1.0
A=RALFHA®TX
Ba=ALPHA*TY
BJRE(I)=A®BJIRE(I=-1)-B#BJIM(I-1)-BJRE(I-2)
BJIM{1)=8#%BJRE(I-1)ea#BJIM(I-1)-BJIN([-2)
YRE{ [)=A*YRE(I=-1)-B*YIW(I-1)-YRE(I-2)
YIM{T)=88YREITI-1)+A®Y IMLI-1)-YINLI-2)
RETJRN

END

SUBROUTINEMYRECUR(XsY »Ns BJRE»BJIM,YRE,YIN)
OIMENSION BJRE(L1),BJIIMIL)HYRE(L)H»YIMIL)
SSQz X*X+YSY
TPI=2.0/73.141592654
AZRE=TPI®X/55Q
AZIM=-TPI*Y/SSQ
L=IABSIN)+]
D0 1 I=3,L
ZREsBJRELII*#YRE(I-1)-BJIMIII*YINM(]I-1)
TIM2BJIMIL1)*YRE(I-1)*BJRELII®YIM{I-1)
8 ZRE=2RE~-AIRE
BZIN=ZIN-AZIN
BJSQ=BJRE(I- 1)‘8JRE(I Ll+BJIM(I-1)*BJINLI-1)
CZRE=BJRE(I-]1)/B4SQ
CZIN=-BJINM(I~-1)/8JS5Q
YRE(1)=BZRE*CIRE-BZIM*CIIN
YIM([)3BZIM#CIRE+BIRE*CZIN
RETJRN '

END

SUBQOUT!NEHYGHUP(X:Y'ALPHA:Q:R:ASUHR.ASUHI-BJRE-BJIHoYREnYlH).

DIMENSION BJRE( L), BJlH(l),YRE(l)-YlH(l)
PI=3,141592654

TPI=2,07P1

QRE=TPI&«(Q#J-R*R}
QIM=TPI#2,.0¢Q%R
DRE=QRE®ASUMR~-QIM*ASUMI
DINaQIM®ASUMRSQRE*ASUM]
[TFLALPHA)Y 19301
CALLMYZERQIUX,Y,ALPRE, ALPI ™M) .

G0 1O 720

PALPHA=PI #ALPHA -
COX=CLS(PALPHA)

SIXaSIN(PALPHA)

ERE=COX/SIX
ABSYI=2.,0%ALPHA*ALPHA
ALPREERE-({QRE®*ALPHAZASSQ3)

BES42560
BES42572
BES425380
BES 42590

BES42620
BES 42630
BES42640
BES42659
BES42669D
BES42670

BES42690

BES42720
BES42730
BES427490

BES42760
BES42770
BES42780
BES42790
BES42800

BES42820

BES42B840
BES42850
BES«2860
BES42870

BES42910
BES42920

BES42940
BES42950
BE<42960

BES 42990
BES4300)
BES43010
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720

274

ALPI M=~-QIM*ALPHAZABSQ3

TRE= ALPRE*BJRE( 2}~ ALPlHtBJ(H(Z)+DRE

TIMs ALPIN®BIRE(2Z)+ALPREE®BJIIMI2)+DIN

SSQa X#XeveY

ALPRE=={Q*X+R*Y )/SSQ

ALPIMs-[X#R=-Q%Y ) /SSQ

YRE(2)=ALPRE*BJRE(L)-ALP IM¥BIIM(]1)+TRE

YIM(2)=ALPIM*BIRE(L)+ALPRE*BIIM(L)eTIN

RETURN '
END

SUBR OUTINEMYSUMP(XsY, ALPHAs Ky BJRE,BJIIMsASUMR, ASUMT)

OIMENSION BJRE(1),BJIM(]1)
AlsALPHA=-1,0

AZ‘A 1’1-0

A3=Al+ALPHA

ABSI=AL®A]L
ROLORE==-a1%{2,0*%ALPHA/ABSQ

ROLY M=),

RESL=-ROLDREZ2.0

VHSL1 =0,

SSQz X#XeYHY

STORE=3.#ALPHA®X/SSQ

STOI M=~3.#ALPHA*Y/SSQ
RES2=(ROLDRE*STORE- ROLD!H#STO(H)
VMS2 = (ROLORE*STOIMCROLDIM*STORE)
ASUMRaRESL*BJRE(2)
ASUNR=ASUMR*RES 2#BJRE (3)~-VMS2*BJIIM(3)
ASUMI=#RES1*BJIM(2)

ASUME=ASUMI #VMS2*BJRE (3) +RES2%BJIM(3)
Tal.0

DO 500 123,Ks2

T=T+1.0

Bl=2.CeT

Fl=31+ALPHA

F2sa3+¢T

F3=aleT

FSsT -ALPHA ¢
Fb=A2+81

GlaF l*F2

H1=2G 1 ¢F2

PlsF5%Fp

CREsHL/(PL*T)

TEMP a=CRE®ROLDRE

RNE4I¥=-CRE*ROLDIN

RNE4RE=TFMD

RESI =(RILSAE-RYEWRE) 12.3 .

VMS] = {RILDIM=AINENIMY 72,5
RES2=(RYEWNREASTORE~RNEJIMESTIIM)

- VMS2 = (RNEWRESSTOIM#RNEJIM*STORE)

BSUMR=RESL#*BJRE(CI+1)-VS1#BJIM([¢L)¢ASUMR

BES43l 40
BES43153

8ES43180
BES43190
BES432C0
BES43210

BES4325)
BES43260
BES43270

BES€3330

BES€3370
BES43380

BES434CO

BES 43420
BES43430
BES 43440
BES«43450

BES 43460 .

BES43470
BES 43480
BES 43490
BES43500
8ES43510

BES43630
8ES4354)
IES 43657
BES«3660
BES43670
BES4368Q



521
520
510

500
511

BSUMIsVMSI*BURE (I+1)+RESL1*BJIM(I+1)+ASUNMI
BSUMRSRESZ*BJIRE(I+42)-VMS2e8 I M(]+2)¢BSUMR
BSUMIaVMS2¢BJRE (1421 +RES2¥BJIMII+2)+BSUMI
IFLABSI{{BSUMR/ASUMR)=1.0)~.5E~14) 521,521,510
IF(ASUMIE) 523,511,520 .
IF(ABSEIBSUMEZASUMI)=1.J)-.5E~14) 511»5115510
ASUMR=BSUMR
ASUM] sBSUMI
ROLD I M=RNEWINM
ROLORE=RNEWRE
RETURN

END

BES43590
BES43700
BES43710Q

BES#3730

8BES43750
BES43760
BES43770
BES43780
BES43790
BES43800
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3.3.12 Subroutine SICI

Purpose:

This subroutine evaluates the sine and cosine integrals

X
Si(X)=f SIN(t) gt , X2 0
t

]

X
ci(X) = f CoS(t) drt X>0
@ t

as taken from reference 55.
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PO IIOIEIOIOIICIIEIEICIIIMIEICIIOIEIIICIMICIEICION

SUBROUTINE SICI(SI-CI»X)

SESE XRRR SRR RSN EERS PSSP S E RS S CRSESE SRR R R B E RS S E S eR s S kX SE2 6 S 2

PURPOSE
COMPJTES THE SINE AND COSINE INTEGRAL

USAGE
CALL SICL(SI,CI»X)

DESCRIPI ION OF PARAMETERS -

St - THE RESULTANT VALUE SI(X)’

c1 - THE RESULTANT VALUE CI{X)

X - THE ARGUMENT OF SI(X) AND CI(X)
REMARKS

THE ARGUMENT VALUE REMAINS UNCHANGED

SUBROUTINES AND FUNCTION SUBPROGRAMS CALLED
NONE )

METHOD
OEFINITION
SIL{X)sINTEGRAL(SIN(TI/T}
CL(X) =INTEGRALICOS(TYIVIT)
EVALJATION .
REDUC TION OF RANGE USING SYMMETRY
DIFFERENT APPROXIMATIONS ARE USED FOR ABS({X) GREATER
THAN & AND FOR ABS(X) LESS THAN 4, :
REFEIENCE '
LUKE AND WIMP, ®POLYNOMIAL APPROXIMATIONS TO INTEGRAL
TRANS FORMS*, MATHEMATICAL TABLES AND OTHER AlDS TO
COMPJTATIONS, VOL. 15+ 1961s ISSURE T4, PP, 174-178. -

(AL AR R 2 R R R d A a2 il R A2 A Rl 222 222 2 At 2 R R R 22 RS2 2 d

TEST ARGUMENT RANGE

2=435(X)
1F(Z-4.01s154

1 Yola,~2)%(4,42)
S1=-1.570796326
1F(2)32,2,3

2 Cl=-1.E75
RETJRN .

3 SIsX®(((((1.753141E=9%Y+1.568G83E-T7)¢Y+1.374168E~5)4Y+5,939869E~4)
L#Y+) .G64BB2E-2)¢Y+4.3955C9E-1+SI/X)
Cl=l(5.772156E~1+AL3GI2)) /Z-2#(1({(1.3369B5E=12#Y+]1.534996E=8)%Y
1417257526057 ¢1,533399E-w)4Y 44, 59092CE~3)4¥+]1.3i5303E-1)1%7
RETJIRN

¢ SI=SIN(Z)
Y=C1S$(2)

2717



24,1712 .
Usfl{(({{(f4.0480069E=-3%1-2,2T79143E-2)3%2+45,513070E-2)%1-7.2610426~2)

197464 .987716E-2)%2-3.332519€-3)%2=2,31461TE-2)%L~)1.134953€E=-5)%7
2+6.250011E-21%2+2,583983¢E~-10
VIl -5,108699E-3¢242.31917GE=-2)%7-6,537233E~2)%]
1#7:702034E<-2)%2-4.40)416E<2)%2~-7,945556E-3)%2+2,. 0601 293E-2) %2
2=3.T064000E=41%2-3,122418E-2)%1<0.b40441E~T)#2¢2.50J000€~1
ClsZe(5[sv-Y*U)
Slu=Z%(S1#UsYsV])
LFiX 355650
5 sl=3,141593E0-31
6 RETJIRN
END
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3.3.13 Function GRTHFCN

Purpose: This function evaluates:

iaz
e Ko(z)

where Ko is the modified Bessel function.

Method: The procedure is as follows:

1) Compute e %,

2) Compute Ko(z).
3) Compute the function value.
Usage: CALLING SEQUENCE

COMPLEX GRTHFCN ,VALFCN
COMMON/ALPHA/ALPHA

VALFCN = GRTHFCN(Z)

Timing: The timing is approximately equal to one unit call to subroutine
BESIK.
Accuracy: The accuracy is of the algorithmic type and, in particular,

is dominated by subroutine BESIK.

Boeing Commercial Airplane Company
P.0. Bux 3707
Seattle, Washington 98124, May 31, 197k,
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Calling List

z

( Start ’

280

Evaluate the
exponential

CEXP

Y

BESIK

Evaluate the
modified
Bessel function

BESKO

¥

Complete the
function value

GRTHFCN

i

‘ Return ’




€y

(8]

[ #]

COM>LEX FUNCTION GRTHFCN(Z)

COMMON/ALPHA/ZALPHA
COMPLEX CEXP

ARG = ALPHA*Z .
CEXP = CMPLX({ COS(ARG)»=SIN(ARG) )

CALL BESIK{(Z,4,BESI0»BESI)s»BESKO,BESKL,[ERBES)
GRTAFCN = CEXP*BESKD

RETJRN
END
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